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The second volume of the reference book under the general
editorship of Ye. Ya. Mel'nikov examines the physical and chemical
fundamentals of the processes and industrial plans for the production
of nitric acid and nitrogen fertilizers.

This volume presents the properties and areas of application of
metals and alloys which are used as construction materials in the
nitrogen industry, as well as the properties of refractory and heat-
insulating materials. It makes recommendations on the use of a number
of anticorrosion materials, and gives the characteristics and calcu-
lations for the main equipment and the most important information on
the thermal and electrical engineering equipment. Questions of
accident prevention are briefly touched upon.

The reference book is intended for engineering and technical
workers of enterprises of the nitrogen and other sectors of the chemi-
cal industry, for specialists working in scientific research and
planning institutes, design offices and other organizations, as well
as for teachers of VUZ's [higher educational institutions] and
students who are specializing in the field of the technology of inor-
ganic products.

The reference book contains 444 pages, 239 tables, 242 figures
and 294 bibliographic references.
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Foreword

As a result of the significant development of the domestic
nitrogen industry, it has become necessary to provide the numerous
workers of chemical enterprises, educational institutions, scientific
research, planning-design and other organizations with a reference
manual which would generalize the results of theoretical research and
the rich practical experience accumulated by now in this sector of
the chemical industry. This Reference Book whose compilation was
worked on by a large group of leading specialists of the State Sci-
entific Research and Planning Institute of the Nitrogen Industry and
Products of Organic Syntihesis (GIAP), has systematized the results
of both the many years of production experience, and the new sci-
entific research and planning-design work.

The Reference Book for the Nitrogen Industry Worker is pub-
lished in two volumes. Volume I which was previously published, de-

scribes the physical and chemical properties of gases and liquids,
methods of production and purification of production gases, and the
processes of synthesis of ammonia and methanol. Since the USSR

has introduced the International System of Units (SI) starting with

1 January 1963, the compilers considered it useful to place in the
beginning of Volume I a list of the most important units of this
system and the coefficients for converting certain units of engineering
and other measurement systems into SI units.

The second volume consists of five sections. The section "Pro-
duction of Nitric Acid" concisely describes the raw material and
certain auxiliary materials, examines the properties of nitric acid
and nitric oxides, states the fundamentals for the processes of con-
tact oxidation of ammonia and refining of nitric oxides into acid,
gives the necessary information on catalysts, presents industrial
plans for producing diluted (weak) nitric acid and new methods of
producing it, and shows the main production equipment of nitric acid
systems and the principles of their automation. This section des-
cribes the direct synthesis of concentrated nitric acid from liquid
nitric oxides and processes of concentrating nitric acid with the
help of sulfuric acid and magnesium nitrate.
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The second section, "Production of Nitrogen Fertilizers"
examines the physical and chemical properties and processes of pro-
ducing ammonia, calcium, potassium and sodium nitrates , ammonium
sulfate, carbamide, liquid nitrogen fertilizers, and also covers
questions of the quality and aprlication of the listed products.

The third section briefly describes the design, corrosion-
resistant, refractory and thermal-insulating materials used in the
nitrogen industry, and presents necessary data on compressors,
pumps, high pressure vessels and gas holders.

The fourth section covers questions of the energy supply for
nitrogen plants. It contains the basic data on thermal and electrical
equipment, describes the most important thermal engineering equip-
ment and electrical equipment, and makes recommendations for its
selection as applied to the operating conditions in different
spheres of chemical production.

The fifth section presents the basic information on accident
prevention in the nitrogen industry in the form of tables.

The editorial staff hopes that the Reference Book for the
Nitrogen Industry Worker will bpe a useful manual for the workers
of the chemical industry and will give them specific help in their

daily work. Comments and remarks of the readers which are aimed
at improving the contents of the Reference Book will be gratefully

received by the group of authors.
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Nitric acid belongs to the most important products of the
chemical industry. It is used to produce nitrogen fertilizers,
technical-grade nitrates, explosives, dies and many other products.
The industry manufactures diluted (weak) and concentrated (strong)
nitric acid, as well as comparatively small quantities of reactive
and especially pure acid.

Below is the volume of production* of nitric acid in the tech-
nically developed capitalist countries(in million m of 1007 HNO,) :

Countries 1962- | 1965- Countries ] 1962- | 1965-

1963 | 1966 1963 | 1966

United States 3.4 4.7 Norway 1.0 1.25

FRG 2.2 2.55 Netherlands 0.7 0.95

France 1.73 2.2 England 0.6 0.90
Italy 1.05 1.3

In 1965-1966, nitric acid accounted for about 22.57 of the world
production of bound nitrogen.

Modern methods for producing diluted nitric acid are based on
the use of synthetic ammonia and atmospheric air as the raw material.
The process of its production consists of two basic stages: 1) con-
version (oxidation) of ammonia and nitric oxide by air oxygen in the
presence of a catalyst; 2) oxidation of nitric oxide into higher
nitric oxides and their absorption by water with the formation of
diluted nitric acid.

Concentrated nitric acid is produced by two methods: distil-
lation with sulfuric acid (vitriol oil) or with a melt of magnesium
nitrate used as the water-removing substances, and by direct synthe-
sis from liquid nitric oxides, water (or diluted nitric acid) and
pure oxygen under 50 atm. pressure.

The greater part of the diluted nitric acid is processed into
nitrogen fertilizers and technical-grade nitrates at the same enter-
prises where it is produced. Concentrated nitric acid and blend
(mixture of it with sulfuric acid) are manufactured as commercial

*
Platinum Metals Review, 11, MNo. 1, 2, 1967.




Indicators _Grade.
first lsecond lthird
HNO, concentration,” no less 55 47 45
Conéent of nitric oxides,?
no more 0.15 0.2 0.2
Calcined residue,’, no more 0.05 0.1 0.1
products.

Concentrated nitric acid is manufactured in three grades
according to GOST 701-68 ([state standard]:

Indicators ~Grade
highest [ first [(second

HNO, concentration,i no less 98.5 98 97
Content,%Z, no more
H,S0 0.05 0.08 0.12
nitric oxides (in conversion for
N.0,) 0.3 0.3 0.4
cdlcined residue 0.015 0.02 | 0,04

Ut S

The following requirements are made of the diluted nitric acid
(MRTU 6-03-159-63): (see the table at the top of the page).

Industrial systems for producing diluted nitric acid are mainly
distinguished in pressure at the main stages of production. The
nitric acid systems are customarily divided into the following groups:

systems which aperate under pressure close to atmospheric;

systems which operate under increased pressure;

systems which operate by combined method (oxidation of ammonia is done
with pressure close to atmospheric or moderate pressure, absorption

of the formed nitric oxides is at high pressure).

Raw Material and Certain Auxiliary Materials

The chief raw material for nitric acid production is gaseous
ammonia, air and water. In individual cases, technical-grade oxygen
is used to intensify the production of diluted nitric acid. The former
is also used to produce concentrated nitric acid obtained by the method
of direct synthesis.

N




Ammonia

Gaseous ammonia is usually obtained from liquid ammonia which
must meet the requirements of GOST 6221-62 (see volume I, p. 370).
In addition to admixtures of oil, particles of catalyst for the syn-
thesis of ammonia and products of corrosion of equipment and pipelines,
liquid ammonia contains up to 2 g/t of ammonium carbonate and up to
3.572 dissolved gases (hydrogen, methane, as well as argon and other
inert gases). During evanoration of liquid ammonia, part of these
admixtures become gaseous ammonia.

Table I-1 presents the main thermodynamic properties of ammonia
(see also volume I, section I).

Air

The most important condition for reaching a high degree of con-
version of ammonia into nitric oxide is the sufficient purity of the
ammonia-air mixture. The main source of its contamination with ad-
mixtures is air. In the production of diluted nitric acid, air is
generally taken in directly at the contact sections. It must not
contain more than 0.007 mg/m3 of mechanical admixtures (scale,
silicates, etc.), as well as chemical admixtures, the majority of
which irreversibly poison the catalysts of ammonia oxidation into
nitric oxide.

The properties of air are presented in volume I, section I.
Some data are given in tables I-2 and I-2a.

Oxygen

Oxygen is used in the production of diluted nitric acid to
enrich the air used in contact oxidation of ammonia. In direct synthe-
sis of concentrated nitric acid, oxygen is one of the main reagents.
Oxygen is generally used which was obtained by the method of deep
air cooling. The content of organic compounds in it must not be
higher than 16 mg/m3.




TABLE I-1. MAIN THERMODYNAMIC PROPERTIES OF AMMONIA

i
v |
& Temperature {Absolute [Densitv fnthg;pv Heat of ;
°C vressure [oF 11- |of steam|of li~- pf steam |steam forma- |
kg-£/ <nui kg /m quid f tion, keal /kg
!
40 15,850 0.5795 12,005 145,52 408,37 262,85
38 14,990 0,5827 11,353 143,16 . 408,23 265,07
36 14,165 0,5859 10,731 140,82 408,06 267,%
34 13,374 0,5800 10,138 138,48 407,88 269,40
32 12,617 0,5921 9,573 136,16 407,67 271,51
30 11,895 0,5952 9,034 133,84 407.43 273.59
28 11,204 0,5983 8,521 131,54 40717 275.63 »
28 10,544 0,6013 8,031 129.24 406,80 277.65
24 9.915 0,6043 7,564 126.94 408,50 279.65
23 9,314 0,6073 7.119 124.66 406,27 281,61
1 0] 874 0.8103 6.694 12238 403,93 283,55 !
18 ' 8196 i 06132 | 628 ¢ 1201 405,57 285.46
1 " 7877 . 0.6161 5904 1 117.85 405,19 287.34
1% 0 TAST 1 N6190 5337 | 11559 404,79 289.2))
DRI | 06218 5180 11335 404,38 294,03
10 R2TY | 0.6247 4,859 1111 403,95 | 29284
S 1 584 i 0.8275 4,346 108,87 40350 | 29463
[ 3 5450 1+ 0,6303 4.250 106,85 403.04 206,39
A, S0TF 0633 3,969 10443 4255 | 708012
2 b 4me 06358 3,703 102,21 40204 1 29983
0oL A3 0,6386 3,452 100,00 401,52 .52
—2 | o0 0.6413 3.216 97.79 400,98 A9
—4 760 | 0.6440 2.99 95,59 40042 04,83
—8 3481 | 06467 2,779 93,40 309,85 206,45 3
-3 3216 | 0,6497 2,579 .81 30927 L 30806
—10 2966 . 0,6520 2,390 89,03 298,67 1 3m64
—12 2,732 0,6546 2,213 86,65 | 398,06 311,21
—14 | 2514 0.8572 2,046 84.68 397.44 312,76
r —16 ' 2,300 0,6598 1,889 82,50 396,79 34.29
—18 2.7 0.6624 1,742 80,33 396,13 5,80
—20 1.940 0.8650 1,604 8.7 39546 1 M7.29
—22 1574 0,6676 1,474 76,01 394,77 38,76
=2 | U89 06701 1,354 73,86 394,07 320,21
—26 1475\ 06726 1,242 .M 393.36 321 .85
—28 1 1342 | 06752 1,136 69.59 392,434 32308
—30 1210 0.6777 1,038 H7.42 30190, 324,99
—32 1,405 | 0.6801 0.948 f528 . a7 1 32580
3% e L 06828 0.863 63,05 ¢ 3004 a07.0%
—8 0nan3 o 06851 0,785 6L 38965 0 U864
—38 0815 0,6875 0,712 58,88 J8RE8R 000
—40 0732 0,6900 0,645 56.80 AWRAG L 33130
—42 | 0657 0.6924 0,583 54.60 /i3 3307
: —44 0,588 0.6948 0.526 52,50 86,5 b3340
3 —46 | 0528 0.6972 0.473 50.40 5.7 | 3.3
—i8 | 0460 0,6996 0.425 48.40 184.9 336,6
—50 0417 0 7020 0,381 46,20 384.1 \ 337.9

| The oxygen obtained by water electrolysis is usually contamin-
! ated3with hydrogen (1-3%7) and finely dispersed particles of alkali
l ("alkali fog'') whose content is 25-150 mg/ma. The use of electro-
» lytic oxygen for production of concentrated nitric acid is cate- 3

F ! gorically forbidden because of the possible formation of explosive
mixtures with hydrogen.

The use of electrolytic oxygen is permitted in the production
of diluted nitric acid only after it has been purified of alkali fog.
The prooerties of oxygen are presented in volume I of the Reference.




N
Li,
+ TABLL I-2. PHYSICAL PROPERTIES OF DRY AIR1 AT
740 g He
i 3y —
t,°C{ > kg /m . At ' "2'0' K- 1g¢ -2-10' Pr
- kecal m"/h |ke-f-s |m™/s
- m-h-d
kg-deg] s m
—-50 | 1,584 0,242 1,75 4,51 1,49 9,23 | 0,728
—40 | 1.515 0,242 1.82 4,96 1,55 1004 | 0.728
~30 | 1453 0,242 1,80 5,37 1.60 10,80 | 0,723
—20 | 1.305 0,241 1,9 5,83 1.65 12,79 | 0.716
—10 | 1,342 0.241 2,03 8,28 1,70 1243 | 0712
0 | 1,293 0,240 2110 8,77 175 1328 | 0707
410 | 1.247 0,240 246 7.22 180 1416 | 0,705
20 | 1,905 0.240 2123 77 1.85 1506 | 0,703
30 | 1,165 0,240 2:30 8.23 1,90 16,00 | 0,704
' 30 1,128 0.240 237 8.15 195 16,96 | 0,699
50 | 1,093 0240 2.43 ) 2100 17.95 | 0.698
A0 | 1.060 0.240 249 9,79 3.05 18.97 | 0.696
; 70 | 1029 0,241 255 10,28 210 2002 | 0,69
so | o1oo0 1 0,241 262 10,87 245 3409 | 0,692
w0972 0.241 259 11,48 219 22110 | 0,690
| 0946 0.241 2.76 12.11 203 3313 | 0,688
120 | 0,893 0.241 2,87 13,2 2.33 3545 | 0.686
140 | 0.854 0,242 3,00 14,52 ) 2750 | 0,684
160 | 0,815 0,243 313 15,80 250 3009 | 0,682
180 | 0.779 0.244 3 17.10 2.58 32149 | 0,681
200 | 0,746 0,245 3,38 18,49 2.65 34.85 | 0.680
250 | 0,674 0.248 3.67 24,98 2.19 4061 | 0,61
300 | 0615 0.250 3.96 25.16 3.03 4833 | 0,674
35 | 0568 0,253 4,22 2947 3.2 55.46 | 0,676
400 | 0,524 0,255 4,48 52 3.37 63,09 | 0,678
- 300 | 0456 0.261 4,94 4151 3,69 79,38 | 0,687
‘ 600 | 0.404 0,268 5.35 49,78 3.99 9649 | 0,699
. 700 | 0,362 0.271 5.77 ; 4,26 1154 | 0.106
| 800 | 0.329 0,276 817 87.95 4,52 1358 | 0.713
‘ 900 | 0,301 0,280 5,56 17,84 4,76 1551 0117
i 1000 | 0,277 0,283 6,9 88,53 5,00 1771 | 0,719
{

7 Designations: t--temperature; cp——heat capacity; A--heat conductivity;
1 ‘ a--temperature conductivity; u--dynamic viscosity; v--kinematic visco-
sity; Pr--Prandtl criterion.

Water

For absorption of nitric oxides, pure condensate of water vapor
is used, and often the condensate of liquor-tanned vapor from the

™
production of ammonium nitrate . In individual cases, chemically
purified water in a mixture with water vapor condensate is used. It
] must contain no more than 5 mg/l of chlorides. The water must not
‘ : contain a greater quantity of admixture of sodium chlorides since
= the latter interact with nitric acid:
8
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]
NAC + HINOy = [{Cl + NaNOy !
1C1 + HNOg==Cla+ NOCI + 2Hs0 j
H
AUINO3+ 3NaCl =Clg 4- NOCI -+ 2Hg0 4 INaNOs {
'
TABLE I-2a. AIR DENSITY p, CONTENT IN IT OF
MOISTURE W AND PRESSURE OF WATER VAPOR Py 0
AT 760 mm Fg AND COMPLETE SATURATION WITHZMOISTURE2 g
o [ w Pll.o ‘_ Gc [4 w I( leO
(kg /m3 g/m3 ! m Hg ke /g g/m?’; mm Hg
~30 1,449 0,44 0,4 18 1,213 | 15 l 15,4
-7 1,435 0.57 0.5 2 1,201 18,25 18,5
—24 1,418 ! 0.74 0.6 2% 1,189 | 21,68 a3
~21 1,404 0,95 0.8 27 1,177 | 2564 6.5
—18 1,384 1.25 1.1 30 1,165 | 30,21 31,5
—15 1,368 1,58 1.4 a3 1154 | 3548 T4
—~12 1,353 1,98 1,8 36 1142 | 41,51 442
-9 1,337 2,49 2.3 a 1131 49,40 )
—5 1,322 3.13 39 | 42 1,121 .25 41,1
-3 1,308 3,92 36 | 45 110 | 6314 1.4 4
0 1,203 4,89 4.6 4“8 1,107 | 68 75.2
23 1,279 5.98 5.7 41 1,03 | 7173 794
6 1,265 7,28 7,0 i 1000 | 7522 2
9 1,252 8,82 8.6 49 1,086 | 78,86 87.5
12 1239 | 10,84 10,5 50 1,093 | 82,63 92,0
15 1,226 | 12,82 12,7 - - = -
4

As a result, the nitric acid is contaminated the sodium nitrate
and the equipment in the absorption part is very corroded under the

influence of the released chlorine and nitrosyl chloride.

Chemically purified water which does not contain over 250 rng/L
of salts, including less than 100 mg/l of iron and no more than 50 mg/l,
of copper is used to feed the boiler-recovery units.

The condensate of liquor-tanned vapor from the production of
ammonium nitrate contains an admixture of ammonia and saltpeter.
Therefore, before using it in the production of nitric acid, it is
sometimes cleaned with the helo of ionites.

Alkalis

Solutions of alkalis are used in the units to produce diluted
nitric acid at atmospheric pressure to absorb nitric oxides of low
concentration with subsequent reprocessing of the nitrite-nitrate




solutions obtained in this case into solid salts (pp. 184, 189).

TABLE I-3. DENSITY AND CQNCENTRATION OF AQUEOUS
SOLUTIONS OF CAUSTIC SODA
i < oaner 2 \ 2| ) c 2
NaornoeTs Lo{{p‘:&ltﬁ“ﬂe Ilaoruocrs compgc l:“' Naoriocts o;‘z:an I.{m
opn :o: c - nps 20: c < ¥ npH 20: C _-—
2/cMm secs.‘?'.‘ sin o/ em m‘%t oa 2/cm s2e. % e/;*
1,054 5 52,69 1.197 18 \ 215,5 1.469 44 646,1
1.109 10 110.9 1,219 20 243,8 1.487 46 684,2
1,131 12 15,7 1,328 30 I 398.4 1,507 48 723,
b 1.153 14} 164 1,430 40 1 5720 1.325 s | 7682,7
1,175 16 | 1880 1,449 32 | 6087
Key:

Density at 20°C g/cm2
NaOH content
Weight 7

. g/}

£who

TABLE I-4. REL%TIVE DENSITY d%g AND CONCENTRATION
OF MILK OF LIME
Cone(%mme ¢ Com&-(t)nun i t Con%manue '
[+ L H ‘ dge
% .3 — i ... 3
Bec, "/."I e/a 3 sec. % | 2/ ! nec. % I .»/4“
1.009 0,99 10 1,097 11,86 | 130 1,148 ' 17,43 200
1,087 1,96 20 1,104 12,68 140 1,191 21,84 260
1,025 2,93 30 1,411 13,50 150 1.198 22,55 270
1.032 3,88 40 1,119 14,30 1680 1,205 23,24 280
1,039 4,81 k0] 1,426 15,10 170 1.213 23.92 290
1,083 10,18 {10 1,133 15,89 180 1,220 24,60 300
1,090 11,0t 120 1,140 16,67 190 {
Key

'1. Ca0 content
2. Weight 7.

3. g/l
TABLE I-5. DENSITY AND CO%CENTRAIION OF AQUEOUS
SOLUTIONS OF CALCINED SODA
* : comln-‘ 4 Coneprx anwe Conepmn'ln Conepnanne
: NayCOy §;’ N#,COs 10H,0 N8sCOs gd NAyCO- {0H,0
‘——jET'_—E— Ei% 2 3 % 3 §§3 2z 3
e, % 2/a E%‘; nec, % 2/a wee, %o J 2/a E_:_:; Bec, % l 2/a
5 | os2st] tos0 | 135 | as | 12 | 1369 | 1a2s | a24 | 3643
8 | 8633 1082 | 208 | 236 | 13 | 1476 | 1135 | 354 | 2986
{1040 1403 | 270 | 2978 15 | 1605 | 1946 | 378 l 4333
? i )i225 | 14 | 297 | 3308 l
:
Key:1, MNa,CO, Content
2. Weight 7

i 10




g/b 3
Nensity at 20°C g/cm
Na2C03 x 10 HZO Content

ULEe W

TABLE I-6 . SPECIFIC HEAT CAPACITY c¢ OF AQUEOUS
SOLUTIONS OF CAUSTIC SODA AND CAUSTIC POTASHY AT
16-20°C

NaOH Solutions KOH Solutions

concen- dens;Sty c concen- densaty c
L& tration g/om Eal/(g x deg)tration |{g/an® (cal/(g x deg)

=8 =k i

: ‘ ! |
15 | 1w L osar | 30| 10887 I 0,876
15 |OL1a0 1,878 ! 50 [ 10550 0,916
30 [otuisz !l 0919 100 ‘ 1.0284 0,954
0 10486 | 0,942 200 1,0144 0,975
00 | toxe | woos
200 | 10124 % 1,983

TABLE I-7. VISCOSITY OF AQUEOUS 5
SOLUTIONS OF ALKALIS (in centipoise)

Dissolved |Concentra-| Temperature,°C ! .

substance |tion

weight.z 20 a0 40

NaOH 5 1.3 10 0.85
15 278 | ad 1.65

25 742 | 525 | 3.86

NayCo 10 17 1.4 1.4
w0 20 40 2.9 2.25
30 - 835 | 56

KOH 10 123 | 1.0 0.83
20 183 | 133 | 141

30 236 | 193 | 1.57

TABLE I-§. HEAT CONDUCTIVITX OF AQUEOQUS SOLUTIONS
OF ALKALIS AND CERTAIN SALTS- AT 20°C ([in kcal/

(m x h x deg)
Dissolved Concentration of dissolved substance, t.

8 e 0 10 ' 20 30 l 40 80
KOH 0,515 . 0,519 0,515 0,502 0,485 0,461
KOH * 0,531 0,533 0,522 0,512 0,494 0,472
NaOH 0,515 0,539 0,550 0,555 0,565 -
NaNO, 0.515 0,500 0,502 0,494 0,482 -
NaNOs o.gig gg(zn} 0,499 0,489 0,478 -
N 0, 522 - - — -
Khor | 05is 0,502 0487 0,470 0453 | 0,437
KNO 0,515 \502 ) — - -
K,CO3 0,515 0,509 0,501 0,485 0,464 0.438

Ca(NOs)y | 0,515 0,507 0,497 0,486 0,473 . 0,478

* At 30°C.




& TABLE I-9. DENSITY AND COMCENTRATION OF SULFURIC ACID2
X : T
\ l:m.-m_mmml’ ' ’ Concg).umnu? ! ' Conepuanse
1 ity ! 111304 ! ﬂ.‘loﬂl(?(‘.'rcb ) His304 n.'lmnooc? 1504
o 20 6 TR upn 20 ° upu 20 °
Loead m::’ 2/"* pz cud N.';(/:'; 2/: 2/em® ..:23 T‘/‘
- _‘ -]
1.4983 ] 60 898,38 1,0574 T4 1226,0 14,8022 88 1586
1.5200 | 62 924.4 1,6810 76 1278,0 1,8144 90 1633
1,5421 64 986,9 1,7043 78 1329 1,8245 92 1678
1,5646 66 1033,0 41,1272 80 1382 1.8312 94 1724
1,5874 + 68 1079,0 1,749 82 1434 1,3355 - 98 1762
16105 | 7 1127.0 |  1,7693 84 | 1486 1,8365 98 | 1799
1,8338 I 2 1176,0 1,7872 86 1537 ’
{ i !
L Key: 3
1. Density at 20°C, g/cm
2. H,S0, content
3. Whighe %
4. g/

TABLE I-10. HEAT CAPACITY ANB ENTHALPY OF SOLUTIONS
OF SULFURIC ACID

[ : 3
Honnenrpa- T;"&'.ﬁ" Snramamn, naa/e
N0, npu 20 °C
eec. % Feepad 20°C | 40°C | 60 °C | 80 °C | 100 °C| 120 °C| 150 °C| 200 °C| 250 °C
5 0,951 190 380|574 | 784|953 — | — | = | =
15 0,861 172 (341 (51,9695 1873| — | — | — 1 —
35 0,704 140 {282 {427 578 (725| — | — | — | —
65 0,517 1041 | 20,7 | 31,6 | 43,0 | 54,7 | 66,8 | 857 | — | —
70 0,4894 95 | 19,6 | 29,9 | 40,8 | 51,9 | 63.5 [ 81,7 — | —
i 0,4629 9.1 | 18,5 | 28,3 | 38,3 | 48,7 | 59,4 | 76,0 | 105 | —
81, 0,4118 8,1 | 16,5 | 25,4 | 33,9 | 43.0 | 52,3 | 66,8 | 92,0 118
w0 0,3869 7.7 | 15,5 | 23.6 | 31,9 | 40,5 | 49,3 | 62,7 | 86,9( 112
05 0,3624 7.45] 14,5 | 22,2 | 30,0 | 384 | 46,5 | 59,6 | 82,3| 107
Key:
1. Concentration of H,S0,, weight 2 ) :
2. Heat capacit{ at 26°C cal/g x deg. '
. 3. Enthalpy, cal/g.
TABLE I-11. VISCQSITY OF AQUEQUS SOLUTIONS OF SULFURIC
ACID< (in centipoise)

qunen: ! Tenneparypa, °C z Konuen-‘ Teuneparypa, °C z

T80, | 350,

noc, * | 1 l 20 l 30 b 0 | %0 | sec % | 13 I 20 | 30 1 0 | s0

) | v

1 465) 358] 272) 230|190 92 | 3185] 2305] 15.55| 120 | 840
Al l 7450 550| 4.28( 342| 2.77 93 31,7 {231 | 156 | 1205( 840
L 932| 7.40] 578| 4.55{ 1.35 94 31.85) 23.2 | 1565 12.2 | 85
n l 128 965| 790 840} 420 95 32,0 | 23.4 | 1575} 12.35] 8.7
an 31,7 | 234 | 1555| 11.9 | 845 .




Key: .
1. H,S0, concentration, weight. 7
2. Temperature,®C

TABLE 1-12. HEAT CONDUCTIYITY OF AQUEOUS
SOLUTIONS OF SULFURIC ACID? [in kcal/(m x h x deg)]

Konaent| I Teuneparypa, °C (IT

wer, T l 0 i 20 ! 0 I 80 80 ’ 100

25 , 0,422 1 0,407 0,484 0.505 i 0,524 0,537

N u.375 | mm 0,424 0,441 0,455 0.463

78 | a8 | o344 | 0ast | 0377 o "39) 0,397

6 Py } 0,280 0,286 0,292 028 L 0308
| |

!

1. H,S0, concentration, weight.7%
2. Temperature,®C.

TABLE I-13. SURFACE TENSION OF SULFURIC ACID SOLU’I"‘.’O[‘IS3
(in dyne/cm)

2
Homnli- . Tesueparypa, °C 2 Kommc.' Temueparypa, °C
atuA TpAUNA
lsol )3 .SO. .
»ec. % 10 20 34 0 50 Bec. % 10 20 30 40 50

20 75,32' 7443] 73.09| 72.43! 7095 70 74721 74.42| 74481 7387| 73.56
4 77.221 7637| 75.52| 7483 | 71383 15 7334 73.091 7281 | 7256 | 7231 -
50 77.27{ 78501 76.33 | 7544 | 74.73] 90 63.37 | 62,67 6339 63.12| 6286
60 7639 76.05| 7571 7538 7493 5 5839! 5808 | 57.78| 57.40] 57.22
65 75721 75.38} 75081 74.77| 7438 ‘ {

Key:

H S0, concentration
Température, °C.

N -

Sulfuric Acid

According to one of the methods for producing concentrated nitric
acid, 92.5-947 sulfuric acid (commercial sulfuric acid) is used as the
water-removing substance. In this case, treated sulfuric acid is
obtained which contains a small quantity of dissolved nitric oxides.
{(p. 103).

Below are the freezing temveratures t, of sulfuric acid solu-
tions of varying densi.ty3 o, measured at 15°C:

13
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v.ac‘ mé 671 1.732 1778 1507 822 1840
ty Coo oL =~ =85 =85 —9y —200 =200

TABLE 1-14. NO SOLUBILITY IN SULFURIC acip3 aT
ROOM TEMPERATURE

i
' 2 t 2 \ & !
1 P P - K PacTsopm-
i Ko | Emin | Remmeee | b | s | L
Bec, % Bec. % uee., % BéC. Y% vec. % Bec. 4%
! [
. 88 | 812 86,5 2,54 90,4 3,22
18,2 i 697 70,8 2,54 91,9 3,22
28,0 {63 ] 76,7 242 . 92,4 3,34
38,0 ! 5,10 | 78,0 2,54 | 95,0 5,10
48,0 Y389 48,3 [ 268 | 95.9 | 562
52,5 [ 89,1 T - ; -
Key:

1. H SO concent ation, weight .7
2. s3luBilicy 103, weight.7

TABLE I-15..NITRATE COOLING AGENTS (BRINES) 3

Brines Composition,? Freezing
temperature °C

Of calcium nitrate 44.0 - - -28.0
Of magnesium nitrate - 32.3 - -31.8
The same ,with NaNO3 added - 30.8 5.2 -36.2

Cooliqg Agents

Brines, solutions of calcium or magnesium nitrates,as well as
mixtures of solutions of magnesium and sodium nitrates .are used as
the cooling agents in the production of concentrated nitric acid by
. the method of direct synthesis.
Under normal conditions,'a fairly low temperature (minus 20 -
\ minus 22°C) is obtained with the use of 42-447 brine of calcium ni-
“ trate (the properties of the calcium nitrate solutions are presented on
on (p. 163). If it is necessary to reach lower temperatures, brine of
magnesium nitrate can be used with an addition of 5.27 sodium nitrate.

Porolite Pipes3

Porolite pipes are made of highly porous material based on

14
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kieselguhr, quartz, fireclay, etc. They are used to clean the air
or the ammonia-air mixture of mechanical admixtures.

Depending on the purpose, pipes of brands £, m and g are manu- !
factured, as well as pipes of the NIIstroykeramika [State Scientific
Research Institute of Building Ceramics]. Pipes of brand £, m and
of the NIIstroykeramika are used on units which produce nitric acid
at atmospheric and increased pressures; those of brand g are only used
on units that operate at atmospheric pressure.

The porolite pipes must meet the requirements of TU GIAP 232-50.
The chief of these requirements: gluing of the individual pipe pieces
is not permitted; the surface of the pipes must be even, without cracks
and twists over the length; individual grains of porolite must not be
painted during testing by the accepted technique; the tensile strength
during compression for pipes of brand £ must be 180 kg—f/cmz, for
pipes of brand g--about 15¢C kg-f/cmz.

Pipes of the following dimensions are supplied (in mm):

Diameter 50/30 58 /38 58/38
Length 762 350 210
Bead 60/12 70/10 70/10

Deviations are permitted in the dimensions of the pipes for
length and diameter 1 mm, dimensions of the beads #0.2 mm. The pipes
must have porosity (free volume in 7 of total volume) in limits of
40-527%7. The pore size must be 110-120 y for brand m pipes, and 80-
100 p for brand f.

The gas permeability of the pipes in conversion for air with !
resistance of 30 mm wat. col. and 20°C for brand m must be 280-320
m3/h per 1 m? of outer surface, and for brand £, in limits of 250-
270 o>/ m® x h).

The porolite pipes are packed in groups of 60 in wooden boxes.
Each pipe must be wrapped in paper.




* Physical-Chemical Properties of Nitric Ox1des6 -12

The following nitric oxides are known: nitrous NZO’ nitric NO,
nitrous anhydride N203, dioxide NOZ’ its dimer (tetroxide) N204 and
nitric anhydride Ny0g.

Nitric anhydride is a solid substance, the other nitric oxides
are gases under normal conditioms.

The heat of formation of nitric oxides made of simple substances6
(in cal/mole):

Na3+1/30s==N20gaS . . . . 19490 1/aNg +Qa=NOo ... 8091
1/9N2-+1/900a==NO AS . . . 21800 Ng-—-203=-Ng04 3 . . 2309 .
% Na+3/302=N;05 £aS . . . 20000 Ng+-21/904= NzOsSOlld . —10000

Below we will examine in detail the properties of nitric oxides.
Additional data on their properties can be found in volume I of the
Reference Book (pp. 28, 47, 53).

Nitrous oxide N,0 is a colorless gas with weak pleasant smell
and sweetish taste. It has the following main properties:

|

|

|

l Molecular weight 3 44.013 Critical temperature,®C 36.5
Density at 20°C,g/cm 1.978 Critical pressure,atm. 71.7
Molar volume at 0°C and Heat, cal/mole

{ 760 mm Hg, 1 22.250 of evaporation 5.99

. Temperature at 760 mm Hg, ' of melting 1.555

! Heat capacity6v7 at 1

I of boiling -88.5 atm, cal/(g x deg) .

J of meltigg -90.8 at 20°C 0.201

| the same

-100 at 26-103°C 0.892

Den51ty of N20 at 25°C on the gas-liquid equilibrium line? is
0.18 g/cm for gas and 0.75 g/cm3 for liquid.

Nitrous oxide does not interact with water, solutions of acids,
alkalis or oxygen, however, hyponitrous acid H,N,0, which easily
breaks down into water and nitrous oxide formally corresponds to it.
At 520°C, nitrous oxide noticeably dissociates. At 900°C, or under
the influence of an electrical current, it competely breaks down

according to the reaction: 2NgO=2Ny-+ 09 +39 kcal.




At a high temperature, N,0 displays strong oxidizing properties.
Such strong oxidizers as KMnOaj Cl,0 and others almost do not oxidize
nitrous oxide.l0 Mixtures of N,0 with hydrogen, ammonia or carbon
monoxide explode with certain ratios of the components. In this case,
the following reactions occur:

NgO -+ Ha==Na2-i- 10 (ran) « 775 ko gl
2N20) 4 INHa=:4Ng-i- 310 (tan) 4-210kcal

Nitrous oxide is obtained during the interaction of nitric or
nitrous acid with different reducing agents (hydrogen sulfide, sulfuric
acid, etc.). A small quantity of N,0 is formed during conversion of
ammonia into nitric oxide. N,0 is produced in industry by thermal
breakdown of ammonium nitrate:

T NHNOg — N0+ 230

This process is accompanied by release of heat and occurs with
increasing velocity, therefore special caution is required during its
execution.

When a mixture of air and N,O is inhaled, a condition occurs
which is close to intoxication (the name for N,0 "laughing gas' comes
from here).

The solubility of N,0 in waterll:

Temperaturg 0 5 10 15 20 25
Solubility, cm Jem3 of water 1.2469 1.048 0.8578 0.7377 0.6294 0.5443

The solubility of N,0 in sulfuric acid8 at room temperature:

H SO concentration we1§h 36.9 77.2 17.7
Soluéiblllty, cm /100 cm HZSOA 66.0 39.1 33.0

Pressure of vaporslo above liquid N,0:

Temperature,°C -80.5 -39.5 -24.0 0 +18 35.4
Pressure of vapors, atm. 1.6 9.7 16.5 30.3 49.5 75.0




e

Pressure of vapors10 above solid N,0:

Temperature, °C

Pressure of vapors, mm Hg

. =—=170

Q0013 Owudh

—165 —160 —157.5 —1545 —152.5 —1500 —131.3

0.030 0059

0.114

0482 0308

TABLE I-15. ?EAT CAPACITY, ENTHALPY AND ENTROPY OF
NITROUS OXIDE+ AT 1 atm
p ! C % ‘o | 5 ° °: { i s 8
t, °C . !
KXa.t ' l XKGA z RXGA * 3 nRAA ‘f des KNG A ‘ xnas 7
| kmoav.cpoo TR M8 2pad xe xd Ke+2pald | MY spud
! i
0 | 89451 vuse l02032]0.1581 03901 [03105] 0 o to 1o
100 | 9988 | mani) 1 0.226910.1817 [ 04455035691 21.55 | 42.32 | 00681 | 01338
200 | 10.811 | 8425 | 0.2456 | 0.2005 | 0.4823 103937 | 4522 1 88.32 | 01243 | 0.2441
300 | 11493 | 9507 102611 10.2160 10,5127 10,4241 | Tus1 | 4387 | 04730 | 03397
300 | 12002 | 10076 | 02740102289 | 0.5381 | 04495 | 97.37 , 1912 | 02161 | 04243
500 | 12.542 ] 10.556 | 02849 1 0.2308 | 0.5595 | 0.4709 | 1253 | 2461 | 0.2548 | 0.5003
600 | 12.946 | 10.960 |0.2041 | 0.2490 | 05776 0.4880 | 1543 | 3030 | 02918 | 0.5731
700 | 13.282 | 11.246 03017 | 0-2566 | 0.5926 | 0.5040 | 184.1 | 3616 | 0324 | 0.6331
800 | 13.573 | 11.587 | 0.3u84 1 0.2632 | 0.6055 | 05109 | 2147 | 421.6 | 03523 | 0.6918
900 | 13.824 | 11.838 031411 0.2689 | 0.6167 | 0.5281 | 2458 | 482.7 | 0.38u1 | 0.7464
1000 | 14038 '12»52i(unsu|u:738 0.6263| 05377 | 2775 | 5449 | 0.460 | 0.7973
1100 | 14226 | 12240 | 03232 | 02780 | 0.6347 | 05461 | 308.6 | 607.9 | 04303 | 0.8449
Key:
1. kcal
kmole x deg
2. kecal
Eg X deg
3. kegal
m8 X deg
4. kecal
kg
5. kcal
m3
6. kcal
kg x deg
7. kcal
m3 x deg.

Nitric oxide NO is

Below are the main properties of nitric oxide:

Molecular weight 3
Density at 20°C,g/cm

Molar volume a

0°C

and 760 mm Hg,

30.006
1.340

22.388

Temperature at 760 mm Hg, °C

of boiling
of melting

Heat capacity at 1 atm and

18

a colorless gas which at atmospheric
sure and at -151.8°C (for other data at -151.4°C) is converted

a colorless liquid. Nitric oxide is polymerized in the liquid

6.99

pres-
into
state.

-151.8
-163.7




(3
Critical pressure, atm é:LO- 15°C, cal/(g x deg) 0.242
Critical temmerature,®C -92.9

Nitric oxide is prone to reactions of oxidation, reduction and
addition. It belongsto the very reaction-capmable substances. The

oxidizing properties of NO appear, for example, during interaction
with hydrogen

2INO + Hg—= Ny -+ 2H30

or with hydrogen sulfide

2NO +2HqS == N3+ 2§+ 2H30 etc.

A mixture of equal volumes of hydrogen and nitric oxide explodes
when heated. At temperatures above 330°C, nitric oxide partially
reduces nitrates to nitrites with the release of nitrogen peroxide.
Interacting with hydrogen sulfide and sulfides, NO is partially con-
verted into nitrous oxide under certain conditions.

Hydrogen peroxide, potassium permanganate, lead or manganese
peroxide, hypochlorous acid rapidly oxidize NO into NO,. Concentrated
nitric acid even with relatively low temperatures (for example, 0-3°C)
oxidizes NO, being restored to nitric acid. Easily oxidized substances
(coal, magnesium, etc.) intensively burn in a medium of nitric oxide.
If nitric oxide at normal temperature is mixed with oxygen, red-brown
vapors of higher nitric oxides are instantly formed. The nitric oxide
.oxidation reaction

' 2NO+0y 3== 2NO,+29500 cal.

in contrast to the majority of other reactions is drastically slowed
down with a rise in temperature.

Aqueous solutions of certain salts join NO, forming complex
compounds (for example, FeSOa x NO, CuCl2 x NO). When such solutions
are heated, nitric oxide is completely volatized from them. Chlorine
interacts with NO, forming chlorous nitrosyl NOCl. NO is not very
soluble in water.

19




*
- The coefficients of absorption a of nitric oxide by waterll’lzz
Temperiture,°c 0 10 15 60 80 90 100
o x 10

73.81 57.09 51.47 29.5 27.0 26.48 26.28

Nitric oxide is practically completely insoluble in a saturated
NaCl solution and is not very soluble in sulfuric acid. With a
change in the concentration of sulfuric acid, the solubility of nitric
oxide changes comparatively little.

NO does not interact with diluted solutions of alkalis. It
begins to react with concentrated solutions after lengthy contact:
4NO <-2NaOH =2NaNQg + N3O 4 HgO

Nitric oxide which is stable under normal conditions at temp-
eratures above 1200°C breaks down into nitrogen and oxygen:

The opposite reaction, the formation of NO from nitrogen and
oxygen can only occur with very high temperatures, since it requires
outlays of a great quantity of heat.

Nitric oxide is produced in industry by catalytic oxidation of
ammonia. Under laboratory conditions it is produced by the
reaction:

NaNOyg 4 2Hi:l 4- FeClg== NO + FeCly 4 NaCl 4 H¢0 g

TABLE I-17. VAPOR PRESSURE!? ABOVE LIQUID NO

Tempgrature essure | Tempera-~| Pressurel Tenpera-| Pressure
c tm. ture,°C | atm. |ture,°C| atm. %
|
—188,2 8,95 ~120,8 13,3 —107 45.1
putt 980 | —1203 Wty | -3 .4
—124.0 10,7 —112,6 21,0 —08,1 23,8
—122,9 11,9 ~109.2 21,1 —95.1 58.
—122,2 12,4 ~102,9 410 - -

*The volume of gas (relative to normal conditions) absorbed by a unit
of volume of solvent.

20




The vapor pressure above the liquid nitric oxide is computed
from the equationlzz

g p--9.562128 — ———7;,6 — 04023647 j

where p--pressure of vapor in mm Hg;
T--absolute temperature.

TABLE I-18. RATIO BETWEEN NO AND NOZ WITH
DIFFERENT TEMPERATURES 4

Termperature Degree of Constant of |Time for oxidation .
1 °C dissociation | rate of oxi-|of 107 NO, s :
A dation, P
k x 104
U 0,0 4,7 0,54
30 0,0 28 0,98
W 0,0 1.8 2,05
150 1,5 1,17 4,35 }
300 31,0 0.6 16,00
400 ‘ 65,0 0,45 30,20
r The time (in s) that is necessary for oxidation of NO into NO,
with absolute pressure of 1-6 atm (the original gas contains 97 NO and
7% 013,14,
Pressure | Degree of oxidation of NO,Z
atm. 70 80 90 98
1 35 87 178 1200
2 95 18.2 48 326
3 47 9 24 161 :
4 29 56 15 100 1
- 5 2.5 4 14 72
! 8 1.7 33 9 59

Nitrogen Peroxide NOQ and Nitrogen Tetroxide NQO‘

Nitrogen peroxide (tetroxide) is a reddish-brown gas with noxious
] ’ smell. It is easily compressed at atmospheric pressure at 21.15°C
into a reddish-brown liquid. At -10.2°C the liquid hardens, forming

El
colorless crystals. ,
i &
E Below are the main properties of NO, and N,0,: A
f , : Molecular weight Temperature at 760 mm Hg, °C
- Ne 46.01 of boiling 20.7
N,0 92.02 of melting -9.3
NO génsity at 20°C, Heat, cal/g
g/gm 1.491 of evaporation 100
21
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Molar vglume of N,0, at 769 of melting
mm Hg. 22.370
Critical pressure, atm. 99 Molar heat capacity at
Critical temperature,®C 158.2 1 atm., cal/(mole x deg)
NO,
NZOQ

TABLE I-19. 1HEAT CAPACITY, ENTHALPY AND ENTROPY OF
NITRIC OXIDE! AT 1 ATM.
' > ‘ o 4 . ] [Y E ] 8
R T “p i cp &
'

e | " (2 @ w | @ @
! XKGA KRG xXGA KKas KR4 xNCA xnds
© KM04d-cpad %2+ 2pad M3 -2pad %2 M3 Ixz-3pad | m%-spad
t

0 : 7.160 | 5,174 | 0,2386 | 0,1724 | 0,3194 | 0,2308 0 0 0 0

100 |7.148 5.460 | 0,2381 | 0,1719 | 0,3188 | 0,2303 | 23,80 | 31,87 | 0,0742 | 0,0984

200 7,245 | 5,259 | 0,2414 ) 0,1752 | 0,3232 ] 0,2346 | 47,76 | 63,94 0,1314 0,1756

300 7.418 | 5,432 0,2472 | 0,1810 | 0,3309 | 0,2423 | 72,18 | 96,63 | 0,1780

400 7,603 | 5,617 | 0,2534 | 0,1872 | 0,3392 | 0,2500 ,20 | 130,14 | 0,2182 | 0,2922

500 7,784 | 5,798 | 0,2594 | 0,1932 { 0,3473 | 0,2587 [ 122,8 | 164,4 0,2537 | 0,2397

600 7,946 | 5,960 | 0,2648 | 0,1986 | 0,3545 | 0,2659 | 149,0 | 199,6 0,2856 | 0,3824

700 8,087 | 6,101 | 0,2695 | 0,2033 | 0,3608 | 0,2722 | 175,8 | 235, 0,3146 | 0,4213

800 8,209 | 6,223 0,2736 | 0,2074 | 0,3662 | 0,2776 | 203,0 | 271,7 0,3413 | 0,4569

900 8,311 | 6,325 | 0,2770 | 0,2108 | 0,3708 | 0,2822 | 230,5 | 308,5 ,3658 | 0,4888

1000 8,399 | 6,413 10,2799 | 0,2137 | 0,3747 | 0,2861 | 258,3 | 345,8 0,3885 | 0,5203

1200 8,537 | 6,551 | 0,2845 | 0,2183 { 0,3809 | 0,2923 { 314,8 | 421,8 | 0,4298 0,5753

1400 8,644 | 6,658 | 0,2881 | 0,2219 ] 0,3858 { 0,2970 | 372,14 | 498,1 0,4663 | 0,6242

1600 8,724 | 6,738 0,2907 { 0,2245 | 0,3892 | 0, 430,14 | 575.4 |0,4990 | 0,6680

1800 0,788 | 6,802 | 0,2928 | 0,2267 | 0,3921 | 0,3035 | 488,3 | 653,8 | 0,5285 0,7076

2000 8,843 | 6,857 | 0,2947 | 0,2285 | 0,3945 { 0,3059 | 547,2 | 732,4 | 0,5555 0,7437

2200 8,884 | 6,808 | 0,2960 | 0,2299 | 0,3063 | 0,3077 | 606,3 | 811,86 | 0,5805 0,771

2400 ! 8,921 | 6,935 00,2973 { 0,2311 | 0,3980 | 0,3004 { 665,5 | 8909 0,6038 } 0,8084

2.

3.

kcal
kmole x deg.

kecal
kg x deg

kcal
Egéifdeg.

kcal
ke

kcgl

m

kcal

kg x deg

kecal
mS X deg.

Nitrogen peroxide has the capacity to be polymerized:
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Figure I-1. Dependence of Degree of Dissociation of
Nitric Oxides on Pressure and Temperature
Key: .

a. Nitrogen tetroxide

b. Nitrogen peroxidel3

c. Temperature,®°C

d. Degree of dissociation of N OQ,Z

e. Degree of dissociation of Naz,z

f. atmospheres ;

In the temperature interval from -10 to 135°C, a definite
equilibrium is established between the N02 and the N,0, molecules.
The lower the temperature and the higher the NO, concentration in the
gas, the greater the quantity of it is polymerized. The breakdown
of N204 molecules increases with a decrease in concentration, and
especially with an increase in temperature.

The degree of N0, and NO, dissociation is presented in figures
I-1 and I-2.

700

600 7 Figure I-2. Dependence of the CTTposition
O o0 " of Nitric Oxides on Temperature.
6:- 400 ' / Key:
Ky / 1. Temperature,®°C
§~ﬂm W 2. Degree of dissociation,?
)
3
$ w0 y
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A 1.
2 w9 &0 20 60 100
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The effect of temperature on the breakdown of N0, and N02
into nitric oxide and oxygen is apparent from the following data:

Temperature,® gt = . 2
2.7 496 70 S08 1113 135 80 494 62
Breakdown ,% O w4 7 35 620

N — ) 40 658 T66 927 98T — — -
Naok — - — = = = — 50 565 100
2

Nitrogen peroxide and nitrogen tetroxide interact with water,
forming nitric and nitrous acids, and nitrates and nitrites with
caustic alkalis and calcined soda. Nitrogen peroxide is easily
absorbed by concentrated sulfuric acid, forming nitrosylsulfuric
acid:

OH OH
/
N0 0,80 == 08¢ +-HNO;
TN oH “ONO o

The rate of the inverse reaction is somewhat diminished with an
increase in temperature.

Nitrogen peroxide is a very strong oxidizer. Potassium, carbon,
sulfur and other substances easily burn in its atmosphere. NO, forms
explosive mixtures with the vapors of many organic compounds. A
strong explosion occurs when carbon disulfide mixes with nitrogen
peroxide.

Like nitric acid, NOZ can form complex compounds, for example:

N204 reacts violently with liquid, and in certain ratios with
gaseous ammonia, forming water, nitric acid, elementary nitrogen and
small quantities of N,0.

NO, reacts with hydrogen in the presence of catalysts (platinum,
palladium etc.) with the formation of water and ammonia.

At definite temperatures, ammonium nitrate partially or
completely is destroyed by liquid N,0,.

24
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TABLE I-20. NO, DENSITY ON SATURATIOM LINE*

f W
(‘\) ' @) i 3zlnu‘moc-rs. o remd ; lﬂ ('2) JOTHOCTS, 3/cM8
TeMne- Nasne- | ! Temne- Jusae-
l"[ém une, ama S:\ \s) Wtz':l'" MO, aInM (O (5j
| m:.‘,l: mapa mu&:o— napa
|
24,2 1,04 1,440 0.0034‘ 128,7 44,8 1,087 0,11468
43,3 2,1 1,390 0,00782 1378 60,7 1,005 0,163
60,0 5,21 1,344 0,0142 1489 81,4 0,887 0,248
"4 7,82 1,318 0,0207 158,2°% 1030 - 0,
104,4 23,39 1,201 0,0584 — -— - -—

* Reamer, H. and Sage, B. Ind. Eng. Chem., 44, No. 1
1963, 1385.
**% Critical temperature

Key:
1. Temperature °C
2. Pressure, atm3
3. Density, g/cm
4. of liquid
5. of steam

The density of gaseous NOZ:

Temperature,®C 30 50 70 90 100

Density, g/cm> 0.00490 0.00890 0.01200 0.0190 0.0266

3,10

The density of liquid N,0,:

o
Temperature,®C  -20 ~20 —10 —=5 0 10 15 20 3875 7845 100
Density, g/cm 1,533 15124 1,5035 14035 1.4680 1,4740 1 4470 1.398 1,284 1.204
’ .

15,16 N

The viscosity u of gaseous 0,:

Temperature,°C —75 =50 —25 0 20 25 50 75 100
7 . . 990 1115 1240 1360 1455 1480 1500 {710 1820
yw x 10", poise e

The freezing temperatures3

N,04 content in mixture,l
Temperature,°C

38 57 ot 128
~13.7 —17 —~19 =232

of mixtures of NZOA and N203:




21. VISCOSITY (IN CENTIPOISE) OF LIQUID!’ NO,,

TABLE
Tnu“:‘;:_ @) dasaenue, amm Tun?;:a-l @ Iagagenne, amam
T
xgﬂ | o0 200 l 300 ‘"& 20 80 100 200 300
1o 0.471) 0479 ) 0488) 0.500] — 70 | 0220 0.236| 0.243] 0.253| 0.262
30 0379 0.385 | 0391 | 0-406 | 0-424 90 | 0470{ 0483 ( 0-194{ 0.208 | 0.215
30 0296 | 0:302 | 0.308] 0-318{ 0.327§ 100 ~ | 0464 | 0:173| 0487} 0195
Key:
1. Temperature,®°C
2. Pressure, atm.
TABLE I-22. VAPOR PRESSURE!? ABOVE LIQUID N,0,
‘l‘elmena'l'yp}n nn:lanle@‘ 'relnop(n‘:ym nqulme 'rennel}::ypl ;S‘?nun
) °C MM PM, cm. °C MM pm. cm. °c Mu pm.em
—~252 69,6 11,4 4615 40,0 1751,5
—21,0 -~ 84,8 17,0 613,5 44,83 2125.0
—10,0 141,5 215 752,0 48,95 2522,
~34 225.3 25,05 913,9 . 55.4 3261,0
0 257,5 34,8 1403,0 60,0 3990,0
Key: (1) Temperature, °C; (2) Pressure, mm,

Vapor pressure above pure liquid17 NZOA’

Temperature,®C

Vapor pressure, 11 53
mm Hg )

—100 —80 —25 —112+084 10 15 212
0 1398 266 454 5694 760




TABLE I-22a. VAPOR PRESSURE!? ABOVE LIQUID
MIXTURE OF N,0, and N,0, (IN mm Hg)

Q) i @ Conepmanue N,Os » cwecn, nec. %
Te sparyem

i 0 20 40 6o 80 100
—16 108 168 260 409 685 1250
—8 172 262 398 623 1018 1785
1] 258 400 800 925 1475 2480

+8 [ 398 590 882 1331 - -

16 ;598 860 1270 1857 - —_
. 20 l 684 1040 1520 2130 3260 5000

Key: (1) Temperature, °C; (2) N203 content in
mixture, weight 3.

3

The vapor pressure-above the liquid nitric oxides that contain

2-4 weight.7 of water and up to 0.27 N,04:

Temperature,°C -20 -10 0 10 20
Vapor pressure, mm Hg 70 192 244 396 598

The breakdown of ammonium nitrate18 in liquid NZOQ:
Temperature,°C 25 25 25 0 0 0
Content of ammonium nitrate
in liquid N 0, 6.0 12.5 16.0 0.5 9.8 16
Reaction tife, h 2 2 2 16 16 16
Degree of NH,NO, breakdown, %7 46.5 44.0 47.0 36.0 37.0 39.0

The specific heat capacity3 cp of gaseous N204 at 1 atm:

Temperature,°C 33.7 42,5 58.0 67.0 80.9 97.5
o X kcal/(kg x deg) 0.124 0.130 0.162 0.171 0.175 0.190

ot

L Y R T



- C:E;_-.-Heat conductivity A of gaseous NO, (at 580 mm Hg)6:

Temperature, °C 18 33 55 65 84 120 134
XX 103, kcal/(m x h x deg) 24.2 32.7 32.0 37.2 26.4 7.53 6.52

Nitrous Anhydride

Nitrous anhydride (nitrogen trioxide) Ny)04 is a reddish-brown
or chestnut gas which is condensed during cooling into a dark blue
liquid that burns with breakdown at 3.5°C. 1In the solid state it is
crystals of a blue or dark blue color.

{ Below are the main properties of nitrous anhydride:

Molecular weight 76.01 Temperature, °C

Dens%ty (liquid), of boiling 3.5

g/cm 1.449 of melting -102
T Heat of evaporation,

kcal /mole 9.3

Nitrous anhydride is an unstable compound. At -2°C it is
almost completely dissociated into NO and NO,. Its dissociation is
apparently associated with the catalytic effect of water traces.
N203 is only located in a comparatively stable state at -27°C.

N,0, has limited mixing with water. With alkalis it forms
nitrites with admixtures of nitrates. With sulfuric acid it forms
nitrosylsulfuric acid. Nitrous anhydride is found, in addition to
N,0,, in a mixture containing oxide and nitrogenlperoxide.

The vapor pressure3 above liquid N,04:

Temperature,°C -70 ~-60 -50 -40 -30 =20 -10 0 3.5
Pressure, mm Hg 171 176 182 200 227 264 310 455 760

The density® of liquid N,0,:

Temperature,®C -8 -4 -1 0 1 2
Density, g/cm3 1.464 1.455 1.451 1.449 1.448 1.447
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. TABLE I-23. EFFECT OF PRESSURE AND TEMPERATURE!?
. ON ASSOCIATION OF NO AND NO, WITH FORMATION OF N,0,
e D@
T i e ol DO e o
T e e R T ]
, ‘ o | a5%E | so%t | 108% 0% | 25%¢ | sovc | sobec
0.01 1.2 0.35 0.4 0.03 2 -~ 1540 9.4 24
0.05 3.6 1.40 05 0.40 2 - 16:5 104 29
04 5.5 24 09 015 40 -— -— 13.5 43
0.2 30 4.0 1.7 025 - 6.0 — — 16.5 59
04 ! 113 ! 63 | 30 | 050 80 - — | 190 | 13
0.8 15.6 9.3 50 ' 1.0 10 -— -_— —_— 8.6
. 0 | — l105 | 58 | 12 20 - — | =1 135
31— [0 LT 18
Key:

i .1. Gas pressure, atm.
2. NZO3 content in mixture (NO + NOZ) weight ,7
a .

TABLE I-24. PRESSURE OF VAPORS ABOVE SYSTEM NO-NO.
WITH DIFFERENT CONTENTS OF N203 AND GAS' TEMPERATURE

(in mm Hg)
—c-om) e Teuueparypa ras, *°C %ﬁ; @ Tenuneparypa rasa, °C
NOa N,0,

»ec, Y 20 ‘ 30 I 40 80 | 60 »ec. % 20 30 l &0 80 0
1 .
| |

188 | 1010 | 1430 | 2430 | — - 340 1380 | 1910 l 2760 | 3860 | 5200
23.2 | 1120 | 1560 | 2320 | 3330 | 4330 356 1420 | 1960 | 2820 | 3930 | 5280
26.8 | 1200 | 1650 | 2420 | 3440 | 4700 43.8 1620 | 2210 | 3170 | 4420 | 5930
294 | 1270 | 1760 | 2570 | 36830 | 4930 520 1860 | 2570 | 3680 | 5120 | 6880
22 1340 | 1870 | 2710 | 3800 | 5130

Key:
1. N,0, content, weight,Z
2. T%mSerature of gas,°C

Nitric Anhydride

Nitric anhydride (nitrogen pentoxide) N,0g at normal tempera-
ture is a very unstable solid substance which diffuses in the air.
It is in the form of colorless needle-shaped crystals or rhombic
plates.

Below are the main properties of nitric anhydride:
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Molecular weight 108.01 Heat, kcal/mole

Dens%ty (solid) at 20°C, 1.642 of formation from simple

g/cm substances -10

Temperature,°C of evaporation 13.6
of melting ~ 30 of dissolving in water 16.8
of sublimation 32.4

When solid NyOg is melted, liquid of intensive yellow color
is formed. Under the influence of light and gradual heating,
liquid N205 actively breaks down according to the reactionm: - §

2N303=2Nq04 -+ Qg+ 24,7 keel

In the case of rapid heating, the breakdown occurs with an
explosion of great force (there are also known cases of explosions
of N,0¢ when it is stored under normal conditions). The breakdown
of N;0g5 during heating occurs according to an equation of the first
order. At 0°C, roughly half of the N,05 from its original quantity
is broken down in 10 days, and at 20°C, in 10 h. Nitric anhydride
reacts violently with water forming nitric acid. It is restored
by nitric acid according to the reaction:

NyOs+ NO=3NO,

Nitric anhydride is the strongest oxidizer. Carbon, phos-
phorus, sulfur and other easily oxidized substances rapidly burn
under the influence of Ny0g. Many organic substances nitrate N,0s.
The degree of nitration is the same as under the influence of a -
mixture of concentrated nitric and sulfuric acids.

Under normal conditions, NZOS is not formed during oxidation
of NO by oxygen.21 It can be obtained from concentrated nitric
acid by removing water with the help of PZOS or by oxidation by ozone
of gaseous NO, or liquid N,0, according to the equation:

-

NgO¢+ Og=Ng04 + O

A method has also been developed for obtaining N,0¢ from N,0,
and oxygen at 2000 atm. N205 is not formed when diluted nitric

29




acid is produced.

The attempts to formulate a method for producing N205 for
industrial purposes have not yielded positive results.

Vapor pressure9’10 above solid N,0g:
Temperature,°C -20 -10.7 0 10.5 32.5
Vapor pressure, mm Hg 10 18.6 51.5 132 760

Heat capacity3 c of solid NZOS:

Temerature, °C -173.1 -121.1 -73.1
¢, kcal/(kg x deg) 0.140 0.200 0.241

Physical-Chemical Properties of Nitric and Nitrous Ac1ds349 ,10,12,22-

Anhydrous nitric acid is a not very stable compound. At
normal temperature, it is a colorless liquid with caustic noxious
smell. Commercial-grade nitric acid has a yellowish color that is
governed by the presence in it of a small quantity of dissolved
nitric acids.

The main properties of nitric acid are presented below:

Molecular weight 63.01 Heats of formation kcal /mole
Dens%ty at 15°C
g/cm 1.53 . 2‘:"l+:/:01+:/zﬂs=ﬂ‘{03 % 344
Temperature,°C s :gf-ﬁ/{?{:i:a’?v“:)?’ 28)) it
of boiling 86 YN 3/aCy - Vaily— HN O sol i3y ’Zn
of melting 2.0 i s B
Heat, cal/g 0 s "’*‘f‘%ﬁﬁf’“’i*‘h‘gf—” iquid) -
of melting . = Qiquid) - - - - - - - 186
of evapoggtion97 115
the same 148.5
of dilution 118.5

There are two known crystal hydfates of nitric acid (fig. 3):

trihydrate HNO3 x 3 H,0 (53.87 HNO,), melting point -18 °C;
monohydrate HNO, x H,0 (77.8% HNO,), melting point -38 °C.
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Figure I-3. Diagram of Crystallization of
HNO3-H20 System

Key:

Temperature,°C

Ice + liquié

Ice + HNO3 x 3 HZO (solid)
(solid)

Content of HNO3,Z

+ liquid

SN SNk

There are eutectic points on the curve of crystallization of
the HNO,;-H,0 system: at -63.1°C (89.957 ENO4), at -42°C (70.57 HNO4)
and -43°C (32.7% HNO,).

Nitric acid mixes with water in any ratios. The boiling tem-
perature of aqueous solutions increases with a rise in the concen-
tration, reaching the maximum of 121.9°C with a content of 68.4
weight.% HNO, (pressure 1 atm.), and diminishes with a further rise
in concentration.

- During distillation of aqueous solutions of nitric acid, water
vapors are initially nrimarily present in the vapor phase. They are
graduaﬁly enriched with HNO3 vapors, and when the boiling tempera-
ture Of 121.9°C is reached, an azeotropic mixture is formed. The
content of HNO4 both in liquid and in vapors is 68.47.

Concentrated nitric acid during heating in light and under
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the influence of reducers is broken down according to the reaction:

4HNO3y=4NOq+ O+ 2H,0

Nitric acid is a strong oxidizer. All the metals, except
platinum, rhodium, iridium, titanium, tantalum and gold, are dis-
solved in nitric acid. 1In this case oxides of metals or nitrates
are formed. With an increase in temperature, the effect of HNO3 on
metals and their alloys is considerably intensified.

L Special steels (for example, certain chrome-nickel steels) are
' resistant in a medium of nitric acid with concentration to 790%

HNO3. An alloy of iron and silicon (ferrosilide) is practically
resistant with any concentration and any temperature of nitric acid.

Of the widespread metals, alunimum is the most resistant to

the effect of concentrated nitric acid. A thin layer of aluminum

f oxide which protects the metal from further destruction is formed
on the surface of aluminum in a medium of nitric acid.

Concentrated nitric acid destroys many organic substances:
paper, straw, wood, sawdust, cotton fibers, fabric etc. Under the
influence of HN03 they are carbonized, and under certain conditions,
may ignite. In this case the acid breaks down, releasing nitric
oxides. It actively interacts with nonmetals: sulfur is oxidized
into sulfuric acid, coal ignites under certain conditions, etc.
During the interaction of concentrated HN03 and cyclic organic
compounds, one or several atoms of hydrogen are replaced by a nitro-
group. The acid forms nitric acid ethers, etc. with organic sub-
stances that contain the OH group. The interaction of HNO, with
carbon, turpentine, alcohol and certain other substances can be

™
accompanied by an explosion.

A mixture of 1 part of concentrated nitric acid and 3.6 parts
of concentrated hydrochloric acid that has been called aqua regia,
is the strongest oxidizer. Even platinum and gold dissolve in it.
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TABLE I-25._ DENSITY OF AQUEOUS SOLUTIONS OF
NITRIC ACID3,12 AT 20°C

‘ 0 l(mmmﬂmn‘fg 1! ) Konnu%)pnm 1! a3 Ko;}:;m:nu
nngrllr::‘rb _‘._.W, nnm'not':n . @ A nno/rrm).en ’
[ ! i ¢/ cm! 6‘ R . 1 2/em ; \S’ u)
| B\,Q'i 2/a ! '.‘}'c’ /s | ; RO, (ru
} ‘ | [ =
|
1,026 3 [ 513 [ 1,246 40 | 4985 1. 1,330 55 | 736,3
1.054 10 | 1054 1,253 4 | 513,6 1,345 58 | 753,1
1.084 15 ‘ 162,6 1,259 42 | 5298 1,351 57 | 769,8
1,115 2 | 223,0 1,266 43 | 5442 1,356 58 | 786,5
1.147 25 | 286,7 1,272 44 | 550,6 1,361 59 | 8032
1,180 30 | 3840 1,278 45 | 5752 1,367 60 | 820,0 ’
1,187 A | 367.9 1,285 46 | 591,0 1,372 61 | 336,9
. 1,193 32 03819 | 1,201 47 | 6088 1,377 62 ! 8537
1,200 33 | 396,01 | 1,298 48 | 622,8 1,382 83 | 870,5
1.207 34 | 4104 § 1,204 49 | 6390 | 1,387 | 84 | 887.4
1.214 3 | 4249 | 1310 50 | 6550 | 1.301 65 | 904.3
1.2205 B | 4394 5 1,36 5t | 671,2 1,396 86 | 921,3
:32"753. ;;g ! %.o : 1.3% 52 | 687,4 1,400 67 | 9383
2 38 FAGRT 1 1,32 53 | 703,7 1,405 68 | 955,
1,240 } 39 | 4836 | 1,334 54 | 7201 - - 3
Key: 3
1. Density, g/cm
2. Concentration
3. weight.7
4. g/1

Note: With temperature above or below 20°C, the following correc-
tions should be made for the density values of each degree:

Density ,g/cm3 Correction Density ,g/c:m3 Correction

1,028—1,239 - 1,321,342 0,0012
1,240~1,250 0,0010 1,343-1.370 0,0013
1,251~1,320 0,0044 1,371—1,408 0,0014

TABLE I-26. BENSITY OF AQUEOUS SOLUTIONS (_}’FlgITRIC
ACID (IN g/cm”) WITH DIFFERENT TEMPERATURE® s

® @ Temmeparypa, °C
Kounens
T
) pec. % ) 10 20 30 40 60 8v 100 .
l 9 9
1,0200 : 1,0282 1,0256 1,0222 1,0084 0084 0,9985 0,982
18 1,0594 1,0578 14,0543 1, 1,0455 14,0347 1,022 1,0083
15 1.0909 1.0887 1,0842 1,079 10739 10649 1.0485 1.03‘41
3 40 1.2613 14,2560 1,2463 1,2370 1.2270 1.2069 1,1858 1 .‘! 638
50 1,3277 1,3245 1,3100 14,2987 1.2867 1,2628 14,2377 1,2418
55 1.3583 1,3518 1,3303 14,3270 1,144 1,2883 1,2615 1,2339
80 1,3R88 14,3801 1,3687 1,3533 1,3398 1,3124 1,2839 1,2547
7 1,4362 1,4285 1,4134 1,3083 1,3837 - -— —_
93 1.5198 | 1,5109 | 1,4832 | 1,4781 - - - -
98 1.526 1,5176 1,5009 1,4837 — — - -—
99 1,5310 1,5227 1,5055 1,4887 - - - —

1. Concentration,weight.?
2. Temperature,®C
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When nitric acid is neutralized by alkalis, salts are formed
which crystallize well (NaNO3, KNO3 and others).

‘ Surface tension ¢ of anhydrous nitric acidzz:
Temperature, °C 6 10 20 30 4 50 60 0 80
o, erg/cm M5 195 184 174 163 153 143 132 qa2

TABLE I-27._ HEAT CAPACITY OF AQUEOUS SOLUTIONS OF
NITRIC ACID? [in cal/(g x deg)]

JTOS—) @) Temueparyp.., °C J Honetrmas @ Temueparypa, °C
uuH HNQ, | nun HNO,
. bec. % 35 | 2t | 395 | 60 | mec. % 25 | 20 398 | 6o
1
i 0,993 | 0,990 | 0,985 | 0,990 S0 0,667 | 0,680 ! 0,693 ; 0,10
2 0,878 | 0,980 [ 0,973 | 0,980 55 0,649 ! 0,860 | 0,675 | 0,690
4 0,953 | 0,950 | 0,951 | 0,960 60 0,630 | 0,640 | 0,654 | 0,670
6 0,927 | 0,930 { 0,929 | 0,940 85 0,607 | 0,620 | 0,629 | 0,640
10 0,884 | 0,880 | 0,891 | 0,900 70 0,583 | 0,590 | 0,603 | 0,610
15 0,838 | 0,840 | 0,851 | 0,860 5 0,558 | 0,570 | 0,574 { 0,580
20 0,799 | 0,800 | 0,845 | 0,830 80 0,535 | 0,540 [ 0,548 | 0,580
25 0,767 | 0,780 | 0,786 | 0,800 85 0,515 | 0,520 | 0,521 | 0,530
30 0,739 | 0,760 { 0,764 | 0,780 90 0,490 | 0,490 [ 0,493 | 0,500
35 0,716 | 0,740 | 0,744 | 0,770 95 0,456 | 0,460 | 0.461 | 0,460
40 0,698 0,720 | 0,726 | 0,750 100 0,418 | 0,420 [ 0,425 | 0,430
45 0,682 | 0,700 | 0,709 | 0,730 —_ -_— - — -

1. HNO, concentration, weight.7%
2. Temperature,®C

TABLE I-28.,,HEAT CONDUCTIVITY OF AQUEOUS SOLUTIONS OF
NITRIC ACID?2 [in kcal/(m x h x deg)]

@ Q) @

Temueparypa, °C JE Temnepatypa, °C

panun 2)

., Bec. %

20 &0 [1] 80 too

Kouneur
HNO,

-]

>

(-]

-

@

-

-3

-4

o

s

-]
Kounentpa
HNO,,

(-]

0-467] 0.505| 0.533 | 0.554 | 0.567 | 0,573
0451 | 0484 0.508( 0.526 | 0.538 | 0-544
s 04591 0.478| 0.495| 0.505) 0.509
0413 | 0.434( 0.448| 0461 | 0.469 | O&'
0.392 | 0-408 0.434

03691 0379 0387 0-394 | 0389 | 0.400%

0.341 [ 0347 0.350| 0-355| 0:35.3 {0,359
03100310 { 0-310| 0.310( 0.310{0.310
0275|0273 | 0.271 | 0269 | 0.2670.265
0.239|0.236 | 0232 0.228 | 0.225 | 0.221
0.221 | 0,216 | 0.212| 0.208! 0.205 | 0.201

HEEBG o
[=]
g

2agua

n
tn

4
~
®

<

Concentration of HNO5, weight.Z
Temperature,°C

N =

The vapor pressure pHN03 above anhydrous nitric acid:

t,°C
' 5 45 25 35 45 55 83 15 85
.7 31.2 57 102 170 28 7
PHNO 4+ T Hg w?rmz 57 10 0 7
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TABL§3I-29. VISCOSITY OF AQUEOUS SOLUTIONS OF MITRIC

ACID (in centipoise)

- W )} i ) @

Kouaen- Teuneparypa, °C ’ Ro;m— Teuneparypa, °C
1INO, NO,
Bec. % 0 i 10 l 20 30 ‘ 40 aec. Y% 0 I 10 l 20 ! 30 40

1

10:5 - 138 | 1251 0.87 10.749 64.0 348 | 248 | 200 | 1.65 {1.280
15.3 168 | 138 t.21 | 0.88 {0.760 794 281 1252 ! 1.63 | 1.37 |1140
23.0 194 | 1.52 | 1.24 { 102 ] 0.385 0.2 247 | 1,73 | 1.38 | 1.06 |0.847
35.5 234 180} 148} 125 — 99.5 1,18 | 0947 0.836{ 0.753 | 0.684
53.9 3221 238 | 194 | 1.66 |1.200

Key:
1. HNO, concentration, weight.7’
2. Temperature,®°C

TAELE I-30. FREEZING TEMPERATURE OF AQUEOUS SOLUTIONS

OF NITRIC ACIDZ¢

@)
Tesmsgéafypn

— =) ) ) Q)
K

ipumempaasn | Temerrs | Komdimauy | Tomgpirive | Komeipns
2.6 -t 480 —228 80.0
53 -39 499 —189 81.4
11.0 -5 507 —190 838
140 ~103 540 —18.5 84.7
19.6 ~15.7 56.7 —19.0 89.9
25,0 ~28.5 647 —286 %05
30,7 ~31.7 69,46 —39.6 94.9
328 —43.01 755 —38.2 98.8
406 —21.5

Key:
1. HNO, concentration, weight.?Z
2. Temperature,°C

—37.3
—394
—42.9
—444
—66.5
—64.5
—40.7
—423

TABLE I-31. VALUES OF P%A§ETL’S CRITERION FOR AQUEOUS

SOLUTIONS OF NITRIC ACID-:

J

Kom(gm 'l‘?:mmwm. ] l(gmu- (.ul‘elmmmu, *C

HENO, NGy

sec. % to 30 40 (1] 100 pec. % 10 a0 I 40 l 60 } 100

i 1 ]
2 941 | 578 | 490 | 327 | 185] 70 (1578 {1028 | 849 | 6.40 | 345
50 (1185 787 642 | 445 267 90 1194 751 | 659 | 524 | 347
50 1400 | 939 752 528 | 3.12 95 | 942 640 | 581 | 4721 3.0t
60 1564 | 1035 | 858 { 6.05 | 3.38 '
Key:

1. HNO,concentration, weight.l
2. Temperature,®°C
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TABLE I-32. PARTIAL PRESSURES OF VAPORS OF NITRIC

N ACID peo , WATER py,  and TOTAL PRESSURE P ABOVE
AQUEOUS SGLUTIONS OF?NITRIC ACID? 12,25 (IN mm Hg)
' Temperature, . | . . |
°C 21 2 e 21 2] ¢ 20 2 r
= ] = = x =
R Y Y 2 & 1 LY
- 30% HNO» 40%. HNOs 45% HNO, .
5 - 5,0 50 — 4.2 4,2 0,05 3.8 3.6
15 — 9,7 9,7 0,07 8,0 8,0 0,10 6.9 70
25 —_ 17,8 17,8 042 14,8 14,7 0,23 12,7 13
R 35 0,071 314 n.2 025! 25,5 25,7 0,48 22,3 22,8
45 047 53.0 53,2 0,521 43,2 43,7 0,95 38,0 30
55 0,35| 87,0 87,3 104 M 72 1.83] 62.5 64
685 0,71 1 140 141 2,05 114 116 3,471 100 103.5
® 75 1,38 217 218.4 3,80 178 182 6,20 158 164
85 2,53 | 325 328 | 6,83 268 275 10,7 | 240 254
95 4,53 . 478 483 | 11,7 | 304 406 17,8 | 355 373
105 7,9 690 698 5 20,0 | 573 593 29,2 3520 549
115 P - — - 32,5 | 810 843 46 | 740 786
| 509%  HNOs 55%  HNO, 60%  HNOs
5 0,14 28 30 0,18 2,5 2,7 0,29 18 24
15 0,33 5,5 5.8 0,39 4.9 82 0,62 3.6 4,2
25 0,52 10,7 1.2 0,66 9.1 9.8 1,21 7.7 8.9
k) 0,80 19,0 19,8 1,301 1684 17.4 2280 13,6 15,9
45 1,57 32,5 34 2,01 28 30,5 4,20 23,7 28
55 2,957 54 97 4,54 48,0 51 745 39 46
65 5,46 | 88 23 8,13 6 84 13,0 64 7
75 9,6 | 138 148 13,9 | 12 134 21,8 | 102 124
85 16,3 | 211 227 23,0 182 205 34,8 | 156 19t
“\ 95 26,8 | 315 342 313 {2712 55,0 | 233 283
105 43,0 | 463 506 58,5 | 400 459 84,5 | 345 430
115 67 865 732 QO 575 6865 126 495 620
120 84 785 869 110 685 795 156 _590_ 746
85% HNOs 70% HNO» 90% HNO»
5 0,60 1,3 1,9 1,40 0,92 2,021 10,7 043] 108
15 1,24 28 4,0 1 220 1,97 4,2 10,5 0,31 19,8
2 2,32 6,4 8,7 4,10 5,1 9,2 29 08 29,8
35 4.2 11,6 15,9 730 98 174 47 1.8 49
A5 755 20,0 27,6 || 12.6 | 16,7 29.3 80 3 83 )
4} 12,8 33,0 46 21,0 27,3 48 127 3 132
f5 21,7 54,5 76 34,5 44,5 79 192 L 2
™ 35,0 86 12 54,5 70 124 282 13 295
85 54.5 | 13 186 83 107 190 405 20 425
95 83.5 | 195 279 125 158 283 570 29 399
105 124 288 412 183 2 414 790 42 2
115 181 410 501 26 330 592
125 2 580 840 372 469 841 —_ - -

Figures I-4-I-13 present the properties of anhydrous and
diluted nitric acid under different conditions.

Nitrous acid HNO2 is an unstable compound which exists only
in diluted aqueous solutions. It is formed in solution together with
nitric acid during absorption of nitric acids by water. In addi-
tion, nitrous acid is formed in the majority of processes where HNO3
is used an oxidizer, during transmission of nitrous anhydride in

cold water, or an equimolecular mixture of NO and NO,, etc.
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Figure I-4. Dependence Figure I-5. HNO, Content in
of Degree of Mitric Acid Liquid and Gaseoas Phases at
Breakdown on Temperature Boiling Point

Key: Key:
%. Temperat?r§,°ck 1. HNO hco;xtent in vapor,
. Degree o reak- weight.Z
down of.HNO3,Z 2, HNO, content in liquid,
weight.7
~ T L
() // S
§ & §
g2 r,// 28 5 N |
Q P -
s 50 \\ g ' ¢”‘N&“
& ! i ~J § 6,6 7
<«
¢ 2w w0 60 a0 o S¥e T g a0 a0 e
(@) Nowyenmpayum HNQg , Sec. %o \J lr.nqmmpaqup)HN03 ,80c.%
o]

Figure I-6. Viscosity of Figure I-7. Heat Capacity
Aqueous Solutions of Nitric of Aqueous Solutions of

Acid Nitriec Acid at Room Temperature
Key: Key: N
1. Viscosity,centi- 1. Heat capacity, cal/
poise (g x deg)
2. HNO, concentration 2. HNO, concentratiom,weight.Z
»
weight. 7

Below are certain properties of nitrous acid:

Molecular weight 47

Heat of formation from simple substances

(at 18°C and 760 mm Hg) ,kcal /mole 28.5
37
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Heat of breakdown according to reaction
3HN02=HN02+2N0+H 20, kecal -18.4(-18.13)

& Heat“of ndutralifation of aqueous

solutions according to reaction NaOH
(or KOH) + HNOZ, kecal 11.1

Q\ Umnowenue HyQ : HN O3, moss/rmome
a0 0, 2 86543 2151 &5 ’

W
g 8000
'§T sasol—/] AN (\\éi”" \\
20/ N 33 N
£ so00—f— i R § w0 \
£ i ‘ Q- N
3% | §S 2000
s §“zwm/ T iz
3 ~
N 0 E ? " ‘ 20 40 60 go 100
= 20 40 60 - 10 HN
: Nowyenmpayun HNOy , 8eC. % @) (3)nm:‘;2poq:d‘;r:~un 3%
é
' Figure I-8. Electrical Figure I-9. Heats of Dilution
Conductivity of Aqueous of Nitric Acid by Water
1 Solutions of Nitric Acid
L at 15°C
- Key: Key:
T 1. Specific electrical 1. Heat of dilution of
cozductiYity, X, X cal/mole
Obm- -1 2. Ratdd oiie {HNO ,
2. HNO, concentration, mole/mole
weight ,% 3. HNO, concentration after
A dilation,Z
20
s i o | wo
} & 1o 76025 N ®, A
§~‘ =" 180 '-\\ N /
§ % - ‘ 560 %
: v IN\] 2TV
§ 0 A‘" = € w
= nonefe” k) /
y \ .
”o 20 W & 0 200 400 o0
Nommmpawsm UNOy , bet. %@) ‘m-,"'"’g')-"""
Q.

Figure I-10. Boiling Points of Nitric Acid
I;'"a. Aqueous solutions
. Anhydrous
Key:?J. Temperature,°C
73&- mm Hg
pa- HNO, concentration, weight.Z
2 Pregsure, mm Hg
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Nomograms to Determine Partial Pressure
of HNO3 Vapors above Solutions of Nitric Acid

el
a. concentration of 20-807 HNO
b. concentration of 80-1007 HNa3

., mm Hg
KQ]: concentration of HNO
8

, weight.Z
Temperature,°C 3

Depending on the nature of the substances reacting with HNO,,
it may be an oxidizer or a reducer. Thus, hydrogen peroxide, ozone,
permanganates and other strong oxidizers oxidize nitric acid into

HN03. Hydrogen iodide and hydrogen sulfide reduce it to NO.

Carbamide during interaction with HNOy is broken down according
to the reaction:

CO(NHs)y+ 2HNOg=2N3+ COg-+ 3H40

Under the influence of strong acids, nitrous acid is also
broken down:

3HNOg=HNOy+ 2NO + H0




1630 — —~ 80
ALY -
660 — N Figure I-12. Nomogram to Deter-
cop ] 109 mine Total Pressure of HNO, Vapors
3901 i and H,0 Vapors above 80-1007
2003 o o5 Nitrig Acid
I~ 60 §r
e Seeaee -t Key:
03\ @ i D =
P Y Y - g.. 1. p, mm Hg
o83 e S 2. HNO, Concentration, weight
70 — ? i ®
12 ¥t 3f
204 é §.
I B S
0 — T [~95
8 - g X 1
5 - OR ]
Y —- -
7 .
2 j \—/00
5“” : Figure I-13. Vapor Pressure above
S . / Solutions of Nitric Acid of
) N Varying Concentration
W \\**b% //7 ' Key:
g 20 L 1. Vanor pressure, mm Hg
N “-~\42~_ Vv, 2. HNO, concentration,weight
§ % A2 4
S 0 T 60 a0 100

{3Wonuenmpayun HNOy ,dec. %

HNO2 with sulfuric acid forms nitrosylsulfuric acid, and with
alkalis--nitrites.

Diluted nitric acid that is obtained under industrial condi-
tions always contains HNO, whose quantity sometimes reaches several
grams per 1 1 of solution. Increased partial pressure of NO during
absorption of nitrous gases in the production of HNO3 promotes an
increase in the HN02 content in nitric acid.

Solutions of Concentrated Nitric Acid Containing Nitric Oxides

The heat conductivity ) of a solution of concentrated nitric
acid?® that contains 2.5-5 weight.? of N,0, and up to 2% Hy0:

40

it anun




T TR TR R T T

t,°C
A, keal/(m x h x deg)

-2 0
0.223 0231 0240 0.249 0.266 0275 0.284

+20

4

80

100

120

TABLE 1-33. DENSITY OF ANHYDRCUS SETRIC ACID (in g/cm3)
CONTAINING DISSOLVED NITRIC OXIDES
oy ))
® Teuneparypn, °C © el'e-wm-. oc
0 12,8 25 0 12,5 25
0 , 1,3472 ‘ 1.5245 1,5018 | 28 1,6550 1,6340 1,6106
2 C1,5349 | 1,5323 | 1,5105 | 30 1,6601 | 1,6393 | 1,6160
4 1.5626 | 1,5402 | 1.3193 32 1,6643 | 1,6433 | 1,6200
© | 13867 | 15646 | 15443 | 8 16718 | 16500 | 1.0268
14 | 1.8027 | 1,3806 | 1,5606 | 42 16727 | 18503 | 1,6265
2 | 1.6274 | 1,6054 | 1,5838 | 48 1,6687 | 1.6456 | 1,6196
22 | 16353 | 16132 | 1.5910 . 50 1,6662 | 1.6430 | 1,6160
24 ‘ 16425 | 1.6207 | 1.5082 | 52 1,6662 | 1,6430 | 1.6160
2 ! {,5494 I 1.6278 1,6047 | 54 1,6597 1,6354 1,6080
Key:
1. NO, content, weight.?Z
2. Te&perature ,°C
TABLE I-34. DENSITY OF SOLUTIONS OF NE‘;‘RIC ACID
(in g/cm-) CONTAINING NITRIC TETROXIDE
2) .
(‘) eumiepaTYpa, °C O @&‘empnypn. °C
G {4 Lt copepmanng
NgOy«, vec. %% NiO4, Bec. %
20 10 0 20 10 l 0
98.2% HNOs 96,0% IINOs
20,00 1,5856 1,68037 1,6197 44,34 1,6088 1,6295 1,6488
25,09 1,5084 | 1,6167 1,6332 46,93 1,6066 1,6278 1,6475
30,35 1,636 | 1.8314 | 4,8400
34,81 41,6227 | 41,8408 | 41,6579 94,2%- HNO,
35,62 1,239 | 1,6412 | 41,6590
38,95 1,6280 | 1,8470 | 41,6645 25,50 1,5842 | 1,5990 £.6475
42,14 1,8286 1,6480 1,8662 29,70 1,5867 1,6055 1.6230
,93 1,6284 | 1,6482 | 1,8867 35,45 1,5854 | 1,6165 | 1.6340
83 1,6269 | 1,6453 | 1,6854 38,80 41,5975 | 1,6174 | 1.6357
49,07 1,6226 1,6430 1,6625 40,20 1,5980 | 1,610 1.6380
50,01 1,6159 | 1,6385 1.6574 43,90 1,5927 1.6134 1.6334
51,35 1,6140 | 14,8355 | 1,6556 48,10 1,5913 1,6124 1,6322
96.0% HNOg 92,2% 1INOs
19,93 1,5757 | 1,5036 | 1,6103 | 20,80 1,5552 | 1,5730 | 15904
24,9 1,5897 | 1,6078 | 1,6242 | 24,66 1,5652 | 1.5830 | 1,6020
30,59 1.6007 1.8185 1,6361 29,03 1,0742 1,504 1.6104
34,73 1.6060 | 1,6252 | 1.6430 34,19 1,5815 | 1,60ti | 1.619%
38,13 1.509% 1,6283 | 1,8464 39,80 1,5851 1,6050 ¢ 1,682%0
40,78 1.6105 | 1,8305 | 1,8467 42,50 15824 | {0026 ' | euo4
1.8 1,510 | 1,6298 | 1,6489 A4 4D 145802 | tamg bo1G2oR
47,81 1,577 15070 7 1.6168

[Key on next page]
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Key:
1. content ., weight.?
Tgméerature R

- TABLE I-35. DIFFERENTIAL HEAT OF DISSOLUTION3

OF LIQUID NZOA IN SOLUTIONS OF HNO3 + N02
(in kcal/kg N,0,)

) 3
Q) ‘reuneqny(?a\ (O Te-mgﬂpl ® 'l'nme;‘cr)yu
C ¢ Conepmaune Copepwamme |____
.\.O.r. MO, Yy N304, dec. % NgQq, BeC, %
0 24 0 20 [} 29
! i
0 504 | 646 | 18 423 | 347 34 205 | 143
2 584 | 62,7 22 369 | 278 36 180 | 8.7
i 588 | 60,3 7 344 | 248 40 133 | —
6 S50 | 57.3 26 218 | 3.4 4 93 | —
8 530 | 5402 28 19,5 | 28,3 48 52 | —
10 L 514 ) 307 1 30 16,3 | 25,8 50 31| —
PR ¢ KT VU B 139 | 231 - ==
i 4 .

Key:
1. N,0, content, weight.Z
2. Témperature,“°C

TABLE 1-36. HEAT CAPACITY OF ANHYQROUS NITRIC ACID
CONTAINING DISSOLVED NITRIC OXIDES
[(in cal/(g x deg)]

(‘\ (2) Temneparypa, °C ) ( Temuepatypa, °C

Conep Q&{o »6la

use NO, 104

sec. % o 18 s 43 so | °° " 0 18 35 | 42

X 0,447 | 0.448 | 0,449 | 0,453 26 0,429 | 0,450 | 0,467 }0.498

2 ?)2;.1’ 0,447 | 0,449 | 0,452 | 0,457 30 0,431 | 0,451 | 0,472 [0.508
8 0,423 | 0,448 | 0,450 | 0,456 | 0,464 34 0,432 | 0,452 | 0,477 -
8 0,424 | 0,448 | 0,451 | 0,458 0,468 38 0,433 | 0,452 | 0,482 -—
12 0,425 | 0,449 | 0,454 | 0,465 | 0,484 40 0,434 | 0,453 | 0,485 -
18 0,426 | 0,449 | 0,459 | 0,478 | 0,510 45 0,436 -— - -~
22 0,428 | 0,450 | O, 0,488 | 0,531 - - — -— -

Key:

1. content, weight.Z7
&perature °c
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The thermal conductivity X of a sclution of concentrated
nitric acid26 which contains 2.5 - 5 wt.% NZOu and up to

2% H2O:

t ,7C i, -20 ) +20 40 80 100 120

A\, keal/(m-hr. 0.223 0.231 0.240 0.249 0.266 0.275 0.284
degree

2
The freezing temperature‘8 of 20.8% solution of Nzou in
anhydrous nitric acid is -55.6°C.

The viscosity of solutions of nitric acid that contain
over 20 weight % NO, at 0°c:

h2a




NO, content, weight.? 2 24 2% 28 3 40 50 '
ViScosity, centipoise 248 268 286 3.05 324 418 439

TABLE I-37. VISCOSITY OF SOLUTIONS OF ANHYDROUS 29
NITRIC ACID (IN CENTIPOISE) CONTAINING NITRIC OXIDES

R o Temneparypa, °C & o TeMmeparypa, °C
Conep Copeprayns
NO,, Bec. % NOs, bec. %
0 25 0 0 28 ‘0
2 1,13 0,79 0,65 12 1,74 1,13 0,91
4 1,27 0,85 0,70 14 1,87 1,20 0,96
[ 1,38 0,91 0,74 16 2,00 1,28 1,01
8 1,49 0,97 0,80 18 2,14 1,35 1,05
10 1,61 l 1,05 0,85 20 2,30 1,41 1.19
[}
Key:
1. N02 content, weight.?
2. Temperature,®C
TABLE I-38. BOILING POINT (tk a) OF SOLUTIONS OF
NITRIC ACID CONTAINING NITRIC 6XIDES, AND THEIR
CONCENTRATION IN VAPORSS
Q) (2} Mawnemwe, xu pm. cm.
Coaepmianne 780 600 350
* HNOY e | NO,+NOF o | NOu+ N30, e | NOu+N,04Y
vec. % fean.s °C » nape tyns.s °C 3 nape ey, °C » nape
sec. % sec, % sec. %
4 77 59 87 54 56 50
3 68 80 60 74 50 65
12 62 88 54 84 45 74
16 54 92 49 88 40 81
20 H 93 44 92 . 35 86
24 46 95 49 93 31 90
28 42 96 35 94 26 93
32 37 97 A 96 19 95
36 3 98 27 97 19 96
40 29 98 23 98 18 97
44 25 99 - - - -
49 4.5 99 - _ - -—

Key:
1. NO, content in HNO, solution, weight.?
2. Pr&ssure, mm Hg

3. NO, + N,0, in vapor, weight.Z

Figure 1-14 presents data on the vapor pressure above liquid
N,0,, and figure I-15 presenrts the diagram of boiling of the HNO;-
N,0, system with different pressures.
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- TABLE I-39. PARTIAL PRESSUPES v OF VAPORS30 204,
NO2 AND HNO3 ABOVE SYSTEM HN03—N20, (IN mm Hg)
‘ i 2y 1 a
K °="P"”"‘&° » :\rﬁ& —10°C ' P r(lpul 0°C ! P -‘m? +10°C
N3O l
SIS l | | ’
Bec, % | Mod. %% N:Os NO, HNO, ' N,O, NO, HNO, “ N,Oq¢ NO, HNO, N
ol o0 l 0 0 6.94 0 0 14150 o 0 26,73
51 348 1 020] 118| 652 034 242 | 1374 | 050! 393 | 2647
5 {1080 | 182 | 3.3 580 | 354| 685 | 1174 | 625 139 | 2085
25 | 1858 | 858 H.80| 462 | 1620 | 1468 | 942 | 27.20 | 29.00 | 730 .
30 e300 1520 908 400 | 2680 | 1887 | 799 | 4665 37.97 | 1538
. w3033 | 3745 | 1428 247 | 67.52 29.98 | 572 | 11620 | 5067 | 1063
50 | 4050 | 89.00 2190 140 | 149.70 | 4465 | 265 | 2324 | 8453 | 630
32 | 4260 ¢ 0520 0] A0 e | 4650 | (5o A B
3 | 4455 123300 — — 19940 | 49.50 | (1.9) | 308. 8.50 | 9706 | 150
3
QOdéaacTh paccaocenna®
a7 | a3601 20360 | 5090 , 0 {32670 | 1050 | ()

(1)
Q)

122
08,51 07.92] 123
i 124

— 20632 588 | (0 133090 | 10420
10 I 1) ‘ 1 1
K

|
i - }20970 52, m] @ | 21960 | 10090

Key:
1. 0, content
r 2. ozaé
3. weight.Z
4. mol.Z
1 5. area of stratification

*With concentration over 54 weight.?Z NO, in solution, it is strati-
fied all the way to an increase in the NZO4 content in a mixture with
HNO4 to 97 weight.Z.

TABLE I-40. VAPOR PRESSURE ABOVE 907 and 807 7

SOLUTIONS OF NITRIC ACID CONTAINING NITRIC OXIDES »31
Co!‘epma&?. (") JOBuOHNS, M PI8. CN.
» b-'cr‘-:;pe
. ves. PN,04 Pno, PN0.+NO, | PHNO, Py,0 Posm.
90%- HNOs g¢ 10°C
N 3,2 4.5 11,9 16,4 15,2 0,2 31.8
8.6 14,4 22,4 38,8 15,2 0,2 52,2
14,0 30,2 31,2 61,4 15,3 0,2 76,9
\ 17,0 46,6 39,4 b 86,0 15,4 0,2 101,8
j 23,0 87,0 52,3 139,5 15,2 0,2 154,6
. 0%  HNOs at —10°C
E 7.0 4,3 4,8 8,9 45 0 13,4
t 10,4 7.2 58 13,0 4,0 0 17,0
. 14,0 10,9 13 18,2 40 0 22,1
18,2 17,5 9.3 28,8 3.9 0 30,7
2,0 178 11,6 39,4 4,0 \} 43,4
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[continuation of table I-40]

80%- HNOs o 20 °C

44 3,0 56,0 97,0 13,0 t3 4 11,3
56 ‘ 750 5.0 1500 128 1.3 164.1
1.2 1400 103,0 2430 1‘22,_? 1.3 257.2
14,0 1760 113,0 289.0 12, =
18,0 ‘ 2390 132,0 361.0 13,0 1,3 3153
20.8 275.0 143.0 418.0 12.6 1.3 431.9
224 l 2910 148,0 4390 12:8 13| 4

Key:
1. N,0, content in solution, weight.Z
2. Pressure, mm Hg

TABLE I-41. VAPOR PRFSSURE32 ALOVE HNOB-NZOA-HZO

SYSTEM
» & [ASIeHRS NAPOS, GMas
Temnepatypa

oc !

i Puno, o, N0, ST Foom.
®
16,45 sec. % HNOs, 74,7% N,O,, 8.84% H,0
40 0,31 1,13 0,97 0,03 2,44
- 50 . 0,63 4,51 1,23 0,04 3,69
58 0,77 1,93 1,68 0,05 4,93
J?
45,38 Béc. % HNOs, 50,57% N,O,, 4,05% H,O
40 0,87 0,51 0,28 — 1,68
50 1,27 0,96 0,42 Z 285
60 1.83 1,39 0, 47 —_ 3,69
66 2,25 1,76 0 57 —_— 4,57
65,8% thn, % HNOs, 32,02% N0, 2,18% H,0
30 _ — — 1,55
40 0,94 0, 0, 210 — 1,57
50 1,02 0,47 0,215 — 1,74
60 1,24 1,05 0,490 — 2,78
75 2,10 1,90 ) 0.520 — 4,62
Key:

1. Temperature,®C
2. Vapor pressure, atm.
3. weight.Z

Figure 1-16 shows the total pressure of vapors N,0, + NO, +
HNO, above N,0, solutions in 1007 nitric acid.
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Key:

Temnerature,°C

Liquid

mm Hg

Vapor
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v 0 40 80 Key.l Vapor pressure of N,O, + NO,+
e Covepneamse N;Oy 8 HNOy, ’ 274 2

2. Com?enc of N,0, in HNO, weight.

l. Production of Diluted (Weak) Nitric Acid

Oxidation {Conversion) of Ammonia into Mitric Oxide

Gaseous ammonia and air are separately purified from mechanical
admixtures, heated and mixed in a strictly assigned ratio. The

obtained ammonia-air mixture is further exposed to fine purification
from residual contaminants and is sent to the contact apparatus for

oxidation by air oxygen. Depending on the conditions for conducting
46




this process, N0, N,0 and N, can be obtained in different ratios
according to the reactions:

4ANHy+ 501 =4NO = 611,0 - 216.7 kcal
INHy 402 - 2N0 -4 6110 + 263.9 kcal
4NHa-+ 30y = 2Ng + 6110 + 303.1 keal

Elementary nitrogen can be formed in the absence of a
catalyst, for example, as a result of thermal dissociation of
ammonia when an ammonia-air mixture comes into contact with the very
heated walls of piping and equipment:

ONHg=Na - 31— 21,96 kcal

According to the studies conducted in recent years, 1.5-37 of
the supplied ammonia can be lost in the contact equipment that is
operating under pressure, even before it reaches the catalyzer, since
the inner surface of the upper conical part of the equipment is
heated strongly as a consequence of the thermal emission of the
catalyzer grids.

If the ammonia breaks through the layer of catalyst, formation
of elementary nitrogen is also possible:

4NHg+6NO=5Na+6H;0+4318 kcal

Breakthroughs of ammonia are observed when the ammonia-air
mixture exceeds the assigned linear velocity, with low contact
temperature, and especially when the catalyst is poisoned by toxins.

The heat that is released during the oxidation reaction of
ammonia is quite sufficient for the process to occur auto-thermally.
The ammonia oxidation reactions with the formation of nitric oxide
and elementary nitrogen are accompanied by a considerable loss of
free energy, and occurs at a great rate, practically irreversibly
(to theend).

There is currently no generally accepted concept regarding

the mechanism for the contact process of ammonia oxidation. The

basic reactions given above are summary, and as many researchers
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assume, do not reflect the actual course of the process of ammonia
oxidation.

Different hypot:heses33'35 have been advanced regarding the
mechanism for and features of the process of ammonia oxidation. The
majority of them are reduced to hypotheses on the formation during the
oxidation of NH3 of unstable intermediate comnounds, which as a
result of breakdown and regrouping yield nitric oxide and elementary
nitrogen. Almost all the researchers share the viewpoint that
the rate of ammonia oxidation is determined by its diffusion to
the surface of the catalyst as the slowest stage that limits the
entire process as a whole.

The output of NO during catalytic oxidation of ammonia is
characterized by the degree of its conversion, or the percentage of
contact. These terms mean the ratio of the quantity of ammonia
converted into nitric oxide to its original quantity that is assumed
to be 1007. In contact equipment that operates at atmosoheric
pressure, the degree of conversion of ammonia must be 97-987 in
equipment operating under pressure of 5 atm. and higher, 95-967.

One of the most important conditions for achieving a high
degree of conversion of ammonia into nitric oxide is the activity
of the catalyst. This depends on its composition, characteristics
of the grid and the operating conditioms.

Catalysts

The oxidation of ammonia uses as catalysts, grids that are
made of alloys of platinum with rhodium or with rhodium and palla-
dium.* These catalysts (they are called platinoids) maintain high
activity and good mechanical strength for a long time at temperatures
to 880°C and pressure to 10 atm. They are easily regenerated.

Attempts to replace the expensive platinoid catalysts with
nonplatinum did not yield positive results. Within 15-20 days, the

—
In recent years, catalytic grids made of other platinoid alloys
have been used in oxidizing ammonia into NO.
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output of NO in the presence of nonplatinum catalysts, even
operating under atmospheric pressure, was irreversibly reduced by
several percents. A feature of all the nonplatinum catalysts

(even the best of them, like, for example, CoO3 x Co0 or Fe203 X
81203) is their high sensitivity to admixtures that are practically
always contained in the ammonia-air mixture.

Grids made of platinum-rhodium alloys (5-107 Rh) with wire
diameter 0.05-0.07 mm are usually used abroad.

In the domestic nitric acid systems, . whose contact
sections operate at atmospheric and higher pressure, grids made of
GIAP-1 alloy are used that contain 92.57 Pt, 3.5%7 Rh and 47 Pd.
Grids made of platinum-rhodium-palladium alloy are made of wire
0.092 mm in diameter. They have 1024 holes (networks, cells) per
1 cmz. The quality of the catalyst grids is controlled by GOST
[state standard] 3193-59, the wires for the platinoid grids are

controlled by GOST 8395-57 and 8397-57.

The activity of the GIAP-1 catalyst is 0.5-1.07 higher than
the platinum-rhodium (77 Rh) with the same mechanical strength.

When contact equipment operates at atmospheric pressure, it
is loaded with three (less often four) catalyst grids, while the

equipment that operates under pressure of 5-7 atm, 12-16 grids, under

pressure of 8-9 atm.--a set made of 18-20 grids.

Table I-42 presents the basic characteristics of the platinoid
grids; table I-43 presents the permissible deviations of the weight
of the platinoid grids that differ in shape and diameter.

The new platinoid grids display weak catalytic activity. At
the end of roughly 24 h of operation, the NO output in the ammonia
oxidation process reaches the maximum amount.

The term "active surface of the grid' is used in practice. It
means the surface of all the longitudinal and transverse wires per
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unit of area or weight of grid. With wire diameter 0.009 cm and
1024hole/cm2.the active surface of the platinoid grid is

2.3.14-0.009 V 1024=1.809 cx?

The active surface of the grid is really much larger than the
geometric surface of its wires. The threads of the grid during NH3
oxidation are thickened and break up. Unique growths are formed on
their surface, and enormous number of the smallest crystals are
released of those metals that are included in the composition of the
alloy. This feature of the platinoid catalysts is taken into con-
sideration in the production practice: a grid that has previously
been operating is set first on the course of the ammonia-air mixture.
This makes it possible to considerably reduce the time for activa-
tion of the catalyst.

The USSR makes the most frequent use of the following plati-
noid grids:

Diameter, mm 540 1150 2100 2900

Approximate weight,g B7 ?” 3200 6200

The grids must have a shiny surface. There must be no cracks
or oxide films on the wires. The damage places on the grid of
total area under 5 cm2 per 1 kg of grid may be fixed. Large grids
from 2050 to 2915 mm in diameter may consist of two parts connected
by a seam.

In certain contact sections that operate at atmospheric
pressure, a two-stage (combined) catalyst is used to oxidize the
ammonia. It consists of one platinum grid (first stage) and a layer
of nonplatinum catalyst (second stage).35 At the first stage of the
catalyst, 88-92%7 of the ammonia is oxidized. The total output of
nitric oxide in this catalyst corresponds to the output when three
platinoid grids are used. The use of the two-stage catalyst reduces
the one-time expenditures for the platinoid grids roughly three-fold,
and decreases the platinum losses during the oxidation of ammonia
by 10-15%7.
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TABLE I-42. CHARACTERSTICS OF PLATINOID GR'.I'.DS3

& i ) (3 Q! AKTRBHAA TIOBENXIOCTD
Jtuasern ) Tueao Qneno TIpAMeDRAR
LPrmngoRn i APOBOIOK otaepcTRit Macca | cud %)
Mt 1na | em? AR 1 em? CeTKR, ¢
M8/ mh emt/e
" 0,06 32 1024 0,0389 1,208 31,0
0,07 32 1024 - 0,0529 1,407 26,6
0,08 32 1024 0,0691 1,608 23,2
0.09 32 1024 0,0875 1,809 20,7
0,04 80 3600 0,0324 1,507 46,5
0,05 60 3600 0,0506 1,884 312
0,06 80 3600 0,0729 2,251 .4
0,07 60 3600 0,0995 2,638 28,5
Key: .
1. Diameter of wire, mm
2. Number of wires per 1 cm
3. Number of holes per 1 cm 2
4. Approximate weight of 1 em”™ of grid, g
5. Active surface of grid
6. cml/g

TABLE I-43. PERMISSIBLE LIMITS OF DEVIATIONS IN
WEIGHT OF PLATINOID ROUND GRIDS FROM CALCULATED MASS G

o @ &) @) ® @ 0 (> .
;?e"r::w G, oTkaonenuik Dupma pacKpon n:::::p G, e orTxaonsnnft
e 3 t | F o &
540 237 | 218258 Kpyr& 205 | 3383 | 3112—3653
S AE = RS A A =
5 » K K b
10150 92 | 820963 ) 2900 6722 | 6184—7260
1080 943 | 867—1018 Knenpad — 1. e 88—104
1150 1067 981 —1152 Mectryroan 475 156 149—165
Key:
1. Grid diameter, mm
2. G, g
3. Limits of deviations, g
4. Shape of cutting
5. Circle
6. Square
7. Hexagon

Physical-Chemical Bases of the Process

In addition to the activity of the catalyst which depends on
its composition, the degree of conversion of ammonia into nitric
oxide 1s also determined by other factors. The most important of
them are: contact temperature, NH3:02 ratio in the ammonia-air

mixture, purity of the gas mixture that comes for contact, and
51
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intensity of the catalyst.

Effect of Temperxature

During contact oxidation of ammonia, a noticeable quantity of
nitric oxide is formed already at 300°C. With an increase in tem-
perature, the degree of conversion increases, reaching the maximum
(roughtly 987) at 800-900°C. In practice, the temperature conditions
of ammonia oxidation are adopted depending on the systems for
production of nitric acid with regard for the complications that are
associated with the creation of high temperatures in the catalyst
zone.

In contact equipment that operates at atmospheric pressure,
one tries to maintain a temperature of 770-820°C in the catalyst,
and in equipment that operates under pressure of $-9 atm, 880-900°C.
The highest degree of ammonia conversion is achieved at these
temperatures. It is not expedient to increase the temperature above
900°C, despite a certain rise in the degree of conversion, since
in this case, the losses of catalyst are drastically increased.

It is computed that a theoretical increase in temperature is
about 70°C for each percentage of ammonia in the ammonia-air mixture
that is converted into nitric oxide. The quantity of heat that is
released during oxidation of ammonia often does not guarantee main-
tenance of the indicated temperatures on the catalyst. In order
to reach the assigned temperature of contact, air or (less often)
an ammonia-air mixture is preheated, or its content of ammonia is
increased. The modern systems of nitric oxide production combine
all these methods. In the units which operate at atmospheric pressure,
the air is heated to 110°C, and on units operating at increased
pressure--to 250-300°C.

Conducting of the process at increased temperatures, besides
increasing the output of nitric oxide, has other advantages as well:
the rate of the ammonia oxidation reaction increases and the time
required for contact is reduced. Thus, at 650°C, the contact time
1s 5 x 10”4, and at 900°C, 1s reduced to 1.1 x 10~ s.
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Effect gf 02:NH3 Ratio in Ammonia-Air Mixture

Oxidation of ammonia almost always uses only air. The NH4
concentration in the ammonia-air mixture is therefore determined
by the oxygen content in air. According to the equation 4NH3 +
502 = 4NO + 6H20. for complete oxidation of 1 mole of ammomnia,
1.25 moles of oxygen are required. In this case, the NH3 content
in the ammonia-air mixture is:

(135 (1v0+35)] 10=144  Vvolume.Z

However, with a ratio of 0,:NH4=1.25, the degree of conversion
of NH3 into NO is comparatively low since a surplus of oxygen is
required. In addition, with a content in the mixture of 14.47 NH3,
one would have to work in the region of explosion-dangerous concen-
trations. The lower limit of explosiveness of the ammonia-air mixture
at atmospheric pressure is roughly 13.8 volume.?Z NH,. At pressure
5 and 8 atm. this limit is reduced respectively to 13 and 12.4
volume.Z. Consequently, the ammonia concentration in the mixture
with air must be below 14.42. The limits of explosiveness of the
ammonia-air mixtures are shown in fig. I-17.

The upper and lower limits of explosiveness of the ammonia-
oxygen mixtures significantly depends on the direction of the gas
stream (upwards, downwards. horizontally), its moisture content,
pressure and other conditions.

In selecting the optimal concentration of NH; in the ammonia-
air mixture, and consequently, the OZ:NH3 ratio, one should take
into consideration the operating conditions of the catalyst (tem-
perature, pressure, purity of the original gases, etc.). It is
presently preferahle to work with an 0,:NH; ratio in limits of 1.65-
1.8. The degree of conversion is considerably reduced with (0,:
NH3)<1.6.

If there is waste oxygen, it is used to enrich the air, and
the NH3 content in the ammonia-air mixture is increased to 12-12.57.

In this case, the high output of nitric oxide is maintained without
53
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preheating of the air. The intensifying effect of oxygen on the
processes of oxidation of ammonia and absorption of nitric oxides
is examined in a number of publications.%'[‘o
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Figure I-17. Limits of Figure I-18. Dependence of Degree
Explosiveness of Dry and of Conversion of Ammonia into Nitric
Water-Vapor-Saturated Acid on Intensity of Catalyst (Grids
Ammonia-Air Mixture Made of GIAP-1 Alla;, Contact Tem-
Kevy: perature ¥%o0- @4 °G.
: Key:
1. Temperature,®C 1. Degree of conversion,l
2. Boundaries of explosive- 2. Intens&ty of catalyst, kg
ness of dry ammonia- NH3/(m x day)

air mixture
3. Region of explosiveness
of ammonia-air mixture

above aqueous solutions
of ammonia
4. NH; content, /4

Effect of Intensity of Catalyst

The degree of conversion of the ammonia is very dependent on
the intensity of the catalyst. This term means the aquantity of
ammonia that can be oxidized in aunit of time, per active surface
of the catalyst or unit of its mass. The intensity of the catalyst
is usually expressed in kg/day of NH, per 1 m? of active surface of
the grid or 1 g of platinoids.

The contact equipment that operates at atmospheric pressure
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maintains intensity in limits of 550-700 kg/(m2 x day), and equip-
ment that operates under pressure of 8-9 atm.--in limits of 2800-
3500 kg/(m3 x day). With a deviation from the assigned intensity
towards any side, there is an inevitable reduction in the degree

of conversion because of conversion of part of the ammonia into
elementary nitrogen. Figure I-18 presents the dependence of the
degree of conversion of ammonia3 on the intensity of the GIAP-1
catalyst. The data were obtained during operation at atmosnheric
pressure with an ammonia-air mixture that is practically completsly
purified of chemical and mechanical admixtures.

The intensity of the catalyst can also be characterized by the
stream of the ammonia-air mixture, or its inverse quantity, the time
of contact (stay) of the reacting mixture and the surface of the
grids (contact time). This time t (in s) is computed from the
ratio of free volume of catalyst to the volumetric velocity of the
ammonia-air mixture under conditions of contact (temperature and
pressure).

The free volume of catalyzer grids (in m3), i.e., the difference

in their total volume and the total volume of the platinoid wires.

is computed from the formula4¥:

d 5 m)
L8 a(1—-151dVm
115 - 55 -

where S--area of grid, m2;
d--diameter of grid wire, cm;
n--number of grids in catalyzer group;
m--number of holes per 1 cm2 of grid area.

The velocity of the gas mixture (in m3/s) under working
conditions of contact equals:

'n (2734:_1_)‘
273pP

where Vj--velocity of gas mixture with 0°C and 760 mm Hg, m3/s;
t--contact temperature, °C;
P--working absolute pressure. atm.
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From here we find the contact time:

LAS an P(1—= 1574} m) 273
A 10y (273 - 1)

Effect of Admixtures in Ammonia-Air Mixture

The most important condition for achieving a high degree of
ammonia conversion is sufficient purity of the ammonia-air mixture
that is sent to the contact ecquipment. The filtering devices that
are used in the production of nitric acid make it possible to
purify the gaseous mixture only from mechanical admixtures (silicate
dust, scale, etc.), but the chemical admixtures remain almost com-
pletely in the ammonia-air mixture. They are the strongest toxins
for the platinoid grids. The catalysts are poisoned especially often
with admixtures of sulfur compounds (HZS, 802, SO3, etc.). Aerosols
of oils and different salts, acetylene, hydrogen phosphide and
hydrogen fluoride are also strong toxins for the platinoid catalyst.

Falling on the grids, the o0il burns and ''carbonizes'" part of
their surface. As a result, the degree of ammonia conversion is
diminished by 2-3%7. The presence in the ammonia-air mixture of an
admixture of acetylene results in a drastic decrease in the activity
of the catalyst. However, if a pure ammonia-air mixture begins to
come to the catalyst, its activity is rapidly restored. Admixtures
of chlorine and carbon dioxide almost have no effect on the cata-
lytic activity of the catalyst grids.

Losses, Service Life and Regeneration of Platinoid Catalyst

The reactions which occur on the surface of the catalyst
when it is operating induce physical changes in the structure of
the grids. When the grids are operating, their surface is broken
up and nonuniform growths appear on it, the diameter of the wires
becomes unequal, etc. As a result of these changes, there is a
gradual reduction in the mechanical strength of the grids, the
separation of the metal particles by the gas flow from their surface
increases. This causes losses of catalyst and significantly reduces

the service life of the catalyst grids.
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Direct and irreversible losses of catalyst are distinguished.
Direct losses mean the loss of grid weight in a definite time of
their operation. Irreversible losses are smaller than the direct by
that quantity of catalyst (dust, bits of catalyst grid, etc.) which
are collected from the filters and other apparatus, as well as on
the piping and storage tanks for nitric acid. The service life of
the catalyst grids is expressed as the quanfity of oxidized ammonia
or (more often) spent nitric acid (in kg) that is attributed to 1 g
of grid during their operation from the moment of loading in the
equipment to the refining (melting) in the form of scrap.

A number of factors3 affect the amount of losses and the service
life of the catalyst grids: composition and intensitv of the cata-
lyst, pressure of the gas mixture, contact temperature, duration of
operation, contamination of the ammonia-air mixture, design of the
contict equipment, etc. Below is an examination of the effect on
the losses of the catalyst of onlvy the main listed factors.

With an increase in pressure, direct losses rise, and for the
GIAP-1 catalyst comprise (in g/m HNO,) :

At atmospheric pressure 0.045-0.055
At 5-6 atm. 0.13-0.16
At 7.5-8 atm. (without consideration

for return) 0.24-0.28

Similar losses are observed when working with platinum-rhodium
catalyst. An increase in the losses of platinoids in the equipment
which operates under pressure is explained by the fact that in them
the velocity and density of the gas mixture are considerably
greater, while the temperature is higher than necessary to obtain
the same degree of conversion of ammonia in the equipment which
operates at atmospheric pressure.

An increase in the contact temperature from 780 to 850°C
results in an increase in the direct losses of catalyst by almost
double. With a further increase in temperature to 900-920°C, the
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losses of catalyst rise several times. Experience has shown that
the higher the intensity of the catalyst grids. the smaller their
losses (with other conditions equal). However, one should take

into account that with intensity over 750 kg/m2 of the active sur-
face per day, the degree of conversion is reduced. In addition, the
increased intensity at temperatures above 820-830°C reduces the
service life of the grids.

When solid admixtures of the ammonia-air mixture (for example,
silicate dust that is formed as a result of wiping porolite tubes)
fall on the grids, there is a very strong effect on the increase
in losses of the catalyst. On the first grid in the course of the
gas, several times greater losses of metal are generally observed
than in the next grids. This is not only explained by the fact
that on the first grid, the main quantity of ammonia is oxidized,
but also by the greatest contamination of the mixture which enters
the first grid. When operating at atmospheric pressure, 65-67Z of
the metal from the total is 1ost in_the first grld on the course
owm.ogem%l QLO—~A5 0, & v ThS B -/0Pt.
of the gasy= onsequenti , w1th each regeneration of the catalyst,
the grids change places in the set: the lower grid is usually set
first in the gas course. The grids are usually refined after their
weight has been reduced by 10-157%7 from the initial.

An increase in the duration of operation of the grids results
in an increase in the losses of metal. The service life of the
grids that operate under pressure of 8-9 atm must therefore be
limited to 2-3 months; at atmospheric pressure, 12 months. On the
catalyst GIAP-1 that operates at atmospheric pressure and temperature
of 770-820°C, for 1 g of grid (before it is refined), 2000-2400 kg
of nitric acid (1007 HN03) are produced. The service life of this
catalyst at pressure 7-9 atm. and temperature 880-900°C must corres-
pond to generation of 1650-1800 kg of nitric acid per 1 g of grid.

The finely-dispersed particles of platinoid alloys that are
removed by the gas stream settle in the equipment and piping. Some
of them remain in the oroduction acid, and roughly 15-207 of the
total losses of metal are discharged with the exhaust gases.
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In the units operating at atmospheric nressure, part of the
platinoid dust is removed from the acid (on filters with adapter made
of glass wool) and from sludge which is accumulated in the nitric
acid tanks.

It is best to set up trapping of the platinoid dust on units
which operate under pressure. Here it 1s filtered out from the
nitrous gases, acid which is formed in the cooling units-condensers,
and their production acid which is sent to the tank (glass wool 1is
also used as the filter attachment). In addition, the platinoid
dust is periodically collected from the equipment and gas lines by
wiping their inner surfaces with moisture-absorbing cotton moistened
with alcohol. A small quantity of platinoid dust is taken from the
hydrochloric acid used to regenerate the grids. Thanks to these
measures, the irreversible losses of platinoid catalyst are succes-
sfully reduced by 30-507.

New methods have been sought in recent years for trapping the
platinoid dust. Crushed limestone of definite chemical composition
(~1.57% §i05) quartz wool in combination with an absorbent mass based
on calcium oxide, etc. have been tested as the filterine materials.
Judging from certain foreign data, as a result of filtering the
hot nitrous gases directly after the contact equipment, roughly 85-
907 of all the platinoids lost in the process of oxidizing ammonia
are successfully trapped.

The duration of operation of the catalyst grids until the
degree of conversion of ammonia in the contact equipment operating
at atmospheric pressure is reduced is 5-7 months;on units which
operate at increaséd pressure, 20-45 days. The standards for the
degree of conversion of ammonia have been set with regard for the
operating conditions of the unit (purity of gases, method of
production, etec.).

Restoration of the activity of the catalyst, regeneration of
the grids, is done as follows. The grids taken from the contact
equipment are washed in water and placed in a quartz bath filled
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with a 12-157 solution of chemically pure hydrochloric acid. Then
the solution of hydrochloric acid is heated to 60-70°C and the

grids are kept at this temperature for 2 h. After this, the acid
solution is poured out, the grids are thoroughly washed in distilled
water (until there are no chlorine ions in the wash water), dried and
they are calcined in alcohol or a hydrogen flame. If necessary,
before regeneration the grids are repaired by replacing the damaged
sections with whole pieces of spent grids intended for refining.

Processing of Nitric Oxide into Nitric Acid

In nitrous gases that are obtained by contact oxidation of
ammonia, NO is oxidized by the oxygen present in the gas to higher
oxides of nitrogen which form nitric acid during the interaction
with water.

When nitrous gases are processed into nitric acid, the
following reactions occur:

keal .
2NO + 0y=2N0y + 205 ¢ :
2NO; 7= N;0+138 keal ;

NOs+NO == N,05+9.8 kcal i
NyOy-+ Hy0 =2HNO, + 13.3 . kecal :
3NQq-+ HyO==2HNO3g-+ NO 43253 - keal 7
3HNOy=HNO,+ 2N0 + Hs0 — 18.43
kcal

The process of producing diluted (weak) nitric acid can be
presented as the successive occurrence of the following stages:
1) diffusion of nitric acids from gas to liquid phase; 2) absorption N
of nitric oxides by water with the formation of nitric and nitrous
acid; 3) breakdown of nitrous acid.

0f the reactions presented above, the slowest is the first.
On the whole, it limits the entire process of reprocessing nitric
oxides into diluted nitric acid. The reaction of nitric oxide oxi-
dation is accelerated with a drop in temperature. and with an in-

crease in temperature is slows down all the way to almost complete

halting. 6
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The dependence of the equilibrium constants of the reaction
2NO + 0, pe 2NO, on temperature can be computed from the equation:

. __vaopn.
Al- pho.
where Kl--equilibrium constant with given temperature;

Pyo pN02, POZ--partial pressures of gas mixture components, atm.

Below are the computed constants for equilibrium of the oxidation
reaction of NO into NO, at different temperatures:

Temperature ! 1gK, | K |ITemperature | 1gK K
: 18Ky 1Ky | Temper 1 1
¢ ] ! . c
0 —14083  807.10°M 400 —1081  8.11-107
30 —10,732  185-10°11 450 —0472 0.337
150 —3368  4.29-1077 600 +0963 9.180
200 —4871  1.35-10°% 700 +1673  47.400
300 —2854  2.22.40°3 800 +2247 471,00
350 —1.810  1.55.10"% 900 2821 662.00

The equilibrium constant of the oxidation reaction of NO for
other temperatures can be computed from the formula:

=18 —0.0006 (¢ +273) +2.838
g Ky ‘+273+nsu(t+273)

where Kl--equilibrium constant at t;
t--temperature,°C.

Since the reaction of oxidation of NO into NO, occurs slowly,
then we do not strive to reach an equilibrium composition of the
nitrous gases to be processed. Usually with assigned conditions, we
are limited to a definite degree of oxidation. The rate of oxidation
of NO into NO, strongly depends on the concentration of components
in nitrous gases, temperature and pressure. The equation for the
reaction rate 2NO + O, : 2NO, can be oresented in a general form by

the formula:

Z=kat

where Z--rate of reaction of NO oxidation;
k--constant of the reaction rate;
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a--concentration of MO in the gaseous mixture;
b--concentration of 02 in the gaseous mixture.

Table I-44 presents the constants for the rate of the nitric
oxide oxidation rate at absolute pressure 1 atm. and different tem-
E peratures. If the NO oxidation reaction is done under pressure above

1 atm., then the corresponding rate constant is multiplied by the
- square of pressure.

. TABLE I-44. CONSTANTS OF %EA?TION RATE OF OXIDATION
AT DIFFERENT TEMPERATURESl , 4 (ABSOLUTE PRESSURE 1 ATM.)
4 VK‘) @gtoncumn CKOPOCTY pORNIER > (\3'\ KOMCTANTM CROPOCTR peanmum
- Teunepa- Teumepa-

Typa. °C . TYP8, °C e .

F A 10-¢ Ay | hyeto A, 10 K, hey + 10
0 3.48 69.3 6.930 200 131 871 0.871

30 265 42.8 4.280 2414 1.21 8.80 - 0680

60 2:18 29.2 2.920 300 142 543 0.513

4 90 1.87 21.0 2400 340 1.10 4.84 0434
Y 100 1.80 19.3 1.9500 389 1.08 .67 0,387

141 1.54 183 133
Key

1. Temperature,°C
2. Constants of reaction rate

Here k_--values of constants with concentration of nitric
oxide and oxygen expressed in mole/l;
k_--values of constants with concentrations of nitric

oxide and oxygen expressed through partial pressures
in atm. (concentration of components may be expressed
also in molar fractions of a unit);

7--values of constants with concentrations of nitric

° oxide and oxygen expressed in percents by volume with
absolute pressure 1 atm.

k

The presented data demonstrate that the quantity k diminishes
with a rise in temperature. It follows from here that the rate of
NO oxidation by oxygen changes depending on the temperature of the
gas mixture, proportionally to the change in the rate constant.

The rate constants for oxidation of NO into NO, diminish with
an increase in pressure. For example, at 20°C, they have12 the
following values:

Absolute pressure, atm.

'3
P

1 2 3 4 5 8
583 510 459 414 386 i




The time required for oxidation of NO into NO, to the assigned
degree is determined from the equation:

.

1 (b—a)z (a—z) b
hv= (b—a)¥ [ {(a—~2)a +23 l“(b--s) a]

where k--constant of reaction rate;
t--reaction time, s;
a--half of the initial NO concentration, volums?

b--initial concentration of 0,, vol. %
x--consumpntion of 02 to oxidiZe NO, vol.Z.

With an increase in pressure, the reaction rate of NO oxidation
into NO, rises in direct proportion to the square of pressure, while
the time required for reaching the assigned degree of oxidation is
changed in inverse proportion to the square of pressure. With an
increase in pressure, it becomes possible to reduce the specific
volumes of the equipment for oxidation of NO into NO, not only be-
cause of the increase in the rate of this reaction, but because of a
reduction in the physical volume of the gas mixture that changes in
inverse proportion to pressure. Thus, the required reaction volume
of the equipment is inversely proportional to the cube of pressure
(reduction in the second degree because of the increase in the rate
of NO oxidation into NO,, and in the first degree because of the
reduction in the total volume of gases).

Processing of nitrous gases into diluted acid is usually done
at 10-50°C. A lower temperature has recently been maintained in
individual cases. At these temperatures, part of the nitrogen pero-
xide is polymerized into Nzo“. In nitrous gases, NO, and N,0, are
practically always in a state of equilibrium. The equilibrium con-
stant K, of the reaction 2NO, z N,0, is expressed through partial
pressures of N02 and NZOA' equal to

;l ‘.a P&O.‘
Pyny0,

Below are the values for the constant KZ for certain tempera-
tures t:
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t,°C 0 2% 4 60 80 100 120, 150
K 0M78 0986 04345 16070 5429 {4.26 25.32 11460
2
The equilibrium constant K2 can be computed according to the
formula:
1g Ky=— ‘—f%%-;- 1,75 1g (84 273) - D.00483 (¢ 273) — 7 144 - 1070 (¢+ 27313+ 3.062

’

By knowing the quantity K2 for this temperature, one can com-
pute the degree of dissociation of ¥,0, and the equilibrium quantities
of nitrogen peroxide and tetroxide in the gas phase.

Absorption of nitrogen peroxide bv water occurs according to
the following summary reaction:

- T3NOy+ HQ=2HNOy+ NO+ 2253 Kcal

By ignoring the small content of N203 in the gases, all the
calculations of the process of absorbing nitric oxides are made based
on this equation. It follows from the reaction equation, that of the
three NO2 molecules, two are converted into nitric acid, while one
into NO which again must be oxidized according to the known reaction:

2NO+0,==2N0y

The formed nitrogen peroxide again reacts with water and
is converted by 2/3 into nitric acid and by 1/3 into nitric oxide,
etc. Thus, no matter how many absorption cycles are made, it is
impossible to convert all the nitrogen peroxide into nitric acid:
1/3 of the nitric oxides will always be released in the gas phase in
the form of NO. It is also taken into consideration that with a
decrease in the total concentration of nitric oxides, the process
of NO oxidation is drastically slowed down, and practically complete
processing of the oxides into acid would require enormous volumes
of reaction equipment. Consequently, we are limited to a definite
degree of absorption of nitric oxides: 1in the systems operating at
atmosnheric pressure, 92-947. and in the systems operating at
increased pressure, 98-99.57%.
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The nitric oxides that remain in the gases are partially
trapped by the alkali solutions (in systems without pressure) or are
released into the atmosphere. Certain active units that operate under
increased pressure have recently been neutralizing the exhaust gases
by catalytic breakdown of the nitric oxides.

The process of interaction of NO2 with water is done in towers
arranged in series with a ceramic packing (in systems without pressure)
and in columns with bubble-cap plate or sieve-plate (in pressurized
systems). Close contact between the gases and the solution is
guaranteed in the absorption equipment. Almost always, even with
low concentrations of nitric oxides, the nrocess of acid formation
occurs more rapidly than oxidation of NO into NO,. One can conse-
quently consider that the reaction of MO, absorption by water reaches
the state of equilibrium,and acid formation occurs only as NO is
oxidized into NO, .

The equilibrium constant of the reaction 3N02 + H20 b4 2HN03+NO

K.== PhinoPNo
Pholu.0

: ‘_—‘,_-‘

can be presented as the product of two particular constants:
Pro
Plo,

Phvo,

Pu0

Kg=

Ky~

The constant K3' expresses the ratio of NO and NO, in the gas
phase, or the degree of oxidation of the nitrous gases, while the
constant K3" expresses the ratio of partial pressures of vapors of
HNO3 and H,0 above an aqueous solution of nitric acid.

The constants K'3, K"4 and their product Kq which depend on the
temperature and concentration of nitric acid irrigating the tower
(or column) are presented in table I-45 and I-46.

The effect of individual factors on the processes occurring
in the absorption part of the nitric acid system, as well as certain
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relationships that characterize these processes are presented in
& fig. 1-19-1-22.

2™ TeHNO, 0% 55%HNO,
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Figure I-19. Dependence of
Equilibrium Degree of NO
Oxidation on Temperature and
Absolute Pressure (initial
composition of gas mixture:
9.92 vol.Z of nitric oxide,
5.687%7 oxyge).

Key:
1. Degree of oxidation of
) NO.Z
; 2. Temperature,°C
i 3. Atmospheres

9
8
7‘NN\::\\“1'%Q % NO
; SRS
S‘Q\\ﬁ\\ Figure I-21. Nomogram to-
g’ NN NSNSy Determine Ratio of NO and NO
K SR ~ above Nitric Acid under Cond%- -
RN },QD tions of Equilibrium at 25°C
5 N TN édottﬁd 1in§ shows the I%nzs
2 ~ or change in gas composition
DY \,:',\ ;‘;E:"‘ during its transition to the .
, <ING I~ equilibrium state with acid).
Kevy:
™ ’ "ﬂ(.)mr,::.p;y;f. g 7" 1. Degree of oxidation
P0% .

Figure 1-20. Dependence of
Partial Constants of Equilibrium
on Temperature and Concentration
of Nitric Acid

1. Temperature,®°C.
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Figure I-22. Dependence of Specific Absorption Volume
on Different Factors

Key:
a. On degree of acid absorption of nitric oxides
(system made of six towers, acid content in
gases 5.57 . absorotion temperature 30°C, acid
concentration 507 HNO,)
b. On number of stages o% tower svstem (without
consideration for volume occupied by packing)
c. On consumption of pure oxygen per 1 m of 1007
HNO, (svecific absorotion volume without addi-
tiofl of oxygen is taken as 10Q7).
Svecific absorption volume. m?/(m x dav)
Degree of acid absorption,?
Number of stages 3
Consumption of pure oxygen. m”/m HNO

SWNo-
. .

3

TABLE I-45. CONSTANTS OF REACTION EQUILIBRIUM12
3NQq i- HeO = 2HNOy+-NO

1 B K,=e; PNO S K =g ?hino, 1g K mig XK'+ K*
Kotuen- Lo, . PH,0
-
[N V: (-2) Tenaeparypa, *C
25 s0 | 78 25 %0 s | 2 50 7%

24, 537 420 | +347 | =177 | —6.75 | —566 | —240 | —255 | —248
33.6 im +348 | +249 | —6.75 | —5.65 | ~486 { —2.39 | —247 —2A7
402 | +370 | +258 | +168 § —591 | —486 | —397 | —2.21 —-—2.28 —2-3§
454 | +3.20 | +240 | +118 | —552 | —4.44 | —3.50 § —230 f—‘2.34 —232
404 | +275 | +1687 | +077 | —542 | —3.99 | ~344 | —238 | —2.26 —~234
899 | —043 | —069 | —1.12 § —242 | —180 | ~1.27 - - -

(P Cpermon . . . =204 | —238 | ~239

Key:; N0, concentration, weight.?
2. Temberature,®°C
3. Average
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TABLE I-45. PARTIAL CONSTANTS -lsK==‘¢"‘—pg,:_

A\ & Kouneurpagmn HNO,, sec. *
':"J | '
i 20 | 25 | 30 | 35 | 40 ' 45 | 50 | 55 | e0 .5
l:s. ‘ 5 10 15 0 5 :
10 |845|7,58]7,00]650|607|562|517]468|445[355(292| 22! 137" #
25 7,90(6,87|86,25]5,75( 5,25 | 4,75 | 4,25 ('3,73 { 3,18 | 2,66 | 2,08 1,42 0:70
50 6,90|585!5,20|4,64|4,093,55/3,08(2,60(2,401,60(1,10 0,55 | —0,05
15 5,93 | 4,77 | 4,12 | 3,55} 3,03 | 2,55 2,09 1,65 | 1,17 [ 0,71 | 0,24 | —0.,25 -0,75
( -

1. Temperature,®C 3
2. HNO3 concentration, weight.?

The degree of absorption of nitric oxides, i.e., their con-
version into nitric acid, depends on many factors: temperature con-
ditions of the process, composition of nitrous gases, surface and
densitv of spraying, quality of the packing, design of the column :
plates, pressure, specific volume of absorotion equipment, etc.

Absorption of Nitric Oxides of Low Concentration by Alkali Solu-
tiong*?-47 :

On the units operating at atmospheric pressure, as indicated,
we are limited to processing into nitric acid of 92-947 of the nitric j
oxides. The remaining quantity of nitric oxides in the nitrous :
gases (about 17 NO + NO,) is absorbed by solutions of calcined soda,
less often, by milk of lime or solutions of caustic soda.

The plan for the process of absorption of nitric oxides of
low concentration by solutions of calcined soda can be presented by
the following equations:

NO+NOy+HO=2HNOy 1
2NOs+ HeO=HNOy+ HNOy i

N#yCOg+ 2HNOg=2NaNOy + COg+ HeV)
NagCOp+ 21INOg==2NaNOg+ COy+ HyO

Oxidation of nitric oxide occurs simultaneously according to
the reaction: 2N0+02=2N02. Usually absorption of the nitric oxides
by alkali solutions is done in towers with ceramic packing made of
rings no more than 150 x 150 mm in size. This makes it possible to

68




e e e e

—a —

create a large contact surface between the liquid and gas phases.

The degree of absorption by alkali solutions of the residual
nitric oxides depends on the composition and concentration of nitric
oxides in the gas, density of sprinkling during circulation of the
alkali solutions, the content in them of nitrites, nitrates and free
alkali, as well as the quantity of -admixtures suspended in the gas
(oxides and hydroxides of heavy metals, silicates, etc.).

The nitric oxides are absorbed from the gas mixture in which
nitric oxide dominates over peroxide, in the form of N203, The rate
of NO, absorption by the alkali solution is lower than the rate of
N203 absorption. It is consequently expedient to preliminarily
completely transform NO into NO,, also taking into consideration
that for this process, with general low concentration of nitric
oxides, greater volumes of oxidation towers would be necessary. It
has been established that the oxidizing rate of absorption of nitric
acids with their low concentration in gas reaches the maximum already
with a ratio of NO,: NO = 1.

After acid absorption of the nitric acids, the NO,:NO ratio
in the gas does not exceed 0.25-0.3, therefore the gases should be
preliminarily additionally oxidized to the assigned quantity. This
process usually occurs in an empty tower which is placed before the
alkali part of the absorption system. The density of tower sprinkling
by alkali solutions is kept in limits of 5-6 m3/m2 of the surface.
With lower density of sprinkling, the degree of absorption of nitric
oxides is considerably impaired.

With an increase in the total content of salts in the circula-
ting alkali solutions above 400 g/t, and a surplus of free Na,CO4
of 10-12 g/‘, the degree of absorption of the nitric oxides (initial
content 0.97 of NO + NOZ) is decreased by 8-97 because of the increase
increase in the viscosity of the solutions, and for other reasons.
Consequently, for greater completeness of absorption of the nitric
oxides, it is more expedient to remove the production nitrite-
nitrate solutions with total salt content of 400-420 3/1 with
invariable presence of free N32C03 in a quantity of ~15 g/l. In
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this case, solutions are obtained with NaN02: NaNO3 ratio equal to
(6-7):1. This makes it possible, when they are concentrated by
evaporation and crystallization, to separate into the precipitate
no less than 307 of the standard sodium nitrite.

Suspended admixtures have a great effect on the degree of

absorption of the nitric oxides by alkali solutions. Their source

in the sprinkling cycle of the towers is calcined soda which often

contains over 17 insoluble compounds. In addition, poorly soluble ’
» sodium bicarbonate is constantly formed in the solutions. In a

comparatively short time (roughly in 3 years), a considerable quantity

of insoluble admixtures is formed on the tower packing, especially

in its upper part. This results in a deterioration of sprinkling, and

as a consequence, a decrease in the degree of absorption of the nitric

oxides. It is expedient to filter the soda solutions before nitric

oxide is supplied for absorption.

ol The degree of absorption increases with a rise in pressure and
concentration of nitric oxides in the gas. A change in temperature
in limits of 20-60°C has almost no effect on the degree of absorp-
tion.

(90_/2)

It is fairly difficult to dissolve soda in water4. Absorption
of nitric oxides previously employed 20-227 aqueous solutions of soda.
In this case, nitrite-nitrate sclutions were obtained with total
salt concentration no higher than 300 g/l. In order to attain a
higher concentration of them, it is preferable to dissolve the soda -
in part of the circulating solution and return it to the cycle of
tower sprinkling. Good joint solubility of NaNO, and Na,C04, as well
as NaNO, and NaCO4 (table I-47, I-48) makes it possible to prevent

- the precipitation of salts from the circulating solutions in the
process of nitric acid absorption.

For normal conducting of the process of alkaline absorption of
nitric acids, their content is successfully reduced in the exhaust
gases roughly to 0.122. The fundamentals of the process of nitric
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acid absorption from nitrous gases by milk of lime, solutions of
caustic soda and other alkalis do not differ from those described.

TABLE I-47. JOINT SOLUBILITY OF NaNO, AND Na,CO4
IN WATER AT 30°C

- —

PacTIOPENOCTD, 300, % ® P’ (Jvmop-m. see. % ('1)
IaoTnocTS ITnotmocTa
e NaNO,+ Lt
e
NaNOy | NasCOs | NNakiO . | ~awo, | Nacos | NS,
| | ' .
29.62 28.62 1.345 27.27 12,91 4048 1.360
sl)~33 26.86 34.19 1.353 35,10 7.98 43408 1 366
853 25.25 34.80 1.356 43,80 1.79 45,59 137‘"
16.82 19.92 36,74 1,351 46.20 X1} 46.20 1372 .‘

1. Solubility, weight.?
2. Density of solution, g/cm3

By knowing the heat of formation of nitrous and nitric acids
g{gﬁdﬁgfme ‘n)eats of their neutralization by alkalis, one can compute
the total thermal effect of the reactions of salt formation in
solutions. During absorption of nitric oxides by solutions of caustic
alkalis, the thermal effect is:

2NOs+ 2NaOH = NaNOy- NaNOg-+ HyO+ 554 kcal
NO + NOg-- 2NaOH = 2NaNQg-+ HgO + 45,1 keal
2NOy+2KOH=KNOs+ KNOs+ HaO+589 kcal '’

48,49

[3 Inversion of Nitrites into Nitrates

QE&-—-Nitrite-nitrate solutions that are obtained in alkaline
absorption of nitric oxides from nitrous gases, as well as mother
liquors which are formed in the production of crystalline NaNQ, are
reprocessed into the appropriate nitrates (p./bgs. During conversion
(inversion) of nitrites into nitrates by nitric acid, chlorides are
broken down (p./%#) and the chloride compounds are removed from
the system (fig. I-23).

The rate of the inversion process is determined by the rate of
breakdown of nitric acid that is formed intermediately during the
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interaction of nitrites with nitric acid.
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TAELE I-48.

JOINT SOLUBILITY OF NaNO, and NAN03 IN WATER

PacTHODUMOCTD \\\ { PacTBOpuMOCTh (')
T ) 35
e n 100 ¢ uuﬂ 1 sec. 1, ) 28 100 ::o(:?u (S %
i
NaNOs | NaNO. i NaNOs | NaNO, NaNOs | NaNO, NuNO, NaNOa
[}
nﬁ 0°C l'lpg’ 52°C
68 19 36.4 10.2 1043 206 46.6 9.2
87 363 33 11.85 995 53.2 41,0 178
64.9 4.7 | 313 20.2 98.8 82* 352 292
50.3 i8.8 25.5 23,8 65.2 88 25.8 348
30.2 55.4 16.3 29.3 442 92,9 187 392
) 27.2 101.4 11‘.2 2.5
mpa 21 °C | 147 109 ) 6. 3
8.4 9.6 425 503 | + o
97 | 235 393 ; e na 103 °C
738 50.8 32.8 22,6 153.3 332 l 53.5 16
734 545 ) 324 | 240 1489 588 48.2 194
642 | 67 | 204 ! 357 1424 | 116% 397 324
6.8 528 . 224 | 30 100 126.8 30,8 3838
216 47 | 11 | 382 604 1429 | 198 474
Key:
1. Solubility
2. g in 100 g of water
3. weight.7%
4, at

* Both salts precipitate out of the supersaturated solution.
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@\ Nowyenmpayum HNO, ,2/A

Figure I-23. Dependence of Degree of
Removal of Chloride Compounds with Nitric
Oxides during Inversion of Nitrites into
Nitrates on the HNO3 Concentration

1. Degree of removal of chloride
compounds (in conversion for NaCl),

%
2, HNO3 concentration, g/t

The solutions that are

exposed to inversion are very supersaturated with nitric acid which
slows down the breakdown of nitric acid and results in a decrease

in the rate of the reaction of nitrate formation.

The rate of the

inversion process of nitrites significantly rises with ar increase
in the temperature of the solutions, increase in them of nitric acid,

and with the

supply of large quantities of air.
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Figure I-24. Plan of Production of Diluted Nitric
Acid at Atmospheric Pressure

Scrubber for water rinsing of air
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Porolite filter
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Industrial Plans for Production of Diluted Mitric Acid

The theoretical principles for the process of forming diluted

(weak) nitric acid are stated in a number of workslz’ 50-54.

Different systems are currently used for producing diluted
nitric acid.’"%3 Some of them have been updated in recent years.
This significantly improved the technical-economic indices of their
operation.

The systems that operate under increased pressure have to be

64,65,94 that are

equipped with apparatus to trap the nitric oxides
d P .96

contained in the exhaust gases, or for their catalytic breakdown.

Systems Operating at Atmospheric Pressure

Oxidation of ammonia (fig. I-24) is done in contact equipment
1, 1.2 and 2.9 m in diameter. Absorption of nitric oxides is dome
in 6-8 paired towers made of chrome-nickel steel of brand Khl8NIT.
In the production of 45-497 nitric acid and degree of aeid absorption
927, the volume of the tower for 1 T/day of acid (100% HNO,) is 20-
29 m3, including the product of the system of alkali trapping of
nitric acid from the exhaust gases (in conversion for acid). The
density of sprinkling of the circulating acid in the first two
towers (on the gas course) is assumed to be equal to 10-12, in the
third and fourth 8, and in the last towers, 4-5 m3/(m3 x h).

The systems operate at rarefied, or more often, at low pressure.
In the latter case, the gas blowers which are installed in the
beginning of the system,create gas pressure on the approximate order
of 1000-1200 mm wat. col. The reaction heat is removed by water-
cooling of the acid circulating in the towers. Shell-and-tube, or
less often, sprinkling coolers are used for this purpose.

Nitric acids are trapped from the nitrous gases by solutions
of alkalis in the system consisting of one oxidizing (hollow) and
two absorption towers. For 11} of daily output (with regard for the
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product of alkali absorption in conversion for 1007 HNO3), the oxi-
dizing volume is assumed to be equal to 3.5 m3, and the absorption
volume 5 m3.

The svstem is distineguished by simolicitv of the equipment.
its simple maintenance, low consumption of catalyst and electricity.
The shortcomings of the system include : large capital outlays for
construction, mainly as a consequence of a considerable consumption
of special steels; production of nitric acid of reduced concentration;
impossibility of operating the system until it is completely built
(in contrast to the systems that are built on the ageregate principle):
need to build a section for alkali trapoing of the nitric oxides
even in those cases where it is not advantageous to produce technical-
grade nirrates for economic considerations.

In addition, in the systems operating at atmospheric pressure,
it is almost impossible to reach the sanitary standard for the
nitric acid content in the exhausts.

Below are the main indicators of the tachnological regime:

3

Content of mechanical admixtures in air, mg/m~, not more 0.007
NH, content in ammonia-air mixture, % 10.5-11.5
Cogtact temperature ,°C 2 about 800
Intensity, kg NH; per 1 m of active surface of
catalyst per day 550-650
Degree of ammonia conversion, 1. 96.5-97.5
Temperature of nitrous gases at inlet to absorption
part of svystem,°C 45-55
Pressure of nitrous gcases at inlet to absorption part
of svstem, mm wat. col. . 1000
Temperature of acid in towers, °C 30-40
Concentration of production acid.Z? 45-49
Content in exhaust gases,l
of nitric acids 0.1-0.15
of oxygen 4-5

Composition of solutions of alkali absorotion of
nitric oxides, g/1

N8N02 320-350
NaNOa to 50
T

The consumption coefficients per 1 J”of nitric acid are:
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Ammonia (1007 NH3), kg ’ 287-290
Platinoid catalyst (irreversible losses), g 0.045-0.049
Calcined soda (1007 Na CO3), ke:

in procduction of sod%um nitrate only 77.0

in the production of sodium nitrite and

sodium nitrate 69.0
Electricity for production needs, kW x h
average annual consumption 115
in summer 3 125
Water for cooling, m
average annual consumption 150
in summer 190 .

Main Equipment®

Scrubber for water rinsing of air. The diameter of the scrubber
is 5.6 m, height 9.5 m. It is made of carbon steel and is covered
on the inside with anticorrosion composition. The scrubber adapter
is ceramic rings, 50 x 50 x 3 or 80 x 80 x 8 mm which can be

loaded by heaping.

n
Figure I-25. Filter for Purifying
Gaseous Ammonia
1 Key:
1. Housing 4. Coupline for draining
2. Cells contaminants
3. Windows 5. Ammonia

*
Here and in the description of other svstems brief characteristics
of the equipment are given which are used most often in the produc-
tion of nitric acid.

_‘,<_—-_<‘-_...w
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Linear air velocity of up to 0.5 m/s is maintained in the
scrubber. The density of sprinkline with water is 4-5 m3/h per 1 m2

of section.

Cloth filter for air cleaning consists of cells, sleeves, that

are assembled into sections on common woodén frames. The filtering
material is coarse wool broadcloth that meets the requirements of
GOST 6621-53,

The cell-sleeve dimensions are: diameter of the upper oart
280 mm, lower 200 mm, length 2410 mm. The surface of the sleeve is
1.84 m%. The load on 1 m2 of the filtering surface is equal to 60-
80 B /h of air.

Cloth filter for ammonia ourification (fie. I-25). There are

15 sections, cells made of aluminum, in the cylindrical housing
(made of carbon steel) 1600 mm in diameter and 2250 mm in height.
The cells are covered with cotton chamois. Their total filtering
surface equals 50 m>. The load of the gaseous ammonia is 60-80

m3/(m2 x h).

Porolite filter for purifying the ammonia-air mixture (fig.
I-26). The vertical cylindrical housing of the filter is made of
aluminum. Porous ceramic tubes numbering 421, 586 or 1257 are
attached to the tubular grid. The diameter of the tubes is 50/30 mm,
and length is 760 mm. Depending on the purity of the mixture, the
load on 1 mz of the filtering surface is from 60 to 110 m3/(mi x h)
of mixture. ’

Cardboard filter for purifying the ammonia-air mixture. With-
in the vertical cylindrical housing of the filter made of aluminum,
less often of stainless steel, there is a group of metal rings with
disks placed on them made of filtering cardboard brand FMP-1 and VMK.
The filtering surface of the cardboard filter is 50 m? and more.

The contact equipment consists of two truncated cones whose
larger bases are connected by a cylindrical part made of stainless

steel (abroad it is often made of aluminum alloy). The lower cone
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Figure I-27. Contact Equip-
ment with Two-Stage Catalvst
for Ammonia Oxidation

1. Porolite tubes
2. Viewing windows
3. Air

Air mixture
Nitrous eases

Key:
1. Platinoid catalyst
grid

2. Lining
Figure I-26. Porolite Filter 3. Metal Raschig rings
for Purifying Ammonia-Air 4. Basket with non-
Mixture platinum catalyst
Kev: 5. Distributor grid

y: 6. Cardboard filter
7.
8.

made of carbon steel islimed with refractory brick. The output of
the contact equipment 2000 mm in diameter and ~ 5000 mm high,
calculating for nitric acid, is 27-351i/day, and of an apoaratus
1100 mm, 8-10.9/day.

Contact equipment with two-stage catalyst. In the middle
of this contact equipment, between the cylindrical part and the

upper cone, a vlatinum grid is attached with the help of rines. A

basket made of heat-resistant alloyed steel is placed under it.

Tablets of nonplatinum catalyst are loaded into it. The bottom of
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Figure I-28. Boiler-Recovery Unit

Kev:

Inout chamber
Housing

Water gage
Ejector

Safety valves
Piping (water) part
Qutlet chamber
Nitrous gases
Water '
Steam
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the basket is a nichrome grid with openings less than 4 mm. Under
the grid, there are grate bars which are placed on brick arches. 1In
order to orevent sagging of the platinoid erid which must be
arranged at a definite distance from the nonplatinum catalyst, cross
braces made of nichrome wire are stretched under the grid.

One of the versions of contact apnaratus with two-stage cata-
lyst is presented in fig. I-27.

Figure I-29. Cooler of Nitric Acid
Key:

1. Water
2. Acid
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Figure I-30.
Key:

~NoOwun SN

oA

Sprayer
Housing

¢

Nugseme 7

Adapter--Ceramic rinass
Supports under adapter
Coupling vipe for acid overflow

Nitrous gases
Acid

Tower of Acid Absorption

Gas bubbling cooler with surface 80 mz, diameter 2.2 m and

height 3.16 m is made of stainless steel.
olates with openings 2 mm in diameter operating in parallel in the

80
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welded housing. Under the plates there are false bottoms to prevent
liquid from falling through. The removal of heat is done by water
which is circulating in the coils (pipes 38 x 2.5 mm in diameter).
The surfaces of the coils are established from a calculation of 1.1-
1.25 m® per 1 fi/day of 1007 HNO,.

Gas tubular cooler is a vertical shell-and-tube apparatus made p
of stainless steel. The main dimensions are: surface of cooling
300 m2, diameter 1.3 m, height 9.1 m. There are 367 tubes installed
5 with diameter of 44 x 2.5 mm.

z
About 7 m2 of cooling surface is provided for 1 pr of daily
output of acid (1007 HNO4) .

The boiler-recovery unit (fig. I-28) consists of two gas
chambers and a middle heat-exchange part. The chambers are lined
with acid-resistant brick. The boiler housing is welded, made of

i carbon sheet steel 14 mm thick. The heat-resistant boiling pipes
(412) 44 x 3 mm in diameter are also made of carbon steel. The
thickness of the pive grids is 30 mm. The heat transmission surface
is 330 m2. Nitrous gac2s pass on the pipes. The interpipe space

is the water part of theboiler. The working pressure of vapor is
10-12 atm and the temperature of the nitrous gases at the outlet
from the boiler must not be lower than 150-160°C.

The acid cooler (fig. I-29) is a heat-exchange apvaratus of
shell-and-tube tvpe with cooling surface 50 m2. The diameter of 7
the tubes (57 of them) is 32 x 2.5 mm. !

Combined ammoniag-air ventilator combines the ammonia and air

ventilators that are installed on a common shaft. The output of the
ventilator for air is 30,000 m3/h, and for ammonia 4100 m3/h. The
pressure equals 700 mm wat. col. Ventilators with output of 27,500
m3/h for ammonia-air mixture are also used. The rate of shaft ro-
tation of these ventilators is 2950 rpm. The total drop in pressure
equals 800 mm wat. col. (p. ;;- and fig. I-43).
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Figure I-31. Tower of Alkaline Absorotion of
Nitric Oxides (Placement of adapter rings, except
for upver layer, is in regular rows)

Kev:

(R R NTOQYV, o JUR Y ]

Tower housing
Lining

Cover

Metal support beams
Spraying devices

Solution overflow —— -~
Exit of solution
Gas

.”"Raschig rings 100 x 100 x 10 (regular installation)
10.
11.
12,

Ring 80 x 80 x 8 (heaped)
Rings 80 x 80 x 8 (regular installation)
Rings 120 x 120 x 12
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The tower of acid absorption is designed to overate at rare-
faction up to 500 mm or at pressure of 1000 mm wat. col. It is made
of stainless steel (welded). Figure i-30 presents a tower 9 m in
diameter and 26 m high.

The tower of alkali absorption is made of carbon or stainless
steel. The tower made of carbon steel is lined with acid-resistant
materials. The tower dimensions are: diameter 6-10 m, height 19-
26 m. The adapter is acid-resistant ceramic rings 150 x 150 mm in
size (lower layer is 2-3 m high). 100 x 100 (second layer is 1l4-

18 m high), 80 x 80 and 50 x 60 mm (third and fourth layers) placed
in regular rows. Only the most upner layers of rings are loaded in
heaps. .

Figure I-31 presents a tower 9.5 m in diameter and 22 m high
(to the roof).

Systems Operating under Pressure of 8-9 Atmospheres

The systems that operate under pressure (fig. I-32) are built
on the aggregate principle. They 6perate on atmosvheric air, and air
that is enriched with oxygen. Oxidation of ammonia uses contact
equipment 310, 520 and 540 mm in diameter. Absorption of nitric
oxides uses columns 1.7 m in diameter and 13 m high with bubble-cap
plates (less often with sieve-plates).

The reaction heat is removed by water that is circulating in
the coils placed between the bubble-cap plates. Additional air for
oxidation of N0 into NO, is supplied to the cooler-condenser, or to
the lower part of the absorbing colummn. The volume of the column is
0.5-0.6 m3 per 1 T/day of nitric acid. The power used for compres-
sion of the gases is recuperatred by 30-407 in the turbine that sits
on the common shzft with the air compressor.

Catalytic breakdown of nitric oxides that are contained in
the exhaust gases has been partially introduced in recent years in
these systems.
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Figure I-32. Plan for Production of Diluted Nitric Acid under
Absolute Pressure of 8-9 Atmospheres

Key:

Turbocompressor

Scrubber

Cloth air filter

Liquid ammonia evaporator

Filter

Mixer

Contact apparatus

Boiler-recovery unit

Porolite filter for air

Air heater

Exhaust gas heater

Filter to trap platinoids from gas nhase
Cooler-condenser of nitrous gases
Separatar

Filter to trap platinoids from liquid phase
Absorpntion column

Water

Exhaust gases

Air from atmosphere

Liquid ammonia

Condensate

Steam

Air

HNO3 to whitening column
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The systems operating under pressure are characterized by lower
capital outlays for construction as compared to the capital invest-
ments to the systems that operate at atmospheric pressure; the
possibility of obtaining acid with less than 567 concentration; and
the aggregate principvle of construction which is especially impor-
tant for multiple-tonnage production.

Shortcomings of these systems are: high consumption of electri-
city; increased outlays of ammonia (degree of conversion is 2-37
lower than in systems with contact assemblies operating at atmo-
spheric pressure); increased shop expenditures for maintenance of
the unit, and losses of platinoid catalyst which are greater (2.5=-3=-
fold) than on the units operating at atmospheric pressure.

Below are the main indicators of the production regime:

Content of mechanical admixtures in the air, mg/m3. no more 0.007
Temperature of gaseous ammonia after evaporator,°C 65 - 68
Temperature of ammonia-air mixture,®°C

with the use of atmospheric air 200 -250

with the use of air enriched with oxygen 80 - 90
NH, content in ammonia-air mixture, volum.?7

%ith the use of atmospheric air ' 10.5-11.5

with the use of air enriched with oxygen 11.5-12.5
Intensity of catalyst, kg NH, per 1 g of platinoids 4-5
Degree of ammonia conversioniZ 94-95
Contact temperature, °C 880-900
Temperature of nitrous gases after exhaust gas heater.°C 300-320
Pressure (absolute) at end of absorption system, atm. 5.5-6.5
HNO, concentration in production acid,Z 56-58
Temperature (average) of acid in colummn, °C 30-40
Content in exhaust gases, volum.7

of nitric oxide 0.15-0.25

of oxygen 2.0-2.5

Consumption coefficients for 1 T of nitric acid:

Ammonia (1007 NH3), kg 292-295
Electricity for~production needs, kW x h 360-380
Platinoid catalyst (%rreversible losses), g 0.155-0.170

~ater for cooling, m 110-130
Steam, © , 0.3-0.5




Basic Equipment

Contact apparatus (fig. I-33) consists of two main parts:

upper, head and lower, housing (basins). The head is made from
chrome-nickel steel (less often from nickel), and the housing is made

T
[/‘ g lmeM- Figure I-33. Contact Apparatus Opera-
= e

7 ' R i730una e crecs ting at Absolute Pressure of 8-9 Atmo-
! | . spheres

-~ . Key:
\# Head

Hole for firing grid

Groun of platinoid grids
Housing (basin)

Water sleeve

Trap door for cleaning sleeve
Ammonia-air mixture

Water

Nitrous gases
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sheet chrome or chrome-nickel steel 12 mm thick. There is a group
of platinoid grids on the grate bars between the head and the
housing on a lattice. The grate bars and the lattice are made of
chrome-nickel allovy (207 Ni and 807 Gr).

There is a water sleeve in the lower part of the housing to
protect the apparatus from burning through. The output of the
contact apparatus with internal diameter of 500 mm in conversion for
nitric acid is 58-63?}/day.

86




AD=A113 749

UNCLASSIFIED
27

a

[ |
R
|
|
Bl
|
B

FOREIGN TECHNOLOGY DIV WRIGHT<PATTERSON AFB OH /!
REFERENCE BOOK FOR THE NITROGEN INDUSTRY WORKER. VOLUME 2/ (U)
MAR 82 M A MINOVICHs Y Y MEL*NIKOV

FTD=ID(RS)T=1465~80




Figure I-34. Boiler-Recovery Unit (New
Type)

Key:

Lower shell

Pipe still

Coup11n§ for blowing through
boiler from contaminants
Coupling for water supply for
cooling boiler head

Qutlet of nitrous gases

Inlet of nitrous gases
Coupling for supvlying conden-
sate for feeding the boiler
Manometer

Safety valve

10. Upper shell

11. Water gage

12. Steam

. .

OV N & LW

Boiler -recovery units. The boiler-recovery unit presented

in fig. I-34 has been utilized in recent vears. The boiler consists
of two shells horizontally arranged on each other. Within the lower
shell (590 mm in diameter. 2200 mm long) there is a two-way pipe still
made of U-shaped pipes. The upper shell which is the separator-
steam-collector, is made of seamless steel pipe 495 mm in diameter.
Pressure to 14 atm. is maintained in the boiler.

In addition, boiler-recovery units of another type are in
operation (fig. I-35). The housing of this boiler has bent pipes
57 mm in diameter. The boiler is made of carbon sheet steel 15 mm
thick. The heating surface of the boiler equals 18.5 m2 and the
output is 2 2/h. Pressure to 12 atm. is maintained in the boiler.

Exhaust gas heater (fig. I-36) is a vertical heat exchanger
made of chrome-nickel steel. The heater shell has a oipe still 3 m
long that consists of 37 pipes 21/25 mm in diameter. The pipes are
rolled in thick-walled pipe boards. There is a compensator in the

upper part of the heater.

Cooler-condensexr (fig. I-37). In the housing-container made
of carbon steel 7 m long and 0.8 m wide and 2.7 m high there are
coils made of stainless steel (pipes 57 mm in diameter). The
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Figure I-35. Boiler-Recovery Unit (0ld Tyve)

Key:

Boiler housing
Heating pipes
Pipe to feed steam during warm-up of boiler
Injector
Manometer
Safety valves
Dehumidifier
Nitrous gases
Steam input
Water input
Steam
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Figure I-36. Exhaust Gas Heater

Kev:y. shell

Pipe still

Rear pipe board

Compensator

Coupnling for outlet of nitrous gases
Coupling for inlet of exhaust gases
Front cover of shell

Coupling for inlet of nitrous gases
Front pioe board

Coupling for outlet of exhaust gases
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Figure I-37. Cooler-Condenser of Sub-
mersible Type

Key:
1. Coils
2. Shell
3. Coupling for water drainage and silt discharge
4. Water
5. Nitrous gases

container is covered on the inside with acid-resistant varnish.

Absorption column. One of the column designs is shown in fig.
I-38. The column housing often consists of four sheet-steel cyclin-
ders with flanges that are tightened by bolts. The height of the
sheet-steel cylinder is 3 m, the inner diameter is 1.68 m. The
total height of the columm is 13 m, and its full volume is about
30 m3. The column has 38 plates that are located a distance of 300
mm from each other. Each plate has 37 bubbling caps with cuts in the
lower part and connecting pipes for overflow of the liquid to the
lower plate. The gas velocity in the free column section equals 0.2-
0.3 m/s.

Acid enters the 7th-8th plate (below) from the cooler-condenser.
The nitrous gases are sent to the first nlate of the column. The
acid exits through the coupling located in the lower part of the
column. The reaction heat is removed by water through the coils
made of pipes 25 mm in diameter. The total surface cooled in the
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~ column is about 60 m2.
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Figure I-38. Absorption Cdlumn

Sheet-steel cylinders
Plates

Bubbling caps

Hole for gas passage
Overflow pipes

Rod for plate attachment
Input of cooling water
Output of cooling water
Input of separator acid
Coupling for removal of acid sample
Cooling coils

Exhaust gases

Nitrous gases

Acid

Air input

Industry also uses other types of colummns that operate under
pressure of 8-9 atmospheres. They are mainly distinguished by the
design of the caps, their number and attachment to the plates.

Systems Operating under Pressure of 7.3 Atmosoheres
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The most important feature of the system for nitric acid
production under absolute pressure of 7.3 atmosvheres* is the
presence of a gas-turbine dr?ve. In such systems, (fig. I-39), the
air after purification from mechanical admixtures is compressed in
the compressor of the gas-turbine unit to 3.5 atmospheres, and after
cooling, is additionally compressed in a centrifugal supercharger
to 7.3 atm. The air heated in compression is additionally heated
by nitrous gases to 270°C and is sent to the combined unit that con-
sists of a mixer and porolite filter. At the same time, gaseous
ammonia enters the mixer after purification and warming. The
ammonia-air mixture that is formed is purified in a porolite filter
from residual mechanical admixtures and enters the contact apparatus.

The nitrous gases from the contact apparatus successively pass
through the boiler-recovery unit, oxidizer, air-heater and cooler-
condenser. The oxidized, cooled and considerably dried nitrous
gases are sent through the separator to the lower part of the absorp-
tion column.

Nitric acid that is formed in the cooler-condenser, after
separation of the nitrous gases from it by gravity flow, enters the
plates of the column where there is acid of the same concentration.
The production nitric acid at the outlet from the column is blown
through with hot air from the dissolved nitric oxides and is sent to
a storehouse.

The gases emerging from the absorption column, passing the
separator for separation of the acid spray, enter the assembly of
catalvtic cleansing from nitric oxides that are reduced to elemen-
tary nitrogen here. The gas-reducer is products of methane-hydrogen
oxidation and carbon monoxide. The ratio of methane and oxygen in
the gas is kept in limits of 0.6-0.65. Palladized aluminum oxide
is used as the catalyst.

Before catalytic purification. the exhaust gases are heated

3
The absolute pressure is given here and further.
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Figure I-39. Plan for Production of Diluted
Nitric Acid under Absolute Pressure of 7.3 Atm.

Key:

0B >

Apparatus for air purification
Gas-turbine aggregate GTT
Compressor
Supercharger
Gas turbine
Air cooler
Engine-generator
Start-up combustion chamber
Exhaust gas heater
Water economizer of boiler
Chamber of water preparation
Reactor of catalytic purification
Air heater
Cooler-condenser
Acid separator
Ammonia evaporator
Ammonia heater
Combined apparatus (mixer and porolite filter)
Boiler-recovery unit
Contact apparatus
Oxidizer
Whitening (blow-through) column
Absorption column

18. Separator
Designations:

VZ. Air

NG. Nitrous gases

0G. Exhaust gases

AK. Nitric acid

ZA. Liquid ammonia

GA. Gaseous ammonia

91

¢ s s+ & e e

. »

I et b b b b (b
NOVMEWLWRNHOVENIGWVEWHMD A T o




[continuation of key)

ABC. Ammonia-air mixture
T. Fuel gas

PV Feed water for boiler
P. Steam
K. Condensate

OB. Cooling water

19. To exhaust pipe

by natural gas combustion products (furnace gases) to the temperature
necessary for igniting the gas-reducer in the presence of the catalyst.

The mixture of gases (exhaust, furnace, natural) is sent to the
reactor where reduction of nitric oxides occurs with an increase in
temperature to 730°C. After the reactor, the purified gases are
mixed with air and the furnace gases of the combustion chamber of
the gas-turbine unit. This gas mixture enters the gas turbine at a
temperature of 700°C under pressure of 5.4-5.7 atm. Here the gases
are expanded to pressure of 1.06 atm. Their temperature is reduced
to 400°C. In this case, electricitvy is generated in the gas-turbine
unit which is needed to compress the air to 7.3 atm.

The purified exhaust gases are sent from the gas turbine to
the boiler-recovery unit with economizer where the heat of these
gases is used to generate steam at pressure of 13 atm. The exhaust
gases from the economizer at temperature about 180°C and gage pres-
sure of 120 mm wat. col. are sent into the atmosphere through a high
pipe.

The gas-turbine unit is automated. It is started up by remote
control from the machine room. Devices and instruments are provi-
ded for which make it possible to synchronize the course of the
processes in the gas-turbine unit and in the sections for the produc-
tion of nitric acid. Because there is a gas-turbine unit in the
systems operating under pressure of 7.3 atm., the outlavs of electri-
city for the production of nitric acid are completely compensated
for. The energy surplus is used in the general vlant network. These
systems are also distinguished by a high degree of neutralization of
the exhaust gases by catalvtic breakdown of the nitric oxides they
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contain; increased concentration of production nitric acid; high
level of automation of all processes; lower capital investments for
construction, and 2.5-3-fold greater output of the units as compared

to the combined svystem (absorption under nressure of 3.5 atm.).

The shortcomings of the described system include: increased
specific consumption of ammonia and platinoid catalyst; need to use
natural or another fuel gas which does not allow us to consider the
system universal for all areas of nitric acid productionm.

Below are the main indicators of the production regime:

Content 3
of mechanical admixtures in air, mg/m~, not more 0.007
! of ammonia in ammonia-air mixture, volum. 7% 10
: Pressure (absolute) of air at outlet, atm.
' from compressor 3.53
from supercharger 7.3
Air temperature at outlet.°C
from compressor to 130
from suvercharger _ 125-135
from air cooler 42
from heater to 270
Temperature,°C
of ammonia-air mixture ' 220
of contact 890-900
Temperature of nitrous gases . °C
at outlet from boiler-reconvery unit 230
the same of oxidizer to 310
the same from absorption columm 40
Pressure (absolute) atm.
of steam at outlet from boiler-recovery unit 13
of gases at inlet to gas turbine to 5.7
Concentration of nroduction acid,? 56-58
Content in exhaust gases, volum.Z
of nirric oxides 0.005-0.03
of oxvgen to 3

Aporoximate consumotion coefficients per 1A of nitric acid:

Ammonia (100Z NH,), kg 290
Platinoid catalyat. g 0.159
Palladized catalyst,.eo 0.05
Water for cooling m
average annual consumntion 151
in summer 3 170
Natural gas for catalytic purification, m 135
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The waste that is obtained is 1-2 T of steam (13 atm.) per 1 T
of acid.

Basic Egquipment

Apvparatus for air purification. The aoparatus of similar

desien is denicted in fig. I-41., The diameter of the unper part
(water washer is 4 m, the diameter of the sleeve filter is 9.1 m.
Three heatine elements are installed to dry the cloth sleeves when
they are moistened on the air intake apoparatus.

Air heater is a shell-aund-tube heat exchanger with U-shaped
pipes 25 mm in diameter. The total heat-exhange surface of the

heater is 617 m2.

The air passes on nipes.

Combined abparatus, mixer and porolite filter are united in
design in a common housine. Ammonia passes on the mixer nipes. At
the outlet from the pipes,it is mixed with air that is fed into the
interpipe space and emerges through the holes in the pipe lattice.
The forming ammonia-air mixture enters the porolite filter that is
located in the upper part of the apparatus. The total height of
the combined apparatus is 6.46 m.

Contact apparatus. The diameter of the cylindrical part of
the apparatus is 2.2 m. Twelve platinoid grids 1600 mm in diameter
are clamped in a special holder that is placed on the lattice which
rests on metal beams. A layer of ceramic rings serving to stabilize
the heat regime on the catalyst grids and for partial trapping of
platinoid dust is placed in regular rows under them on the grid
bar lattice. The grid bar lattice rests on the arches made of
refractory brick.

The ammonia-air mixture enters the apparatus from the side,
passes on the guide walls to the upper part of the apparatus, and
from here enters for contact.

The gxidizer is a cylindrical apparatus 2.8 or 3.2 m in dia-

meter and about 10 m high. In the upper part of the oxidizer there
94
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is a filter for trapping the platinoid dust from the hot nitrous
gases. The ‘surface of the filter is about 9 mz. The housing of the
oxidizer is covered with insulation on the outside to reduce the
losses of heat into the environment.

Submersible cooler-condenser consists of four coolers, each of
which has 14 rows of coils. The heat-exchange surface of one cooler
is 237 m®. The design of the_ cooler-condenser is similar to that
depicted in fig. I-3Z['£%%éa;ossibility of using a shell-and-tube

heat exchanger is also provided instead of it.

The absorption column, 45.3 m high and 3.2 m in diameter is
separated into two parts. The lower part which has 3 sieve plates
serves as the preliminary oxidizing vessel. The upper part which
consists of 47 plates is designed for simultaneous oxidation and
absorption of the nitric oxides. A small quantity of acid for
creation of a foam regime of absorption on the plates is fed to the
upper plate of the oxidizing part of the colum from its absorption
part. Cooled vapor condensate is supplied to sprinkle the columm.

2 are arranged

Water coils with cooling surface of about 700 m
on the plates. A large part of the finished acid is removed from
the column from the fourth plate, and a smaller part from the cube.
The temperature of the nitrous gases at the column inlet is 79°C,
and 40°C at the outlet. The specific absorption volume of the

column is roughly 1 w3/ x day) of 1007 HNO,.

The reactor of catalytic gas purification operates under
pressure of 6 atm. The height of the apparatus is about 7 m, the
diameter is 3.8 m. The tablets of palladized catalyst are placed on
the floors.

The gas-turbine aggregate GTT-3 consists of an axial compressor,

centrifugal supercharger, gas turbine, intermediate air-cooler, re-
ducer and combustion chamber. The aggregate includes an engine-

generator type ATMF with output of 850 kW that is connected through
the reducer to the gas turbine and is designed to start up the tur-
bine and feed surplus power into the circuit.
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The gas turbine and compressor are mounted in one housing
and are seated on a common shaft. The rotor rotatiom is 5100 rpm.
The compressor has 16 stages of compression and the gas turbine has 3
7 stages of expansion. The one-cylinder separator supercharger has
2 stages of compression. The combustion chamber operates only when g
the unit has been started up. a

When the technological load is completely disconnected, the i
gas turbine can be put on an energy operating regime.

Combined System with Pressure of 3.5 Atmospheres in the Absorption
Part

The systems that operate by the combined method (f£ig. I-40)%*
under pressure of 3.5 atm. at the stage of nitric oxide absorption,
are built on the aggregate principle. Ammonia is oxidized at atmo-
spheric pressure in contact apparatus which is combined with a

cardboard filter and boiler-recovery unit. The nitric oxides are
absorbed in the column with sieve-plates that operate on a highly
productive foam regime. The reaction heat is removed by water, and
in individual cases, by cooling liquor that circulates in the coils
laid in the form of packets on a certain part of the platgs. The
specific absorption volume of this column is 2.3-2.5 m3/ x day) of
100% HNO3. Nitrous gases are compressed in the compressors which
are equipped with a recuperation turbine. The nitric acid content
in the exhaust gases is 0.11-0.167 in the winter and somewhat higher
in the summer.

The system is characterized by roughly 407 lower capital invest-
ments for construction(on the whole for installation) as compared
to the system that operates at atmospheric pnressure, the use of
columns with sieve-plates, comparatively low consumption of ammonia
and platinoid catalyst, improved apparatus, in particular, for puri-
fication of the air and ammonia of admixtures, use of ammonia oxi-

dation heat to produce sunerheated steam (pressure to 40 atm.,
3

For the flowsheet of automatic regulation of the system see p.
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temperature to 450°C), and the use of the heat of oxidation of NO
into NOZ'

Shortcomings of the system are: increased specific consump-
tion of electricity; need to compress the nitrous gases into expen-
sive turbocompressor; high capital outlays for construction of
sections to convert ammonia; difficulties in creating apparatus of
high productivity and aggregates with output over 50,000 2 per year.

Below are the main indicators for the production regime:

Content 3
of mechanical admixtures in air, mg/m~, no more 0.007
of ammonia in ammonia-air mixture, vol.Z 10.5~11.5

Pressure of ammonia-air mixture after ventilator,

mm wat. col. 400-650
Temperature,®°C
of ammonia-air mixture 65-75
of contact 800-820
Rarefaction on catalyzer grids of contact apparatus,
mm wat. col. to 10
Temperature of nitrous gases, °C
at inlet to boiler-recovery unit ~800
at outlet from boiler-recovery unit 160-180
Pressure (absolute) of superheated stzam obtained in
boiler-recovery unit, atm. to 40
Temperature of steam emerging from boiler-recovery
unit,°C to 450
Temperature of nitrous gases at outlet,®C
from warmed ammonia-air mixture 100-110
from gas cooler-washers 35-40
Temperature of acid at outlet from gas cooler-washers 40-45

concentration of acid at outlet from gas cooler-washers,l 10-20
Temperature of nitrous gases at outlet,°C

from turbocompressor 120-130

from oxidizer 200-220

from heaters of exhaust gases 90-100
Rarefaction of nitrous gases at outlet to turbocom-
pressor, mm Hg 550-650
Pressure (absolute) of nitrous gases at outlet from
turbocompressor, atm. 3.6-3.8
Temperature of exhaust gases at inlet, °C

to preheater 35

to recuperation turbine 170-180
Pressure (absolute) of exhaust gases, atm.

at outlet from absorption column 3.0-3.2

at inlet to recuperation turbine 2.9-3.1
Concentration of production acid,? 47-49
Content in exhaust gases, vol.%

of nitric oxides 0.11-0.16

of oxygen to 3
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Consumption
Consumption coefficients per 1 T of nitric acid:
Ammonia (1007 NH,), kg 287-290
Platinoid catalygt (irreversible losses), g 3 0.045-0.049
Chemically purified water and condensate of steam,m 2.1
Water for cooling, m3 180-200
Electricity for production needs, kW x h 230-260
Basic Equipment

Apparatus for purification of air from mechanical admixtures

(fig. I-41). The housing is made of aluminum. Within the apparatus
there are three sieve plates of the distillation type (discharge
section of the sieve plate is 0.9 mz) and sleeve cloth filter. The
quantity of air that passes through the apparatus is 17,000 m3/h.
The consumption of water for washing air is 80 m3/h. The air velocity
in the washing section of the apparatus is 0.7 m/s. The filtering
material in the sleeve filter is coarse wool broadcloth. The surface
of the filtering material is 220 m2. In order to slow down the water
droplets that are carried away by the air, a layer of ceramic rings
25 x 25 x 4 mm in size is laid in the apparatus.

Mixer of ammonia and air (fig. I-42) is made of aluminum. It
is 1480 mm long with diameter of 820 mm. Within the mixer there is
a vortex generator and 121 aluminum pvipes 22 x 2 mm in diameter.

Ammonia-air ventilator (fig. I-43) with output of 27,500 m3/h
is designed to feed an ammonia-air mixture into the system with

assigned ammonia concentration.
Cloth filter for cleaning the ammonia is shown in fig. I-25.

The ammonia-air mixture heater is made of stainless steel. It
is a vertical shell-and-tube apparatus 1120 mm in diameter and 5150
mm high. The diameter of the tubes is 32 x 2.5 mm. The heat trans-
mission surface is 140 mz. .The mixture of air and ammonia passes on
tubes while the nitrous gases pass in the intertube space.

Combined contact apparatus (fig. I-44) consists of a cardboard
filter and the contact apparatus proper. It is located directly
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Figure I-41.

Apparatus for Puri-

P 5 fying Air of Mechanical Admixtures
Boda ==
e T Key:
© l. Cloth sleeves
7 2. Main manhole
3 3. Manholes
? Badyz 4. Sieve-vblates
8odo 5. Entrainment layer of rings
" 6. Spraying device
2 7. Drainage connection pipe
- 8. Water
9. Air
10. Purified air
lmm%v”»vg- (N
.Chfb‘b
sl. ‘ S
'R 0820 —— L
b ‘ 800171
o
£ BREEEEERE 5
o TR T
Figure I-42. Mixer of Air and T , l ' Bosdyx
Ammonia ? l l‘ [ a1
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1. Aluminum pipes ’ l‘l I l HQ
2. Housing LR R R ;
3. Vortex generator _
4. Ammonia-air mixture
5. Air AR
6. Ammonia 1B
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on the direct-flow steam boiler-recovery unit.

The cardboard filter is installed on the upper cone of the
contact apparatus and consists of five filtering blocks.
is assembled from 56 cardboard discs (FMP-1 or VMK brand cardboard

0.9-1.25 mm thick) with rigid metal framework.
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Each block

The filtering blocks




are in an aluminum housing 3020 mm in diameter and 1528 mm high.
The surface of one block is 24 mz. Passing through the blocks, the
ammonia-air mixture enters at a temperature to 79°C through the
inner cylinder to the upper cone of the contact apparatus.

The contact apparatus proper consists of two truncated cones
and a cylindrical part. At the site of transition of the upper cone
into the cylindrical part, there is a lattice that creates a uniform
stream of gas mixture to the catalyst. Three platinoid grids are
attached on rings between the cylindrical part and the lower cone of
the apparatus. The lower cone which is lined with refractory brick
is equipped with a lattice on which there is a layer (250 mm high) of
rings made of stainless steel 32 x 32 x 1 mm in diameter. There are
hermetically sealed holes for firing the contact apparatus, observing
the condition of the grids and measuring the temperature in the
apparatus.

Direct-flow boiler-recoverv unit (£ig. I-45), 5750 mm high has

a heat transmission surface of 366 m2. The output of the boiler of
steam with pressure 40 atmospheres is up to 2.8 T/h.

The gas cooler-washer (£ig. I-46) consists of three sieve-plates

that are contained in a housing 2800 mm in diameter and 5470 mm high.
There are cooling coils (tubes 38 mm in diameter) with total surface
of 110 m2 on the plates for removal of the reaction heat.

Absorption colummn (fig. I-47) 3000-3200 mm in diameter and
46.8 m high has 40 sieve-plates with holes 2 mm,and 9 mm spacing
between them. The total weight of the colummn is 58 T. The plates
are arranged at a distance of 1200 and 1000 mm from each other along
the height of the column. The permissible velocity of nitrous gases
in the free section of the columm is 0.3-0.4 m/s. In order to drain
the 1liquid from plate to plate, each o0f them has two overflow
pipes 57 mm in diameter. Their ends are lowered into the receiving

vessel (recess) of the lower plate. The liquid passes from the
vessel on the plate to the overflow pipe that is located on the
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opposite side from the liquid entrance.

In order to remove the heat of reactions that occur in the
column, cooling coils are placed on the plates. They are made of
pipes 38 x 2.15 mm in diameter with total surface of 500 mz. The
cooling coils are distributed according to the height of the column
in the following order:

No. of plate (counting '
from below) 1;3 4-:;-8 9;11 12-2-21 22-1-25 26—27 23-2-29 30—4

Number of coil rows 42 . 31.5 29 11 55 — 11 —

Cooling surface, m*

The oxidizer (fig. I-48) is a stout cylindrical appoaratus made
of stainless steel with volume about 50 m3. It is designed to
oxidize NO into NO, with the oxygen of the nitrous gases.
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Figure I-43. Ammonia-Air Ventilator (Combined)
Key:
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Figure I-44. Combined Contact Apparatus
for Ammonia Oxidation

Key:
4 1. Blocks of cardboard filter

2. Distributor lattice
3. Platinoid catalvst
4. Metal Paschig rings
5. Lining
6. Viewing window
7. Safety valves
8. Nitrous gases
9. Ammonia-air mixture N I

Exhaust gas heater (fig. I-49) is also made of stainless steel.

The blow-through column (fig. I-50) of the bubbling type with
3-4 bubble-cap plates used to blow off the nitric oxides dissolved
in the nitric acid often has a diameter of 800 and 1500 mm and height
2445 and 2750 mm.

o]
rh

The characteristics of the compressor (supercharger) are given
on p. 334
“¥This pertains to the Russian page numter.
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Nitrous gases
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Figure I-46.

Gas Cooler-Washer
Key:
1. Cooling block of coils
2. Sieve-plate
3. Overflow pipes
4. Manhole
5. Splash-catching deflec=:
tors
6. Gases
7. Acid input
8. Water
9. Acid

1

nucrons:

The specific loads on the main apparatus are:

Apparatus Loads
Filtering, m /(m2 x h) surfaces
apparatus for cleaning air of mechanical admix-
tures (cloth filter) 60-80
filter for ammonia purification 60-80
filter (cardboard) for purifying ammonia-air mix-
ture of mechanical admixtures 60-990
Contaﬁt apparatus (intensity of platinoid catalyst,
kg/(m< x day) 550-650
Heat exchange m“/(T x day)
ammonia-air mixture heater 1.0-1.15
steam boiler-recovery unit 6.0-7.0
gas cooler-washer 1.6-1.8
exhaust gas heater 2.8-3.2
3.6-4.0

cooling coils of absorption co%gzn
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Figure I-47. Absorption Column with Sieve Plates
Key:

1 Cooling coil 7. Bands
2. Sieve-plate 8. Sieve-plate
3. Overflow pipes (connections) 9. Bands
4. Manhole 10. Gasket made of polytetra-
5. Viewing glass fluoroethylene
6. Wall of column housing [continued on next page]
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{continuation of key]

11. Water 14, View from side of connecting pives for input
12. Gas and output of water - i
13. Acid 15. Bottom of column :

16. Attachment of lower plate

Figure I-48. Oxidizer

i Key:
-hMgE? 1. Nitrous gases
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Figure I-49. Exhaust Gas Heater
Key:
1. Nitrous gases

2. Exhaust gases
3. Condensate

Figure I-50. Blow-through Column for
Wh%tening Nitric Acid from Dissolved

Nitric Oxides

Key:
1. Nitrous gases
2. Acid
3. Air
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Preliminary standards of product output (in fractions of a unit):

Output for ammonia when it is converted into nitric oxide 0.97-0.975
Output for nitric oxides when processed into nitric acid 0.985
Total output for production without regard for mechani-

cal losses (random leaks of gas, acid, etc.), no less 0.95

The same with regard for mechanical losses, no less 0.94

New Methods of Producing Diluted Nitric Acid

We have searched for many years for direct methods of producing 4
nitric oxide, by fixation of nitrogen and oxygen of atmosnheric air.
These attempts were halted because it was impossible at that time to
solve the problem of producing NO of sufficient concentration.

It has been established by calculations and experiments that
in order to obtain acceptable concentrations of nitric oxide according
to the reactions

Na+0y=2N0—43144 kcal

it is necessary to maintain temperature above 2400°K in the reaction
zone.

Equilibrium concentrations of NO when this reaction occurs
correspond to the following values:

Temperature,°K 2000 2200 2400 2580 2700 3000 3:00
Concentration of NO, vol.Z 059 098 45 205 231 357 439

It was also established that in order to prevent a decrease
in NO (as a consequence of its breakdown) to equilibrium corresvonding
to a lower temperature, instant cooling of the gas mixture removed
from the reaction zone is required.

Fixation of atmospheric nitrogen at high temperatures in the
flame of the electric arc did not yield positive results, since, in
narticular, rapid cooling of the gas mixture and oroduction of an NO
concentration over 1.2 volum.Z were not successful. This low NO
concentration created a complication in processing the gas mixture
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into nitric acid and determined the inefficiency of the process as

a whole. For 1 T of nitric acid that was obtained by the methods of
electric synthesis (according to different versions), 12,000-16,000
kW x h of electricity was consumed, while, with indirect methods of
nitrogen fixation (through ammonia), even with insufficiently com-
plete plans, only about 1500 kW x h was required.

Based on the achievements of modern science and technology,
extensive research has been renewed in recent years in the area of
direct fixation of the atmospheric nitrogen. Thermal, plasma and
radiation methods are currently being develoned especially inten-
sively.

The thermal method is based on a combination of thermal fixation
of atmospheric nitrogen with processes of producing steam and
electricity on high output power plants. The high temperatures which
are needed to form nitric oxide from nitrogen of the atmospheric air
are obtained by burning gaseous fuel in a high-pressure generator.

The nitric oxide in this method is seemingly a by-product.

The plasma met:hod69 is based on complete or partial tranmsition
of air into the ionized state in which it contains not only neutral

molecules and atoms, but also ions and electrons.70'71

The gas-discharge plasma is .created, for example, in an elec--
trode plasmotron. Synthesis of nitric oxide from atmospheric air
in the plasma stream occurs in negligible fractions of a second.
During the development of the plasma method for production of nitric
oxide, new procedures were sought for cooling ("hardening') of the
gas mixture in which the high content (roughly 6-77) of the nitric
oxide in the gas mixture could be completely preserved.

The radiation method is based on bonding of nitrogen and
oxygen of atmospheric air by the effect of ionizing radiation of
uranium-235 on them.
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Certain direct methods for production of nitric oxide for the
manufacture of nitric acid stipulate verification on large experi-
mental units. The latter also include apparatus to study the pro-
cesses of enrichment of the obtained nitric oxide and its processing

;

into nitric acid.

E At the same time, development and introduction of new systems
for producing diluted nitric acid based on synthetic ammonia are in-
tensively continuing. Both in the USSR and abroad, a trend has been
noted towards the use of aggregates of high output (700-1200 T/day

of 10907 HNO3).

On high-output aggregates that are made on the basis of the
current achievements of equipment and machine building, one can re-
: duce the specific outlays of ammonia and platinoid catalyst, operate
’ without supplying electricity from outside, comprehensively automate
; all processes and guarantee the sanitary standard for the content
i I of nitric oxides in the exhaust gases. These and certain other ad-
| vantages of the high output aggregates (for example, production of
f nitric acid of incr%zged concentration, no less than 607%,production of
} ‘mter vapor, about 1.5 7 HNO,, etc.) make it possible to reduce by
g roughly 307 the specific capital investments for the production of diluted nitric
| acid and decrease by 157 the net cost of the product as compared to the active

units operating under increased pressure.

| The foreign systems for producing nitric acid from synthetic
E ammonia in high output aggregates are based on different fundamentals
E of the production processes. Certain systems operate under pres-
i sure in the entire production line (loop), others, the combined,
% operate at different increased pressure at the stages of conversion
! and absorption. In the second case, the process occurs according to

the following plan.

A
!b 1. Oxidation of ammonia into nitric oxide is done at a moderate
{ moderate pressure (for example, 3.5-4 atm.), while absorption of
f nitric oxides is done at a relatively high pressure (for example,
; 10 atm. and higher).
109
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2. The process of acid formation is done in two successively
operating absorption columns. 1In the first (on the gas course)
column, the main quantity of nitric oxides is absorbed, and in the
second, their remaining quantity. In this case, nitric acid of
low concentration (1-37 HNO4) is formed in the second column. It is
transferred by pump to sprinkle the first columm.

3. The heat which is released during ammonia oxidation, and
the heat from oxidizing NO into NO, is used to produce electricity
that is necessary to compress air and nitrous gases to the pressures
indicated above.

Figure I-51 presents one of the foreign plans for producing
nitric acid with concentration of 65-69%7 in aunit with output of
1000 Z'/day, counting on 1007 HNO3.

This plan guarantees the following basic consumption coeffi-
cients for 1 of nitric acid:

Ammonia, kg 280-282
Platinoid catalyst ,_ g 0.09-0.10
Water for cooling, m3

t < 20°C 130

t > 20°C 200
Electricity, kw x h 8

Of the other peculiarities of the plan, we note the following:
the output of the contact apparatus is 350 F/day (counting on 100%
HN03); the content in the exhaust gases (before their dilution with
air) to 0.05 vol.Z of nitric oxides; all the machines are installed
on one shaft; the planned repair of machines is done every 18-24
months (coefficient of use of the equipment is about 977); operation
and repair of the unit requires few service personnel.

Foreign practice is making more extensive used of systems that
oroduce 65-70% nitric acid. The absorption columns of these systems

are equipped with plates cf special design. Thus, one foreign firm63

has developed and is widely introducing into industry the method of
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producing 69-707 nitric acid in a system that operates under pres-
sure of &4 atm. at the stage of nitric oxide absorption. The design
o the plates of the absorption column of this system is known under
the common name of "fat absorber."
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Figure I-51. FPlan for Unit to Produce Diluted Nitric
Acid by Combined Method under Increased Pressure

Kev:

Evaporator

Ammonia heater

Filter to purify air

Contact apparatus
Boiler-recovery unit

Secondary heater of exhaust gases
Heat exchanger

Oxidation towers

Cooler

10. Compressor of nitrous gases

11. Primary heater of nitrous gases
12. Oxidizing towers

13. Absorption columm

14. Blow-through column

15. Cooler

16. Steam turbine

17. Recuperation turbine

18. Air compressor

19. Heat exchanger

20. Condenser

21. Cooled water

22, Steam

! 23. Air

24, Steam to side

25. Exhaust gases

26. Addition of water to feed boiler
27. Production acid

28. Water
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According to the patent description and the published data,
the column consists of 16 plates with continuous bottom. Each plate
is separated above with partitions into sectors which are designed to
oxidize NO into NO, and into adjacent sectors in which the nitrogen'
peroxide is absorbed. MNotches are made in the partitions of the
sectors for passage of liquid and nitrous gases. The acid solutions
circulate only in the absorption sectors. In the isolated sectors
of NO oxidatiom, the nitric acid concentration corresponds to the
condition of equilibrium with the gas mixture, or close to it. Towards
the top of the columm, as the nitric oxides in the gas mixture dimi-
nish, the oxidizing sectors of the plates significantly increase. The
plates have cooling devices (for example, of the plate-type) through
which the cooling liquor or cooled water circulates. With this cesign
of the plates, the most favorable conditions are created for NO oxi-
dation in the liquid phase. Almost completely oxidized RO, i.e.,
essentially only nitrogen peroxide, enters the adjacent sectors of
the plates for absorption.

In standard absorption columns, even with sieve-plates, the
process of NO oxidation into NO, occurs to a considerable measure in
the gas phase and is wuncontrollable. The column with "fat absorber’
that operates under pressure of about 4 atm. in the output of 69-707
acid has productivity of 200 T/day (counting on 1007 INO05). The
gases escaping from the column contain 0.05 vol.7 of NO + NO, and
are diluted with an air stream before they are discharged into the
atmosphere.

Automation of Production of Diluted Nitric Acid

Figure I-52 presents the flowsheet for automating the production
of diluted nitric acid under pressure of 3.5 atm. The main element
in the plan is regulation of the ratio of the quantity of air and
ammonia entering the contact apparatus.

The regulator of the P1 ratio acts on the actuating mechanism
on the ammonia line according to loading the unit for air (basic
air). The pressure in the contact apparatus is regulated by changing
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- the supply of the ammonia-air mixture by regulator P, depending on
the operating regime of the ventilator and the degree of blockage
of the cardboard filters.
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Figure I-52. Flowsheet of Automatic Regulation of
Process of Obtaining Diluted Nitric Acid by Combined
Method with Absolute Pressure 3.5 atm. in Absorption
Part of System ;

Key:

7 Cloth filter for purification of ammonia
Apparatus for purification of air
Ammonia-air ventilator

Heater of ammonia-air mixture
Contact apparatus

Boiler-recovery unit

Gas cooler-washer

Turbocompressor of nitrous gases
Oxidizer

Heater of exhaust gases
Absorption column

Blow-through column

Nitric acid storage

Steam condensate tank

e e e e e e b
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Deaerator
Separator
» Receptacle
Nitric acid condensate tank
. Water
20. Steam collector
21. Steam
22. Air
23. Ammonia
24. Exhaust gases
25. Nitric acid
26. Steam condensate
Regulators:

113

7L




P,. of ratio of quantity of air and ammonia
P5. of pressure on grids of contact apparatus
P3. of oxygen content in exhaust gases

P, . of concentration of production acid

PS' of supply of nitric acid condensate for sprinkling

absorption acid
P6’ P8’ P 6° P1 . of level

%7. o%’ratio of quantity of steam and water

P of steam pressure
Piq- of pressure in deaerator column

) . Tremote control

o¥. cutter

The normal operation of the boiler-recovervy unit is guaranteed
by the regulator of ratio P7 which measures the supply of feed water
depending on the quantity of generated steam. The constant level in
the receptacle of the separation device of the boiler is regulated
by changing the discharge of water from the receptacle (regulator PS)'
Safe operating regime of the boiler-recovery unit is attained by
installing regulating valves with remote manual control on by-pass
lines for feeding supply water into the boiler and dischargin
condensate. The pressure of the overheated steam (40 kg-f/cm®) in
the collector after the boiler-recovery unit is maintained constant
with the help of pressure regulator Pg.

The operating regime of the deaeration unit in order to pre-
pare the nutrient water for the boiler-recovery units is regulated
by stabilizing the pressure in the deaeration column (regulator PP
and water level in the deaeration tank (regulator Pig)-

For more complete oxidation of the nitrous gases obtained in
the contact apparatus, regulation is nrovided for the ratio of the
quantity of basic and additional air that is sucked up by the turbo-
compressor, with correction for the oxygen content in the exhaust
gases by influencing the regulating baffle Py which is installed on
the additional air pipeline. Certain plants only use remote control
by a slide valve on the line to feed additional air.

The assembly for regulating the concentration of production
acid consists of two parallel operating regulators. The first,
main regulator P, controls the supply of steam condensate into the
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absorption column depending on the ammonia load on the system. The
second regulator corrects the quantity of supplied steam condensate
according to the concentration of obtained nitric acid (regulator Pk)'
The regulating valves of both regulators are installed in parallel on
the supply line for steam condensate into the absorntion columm.

The quantity of condensate of nitric acid that enters the
absorption column is regulated with correction for the level of
acid condensate in the tank (regulator P5). A constant level of
acid in the absorption column is maintained by the level regulator Pe {
which changes the supply of acid from the column. The level of steam
condensate in the tank is regulated by changing the supply of steam
condensate to the tank (regulator P12)'

For start-up operations, except for the baffles on the 1lines
for supply of additional air and ammonia-air mixture, a baffle is
used at the entrance of nitrous gases into the turbocompressor. If
a pre-emergency regime develops, protective blocking and emergency-
production signalling are provided for.

2. Production of Concentrated Nitric Acid

Direct Synthesis of Nitric Acid

The process of producing concentrated nitric acid from liquid
nitric oxides, oxygen and water occurs with the formation of unstable
intermediate compounds. The total reaction of direct synthesis of
concentrated nitric acid is depicted by the following equation:

2NOy+ 2HeO + Oy = 4HNOg + 18.34 kcal
There are known industrial methods for producing concentrated

™ nitric acid which are mainly distinguished by the technology for
producing liquid nitric oxides. The process of interaction of the

liquid nitric oxides, the oxygen and water (in practice, diluted
nitric acid is used instead of water), and subsequent processing of
the obtained solutions into the finished product are the same in
all methods of producing concentrated nitric acid.
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Liquid nitric oxides are obtained from nitrous gases that are
formed during the oxidation of ammonia by air oxygen and during in-
version of nitrites into nitrates (this method has limited applica-
tion).

The process of producing concentrated nitric acid proper con-
sists of the following main stages:

preparation of a mixture of liquid nitric oxides with diluted
nitric acid in assigned ratios N,0,:H,0 (so-called raw mixture);

interaction of raw mixture with oxygen in autoclaves at pres-
sure of 50 atm. and temperature of 70-35°C (production of autoclave
acid);

separation of nitric oxides from concentrated solutions of
aitric acid (production of finished product and liquid nitric oxides
which can be returned to the production cycle).

The literature cites fairly detailed data on the absorption of
nitric oxides of concentrated nitric'acidlz’ 72, 73, condensation of
nitric oxides from nitrous gases3’ 12, 74, 75, on conditions for the
3, 12, 76-80 and technology for producing concentrated nitric
, physical properties of diluted and concentrated nitric

31'84, as well as methods

formation
acia3» 12
acid which contains dissolved nitric oxides
for computing certain stages in the process of direct synthesis of
conentrated nitric acid.8

Below is the basic information on the production of liquid
nitric oxides and their processing into concentrated nitric acid.

Production of Liguid Nitric Oxides

There are two popular methods in industry for obtaining nitric
oxide: by absorption of NO, from nitrous gases by concentrated
nitric acid72’73 with subsequent separation of the liquid nitric
oxides from the obtained solution; condensation of NO, from nitrous
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gases at increased pressure. Selection of the method for pro-
ducing liquid nitric oxides is determined to a considerable measure
by the system of producing diluted nitric acid.

Absorption of nitric oxides from nitrous gases by concentrated
nitric acid. This method is based on the high solubility of N02
in concentrated nitric acid at low temperatures. For example, the
solubility of nitric oxides in 977 nitric acid at -10°C and atmo-
spheric pressure is:

N0, content in gases,vol.Z 4 5 2 3 W

NO, content in solutions 294 34 372 4L 43
(1 03 + NZOA)’ weight.%

One can almost completely extract the nitric oxides from the
nitrous gases that are obtained by any method with the help of
concentrated nitric acid. Before absorption of the nitric oxides
by concentrated nitric acid, the gas mixture must be prepared in the
appropriate manner.

The surplus reaction water (this surplus is roughly 2/3 of its
total quantity in the gas mixture) is first removed from the
nitrous gases by cooling. In cases where the gases are cooled at
atmospheric pressure, an acid condensate is formed which contains
2-4% HNO4, and at higher pressure, 25-30% HNO,;. These acid conden-
sates are usually used in the production of diluted nitric acid. After
the water is removed from the gaseous mixture, the NO is oxidized into
NO, by oxygen, and themn by 97-98%7 nitric acid.

In the systems which produce concentrated nitric acid and
operate at atmospheric pressure, NO is oxidized by oxygen that is
contained in the nitrous gases, in two oxidation towers which are
installed in series. The oxidizing towers are sprinkled with 54-562
nitric acid. 1In this case, only a small part of the nitric oxides
is absorbed. The released heat o6f the NO oxidation reaction is re-
moved by the acid that is circulating between the oxidizing tower
and the water cooler.
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Figure I-53. Plan of Assembly for
Obtaining Liquid Mitric Oxides by
Condensation Method

1. Exhaust gas heater

2. TFilter for trapping platinum

3. High-speed cooler

4,6,9. Separators

5. Condenser-cooler

7. Liquor condenser of the I stage

8. Liquor condenser of the II stage
10. Level regulator
11. Water
12. Nitrous gases
13. Liquor
14. Diluted HNO3
15. Raw mixture
16. Nitrous gases to absorption column
17. Nitrous gases from boiler-recovery unit
18. Exhaust gases
19. Exhaust gases of absorption columm
20. Condensate (to 307 HNO,)

The degree of NO oxidation by air oxygen or of nitrous gases
usually does not exceed 937. Complete NO oxidation is not achieved
under these conditions because of the drastic slowing down of the
reaction as the concentration of nitric oxide drons. 1Its additional
oxidation by concentrated nitric acid occurs according to the
reaction NO + 2HN03=3N02+H20-17.58 kcal. 1Its rate increases with a
rise in temperature.
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The oxidized nitric oxides are absorbed by 987 nitric acid
at a temperature of about -10°C. The solution that is obtained in
this case (it is sometimes called nitroleum) contains 25-357 of
dissolved nitric oxides. With an increase in the NO, content in the
solution, the rate of its absorption is noticeably reduced. The

constant for the rate of NO, absorption by concentrated nitric acid
is determined by the equation:

1g k =1.655--0.31g V—1,371g T 4001492

where V--linear velocity of gase (0.2-0.6 m/s);
T--temperature (263-283°K);
z--concentration of nitric acid (85-987).

The obtained solutions of nitric acid that contain nitric
oxides are reprocessed to remove them (whitening). This orocess is
done at the boiling temperature of the solutions. It depends on the
pressure and their content of nitric oxides. The released vapors
of nitric oxides condense at a temperature of -10°C.

——— —————— S ——— i —— ————————

This method is based on a considerable change in the pressure of

saturated vapor of nitric oxides depending on the temperature. The
nitrous gases are prepared in the same way as in the release of
nitric oxides under atmospheric pressure. In order to dehydrate the
gas mixture, the nitrous gases are cooled in a high-speed cooler
(to 55-65°C), and then in a cooler-condenser (to 30-490°C). The

gas mixture (degree of NO oxidation 93-947) is further sent to the
coolers (fig. I-53) where nitric oxide condensation occurs in two
stages. In the first stage (upper cooler) the cooling is often

done not by liquor, but by water to 10°C, and in the second stage
(lower cooler) to -15°C.

In order to avoid blockage of the lower (liquor) cooler with
solid NZOA' the temperature of the condensate at the exit from it

is maintained at roughly -15°C. With a content in the gas mixture
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of 2% water vapors, the freezing temperature of the formed liquid
(raw mixture) equals -13.4°C, and with 5.57 water vapors, it is
reduced to -16°C. Precipitation of solid N,0, is practically
excluded if there is 6-87 NyO5 in the nitrous gases.

The rate of reaching equilibrium with a decrease in NO, is
comparatively high. It is mainly determined by the rate of removal
of heat of the condensing gas. With optimal temperature of conden-
sation (from -10 to -15°C), the time for stay of the gas stream in
the cooler-condensers of nitric oxides generally does not exceed 5 s.

f armmonia is oxidized by air oxygen, the content of nitric oxides

in the nitrous gases is often 117. At atmospheric pressure this
corresnonds to their partial pressure of €3.5 mm Hg. The pressure
of the vapors above the liquid NZOQ at -10°C equals 150 mm Hg. Thus,
without using increased pressure, it is practically impossible to
condense the nitric oxides. At absolute pressure of 5 atm.,
temperature of -10°C and content in the gases of 1907 NO,, the degree
of its condensation can reach 457.

It is comparatively rare under industrial conditions to obtain
a degree of nitric oxide condensation from the diluted gases higher
than 357. This is explained by the reduced pressure of the nitrous
gases in the liquor coolers; the partial freezing of the liquid nitric
oxides with a shortage of N203 in the gas mixture; increased tempera-
ture of the nitrous gases after the high-speed cooler and the cooler-
condenser, etc. Fairly good removal of the liquid nitric oxides
during condensation of nitrous gases requires burning of the ammonia-
air mixture which contains 11.5-11.7% NH,, maintenance in the
ammonia-air mixture of the ratio 02:NH3=1.65, addition to the second
stage of nitrous gas cooling of a certain quantity of diluted acid,
etc. It is not always possible in production to maintain these
conditions, therefore, removal of the nitric oxides generally is
25-357%.

The raw mixture formed in the liquor coolers is separated from

the gases in the separator and sent to the mixer of the autoclave
division. The gas mixture which contains uncondensed nitric oxides,
water vapors, nitrogen, nitric acid vapors is reprocessed into
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diluted nitric acid.

Below are the basic indicators for the technological regime
of removing nitric oxides from nitrous gases during operation under
pressure:

Ammonia content in the ammonia-air mixture,Z 11.5
OZ:NH ratio in ammonia-air mixture l¢6-1.65
Tempe%ature of nitrous gases at outlet from high- :
speed cooler,®C 55-60
HNO., concentration at outlet from high-speed cooler,?’ 25-30
Temgerature of nitrous gases at outlet from cooler-

condenser, °C 30-49

Degree of oxidation of NO into NO, in gases after

cooler-condenser,” 93-94
HNO, concentration at outlet from cooler-condenser,Z 56-60
Temperature of liquor at inlet to liquor cooler-
condensers, °C 20-22
Temperature of gases at outlet from liquor coolers,°C

of first stage (upper) 10

of second stage (lower) -15

Production of Concentrated Nitric Acid

The rate of the process of nitric acid formation is drastically
slowed down as the concentration of 47-507 HNO 4 is reached on units
operating at atmospheric pressure, and 55-587 HNO, on units operating
under pressure of 6-9 atm. One can obtain nitric acid with concen-
tration all the way to 1007 only with a considerable increase in
the partial pressure of NO, and 0, with the use of high pressure.
Concentrated nitric acid is produced in autoclaves of the periodic-
action or continuous-action type that overate under pressure of 50
atm.

Synthesis of concentrated nitric acid from liquid nitric oxides
uses 56-607 nitric acid that is formed in the oxidizing towers or in
the cooler-condensers. The concentration of nitric acid is roughly
the same in the raw mixture obtained during condensation of nitric
oxides from nitrous gases.

The rate of interaction of the liquid nitric oxides with .
aqueous solutions of nitric acid and oxygen is considerably accelera-
ted with a rise in temperature and an increase in the surplus nitric
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[continuation of key]

33. To exhaust pipe

34. Water vapor condensate

35. 5% HNO, to diluted nitric acid shop
36. Vapor

37. To storehouse

38. To apparatus 7 and 9

39. Nitrous gases to turboblowers 3
40. Blow-through gases to apparatus 5
41. Overflinw

42. Oxygen

43.. Raw mixture

79,80

oxides. The role of temperature in the process of formation of

concentrated nitric acid is apparently reduced to acceleration

of hydrolysis of N,0, and breakdown of HNO, which is formed as an
intermediate product in the process of producing HNO5. However, an
increase in temperature above 75-80°C is not permitted since it
results in an i tens1f1catlon of corrosion of the aluminum reaction
vessel (plhggAgnd removal of a large quantity of nitric oxides with
the blow-through gases.

The surplus of liquid nitric oxides in the autoclave mixture
mainly determines the rate of acid formation, i.e., the output of
the autoclave. The larger the NZOA:HZO ratio, the less time is
required for reaching the assigned acid concentration.

In the raw mixture that is sent for autoclaving, the minimum
ratio of components must correspond to the reaction:

NgOq+ H30 + 0,50y == 2HN Oy
/ @+ 18+ 16=128

or 730 kg N,0,+143 kg H20+127 kg 0,=1000 kg (counting on 1007 HNO,).

The minimum weight ratio of N,0,:H,0 is 92:18=5.11. With this
ratio, not only is the standard concentration of nitric acid not
produced, but the process of acid formation is very elongated in
time. A raw mixture is usually used in practice with a ratio of
NZOA:H20-6.4—7. The composition of the raw mixture sometimes has to
be "corrected,” i.e., in order to obtain the assigned N,0,:H,0 ratio,
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diluted nitric acid or nitrogen tetroxide are added. The presence
of N203 in the raw mixture does not affect the rate of the process
of acid formation, but increases the consumption of oxvgen.

In autoclaves of periodic action with the indicated N,0,:H,0
ratio, concentrated acid (987% ENO, and higher) is obtained in 3 h.
The process of acid formation proper takes 30-60 min., and the rest
of the time is spent on auxiliary operations (loading of the raw
mixture into the autoclave 30 min., unloading the autoclave acid 30
min., etc.). The nitric acid obtained in the autoclaves with dis-
solved nitric oxides is sent for whitening.

Figure I-54 presents a plan for producing concentrated nitric
acid by the method of direct synthesis at atmospheric pressure.

Below are the approximate indicators for the technological
regime of direct synthesis of concentrated nitric acid from nitrous

gases obtained at atmospheric pressure:

Oxidizing towers

Acid temperatrure at outlet from second tower,°C 40-42
Acid concentration,a 56-60
Degree of oxidation of nitrous gases,Z 92-93
Final oxidizer
HNO3 concentration in solution entering to sprinkle
the”final oxidizer,7. 97-98
Acid temperature at outlet from final oxidizer,°C 25-27
Acid concentration at outlet from final oxidizer,? 70-74
Liquor gas cooler
Gas temperature at outlet from cooler,°C from -8 to -10
Nitric acid concentration,? 88-90
Absorption tower
Temperature of circulating solution,°C -10
NO, content in solution,? .
En upper stage ~5
in middle stage 10-15
in lower stage 25-30
Washing tower
Solution temperature, °C 0
HNO., concentration,?
if lower stage 56-50
in upper stage ~5
Content of nitric oxides after tower,7 ~0.00
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Autoclave

Aporoximate composition ol raw mixture,?

N204 56-70

HmO3 24.7-20

H,0 9.3-10
Oxygen concentration,? 95-97
Pressure, atm. 50
Temperature of autoclave acid at outlet from autoclave,®C 70-85

Whitening column

Acid temperature,®°C
entering for whitening 45
at outlet from column 85

Nitric oxide condenser

Temperature ,°C
of gas at inlet to condenser 40
of liquid nitric oxides at outlet from condenser from -8 to
-9

The approximate consumption coefficients on units of direct
synthesis of concentrated nitric acid from nitrous gases obtained at
atmosvnheric (Patm.) and increased (P, ., ) pressure:

P Pass
Ammonia (1007 NH,) , kg Laim eg
Platinoid catalyst (irreversible losses), mg 45-55 150-170
Electricity,* kW x h 500 520
Steam, IT 3 1.0 0.3
Water for cgoling, m 400 200
Oxygen**, m3 150 140
Cold (need), thous. kecal 450 500

*With regard for the outlays for production of cold, as well as nitro-
leum (at P,3s ); the consumption of electricity for production of
oxygen is not taken into account.

*de
In the periods of start-up of the autgclave divisign, the consump-

tion of oxygen at P, can reach 200 m /T and 175 m°/T HNO; at B,y
The dependence of the concentration of obtained autoclave acid

on the N,0,:H)0 ratio and the employed pressure is presented in
fig. I-55.

—

Basic Equipment

High-speed gas cooler (fig. I-56) is a heat exchanger of the
shell-and-tube type. The tube is made of stainless steel and the
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shell is made of carbon steel. Nitrous gases flow on the pipes and
cooling water flows in the intervipe space (by countercurrent to the
gases). The tube consists of 1159 pipes 21 x 1.5 mm in diameter and
3060 mm long. The total surface of the tube is 200 m2 and the time
for stay of the gases in the pipes is 0.1-0.2 s. The specific surface
of the high-speed cooler is about 5 mz/(T x day) of 1007 HNO3.

High-speed coolers are also used with surface of the heat
exchange 45 m2 (fig. I-57). They have 128 pipes 25 x 2 mm in diameter

and 5000 mm long.

The oxidizing towers (fig. I-53) are made of stainless steel.

The towers are filled with piles of ceramie rings. The density of
tower sprinkling is, 8-10 m3/(m2 x h). The specific volume of the
tower is 11-12 m3/c2’x day) HNO,. The speq%fic surface of the acid

coolers in the oxidizing towers is 3-4 m3/92 X day)HNO3.

The final oxidizer (fig. I-59) is a cylindrical tower that is
made of stainless steel. The sites for input and distribution of the
cancentrated nitric acid are often lined with aluminum.

The final oxidizer has two-three layers of packing, piles of
ceramic rings 25 x 25 and 50 x 50 mm in size. The lower layer that
is sprinkled by the solution from the sprayer promotes an improve-
ment in the contact between the acid and the nitrous gases fed from
below. The upper layer of rings is designed to separate the sprays
of liquid carried off by the gas stream. The snecific volume of the
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Iy Figure 1556. High-speed Gas Cooler
ﬂum%’ue ( F =2 00 m<)

3Q2s Key: '
1. Shell
2. Pipes
3. Pipe grids
) 4. Covers
—_— 5. Pottom
6. Nitrous gases
7. Water
8. Acid condensate
0‘1) tzqwer-final oxidizer equals 0.3 m3/
N Go%e (T x day) HNO,.
Absorbing tower (tower of
[(4) "nitroleum'" absorption) with dia-
el meter 3020 and height 11,510 mm (or
diameter 2424 and height 19,000 mm)
is made of aluminum. The tower (fig.
I-60) is separated by two partitions

into 3 sections: stages of sprink-
Kucaws nowdencam  $ ) ling with solutions. In the center
. of the partitions there are vents
which are covered with cupolas for
transfer of the gases from one stage to another. At each sprinkling
stage, there is independent circulation of the solution that is

cooled in the extension shell-and-tube coolers.

Each section of the column has two layers of packing each, made
of ceramic rings. The upper layer is sprinkled with acid with the
help of sprayers. The acid passes by gravity flow from the upper
stage. The lower layer is sprinkled with acid that flows from the
upper layer, and the acid that is cooled to -10°C by circulation in
tbe liquor coolers. In order to reduce the losses of cold into the
surrounding medium, the absorption tower is covered with a thick
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Figure E -57. High-Speed Gas Cooler

(F=45 m )
Key:
1. Shell
2. Pipes
3. Pipe grids
4. Separator
5. Partitions
6. Cover
7. Nitrous gases
8. Water
9. Acid condensate

layer of insulation.

Instead of one absorbing tower with three stages of absorption,
sometimes two towers are installed in series. In this case the first
tower on the gas course has two stages of sprinkling, while the
second has one stage.

128




A

—
!

——w [lepenud

7

4 ——7Y.Y V) 1Y)
Kucnoma Taa p
om nacocy 1 .
- I
%\ —’ -
o A
Kersua 507505 z
I
|
- 2 I
KNonsua 100%100%10 : '
% 7 |
4 I
2
o
R
Honoua 150%150215 & X 4
KNoasya 1502150415
4
Ja2 l &
== Newe-
fepemaon ! | L\ neK
mzmamw7 &= AR ]
J
Aucnoma ;o
» NacoCY

Figure I-58. Oxidizing Towe
Key:
1. Sprayer
2. Housing
3. Packin
4. Level %ndicator
5. Support under packin
lower row--regular p
6. Acid from pump
7. Acid overflow
8. Gas
9. Rings
10. Acid to pump
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Figure I-59, Final Oxidizer

Key:

OO0~ O UTE WO

Housing

Packing (piled)
Support--grid under packing
Sprayer

Vortex generator

Manhole

Rings

Acid

Gas
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Figure I-63. Whitening Column

10 m) with Packing Made of Ceramic
Key: Raschig Rings
Y:1. Housing Kev:
2. Packing (piled, lower row-- €¥Y:y1. Cover
regular placement) 2. Sprayer device
3. Support under packing 3. Shell
4., Sprayers 4, Grid
5. Closed plate (for liquid) 5. Boiler
6. Level indicator 6. Nitric oxides
7. Gas 7. Acid
8. Acid 8. Condensate
9. Rings 9. Steam
10. Water
11. Acid drain
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Onucaos b Figure I-64. Whitening Column of
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The first tower has five layers of

packing made of ceramic rings of

4
Jap total height 3750 mm.

350 =

) The specific volume of the
uwmmﬁ abso;bing system equals 1.25-1.50
m3/CZ x day) HNO,.

2670

J 4
0 ! ’ The liguor (nitroleum) coolers.
NapaBoi § fig. 1I-61). The shell of the

wondencarn . :
coolers is made of carbon or stain-

-85

less steel and the tube is made of
aluminum pipes or pipes made of
stainless steel 32 x 3 mm in dia-
meter. The aluminum pipes and the
pipe grids are made of aluminum
with purity of 99.5%. The surface
of the liquor coolers made of aluminum pipes is 2 m2/ x day)HNO,.

@500

§ 1oy

Washing tower (fig. I-62) is made of stainless steel. 1In
the center, the tower is divided by a partition into two indeven-
dent sections, the sprinkling stages. The partition has a vent which
is covered by a cupola for passage of gases. A ceramic packing is

placed at each stage.
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~ Figure I-65. Condenser of Figure 1-66. Condenser of Njitric
- NitriCZOxides (Height 6.6, m, Oxides (Height, 9 m, F=210 m“)
F=95 m®)
Key: Key:
1. Upper cover ' 1. Cover
2. Pipe grids 2. Shell
3. Partitions 3. Housing
4. Housing 4. Aluminum pipes
5. Stainless steel pipes 5. Partitions
6. Separator 6. Pipe grid
7. Nitrous gases 7. Gaseous nitric oxides
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8. Liquor Liquor
Liquor drain
Gas

Liquid nitric oxides
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The first (lower) stage is sprinkled with diluted nitric acid
formed in the gas cooler. The second (upper) stage is sprinkled with
water. Both stages can have common sprinkling. The gases from the
washing column are removed into the atmosphere through the separator.
The specific volume of the washing tower equals 0.6 m3/( X day) HNO3.

Whitening column (fig. I-63, I-64). 1In order to separate the

dissolved nitric oxides from the acid, columns of nacking and plate-
cascade type are used.

The column of the packing tvpe is made of aluminum. The columm
housing is covered with a layer of insulation (30-50 mm). The columm
can be arbitrarily divided into three parts: upper, fractionating,
middle, rectification and lower, cube. The upper and middle parts
of the column are a welded pipe that is filled with ceramic or
porcelain rings that are placed on grids. In the lower, cube part of
the column there is a boiler with two sections of heating aluminum
coils. In the upper part of the fractionator that is free of packing,
there is a spraver to feed solutions of concentrated acid containing
nitric oxides.

z

The output of this type of column reaches 50 Z/day of whitened
acid. The specific heating surface is 0.3 m2 ver 1 ﬁrif HNO3 per
day.

The housing of the column of plate-cascade type is made of
aluminum, the shell is made of carbon steel. In contrast to the
packing column, the liquid in the plate-cascade colummn is heated
through the housing wall {steam is fed into the heating sleeve).
Some columns of this type consist of two seamless pipes (upper and
lower), 345 mm in diameter that are connected by flanges.

In the lower pipe of height 2670 mm, there are 7 plates which
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Figure I-67. NMNitric Acid Condenser

Key:

Shell

Pipes

Joint seam of shell
Liquid separator
Nitrous gases

Water (liquor)
Liquid nitric oxides
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are equal distance from each other
and are built so that the solutions
flow over the wall of the pipe which
is heated by steam. This is attained
as follows: the solution from the
upper pipe is fed to the cap, direct-
ing the acid into the concentric
recess formed by the wall of the

pipe and the plate. 1In the upper
pipe, height 2100 mm, cascade parti-
tions are installed in a checkerboard
pattern. These are the semiplates
over which the solution flows in a
thin film. Flowing from the semi-
plates, the solutions that are to be
whitened form a screen through which
the hot nitric oxides pass that are
lifted upwards.

Certain whitening columns of

this type (diameter 350 mm, height 9318 mm) consist of three sheet-
steel cylinders (seamless pipes).

The two lower sheet-steel cylinders are equipped with steam
sleeves. The heating surface of these columns equals 3.5 mz.
Whitening columns 450 mm in diameter which are welded from aluminum
sheets 14 mm thick are also used.
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Figure I-68. Reverse Cooler (F=50 m3)
Key:

Bousing

Pines

Pipe grid

Air pipe

Cover

Partitions

Gaseous nitric oxides
Water

Water drainage
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One of the versions for the design of whitening columns of the
plate-cascade type is presented in fig. I-64. The column is made
of special stainless steel and the steam sleeves are made of carbon
steel.

Nitric oxide condensers (fig. 1-65-1I-67) of the shell-and-tube
type, vertical, (less often inclined) are installed after high-speed
coolers. The pipes 25 x 2 and 32 x 4 mm in diameter and pipe grids
are made of stainless steel or of aluminum with purity of 99.5%.

The tube is enélosed in a sectional shell made of carbon steel.
Nitrous gases enter the pipes, while a 40-427 solution of calcium
nitrate (cooling liquor) enters the intertube space.

The upper cover of the apparatus has a connecting pipe to
feed in gaseous nitric oxides. The lower vart of the condenser is
designed to separate and remove the liquid nitric oxides, as well
as to remove the gaseous nitric oxides with inert gases.
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~ Figure I-69. Mixer of Raw Mixture
Key:1 Housing 10. Liquid nitric oxides
2. Connecting pive for 11. Diluted nitric acid
suctioning off gases 12, Raw mixture
i 3. Electric engine
‘ 4. Reducer
5. Connecting piece
6. Manhole
7. Blade mixer
8. Device for mixing
9. Level indicator
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I-70. Autoclave of Periodic Action

Cover

Housing of autoclave
Protective vessel
Reaction vessel
Distributing disk
Support

Control connecting pipe
Line for blow-through
Oxygen into reaction space
Acid overflow

Raw mixture

Autoclave acid

Oxygen to ring space

Manometer of reaction space
Blow-through

Cantilever

Drainage from control vessel
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Below are the characteristics of certain nitric oxide con-

densers:

Diameter, mm 10483 870 920 1150 1250
Height, mm 8300 8300 8420 9069 10,000
Number of pipes - - 255 337 385
Length of pipes, - - 65090 7000 7000
Cooling surface, m 165 100 175 210 240

The specific surface of heat exchange of the nitric oxide
condensers equals 3.5-4.0 mz/(T x day) HNO,.

The coolers of whitened acid are made of aluminum pipes. Coolers

of two types are used: submersible (coil) and shell-and-tube. The
shell-and-tube coolers consist of individual horizontal elements with
U-shaped pipes 32 mm in diameter.

Reverse cooler (fig. I-68) is a horizontal heat exchanger of

shell-and-tube type made of aluminum with U-shaped pipes 32 mm in
diameter. It most often has a cooling surface of 50 m2. It is
designed for preliminary cooling by water of gaseous nitric oxides
that emerge f£rom the whitening columns of different types.

Mixer (fig. I-69) is a tank 3000 mm in diameter and 2750 mm

high with a cover. It is equipped with a vertical mixer and
stationary mixing devices. The apparatus is made of stainless steel,
and less often aluminum. The rotation rate of the mimer is 60-70
rpm.

Autoclaves. The production of concentrated nitric acid uses
autoclaves of periodic and continuous action. The autoclaves of
continuous action differ from the periodic only in the presence of
packing and small changes in the piping that is linked to the supply
of raw mixture and the removal of autoclave nitric acid. Figure I-70
presents the autoclave of periodic action and fig. I-71 presents the
autoclave of continuous action with one of the types of packing of
various types.

The main parts of the autoclave of periodic action are:
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Figure I-71. Autoclave of Continuous Action

Key:

Housing

Protective vessel

Reaction vessel

Sieve-plates

Rod

Pipe-frames for oxygen and acid pipe
Overflow pipes

Raw mixture

Acid

. o

WoOoONOWMEsWNE

outer thick-walled cylinder-housing made of carbon steel. The inner
diameter of the housing is 1140 mm, the height is 8625 mm and the
wall thickness is 36 mm;

inner protective vessel made of aluminum; if there is a breach in
the packing of the reaction vessel, the inner vessel protects the
steel cylinder from the action of nitric oxides and acid. The
diameter of the vessel is 1100 mm, the height is 8400 mm and

the thickness of the bottom wall is 10 mm;

the inner reaction vessel that is made of 99.87 aluminum; the pro-
cess of acid formation occurs in it. The inner diameter of the
vessel is 1026 mm, the height is 8300 mm, the thickness of the wall
is 25 mm and the working capacity is 6 ms. The upper part of the
reaction vessel is flanged and pressed between the cover and the
flange of the steel housing so that the vessel is located in a
suspended position inside the housing. The reaction vessel is
welded from sheets of aluminum and for the most part has one longi-
tudinal and four transverse (ring) seams;
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reinforcing unit-head that is attached to the vent of the steel
cover of the autoclave. This design makes it possible to view and
replace the inner pipes that are included in the autoclave,
without removing its cover;

support design under the autoclave.

The cover of the autoclave is lined from the inside with sheet
aluminum. To pack the parts of the autoclave, aluminum oipes that
are 25 mm in diameter, flattened and welded among themselves, or other
corrosion-resistant packings (for examnle, fluoroplastic) are used.

Four short and two long pipes enter the reaction vessel of the
autoclave. The short pipes are designad to feed the raw mixture into
the autoclave, overflow it back into the mixer if the autoclave is
overfilled, connection to the manometer indicating the pressure in
the reaction vessel, and output of the blow-through gases. Oxygen
enters the autoclave on one of the long pipes. It is fed to the dis-
tributing plate (board) waich has cuts in the form of slits that
extend to the edges of the plate (there are also other existing
designs of devices for distribution of oxygen). At the same time,
the oxygen enters through the connecting pipe in the housing flange
to the ring space between the protective steel housing and the
reaction aluminum vessel where pressure of 52 atm. is maintained.
This makes it possible to equalize the pressure in the inner reaction
volume (inside and outside the reaction vessel) and prevent
crumpling or rupture of the seams of the reaction vessel (for this
purpose, special devices are also often installed on the autoclaves).

The autoclave acid is forced out in the second long tube from
the autoclave by the nitrous gases present in it. A connecting pipe
is welded in the lower part of the housing to the outlet pipe for
control of the integrity of the protective and reaction vessels. All
the regulators and control-measuring instruments of the autoclave
are on the control panel. It is placed in an isolated room.

The autoclaves of periodic action may be adapted for con-
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tinuous action. For this purpose, a packing is installed in them !
which consists of 9 (and more) sieve-bubbling plates 830 mm in
diameter and 8 mm thick with holes 2 mm in diameter and 3C mm spacing. \
{ The plates are made of aluminum brand AVO and are attached with the ;
H help of four aluminum rods . The plates and the rods form a stack

that is freely installed within the reaction vessel of the autoclave. .
The oxygen and acid pipes pass through the plates.

Concentration of Nitric Acid with the Use of Sulfuric Acid

Standard distillation of diluted nicric acid may increase its
concentration to 68.47 HNO 5. This corresponds to a boiling tempera-
ture of the solution of 121.9°C. At this temperature, the azeotropic
mixture (68.47 HNO, and 31.6% water) begins to distill. Under pro-
duction conditions, one can obtain nitric acid with concentration
no higher than 667.

f TABLE I-49. BOILING TEMPERATURE OF AQUE?YS SOLUTIONS OF NITRIC
ACID AND COMPOSITION OF LIQUID AND VAPOR™* AT 760 mm Hg

]
! mnomm HNQ,, mm- HNO4,
pec. % asc. %

TeunepaTypa

Tc’!‘l‘:lelﬂ'f'ylpa KMUEHNA .___r
ll.t'llli oo
(10 63.1."(3 HNOsj mlgoc-ru s nnEpa'x (snime 88,4%HNO,) B IKRRKOCTH s ml'p"

108,5 24,2 2,16 85,8 98,0 99,9 4
112,0 33,0 5.9 90,5 90,2 99,7

118,5 498 19,85 99,0 85,2 98,0

121,5 64,0 41,0 4120 80,0 97,0

124,8 85,21 85,1 118,0 75,8 92,0

1219 68,4 08,4 124,5 704 L 84,0

Key: 6% ¥ %

. Boiling temperature,°C (to &% HNO,)
HNO, content, weight.Z
In iiquid
In vapors
. Boiling temperature,®°C (above 68.47 HNO,)
*Temperature of formation of an azeotropic mixt&re.

WM& Wb

During distillation of nitric acid of varying concentration
at atmospheric pressure, its boiling temperature gradually increases,
while the concentration of condensate that is formed from vapors
approaches 68.4% HN03. In distillation of nitric acid that contains
over 68.47% HNO,, the first fractions of condensate will have greater
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TABLE I-50. DATA ON EQUILIRRIUM BETWEEM LIQUID AND VAPOR IN
NG 3-H20 SYSTEM WITH VACUUM

o’ ! Conepmlnl” HNO t” mpwl: HNO,,
Tesugpatypa l poc- e Teunosu‘ypl -
C ! o
i MUIAKOCTS nap HMUOKOCTD nap
Hpu Mpm. cm, Mpw 450 ux pm. cm.

97,3 14,8 0,28 89,7 19,8 0,5
102,0 29,8 33 92,4 27,1 0,9
103,5 36,1 8,2 100 43,6 10,6
108.2 44,9 18,7 102 52,6 35,5
110,8 55,0 26,9 103,8 59,4 308 .
113,5 64,2 56,7 105,3 64,5 31,7
113,7 47,3 67,0 106 47,2 67,0
113.8 67,5 67,5 108 67,15 67.13
12,8 73,2 81,7 104 74,7 84”41
02,1 83,4 97,2 9,5 85.5 96,15

93,3 88,8 99,0 79,5 91,7 98,3

87,9 I 903 99,2 74,8 94,1 99,11

10,5 Do 98,7 99,6 734 96,1) 99,4

75,8 98,8 99,8 72,2 97,0 99,1

- - - 70,0 u8,8 99,2

Key:
1. Temperature,°C
2. HNO, content ,weight.7
3. Liqdid
4. Vapor
5. At 600 mm Hg
6. At 450 mm Hg

acid concentration than the subsequent. In this case, because of
the reduction in HNO3 concentration, its boiling point gradually
rises, while the distillable fractions are united by the acid until
the equilibrium condition is reached at 121.9°C (68.47 HNO4 in the
liquid and the vapors).

By dehydrating the vapors which are distilled from the diluted
solutions of nitric acid, we can obtain acid of the required concen-
tration. Industry makes extensive use of 92-947 sulfuric acid
(oil of vitriol) as the water-removing substance. It forms a
triple _system HNO3-HZSOA-H20 with diluted nitric acid. The partial
pressure of the water vapors above this mixture is low (fig. 1-72,
1-73).

During distillation of diluted nitric acid in a mixture with
Hy 80, , the sulfuric acid is diluted with water. Depleted sulfuric
acid is obtained in which there is a small quantity of HNO, and
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nitric oxides. The latter form with sulfuric acid nitrososulfuric
acid HNSO;swith concentration to J3.01%7. With subsequent concen-
tration by evaporation of the spent sulfuric acid in order to obtain
0il of vitriol, the nitrososulfuric acid is broken down.

The process of concentrating nitric acid is done in columns
that are made of ferrosilide. The heat necessary for distillation
is brought to the column with live steam. The released vapors of
nitric acid are condensed with a small quantity of water vapors when
cooled in the cooler-condensers. The concentrated nitric acid that .
is formed here is returmed to one of the unner plates of the
concentration column for blowing off of the nitric oxides dissolved
in the acid. Then the acid is cooled in a water cooler and trans-
ferred to the storehouse for finished products.

The uncondensed vapors of nitric acid, nitric oxides, water
vapors and inert gases are sent from the cooler-condensers to small
absorption towers. Here 40-457 nitric acid is formed. It is sent
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Figure I-73. Equilibrium Concentrations of
Nitric Acid in Vapors above Triple Mixtures
HNO 5-H550,-H,0 1. Vapor

for concentration or is transferred to the production of diluted
nitric acid. The gases of the absorption towers are removed to the
atmosphere. The svent sulfuric acid after the czgﬁﬁgfration columns
goes for concentration by evaporation (p. 151 )/  Studies made in
recent years revealed certain new relationships of the main para-
meters of the process of concentrating nitric acid in the presence
of sulfuric acid. This makes it possible to work out a plan for
automating this process.86’87

In conducting the process of concentrating nitric acid whose
technological plan is presented in fig. I-74, certain work pro-
cedures are used which make it possible to intensify distillation of
the HNO, vapors and increase the output of the concentration column:

in the majority of cases, about half of the diluted nitric
acid is preheated to 115-120°C and sent for concentration in the
form of hot liquid and steam;
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Figure I-74. Plan for Concentrating Diluted Mitric
Acid with Help of Sulfuric Acid

Key:
1. Concentration columm
2. Cooler-condenser
3. Absorption tower
4. Exhauster
5. Collector
6,3. Centrifugal pumps
7.. Cooler of circulating diluted acid
9. Cooler of production acid
10. Control light
11,12 Pressure tanks
13. Watex
14. Vapors and gases
15. Exhaust gases .
16. To storehouse
17. Superheated steam
18. Saturated steam
%g. Condensate )

Spent stoq to concentration section

92-947 of the sulfuric acid often enters the concentration
column also in the preheated state, etc.

The selection of points for input of the nitric and sulfuric
acids into the column is determined in the majority of cases by
experiment since it depends on the methods of assembling the con-
centration columns, the number of plates (from 20 to 24), the diameter
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of the overflow pipes and other conditions.

Below are the main indicators of the technological regime for
concentrating nitric acid:

Concentration of original nitric acid,? 47-58
Content of nitric oxides (NOZ) in original acid,Z,
no more 0.15

Vapor pressure (absolute), atm.
of saturated, diluted nitric acid fed to the evaporator 4-6

of heated, fed to columm 15
Vacuum in upper nart of column, mm Hg 20-40
Temperature,°C

of vapors of acid at oulet from column 80-85

at plate (trap) 110-120

of gases after cooler-condenser, no higher 490

of nitric acid after cooler of finished product,

no higher 35

of spent sulfuric acid after column 150-170
HMO. concentration in finished product,’ 97-98.5
Conéent of nitric oxides (NZOQ) in the finished product,
% no higher 0.4
Concentration of sulfuric acid,? no less

original 92

spent 65-68

Content of nitric oxides (in conversion for HNO3) in
spent sulfuric acid, 7 no more

0.03
Figure I-75 presents the quantity of sulfuric acid (oil of
vitriol) that is required to concentrate the diluted nitric acid,
and figure I-76 presents the consumption of vapor for 1 : of HNO 4
depending on the concentration of nitric and sulfuric acids.

The consumption coefficients for 1 ; of concentrated nitric

acid:
Diluted nitric acid (in conversion for 100% HNO3), }E 1.010-1.015
Sulfuric acid (922 HZSOA) , T
with concentration®of 47-497 nitric acid 4,0-4.2
with concentration of 56-587 nitric acid 2.9-3.2
loss 3 0.01-0.014
Water for cooling, m 30-40
, Steam, million kecal
| superheated 0.25-0.35
' : saturated 0.2
= Electricity, kW x h 10-15

L s
F P
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Nitric Acid Depending on Its Concentration of Sulfuric Acid
Concentration
Key: _ Key: T
Y*1. Concentration of H,S0,, 1. Consumption of steam, kg/2
weight.7 2. Concentration of H,S0,,
weight.7

Basic Equipment

Concentration column (fig. I-77) of the bubbling type consists
of 18-24 cylindrical steel-sheet cvlinders, spherical cover and
bottom part which is designed to feed live steam and is a small
buffer for the spent sulfuric acid. The height of the steel-sheet
cylinders is 360 mm (except for the upper and lower which are 760 mm
tall). Each steel-sheet cylinder has two overflow connections each.

The column and all of its parts (connections, caps, etc.) are
made of ferrosilide. Asbestos cardboard or paronite impregnated with
bituminous varnish is used as the packing material in assembling the

column. Packing made of fluoroplast or paronite with winding of
fluoroplast foil is also used.

Industry uses columns 800-850 and 1000 mm in diameter (thick-
ness of the walls 25 mm). The total height of the column when the
22 steel-sheet cylinders are installed is 9600 mm. In the center of
each steel-sheet cylinder there is a hole (vent) 350 mm in diameter
for passage of gases and steam. It is covered by a rough bubbling
cap 660 mm in diameter with slits in the form of teeth. The vent




with cap guarantees bubbling of the vapors and gases through the
layer of liquid on the plate. Bubbling caps are not installed on
those two steel-sheet cylinders to which high nitric acid is fed.
Sometimes columns are used which have 7-8 seven-ray caps.

The column operates with a vacuum of 20-40 mm wat. col., with
the exception of its lower part where live steam is fed to and
where slight pressure is maintained.

Before start-up, the column is filled with 927 sulfuric acid
and diluted with water. In this case, a considerable qudntity of
heat is released. Then steam is gradually fed into the column and
it is heated for 5-6 h. Only after this is feeding of diluted nitric
acid into the column and the corresponding quantity of H2504 started. ]

The evaporator is designed to warm up the diluted nitric acid 4
that is sent for concentration. Evaporators of the 'pipe in pipe"
type are used in the majority of cases. The internal ferrosilide
pipes have a diameter of 80/106 mm and length of 2000 mm. The
external pipes (steam sleeve) are made of carbon steel.

The evaporator consists of several parallel sections (fig. I-78)
of 8 pipes in each. The evaporator sections are interconnected by
lower and upper collectors. Steam under pressure of 4-6 atm. enters
from above into the steam sleeves that are interconnected by connec-
ting pieces. The total heat-exchange surface of the evaporator which
is installed in each concentration columm is 11.5-13 mz. The

specific surface of the evaporator equals 0.2-0.3 mzl(’.x day) HNO3.

Cold nitric acid enters the lower pipes, while the forming
steam-liquid mixture at 120°C emerges through the upver collector.

The cooler-condenser of the sorinkling type is designed to
condense vapors of nitric acid. It is made of ferrosilide pipes
124/100 mm in diameter and 2000 mm long that are connected into 6
parallel sections with 9 pipes in each. The sections (fig. I-79)
are interconnected by input and outnut collectors. Water is fed to




sprinkle the pipes through the distributing trays which have holes
and slits. The acid vapors at 80-90°C are sent to the upper part

of the collector. The concentrated nitric acid with the nitric
oxides dissolved in it emerge at 30-45°C through the lower collector.

A condenser with surface of 30-40 m2

(depending on its output ¢
and the temperature of the cooling water) is installed in each

columm. The specific surface of the cooler-condenser equals 0.85-

0.65 mz/(; X day) HNO,.

Cooler of concentrated nitric acid (fig. I-80). Coil coolers

of the submersible type are usually used. The coils that are made

out of aluminum pipes brand AV-2 with diameter of -50/60 mm are placed

in a tank (housing) made of carbon steel. The diameter of the
tank is 1550 mm and the height is 2035 mm. The water enters

the lower part of the tank and flows out upwards. The surface of

cooling is 30 mz. Nitric acid is cooled from 80 to 49°C.

Concentration of Spent Sulfuric Acid

During concentration by evaporation of diluted solutions of
sulfuric acid to a concentration of 707 H,S0,, only water evaporation
occurs. As the solution concentration rises at a constant tempera-
ture, the pressure of the water vapors drops and the pressure of the
sulfuric acid vapors above the solution rises.

In the vapor phase above the acid with concentration lower than
987 HZSOA. the HZO:H2804 ratio is greater than in the solution. By
heating the diluted acid, one can increase the concentration of
HZSOA if the vapors forming above the solution are simultaneously
removed. Only 98.37 sulfuric acid whose boiling noint is 338°C has
the same composition of vapor and liquid phases, i.e., forms an
azeotropic mixture. The boiling points of sulfuric acid are shown
in fig. I-81.

The spent sulfuric acid is stabilized in two- and three-chamber
bubbling type concentrators (table I-51). In order to concentrate
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[continued from previous page]

8. Vapors

9. Plates
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Figure I-78. Section of Evaporator (F=11.5 m2)

Key'1. Pipe
2 Steam sleeve
3 Collector
4, Elbow -
5. Support
6. Steam
7. Mixture of vapors and liquid of nitric acid to
column
8 Diluted nitric acid
9 Condensate

by evaporation the spent sulfuric acid, furnace gases are used
which are formed during the burning of natural gas, mazut or rich
gas (see vol. I of Reference Book for the Nitrogen Industry Worker).
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Figure I-79. Section of Cooler-condenser (F=28 mz)

Key:
1. Pipe
2. Elbow
3. Ferrosilide collector
4. Support
5. Shell
6. Vapors
g. Water

Acid

Thefuel gases are fed to the concentrator furnace at pressure

of 1500-1600 mm wat. col. The furnace gases from the mixing chamber

first enter on the line gas pipes and bubbling pipes to the second
condenser chamber in the acid course. Here, by bubblihg throught
the acid, the gases intensively heat it, at the same time being
saturated with water vapors. The gases further enter the chamber
which is first on the acid course where they are additionally
saturated with water vapors, and at a tempmerature of 155-160°C are
sent through the electric filter to the exhaust pipe. The gases
that emerge from the concentrator contain 30-40 g/m3 of sulfuric
acid, and after purification in the electric filter, they contain

up to 0.8 g/m3 HS0, . 154
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TABLE I-51. INDICATORS FOR OPERATION OF
THREE-CHAMBER CONCENTRATQR OF SULFURIC ACID* .

ACTPOMNNe! m“‘ ‘ AN 0ePNOR NWCROTM
m:\non ml':: l’l'?ﬁﬂ- % 8 rase 0ogAe TPETLER NaNepu, §/3 w

»n] W Tﬂ'—%}!——""’.’.—l"’— :

nepsan | sropam ersa Tymana napos acero

100 0 0 400 005 | 4005

57 27 16 2.0 04 9.4

32 46 22 &4 0.2 43

16 51 -33 ad 0.3 44
*Calculated data of A. G. Amelin

Key:l

Distribution of hot furnace gas over

chambers, 7

2. Sulfuric acid contgnt in gas after
third chamber, g/m

3. First 4. Second 5. Third

g. In form of fog 7. 1In form of vapors
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Figure I-81. Eoiling Points of Solutions
of Sulfuric Acid in Vacuum

Key:y Temperature,°C
2., mm Hg
3. stoh concentration, weight.7%

In order to reduce the quantity of fog of sulfuric acid in
the gases, sometimes a small absorber with packing sprinkled by the
spent sulfuric acid is installed in front of the electric filter.
The exhaust gases from the electric filter contain roughly the
following quantities of acid admixtures: 0.2 g/m3 of foggy sul-
furic acid, 0.45 g/m3 of sulfur dioxide and 0.15 g/m3 of nitric
oxides.

Figure I-82 presents the plan for a unit for concentrating
spent sulfuric acid.

Below are the basic indicators for the technological regime:

Concentration of spent sulfuric acid,Z 65-68
Content of nitric oxides (in conversion for HNO3) in

spent sulfuric acid, 7 no more 0.03
Temperature of mazut before sprayer, °C 65-75
Pressure of mazut before sprayer ,atm. 11-14
Pressure of air blower, mm wat. col. 1100-1200
Pressure (gage), mm wat. col.

of air at inlet to furmace 800-19C0

of gas at outlet from concentrator 45-50
Temperature of gases,®C

in furnace 1000-1200
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v»,r-—-u-e-mm* X e — ’

at inlet to first chamber 800~900

at transition from first to second chamber 230-2590

at outlet from concentrator 140-160
Sulfuric acid concentration, 7, no less 92
Temperature,®C

at inlet to coolers 220-240
at outlet from coolers 40-50
Content in exhaust gaseg after electric filter

of sulfuric acid, g/m~, no more 0.6

of oxygen (during operation on gaseous fuel), % to 0.5

T
coefficients for 1 & of 1007 HZSOQ:

Spent sulfuric acid, zC 1.004-1.005 »
Steam, million kecal 0.16-0.17 4
Electricity, kW x h 20.0-25.0 !
Water for cooling, m 3 9.0-10.0

Rich gas (calorific value 5000 kcal/kg), m 97.5

or mazyt, kg 50-60

Air, n 1400-1500

Below are approximate data on the effect of certain factors
on the output of the sulfuric acid concentrator and the temperature
of the exhaust gases:

Indicators Increase in Increase in tem-
output,Z perature (in°C)
of gases at outlet
from concentrator¥
Increase in temperature of

furnace gases by 100°C 13 3
Increase in air pressure before

furnace by 100 mm wat. col. 5 Almost no effect
Increase in temperature of spent

sulfuric acid by 50°C 9 6
Increase in concentration of

spent sulfuric acid by 1% 4 3

*In helmet vipe.
With a decrease in the concentration of sulfuric acid by 1%,
the output of the concentrator diminishes by 37 and the temperature

of the exhaust gases by 4°C.

Basic Equipment

Concentrator (fig. I-83) of the drum type with output of
roughly 1801b7day has a diameter of 2390 mm and length of 7330 mm.
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Plan of Unit for Concentrating Spent Sulfuric Acid

Rey:) pressure vessel for mazut 12.
2. Pump for mazut 13.
3. Preheater 14,
4, TFilter 15.
5. Control preheater of mazut 16.
6. Control filter 17.
7. Air blower 18.
8. Furnace 19.
9. Concentrator

10. Control box - 20,
11. Cooler of 92.5%-947% sto4 21.

(0il of vitriol)

22.

Acid collector

Pump

Pressure tank
Electric filter

Mazut

Air

Exhaust gases

92-947 H,S0, in nitric acid
concentrition section
Spent sulfuric acid
To atmosphere

Quartz

The concentrator housing is welded from sheet carbon steel and
is reliably protected from the effect of acid and vapors by a
nultilayer lining (asbestos cardboard, sheet lead, then again
asbestos cardboard, and finally, two lavers of andesite slabs on
The concentrator is divided into
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Figure I-83. Two-chamber Concentrator with Furnace
(one of variants)

Key:1 Input of spent sulfuric acid

chambers by a brick partition made of andesite or beschtaunite that
has two openings, for the elbow pig-iron bubbling pipes and for acid
overflow from one chamber to another. The bubbling pipes are made
of chrome pig iron (25-307 Cr), ferrosilide, and less often from
common pig iron.

The upper part of the concentrator has manholes 520 mm in dia-
meter and a connecting pipe to join the bubbling pipes with the gas
lines of the furnace gases, and for input of the helmet pipe on which
the gases emerge from the concentrator. In the lower part of the
concentrator there are two connecting pipes with valves for drainage
of the acid and sludge during repair or cleaning of the apparatus.
The second chamber on the gas line is equipped with a connecting pipe
for input of spent sulfuric acid, and the first with a connecting
pipe for output of concentrated acid.

Air blower. The output of the air blower to feed air into the

concentrator is 25,000 m3/h, pressure 1200 mm wat. col., rotation

rate of the shaft of the air blower 2950 rpm. The consumption of air
for 1 F°of 1007 H,80, when operating on mazut or fuel gases (tempera-
ture in the mixing chamber 800°C) is roughly 1620 m3.

Acid pumps. Pumps whose characteristics are given in table
I-52 are used to pump the concentrated sulfuric acid and blend.
159
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TABLE I-52. CHARACTERISTICS OF PUMPS

oW @ 3 { 4) 5)
o mea | PO |t T | Gropnct e | mechomman
M/ »~ 06/ sun xem i
!
15Kh-6L 5.4—14.4 20—12 1,5—1,9 — ;
JKh-9L | thé—z4 | 2043 20-23 e e
- 16,2—- 3.2 3420 4,0—-5,0 5,5—10,0
2Kh-6L 28,8—54,0 3527 5 4018
3Kh-9L 85—108 40—30 12,5-15,5 2028 A
4Kh-12L 108—180 3526 18-20 - 28—40 )
5Kh-13L
Key:). rtype of pump >+
* 2. OQutput, m-/h '
3. Pressure of liquid, m
4. Rate of shaft rotation, rpm
5. Necessary power of engine, kW

Cooler of oil of vitriol. The housing of the coil cooler is :

made of carbon steel and is lined with acid-resistant brick. The
pivpes of the coils are lead or made of ferrous metals.

Concentration of Nitric Acid Using Magnesium Nitrate Melt

Industry also uses concentrated nitric acid with magnesium

nicrate melt®9~91 a5 the dehydrating agent.

The equilibrium conditions of the system HNO,-H,0-Mg(N04),
make it possible during heating to obtain high concentrations of HNO3
in the vapor phase. The presence of magnesium nitrate in aqueous
solutions of nitric acid drastically alters the composition of the ]
azeotropic mixture of nitric acid and water towards a reduction in
. HNO3 concentration. As a cogsg%uence, its content in the vavor phase ‘
becomes considerably greater™’ than during distillation of the - 3

binary system HN03-H20.

The new method of concentrating nitric acid with the help of
magnesium nitrate melt is based on these properties of the HNO4-H,0-

Mg(NO3)2 system.




The technological and design makeup of the process are reduced
to the following, In roughly the middle of the concentration column,
heated (or cold) diluted nitric acid is fed. At the same time
(several plates higher), 72-74%7 magnesium nitrate melt Mg(NO3)2 is
introduced. The HNO,:Mg(NO4), ratio is maintained in limits of
1:5-1:7, depending on the concentration of original nitric acid.

The lower part of the concentration column is connected with
two shell-and-tube boilers that can be heated by steam with pressure
of 13-14 atm. Circulation of the mixture of nitric acid and
magnesium nitrate through the boiler makes it possible to supply
heat to the column which is needed for occurrence of the processes
of distillation in it (in the lower and middle parts of the columm)
and rectification (in the upper part). A temperature of 160-170°C
is maintained in the lower part of the column. Rectification is
conducted at 135-140°C.

The vapors of HNO; and H,0 that are formed in the column are
washed with a fresh solution of magnesium nitrate that additionally
arrives at one of the upper column plates. The vapors emerging from
the column are condensed at normal temperature in the water cooler
with the formation of production acid (987 HNO; and higher). A small
part of this acid in the form of reflux is sent to the upper plate of
the column. Its main quantity is removed to the storehouse.

The spent solution of magnesium nitrate that contains roughly
64-697 Mg(NO4), and 0.2-0.37% HNO3 is continually removed from the
cube part of the column for stabilizatioa in <he vacuum-evanorator.

The formed liquor-tanned vapors come from the evaporator
for condensation in the cooler of the sprinkling type or the baro-
metric condenser. The condensate that is obtained in this case and
contains 1-27 HNO3 is used to feed the absorption column or towers
in the production of diluted nitric acid.

All the main apparatus (column, acid preheater, cooler-conden-
sers) are made of ferrosilide. The boilers and evaporator are made

of stainless steel. The original raw material for nroducing mag-
161
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magnesium nitrate melt is burned magnesium or magnesium carbonate
which are easily dissolved in 47-567 nitric acid.

TABLE I-53. SOLUBILITY OF MAGNESIUM NITRATE IN WATER3

Q) nnonmﬁ) cw..f.i‘.).. &
Temogparypa m.:';:.:m 2/100 .“;,‘i:,,"m. Taopan gaat
-5 1.092 12 Jlen (s
—15 1,202 227 »
—25 1.268 285 »
—31.6 1.302 323 Mg(No ),-sﬂ.o
—20 — 353 ] BHO
- — ) 3.5 Tomﬁh !
+1 1.365 385
+15 1.379 404
50 1,422 458 Mg(NOsk -8H40
75 1,454 503
60 - 665
556 - 674 Mg(NOt)s -2H;0
405 - 675
100 - "y
130 - 820 MS(NOs):
188 - 84.6 To me(¢)
Key:
1. Temperature,®°C 3
2. Density of saturated solution, g/cm
3. Mg(NO4), content, g/100 g of solution
4. Solid pﬁa
5. Ice
6. The same

TABLE I-34. DENSIEY OF AQUEOUS SOLUTIONS OF MAGNESIUM
NITRATE?S3 (in g/cm3)

Q) . @ KoNmewvpaman narpate marmmn, »es, %
58 1] [ '] a2 ¢4 [ 1] (1] 70 12
90 1,500 | 1,530 | 1,585 | 1,501 | 1,616 | 1,642 | 1,867 | 1,694 | 1,118
100 1,495 | 1'533 | 1,559 | 1,584 | 1,800 | 1,635 | 1:680 | 1,685 { 1,710
s |l is i R IR e 188 | b
1% =} 2 1202 [ 1e0e | 1831 | 40657 | 1082

Key:
l. Temperature,°C
2 Concentration of magnesium nitrate, weight.?

The described method of concentrating the diluted nitric
acid has a number of advantages over the method in which sulfuric
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acid is used as the water-removing agent.gl

The most important
advantages of the new method include lower net cost of processing
the diluted nitric acid (roughly by 7-10%) and the lack of harmful

admixtures in the exhaust gases.

Tables I-53-1I-57 present certain data on aqueous solutions of
magnesium nitrate.

TABLE I-55. VISCOSITY OF AQUEOUS SOLUTIONS OF MAGNESIUM
NITRATE?3 (in centipoise)

o ) @ Konnenrpaams MgNO,, sec. %
Teunepa-
T
¢ 0 62 8 88 08 70 72 7%
100 13,8 19,0 28,3 36,2 50,0 74,0 115,0 ——
110 10,8 14,4 19,7 27,2 37,6 0 74,0 -
120 8,7 11,5 15,4 20,8 28,2 38.0 53,0 -_—
130 7,3 9.4 12,5 16,5 21,7 28,5 39,5 85,0
140 - — - 13,4 17,4 22,8 30,0 47,0
150 - — —_ -— 144 18,4 24,0 35,0
Key:
1. Temperature,°C
9

MgNO, concentration,weight.Z

TABLE I-56. VAPOR P%ESSURE ABOVE AQUEOUS SOLUTIONS
OF MAGNESIUM NITRATE- (in mm Hg)

0) @ ® Q) @) o

C e Conepanwe
Temegeroa | o | Vere| T | SHakon, | Mapor

25 41,94 12,45 45 45,05 33,22 .
35 43,04 21,38 S0 41,94 4995 -
40 45,05 28, S0 45,05 42,38

Key: :
1. Temperature,®°C
2. Mg(NO4), content,Z
3. Vapor p%essure

The specific heat capacity c¢ of the aqueous solutions of Mg(NO
* Mg(NO3)2 at 18-19°C (n==number of moles of dissolved Mg(NO4), in 11
of solution)are presented below:

Meeivesors v oo s 122 5391 204
c, kcal/(kg x deg) 092 085 0758,




TABLE I-57. SOLUBILITY OF MAGNESIUM NITRATE* IN

- AQUEQUS SOLUTIONS OF NITRIC ACID AT 25°C
)
Conepmanne.U:/lOOa ' ﬁ” conopmun}ra/loo r @)
HACHIUWEHROrO ! HACHIEHHOTO
prCcTBOpa : pacTsopa
Taepnan dasa Taepnan dasa
HNO, Mg(NQ4)s HNO, | Mg(NO,),
0.0 42,5 Mg(NOs)g -8 ’O 410 36,7 Mg(NOg)e-2HO
284 224 o e (3, 584 25.6 To xe
45.4 13.2 844 9.4 »
409 43 » 91.0 4.7 Mg(NOs)s
39.8 36.0 » 99.6 8.2 To me
Key:

1. Content g/100 g of saturated solution

2. Solid phase

3. The same

*Boiling point of ~747 Mg(NO;), melt equals 175°C.

TABLE 1-58. FREEZING TEMPERATURE OF BLEND3
COCTaD MOOAINS, u;] % 9) (3)
ILaoTHOCTL Temueparypa
‘ np:"zj.'t. umg;gnmu
HNO, H,S0, l H,0
81.97 7.36 4.67 1.5176 —48
91.16 6.89 1.95 1.5215 —48
44.60 14.25 20,15 - (D Hume —80
6840 9.50 22,10 - —42
Key:
1. Composition of blend, weight.Z
2. Density at 26°C, g/cm3
3. Freezing temperature,®C
4. Below

Preparation of Blend

The blend is a mixture of concentrated nitric and sulfuric
acids and is prepared according to GOST 1500-57 or according to the
specifications agreed upon with the consumer. 1In order to prepare
the blend, the concentrated nitric acid is fed by centrifugal pump
from the storage tank into the mixer. Then the necessary quantity
of concentrated sulfuric acid is added. The mixture of acids is
circulated by a pump in the mixer for roughly 30 min., then the
obtained blend is poured into the storage tank.




According to GOST 1500-57, the blend must corresnond to
the following requirements:
Content,% no less

HNO 89
H,Sd, 7.5
Nitfic'oxides (N,0,),7 no more 0.3
Calcined residue’?, no more 0.1

Storage and Transporting of Nitric Acid, Sulfuric Acid and Blend

The storehouse of concentrated nitric acid and blend is
located on an open platform or under an awning. Railroad tracks must
be laid along the storaehouse and the platform must be equipped for
emptying tank cars. The pumping facilities for pumping the acids
are placed in a building or under an awning.

The concentrated sulfuric acid is stored in unlined tanks of
varying capacity that are made of carbon steel. Sulfuric acid of
lower concentration, as well as the blend are stored in steel tanks
lined with ceramic materials. The storehouse of weak nitric acid
(up to 607 HNO3) is made of stainless steel. Concentrated nitric
acid is stored in vessels made of aluminum.

Acids are shippoed long distances in railroad tank cars with
carrying cavacity from 12 to 60 2.‘ Diluted nitric acid is sent to
the small consumers in glass bottles. @oncentrated nitric acid in
individual cases is poured into aluminum barrels with capacity of
100-120 kg. It is forbidden to ship concentrated nitric acid in
barrels and bottles by railroad.

If the tank cars are contaminated, before filling they are
cleaned in a separate washing area. The tank cars for diluted nitric
acid are made of stainless steel, and those for concentrated nitric
acid are made of alumin-m. Those for the blend and oil of vitriol
(concentrated sulfuric acid) are made of carbon steel.
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General Information

Because of the increasing needs of mankind for food products
and the acute need to increase the fertility of soils, the world
production of mineral fertilizers is developing at relatively high
rates that significantly exceed the average rates of growth of
other industrial products.

The rates of development of the mineral fertilizer industry
are especially significant in the USSR (2-fold higher than in the
capitalist and developing countries). In 19258, the Soviet Union
produced 12 million £ of mineral fertilizers (in conventional units),
31.3 million € in 1965 (average annual increase of 14.77), 35.8
million ¥ in 1966, and 43.4 million T in 1968. In the next 5 years,
the USSR plans to increase the output of mineral fertilizers to 48
million ¥. The highest rates of increase are planned for 1969 and
1970 during which our country should start up new shops and plants
with total output of about 13 million € of fertilizers per year
(average annual increase in 1966-1970, 15.8%).

The dynamics for the production of mineral fertilizers in the
capitalist and developing countries is illustrated by the following
figures (in million *P):

Nutrients 1958-1959 1965-1966 Average annual
increase 1

Mitrogen (N) 7.92 14.87 9.4

Phosphorus (P,0.) 7.78 - 12.13* 6.5

Potassium (K307 5.61 9.31% 7.5

Total 21.31 36.31 7.9

*Estimate (approximate data)

It is apparent from these data that the rates of growth in
output of nitrogen fertilizers is higher than potassium, and especi-
ally phoaphorus fertilizers. In recent decades, the percentage of

nitrogen fertilizers in the modern structure of the world production
of mineral fertilizers has drastically risen. Thus, in 1965-1966,
the ratio of nutrients (H:PZOS:KZO) in the mineral fertilizers »ro-
duced in the capitalist and developing countries was respectively
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1:0.8:0.63. Judging from the predictions for 1970-1975 and subse-
quent years, the percentage of nitrogen fertilizers in the world
production of mineral fertilizers will increase even more.

The structure of production of nitrogen fertilizers in the USSR
is presented in volume I of the Reference Book for the Nitrogen
Industry Worker (p. 9).

Below is the structure for world production of nitrogen ferti-
lizers for 1959-1965 (in 7):

Fertilizers Years
—_ — - 62— 1963— 1964 —
‘:isﬂn ] ll° 0060 { ?900‘2 ‘l’Q Oz 3 1964 1965
Ammonium nitrate 28 28 28 a9 29 29
Ammonium sulfate 26 26 23 21 19 18
Carbamide [ 8 8 9 10 11
Potassium nitrate 5 4 4 4 3 3
Sodium nitrate 3 2 3 2 2 2
Calcium cyanamide 3 3 2 2 2 2
Other nitrogen fertilizers
solid 11 12 13 14 15 15
Do 18 19 19 19 20 20
liquid

*Including ammonium sulfaie-nitrate and lime-ammonium nitrate.

One can draw the conclusion from here that ammonium nitrate
(including lime-ammonium nitrate) continues to remain the main
nitrogen fertilizer. The percentage of ammonium nitrate is especially
considerable in the total volume of production of nitrogen fertili-
zers in the Soviet .Union, and its leading role will be maintained
in the next 10 years.

The percentage of ammonium sulfate in the world production of
nitrogen fertilizers is noticeably dropping. The USSR only pro-
duces ammonium sulfate as a side product from coking coals and the
synthesis of caprolactam.

There is a steady increase in the production of carbamide.
The scales of its production haverisen most significantly in the
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USSR, United States and Japan. For example, in the last two
countries, the volume of carbamide production in 1960 was respective-
ly 656,000 and 660,000 €, and in 1966 increased to 1,615 and 1,504
million €. In the Soviet Union, the production of carbamide during
this period rose 29-£fo0ld. 1Its percentage as concentrated fertilizer
will increase in future years in the balance of nitrogen fertilizers,
but at slower rates. One should note the general trend towards a
transition to producing more concentrated fertilizers which is
characteristic both for the nitrogen industry of the USSR and as.a
whole for the domestic industry of mineral fertilizers. The nitro-
gen concentration in nitrogen fertilizers produced in the USSR in
1965 was 337%. '

Liquid fertilizers occupy second place in the world production
of nitrogen fertilizers. The United States makes extensive use of
liquid fertilizers. This country in 1964 used 567 of the production
of fixed nitrogen in the form of liquid fertilizers (liquid ammonia
and ammoniates). The production of ammoniates in the United States
primarily used ammonium nitrate and carbamide. Ammonia water is
used on insignificant scales as a nitrogen fertilizer.

The consumption of liquid nitrogen fertilizers in the United
States is characterized bv the following data (in thousand ¥ of nitro-

gen):

Toam (82% N) (30—50% N) ae :‘;ﬂg‘% N Beero
19591960 507,0 144,0 88,0 739,0
19601964 616,0 255,0 710 948,0
1964 --1962 707,2 3434 99,2 1141.5
19621963 884,2 4384 102.2 1424,8
19681967 1803.5 7688 159,7 2728,8

Key:
1. Years
2. Liquid ammonia (827 N)
3. Ammeoniates (30-507 N)
4, Ammonia water (20-257 N)
5. Total
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The United States also manufactures liquid complex fertilizers,
triple with percentage ratio of N:PZOS:KZO equal, for example, to
8:16:8; 10:10:10: 5:10:10, and double, containing N and PZOS in
ratios of 8:24; 12:36; 10:15 etc. However, the quantity of nitrogen
that is used in the form of liquid complex fertilizers is very small
in the balance of U.S. nitrogen fertilizers. For example, in 1966-
1967, only 7% of the complex fertilizers were used in the liquid form.

Liquid fertilizers, both nitrogen and complex, are produced
in other countries in very small quantities. The large percentage
of liquid fertilizers in the world production of nitrogen fertilizers
is therefore due to the large-scale production of them in the United
States. By the .end of the current five-year plan, the Soviet Union
plans a noticeable rise in the consumption of liquid ammonia as a
fertilizer, except for ammonia water.

In contrast to the United States, the West European countries
(FRG, England, France, Italy) produce triple and double solid com-
plex fertilizers in large quantities. In 1964-1965, 30.57 of the
nitrogen fertilizers in these countries were produced in the form of
complex fertilizers. The United States and Japan also manufacture
ammonia phosphates as complex fertilizers (ammophos, diammophos, etc.)
which contain over 607 nutrients (¥ and P504). The United States
used 32.97 fixed nitrogen total in the form of complex (complex and
mixed) fertilizers in 1966-67.

Japan has begun production on an industrial scale of slowly
assimilated carbamide-formaldehyde fertilizers and ammophoska which
includes carbamide-formaldehyde complexes.

The Soviet Union plans in the near future to primarily develop
the production of concentrated complex and mixed fertilizers. Con-
sequently, a more significant part of the production of fixed nitro-
gen will be used in the form of complex fertilizers. Part of the
one-sided (single) fertilizers, including the nitrogen, is currently
used to produce fertilizer mixtures. It is planned in the future

173




o

to introduce at a number of plants new methods for oroducing
complex-mixed and mixed fertilizers and to set up production of
single and complex fertilizers for dry fertilizer mixing. In this
case, all the nitrogen fertilizers will be produced in noncaking
forms.

l. Ammonium Nitrate

Physical-Chemical Properties of Ammonium Nitrate

Ampmonium nitrate NH,NO; in the pure form is a white crystal
substance (molar weight 80.043) which contains 607 oxygen, 5% hydro-
gen and 357 nitrogen in ammonia and nitrate forms. The technical
product has a white color with yellowish hue and contains no less
than 34.27 nitrogen.

The main physical and chemical properties of ammonium nitrate

are presented below:
Density, g/em®  , 1.69-1.725  Heat

Bulk density, g/cm of melting, kcal/kg 16.2
of freely poured of formation from simple
granules (17 mois- substances (at 18°C and
ture content,20°C; 1 atm.), kcal/mole 87.2
particles 1-2 mm) 0.8262 Coefficient of heat con-
with dense packing ductivity (at 0-100°C),
of particles 1.1636 kcal/(m x h x deg) 0.205

Temperature,®C
melting 169.6-170.4
decomposition over 190

The specific heat capacity of the ammonium nitrate g (in kcal/
(kg x deg)) depending on the temperature, changes as follows:

t,°C —100 10 20—28 100 82—124
ac 0.306 o.m 0398 0422 0428 0426

The angles o of rest of ammonium nitrate with varving:relative

hunidity E of the air and temperature 10-30°C have the following
values:
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At 10°C At 20°C At 30°C
E,Z 50 60 70 49 50 60 70 30 40 50 60
a’ 36 36 38.5 36 36.5 37 45 34 35 37 37

Ammonium nitrate can be crystallized in five different modi-
fications (I, 1I, III, IV, V) as well as in the metastable form with
area of transition! in the temperature interval 44-57°C. Poly-
morphous transformations of crystals (transition of one crystal
modification into another) are accompanied by a change in the density
and organic chemistry of the crystals and the release of a different
quantity of heat (tables II-1, II-2).

Crystals of ammonium nitrate of rhombic shape which are stable
at temperatures from -16.9 to +32.3°C do not cake and are the best
form of nitrate when it is used as a fertilizer. At a temperature'
above 32.3°C, the ammonium nitrate crystals increase in volume.

TABLE II-1. CRYSTAL MODIFICATIONS OF AMMONIUM NITRATEZ'a

Modifications Temperature of Density of
stability of crystal crvssals 0
modifications .°C Jom:

Cubic (I) 169.6-~125.2

Tetragonal (II) 125.2-84.2 1.69(84.2°C)

Rhombic or monoclinal (III) 84.2-32.3 1.66(32.3°C)

Rhombic bipyramidal (IV) from +32.3 to -16.9 |1.725

Tetragonal (V) below -16.9 1.725) Pep

TABLE II-2. HEATS OE 2ONVERSIONS OF MODIFICATIONS OF AMMONIUM NITRATE

NITRATE
. a ] 3
:xum v """%m" wrm
noA/8
Pwl*'ammu cons =21 . . 169.6 16,75
=1 ........... 125.2 12,24
ne=>mr .......... 84,2 . 417
He==Iv .. .. .. .... 323 499
IV&Ees=2Y o vt te e e -189 1.6
Key:
Conversions 4, Melted salt

1.
2. Temperature,®C
3. Heat of conversion, cal/g
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Key:

I.

II.
I1I.
Iv.

v.

1.

2.

3.

Cubic -medification (regular)

Tetragonal

Rhombic or monoclinal

Rhombic bipyramidal

Tetragonal 3 3 3 12
Specific volume cm”/g or in”/kg, or m> /[T
Temperature,®°C

Melted salt

The dependence of the specific volume of crystal modifications

of ammonium nitrate on

Ammonium nitrate
and organic compounds.

the temperature is presented in fig. II-1.

is a strong oxidizer of a number of inorganic
It reacts intensively with certain sub-

stances that are in a molten state (for example, with sodium nitrite
melt) all the way to explosion.

If gaseous ammonia is-passed over solid ammonium nitrate,
then a very mobile liquid is rapidly formed, ammoniate (compounds of
the type ZNH4N03 x 2NHq or NH,NO, x 3NHj).

Ammonium nitrate dissolves well in water (table II-3), in
ethyl and methyl alcohols, pyridine, acetone and liquid ammonia.

e e e A —— [
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TABLE II-3. SOLUBILITY OF AMMONIUM NITRATE IN WATERA ?
. ;
&y
', " leopuoc(n NH(NO, (" Pacrsopanocts NH(NO,
'renucep‘a-rvpa Teuneqn'rypl
¢ m/‘: ” /100 2 C uII!, Jio' 2
Bsomn pacrsopa »onn . pactsopa
0 1,108 54,49
\ 5 1,343 57,31 90 7,718 88,53
' 10 1,497 59,96 95 8,748 89,74
15 1,676 62,83 100 9,942 90,86
! 20 1,872 62,18 105 11,470 91,98
{ ! 25 2,085 67,59 110 13,300 93,04
] f 30 2,333 70,00 115 15,700 84,04
E 32,5 2,443 70,98 120 18,880 94,97
: 35 2,557 71,88 125 23,390 95,90
‘ 40 2,802 73,70 1258 24,450 96,07
) 45 3,077 75,48 1 28,400 96,61
: 50 3,388 77,24 135 33,130 97,07
| 55 3,721 78,84 140 40,500 97,59
{ ! 80 4,107 80,42 145 52,180 98,11
i 85 4,536 81,% 150 64,360 98,47
1 ‘ 70 5,008 83,35 155 94,230 98,95
5 5,555 84,74 160 148,300 99,33
80 6,183 88,08 185 356,100 99,72
85 6,898 87,34 169,8 oo 100,00
Key:
1. Temperature,®°C
2. Solubility of NH4N03
f 3. kg/kg of water
4. g/100 g of solution

Figure II-2. Heat Capacity of Aqueous
Solutions of Ammonium Nitrate at 25°C

Key:
1. Specific heat capecity
\L\ cal/(g x deg)
i . 2. Content of NHQNO3,Z
w0 W % 8 W
Codepxcamm NHNOy , 7‘&)

8

2
~

S
Y

YdiionaR menoemnocme
€2 xanf(2-2pad)

3
<

Ammonium nitrate is dissolved in water with absorption of a
large quantity of heat, therefore with an increase in temperature,
the solubility of NH,NO , considerably rises. When ammonium nitrate
is dissolved in an equal volume of water, the temperature of the
solution diminishes roughly by 25°C, for example from 15°C to -10°C.

- rp

With increased humidity and temperature of the air, the
volume of ammonium nitrate increases roughly 1.5-fold.

Great efforts are required to crush completely dry particles
177
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TABLE II-6. BOI%ING POINT OF AQUEOUS SOLUTIOMS OF

AMMONIUM NITRATE
Te:ﬂp}- ('J (1) Tcm

K L” i:u Toun!@- U)

onnenn~| Nasne- Typa Kounem--? Dasne- Typa { Kosuenr- JIGM;’; Typa
panuA | HRe, MM panua HHE, MM pauMA Hue,
mec. % | pm.cm, | FMUEMT L gegy |.pm.om, | FVETR L gec. o | pm.'em, | MG

58.0 168.8 74,5 84.7 463.2 1208 96.9 6480 189.8

68 | 032 7632 | 1378 7566 | 196.0
1.3 2

885 | 1760 | 956 | 973 | 1840 | 1435

| 68 | 1:28 2680 | 1100 220 | 1550

oo || omel| B E

' ' 9192 | 1480 | 980 ' 2

7508 | 1159 180 1 80 5720 | 1035

00 | 1444 | 740 4700 | 1408 [ 976 | 3572 | 1782

364 | 880 | 5700 | 1484 412 | 1818

396, 0 1 o409 | 1560 | 1180 2 2

7564 1 1202 2406 | 1328 | 9857 | 1600 | 1544

75.6 154.0 ' 776 340.6 145.2 186.0 172.

2510 | 923 5406 | 163.0 2496 | 1915

3510 | 1017 7406 | 176.0 3096 | 1995

3094 |t

4510 | 1090 969 | 4786 | 1308 gase | 2190

847 | 1800 | 908 2600 | 1515 8| =8
2632 | 1042 | 210 | 1735

Key:
1. Concentration, weight.Z
2. Pressure; mm Hg
3. Boiling point,°C

TALCLE II-7. PRESSURE OF WATER VAPORS ABOVE
SOLUTIONS OF AMMONIUM NITRATE

) T (N | bW | (A C) | {..
Telnggn-rypa Dannesme aun Texneparypa Oasnenne usA
MM pm. C. £/100 ¢ °c a4 pm. cm, 2/100 ¢

oI voas

10 645 147 { 70 84.9 498
15 8.55 165.5 80 115. 580
20 . 11,25 187 , 84.2 130.3 614
25 147 2125 ! 90 1439 716
k)] 19.0 242.5 95 156.5 303
40 29,2 203 100 1694 890
50 4295 as2 105 183.4 978
60 61.4 424 - ) - —_

Key:
1. Temperature,®°C
2. Pressure, mm Hg
3. Concentration g/100 g of water

saturated nitrate solution, then it will dry up. The pressure of the
water vapors in the air in rare cases is equal to their pressure
above the saturated nitrate solution. In this case, an equilibrium
state occurs the nitrate does not absorb or give off moisture.
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TABLE II-8. SURFACE TENSION g OF SATURATED AQUEOUS
- SOLUTIONS OF AMMONIUM NITRATE® (in dyne/cm)

i ) i
R ! i
foog ! ’ 1ot ec ‘ ’ . ¢, °C . 1ot s

! 80 88.0 140 8640

' |
) E
—1 852 I 40 87.8
0o | 8o I 50 88.0 90 87.8 150 86.5
0w | 869 | 60 88.0 100 87.5 160 852
29 | 874 70 880 120 86.8
30 { 8786 130. 855
\

Hygroscovicity of ammonium nitrate (or other hygroscopic salts)
is characterized by so-called hygroscopic point, the ratio of pres-
sure of the saturated water vapor above the solution of the given
substance to the pressure of water vapor that saturates the air at
the given temperature (i.e., the relative air humidity at which the
substance does not lose water and does not absorb it from the air).
The pressure of the water vapors that saturate the air changes very

strongly depending on the temperature.
The hygroscopic points of ammonium nitrate (in 7Z) have the
f following values:

Hygroscopic point,7 53 608 M09 27 594 525 484
] Temperature,°C 0 5 20 25 30 40 50

It follows from these data that a moist and warm climate is
very unfavorable for storing ammonium nitrate.

The only factor which can be regulated in order to reduce the
rate of vapor absorption is the size of the salt surface.8 The
larger the salt particles, the smaller its surface. However, the
presence of large particles creates conditions for the penetration
of air into the mass of the salt, and consequently, a larger surface .
participates in the process of moisture absorption. It can be
| considerably reduced if the particles of ammonium nitrate are covered

N by hydrophobic film.2:?

For several years the Soviet Union has been covering ammonium
nitrate with paraffin mazut in order to reduce the rate of absorption
of moisture from the air. The results of this treatment of the
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product have been quite satisfactorylo, since the rate of moisture
absorption from the air was drastically reduced, but this procedure
was not safe and it had to be abandoned.
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Figure II-3. Nomogram to:Determine the Equilibrium Pressures of
Water Vapor above Saturated Solutions of Ammonium Nitrate Depending
on the Temperature and Air Humidity

Key:
1. Pressure of water vapor, mm Hg
2. Relative air humidity, %
3. Region of wetting
4. Region of drying
~ 5. Solubility of HN,NO4, kg per 1000 g of water
1 6. Temperature,®°C
.
R Figure II-3 presents a nomogram to determine the equilibrium

pressures of water vapor above the saturated solutions of ammonium
nitrate with different temperatures and air humidity.2 The nomogram
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shows equilibrium relative air humidity, whose temperature equals
the temperature of ammonium nitrate. In addition, regions are
isolated of drying and wetting of the solid ammonium nitrate.

By knowing the hygroscopic point of ammonium nitrate (or
correspondingly the pressure of the vapors above its saturated
solutions), one can, by starting from the average meteorological
data on temperature and pressure of the air vapors, determine the
degree of absorption of moisture or drying of the salt at any time
of the year and in different climate regions.

The rate of absorption by ammonium nitrate of moisture from
the air with an increase in its temperature is drastically increased.
Thus, at 40°C, the rate of moisture absorption from the air is 2.1-
fold greater than at 23°C.

It has been established that mixing of ammonium nitrate with
superphosphate, precipitate, potassium chloride, ammonium chloride,
ammonium sulfate and other substances makes it possible to improve

the friability of the finished products to a greater or lesser degree.

However, the hygroscopicity of these mixtures remains high.11 The
hygroscopic points of the mixtures of ammonium nitrate with certain
salts (at 30°C) are given below:

Mixture of salts Hygroscopic point,%

(molar ratios)
NHNOp . - o o v o e e et e e e 594
NHNOs+(NHJ}804 . - « - « « v o v o v o 623"
NH(NOg+KNOg . . . . . . . . . ..o oot 599
NHyNOg+NHHPO¢ . . . . . . . . . .. .. 58.0
NHNOg+4+NHCl . .. . . . . . ... .. 514
NHNOs+NaNOg . - . . ¢ v v v v v v v n s 463
NH(NOg+Ca(HsPO4)s - HeO + NH,Cl + NaNOs . . 422
NHNO3+Ca(HsPOg)g HiO+Ca(NOs)g-4Hs0 . . 282
NH{NOy+Ca(NOg)g-4HsO . . . . . . . . . .. 23.5
NHNOg+CO(NHg)s . . . . . . . . . .. ... 181

Somewhat better results are reached in mixing or alloying
ammonium nitrate with salts that chemically interact with it, for
example:
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NH NOy+ KCl = KNOy+ NH(Cl
INH,NOy+ (NH)1SO04 = (NHy)3S0¢ - 2NH{N Oy

Granulation of ammonium nitrate also results in a decrease in
the rate of moisture absorption by the salt from the air. The
granulated ammonium nitrate has a smaller surface than the fine
crystalline product,and therefore absorbs the moisture from the air
at a slower rate. The hygroscopicity of the ammonium nitrate is one
of the reasons for its caking.

Caking

Ammonium nitrate cakes strongly and loses friability during
storage, and under certain conditions is even converted into a mono-
lithic mass that is difficult to pulverize. A lot of labor has to
be expended to crush 1 ¥ of this nitrate before it is added to the

soil.

The addition of certain inorganic additives to ammonium nitrate
makes it possible only to reduce its caking, but does not make it
possible to obtain fertilizer that meets the requirements of agri-
culture for friability.

In order to obtain ammonium .nitrate which would maintain for
a long time 1007 friability, a new technological plan has been worked
out. It stipulates procedures that make it possible to prevent
caking of the finished product for no less than 6 months of storage
under different climate conditions.

The caking of ammonium nitrate is due to many reasons7'10’12’

16-21,23 ,f which the chief are:

increased moisture content in the finished product;
heterogeneity and mechanical weakness of the particles;
change in the crystal modifications of the salt;

hygroscopicity.




The particles of ammonium nitrate of any shape that were
obtained according to the previously active nroduction plans con-
tained 0.8-17 moisture in the form of mother liquor (saturated). The
NH,NO, content in this solution corresponds to the solubility of
salt at the temperatures of loading it into the container. When
the nitrate cools, the mother liquor passes into the supersaturated *
state, and if there is a further drop in temperature, salt crystals
0.2-0.3 mm in size precipitate out of the supersaturated solution.
These new crystals link the previously unbound salt particles, as
a consequence of which the nitrate is converted into a caked mass.

The number of crystals released from the mother liquor as
the salt temperature changes can be judged from the data presented
in figure II-4. For example, with cooling of the salt that when
put into the container has 17 moisture, from 70 to 10°C, about 49 kg
of new crystals precipitate out for every ton of finished product.

It follows from here that the lower the moisture content of
the product and the lower its temperature when packed into the con-
tainer, the lower the caking of the salt will be with other condi-
tions equal.

Ammonium nitrate is manufactured in the form of round narticles
(granules), less often in the form of flakes, as well as in the form
of small crystals. Nitrate particles of any shave are generally
nonuniform. Granules have the most regular shape, however, even
among, them there is occasionally a large number of particles of unequal
shape, especially hollow granules that are distinguished by low
mechanical strength. These granules are crushed already under slight *
pressure.

When granulated nitrate_that is packéed in containers is stored
in stacks 2.5 m high each, the salt is exposed to great pressure
under its own weight. As a result of this, the nitrate particles
are crushed. They contain an increased quantity of moisture and form

dust. It compacts the nitrate mass and increases its caking.




w———————-—r —————
\ o i ) - . -

}
N 1

et i - Figure II-4. Quantity of NH,NO; Contained
§ Lol : in Form of Saturated Solutiof iA Finished
W\ T Product with Varying Temnerature and
S:xﬁ» | j!z Moisture Content from 0.3 to 2Z.
o /20h— .
g%”w A Key: Quantity of NH,NO, in form of
R ' * sgaturated solutioft, kg/2€¥
i:ﬁﬂ 2. Temperature,®°C
y g § V4
I & i
< § 20 =
0 5%‘7‘?w A A AU

Temreparmyoa. 6

(2

Practice has demonstrated that the presence of hollow particles
in the granulated ammonium nitrate and their destruction ranidly
accelerate the caking process. In this case, "inoculation" of the
mass of fairly strong particles with fragments of crystals seems to
occur. It has been established that the hollow granules are exposed
to recrystallization to the greatest degree.

Mutual transitions of crystalline modifications of ammonium
nitrate under the influence of temperature changes should be con-(k&:t)
sidered one of the important reasons for its caking. As noted (p.174),
the modification transformations of the crystals are accompanied by
changes in their structure,-density and other properties of the ammo-
nium nitrate which influence the friability of the product.

One of the five crystal modifications of ammonium nitrate that

exists at a temperature below 32.3°C, as indicated above, is essenti-
ally noncaking.

At the previously active productions of ammonium nitrate, the
salt was loaded into a container at a temperature not below 50°C
in the summer. The salt temperature was only lower in the winter and
with cooling of the product in apoaratus with a fluidized bé&f(:;z)
(p. 228). Under these temperature conditions, the modification
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transformations of the nitrate crystals are inevitable with an in-
crease in the caking. The force of the compnressed caked granulated
ammonium nitrate that is loaded into the container at temperatures
above 32°C rises strongly. This can mainly be explained by the
modification transformations that occur when salt that has a high
temperature and increased humidity is loaded into the container.

The hygroscoptcity that is inherent to ammonium nitrate
severely promotes its caking. With a change in the pressure of the
water vapors in the air depending on the geographical zone, season
and even day, the ammonium nitrate is wetted or dries up since the
container (paper sacks) is air-permeable. The caking is influenced
especially strongly by the absorption by the salt of the moisture in
the air. The saturated solution that is formed in the upper layer
of the nitrate gradually penetrates into the space between the
granules, then through the pores and capillaries passes into the
mass of the salt. With a further drop in temperature of the
surrounding medium, processes begin to occur which increase the
caking of the ammonium nitrate (see above).

In order to reduce the effect of hygroscopicity of the nitrate
on its caking, the most effective measure is vpacking the product in
a hermetically sealed container, for exammple, in polyethylene bags.

Other methods are also used to reduced caking,z%xr'particular,
the addition to the nitrate of such additives as products of nitric
acid breakdown of dolomites (DILM additive)19

powder (RAP, REM additives)lz’zs.

or apatite or phosphorite

Thermal Breakdown

During lengthy heating, solid ammonium nitrate initially melts,
and at 110-150°C begins to dissociate:

NH,NOy —» NHy+HNOs—4173 1041 (11-1)

The rate of this reaction at atmospheric pressure is low.
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JF Ammonium nitrate breaks down with further heating:

NHNOs —> NyO+2H;0+882 kcal (11-2)°

According to the data of some researchers, this reaction
begins at 170-190°C, and according to others, at 210°C.

It is thought that thermal breakdown of ammonium nitrate occurs
successively in the following stages:24 hydrolysis (dissociation) of
the salt, thermal breakdown of the nitric acid that is formed in
hydrolysis, interaction of the oxides of nitrogen and ammonia
obtained in the first two stages.

——

With intensive heating of the ammonium nitrate to 220-240°C,
} its breakdown in individual cases can cause a flash of the melted salt

mass. The presence of moisture in the ammonium nitrate has a very
strong effect on the composition of gases formed during its thermal
breakdown. Thus, when dry nitrate is heated to 220°C, the gas phase
contains 71.2%Z N,0, 2.5Z7 0, and 26.37 of other components. When
moist nitrate is heated to 220°C, the gas phase has 457 NZO' 137 NO,
107 NH4, 6.12% O, and 28-357 N,.

The breakdown of ammonium nitrate can also occur according to
the following reaction524:
NHNOy —» N3+ 2Hg04-1/40y+ 285k cal/mole(3sskcal/kg (11-3)
2NHNO3 —» N3-+2INO+-4H04-8.0kcalmole (8écalkg; (11-4)
3NHNOy —» 2Ny NO<-NOy+-6Hs0 + 18.5kcalmole(2st kcalkg (11-5)
4NHNO3 —» 3Ny 2NOp+8He0 4 264 kcalmed o305 kcaykg (11-8)
SNH(NOy —+ 2HNO3+4Ng+9HO + M08kcalinole (3825kcalkg) (II-7)
SNH,NO3 —» 5N3-+4NO+INOy+ 16HsO+- 158kcalVmote(18kcaVkg (I1-8)
ANHNOy —+ 2NHy-+ INOy+ NO+ No-+ SHyO—20.Tkcalimole (—259 kcalky (I1-9)

The breakdown of ammonium nitrate is considerably intensified
when it is heated in the presence of nitric, hydrochloric and
sulfuric acids, certain organic substances (for example, o0il, paraf- i

fin) and many metals in powder state (zinc, cooper; etc.). Ammonium
nitrate in the form of a melt does not react with iron, tin or
aluminum. In the presence of substances that increase the
sensitivity of ammonium nitrate, the temperature of its breakdown
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drops, in particular in the presence of o0il and chlorides in NH4N03
solutions that can be concentrated by evaporation.

The tendency of ammonium nitrate to break down under the
influence of high temperatures is significantly reduced in the
presence of calcium and magnesium nitrates, limestone dust, trical-
cium phosphate and especially carbamide.

Thermal breakdown of ammonium nitrate with an increase in
pressure (to a certain limit) can be intensified. Under pressure of
about 6 atm and corresponding temperaturezaa, the entire mass of
melted nitrate is rapidly broken down. In order to prevent (or
suppress)breakdown of nitrate at high temperatures, regardless of
the presence or absence in the salt of the substances listed above,
it is most effective to maintain an alkaline medium when concentrating

NH,NO, solutions by evaporation.

Ammonium nitrate is not very sensitive to jolts, impacts, fric-
tion and sparks, and only explodes under the influence of a strong
detonator, during thermal breakdown in a closed, limited volume or
during heating of densely caked nitrate. The process of breakdown
can end with an explosion as a consequence of secondary reactions

in the gas phase.25

When nitrate interacts with certain reducers (copper, sulfides,
pyrite -etc.), ammonium nitrite is formed. In its presence the pos-
sibility of nitrate explosion drastically rises. With an increase
in the particle size of ammonium nitrate, its sensitivity to explo-
sion is very reduced. '

Losses of ammonium nitrate during its thermal breakdown are
comparatively low. For example, when a melt is produced that con-
tains 98.5-997 NH,NO,, in an industrial evaporator under high tempera-
ture conditions, the following losses of nitrate because of its
thermal breakdown are observed:

Temperature,°C 20 215 0
Losses,% 08025 015
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Taking into consideration that under certain conditions,
ammonium nitrate can explode, strict observance of the established
safety rules is required during its production, storage and trans- {
porting.

The inflammability of ammonium nitrate is a consequence of
the release from it at moderately high temperatures of oxygen. It
increases the intensity of the flame. Certain easily oxidized
metal powders (for example, zinc) when they come into contact with
moist ammonium nitrate can ignite it. Organic or other oxidzing
substances that are impregnated with ammonium nitrate or are in
contact with it rapidly burn when ignited.

The mixtures that contain superphosphate, ammonium nitrate and
organic products can ignite spontaneously as a consequence of the
occurrence of oxidizing reactions in this case. They begin even
at normal temperatures. A temperature of about 290°C is required
to ignite pure ammonium nitrate.

Paper bpags or barrels in which there is ammonium nitrate can
spontaneously ignite even under the influence of solar rays. It is
categorically forbidden to store these bags and barrels; they should
be burned.

When the container with ammonium nitrate catches fire, nitric
oxides and vapors of nitric acid are released. There are known
cases?? of spontaneous ignition of the bags with ammonium nitrate in
railroad cars when they are not sufficiently cleaned of coal dust or
residues of pyrite. These fires develoo most often when uncooled

ammonium nitrate (70-90°C) is loaded into the cars in paper sacs.

Spontaneous breakdown and inflammation of the ammonium nitrate

are autocatalytic processes. Only water puts out the fires. The
production of ammonium nitrate is fire- and explosion-dangeruous.




Quality of Ammonium Nitrate

GOST 2-65 stipulates that two brands of ammonium nitrate be
produced: brand A. crystalline and flaky nitrate (for industry),
and brand B, granulated nitrate (for agriculture and industry).

Table II-9 presents the basic requirements for the quality

of ammonium nitrate.

TABLE II-9.REQUIREMENTS FOR QUALITY OF AMMONIUM NITRATE (GOST 2-65)

Indicators Brands

A B
Content of nitrate and ammonia
nitrogen in dry substance,% no
less
in conversion for NH,NO 99.5 97.7
in conversion for niéro en 34.8 34.2
Content of additives in dry
substance,’, no less
phosphates in conversion for P,0 Missing 0.5
or calcium and magnesium nitrageé
in conversion for Ca0 Missing 0.3
Moisture content, %, no more 0.4
Substances insoluble in water .7
no more 0.5 Not defined

Substances that can be oxidized by
potassium permanganate

Reaction of solution

Friability,? no less

Granulometric composition,®
granules size 1-3 mm, no less
granules smaller than lmm, no more

Temperature at packing.’C no higher

Sample withstands
testing bv

standard technique
Neutral

Mot determined

The same

Neutral or
slightly
alkaline (not
more than
0.057 NH.,)
or slighély
acid (not -
more than
0.022 HNO3)
100

90
6
30

Ammonium nitrate of brand B which is designed for use in
industry can contain 0.5-1.27 nhosphates (in conversion for P,05),
0.3-0.67 calcium and magnesium nitrates (in conversion for CaO) and
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no more than 0.27 of substances that are insoluble in 107 nitric
acid.

The plants that manufacture ammonium nitrate with phoesphorus-
containing additives are permitted to produce brand B products with
content of no less than 967 NH4N03, and no less than 33.67 nitrogen.

The friability of nitrate brand B is guaranteed by the manu-
facturing plant for 6 months when the product is transported and
stored under the appropriate conditions.

Determination of friability. The control check of the friability
of ammcnium nitrate is perfarmed by single throwing of five bags with
the product flat from a height of 1 m, and subsequent sifting on
sieves 1100 x 700 mm in size with height of the side 120 mm. The
sieves are made of steel wire grids (stainless steel) with square cells
with inside dimension of 5 mm (GOST 3826-47). The bag contents are
sereened on the sieve in two procedures. Before each screening
operation, the sieve is filled to side height of no more than 60 mm.

It is permitted to have a residue on the sieve of individual pieces
that are easily crushed by hand.

The control check of friability of armonium nitrate is per-
formed at the manufacturing plant at the end of the 5-month storage
period. This check does not free the manufacturer of responsibility
for claims against the qualitv of the nitrate made bv the consumers.

Different rapid methods are currently being developed for
determining the caking of nitrate that are planned for imtroduction
into industrial practice.

Determination of granulometric composition. In order to deter-
mine the granulometric composition of ammonium nitrate. it is screened
on a special instrument that is installed on a wooden panel 550 x 360
mm in size. The sieves are tightly attached to the moving nlatform
with a clamp. They are actuated with the help of a worm or belt gear
from an electric motor.
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The moving platform is nlaced on three support eccentrics
that together with it are actuated by a guide eccentric. The sieves
must make 15013 rockings in 1 min. The movement of the nlatform
must be smooth, without jerks.

The granulometric composition is determined as follows: 250 g
of granulated nitrate that is weighed with accuracy of 0.5 g is
screened for 2 min. on stamped sieves with cells 3 and 1 mm in size
(GOST 214-57). It is allowed to screen by hand with the same inten-
sity for Z min. The residues on the sieves with cells 3 and 1 mm in
size and the particles which pass through the sieve with cells 1 mm
in size are weighed separately.

The percentage content of individual fractions of granules is
computed according to the formula:

x = & X 100

where g is the weight of the fraction, .

Production of Ammonium Nitrate

The basic raw material for the oroduction of ammonium nitrate
is: gaseous ammonia (moisture content no more than 17: admixtures
of oil, catalyst dust, etc. are not permitted) and diluted nitric
acid (47-49% and 56-58%Z; the presence of over 0.27 nitric oxides).

The production of ammonium nitrate also uses ammonia-containing
gases, wastes from the synthesis of ammonia or carbamide (p. g2/
and following). A sample composition of these gases is given in
table II-10.

When low-caking and water-resistant ammonium nitrate (o. 1577
and following) is produced. the preparation of the additives re-
quires: dolomite (32-337 Ca0, 43-447 CO,. 16-197 MgO, no more than
2.5% 510, , no more than 0.57% Al,0,; and no more than 0.77 Fe,04 with
saturation density of ZI%/m ); apatite concentrate (GOST 3277-54);
ohosphorite powder (TU 1494-49., bulk density 1.68-1.7 T/m3);

194

. . L mn e e At S———————— o — - =




sulfate (GOST 69381-54); sulfuric acid 92-947 (GOST 2184-65) :alinhatic
acids and mixtures of them with paraffin (table II-11).

The enterprises that manufacture ammonium nitrate by the new
technological plan (p.152%) use a talcum-magnesia mixture supplied
according to temporary specifications in order to dust the granules.

TABLE II-10. COMPOSITION OF AMMOMIA-
CONTAINING GASES (In 7)

I 2 ﬂponya raau *
Honnonenrst T",!;‘;“’:‘“ BOUHNE nﬁ'ﬂn-:nll
p raou KapGamuna
| |

NHy . . . .. ... 57—60 7—8 54456

Hy, ........ 2527 55—60 _

Ni oeovien 8—9 26—20 -

CH, ....... 9—3,5 10—11 -

AT o v o e e 1—0,5 2—1 —

COy .. v« — - 33—-35

HO .......- - —- 13—9

Kevy:

Components

Tank gases

Blow-through gases

Gases of distillation of carbamide melt

ENUCE S

TABLE II-11. CHARACTERISTICS OF ALIPHATIC ACIDS
AND THEIR MIXTURES WITH PARAFFIN

Indicators Aliphatic ixtures of paraf-
acids in and aliphatic
. cids (1:1)

Consistency at 20°C Solid Solid
Color Dingy vellow
Ether number, mg KOH 9 72
Nonsaponifiable compounds,’ . 4 -
Temperature,°C A

of melting 50 56

of solidification 47 46

of flash (according to Brenken) 213 195
Conventional viscosity.°CV 1.73 (at 100°C) 1.23 (at 90°C)
Water content,? 0.045 0.043
Mechanical admixtures,? no more 0.046 -
Moisture Missing

The process of ammonium nitrate production consists of the
following basic stages: '
1) production of solutions of nitrate by neutralizing the

¥This refers to the Russian pg 195




nitric acid by gaseous ammonia or ammonia-containing gases:

2) concentration by evavoration of solutions of ammonium
nitrate until a melt is obtained;

3) crystallization of salt from the melt in the form of
granules of spherical shape, small crystals or flakes;

4) cooling or drying of the salt:

5) vacking of the finished product in a container.

In the production of low-caking or water-resistant ammonium
nitrate there also are stages of oroducing additives. Certain plants

also screen the salt and dust it.

Production of Solutions of Ammonium Nitrate

When the normal operating regime is observed, the reaction

NHg+ HNOg == NH(NO, (11-1)

occurs without the formation of by-products.

The thermal effect of this reaction depends on the concentra=
tion and temperature of the nitric acid (fig. II-5) and the tempera-
ture of the gaseous ammonia or ammonia-containing gasesz'26'27. The
thermal effect of the process of neutralization is reduced bv the
amount of heat of dilution of nitric acid bv water and dissolving of
ammonium nitrate. Thus, the influx of heat during neutralization is
determined bv the quantity of heat introduced by the original com-
ponents (nitric acid and ammonia) and released during the interaction
of these reagents. The heat of the neutralization process is
removed by the formed solution of armmonium nitrate, is lost into:
the surrounding atmosphere, and is consumed for the evaporation of
water from the solution. With the approoriate apparatus design of
this stage of the process, the heat of the neutralization reaction
may be sufficient to evaporate almost all the water introduced with

the nitric acid.

Figure II-6 shows the dependence of the concentration of
obtained solutions of ammonium nitrate on the use of heat released

in the process of neutralization and on the concentration of
196
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during Formation of NH,NO during Neutralization oé Hﬁo3 by
on the Concentration oé O%i- Ammonia on the Concentration of
ginal Nitric Acid (at 1 atm. Original Nitric Acid
and 18°C) (tempnerature of ammonia 60°C. loss
Kevy: of heat into surrounding medium
21, HNOé concentration,? 11,000 kcal /T, pressure 1 atm.);
2. Q, Ke

al /mole NH,NO .
4773 Key'1. with use of reaction heat.

temperature of HNO, 70°C

2. The same, temperatare of
HMO, 30°C

3 witﬁout the use of reaction
heat

4., Content of NH4N03.Z

5. Concentration of HNO3,Z

of the employed nitric acidzg. Nitric acid whose concentration does
not exceed 607 HNO,; is usually used to obtain solutions of ammonium
nitrate. The use of more concentrated acid would result in a con-
siderable increase in the temperature in the neutralizers, and
consequently, a noticeable breakdown of nitric acid.

Only the reaction heat of neutralization is currently used29
for nartial concentration by evaporation of the solutions of ammo-
nium nitrate. Part of the liquor vapor is used for evaporation of
liquid ammonia or warming the gaseous ammonia and nitric acid sent
to the neutralization apparatus (concentration of the solution of
ammonium nitrate in preheating of the acid by the liquor vavor to
55-60°C 1is increased by 1.5-2%). Concentration bv evaporation
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of liquid and preheating of gaseous ammonia used in the nroduction
of nitric acid previously required 200-250 kg of live steam ver 1 3~
of production acid.

Industrial units for production of solutions of ammonium
nitrate with the use of the neutralization reaction heat are divided
into four tyvmes:

1) units that operate at atmosvheric pressure (gage pressure of
liquor steam is 0.25-0.3 atm.);

2) units that operate with the use of a vacuum-evavorator;

3) unifs that operate under increased pressure;

4) combined units that operate under pressure in the zone of
neutralization of the original components and with rarefaction in
the zone of separation of liquor steam from the solution (melt) of
ammonium nitrate.

Domestic industry produces solutions of ammonium nitrate with
the use of reaction heat in systems of neutralization that operate
under atmospheric pressure, and in systems with self-evaporation of
the solution during rarefaction in a vacuum-evaporator. The most
popular is the first system of neutralization. It is simple in
technological operation and design and is distinguished by stability
of - the operating pattern.

Neutralization with a vacuum-evaporator is only used in
individual cases if it is necessary to refine the blow-through,
tank and other ammonia-containing gases. It is cumbersome and incon-
venient to service. The systems of neutralization under pressure of
3.5-6 atm are used abroad. They require a fairly high consumption
of electricity to compress the consumed ammonia, comparatively
complicated regulation of the nitric acid feed under pressure, etc.
This plan was used many years ago in the Soviet Union, but was
abandoned because of the listed shortcomings.

The USSR does not use combined units, but similar domestic
plans have been developed.30-
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Figure II-7. Neutralization Apvaratus ITN
with Natural Circulation of Solution

Key:

1. Cylindrical tank

2. Inner cylinder (vessel)

3. Connecting pipe for discharge of solution
(during repair or inspection of apparatus)

4. Device for supplying ammonia

5. Device for suppnlying nitric acid

6. Hydraulic gate

7. Separator

8. Liquor steam

9. Air

10. Solution

Industry uses neutralizer avnparatus employing the reaction heat
and operating at atmospheric pressure with natural circulation of
the solutions.3; Nitric acid and ammonia interact in these units in
the liquid phase under a certain hydrostatic pressure of the liquid
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column. This prevents boiling up of the solutions and formation
of a foggy ammonium nitrate. A number of changes were made in the
original design of the neutralization units in the course of many
years. low the units with natural eirculation of the solutions*
differ little from each other.

The ITN units now used guarantee theminimum time for interaction
of the nitric acid and armonia and the production of solutions of f
ammonium nitrate with assigned temperatures. '

The neutralization units that operate under atmospheric pressure
consist of ITN units and auxiliary units, final neutralizers-mixers,
collectors and others.

The ITN unit is shown in fig. II-7.

The characteristics of the frequently employed ITN units are:
r Diameter, m 3.25 2.4
Height, m 10.15% 7.63%%

Diameter of inner vessel, m 1.3 1.0
Output, €/day NH,NO4 650-700 450

*
with final neutralizer
without final neutralizer

The inner cylinder 2 (vessel) is the neutralization part of

the apparatus in which a reaction occurs between the nitric acid and

the ammonia. Liquor steam is additionally released in the ring space

% between the outer and inner cylinders (circulation-evaporation part
of the apparatus) from the solution. Intensive circulation of the
liquid between the neutralization and the circulation-evaporation
parts of the ITN apparatus is created because of the difference in

LI the densities of the solutions in both parts of the unit.

. Nitric acid and ammonia are fed to the neutralization part of
& the ITN countercurrent on pipelines on whose ends there are distri-
K bution devices 5 and 4. This makes it possible to create in the ITN

? *We will furthexr call all the.units that use neutralization heat, ITN
units.
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unit a large contact surface between the liquid and the gas. The
neutralization process occurs at 110-135°C, depending on the concen-
tration of the employed nitric acid and its temperature, as well

as on the temperature of the gaseous ammonia. The solution of ammonium
nitrate that is formed in vessel 2 flows into the ring space. The
absolute pressure above the evaporation mirror of the solutions

reaches 1.2-1.3 atn. Consequently, the liquor steam can be used

as the heating steam.

It is expedient to conduct the neutralization process in a
slightly acid medium since in this case the losses of ammonia,
nitric acid and nitrate with the liquor steam are lower than in
the slightly alkaline medium. As follows from tables II-12 and II-13.
when there is a surplus of nitric acid, the oressure of the HNO3
vapors above the solutions of ammonium nitrate is lower than the
pressure of the ammonia vapors above the NH4N03 solutions.

TABLE I1-12, PARTIAL PRE3SURE OF STEAM OF NITRIC ACID
AND WATER .32 ABOVE NH4N03-HNO3-H20 SYSTEM

(N TEY (Y tapumeaace Ch) C Dapomsssce
ommerrrpe- | Tommepa- napsenme Teamope- nABsewwe
nK-l NH::VO. 1!80 AN M. M. ul!‘n NIH.EOa ,’8. M0 PM. CW.
hec. e B0 | HNO, "% Ho0 | HNO.

ﬂn wonnerTpanxn HNOy 0,5% :’pn xornersTpaunn HNOy 1%

86,2 1429 | 784,3 2,5 83,8 1380 | 756,5 3,7
91,3 157,5 | 739.3 3,5
81.5 132,5 | 564,7 2.4 96,2 104,5 | 7333 24,0
81,7 1355 | 544.5 3.2 96,7 195 7218 | 434
95.5 1825 | 542,5 | 14,8 85,5 1309 | 563,68 3.8
.6 1458 | 542,14 5.1 95,0 1475 | 541,8 15,8
97,0 1790 { 3584 6.6 96,6 1860 | 5248 | 302
95,7 169,3 48,5 88 95,5 173,2 508,2 4.5
2.4 1385 | 3464 14 9,0 161,0 | 3415 12,5
Kevy:

1. Concentration of NH,NO, , weight.Z

2. Temperature,°C

3. Partial pressure, mm Hg

4, With HNO3 concentration of 0.5%

5. With HNO3 concentration of 17

Calculations show2 that, for example, with a change in the
solution of ammonium nitrate of the content of ammonia £rom 0.1 to
0.5 sz/l', the losses of NI{3 with the liquor steam increase from 2 to
10 kg per 1 ©of finished product. If the HNO, content in the




TABLE II-13. PARTEA& PRESSURE OF STEAM OF AMMONIA AMND
WATER ABOVE SYSTEM NHQVO -NH3-H

2
O\ T R e l I—
BecC. ', patypa My pm, em, vec. % ,3,8. ax pm. cm.
NH{NO, | NH. | © | HO | NH, | NH.No.| NH, HO | NH

5948 9.28 60 396 | 7079 91.7 0.32 120 281.6
763 989 | 5104 0.50 3414 2714
5.63 63,7 | 3949 023 310.7 154.5
3.59 101.0 | 2050 954 0.84 130 155.8 592.0
659 3.74 80 148.0 | 6045 0.37 2883 U3
3.06 117.6 | 4829 020 2129 2349
1.96 1043 | 347.2 018 2774 172.5

“79 158.9 1371
782 5.64 70 50.4 gg 9 96.3 8-348) 150 :4% g %g
y 2 8 b 7

B 2 “ 013 2269 | 2399
3.08 72.4 | 3799 973 0,48 150 98.0 664.9
1.79 734 | 2286 0.45 143.2 606.2
858 2.4Y 90 48.4 | 7052 035 116.0 485.0
1.60 857 | 4633 96.9 040 160 120.4 641.2
T IEH I (R

8 1 201.6 . N (
882 182 % 0 025 98.4 511.8
0.16 1232 337.0

Kevy:
1. Concentration,weight.?
2. Temperature,®°C
3. Partial oressure, mm Hg

nitrate solution changes, for example, from 0.2 to 1 g/l, the losses
of nitric acid with the liquor steam rise only from 0.4 to 1 kg per
1 ¥ of product. However, at individual plants, the process of
neutralization is still conducted in a slightly alkaline medium,
since corrosion of the welded seams of the pivnelines and equipment
significantly increases in a slightlv acid medium.

Figure 1I-8 shows the solubilitv of ammonia in the solutions
of ammonium nitrate.

Figure 11-8. Solubility of Ammonia

e in Solutions of Ammonium Nitrate q
. 5',00 *
n Y 3 Key:
- §m NN 1. in 507 solution of NH,NO, ]
) N 2. in 60% solution
: > 1 3. in 707 solution
= 70 _—~Llr 4. Temperature,®°C
S E B R R B 5. gglggili.g{,tgé;goo 2 H20 in
Pacméapurmccme, 2/ 0003 WO 8 pacmbopax NH4NOy 43 sou
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Comotns O rasvevoasmip@)  Figure II1-9. Plan for the Process of
nen Wil Neutralization at Atmosoheric Pressure

Key:
1. Pressure tank for nitric acid
2. Trap of liauor steam
3. Evaporator
5 "4, Preheater
. 5. Condensate collector
Hondencam N 6. Neutralizer
/ &8 7. Final neutralizer
E 8: Centrifugal pump
' f 9 ng & 3 Separator 4
* PR R § 10, Nitrice aci
; ” s‘ ;§ 11. Liquor steam
i Ha l|é§§ 12. Gaseous armonia
l; l 5 ;‘ 13. Steam
FJ 4 _ il Sl 14. Condensate
' — 12. Hot condensate

Solution of NH4N03 to concentration
by evanoration

The nitric acid used to obtain solutions of ammonium nitrate
must be preliminarily blown through with air in order to remove the
nitric oxides dissolved in it (permissible content of nitric oxides
in the acid is no more than 0.27).

If the nitric acid is not sufficientlv freed of nitric oxides,
thev form ammonium nitrite with the ammonia. It is broken down in
the reaction zone into water and elementary nitrogen. Ammonia losses
as a result of this reaction can be considerable, roughly0.5kg of
nitrogen per 1 ¥ of nitrate.

The condensate of liquor steam from the neutralization section
is often used to sprinkle the absorotion columns in the oroduction of
nitric acid. 1In certain cases. the condensate is ovurified from
admixtures of ammonia and ammonium nitrate on ionites 323.

The plan for the neutralization unit that operates at atmosoher-
ic pressure is shown in fie. II-9.

Nitric acid (sometimes with inorganic additives that reduce
the caking of nitrate, p.157% goes-through the nressure tank 1 that

is equipoed with an overflow. Gravity flow occurs under constant
¥This refers to Russian page 203
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pressure in the ITN unit 6 (in a number of cases, nitric acid is
oreheated by liquor steam to 55-€60°C before being fed into the ITN
unit). At the same time, gaseous armonia is fed here. Tt oprelimi-
narily passes through evavorator 3 a snrav of gaseous ammonia and
is preheated in unit 4 by steam condensate. The preheaters of
armonia and nitric acid are units of the shell-and-tube tyoe whose

characteristics are presented below:
Ammonia preheater Acid pre-

Diametrer of housing. mm heater ‘
Diameter of housing. mm 476 600
Length, mm 3000 (piopes) 3224 (totald
Height, mm 2 3504 -
Heat exchange surface, m ~29 35
Diameter of nipes, rm 25 x 3 25 x 2

Material

Carbon steel

Steel Kh18NOT

The ammonium nitrate that is formed in the neutralizer enters
the final neutralizer where ammonia or nitric acid is added to
create the assiened pH of the medium. The solutions of ammonium
nitrate are sent from the final neutralizers for concentration bv
evaporation. The final neutralizers are also buffer vessels that

guarantee continuous oneration of the evaporation station in the case
of short stoppages of the neutralizers.

The final neutralizer (fiz. I1-10) is a cvlindrical vessel made
of stainless steel that is equipped with a blade mixer that rotates
at a velocity of 30 rpm. It overates at tmospheric pressure and
temoeratures of 80-120°C.

Neutralization units with vacuum-evaporator. Production of
ammonium nitrate solutions from ammonia-containing gases (tank,
blow-through gases or gases of distillation from the carbamide shop)
uses a scrubber tyve neutralizer, vacuum-evavorator and corresponding
auxiliary equipment.

Joint processing of the ammonia-containine gases and easeous
ammonia is not efficient, since large:losses of the reagents with
the liquor steam are possible and since methane, hydrogen and other
admixtures are present in the ammonia-containing wases. By bubbline
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Figure II-10. Final Neutralizer

Key:
1. Solution

. Figure II-11. One of the Versions of the Plan
1_’0} for the Process of Neutralization with a
Coxobes Vacuum-Evaporator

Gevcamory
J Key:
4m$l l. scrubber-neutralizer
nucrome
2. pumo
3. vacuum-evaporator
(W emrocoery 4. trap
5. pressure tank
7 6 ) 6. hydraulic gate
Pacmlope: g. se iragor
2 = . collector
,,s,,%- 5 & 9. nitric acid
10. 1liquor steam to condenser
aam 2 11. to atmosphere
#a yraputamveyB) 12. 8olutions
¢ 13. ammonia
14, ammonia-containing gases
15. to concentration by evaporation

ammonium nitrate throueh the hot snlution, these admixtures can
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carry away the the ammonia, rhe steam of nitric acid and the ammoniunm
nitrate. In addition, with ioint processing of these gases. the
possibility of using the liquor steam is excluded because of the
presence in it of a fairly large quantity cf gaseous admixtures.

One of the versions for the process of reprocessing ammonia-
containing gases int> ammonium nitrate is shown in fig. II-11. The
gases enter the lower part of the scrubber-neutralizer. A solution
o=l NH4N03 which contains a surplus of nitric acid is fed to its
upper part.

The circulating solution of nitrate is mixed with the acid
in the hydraulic gate of the mixer.

The scrubber type neutralizer for reorocessing the ammonia-
containing gases is a cvlindrical apparatus 2.4 m in diameter and
5.15 m high. The scrubber has sieve plates which are rinkled by a
mixture of acid and circulating solution. 1In the top of the scrubber
there is an unsprinkled layer of metal .or ceramic rings (50 x 50 x 5
mn) which is thesettling tank. The velocity of the gas in the free
section is 0.4 nm/s.

The temperature in the scrubber-neutralizer is maintained at
roughly 90°C, i.e., 15-20°C below the boiling rcint of the formed
solution of nitrate. For this purpose, a solution is fed tc sprinkle
the scrubber which is sreliminarily cooled in a2 vacuum-evapcrator.
The spent gases come {rom the scrubber to the sieve washer (sprinkled
by condensate and nitric acid) where they are freed of the unreacted
ammonia and sprays of the nitrate solution which are carried away
from the scrubber. They are then sent for burning or are removed
into the atmosphere. A 20-307 solution of ammonium nitrate is
obtained in the washer.

According to another version, the solution of ammonium nitrate
is sent from the scrubber-neutralizer to the collector from which it
is pumped into the vacuum-evaporator or is sucked into it. Rarefac-
tion in the vacuum-evaporator is created by means of condensation




of the liquor steam (washed in the sieve washer) in the barometric
condenser and maintained by the vacuum-pump that removes the uncon-
densed gases into the atmosphere. In the vacuum-evaporator that
operates with rarefaction of ~ 600 mm Hg, the solution is concen-
trated by evaporation roughly to a concentration of 657 NH4N03 and
flows into the hydraulic gate-mixer. From here, a large part of the
circulating solution, mixed with nitric acid, is returned to the
neutralizer. The remaining solution is sent to the final neutralizer
where it is mixed with the solution of armonium nitrate that is
obtained in the ITN apparatus. These solutions are processed into

a commercial-grade product according to the standard plan (see below).

Below are the indicators:for the normal technological operating
regime at the stage of production of solutions of ammonium nitrate

(with the use of 47-497 nitric acid):

Temperature at inlet to ITN apparatus,®C

of ammonia 60-80
of nitric acid not above 50
Temperature of solutions at outlet,°C
from ITN apparatus 125
from vacuum-evaporator 70-80
from scrubber-neutralizers 90-100
Pressure of gaseous ammonia at inlet to neutralization
section, atm. 2.5-3.8
Pressure of ammonia-containing gases at inlet to
scrubber-neutralizer, atm. 1.2-3
Pressure of liquor steam at outlet from ITN apparatus,
atm, 1.2-1.3
Rarefaction in vacuum-evaporator, mm Hg 560-600
NH,NO, councentration in solution, 7, at outlet:
Qro ITN apparatus 64-65
from vacuum-evaporator 63-65
from exhaust gas washer 20-30
Content of nitric oxides (in conversion for N,0,)
in nitric acid, %, no more 0.2
Content of HNO3 in solutions of ammonium nitrate,
g/i, at outlet
from ITN apparatus to 1.0
from scrubber-neutralizer to 10.0
Content of NH, in solutions of ammonium nitrate after
final neutralfzers, g/i 0.1-0.2
Content in liquor steam (until its. -~ washing), g/l
of ammonia to 0.3
of ammonium nitrate to 1.5
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Concentration by Evaporation of Solutions of Ammonium Nitrate

Depending on the method of crystallization of the product, the
design of the evaporation apparatus and the purpose of the finished
product, solutions of ammonium nitrate are concentrated by evaporation
until the:state of a melt of varying concentration. Thus, with
crystallization in the granulation towers , the solutions are
concentrated by evaporation in final concentration units to a con-
centration of 99.7-99.97 NH4N03, and in the evaporation units of
old design, to 98.4-98.67 NH,NQ,. When crystallized on cooling
drum-rollers, the solutions are concentrated by evaporation to a
concentration of 97-987 NH,NO4 (""cold regime'’) or to 94-967 NH,KO4
("hot regime"). If the melt is crystallized in dish type units,
the solutions are concentrated by evaporation to a concentration of
94-957 NH,NO,.

With an increase in the concentration of solutions of ammonium
nitrate during their concentration by evaporation, the temperature
of the solution (melt) increases and the losses of NH,NO4 with the
liquor steam rise. Evaporation units are therefore used which
operate with rarefaction of 550-600 mm Hg. This makes it possible
to concentrate by evaporation the solutions at reduced boiling points.
This promotes a drop in the losses of the product at this stage of
its production.

A vacuum is created in the evaporation units as a result of
condensation of the liquor steam in the barometric condensers that
are sprinkled with circulating water. The uncondensed vapors and
air are sucked out of them by rotary wvacuum pumps.

Figure II-12 shows the boiling noints of solutions of ammonium
nitrate at atmospheric pressure and rarefaction. One can determine
from this graph that temperature to which the solution has to be
heated with the given vacuum in order to obtain a melt with the

assigned concentration33 of NHANO3.
208
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3 \ Figure II-2. Boiling Points of Solutions
of Ammonium Nitrate at Atmospheric Pressure
and Rarefaction

Key:

1. atmospheric pressure ‘
2. rarefaction of 200 mm Hg )
3. the same 300 mm Hg

4. the same 400 mm Hg

5. the same 450 mm Hg

6. the same 500 mm Hg

7. the same 550 mm Hg

8. the same 600 rm Hg

9. curve of crystallization of saturated solutions
10. temperature,®C.
11. solution concentration,’

Concentration by evaporation of ammonium nitrate often makes
use of a two-stage system of evaporation, less often a three-stage
plan in which a certain saving of live heating'steam3a is reached.
Two-stage concentration by evaporation is done with the calculation
that in the first stage of evaporation, the solution concentration
is increased roughly to 847 NH4N03, and in the second stage, to 98.4-
98.67 or (when a melt is obtained in the final concentration units)
to 99.5-99.7% NH4N03. The first stage in order to concentrate the
nitrate solution by evaporation uses liquor steam from the neutra-
lizers and partially from the evaporation units of the second stage.
In order to concentrate the solutions by evaporation in the second
stage to the state of a melt, live saturated steam is fed to the
evaporation units with pressure of 9 or 13 atm.

E If in the production of ammonium nitrate solutioms, 54-567

nitric acid is used, for example, their concentration after the
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neutralizers reaches 847 NH4N03. In this case, concentration of

the solutions by evaporation to the state of a melt is done in
one stage.

Evaporators. The production of ammonium nitrate makes ex-
tensive use of evaporators which are shell-and-tube heat exchangers
with especially designed separators. The distinguishing feature of
these units is concentration of the solutions by evaporation in a
fine film (layer) that is moving at a rate of 15-<25 m/s and more
along the inner surface of the pipes that are heated by the steam.
The advantages of the film evaporators include small losses of use-
ful difference in the temperatures because of hydrostatic depression.

The operating principle of the film unit that operates with
rarefaction of 600 mm He is reduced to the following. At start up,
heating steam is first fed into the interpipe space of the boiler,
then the solution is collected at 1/4 height of the pipes. Immedi-
ately at the inlet to the pipe, the solution starts to boil with the
release of a large quantity of steam bubbles. Rising upwards, they
take with them the solution that is 'creeping'' over the walls of the
boiler pipes. The steam-liquid emulsion that is formed in this case
is discharged at a high rate from the upper part of the pipes into
the separator, and hitting the surface of the bent blades here, it
acquires a rotating, eddy-like movement. As a result, rapid separa-
tion of the liquor steam from the evaporated solution occurs. -

An advantage of the film evaporators is also the high coeffi-
cient of heat transfer that is due to the small thickness of the
layer of solution and the high velocity of its movement ("creeping"),
and the single passage of the solution on the boiler pines. As a
result, the ammonium nitrate that is sensitive to increased tempera-
tures is not exposed to breakdown in the process of concentration of
its solutions by evaporation.

Solutions of ammonium nitrate of low viscosity are concentrated
by evaporation to a concentration of 847 NH,NO, in vertical, less
often horizontal evaporators. More viscous solutions--in horizontal

210

et




nap

f Conoded B)

Figure 1I-13. Evaporator AS-3 of Film Type

Key:

Cover

Shell-and-tube. heat exchanger

Boiler pipes

Comnensator

Air pipe

Guide blades

Manhole

Separator

Grid

10. Baffle layer of rings

11. Cover of separator

12. Connecting pipe for lower blow-
through

13. Liquor steam

14, Heating steam

15. Evaporated solution

16, Condensate

17. Solution

WO W N

AS units or in vertical £ilm units.

The horizontal evaporators of the second stage are gradually
being replaced by vertical that occupy a smaller svace. This makes
it possible to put so-called final-evaporators (p.162%) in the
active shops.

The second stage evaporators are located above the granulation
towers. These units consist of 2-4 two-way sections that are
installed above each other and connected by connecting pives. The
solution enters the unit from below and passes sequentially through
all the sections of the unit upwards. The formed steam-liquid
emulsion passes from the upper section into the sevarator (tangential
input of the emulsion is frequent). FHere the liquor steam is
separated from the melt.

The vertical film evaporator of type AS-3 (fig. II-13) is used
most often to evaporate solutions of ammonium nitrate to a concen-

tration of 32-847 NH,NO,. In this case, the liquor vapnors from the
S rerers to éﬁ?‘ﬁusslan page.
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ITN unit are used as the heating steam. The evapnorator is a
vertical shell-and-tube heat exchanger made of stainless steel with
a separator that adjoins the upper part of the tube. The tube
consists of 900 pipes 32 x 2.5 mm in diameter and 6000 mm long.

The heating surface is roughly 500 w?. In order to evaporate a

67% solution to 847 concentration of NH4N03, 18-20 m2 of heat
exchange surface is required for 1 €/h of nitrate.

The steam-liquid emulsion that is formed in the tube emerges
into the separator through a central separator which consists of a
horizontal cover with guide blades attached along its edges. The
drops of liquid that are carried off by the liquor steam are
separated by the baffle which is located in the upper part of the
separator (grid with metal, less often with ceramic rings).
AS-3 units are also used with heat exchange surface of 400 m2
(diameter of the shell 1300 mm, length 6700 mm; tube consists of
590 pipes 38 x 2 mm in diameter and 6000 mm long). Type AS-3
units have been used in recent years to evaporate solutions of
ammonium nitrate to the condition of a melt.

The horizental evaporator AS-2 (fig. II-14) is designed to
evaporate solutions to a concentration of 82-347 NH4N03 by liquor
steam that is fed into the interpipe space from the ITN unit. It is
a unit with two-way tube for the solution without a floating head.
Pipes in a quantity of 180 have a diameter of 32 x 2.5 mm and
length of 4000 mm. They are rolled into tube grids. The unit,
except for the flanges, is completely made of stainless steel and is
designed for working pressure of 1.1-1.2 atm. Units are also
installed with diameter of the housing 820 mm, length 6200 mm and
heating surface 120 m2.

The horizontal AS evaporators for evaporation of solutions
from a concentration of 82-847 to 98.4-98.67 NH,NO; consist of ome
or several sections with heat exchange surface of 60 or 120 m2 (fig.
II-15).
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Figure II-14. Horizontal Evaporator AS-2
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Figure 1I-15. Section of AS Evaporator

1. Housing

2. Pipes

,9. Pipe grids

4., Front cover (distributor head)
5. Partition

6. Connecting pipe for solution discharge
7. Cover of floating head

8. Rear cover

10. Air pipe
11. Condensate

12. Heating steanm
13. Steam-%iquid emulsion
14, Solution
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Figure II-16. Evaporation Two-Section AS
Unit of Second Stage

11 Key:
1. First section
2. Second section
Conalord 3. Senarator
|78 ammador. 702 4. Liguor steam
wod cenumper 5. Melt of ammonium nitrate
! 5130 2 6. Condensate
(1) 7. Steam
s H— 8. Solution
$ G -3
. 4 1)
i P

)
T ’;’ﬁ /fom?elﬂeﬂf.’l‘ '

The shell-and-tube uhit is two-way for the solution. The tube
with heating surface of 120 m2
Production of 1 ®/h of NH,NO4 requires 12.5 w? of heating surface.

Figure II-16 shows the evaporation unit of second stage which
consists of two sections. Fresh steam is fed parallel to each
section. The condensate is removed downwards through the condensation
trap (not shown in the figure) and is sent to the expander, from which
part of the condensate enters the ammonia preheater of the neutrali-
za:ion section. The steam formed in the expander is also used in the
first stage evaporators to evaporate solutions of ammonium nitrate
to a concentration of 847 NH,NO;.

In order to obtain 99.5-99.77 melt of ammonium nitrate,
vertical shell-and-tube units are used with "falling"” film of solu-
tion and countercurrent blowing through with hot air (175°C). The
heat carrier (steam at pressure of 13 atm.) is fed into the interpipe
space. Hot air blows through the pipes from top to bottom and
additionally evaporates the melt that is sliding along the inner
surface of the pipes, and then is removed into the atmosphere.

The condensers that are used in the production of ammonium
nitrate are divided into condensers of mixing and surface condensers.
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consists of 360 pipes 32 mm in diameter.
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Figure II-17. Barometric Con- Figure II-18. Surface Condenser
denser
Key: Key:
1. Housing 1,2. Partitions
2. Floors for water flow 3. Pines
3. Manhole 4. Connecting pipe for
4. Trap water drainage
5. Water 5. Water
6. Air 6. Liquor steam
7. Liquor steam 7. Condensate
8. Air

In the mixing condensers (barometric condensers), the liquor steam
is cooled and condensed as a result of mixing with the cooling
(industrial) water (fig. II-17). In the surface condensers, the

liquor steam and the cooling water are separated by pipe walls (fig.
11-18).

The new productions of ammonium nitrate only use surface
condensers that are vertical shell-and-tube heat exchangers made of
stainless steel. In order to improve the heat exchange conditions,
the surface condensers are made two-way (for water). The diameter of
the condenser housing is 300 mm, height 4430 mm, diameter of the
pipes 25 x 2 mm, total heat exchange surface 125 ml.
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"0 Figure II-19. Nomogram to Determine NH, N0

J3rwe Concentration in Melt from Temperature of %ts

; Solidification

J

33 Key:

24 1. Temperature of solidification,°C

1eL 2. NH,NO; content in melt, 7
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f The liquor steam enters the pipes of the surface
@ﬁt condensers and the cooling water enters the inter-

pipe space. When there are mechanical admixtures in
the cooling water (insufficient cleanliness of the
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; 2 c s . . . .
s 73 ; water) ,it is fed into pipes, while the liquor steam
2 '_ . » o s
N T is fed into the interpipe snace.
S %, s
g §§ 97 o)
IN 4
A gi = Surface condensers require a higher consumntion
3 2 . .
§Aé§ s of water than mixing condensers, and their cost is
3 . 3
S Zj % £ somewhat higher. However, the surface condensers
g QA .
& é § have an important advantage over the mixing conden-
' i 5 % sers: the condensate of liquor steam formed in
; them can be used for production needs.
£
5 I
z When there is a vacuum in the evaporators on the
"3k 93 order of 520-550 mm Hg, the losses of ammonium
g g
§ nitrate as a consequence of its removal by the
5
sF? liquor steam is 0.12-0.137 of the total product out-
2
100 put. The losses of ammonium nitrate because of its
[} 91
4 thermal breakdown during evaporation do not exceed
L4

0.03%7 of the output.

For an approximate evaluation of the NHaNo3 content in the melt
after the second stage of evaporation, one can use a nomogram (fig.
II-19) that is based on the dependence of the solidification point
of the melt on the NH,NO, concentration. With an increase in the
moisture content in the melt, its solidification point drops.

The indicators for the production regime of the evaporation
stage for solutions are presented below:
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N Temperature,®C
of liquor steam sent for heating the
evaporator of the first stage 105-100
of the steam sent to heat the evaporator
of the second stage 170-175
of the water fed to the condensers 25-32; 15-20

(summer) (winter)
Pressure of the heating steam in the evaporators,

atm.
of first stage 1.15-1.2
of second stage 9-13
additional evaporator with falling film 13
Rarefaction in evaporators, mm Hg.
of first stage 580-600
of second stage 550
NH,NO. concentration at outlet from units,?%
o% first stage heated by liquor steam 77-80
of first stage heated by liquor steam with
addition of fresh steam 85-86
of second stage 98.4-98.6
of additional evaporator with falling f£ilm 99.7-99.9
Temperature of air and melt at outlet from
additional evaporator with '"falling film",°C 175

Crystallization of Ammonium Nitrate Melt

Depending on the methods of crystallization of the ammonium
nitrate melt, a product is obtained in the form of small, partially
crushed crystals (dimensions to 0.5 mm) ,in the shape of dense flakes
(plates about 1 mm thick and cross dimension of 3-6 mm) , and in the
form of spherical granules (diameter primarily 2 mm).

When salt is obtained from an ammonium nitrate melt, a consi-
derable quantity of heat is released because of cooling of the melt,
crystallization and recrystallization of the salt. With an increase
in the NH4N03 concentration, the quantity of heat that is released
during crystallization of the salt from the solutions (melts) is
considerably reduced:a

Concentration Quantity of NH,NO Quantity of
of NH,NO,, weight.Z | heat, kcal /kg of salt coﬁceatration heat, kcal/

__ ueight.l  lkg of salt
51 57.6 8 36.6

60 55.6 98.4 27.1

64 46.6 '




. The crystallization temperature of the aqueous solutions of
ammonium nitrate are shown in fig. II-20.

Crystallization of nitrate from its melts is done in a unit
with complete use of the heat of the process (dish type crystallizers,
worm feeders) ,with partial use of heat (cooling roller drums), and
without the use of the heat (granulation towers).

80 T T Figure II-20. Crystallization Temperatures ﬁ
3 , %0 of Aqueous Solutions of Ammonium Nitrate
$ ' / Key:
, T T ; Key: o
3 § /o0 g —r— . 1. Temperature,®°C
1 g g — y 2. NH,NO, concentration, weight.?
g % 3 AT
D § ! =
“5 20
0 A .
-20 L1 t
0 20 40 60 80 100 .
Q\fanuclrmpawn NHyNOy, Sec. % ‘
;
]
{

The dish type crystallizers and the worm-crystallizers are used
comparatively rarely in industry because of their cumbersomeness

because of the use of the heat released during salt crystallization,
one can obtain from the melts with reduced NH4N03 concentration (94-
967) nitrate with moisture content of 0.1-0.27. The salt is cooled
in the dish and worm crystallizers by simple methods to a temperature
below 32.3°C. As a consequence, the finished product can maintain
its friability for a long time.

)
1 and low output. But these crystallizers have certain merits. Thus, E

The dish type crystallizer is a dish 4.2 m in diameter and 1 m -
high. The unit is equipped with a planetary mixer and ring pipeline !
with outlets directed into the dish. A £fan feeds air into the ring ?
pipeline. According to the standard plan, the dish crystallizer :
operates in batches with output of ~ 50 ®/day.

The cooling roller drums are continous units with high output.

The crystallizer drum (fig. II-21) is made of forged pig iron
218
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Figure II-21. Drum Crystallizer to Produce Flaked Ammonium

Nitrate
Key:
1. Rotating drum
2. Drive gear
3. Reducer
4. Pan
5. Knife
6. Discharge spout
7. Water

addition of 1.57 nickel. The drum diameter is 1.8 m, the length is
2.2 m (sometimes the drums have other dimensions). Within the drum
that rotates at a speed of 4-8 rpm, there is a fixed drum of smaller
diameter. The drum is actuated by an electric motor through a
reducer and gear drive. Flowing cooling water enters the ring space
between both drums. It emerges through the hollow shaft and the
chambers which are present in the upnper half of the inner drum.

Under the drum there is a pan made of stainless steel. The
ammonium nitrate melt constantly enters it. The pan is installed
so that the drum is submerged into it by no less than 100 mm. 1In
order to maintain the melt temperature in limits of 140-150°C, the
pan is heated with the help of steam coils. When the drum rotates,
a crust of salt is formed on its surface. This crust is 0.8-1.5 mm
thick and is cut by a knife which is attached parallel to the forming
drum. In this case, the crust is broken down into agglomerated
particles of salt that have the shape of flakes.

The output of the cooling roller depends very strongly on the
concentration of melt, intensity of removal of crystallization heat,
and the number of drum rotations. The average output of the roller
with 5 rpm is from 120 to 150 C/day.
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The percentage of ungranulated ammonium nitrate that is
obtained in the dish, worm and drum crystallizers is slight as com-
pared to its total output. However, the need for producing a certain
quantity of finely-crystallized and flaked product for a number of
consumers dictated the updating of the old type of crystallizers.

For example, a combination of dish crystallizers with worm-final
crystallizers has been developed and successfully realized. This
made it possible to obtain finely crystallized nitrate by the con-
tinuous method, and roughly double the output of the dish crystal-
lizers.

The plan for producing finely-crystallized ammonium nitrate
on cooling rollers in combination with a worm-final crystallizer is
also of practical importance. According to this plan (fig. II-22),
the melt that contains 95-967 NH,NO; is fed into the roller pan. It
rotates at a speed of 16-20 rpm. A pulp-like mass of ammonium nitrate
is cut off the surface of the roller. It is sent to the worm feeder
for final crystallization. The front part of this worm feeder is
equipped with a sleeve in which hot condensate is fed from the eva-
porators. In the rear part of the worm feeder, there is a large
quantity of air ducts for cooling the moving salt mass. The shaft
blades along the length of the worm-final crystallizers are installed
at unequal angles and have different design.

Thig nlan produces a fine bulk product with moisture content
no more than 0.152. The output of this unit is 157 higher than that
of the rollers operating on a standard regime.

Flaked nitrate is only obtained on cooling rollers (fig. II-23).

In this case, a product is obtained from the melt with moisture

content of 27 and temperature of 70-80°C. The nitrate flakes are
dried on the rollers, losing roughly 0,5-0.77 moisture. If 94-957
meit is fed to the rollers at 137-139°C and increased rotations of
the roller, a product is successfully produced which is close to a
finely crystallized one. In this case, the rollers operate on a

"hot regime."” The temperature of the cooling water at the outlet

-
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from the roller must be no lower than 70-75°C.

Figure II-22. Cooled Drum with Worm-Final
Crystallizer

Key:

Cooled drum

Steam sleeve

Worm-£final crystallizer
Water sleeve

Air

nmEwp -

The cooling rollers are intensified almost always by increasing
the number of their rotations, and not by increasing the depth of
submersion of the roller into the pan with the melt, otherwise the
quality of the finished salt is drastically impaired. Before
packaging, the flaked nitrate is dried, and sometimes even cooled.
The additives which improve the properties of ammonium nitrate are
less effective for flaked salt than for the granulated product. A
major shortcoming of the cooling rollers is the heterogeneity of
the granulometric composition of the forming salt. This prevents
its uniform engfance into the soil with the help of fertilizer
spreaders.

The cooling rollers have consequently been replaced at almost
all the plants that manufacture ammonium nitrate for agriculture by
hollow granulation towers. The granulation tower is a cylindrically
shape structure, 12 m in diameter and 39 m high, or m in diameter
and 40.5 m high. ‘




Granulation towers have been made in recent years from mono-
lithic reinforced concrete (wall thickness 400 mm). The tower is
lined on the inside with acid-resistant brick, laid on diabase mortar.
The lower part of the tower is the bottom made in the shape of three
truncated cones, between which ring gaps (slits) are formed to
suck air into the tower and to clean the cones of excess nitrate.
There are also operating towers with cones made of carbon steel.
Electric vibrators are installed on their outer surface (see below).

The concentrated armonium nitrate melt is sent from the units
of the second (or third) stage of evaporation to the pressure tank.

4 A small quantity of gaseous ammonia is fed here (0.05 kg/® NH4N03)
for neutralization of the acid melt. The melt goes from here into
the granulator (fig. I1I-24) which has a sprayer, a basket of conical
shape whose lateral surface has several thousand different size holes. ?
The granulator is made of stainless steel and rotates at a rate of
400-456 rpm. The flat ceiling of the tower through which the granu-
lator shaft passes is often protected from corrosion by sheet stain- ,
less steel. 3

Three-four axial-type fans with output of 100,000 m3/h each are
installed on the ceiling covering of the tower in the extension pipes.
The fans create a draft on the order of 40-60 mm wat. col. to suck

out the air from the towers. The air enters the tower through 28

windows that are arranged below on the entire perimeter of the

cylindrical part of the tower (as mentioned, the air enters the tower 1

also through gaps in the cones). A quantity of 200,000-300,000 m3/h e

of air is fed to each granulation tower. At the outlet from the

tower, it3contains finely-dispersed particles of nitrate (roughly 0.8
of air).

g per 1 m

The drops of melt that fly out of the holes of the granulator,
when dropped from a height are washed by a stream of cold air and

solidify, forming granules. In this case, they are slightly dried.
Depending on the quantity and temperature of the air fed into the
tower, and on its melt load, the granules that emerge from the tower
have a temperature of 70-90°C, and enter the unit for cooling in the
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Figure II-23. Plan for Producing Flaked Ammonium Nitrate

Key:
7 1. Pressure tank 12. Washing scrubber
2. Evaporator 13. Pump
] 3. Separator 14, Belt conveyer
4. Barometric condenser 15. Elevator
5. Barometric container 16. Magnetic separator
6. Hydraulic valve 17. Bin
7. Cooling roller 18. Conveyer
8. Vacuum pump 19. Water
9. Heating element 20. Steam-liquid emulsion
10. Drying drum 21, Steam
11. Fan 22. Air

23. Condensate
24, To sewage system
25. To atmosphere

fluidized bed to 50-60°C, from which they are sent to the packing
division.

The major shortcomings of the granulation towers include:

T the possibility of using their volume only by roughly 50%, hi%h
temperature of the granules after the tower (before cooling), 3 as

well as the high capital outlays for the construction of the towers,

their cumbersomeness, etc. These shortcomings are partially due to

the imperfection of the centrifugal granulators that are used to

spray the nitrate melt.

When these granulators are operating, the main load for
222
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" rad 7 Key:
1. Sprayer of melt consisting of three
A AR bands of holes (lower--diameter of
3 e\ E holes 1 mm, middle--diameter of
P E , holes 1.2 mm and upper--diameter of
\ﬂ; holes 1.4 mm)
Aepesy Vessel for melt overflow
Electric motor
Coils for preheating melt
Air pipe
Steam 8. Condensate
Melt 9. Overflow

-

S8 rotencodB) Figure II-24. Centrifugal Type Granulator
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*
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nitrate is on a relatively small ring space
that is a distance of 4-6 m from the axis of
the granulation tower, and its central and

35,

side vessels are practically not operating
36,13. As a consequence of the different

angular velocity, even when the best centri-
fugal granulators are used, drops of melt of

’ P unequal dimensions are thrown into the
tower. Their cooling and formation requires
varying times and varying tower height.

\

New designs are currently being tested for the granulation
devices (static granulators) that make it possible to obtain a large
quantity of granules per unit of volume of the tower and to reduce

their temperature.

The granulometric composition of the ammonium nitrate that is
obtained vhen centrifugal granulators are used, is roughly as

follows:
= Granule dimensions | Number Granule dimenions Number
) mm /4 _ I
3-7 1.3 1-2 42
2.5-3 5.3 1-1.5 20
2-2.5 30 0.6 and less Remaining

Cz&The higher the concentration of the melt and the more intensive
the cooling of its drops, the fewer pores and cracks are formed in
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the granules and the higher their strength becomes. This is explained
by the fact that under the given conditions, the maximum number of
individual crystals is ''packed" into each granule. There is almost

no migration of the mother liquorl7 between these crystals.

TABLE II-14. TEMPERATURE OF GRANULES, TEMPERATURE36
AND HUMIDITY OF AIR AT HEIGHT OF GRANULATION TOWER

2 3
{ T . °C
Townm orGopa upod eNTNDATYPS vt
L ] 5 ceTORNRe . 'y m.?u
orp:;ac;c;ﬂn';:gpa or ocl:lmul coan : %"Jﬁm ‘
»
31,5 34,5 48.5
10 Z, 102,0 44,5 32.5
. 0 45,0 .5 42,5
5 100,0 45,5 40,0
7 41,0 35,5 38,0
40,0 36,0 54,0
15 : 100,0 39,0 48,5
1 M0 40,5 48,0
0 46.5 41,5 40,0
3 900 39.5 45,5
: 99,0 38,0 4.5
31,0 30,0 5.0
20 ; 78,0 39,0 42,5
3 82.5 34'5 1:2’5
0 385 g?'g 51,5
‘0 v -
3 835 36,0 M.
1 49'0 35‘0 47.04
Key:
1. Points of sample taking
2. Temperature, °C
3. Relative air humidity, 7
4. Distance from granulator, m
5. Distance from tower axis, m
6. Salt
7. Air in tower

Normal formation and cooling of the granules that are obtained
from the melt that contains 98.4-98.67 NH,NO, requires towers of
height36 26-28 m. Only granules of size to 1 mm are successfully
completely formed and hardened at a distance of roughly 10 m from
the granulator. The granules of larger dimensions, although they are

formed at a distance of 20 m from the granulator, have a high
temperature (75-80°C).

Table II-14 presents data on the temperature of the granules,
temperature and humidity of the air according to the tower height
when 200,000 m3/h of air is fed to it.
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Figure II-25. Plan for Arrangement of Granulation

Towers and Evaporator Station

Key:

1. Granulation towers
2. Sprayers of melt
3. Tanks for melt
4. Evaporators
5. Trough for melt
6. Hydraulic valve

7,9. Separators
8. Pressure tank

10. Extension pipes

11. Axial fans

12, Barometric condensers
13. Barometric containers
14. Conveyer

15. Air

16. Solution

17. To vacuum-pumps
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With an increase in the quantity of air that is fed to the
granulator tower, the temperature is somewhat diminished in its
lower part, however in this case, the losses of nitrate that is
carried away by the air from the tower significantly rise. For
example, according to the average data of studies on granulation
towers, the losses of nitrate with the spent air when 150,000 m3/h
of air are fed to the tower are 1.19 kg/€, and with 200,000 m3/h--
no less than 1.43 kg/€ NH,NO,.

With an increase in the temperature of the granules, the
nitrate adheres in the lower part of the tower. Consequently, the
conical part of the towers has been made of steel and vibration
devices have started to be used. In this case, a special metal
frame is installed in the lower part of the tower which is not con-
nected to its housing. A steel cone is mounted on this frame.

The cone consists of four bands, each of which is attached to the
f£rame by suspension arms. The three upper bands of the cone have
24 vibrators: 10 on the upper, 8 on the middle and 6 on the lower.

The vibrators37a

are actuated with the help of transmission
devices by an electric motor that is periodically turned on, and the
cone begins to shake. In this case, the nitrate adhering to the
cone is separated from it, rolls downwards towards the discharge
hoppers, and further is transported with the entire mass of nitrate
to the packing section. On the sections of greatest attachment of
the nitrate to the cone, a metal rod is placed on its inner surface.

It beats the nitrate when the vibrators are turned on.

The use of vibration cones in the granulation towers has
eliminated many shortcomings that are inherent to the fixed cones:
the idle time of the towers for cleaning is drastically reduced, there
is no need for heavy physical work within the tower when cleaning
the cones, and the outlays of labor in operating the towers are con-
siderably reduced.

The combination of vibration cones with cooling of the nitrate
in the fluidized bed made it possible to increase the output of the
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granulation towers. Thus, the output of towers 40.5 m high and

16 m in diameter reaches 700 ¥/day and more. No less than two towers
were pnreviously installed: one operated while the other was in
reserve in case of cleaning or repair.

A T == » Figure II-26. One of the Versions of Unit
N | ¢ Design for Cooling Granulated Ammonium Nitrate
- | WA in the Fluidized Bed
¢ ‘ 2 .
3 2 Key:
ST e sa00 . 1. Tower cone
S 4—2 2. Rubber hood
siF 026 3. Grid carrying fluidized bed
NSEAA IS 4. Telescopic device
i 5. Pipe for removal of cooled granules
' 6. Grid for air distribution
7. Belt conveyer
8. Cable for moving unit with help of winch
9. Air
10

. At A-A

Figure II-25 shows the plan for arrangement of the granulation
towers and evaporator station for evaporating solutions of ammonium
nitrate to the state of a melt.

Cylindrical, rectangular and other types of towers 9-13 m in
diameter and height 60 m and tn.o'x:el‘8 are used abroad for granulating
ammonium nitrate. These granulation towers are made of aluminum or
reinforced concrete, lined with thin aluminum foil. The nitrate
melt is often sprayed from a number of stationary-attached heating
pipes with holes of definite sizes. This makes is possible to obtain
granules of an assigned granulometric composition. A highly concen-
trated melt that_contains no more than 0.47 moisture is generally
granulated in the modern foreign ammonium nitrate plants.
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Cooling of Ammonium Nitrate

The effect of inorganic additives on the physical properties
of ammonium nitrate significantly depends on the temperature at which
the salt is loaded into the packaging. When ammonium nitrate is
loaded which contains 0.457 additives of nitrates of magnesium and
calcium, at a temperature of 70-75°C, the friability of the salt
is significantly deteriorated already after 45-day storage in a
warehouse. Similar cases were observed when the ammonium nitrate
was stored which contained additives of products of nitric acid
breakdown of apatite concentrate.

Before a method was worked out for cooling the ammonium nitrate
in the fluidized bed (see below), the nitrate was (and now in rare
cases) cooled by air in rotating drums 2.8 m in diameter and 14 m
long. The air was precooled in a scrubber, sprinkled with fresh

water, from which it was injected by fan into the drum where the
nitrate was cooled roughly to 50-60°C. The high cost of the unit,
the significant consumption of air, abrasion of the salt with the
formation of up to 207 fine particles and their piling up in the
pipelines dictated the limited use of the rotating drums for
cooling ammonium nitrate.

Cooling of §ranu1ated ammonium nitrate in the fluidized (pseudo-~
liquefied) bed37° 9,115 has been introduced in recent year. Very
intensive cooling of the granules occurs in the units with fluidized
bed. For example, granules 2 mm in size which.have a temperature of
80°C, falling into the fluidized bed whose temperature equals 45°C,
are cooled to this temperature in 15-20 3.38

In order toform the fluidized bed of granules, it is sufficient
for the linear velocity of the stream of liquefying agent (air) to be
on the order of 0.9-1.2 m/s. This is attained by using standard
fans.

Hydraulic resistance of the fluidized bed of granules 100 mm
high does not exceed 40-50 mm wat. col. The total resistance of the
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Regulation of the Process

[(Key on next page]
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Production Plan for Ammonium Nitrate and Automatic
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29.
30.
32.
33,34.
36.
37.
38.
39.
40.
41.
Key: 42.
43.
44.
45.
46.
47.
48.
49,
50.
51.
52.

Scrubber-neutralizer
Vacuun-evaporator

. Hydraulic valves
.Pumps

Washer
Trap

. Pressure tanks
. Separator of liquid ammonia
. Heater of gaseous ammonia

Preheater of nitric acid

. ITN unit

. Trap-separator

. Evaporator of first stage

. Hydraulic valve-final neutralizer
. Slit flowmeter

. Collectors of solution of ammonium nitrate
. Barometric container

. Barometric condenser

. Condensat expander

. Condensate collectors

. Vacuum pumps

Steam humidifier

Surface condenser

Vacuum-evaporator units of second stage
Separators

Trough

Buffer tank for melt of ammonium nitrate
Granulation tower

Axial fan

Sprayer of melt

Conveyer

Solution of additives

HNO. to warehouse

Stedm condensate to plant network
Condensate of liquor steam

Fuel gases to combustion

Tank and blow-through gases

Fresh circulating water

Spent circulating water

NH., gas
Gageous ammonia
Steam 53. Condensate

Designations of the automatic regulator:

Regulator of pressure of ammonia-containing gases(''to itself")
Regulator of supply of nitric acid according to acidity of
solutions at outlet from scrubber 1

Regulator of supply of solutions for evaporation according to
level of liquid in tank-hydraulic valve

Regulator of pressure of gaseous ammonia ("after itself"’)
Regulator stabilizing the supply of ammonia to the ITN unit
Regulator of supply of nitric acid

according to acidity of solutions at outlet from ITN unit
Regulator of blowing-throu§h of evaporator according to
temperature of outgoing solution

Regulator of supply of solution of DLM additive according
to quantity of solution of ammonium nitrate
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Pg. Regulator of supoly of ammonia according to alkalinity of
solutions at outlet from final neutralizer

Pio- Regulator of supply of fresh water according to temperature of
condensate at outlet from collector 25

11- Regulator of supply of fresh steam according to pressure in

collector of liquor steam

P;,- Regulator of output of condensate according to level of
liquid in steam humidifier

P, 4. Regulator of supply of fresh water according to temperature of
condensate at outlet from unit 30

P,,- Regulator of pressure of fresh steam ("after itself")

layver of cooling granules of ammonium nitrate and the grid above
which the fluidized bed is located is 70-110 mm wat. col. Therefore,
for the formation of a fluidizecd bed it is sufficient to install a

fan which creates pressure38 in limics of 150-200 mm wat. col.

The granulated ammonium nitrate in the fluidized bed is cooled
in units that are located within or outside of the granulation tower.
One of the designs of the portable unit for cooling granules that
was developed as applied to the active production of ammonium nitrate
is a rectangular box (made of carbon steel), 1400 mm wide and 7000 mm
long. It is placed directly under the last cone of the granulation
tower. The box holds a grid with section of 9.8 m2 made of stainless
steel with holes 2.5-3 mm in diameter and spacing of the holes 10-12
mm. The free (passagé) section of all the holes is 5-107 of the
grid area. The grid can be installed at different angles towards
releasing the cooled granules. For better distribution of the air,
it is fed under the grid through five cones that are equipped with
gate valves.

In order to prevent large pieces of nitrate from falling into
the fluidized bed (sometimes they fall off the walls of the towers),
a grid is placed above the loading neck of the cooling apparatus,
This grid has holes 10-15 mm in size. The cooled granules '"flow out"
of the unit directly to the belt conveyer that feeds the nitrate into
the bin of the packing division.

In the summér, this unit cools granules to 25°C when it is
loaded for nitrate in a quantity of 24 ®/h and rate of air supnly
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o+ 1-1.3 m/s. 1In this case, the flying away of salt dust is 0.5-
0.7 kg per 1 T of finished product. The spent air from the cooling
unit is directed into the granulation tower.

In order to cool the granules in the fluidized bed, a device
is also used which is located in the lower part of the cone of the
granulation tower. The characteristics of the design and the
onerating conditions of this device are presented below:

Diameter, mm . Useful area of grid, m2 15
of cooling grid 4520 Spacing between holes,
of overflow pipe 1100 mm 10-11
of grid holes 2.5 Velocity of air, m/s 2-3
Height of fluidized bed, 100 Quantity of air, m”/h 60,000
mm

In this device, the nitrate granules in the summer are cooled
to 25-35°C. Their temperature at the outlet f£rom the unit does not
exceed 50°C. Cases of piling up of the holes of the grid are very
rare. The air is suctioned from the granulation tower by axial fans.

Figure 1II-26 presents one of the designs of the unit for cooling
granulated armonium nitrate38 in a fluidized bed. This unit is
installed under the granulation tower (instead of its lower comne)

and is cone 1 in which grid 3 is placed. It carries the fluidized
: bed (diameter of the holes 3 mm, spacing between them 11-12 mm).

The tower cone is connected to the unit with the help of a
tightly secured rubber apron 2. In the center of the unit there is
a telescopic device 4 which makes it possible to regulate the
necessary height of the fluidized bed. This device is installed in
the upper cone of pipe 5 which is designed to remove the cooled
granules from the fluidized bed. For more uniform distribution of
the air that is directed under grid 3 with the fluidized bed of
granules, the unit has a second grid 6 with holes. There is a man-
hole in the lower part of the cone for examination or cleaning the
unit.

The hot granules roll from the cone of the granulation tower
to the peripheral sections o§3§he fluidized bed and are moved in

4

o




radial direction towards the center of the unit. The cooled granules
are continually removed on pine 5 to belt conveyer 8 which feeds the
The air from the unit
When the

tower is being cleaned of excess salt, the described unit is rolled

product into the bin of the packing section.
with fluidized bed directly enters the granulation tower.

to the side by cable 8 and a small winch.

The following basic operating indicators are adopted in

designing such one-stage cooling units for new ammonium nitrate shops:

Load on the grid (output), T/ (@ x h) 2
Height of layer of granules on grid, mm 5€-190
Consumption of air %or cooling qranules that have

temperature of 80°C (summer), m“/€ of product 2000
Linear velocity of air in fluidized bed ( counting

on the complete section of the tower), m/s 1
Losses of nitrate because of wear and tear, kg/€ to 1.5

The new drafts for the production of ammonium nitrate for
reduction of the granule temperature provide for two-stage cooling of
them in the fluidized bed (ir the lower nart of the granulation
tower). In a tower of diameter 12 m, the first cooling stage occupies
an area of diameter 7.5 m, and is separated from the second stage
by a ring metal edge. Air is fed under the grid of the first stage
by a fan. The stream of granules at temperature of 120°C enters the
fluidized bed of the first stage, is cooled here to 50-52°C, and
passes to the second stage of cooling through two diametrically
opposed edge openings. The salt in the second stage is cooled by
the cross movement of the streams of granules and air which is
conditioned for temperature and humidity. Part of the air is pre-
cooled by the evaporating ammonia.

The production flowsheet for granulated ammonium nitrate (with-
out separation of its final treatment) with the basic devices and
instruments for automatic regulation and control of the process is
shown in fig. II-27.
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Drving of Ammonium Nitrate

i o

The process of drving ammonium nitrate is done by direct
contact of an air stream and the salt in rotating drums with different
number of revolutions. Since ammonium nitrate is hygroscopic, its
drying occurs slowly and with insufficient completeness.

Ammonium nitrate, like many other hygroscopic salts which have
high solubility in water, contains superficial, capillary and ad-
sorption-linked moisture. When ammonium nitrate is dried, it is
the most difficult to remove the capillary and adsorption-linked
moisture. It must be shifted from inside the salt narticles to the
surface by capillary forces and the difference in pressures of the
water vapors above the saturated solution of salt and in the air used
as the drving agent.

The dimensions and shape of the salt particles have a large
effect on the rate of drying by heated air. With an increase in the
dimension of the particles, the drying of the salt is impaired.
Therefore, fine-crystalline ammonium nitrate, because of the large
surface of its particles, gives off moisture considerably faster than
flaked, and especially granulated nitrate. The granules almost always
have a 'partially fused'surface which pfevents evaporation of the
moisture and its movement from inside the granules.

Consequently, granulated aumonium nitrate is generally not
dried, and in the melt that is sent for crystallization, an attempt
is made to leave no more than 0.3%7 moisture. Finely-crystallized
and flaked ammonium nitrate that are obtained from a melt with
relatively high water content have to be dried. In this case, the
superfirial moisture is mainly removed from the flaked nitrate
(initial moisture content of salt 1.5-2.5%, final 0.8-17).

Industry uses the following methods of drying ammonium nitrate:
drying by air heated to 115-120°C ("hot drying"); drying by air
heated to 105-110°C, with subsequent cooling of the salt by unheated
air; drying with cooled air with simultaneous cooling of the salt
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("cold" drying).

In "cold" drying of ammonium nitrate, the processes of drying
and cooling of the salt are combined. This makes it possible to
obtain a product with somewhat improved physical properties. However,
the method of '"cold" drying has not become popular, since it has
significant shortcomings (low output of the drying drums, high
consumption of air, need to cool it with liquid ammonia, etc.).

Brwd 1%

Figure 1I-28. Plan of "Hot" and "Cold" Drying
and Cooling of Ammonium Nitrate

Key:
1. Air preheater 13. Liquid
2. Axial fan 14. Moist
3. Drying drum 15. Dry
4. Scrubbers 16. 507 solution
5. Centrifugal fans 17. To evaporation
6. Circulating pumps 18. Water
7. Cooling drum
8. Air cooler
Key: 9. Steam
10. Air
11. Condensate
12. Gaseous

In order for moisture to be removed sufficiently rapidly from
the salt, the air must have low relative velocity. 1In "hot" drying,
this is attained by heating the air to 115-120°C. With "cold"
(rying, the relative air humidity is reduced by partial freezing of
the moisture out of it.
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Both "hot" and "cold" drying of ammonium nitrate are done in
norizontal rotating drums that in the majority of cases have a
diameter of 1.7 m, length of 11 m, and are installed with incline
towards the movement of the salt particles. Within the drum, over its
whole length, there are rounded blades that are designed to sprinkle
the salt while the drum rotates and during 1lts movement towards the
outlet from the dryer. In "hot" drying, the air that is fed to the
drum is preheated by steam in heating elements or shell-and-tube
heat exchanger, and is fed to the drum. The air is drawn through the
drum by a fan and moves in a direct stream with the dried salt.

Small particles of salt are carried away by the air exiting from the
dryer. They are then trapped from it in the scrubber which 1is
sprinkled by a solution of ammonium nitrate. After washing in the
scrubber, the air is sent into the atmosphere. As the concentration
33 part of it 1s
removed from the scrubber for evaporation. The remaining solution

of sprinkling solutlion reaches roughly 50% NHMNO
is diluted with water and is again sent for circulation.

As practice indicated, "hot'" drying is not very effective: 1in
this case the molsture content of the flaked nitrate is lowered only
by 0.7-1%, and the temperature of the salt after drying is found in
limits of 50-60°C. One therefore has to sometimes additionally cool
the nitrate in a separate drum.

In "cold" drying, the air circulates in a closed system: drum-
scrubber-drum. Wet salt enters the drying drum from the rollers, and
air 1s fed by a fan. The air is precooled to a temperature of =5 =
-8°C in the scrubber which 1s sprinkled by a U40~-50% cold solution of
ammonium nitrate. The sprinkling solution 1s cooled to ~10°C in the
ammonium evaporator,

The alr heated in the drying drum 1s cooled in the scrubber,
at the same time cleaned of the salt particles it has carried away.
When the NHuNO3 content in the solution sprinkling the scrubber
reaches 50%, part of the solution 1s removed for evaporatlon, and
water is added to the remaining solutlon and its circulation
continues.
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A significant shortcoming of the processes of "hot'" and "cold"
drying is crushing of the salt in the drums and the formation of
dust which is carried off with the air into the pipelines, piles up
on the drum blades, intensifies corrosion of the equipment, etc.

Figure 1I-28 presents a plan of "hot" drying that is combined
with "cold" drying and -with cooling of the ammonium nitrate (with
single use of the air).

Table II-15 presents the characteristics of the overation of
units for drying ammonium nitrate that use "hot" and 'cold" regimes.

TABLE II-15. CHARACTERISTICS OF OPERATION OF DRUM DRYERS
(drum diameter 1.6 m, length 11 m)

Indicators "hot'" drying " "
Air temverature, C

at inlet 120 -6

at outlet 80 25
Relative air humidity,7

at inlet 20 ~100

at outlet 25 40
Temperature of dried salt,°C

at inlet 70 70

at outlet 60 25-30
Moisture content of dried salt,Z

at inlet 1.5 1.5

at outlet 0.8 0.8
Drum output, ¥/h 7 3.5-4

Packing, Storage and Shipping of Ammonium Nitrate

Packaging. Ammonium nitrate is packed in paper five- and six-
layer bags (GOST 2226-62). The inner layer of paper which touches
the salt must be uniformly impregnated with bitumen-motor oil mixture
(907 bitumen, 107 motor oil). The weight of the bag with the
product must be 45-50 kg (permissible deviations + 1 kg).

In addition to paper bags with open neck sewn up by machine
after their filling with nitrate, paper flap bags are used. In one
corner they have a hole that is covered from the inside by a paper
flap.

237

e g e



The bags that can be used for packing the nitrate have insuf-
ficient moisture-impermeability and mechanical strength. As a result,
the caking of the nitrate increases and itslosses during shipping
rise.

According to GOST 2-65, it is permitted to pack ammonium
nitrate in polyethylene bags whose neck must be sealed by machine.
The polyethylene is distinguished by high chemical stability. It is
stable with changes in temperature in limits from -60 to +70°C,
elastic and gas impermeable. As indicated by tests of polyethylene
bags with nitrate, as well as the practice of their extensive use
abroad, these bags are completely hermetically sealed. This excludes
the possibility of air moisture penetrating the salt which drastically
reduces the quality of the finished product.

Packing. Ammonium nitrate is fed into the section for packing
by belt conveyers that are placed in inclined tunnels. The nitrate
is discharged from the conveyer into a bin, from which it enters the
scale units-sewing machine.

This unit often consists of two semiautomatic scales and sewing
machine with output of 30-35 €/h.

The nitrate is poured from the bin into a paper bag attached by
a special clamp on the neck of the hopper. The bag filled with salt
is weighed and sent to the conveyer to the sewing machine. The
sewn bag is advanced to the spiral drain pan and is sent directly
to the railroad cars or on a central conveyer to the warehouse. Bags
with nitrate are distributed to the warehouse by a mobile cart that
places the bags in piles.

Three-connection automatic units are often installed in the
packing sections. They fill the flan bags and weigh them.

In order to remove from the nitrate metal objects (nuts, bolts,
etc.) that accidently fall into it, electromagnetic separators are
installed above the transporters that feed salt to the bins in the
packing section.
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Figure II-29. Plan for Arrangement
of Equipment in Ammonium Nitrate
Packing Section

Key:

Inclined belt conveyers

Bin with ammonium nitrate
(to automatic scales)
Automatic scales

Hopper from automatic scales
"Clamp" for bags

Sewing machine

Spiral descent of bags from
sewing machine

Belt conveyer to warehouse
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In order to supply empty bags to the packing section from the
packaging warehouse, there is a special hoist.

Figure I1I-29 depicts the plan for arrangement of the equipment
in the packaging section.

The warehouses of nitrate have automatic units that combine
the operation of automatic loader and piler to load the nitrate into
the railroad cars.

Storage and shipping. If there are interruptions in the ship-
ping of nitrate to the enterprises, it is currently permitted to
store not more than 1500 € of this product.

The total capacity of each of the base warehouses that must be
of the closed type and be outside the enterprise territory, at a
great distance from residential and industrial buildings and struc-
tures may correspond to 10-day output of the industry, but not exceed
10,000 ¢ of ammonium nitrate.

Storage and shipping of nitrate in a heap are forbidden in the
USSR. Nitrate is stored in separate piles no more than 2 m high.
239
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The gaps bétrreen the piles is no less than 8 m and there can be
up to 60 € of product in each pile.

It is forbidden to store and ship ammonium nitrate in combina-
tion with other chemical products. It is forbidden to smoke in .
nitrate warehouses, install open type lighting fittings, work with
fire, or store used paver bags.

It is permitted to ship ammonium nitrate in paper packages by
all tynes of transportation. Before cars and shiv holds are filled
with nitrate, they should be cleaned of residues of previously
shipped nroducts.

Additives Which Improve the Physical Properties of Ammonium Nitrate

The methods of preparing and usingadditives that can be
obtained from dolomite, apatite and phosohorite dust are similar to
each other.l3 The original raw material is broken down by 45-56%
nitric acid. The admixtures that are insoluble in acid are separa-
ted from the obtained solution by settling out or with the help of
filter presses, and the filtrate (often it is called the extract) is
added to solutions of ammonium nitrate that are sent for evaooration,
or are added to nitric acid that is entering the neutralizer.

The sludge that is accumulated during the settlement of
insoluble admixtures is washed with water and dumped.

During the production of nitric acid extracts, nitric oxides,
carbon dioxide, water vapors, nitric acid are always isolated, and
inthe case of breakdown of phosphorus-containing raw material, a
small quantity of hydrogen fluoride. The formed gases and vapors
are removed into the atmosphere through the exhaust pipes for the
production of weak nitric acid.

The preparation of DLM additives (products of nitric acid
breakdown of dolomite) is based on the following basic reaction:
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€aC0y- MgCO3 + 4HINOg==Ca(NOg)s + Mg(NOygly + 2H40 4 2CO4 (11-10)

The production of RAP additives (products of nitric acid
breakdown of apatite) can be described by the reaction:

Cay(POQsF + 10HNO3— 5Ca(NOshy+ 3HgP O, + HF. (1-11)
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During acid breakdown of dolomite and phosphates, heat is
released. As a result, the temperature of the solutions in the
reactors is increased to 40-50°C.
conducting the process with the required velocity and completeness,
and to release gaseous products of the reactions from the solutions.

Figure II-30. Plan for a Continuous-Operation
Unit to Produce DLM Additive

Key:

Pressure tank for nitric acid
Reactors

Lifr truck

Bin

Scoop

Winch

Hoist

Distribution bin

Trap

Fan

Tank (mixer) for solutions of nitrates of
calcium and magnesium

Pump

Filter press

Sollector of additive solution
Nitric acid

Overflow
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[continuation of key]

17. Exhaust gases

18. Dolomite

19. Sludge

20. Gaseous ammonia

21. To neutralization section

Additives .are also produced which give the ammonium nitrate
water-resistance (p. 245).

Figure II-30 presents one of the plans for producing DLM addi-
tive.

Nitric acid is poured from pressure tank 1 into reactor 2
(diameter 1.9 m, height 4.3 m) to half of its volume. The dolomite
is transported from the warehouse by lift truck 3, poured into bin
4, then into scoop 5 of hoist 7, and with the help of winch 6 is
fed to the distribution bin 8.

From here, 1.5 ¥ of dolomite are loaded into the reactor, It
is further fed in individual portions of 300-400 kg each. At the
same time, nitric acid continually enters reactor 2 with the dolomite.
The acid travels on a pipe that is lowered to the bottom of the unit.
This makes it possible to create the best contact of the solid and
liquid phases. When the reactor is equipped with a circulation pump,
a surplus of nitric acid of roughly 100 g/l is maintained in the
reaction mixture (solution). When there is no forced circulation of
the solution, the surplus HNO; is only several grams in 1 l.

The gases and vapors that are removed from the reactor contain
up to 0.05 vol.Z of nitric oxides.

The acid solutions of nitrates of calcium and magnesium that are
formed in the reactors are neutralized in tank 11 (diameter 2.2 m,
height 2.1 m) by gaseous ammonia to a content in the solution of
0.2-0.3 g/L NH,. The solution is further filtered, and depending
on the plan for production of ammonium nitrate, it is sent to the

242

e —— __.W-—_.,.‘—.—~ W w——— -

_d




-+ every 3 months.

hand.

final neutralizer of the ITN unit, or the collector of partially
.evaporated NH,NO; solutions. The reactor is cleaned of sludge once

In this case about 3 P of sludge are unlcaded by

When the DLM additive is obtained by the described plan, the
losses of nitrogen (in the form of nitric oxides, HNO3 vapors and
liquid nitric acid) for 1 ¥ of ammonium nitrate are 0.35-0.5 kg in

conversion for HN03.

Consumption Coefficients

The consumption of ammonia and nitric acid to produce ammonium

in the process of product production.

nitrate is determined by their stoichiometric ratio and the losses

Table II-16 presents the standards for consumption of raw

material and power for 1 € of ammonium nitrate without additives
and with DLM and RAP additives depending on their content in the
finished product, as well as on the conditions of salt cooling.

The calculation of the consumption standards adopted the

following sample (conventional) composition of dry product with DLM
and RAP additives (in weight 7):

Components With DLM additive With RAP
NH, N0, 98.1 97.5
catnod), 0.957 1.035
Mg (N03) 2 0.8 -
CaHPO; - 1.315
CaSiF - 0.0845
R(NO.§ 0.163 0. 065
N (t3tdl content), kg/C 346.73 343.12

After complete

mastery

of the ammonium nitrate production

243

process which satisfies all the GOST 2-65 requirements, the standard
of consumption of raw materials, auxiliary materials, steam, water,
electricity and air is stipulated.




TABLE II-16. SAMPLE CONSUMPTION STANDARDS OF RAW
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Key:

1. Articles of consumption

2. Per 1 ¥of 1002 NH,NO

3. Per 1¥ of product tR 98.7% NH,NO4

4. Per 1 ¥ of production of conventional composition

5. Without additives :

6. With DLM additive

7. With RAP additive

8. Ammonia, €

9. Nitric acid (1007 HNO,) , T

10. Dolomite, kg

11. Apatite (39.4% P,0:), kg

12. Circulating watef, m3

13. Steam, million kcal

14, Electricity, kw x h

15. Without cooling of salt in fluidized bed

16. With cooling of salt in fluidized bed |

RN

Wastes of production of ammonium nitrate per 1 Tof finished
product are up to 0.6 ¥ of condensate of liquor steam and about 0.4
T of steam condensate. The output of nitrogen contained in ammonium
nitrate, in relation to nitrogen entering for neutralization in the
form of ammonia and nitric acid is about 997.
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Water-Resistant Ammonium Nitrate

Water-resistant ammonium nitrate is nroduced by applying a
hydrophobic film on the granules or small salt crystals. This film
is formed on the surface of the particles of ammonium nitrate from
ferric sulfate and from a mixture of synthetic fatty - acids and
paraffin.

When an aqueous solution of Fe,(S0,)5 is added to a melt of
ammonium nitrate, during crystallization of salt a so-called ferrugi-
nous nitrate is obtained. The solution of iron sulfate is added to
the melt in a quantity so that the content of Fe2(804)3 in the
finished product is 0.06-0.07Z (in conversion for iron). After
treating the ferruginous ammonium nitrate with a mixture of fatty
acids and paraffin, a thin layer of "metal soap" (iron salts of
fatty acids) is formed on the surface of the salt particles. The
required quantity of mixture of fatty acids and paraffin is 0.35-0.40%
of the weight of the nitrate.

One of the versions of the process for obtaining water-resistant
ammonium nitrate is the following. The melt of ammonium nitrate with
concentration of 98.2-98.5 NH,NO, enters from the separators through
the hydraulic gate and. the trough into the buffer tank that
is separated into two parts by'a partition that does not reach the
bottom. Gaseous ammonia is fed into one part of the tank to
neutralize the acidity of the melt. A solution of iron sulfate is
peured into the other part from the pressure tank. The '"ferruginous"
and neutralized melt are sent from the buffer tank to granulation in
the tower (the granulator is turned at a rate of 450 rpm). The
granules formed in the granulation tower are transferred by conveyer
to a rotating drum-mixer. A previously prepared mixture of fatty
acids with paraffin is simultaneously sent by gravity flow from the
tank. The granules are coated with this mixture, and a film of iron
salts of fatty acids is formed on their surface.

For more uniform coating of the granules with the hydrophobic
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film, the mixture of fatty acids and paraffin is separated into
fine streams by a rack installed above the stream of granules. The
product is sent from the drum on a conveyer to the packing section.

Domestic and foreign industry also uses other methods of giving
ammonium nitrate water resistance, but the basic fundamentals of
the method for applying the hydrophobic film on the particles of
salt are similar to those described above.

Practice has shown that fine-crystalline ammonium nitrate is
best suited for production of a film of iron salts of fatty acids on
the surface of its particles, since these salts link more strongly
to the fine nitrate crystals.

Granulated water-resistant ammonium nitrate must not contain
visible foreign inclusions or pieces of noncrystallized. melt. The

color of the product must be from yellow to light chestnut.

The basic requirements for the granulated water-resistant
ammonium nitrate (MRTU-6-03-162-64) are presented below:

Water resistance (according to hydrodynmamic

method) , mm wat. col., no less 20
Moisture content (after drying of 2 g at 100°C),

7, no more 1.4
NH,NO; content (in conversion for dry substance),

%, no~less 98
Content of mixture of fatty acids with paraffin,Z 0.3-0.4
Content of iron (Fe),Z 0.06-0.09
Acidity of aqueous solution of nitrate,Z, no more 0.09
Content of substances that are insoluble after

calcination in HCl, %, no more 0.09

Of the ammonium nitrate-based fertilizers, one should note
lime-ammonium nitrate (melt of ammonium nitrate with limestone)“o'az
which has become fairly popular in certain countries of West Europe.
The manufacture of this fertilizer in the capitalist countries is
roughly 1.5 million T per year (in conversion for nitrogen).
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lmprovement in the Production of Ammonium Nitrate

The specific consumption of steam, water, and electricity in
the production of ammonium nitrate is comparatively low. However,
with the current scales of ammonium nitrate production and the
planned increase in its volume, even a small reduction in the specific

energy outlays has very great economic significance.43’45

In addition, with the extant methods of ammonium nitrate pro-
duction, large heat-exchange surfaces are required for evaporation
of its solurions and a significant quantity of auxiliary equipment
(collectors, tanks, pumps, etc.). This significantly increases the
capital investments for the construction of new industries.

Increase in the output of the ammonium nitrate shops results in
a decrease in the specific capital expenditures,Ah but they are still
kigh since weak solutions of NH,NO, have to be reprocessed. Conse-
quently, intensive development is underway of methods to produce
ammonium nitrate using 58-627 nitric acid, with conducting the stage
of neutralization at high temperatures, etc. Realization of these
methods makes it possible to partially or completely exclude the
process of concentration of ammonium nitrate solutions in the evapora-
tors and improve the quality of the finished oroduct.

So-called evaporation-free methods of ammonium nitrate produc-
tion3°'46 have been developed by now, as well as a method of continual
vacuum-crystallization of solutionsé7 that was used for the first
time to produce ammonium-nitrate. Individual units abroad have
used the evaporation-free method of L. Shtengel', that was later
perfected by him jointly with D. Dorsi.

The essence of this method is reducedto the following. Gaseous
ammonia and 58-607% nitric acid are preheated to 160-165°C by steam,
and are fed in a stoichiometric ratio to the reactor-neutralizer which
operates at gage pressure of 3.5 atm. Because of the physical heat
of the preheated original components, and the heat that is released
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. during neutralization, the temperature in the reactor reaches
205-238°C. In this case, almost all the water that enters with the
nitric acid is evaporated, and a steam-liquid emulsion is formed
that consists of a melt of ammonium nitrate, liquor vapors and a
slight amount (traces) of ammonia. This emulsion is further separa-
ted in the separator of the centrifugal type.

For 1 T of ammonium nitrate (counting onl007 NH4N03) obtained
according to this plan, 218 kg of ammonia, 806 kg of nitric acid
(100% HNO,), 21 kW x h of electricity, 305 kg of steam (9 atm.) and
8.4 m3 ofdcocling water are consumed.

E The safety of the process using the described method is
guaranteed because of the short time that the formed melt stays in
3 the reactor-neutralizer, and the small quantity of reaction mass
that is present at one time in the neutralization unit, as well as
because of the automatic regulation of the regime.

The production of ammonium nitrate with the use of a vacuum-
crystallizer is done in the United States. According to this method,
the solutions of ammonium nitrate are obtained at atmoépheric pressure
in two stages: 1initially in a neutralizer to pH of the solution 6.7,
then in a buffer tank to pH of 6.4+ Evaporation of the solutions
to a concentration of 797 NH,NO; is done in units with forced circu-
lation that is created by a pump. The evaporated solutions are sent
to a vacuum-crystallizer that also operates with forced circulation
of the liquid. Crystallization occurs at a temperature of 40°C. It
is automatically regulated by the appropriate supply of water to the
barometric condenser. The suspension of ammonium nitrate crystals

in a liquor solution that is formed in the vacuum-crystallizer is
n separated on centrifuges.

The crystals are further dried by hot air in a drum to moisture
content of 0.057 and are mixed with 47 aluminum oxide to improve the
physical prcperties of the finished product.
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Roughly two times less steam is consumed for the production
cf ammonium nitrate according to this method with the use of
vacuum-crystallization than in other methods of production. This
method is used on small units.

The general trend towards increase in the unit output of units
that is characteristic for modern chemical industry and other rapidly
developing areas of technology has been reflected in the production
of nitrogen fertilizers as well. Thus, for the production of ammonium
nitrate, the group of colleagues from GIAP developed a unit with
daily output of 1400-1500 ¥ of product whose quality completely
satsifies the standards of GOST 2-65.

The process of neutralization in this unit is done in an
apparatus of new design at atmosvheric pressure with the use of 58-
60% nitric acid. In this case, 90-937 solution of ammonium nitrate
is formed which is evaporated in a film evaporator (with "falling"
film) to the state of a melt which contains 99.5-99.77 NH,NO,. The
nitrate of this melt is granulated in a tower with subsequent two-
stage cooling of granules in the fluidized bed. The cooled granules
after screening into fractions are dusted with a talc-magnesia mixture
and are sent for packing. Trapping of salt dust from spent air
is provided for in the large output unit.

In order to improve thenhysgical properties of ammonium nitrate,
a number of methods have been suggested. Some of them have become .
widespread, and others are more limited in use. These methods can be
arbitrarily divided into the following groups:*

1) granulation of ammonium nitrate from a highly-concentrated melt;
2) introduction into the ammonium nitrate of additives of water-
soluble inorganic salts;

3) treatment of particles of ammonium nitrate with incombustible
hydrophobic substances;
*ﬁ) dusting of the granules with substances insoluble in water.

The previously mentioned procedures for improving the proverties
of the proauct oy cooling it, the use of granulation devices of
new designs, etc. are not examined here.
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It has been recognized both in the USSR and abroad that
with separate use of the listed methods, it is not possible to
manufacture ammonium nitrate that maintains 1007 friability for
many months. Consequently, a combined plan was developed for pro-
duction of noncaking ammonium nitrate. According to this plan
which by now has been realized at the active enterprises, crystal-
lization of salt from a highly concentrated melt (99.6-99.72 NH,NO,),
cooling of granules in the fluidized bed, their screening with
selection of fractions of particles with sizes 2-3 mm, dusting of
the granules with substances that are insoluble in water are stipula-
ted.

In order to produce a highly concentrated melt of ammonium
nitrate, it is necessary to evaporate its solutions at 175°C, but
since partial thermal breakdown of ammonium nitrate is possible
at this temper ture, the evaporation is dome in two stages. Imitially
the solutions are evaporated in standard evaporators until a melt is
obtained which contains 93-98.57 NH,NO,. Then this melt is addi-
tionally evaporated in evaporators of special design by preheated
air at 175-180°C in the presence of a small quantity of ammonia
that prevents thermal breakdown of the ammonium nitrate.

Crystallization of the melt stipulates the use of static
granulators instead of centrifugal, and cooling of the granules
uses a two-stage fluidized bed.

When a 99.6-99.77 melt is crystallized in the granulation
towers, granules are formed with glassy surface that determines their
high mechanical strength.

In order to obtain a product of uniform granulometric compo-
sition that does not contain dust-like or large particles, the
cooled granules are sent to the vibration sieves. Here the commer-
cial-grade particle fractions of size 2-3 mm are removed. Particles
of smaller and larger dimensions are returned to the production
cycle (they are added to the solutions of ammonium nitrate that are
sent for evaporatiou).
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Granules of dimension 2-3 mm enter the rotating drum to which
the dusting additive is added (2-37 kieselguhr or talc-magnesium
mixture from the quantity of nitrate).The finished product is further
packed into paper bituminized bags or bags made of polyethylene film.

2. Calcium Nitrate

Physical-Chemical Properties of Calcium Nitrate49

Calcium nitrate, Ca(NO3)2 is a white crystalline salt. A
grayish hue is permissible for the technical-grade product. Calcium
nitrate can be crystallized in the form of hydrates: Ca(NO,), x 2H,0;
Ca(NO3)2 x 3H,0; Ca(N03)2 X AHZO.

Certain physical-chemical constants of the anhydrous salt and
hydrates are presented in table II-17.

TABLE II-17. PROPERTIES OF TABLE 11-18. HYGROSCOPICITY OF
CALCIUM NITRATE Ca(NO3)2 b4 4H20
o Teume- nﬁgz (0 )uSE_. ﬁ::ﬁgr
Coms Ll e Sh e paTTve | Ee maowmene | J0SAYIA X
aenMn 2eOIeCT %" PACTROPOM HACLIMONHNM
°Cc RRAA/ MOAS M0 pM, TR, pm-': pou
Ca(NOy)s | 5616 225 15 746 55.9
Ca(NOy)y- 2HsO | 40—51 368.5 g ‘gﬁ 55(5;2
Ca(NOy)y- 4H:0 | 427 510 %0 ~20 35.5
Key: Key:
1. Salt 1. Temperature,®°C
2. Me1t1n§ point, °C 2. Pressure of steam above
3. Heat of formation from .. saturated solution, mm Hg
simple substances, kcal/ 3. Equilibrium humidity of
mole air above saturated

solution,?

When heated above 561’C, anhydrous .salt Ca(N03)2 is broken
dewn with the release of oxygen and the formation of calcium nitrate,
which is further broken down into Ca0 and NOZ:

Ca(NOgls — 1/404-+Ca0+2NOy (11-12)
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Tetrahydrate Ca(NO4) 5 x 4H,0 melts at 42.7°C, forming a
solution that boils at 150°C with the formation of dihydrate Ca(N03)2
x 2H,0. It is completely dehydrated at 172°C.

Calcium nitrate has high hygroscopicity.2 Figure II-31
presents the curves that characterize the pressure of water vapors
above the saturated solutions of certain salts. It is apparent from

the figure that calcium nitrate is even more hygroscopic than
ammonium nitrate. (p, R127).

TABLE II-19. SOLUBILITY OF CALCIUM NITRATE IN WATERS?

0) E’ a)f O | B 3) W |, R 3)
é% i *® ;.( %% ig* Taepman gase g% és* Teepmn fasa
35| 38§ | B3 | 25| idy 2ap | 88§
=47 | 125, () ] 0 | 305 428 706} Ca(NOy)y - 3H;O n
- ; 58.0 544 ¢|75.2
—?60-1. 3%3] }“‘ % ﬁg Ca(NOy)g - 4H4O m 33,8 Ca(NOy)y - 2HsO
B e 5279|607 510 |780}|  CaNOM
Key:l. Temperature ,°C f
2. Solubility, weight.Z

3. Solid phase
4. Ice

*
**Melting point
Boiling point of solution

TABLE II;20. DENSITY OF AQUEOUS SOLUTIONS5 OF Ca(N03)2

(in g/cm3)

» @ |- . {®) Temgeparypa, ¢

. 50 00 70 80 90 100° 110
40 - 1,3600 1,3478 1,3885 41,3255 41,3175 1,3090 14,2080
45 1,4175 1,4058 14,3950 1,3850 1,375 1,3655 1,3560
50 1,4750 1,4630 1,4535 1,4440 1,4340 1,4250 1,4150
S5 1,5325 1,5220 41,5125 14,5025 1,4925 1,4830 1,470
80 1,5900 1,5800 1,5025 1,5610 41,5515 1,5425 1,5320
85 1,6490 1,6390 41,6300 1,6202 1,8100 14,8015 1,5920
70 41,7070 1,6975 1,6885 1,6805 1,6705 1,8608 14,6510
3 1,7650 14,7570 1,7475 14,7408 1,7309 1,7200 1,7103
80 1,8245 1,8155 14,8075 1,8000 1,7910 41,7810 1,7708
85’ 1,8840 1,8750 1,875 | 1,8600 | 1,858 | 1,8445 ] 1,

Ke¥:1. Concentration of Ca(NO,),, weight.?
2. Temperature,®°C




Because the solutions of calcium nitrate do not freeze at
low temperatures, they are used as cooling liquids. The characteris-
tics of aqueous solutions of Ca(NO3)2 are presentéd in table II-20-
II-26 and in fig. II-32-II-3b;

TABLE II-21. 5DENSITY OF AQUEQUS SOLUTIONS OF Ca(NO3),
WITH ADDITION- OF 57 NH4N03*

g.),, P)Telnopn-rypl. *C
CaNOu)s
. 50 | e0 70 | 80 | 0 | 100 | t10 | 120 | 130
50 1,3420 | 1,5950 | 1,4860 | 1,4785 | 1,4680 | 1,4585 | 1,4522 | 1,4445 | 1,4380
55 1,5660 | 1,5570 | 1,5480 | 41,5410 | 1,5305 | 1,5200 | 1,5120 | 1,5080 | 1,5005
60 1,6282 | 1,6195 | 1,6105 | 1,6030 | 1,5945 | 1,5840 | 1,5780 | 1,5700 | 1,5635
4 85 1,6905 1 1,6820 | 1,6730 | 1,6660 | 1,6570 | 1,8480 | 1,8410 | 1,6340 | 1,6260
70 1,7530 | 1,7440 | 1,7360 | 1,7290 | 1,7200 { 1,7105 | 1,7040 | 1,6965 | 1,6900
75 1,8140 | 1,8060 | 1,7990 | 1,7920 | 1,7840 | 1,7745 1.7670 1,7600 | 1,7520
79 1,8660 | 1,8580 | 1,8500 | 1,8420 | 1,8340 | 1,8260 | 1,880 | 1 8“0 18025 -

Key:
1. Concentration of Ca(N03)2, weight.7
2. Temperature,°C

*
In relation to content of Ca(NO3)2 in solution.

TABLE II-22. VAPOR PRESSURE5 ABOVE AQUEOUS SOLUTIONS
OF Ca(N03)2'(in mm Hg)

(0 (‘ ! Temieparypa, °C
Kounexrpanus
Ca(N Uz)l
pec. 70 | 80 | 90 | 100 | 110 | 120 ] 130 | 4o
0 135 | 220 [ 330 [ 485 [ 780 | — | — | —
55 120 | 185 | 280 (420 (600 | — | — | —
60 100 | 150 | 240 | 380 | 850 | — | — | —
85 90 | 120 | 195 | 300 | 460 | 640 | — | —
70 — | 8 [140 | 285 | 375 [ 520 | 720 | — «
7 — | — | 90| 475 285 | 390 | 525 | 740
Key:
1. Ca(NO,) concentration weight.Z
2. Tempegagu

Methods of Calcium Nitrate Productionz'3

The following methods are known for calcium nitrate production:
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TABLE II-23. BOILING POINT OF AQUEOUS
Ca(N03)9 (in °C) AT DIFFERENT PRESSURE

5SOLUTIONS OF

3

(J)IIIIJIOHIG. M pm. cm,

Ca(NO,;

7
8eC, %,

780 100‘650 800 | 550 [ 500 [ 450 | 400 [ 850 { 300 ( 250 [ 200 | 130 | 100

Konyess
TpaUuA

32.4 | 1048| 103.1] 101.5) 99.0 96.8] 93.9) 91,0} 87.9] 842} 80.7| 762} 74.0{ 65.2 58,0

383 | 106.4] 104.7 102.5 moﬁ 97.6| 95.7| 928| 898 88.0( 82.5| 77,8| 72.2| 66.6) 50.2

436 |108.5] 106.2) 104.5 1023 99.8| 97.0| 948| 91.8{ 87.5| 840( 782} 740 687 60,7

485 | 1098} 108.0| 106.4 104.5/1020| 99.4] 97,0} 94.5| 91.0| 87.0{ 823 76.2 71,2} 62,3

530 |112.4] 110.6| 108.2 106.9|104.5 102.5{100.0| 97.5| 94.5) 900} 85.5 79.0| 73.0{ 63.4
) 9 [117.0 115.4] 113.7] 111,7{108.5 {107.0 |1043 100.7] 976 945} 90.0 847 780| 69,6
65.5 | 1240| 122.2] 120.4] 148.0{115.0 {112 5{1100 |108.6 |103.1 | 988 | 950| 908 84,4 7160
77.9 |143.3| 1418 140.0] 137.8{135,5 |132.5 1130 0 [126.4 {122.0 (1170 |112,5 107.5({104.5{ —
| |

1. Concentration of Ca(NO3)2, weight.Z
2. Pressure, mm Hg

: TABLE 1I-24. VISCOSITY OF AQUEOUS SOLUTIONSSOF
i Ca(NO3)2 (in centipoise)

® &)
Teugparypa

Hommemepagms Ca(NOs)es %

30,88 4G 48,88 a0 70 80

50 1,26 2,05 3,80 -—
—_ 1,72 3,13 7.73 51,29
70 0,91 1,45 2,70 6,13 3547

80 0,79 1,25 2,26 4,65 24,90

90 0,88 1,08 1,95 4,09 14,32 | 105,62
100 0,64 0,98 1,1 3N 15,43 78,04
110 - -~ - 2,85 12,73 51,65

Key:
1. Temperature,®C
2. Concentration of Ca(NO3)2,Z

™~ 1) direct interaction of chalk or limestone with nitric acid;

2) absorption of nitrous gases by milk of lime with subsequent inver-
sion of obtained solutions by nitric acid;

3) nitric acid breakdown of phosvhates. In.this method, the main
products produced are such fertilizers as dicalcium phosphate,
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Figure II-31. Pressure of
Water Vapors above Satura-
ted Solutions of Pure
Substances

Key:
1. Pressure of water
vapors, mm Hg
2. Temperature, C

nitrophos or nitrophoska; cal-
cium nitrate is a by-product.

4) interaction of cal-
cium oxide with nitrogen pero-
xide at 300-400°C, the so-
called dry method which has
limited application.

DProduction of Calcjum Nitrate

from Limestone and Nitric Acid

The plan for produc-
tion of calcium nitrate by
this method is shown in fig.
II-35.

Figure II-32.
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responds to concentration of
43.97 Ca(NO,), in solution
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Melting point o? %etrah drate
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X
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Solubility curve of meta-
stable dihydrate Ca(NO4), x

2H,0

So%ubility curve of anhydrous
salt Ca(NO,),, solubility
almost doeg %ot increase with
rise in temperature

Boiling point of saturated
solution (151°C) containing
~79% Ca(N04),
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Figure II-33. Boiling Point of Aqueous Solu-
tions of Ca(NO3)2 at Pressure 200-760 mm Hg

Key:

1. Concentration

2. Temperature,°C

3. mm Hg
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Figure II-34. Boiling Point of Aqueous
50-75% Solutions of Ca(NO,), and Vapor
Pressure above Solutions

Key:
1. Pressure, mm Hg
2. Temperature, °C

Nitric acid (40-48%) flows by gravity flow from a pressure
tank into reaction tower 3 that is filled with limestone (pieces
100-150 mm in size). The limestone (CaCO3 content 94-977) is loaded
into the tower with the help of a charging ladle hoist. The lower
part of the tower has a grating on which the limestone rests.

The carbon dioxide that is released in the tower is sucked out
by fan 1. The spray trapped by the gas is held in spray-trap 2 and
drains into settling tanks 5 and 6. A vacuum in limits of 15-25
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TABLE II-25.

VISCOSITY Og

AQUEQUS SOLUTIONS

OF Ca(NO3)2 WITH ADDITION™ OF 57 NH4N03*

_ ) '\Jztmumnmw Ca(NOs)a, %
4 'ryt‘"n;
31,84 61,8 51,65 80 70 80
50 1,47 | 3,22 | 576 | 10,12 - -
60 — - o 7.85 - -
70 1,06 ! 1,5 | 385 | 6,30 — -
80 094 | 1,38 | 273 | 525 | 22,80 -
90 | 082 | 1,22 — | 440 1720 | -
100 0,72 | 1,07 | 213 | 3,65 | 14,20 -
110 - — - 3,20 | 11,40 —
120 - - - 2,40 ,05 | 46,00
130 - - - 1,80 7,50 | 30,40
Key:
1. Temperature,®°C
2. Concentration of Ca(NO,),,%
*In relation to the contené %f Ca(NO3)2
in solution.
TABLE I11-26. SPECEEIC HEAT CAPACITY OF
AQUEOUS SOLUTIONS OF Ca(NO3)2 AT 21-51°C
4] Y 3! &)
R tmmme? | R | b
47,9 0,6255 154 0,8463
31.8 0,6858 8,4 0,9118
26.75 0.7507 44 ‘ 0,951
Key:
1. cCa(NO concentration,’

2.

)
Heat éa%acity, cal/(g x deg)

col.is maintained in the tower.
nitrate that flows from the tower remains in vessels 5 and 6 where
particles of sand and other insoluble admixtures are precipitated.
Part of the solution is again fed for sprinkling the reaction tower
through tank 4, while the remaining solution is removed for final
Ammonia or slaked lime is used for

neutralization in apnaratus 8.

final neutralization.
the solution, admixtures of ammonium nitrate are formed.

The acid solution of calcium

When armonia in calcium nitrate is added "to

Crystalli-

zation of Ca(NO3)2 from the melt is facilitated in their presence.
The towers, final neutralizer, settling tanks and pumps are made of
The neutralization solutions of

stainless steel brand Kh18N9T.
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Figure II-35. Plan for Production of Calcium Nitrate
from Limestone and Nitric Acid

Key:

Fan

Spray trap

Reaction tower

Pressure tank for acid solution of calcium nitrate
Settling tank of acid solution of calcium nitrate
Centrifugal pumps

Final neutralizer

Filter press

10. Collector of filtered solution

11. Pressure tank

12. Evaporator

13. Trap

14, Barometric condenser

15. Collector of melt of calcium nitrate

16. Barometric container

w
O DO E WA

17. Cooling rollers 21. To vacuum pump
18. Limestone 22. Water
19 Steam 23. Calcium nitrate

20: Condensate

calcium nitrate are usually very contaminated with the admixtures
contained in the limestone. It is very difficult to separate them.
Filter presses are usually used to filter: the formed viscous solu-
tions of Ca(NO4) 5, although their output is low.

The solution that is filtered on filter press 9 enters col-
lector 10 and is further fed for evaporation. The solution that
arrives for evaporation contains 497 Ca(NO4), and 3% NH,NO,. In
evaporator 12, the concentration of solution is increased to 75-827%
Ca(NOg),.: The melt of calcium nitrate that is obtained in this case
is sent for crystallization. This can be done on cooling rollers 17
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Figure 1I-36. Diagram of Equilibrium
of Ca(NO3)2—HNO3—H20 System at 25°C

or in the granulation tower.

Figure 1I-36 presents the equilibrium diagram in the Ca(N03)2-
HNO,-H,0 system at 25°C. Points S,, S5 and S, correspond to di-,
tri- and tetrahydrate Ca(NOagz. The areas of existence of these
crystal hydrates are in limits of the hatched curvilinear triangles:
tetrahydrate in triangle 54M1N" trihydrate in triangle S3MM;, and
dihydrate in triangle S,MN. These regions are limited by curve "
N'MlMN of crystal hydrate solubility in acid solutions and by the
lines for conversion of the forms of the corresponding crystal
hydrates. Below and to the left of the solubility line there is
a region of unsaturated acid solutions. With neutralization by
limestone of 307 (point A) or 487 (point A') nitric acid, the change
in solution composition as neutralization occurs is illustrated by
straight lines AB and A'B'. They do not intersect the saturation
curve N'M;MN. Consequently, a solid salt can only be obtained after
E evaporation of the neutralized solution.

We assume that as result of neutralizing 307 acid by lime-
stone, we obtain a slightly acid solution whose composition is
; illustrated by point Po. With evaporation of this solution, the
A _ figurative point of the system from which water is removed will be
shifted along the ray PyP. The interval PlP of this ray corresponds
to the content in the system of 75-78% Ca(NO4),. If the solution
composition after evaporation is depicted by point P, then when it
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is cooled to 25°C, the mixture of di- and trihydrate is crystallized.
The composition of this mixture is depicted by point S, while the
composition of the liquor solution is illustrated by point M.

If the composition of the evaporated solution corresponds to
point P, then after cooling of the solution to 25°C, a mixture of
crystals of tri- and tetrahydrate is obtained. The composition of
the mixture is illustrated by point §;- The composition of the
liquor solution is indicated by point M;. With evaporation of the
: . solution to a composition corresponding to point P3, crystals of the
trihydrate Ca(NO3)2 X 3H20 precipitate out after cooling.

The USSR does not produce calcium nitrate used as a fertilizer
from nitric acid, but from the waste nitrous gases. This permits a
less expensive product to be produced.

Production of Calcium Nitrate by the Method of Alkaline Absorption of
r Nitrous Gases

When nitrous gases are washed by milk of lime, an alkali is
formed which contains calcium nitrite with an admixture of a certain
quantity of calcium nitrate:

Ca(OH)g+ NO + NOy=Ca(NOg)y+ Hq0 (11-13)

2Ca(OH)s+ 4NOy o= Ca(NOy)g-+ Ca(NOy)a+ 2HsO (11-14) i

The nitric oxides are absorbed by milk of lime (fig. II-37)
in towers sprinkled by circulating solution in which the surplus
alkalinity is maintained to 30 g/l by adding milk of lime (100-130
g/1) or dry lime to it. This makes it possible to obtain:more con-.
centrated alkali. The temperature of the alkali that arrives for
sprinkling is in limits of 30-35°C. No less than 927 of the nitric :
oxides are recovered from the exhaust nitrous gases in alkaline
absorption.

The alkali that flows out of the absorption towers is treated
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Figure II-37. Plan for Production of Calcium
Nitrate by Method of Alkaline Absorption of
Nitrous Gases

Key:

Absorption tower

Collector of nitrite-nitrate alkali
Centrifugal pumps

Inverter

Final neutralizer

Filter press

Pressure tank for filtered solution
Evaporators

Barometric condenser

10. Collector of evaporated solution of calcium nitrate
11. Collector of melt of calcium nitrate
2. Barometric container

13. Cooling rollers

14, Nitrous gases

15. Solution

16. Gases to absorption

(Yoo JL NN WU IO RUSE S Yl

17. Steam
18. Air
19. Water

20. To vacuum pump
21. Calcium nitrate

with nitric acid to convert (invert) the nitrite into nitrate:

3Ca{NOyg)s+ AHNOg=2Ca(NOyg)s-+ 2H;0 4 4NO (11-15)

The nitric oxide that is released during inversion is returned
to the absorption system for the production of diluted (weak) nitric
Inversion is done in unit 4 with heating by live steam and
intensive mixing of the solution by compressed air.
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A surplus of nitric acid remains in the inverted solution. It
is neutralized by ammonia in apparatus 5. In this case, a certain
quantity of ammonium nitrate is formed. Its presence hLas a favorable
effect on the process of subsequent crystallization of the calcium
nitrate. The solution is further filtered on filter press 6, heated
to 60-70°C, and sent for evaporation to one- or multihousing
evaporation units. Vertical type evaporation units are usually
used with inner or extension heating chamber. The solution is
evaporated with the following conditions for the one-stage plan of
evaporation (one-housing unit):

Pressure of the heating steam, atm. 5
Vacuum in the apparatus, mm Hg 500
Composition of solution for evaporation,?
NO 1.47

Compésiéion of melt at outlet from unit, 7

NH, NO 5-62%
Temperagure of melt at outlet from unit,°C 120
Temperature of liquor vapor, °C 105

If a three-stage plan of evaporation is used (see fig. II-37),
the first and second evaporators.8 operate continuously, while the
third operates in batches. The first evaporator on the course of
the solution is heated by live steam (pressure 6-8 atm.) In the
zone of solution evaporation, the pressure of the liquor vapor can
be 1.5-3-4 atm. 1In the second evaporator, the solution is evaporated
with vacuum (residual pressure in the evaporation zone 0.2 atm.).
Heating of the second housing uses liquor vapor that is collected
from the first evaporator. The solution that emerges from the
second evaporator is collected in tank 10. From here it is fed to
final evaporation in the third evaporator'which operates at vacuum
of 600 mm Hg.and is heated by live steam (pressure 6-8 atm.). With
the indicated vacuum, the boiling point of the solution is about
110°C. The concentration of the melt at the outlet from the unit

reaches roughly 85-867 with regard for the presence of NH,NO,. At
atmospheric pressure, this solution boils at 150°C and the concen-
tration of the melt only slightly exceeds 797%.
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The operating pattern of the three-housing evanorator with
evaporation of solutions of calcium nitrate is characterized by the
following indicators:

first second third
housing housing housing
Concentration of solution,?
at inlet to unit 25 36 60
at outlet from unit 36 60 86
Vapor pressure, atm.
of heating 6 1.5% 6
of liquor 1.5 0.2 0.2
Boiling point of solution,°C 118-120 78-80 110-112

*Liquor vapor from first housing.
>

The melt pours from the third evaporator into vessel 11, and
is further sent for crystallization. This is done on cooling rollers

13 or in the granulation towers. |

Crystallization is the most complicated process in the produc=
tion of calcium nitrate. The mechanism for the formation of calcium
nitrate crystals is still not sufficiently clear. The structure of
the formed salt crystals varies: sometimes in crystallization solid
crystals that are easily separated from the cooling surface of the
unit are formed. In other cases, a viscous syrupy-like melt is
formed that does not harden into a solid crust. Even with strong
overcooling of the calcium nitrate melt, crystallization sometimes
does not occur. In order to cause crystallization, seed crystals
of calcium nitrate are put into the melt. However, crystallization
in this case does not always oecur in the same way. In a number of

cases, this is associataed with the inconstant temperatures of salt
melting (see table II-17).

Ammonium nitrate has a great effect on the process of Ca(NO3),
crystallization. In the presence of ammonium nitrate, the rate of
crystallization of calcium nitrate increases 1.5-2-fold with simul-
taneous increase in the crystallization temperature by 50°C. The
more ammonium nitrate is contained in the solution, the better
crystallization occurs. For normal occurrence of the process of
crystallization of calcium nitrate, it is usually quite sufficient
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to have 5-671 NH,NO; of the quantity of calcium nitrate in the melt.
It has been established, however, that when there is a content of
57 ammonium nitrate, 727 melt of calcium nitrate (density 1.72 g/
cmd) is not quite crystallized on the cooling rollers, while the

melt that contains 73-827 Ca(NO;), (demsity 1.76-1.88 g/cm’) is

crystallized well, and the 837 melt (density over 1.88 g/cms) is
crystallized poorly. '

Admixtures of nitrates of iron and aluminum almost have no
effect on the rate of crystallization of calcium nitrate; in the
presence of silicates and sodium nitrate, its crystallization is
impaired (adhesive and poerly hardening crystals are obtained).

Crvstallization of calcium nitrate with the addition of
ammonium nitrate occurs on cooling rollers at 90°C. 1In this case,
a large part of the salt is crystallized in the form of dihydrate
Ca(NO3)2 X 2H20. The temperature of the melt in the roller pan is
maintained at about 110°C.

In order to reduce the hygroscopicity of the calcium nitrate
after crystallization on the cooling rollers, it can be mixed with
hydrophobic substances (for example, with paraffin-base mazut). The
mixing is done in a small rotating drum-mixer into which the hydro-
phobic additive is dosed.

Before the calcium nitrate is loaded into the packaging, it
should be cooled to 30°C since hot salt is prone to conglomeration.
This impairs its scatterability. The calcium nitrate is cooled in
a drum through which cooled air is blown. After cooling, the
calcium nitrate enters the packing section on a conveyer.

The product is packed in kraft pulo bituminized bags with
holding capacity of 40-45 kg. Automatic scales are used for
weighing. The bags are sewn on sewing machines and stored in
covered dry warehouses.

Sample consumption coefficients for 1 T of technical-grade
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calcium nitrate containing 827 Ca(NO3)2:

Solution cf calcium nitrate, 25%, T 3.3
Steam (63atm.). T 2.0
Water, m 75.0
Electricity, kw x h 23.5
Bags, No. 25

The production waste is 1.6 T of steam condensate for 1 T of
nitrate.

A new method has been developed for granulating calcium nitrate
(as well as carbamide and other substances from melts) that can be
recomnended instead of crystallizatiocn of it on the surface of the
cooled drum or spraying of drops of melt in the tower in the stream of
air. This new method consists of crystallizing the salt from drops
of melt sprayed in mineral oil that contains seed crystals, with
subsequent separation of the granules from the oil on centrifuges.

se and Qquality of Calcium Nitrate

Calcium nitrate is a universal physiclogical alkaline
fertilizer that is suitable for all soils of the nonchernozem zone
with insufficient content of calcium. However, because of the low
content of nitrogen (15.57), its shipping great distances is not
profitable , since the transportation expenditures significantly
increase the cost of a unit of nitrogen in the fertilizer. Conse-
quently, it is expedient to set up production of calcium nitrate
near the regions of its consumption.

According to MRTU-6-03-195-67, the calcium nitrate that is
used as a fertilizer is manufactured in the form of a flaked product
of light chestnut color. The total nitrogen content in the calcium
nitrate (in conversion for anhydrous substance) must be no less than
17.5%7. The content of ammonium nitratee=in limits of 4-7%, and
the moisture content no more than 147.

In order to improve the agrochemical properties of calcium’
nitrate, its surface treatment with paraffin-based mazut (up to 1%
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of the salt weight) is permitted.
rL
Sample granulometric composition of the finished nitrate
is given below:
3
Particle dimensions, mm 5 5-2 2
Number of fractions, % e0.2 19.5 0.3
3. Potassium Nitrate
) Physical-Chemical Prépg;ties of Potassium Nitrate
? Potassium nitrate, KNO,, is an anhydrous, practically non-
hygroscopic salt of white color which is crystallized in two dif-
ferent forms. At low temperatures, crystals of rhombic shape are
i formed, and at high temperatures, rhombohedral crystals. The transi-
! tion of salt from one crystal form into another occurs at 127.7°C and
T is accompanied by the release of heat in a quantity of 1.410 kcal/
- mole.
The basic phvsicalchemical constant551 of potassium nitrate
are given below:
Molecular weight 101.107
Density, g/cm 2.11
Melting point, °C 337
Heat capacity at 28°C
specific, cal/(g x deg) 0.221
molar cal/(mole x deg) 22.38
Heat of formation from simple substances,
kcal /mole 117.76
Heat of dissolving in 280-560 mole of water
at 15°C, kcal/mole -8.3
A )

When potassium nitrate is heated above 338°C, oxygen is
released and potassium nitrite is formed. At higher temperatures,
potassium oxide K,0 can be formed. When heated with sulfuric acid,
potassium nitrate is broken down with the release of nitric oxides.

The salt is easily dissolved in water and in diluted ethyl
alcohol. Dissolving of potassium nitrate in water occurs with a
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N noticeable decrease in temmerature. The solubility of KNO3 in
water with an increase in temperature from 30 to 114°C rises roughly
7-f0ld (table II-27).

é
TABLE II-27. SOLUBILITY OF KNO; IN WATER2

QAN ﬁz T ?n’ 1 Eg_
T °C . Pcmgp:.lom T‘&’? T /100 2 romw 'l‘:.p.
—1 334 - Tedd) 40 63,9 KNOs
—2,85 12,2 Jsrexrmra( 50 85,7 To weft)
0 13,25 KNOs 80 109,9 »
10 210 » 80 169,0 » i
; 20 ! 31,5 N 100 2452 » :
25 . 38.2 » 114 312,0 » :
. 30 | 458 , , :
: | ‘ !
E ;
f Key: !
1. Temperature, °C ;
2. Solubility of g/100 g of water
3. Solid phase L
4 4., 1Ice ' 1
5. Eutectics ‘
6. The same’

Data on the solubility of potassium nitrate in nitric acid
are presented in table 1I-28. ]

52

TABLE II-28. SOLUBILITY OF KN03 IN NITRIC ACID

() Cocras pacrsopa, sec. %

Key:

HNO, l KNO, uvo. | xno, | mwo, | xno. | myo, | xwo,
Chou oc Kou 13 mpx 30°C PR 75°C N

30,1 7.0 454 17,7 40,1 18,9 21,8 38,9

33,5 7.5 49,3 25,4 41,1 21,1

39,9 9,7 51.0 32.7 49,0 33.2 32,2 38,7

48,0 18,5 51,6 38,1 50.8 42,5 38,5 318

50,7 23.1 50,0 49,2 49,7 49,9 42,5 39,9

32.2 3.2 - -_ - - 45,5 43,9

2.5 J44 - - - - 46,7 50

3.9 25,0 ° - - - - 46,2 52.8

1. Composition of solution, weight.Z
2. At

*solid phase of KHN3 X 2HN03.
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TABLE II-29, DENSITY OF AQUEOUS SOLUTIONS® OF KNO

2

3
Koune'&?' ) Temnoeparypa, °C
o 10 20 " 50 80 %0 100
1 1,008 1,004 1,002 0,998 0,994 0,989 0,978 0,964
3 1,012 1,010 - 1,004 - 0,994 0,883 | 0,960
4 1,025 1,023 1,020 1,016 1,012 1,007 0,905 0,820
(] 1,039 1,036 1,033 1,029 1,024 1,019 4,007 0,994
8 1,052 1,049 - 1,041 -_ 1,031 1,019 1,005
10 1,086 1,063 1,058 1,054 1,049 1,044 1,032 1,018
12 1,079 1,076 —_ 1,087 -_ 1,056 1,044 1,030
16 - 1,104 1,000 1,004 1,089 1,083 1,070 1,058
20 - 1,133 1,128 1,122 1,117 1,111 1,007 1,083
2 - 1,162 1,157 1,152 1,145 1,139 1,126 1,114
,
Key:

2. Temperature,°®°C

‘1. Concentration of KNOB, weight.7

TABLE II-30. VISCOSITY OF AQUEOUS | TABLE II:31. SPECIFIC HEAT
SOLUTIONS“ OF KNO4(in centipoise) CAPACITYZ2 OF AQUEQUS SOLUTIONS
OF KNO,
o YR G
1) o Teumne- | Komne Tenxo-
3:;5;'; Komnenrpamnn KNOs, % pazepa | KNG, | ewooms
s 10 ts 20 3¢
- 20 1.4 09842
o |188j161| — | — | —
0 (125|122 121} 125| — o3 prers
20 {088(097 098|101 | — -
30 080080080 081|089 18 28 0.966
40 | 06606708070 — 114 08319
50 |056]038]058] 060 — i
60 049050 051 | 053 | —
Key: Key:
1. Temperature 1. Temperature,®°C
2. Concentration of KN03,Z 2. KNO, concentration, g/100
g of water
3. Heat capacity, cal/(g x

deg).

In the presence of NaCl, the solubility of potassium nitrate
is considerably increased.28
solution (21.63 g of KNO;) at 18°C, after addition of 5 g of NaCl,
another 0.744 g of potassium nitrate are dissolved, and after addition
of 26.85 g of NaCl, another 3.22 g of KNO3 are dissolved.

The solubility of KNO

44

3

For example

, in 100 g of a saturated

in ethyl alcohol at 15°C:
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+ Concentration of KNO,,Z 13.2 8.5 5.6 4.3 2.8 1.7
Concentration of CZHSOH,Z 10 20 30 40 S0 60
TABLE I1-32. PRESSURE OF WATER VAPORS2 ABOVE KNO3
SOLUTIONS
aunepeTyph W Hasaeuse | Temn K
; : *C ! .,“‘ou. ;.n “ pm, m.!n g%“"./ 4/100 2 ;0“1 o PR i-_l
- 70 138 181,8
Y :ggz 2:2% 80 168 2622
10 20,9 .88 90 202 366,9
30 3.8 16,52 100 246 499
25 37.3 22,40 110 295 660
30 458 29,20 33 §£ gg
- gg:g %g 125 45 953
60 110 121,94
Key:
1. Temperature,®C

2. KNO, Concentration, g/l100 g of water ‘
3. Pregsure, mm Hg :

The saturated solution of potassium nitrate boils at 115°C.
At high temperatures, potassium nitrate acts like a strong

oxidizing substance (in the presence of KNO,, carbon, sulfur, organic
substances, etc. are easily ignited).

Potassium nitrate can be combined with HN03 to form acid
: nitrates: KNO3 X HNO3 and KN03 x 2HN03.

g The properties of the aqueous solutions of potassium nitrate .
| are presented in tables II-29-II-33.

The heat conductivity X of aqueous solutions of KNO, at 20°C

L has the following values’3:
i
‘ KNO, concentration, 7% ‘ 10 20 30
x, 2al/(cm x s x deg) 0.502 0.487 0.469

Methods of Potassium Nitrate Production

Industry uses the following methods for producing potassium
nitrate:
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. TABLE II-33. BOILING POINTZ OF
AQUEOUS SOLUTIONS OF KNO, AT 760 mm Hg
ML T T ry—
T | Moo | Tomeml | Komerss

°Cc 2/100 2 poms °C 2/100 2 pogm

104 15,2 109 164,0

102 31,0 110 188,5

103 47,5 111 215,0

104 64,5 112 2430

105 82,0 113 276,0

1 100 HH 208 (9

108 141:5 llﬁlll'-sln‘ls

pacrsop)

Key:

1. Boiling point, °C
2. KNO, concentration, g/100 g of water
3. Sat&rated solution

1) conversion method--double decomposition of sodium nitrate
and potassium chloride;

2) direct method--interaction of potassium chloride and

T diluted (weak) nitric acid or liquid nitric oxides;

3) cation method--exchange between ions. of potassium and cal-
cium in equivalent ratios with the help of solid sorbents-cationites;

4) neutralization method--neutralization of nitric acid or
nitric oxides by potassium hydroxide with subsequent inversion of
formed potassium nitrite into KMO,.

Raw material. All the industrial methods for producing
potassium nitrate (with the exception of neutralization) use potas-
sium chloride as one of the types of raw material.

According to GOST 4568-65, two brands of potassium chloride
are produced: K and F. Their quality must meet the following

- indicates: _ {
f Indicator Brand K Brand F
ghest][Ist |2nd 2nd 1 3zrd
: KC1 content,%, no less i
. in conversion for dry sub- |
| ? stance 99 98.3 {95 95 P92
' in conversion for K20 - - 60 60 t 58.1
NaCl admixtures |
v In conversion for dry sub- 7
stance, %, no-more 0.9 1.4 /4.5 4.5 ; 7.0




.

e o

e s

Moisture content,? no more (0.3 | 1.0 1.0 | 1.0 1.0
Residue insoluble in water,? | |
no more l 0.1 i 0.15 ; not standardized

The production of potassium nitrate uses only the first and
second grades of potassium chloride of brand K that is shipped 1in
a pile in railroad cars. The salt that contains an additive of
amines does not cake. 1In the absence of this additive, potassium
chloride cakes, forming a monolithic mass that is difficult to

] break up. +

LS

The density of solid KCl is about 2 I'/m3. The saturated pure 1 i
solution of this salt boils at 108.6°C and contains 58.4 g of KCl ]

in 100 g of water.

TABLE II-34. KCl SOLUBILITY IN WATER®
. =) 5)
[ \0 Pm.-nopuoc-rf ’ ¢ ) « ) ¢ PacTsopuMocTh nfmn— .
Inot-
; 'l'euugcmryp- (AJ Ql) :: m Teungléum ™ ___I‘“_ ‘:m
' sec. 4% e sec, % 3/4
- 1,133 60 31,4 378 1,188
o %?:3 3% 1,154 10 32,6 3 | 1202
+10 238 2711 1,185 75 33,2 309 1,203
20 25,8 301 1474 80 33.8 407 1,205
25 2645 | 312 1,478 ] 34,9 422 1,208
30 27,2 322 1,182 100 35,9 43 | 1,20
40 28,2 341 1,188 125 38,2 483 1,213
50 30,4 359 1,94 150 40,5 492 1,245
Key:
1.Temperature,°C .
2.Solubility
3.Wejght.?
b.g/ 7
5.Density, g/cm
The production of potassium nitrate generally uses potassium
chloride in the form of aqueous solutions of varying concentration.

Tables II-34-I1-38 present the basic properties of the aqueous
solutions of potassium chloride.

The viscosity of concentrated KCl solutions at 18°C is:

KC1l Concentration,g/} 106.4 226.7 300
Viscosity, centipoise 1.056 1.089 1.120
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TABLE I1335. DENSITY OF AQUEOUS SOLUTIONSSQOF KCl %
(IN g/cm”)
- i
&) H
; W (STOIIIQDC‘!YDI. ¢ !
85 ' ; '
H 2 0 100
;5; 0 10 20 28 30 I 5 80
1 1,006 { 1,00627 | 1,00463 { 1,00342 | 1,00198 | 0,99847 | 0,98426 | 0,9780 | 0,9646
4 11,02690 | 1,02585 | 1,02304 | 1,02225 | 1,02090 | 1,01727 | 1,01284 | O, 0,9834
6 |1.04085] 1.03920 | 1.03690 | 4,03544 | 1,03380 | 1,02905 | 1,02554 | 1,0082 | 0,9960
8 |1,05431 | 1.05227 | 1,05003 | 1,04847 | 1,04675 { 1,04278 | 1,03820 | 1,0219 | 1,0088
10 |4, X 1.08332 | 1.06167 | 1,05987 | 1,05578 | 1,05122 | 1,0347 | 1,0218
12 | 1,08222 { 1.07878 | 1.07679 { 1,07506 | 1,07318 | 1,06897 1,0478 | 1,
3 14, 1 1,09046 | 4 1,08660 | 1,08237 | 1,07770 | 1,0641 | 1,0483
16 | 111068} 1.10775 | 1,10434 | 1,10245 | 1,10041 | 1,09600 { 1,09128 { 1,0748 | 1,0619
! 18 | 1.1251311,12207 | 1.11845 { 1.11647 | 1,11435 [ 1,10987 | {,10510 | 1,0884 | 1,0757
20 /{1,13973{ 1,13663 | 1,13280 {'1,43072 | 1,12852 { 1,42399 | 1,41917 | 1,1024 | 1,0897
22 (115449 | 1,15144 | 1.14740 | 1,44521 | 1,14294 | 1,13836 | 1,13349 | 1,1166 | 1,1040
. 24 - —  11.16226 ] 1.45005 | 1,15762 | 1,15209 | 1,14807 | 1,131 | 1,1185
i 26 | - - =1 117495 | 1117254 | 1,16788 | 116291 | 1.1458 | 1.1333
28 - - - - - {1,18304 | 1,17802 | 1,1609 | 1,1483

Key: :
1. KCl concentration, weight.Z
f 2. Temperature,®C
TABLE II-36. VISC?EITY OF TABLE I1-37. SURFACE TENSIONsa
1 AQUEOUS SOLUTIONS OF KC1 OF AQUEQUS SOLUTIONS OF KCl (IM
(IN CENTIPOISE) dyne /cm)
: 1) BT 40 T — ] @
-[ 3| fommrr | 87 Moo, | somm | TTewsensrien
3 % ) 3‘,&' 5 20 | 25 ‘ 40
‘ SS’ 37,27 | 74,56 39 37,27 | 74,88 ;
, 10535 | 7483 - 71.82
| 5 (1460|1411} 50 |0361|0572 PR g |
i 10 14,261 )1,2361 60 | 0,482 0,405 9983 | - 77.85 —_
: 18 [1,040{1,050 70 [0,419]0,431 360.1 - 78,95 -
- 0,798 10,800 80 | 0,369 | 0,411
| 0,664 | 06704 85 | 0,347 | 0,369
| Key: Key: ﬂ
1. Temperature,°C 1. KCl concentration, g/l ¥
w 2. KCl concentration, g/t 2. Temperature,®C .

Conversion Method for Producing Potassium Nitrate2 »3,28,55-58

Double decomposition of sodium nitrate and potassium chloride
occurs according to the reactionm:

NaNOg+KC} 5= KNOy+ Nacl (11-18)
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TABLE II-38. SPECIFIC HEAT CAPACITYSA
OF AQUEOUS SOLUTIONS OF KCl [in kecal/

(kg x deg)]
é.,') > Temneparypa, «
o
g5
=
LEE 10 20 . 30 50
01 09868 0.9862 0.9856 0.9850
05 09512 0.9526 0.9538 0.9595
1.0 0.9144 09132 0.9148 0.0166
20 0:8423 08439 0.845 08474
Key:
1. KCl concentration, mole/l
2. Temperature,®C
2 ] T 1 1] Figure I1I-38. Solubility of Nitrates }
N, =~ 80 $ggkbﬂo, - and Chlorides of Potassium and Sodium
30 | | ; in Water
§4a 7 - .ag;c_l Key:
g — 1. Concentration of salt,?
§Z° i %. 2. Temperature,°C
¢ 20 Y0 50 80 100 120 140 160 1680 200

] Ternepamypa,®C ()

The equilibrium content of salts that participate in this
reaction depends very strongly on the temperature at which the
process occurs.

As follows from fig. II-38, with an increase in temperature,.
the solubility of nitrates of potassium and sodium significantly
rises, while the solubility of chlorides of these metals changes
little. For example,28 at 20°C, for 1000 mole of water in solution
there is 74 mole of KNO; and 104 mole of NaCl. At 100°C, for 1000
mole of water in solution there is 438 mole of KNO4 and the same
104 mole of NaCl.

When water is evaporated from a solution that contains equi-
molecular quantities of sodium nitrate and potassium chloride, a small
quantity of NaCl is released into the precipitate, and the solution
becomes saturated for KCl. In order to increase the quantity of NaCl
in the precipitate, and consequently, to increase the output of
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potassium nitrate, a surplus of sodium nitrate is added to the
original solutien.

The solubility of sodium chloride at the boiling point of its
solution is almost the same as at normal temperature, while the
solubility of KNO3 at the boiling point of the solution increased
many times. Therefore, roughly 70% of the NaCl that is formed in
the reaction (II-16) precipitates out from the hot saturated solu-
tion os sodium nitrate and potassium chloride. It follows from here
that it is expedient to conduct the reaction of double decomposition
only at higher temperatures.

In addition to KCl (or its solutions), the production of
potassium nitrate uses solut’ ns of sodium nitrate that are usually
obtained by inversion of nitrite-nitrate alkalis (p.299). A
sample composition of inverted solutions is given below (in g/l):

NaNOg . ... .. 400—450 NaHCOs+NagCOy . . To 0.4
NaNOy . ... .. ,to 0,2 NaCl+Nag30q . .. » 2

In order to obtain potassium nitrate that does not contain
admixtures of carbonates and sodium nitrates that accompany the
sodium nitrate, a small quantity of ammonium nitrate®’ is added to
the converted solutions. In this case, the admixture is broken down:

NuyCOg+ 2NHNOg = (NH1COy + 2NaNOy
NaNOy+ NH{NOg = NHNOy+ NaNOy
(NHy)sCOg ~—» 2NHy+ COs+4 HyO
NHNOy —» Ny+ 2HO

Gaseous products of admixture decompositioﬁ together with the
stean formed during the conversion process are removed into the
atmosphere.

The process of obtaining potassium nitrate by the conversion
method (fig. II-39) consists of two basic stages: 1) double de-
composition of sodium nitrate and potassium chloride; 2) purification
of the primary ("raw material') potassium nitrate of sodium chloride
and mechanical admixtures.
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These two basic stages include the following operations:

dissolving of KCl in pre-evaporated solutions of sodium
nitrate (if solid sodium nitrate is used as the raw material, then
it is dissolved until a solution of the assigned concentration is
obtained; in this case, the .process of evaporation of the solutions
is eliminated); '

filtering of the mixture of KCl and NaNO3 solutions of insoluble
admixtures (sometimes instead of filtering, one is limited to
settling of the mixture);

double decomposition of NaN03 and KC1;

separation of the precipitated sludge (NaCl) from the KNO3
solution;

washing of the sludge (from KNO4) and its dissolving (obtained
solution of NaCl is used in the shops of steam supply for actionite
purification of water and other purposes);

crystallization of KNO 4 from solutions and separation of
crystals (obtaining of "raw material" of salt);

washing of crystals of primary crystallization;

dissolving ( "steaming') of crystals and filtering of solutions
of insoluble admixtures;

secondary crystallization of KNO 4 from solutioms;

separation of nitrate from mother liquor and washing of
crystals on centrifuge from residue of chlorides;

drying and packing of finished product.

The conversion method for production of potassium nitrate
has major shortcomings: expensive sodium nitrate is used as the
raw material, scarce soda is used for its production, the technolo-
gical process and the equipment are cumbersome and labor intensive,
and. the consumption of steam is comparatively great.

—

The basic indicators of the technological regime are presented

below.
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Figure II-39. Plan for Production of Potassium
Nitrate by Conversion Method
1. Mixer (mixer-dissolver) for preparation of NaNO,
and KC1l solution
2,11. Filter-presses
3. Reactor
4. Pressure filter or Nutsch filter for separation of
NaCl precipitate
5. Collectors of solutions and wash water
6. Pressure tank of primary KNO, solutions
7,10. Crystallizers (primary and sgcondary crystallization
of KNO,)
8,12. Centriguges
9. Solvent of crystals ('"steamer")
13. Drying drum
Key: 14. To atmosphere
15. Solution
16, Steam
17. Air
18. Condensate
19. Sludge to washing
20. Steam condensate
21. Heated air
22. Mother liquor
23. To packing
24, Water
Indicators Standards
Composgition of salt solution sent for conversion,
/
8 NaNO3 380-450
KC1 280-370
Pressure of\?eating steam feed to reactor, atm. 6-8
n mixer VeryidaRies & Sotbon, 70-80
at end of conversion process 3 125-130
Density of converted solution, g/cm 1.65-1.68
Temperature of solution filtering, °C 90-100
KNO3 content in sludge (NaCl), 7
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before washing 15-20

after washing to.1.5
Composition of solution sent for primary
crystallization, g/}

KNO 900-950
Nac? 150-170
Densgty of solution before primary crystallization,
g/cm 1.54-1.56

NaCl content in '"raw" salt of primary crystal-
lization, %
before washing

6
after washing 1-1.5
Composition of solution after '"steaming" of 3
primary crystals, g/l i
KNO 900-1100
NaC? 35-50
NaCl content in salt loaded from centrifuge,’ to 0.03
Temperature of drying KNO, crystals, °C 110-115

Not more than

The consumption coefficients for 1 ® of potassium nitrate

obtaimed by the conversion method:

Sodium nitrate(1007 NaNO,), ¥ 0.975-0.980
Potassium chloride (957 ﬁCl) A 4 0.910-0.960
Ammonium nitrate, kg 20-25
Electricity, W x h 90-120
Steam, ¢, 8-9

Water, m” 3 90-100
Compressed air, m 200-250
Paper bags, No. 23

Filter cloth (belting), rumming meter 0.5

Basic Equipment

Reactors. Conversion of NaNO3 and KCl and evaporation of

primary liquor and wash waters use single-stage evaporators or

special batch-type reactors.

The evaporators have the simplest

design (heating chamber--tube with heat exchange surface about 160
m3, evaporation part with hollow volume, circulation nipe located in

i

center). The height of these units is 8.5 m, diameter 2.5 m.
Sometimes vertical evaporators are used with conical bottom and cooper
tube (surface of heat exchange is 150 mz). The height of the units

is 6.5 m, the diameter is 2.5 m.
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The special batch-operated reactor (fig. II-40) is a cylindri-
, cal vertical vessel with conical bottom and cover that is equipped
with a separator. There are coils within the reactor. Steam to heat
and partially evaporate the reaction mass flows on them. Small
quantities of compressed air (pressure 3 atm.) and live steam (pres-

sure 5 atm.) are fed into the unit to prevent blocking of the lower
part of the reactor with NaCl precipitate, and also to accelerate
the reaction.

The reactors are made of carbon steelsau the steam coils are
usually made of stainless steel. The duration of the process of
double decomposition in this reactor is about 5-6 h, with a sur-
plus .of sodium nitrate in the solutions in limits of 90-120 g/l
NaNO3. At the end of the reaction, the KN03 solution is removed
from the unit together with MaCl crystals.

Nutsch filters and pressure filters are designed to separate
the solutions of KNO 4 that come from the reactors from the precipi-
tate (NaCl sludge). The filters are made of stainless, less often H
carbon steel, and differ little in design from each other.

3

For example, the MNutsch filter with capacity of 2.5 m~ is
used. It is separated in height into two parts by grids. The upper
cylindrical part of the filter is a receiver for the suspension and
is used to separate and wash the NaCl precipitate that remains on
the grid. The lower part of the filter collects and removes the

. filtrate to the next process. The filter surface is burlap or belt-
ing cloth that is pressed between two grids (often metal grates with

fine weave are used instead of the cloth).

The sludge on the grid is first washed with mother licuors ;
after primary crystallization, then with water, after which the
sludge that mainly contains NaCl, is dissolved in water and used
, for different purposes (p.275). The wash water is usually added to
;‘ the converted solutioms.

The suspensions are separated in the pressure filters under
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Figure II-40. Reactor for Conversion of
NaNO, and KCl
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Steam
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Air
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pressure of steam or air to 4 atm. The pressure filters, like the
Nutsch filters, have air pipes, trap doors for unloading the sludge,
connecting pipe for input of steam, water, suspension and output of
the filtrate. They are equipped with measuring instruments and
safety devices.

Crystallizers. Crystallizers of drum and worm type, equipped
with cooling water sleeves are used to crystallize the potassium
nitrate from its solutions.

The two-stage drum-type crystallizer (length 9.5 m, outer
diameter 1.2 m) is installed at an angle of 2-4° to the line of
emergence of the suspension of crystals in the mother liquor from
it. A toothed rim is seated on the drum. It is used (from an
electric motor through a reducer) to rotate the drum with a rate of
16 rom. In order to prevent crystals of potassium nitrate from
building up on the inner surface of the drum, it has a chain that
breaks up the salt crust which adheres to the walls. The drum is
cooled with water fed into the sleeve of the crystallizer.

The most widespread worm crystallizers are 10 m long with
diameter of 1.2 m. Blades for mixing slurry are on the central
shaft of the crystallizer.
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T Figure II-41. Dissolver of Crystals
W‘;’mu/l'f&':o%%") (""Steamer") i
/n\}ﬂkwldf» rem K e y :
— 1. Housing
3 . 2. Steam coils
; ) 3. Metal grid with small weave
l 3 4. Perforated partition (lattice)
g }Q’ 5. Perforated pipe for input of
s Lpeuesm live steam
Staiindininieinty SR 6. Slurry
[ 7. Hot steam condensate
“acmoop wa 8. Steam
DUEMANNUITULNO 9. Condensate
10. Solution to crystallization

Centrifuges. The nroduction of potassium nitrate uses auto-
matic centrifuges of continuous operation. The rotation rate of the

bowl is 880 rpm.

The drying drum is a horizontal welded cyclinder, 1.5 m in
diameter and 9 m long. The drum is made of carbon steel (thickness
of the walls 5-7 mm). It is lined on the inside with sheet aluminum.
Twelve ribs (blades) are attached over the length of the drum. The
rotation rate of the drum is 3-5 rpm.

Dissolver of crystals, the "steamer” (fig. 1I-41) is designed
to separate the residues ofmother liquor from the potassium nitrate
crystals, and dissolve them for subsequent recrystallization.

The unit is made of stainless steel. Its volume is 6-12 mS.
In individual cases, the dissolver is used as a filter to separate
large-dispersed particles of insoluble admixtures from the solutions.
Sometimes the '"steamer" is equipped with a mixer.

Direct Methods of Producing Potassium Nitrate2'3’28' 59-62

mep—

The interaction of potassium chloride with nitric acid or
with liquid nitric oxides occurs according to the following reactionms:
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KCl + HNOg=KNO3+ HCl (11-17)

3HCl4- HNO3 = NOCl -+ Cls + 2H 0 (11-18)
2KCl + 3NOg+ HegO == 2KNOy+ 2HCl+ NO (I1-19)
HC1+ 2NO3=HNOy+ NOC! (11-20)

The reaction (II-18) practically does not occur at low concen-
trations of nitric acid and normal temperature. With a concentration

of HNO, over 50% and temperatures above 50=60°€-;-as-well2s-when . ... . .

liquid nitric oxides are used, the breakdown of potassium chloride
is accompanied by the formation of nitrosyl chloride and chlorine.

If diluted nitric acid is used as the raw material, the formed
mother liquors that contain KNO, and HCl are reprocessed into
potassium nitrate and ammonium chloride, less often, into mixed fer-
tilizers. When liquid nitric oxides and solid KCl are used, potassium
nitrate is obtained which contains a considerable quantity of
mechanical admixtures and sodium nitrate. Their removal (in the case
of production for technical needs) requires two-stage recrystallization
of the primary salt.

Nitrosyl chloride that is formed in the production of potassium
nitrate by direct methods is oxidized by pure oxygen:

2NOCl 4 Og== N304+ Clg (11-21)

Potassium chloride which is loaded into the contact apparatus
is used as the catalyst of this reaction. Since nitrosyl chloride
is only oxidized by 75%, the gas mixture at the outlet from the con-
tact apparatus is separated on a special unit.

As a consequence of the high agressiveness of the media in
which the processes of producing potassium nitrate by direct methods
are performed, the apparatus has to be made of special corrosion-
resistant materials (reactor of ferrosilide of special brand, the
lining of diabase, etc.).
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Production of Potassium Nitrate from Liquid Nitric Oxides and Solid
Potassium Chloride

Potassium chloride is dried, crushed, ground and screened to
produce a powdery product that further enters the reaction aopnaratus
(converter) made in the form of a spherical nill or rotating drum.

At the same time, liquid nitric oxides are fed into the converter
with surplus of 10-15%7 of the stoichiometric quantity. A temperature
of -5 ~ +5°C is maintained in the converter, while the nitric oxides
entering it must have a temperature of -15°C.

The potassium nitrate is sent from the converter to the drying
drum where it is dried by air at a temperature of 90-100°C. From
here, the potassium nitrate is packed or recrystallized to produce
a product that is suitable for technical needs.

The gas mixture that is formed in the course of the reaction
comes from the couverter to the liquor cooler where it is cooled to
-10°C. Here the greater part of the nitric acids that were
returned to the converter are condensed from the gas. The nitrosyl
chloride together with other gases enters for further reprocessing.

After separation of the nitric oxides, the gases are mixed
with pure oxygen, pass. through two heat exchangers and are heated to
240°C. The gas mixture is further sent to the contact apparatus
where the nitrosyl chloride is broken down in the presence of KCl
(catalyst). At the outlet from the contact apparatus, the gases are
initially cooled in water, then in liquor coolers, and enter the
rectification column at 20-22°C,

The gases in the column are separated into nitrosyl chloride
(which is returned to the contact apnaratus), residue of nitric
oxides (with admixture of NOCl)sent to the converter, and chlorine
(with admixture of oxygen) that can be removed from the upper part
of the column for liquefaction, or to the shops that process organo-

chloride products.
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The degree of conversion of potassium chloride into KNO3 is
~ 987, the degree of oxidation of nitrosyl chloride by oxygen at
240°C does not exceed 75%. In individual cases, NOCl with an ad-.
mixture of nitric oxide can be used for nitrosation of certain
organic substances.

The described method of producing potassium nitrate is dis-
tinguished by many stages and a number of difficulties that do not
make it possible to obtaiﬁ'é_ﬁiddﬁét“bfﬁtﬁemrequized.quality. They
are due to the fact that the solid potassium chloride used in this T
process contains admixtures ( silicates, NaCl, insoluble oxides,etc.)
which completely pass into the composition of potassium nitrate. In
addition, since the liquid nitric oxides contain 0.3-0.57 moisture,
then a certain quantity of hydrochloric and nitric acids are also
present in the potassium nitrate. This makes it necessary to
neutralize the primary product with alkali.

The primary product generally also contains unreacted KCl and
sodium nitrate which is formed from sodium chloride that is always
present in the original potassium chloride. Since the product is
contaminated with the listed admixtures, it is suitable for use
only as a fertilizer. If it is necessary to manufacture potassium
nitrate for industrial consumers, the primary product should be re-
crystallized, and this requires all the technological equipment of a
salt industries (evaporators, crystallizers, centrifuges, etc.).

Production of Potassium Nitrate from Diluted Nitric Acid and Solid

Potassium Chloxide

The raw material used is u45-507 nitric acid and solid potassium
chloride. The process of KNO3.production occurs in a reactor with
mixer at 20-30°C. When potassium chloride breaks .down by nitric acid,
reaction (II-17) occurs. The hydrochloric acid that is formed in
this case and the surplus of nitric acid are neutralized by ammonia.

When nitric acid, potassium chloride, wash waters (see below)
and mother liquors containing KNO, and NH,Cl are loaded into the
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reactor, the duraction of the nrocess is about 1 h. In the reactor,
2/3 of the potassium nitrate of its formed quantity is precivitated,
1/3 is released from the mother liguors during their cooling.

For more complete conversion of KCl into potassium nitrate,

a concentration of chlorine ions must be maintained in the reaction
solution on the level of 170 g/t. The concentration of chlorine in
the solution is regulated by adding steam condensate or mother
liquor and wash water to the reactor.

At the end of the process of conversion, the suspension of
potassium nitrate crystals in the mother liquor 1is transferred
from the reactor into the intermediate collector with mixer. At
the same time, cooled slurry comes from the vacuum-cooling unit. It
consists of 1/3 potassium nitrate particles that precipitated out
from the mother liquors . The mixture of KN03 crystals and mother
liquor is further pumped into the Nutsch filter for separation of
the salt from the liquid. The filter salt is poured over with a weak
solution of caustic soda and then washed with water. The salt is
dried in a drying drum at 105-115°C.

The wash waters are sent to a separate collector, from which
they are returned to the reactor. The mother liquors after sepa-
ration of the salt on the Nutsch filter are sent for cooling in the
vacuum-cooling units. Here the mother liquors are cooled by
self-evaporation from 30 to minus 5-7°C.

The cooled solutions which contain a suspension of precipi-
tated salt, from the evaporator unit are poured into a collector
from which they are pumped into the salt-separator. The crystals
with small quantity of mother linuor are sent from here through
the intermediate collector for reprocessing into commercial-grade
potassium nitrate.

The:notner and wash liquors that are accumulated in different
stages, after neutralization by ammonia, are reprocessed into

283

e e — e g ——

- - - e et




crystalline ammonium chloride. These solutions are evaporated in
evaporators with extension chambers. The precipitate of ammonium
chloride that is released in the process of evaporation is
separated from the mother liquor in Nutsch filters.

The mother liquors ('final alkalis") and wash waters (after
washing of the ammonium chloride crysta1é) are sent to the reactor.
The crystalline ammonium chloride enters the shop for the production
of mixed nitrogen-containing fertilizers. A total of 0.645 T of
ammonium chloride are obtained per 1T of generated potassium nitrate.
the NH,Cl content in the product does not exceed 907.

The consumption coefficients for 1 T of of commercial-grade
potassium nitrate (without consideration for the outlays for ammonium
chloride):

Potassium chloride (987 KC1), © 0.803
Nitric acid (1007 HNO3), T 0.709
Steam (73atm.), T 5.2
Water, m 140
Electricity, kw x h 220

According to another version of this method, potassium nitrate
is produced as follows (fig. II-42). A quantity of 56-587 nitric
acid (surplus of 157 HNO; as compared to the stoichiometric quantity)
as well as the wash waters and the mother liquors from the previous
operations (see below) are poured into reactor 1 that is a cylindri-
cal vessel lined with a double layer of diabase ﬁlate.‘ Then elevator
2 feeds into the reactor individual portions of solid potassium
chloride, and live steam and compressed air for heating to 75-85°C
and mixing of the solution. During the first hour of the reaction,
the breakdown of potassium chloride occurs comparatively rapidly,
then the rate of decomposition slows down. The process is completely
finished in 4 h. The water vapors, hot air and gases (mainly NOC1)
that is released in the reaction is sucked out of the reactor by an
air injector and sent for reprocessing (not described here).

The solution obtained in the reactor which contains 450-520
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g/t of KNO,, 35-65 g/l of HNO3 and 120-149 g/t of HC1l, is separated
from the mechanical contaminants. Then the clarified solution enters

fepo-2a300a9 )

Figure 1I-42. Plan for Production of Potassium
Nitrate by Direct Method from Diluted Nitric Acid
and Solid Potassium Chloride
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Air cooler

Air compressor

Centrifuges

Collector of mother liquors
Elevator for supply of KNO3

Dryer
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Worm crystallizer

Bin

Centrifuge

Collector of secondary mother liquors
Steam-gas mixture

Air
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crystallizer 3 where it is cooled to 25-30°C bv air that is pre-
cooled to 8-10°C in apparatus 4. The mixture of crystals with mother
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liquor  (90-110 g/1 KNO,, 20-40 g/b HNO;, 70-80 g/L HC1) enters
from the crystallizer to the diabase-lined trough (not shown in the
figure). Here a large part of the solution is sevarated from the
KNO, crystals which are further washed with water and in the form of
an aqueous suspension enter the rubberized centrifuge 6 where they
are additionally washed of the chloride admixtures.

The salt is loaded from the centrifuge into a cart, from
which it is fed by elevator 8 into the drying drum 9, then sent for
packaging.

If it is necessary to produce technical-grade potassium nitrate,
the salt is doubly recrystallized.

The wash water that contains a certain quantiy of HC1l and HNO4
is neutralized in collector 11 by a solution of potassium hydroxide
and enters for evaporation in apparatusl4 and 15. The evaporated
solution is sent for crystallization in cooling worm 16. The
potassium nitrate crystals that are precipitated here are separated
from the mother liquor in centrifuge 18. Part of the mother
liquor is returned to the reactor, the remaining is removed from
the cycle.

According to another version, the motter liquors are neutra-
lized by ammonia and evaporated. 1In this case, a mixed fertilizer
is obtained with various ratios of KN03, NH4C1 and KCl.

The output of potassium nitrate according to the described
version of the method does not exceed 70-757.

Production of Potassium Nitrate by Method of Cation Exchange2’63’6a

The USSR has developed a method for producing potassium (sodium)
nitrate by the method of cation exchange using concentrated original
solutions and domestic ionites, for example, of brand XKU-1 (Espatite)
and others. The original raw material in this process is 45-477%
nitric acid, wastes of limestone (rubble), and potassium chloride.
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Figure II-43. Effect of Concentration of
Saturated Solution on Quantity of Calcium
| Absorbed by Cationite KU-1
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The majority of researchers view the interaction with ions of
dissolved substances as a chemical reaction of double exchange which
is subordinate to the law of mass action, with certain deviations.

During the exchange of two equivalent ions, the quantity of
each ion that is absorbed by the ionite changes little during dilu-
tion of the equilibrium solution of salts, and changes significantly
if the exchanging ions are equivalent. In the latter case, the degree
of sorption of the ion of high valency increases with dilution of the
equilibrium solution.

Thus, with a change in the concentration of solutions of
calcium nitrate from 5.5 to 1.5 g-equiv/l, the quantity of calcium
that is absorbed by cationite KU-1 considerably increases (fig. II-
43). 1t follows from here that with high concentrations of the
original solution of calcium nitrate even on the cationites that have
comparatively low exchange capacity, a fairly high degree of con-
version of Ca(NO3)2 into potassium nitrate can be attained.

These and certain other laws governing ion exchange6h were
used in developing the process of obtaining tommercial-grade potas-
sium nitrate from solutions of calcium nitrate and potassium chloride.

The reactions that occur during cationization are schematically
described by the following equations:

2K(cationite) + Ca(N03)2 = Ca (cationite) + 2KN03 (I1-22)
Ca (cationite) + 2KCl = 2K (cationite) + CaCl2 (I1-23)

When solutions of potassium nitrate are obtained by the
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method of cation exchange, initially a solution of potassium nitrate
is prepared (from limestone rubble and weak nitric acid) and a
solution of potassium chloride. After purification from mechanical
admixtures on frame filter presses, these solutions are sent to the
cationite reactors where exchange of ions occurs.

This reactor (fig. II-44) is a cylindrical steel unit with
spherical bottom and cover. The apparatus is lined on the inside
with an anticorrosion coating. The reactor is filled with cationite
almost the entire height (with grains of size 1-2 mm). Within the
reactor there is a lower and upper distribution device that is
designed for uniform supply to the cationite of solutions of salts
and water, and to prevent removal of the grains of cationite by
the liquid stream.

Figure I1I-44., Cationite Reactor

r——;. v Key:

Connection pipe for supply of solutions
to lower distribution device

Bottom, poured concrete

Lower distribution device

Layers of crushed quartz (quartz ''pillow'")
Manhole

Cationite

Upper distribution device with caps
Connection pipes for outlet of solutions

8000
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The process of cationization is separated into two cycles:
charging of the cationite (regeneration) and production of production
solutions (conversion).

In the charging cycle, the solution of potassium chloride is
sent through the cationite reactor. In the next cycle of conversion,
partially converted solutions of potassium nitrate (the solutions con-
tain a certain quantiy of KN03), then fresh solutioms of potassium
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nitrate, and finally, water are successively sent through the
cationite. When partially converted solutions of potassium nitrate
are sent through the cationite, a production solution is obtained
which contains about 200 g/l of KNO, and 60-100 g/1 of Ca(N03)2,
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Figure II-45. Plan for Process of Recrystal-
lization, Drying and Packing of Potassium Nitrate
Obtained by the Method of Cation Exchange
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Key:
" 1. Salt dissolver ("steamer')
2. Filter press for purification of hot solutionms
of potassium nitrrate from mechanical admixtures

3. Collector of filtered solutions

4. Pressure tank

5. Worm-crystallizer

6. Centrifuge

7. Drying drum

8. Worm

9. Bin

10. Automatic scales
11. Sewing machine

12. Conveyer

13. Slurry

14. Steam

This solution is sent for evaporation and crystallization for
the production of primary crystals of potassium nitrate. After one
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recrystallization of them, a product of the first grade is obtained
(fig. 1I-45).

After separation of the primary salt, the liquor solutions are
united with the partially concentrated solutions of Ca(NOa)z, and
after separation of the finished (commercial-grade) product, the
mother liquors are added to the production solutions.

All further stages in reprocessing of the nroduction solutions
into crystalline potassium nitrate are done according to standard
salt technology. The snent solutions of notassium chloride are
removed from the production cycle.

The process of obtaining potassium nitrate by the method of
cation exchange is simple in technology and design. This method
is distinguished by a number of advantages over the conversion and
other methods of producing KNO3 (scarce raw material is not required,
the outlays of steam are lower, part of the apparatus can be made
of ferrous metals, etc.).

Currently in the USSR and abroad, the method of cation exchange
is only used in the production of potassium nitrate for the produc-
tion of a technical-grade product. A study is being made of the
possibility of using this method for the production of potassium
nitrate that is designed for use as a fertilizer.

The consumption coefficients for 1 ¥ of potassium nitrate
obtained by the method of cation exchange:

Mitric acid (1007 HNO,), T 0.75-0.80
Potassium chloride (987 KCl), T 1.0-1.1
Limestone(wastes), T 0.8-0.9
Slaked lime, kg 6-8
Steam, (; atm.), T 6-6.5
Water, m 125-140
Electric power, kWeh 130-150

The losses of cationite (wear) during a year of operation
does not exceed 3-47 of its initial quantity.
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Neutralization Method of Potassium Nitrate Productionz’zs’56

The process of producing potassium nitrate by this method
consists of two basic stages: 1) absorption of nitric oxides from
waste nitrous gases by solutions of potassium hydroxide or potash;
2) inversion (oxidation) of potassium nitrate formed in solutions
of alkaline absorption into potassium nitrate (R. p. 54).

In certain cases, the potassium nitrate is obtained by direct
neutralization of solutions of potassium hydroxide or potash by
diluted (weak) nitric acid.

The potassium hydroxide or potash used as the raw material
contains a lot of admixtures, therefore, in order to obtain a
sufficiently pure potassium nitrate, we have to recrystallize the
primary (''raw') salt.

The solution of potassium hydroxide that is used in this
method of production of potassium nitrate (melted solid KOH is
used less often), contains 600-75C g/l of KOH, 4-7 g/l (Kqﬂ + NaCl),
6-12 g/1 K,C04, 20 g/z NaOH and other admixtures. The technical-
grade potash, depending on the method of its production, contains
from 85 to 977 KZCO3, as well as admixtures of chlorides, sulfates,
etc.

During absorption of nitric oxides by a solution of potassium
hydroxide from exhaust nitrous gases, the following reactions occur:

2KOH+ No.+uo-zxnon+!!.6 {11-24)
2KO0H + 2NOy= KNOy+ KNOy+ HeO (11-28)

In practice, solutions are obtained with a ratio of potassium
nitrate and nitrite of roughly 1:4.

When nitric oxides are absorbed by solutions of potassium
hydroxide and potash, it is very important to maintain a small sur-
plus of alkali in the solutions (30-40 g/l). With increased
alkalinity, the ceramic attachment of the absorption scrubbers is

rapidly destroyed and the solutions are contaminated with gel-like
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admixtures of silicates.

The solutions that are obtained as a result alkaline absorption
contain: 350-400 g/l of KNO,, 80-90 g/l KNO,, 2-3 g/l of K,CO,,
admixtures of chlorides, sulfates, etc.

The process of inversion of nitrite-nitrate solutions (alkalis)
or direct neutralization of the alkali nitric acid should be done
with a small surplus of HNO3 (30 g/L). Otherwise, the inverters H
and neutralizers made of stainless steel rapidly malfunction as a | {
conseguence of intensified corrosion of the welded seams (in the more
acid medium, the chlorides present in the solution form HCl1l and NOC1, ﬁ
which rapidly destroy the welded seams at 70-80°C).

The inverted solutions of potassium nitrate are purified of
mechanical admixtures by filtering on a frame filter press (filter
cloth--belting), after which they are sent for evaporation. A small
quantity of ammonium nitrate is sometimes added preliminarily to the
solutions to destroy the admixturs of nitrites and carbonates of
potassium (p.274).

The solutions of potassium nitrate are concentrated in vacuum
evaporators that eperate at a vacuum of 500-550 mm Hg. The solutions
that have been evaporated to density of 1.5-1.6 g/cm3 enter the worm
crystallizer that is cooled by water. The crystals that precipi-
tate here at a temperature of 35-45°C are separated on a centrifuge -
and exposed to recrystallization according to the standard salt
technology.

After several cycles of reprocessing the solutions of potas-
sium nitrate,.a large quantity of admixtures (chlorides, sulfates,
carbonates, etc.) is accumulated in the mother liquors. Consequently,
it is impossible to obtain a product that corresponds in quality
to the potassium nitrate of first grade even after two recrystalli-
zations of salt. These mother liquors have to be removed from the
production cycle and processed sepgrately into fertilizer.

292




The consumption coefficients for 1 ¥ of potassium nitrate of ?
the first grade that is obtained by neutralization method:

Nitric acid (1007 ENO,), € 0.85-0.9
Potassium hydroxide (f00z KoH), T 0.73-0.85
Electricity, kw x h 105-115
Steanm, t3 8-8.5
Water, m 110-125

Use and Quality of Potassium Nitrate

Potassium nitrate is used in many branches of industry and
agriculture.

The product of first grade is included in certain powders and
pyrotechnic compositions. Potassium nitrate is widely used in the
food industry to preserve meat and other products, and in metallurgy

to harden metals, etc.

Potassium nitrate is a valuable inert material-free fertilizer
which simultaneously contains two nutrients, nitrogen and potassium
(13.85% nitrogen, 46.587 K,0). They are practically nonhygroscopic
and do not cake. As a consequence of the high cost, potassium
nitrate is still only put under garden and flower crops, and in
small quantities under citrus crops and tobacco. Potassium nitrate
is packed in five-layer kraft-pulp bags impregnated with bitumen-
motor ail mixture. The bag with salt weighs 40-45 kg=f (net).

The quality of the potassium nitrate (GOST 1949-65) must
correspond to the following indicators:

Indicators . Grade
1st 2nd 3rd
KNO, content in conversion for dry
proauct, %, no less, 99.8 99.5 98
Moisture content,’Z, no more 0.1 0.2 2
Admixtures,Z, no more
chlorides (in conversion for NaCl) 0.03 0.1 not
: normed
carbonates (in conversion for K2003) 0.02 0.04 the same
residue insoluble in water 0.03 0.03 "

substances oxidized by KMn0, (in
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Not normed

0.02 0.025 not normed
Note: Potassium nitrate that is intended for production of powders
must contain no more than 0.0027 salts of potassium and manganese.

salts of potassium“and man-

conversion for KNO,) 0.01
ganase (in conversion for Ca)

4. Sodium Nitrate and Nitrite

50

O

Physical-Chemical Propetties of Scdium Mitrate and Nitrite

3 Sodium nitrate, NaNO3, has the appearance of a colorless,
transparent crystals (grayish or yellowish hue is permitted). The
- density of sodium nitrate is 2.257 g/cm3 at 30°C and 2.265 g/cm3 at
‘ ' 20°C. The melting point of pure NaNO, equals 309.5°C. At 380°C,
this salt is broken down into sodium nitrite and oxygen. The heat
of formation of solid sodium nitrate from simple substances is
111.25 kcal/mole.

Sodium nitrite, NaN02, is colorless or slightly yellowish
crystals of a rhombic system. The density is 2.17 g/cm3 at 20°C.
The melting point is 271°C. The heat of transformation of solid
sodium nitrite from simple substances equals 88.3 kcal/mole.

Data on the solubility of sodium nitrite and nitrate in water
are given in tables II-39 and II-40.

The polytherm of solubility50 of the system NaNO 5-NaNO, -H,0

is shown in fig. II-46, and the viscosity of aqueous solutions of
sodium nitrate--in fig. II-47.

The heat conductivity A of aqueous solutions of sodium nit:rateSo
at 32°C is presented below: '

Concentration of NaNC,, weight.Z 44 40 22 20
A, cal/(cm x 8 x deg) 0.0013 0.0014 0.0014 0.0014

The joint solubility of NH,NO; and NaMO, in water is shown in
table II-41, and the pressure of vapors above the aqueous solutions .
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TABLE II-39. SOLUBILITY OF NaN03 IN WATER (In g/100 g

of water)
- T 2) ES) Ty B3 3}
l‘cuui{»;nn&' l‘n:foeuggh- Tuepua n(.baau 'l‘oune.néu'rypa Pumgrn— 'l‘ue;(-:\:m Pam
. =67 - 20 Tlenlt 119+ 200.0 NaNO;
—12.7 40 : v () 120 2130 »
—18.14 61.9 ammm‘f 140 255.0 »
) 0.7 NaNOs 180 3010 .
20 88.0 » 180 383.0 »
25 9.7 » 200 432.0 »
40 104.9 » 247 1240 »
60 1247 N 253.6 12500 ’
80 148.0 » 289.2 4494 »
100 176,0 »
e
Key:
1. Temperature,®C
2. Solubility
3. Solid phase
4, Ice
5. Eutectics
*

Boiling point of solution at 736 mm Hg.

TABLE II-40. SOLUBILITY OF NaN02 IN WATER50
(in g/100 g of water)

3 1£3) 0
T:unfalt“p)l mf‘(‘m’" Teepann dasa Teunyia “Q PacTiop | Tncp N paas
—28 6.3 Jeal® 0 | w8 NaNG,
—8.7 19.5 » ‘5 ) 40 45.7 ’
—19.5 394 JBTeKTHK! K] H.M .
-—{0 575 NaNQ, - 1/,H0 80 135. »
-51 1.4 NaNOy 0 IhlU | ’
v A] » 128 195 »
4
Key:
1. Temperature,®°C
2. Solubility
3. Solid phase
4. Ice
5. Eutectics
%*

Bailing point of solution at 761.5 mm Hg.

of sodium nitrates and ammonium nitrates in tables II-42-1I1-44.

Methods of Production of Sodium Nitrate®0:57

Sodium nitrate is extracted fxam natural deposits and produced
by plant method which is based on the absorption of nitric oxides
295
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Figure II-46. Polytherm of Solubility
of NaNO,-NalNO,-H,0 System

2 60 /F
h mT’J/L
g5 80°% XA ]
§ 05T
s/ =0T ]
3 w0
Qa., i
®

I Iy T R Ry Ry )
Komuewmpauus NaNOy, % (2)

Figure II-47. Viscosity of Aqueous
Solutions of NaNO,

Key:
1. Viscosity, centipoise
2. Concentration of NaN03,Z

by solutions of soda, or on double decomposition of .certain nitrates
with other sodium salts, or on cation exchange (this method has been
described in the previous section, p. 286). The simplest method

for producing NaNO, is neutralization of nitric acid by soda or

by sodium hydroxide, but it is not used in industry because of its
inefficiency.
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TABLE II-41. SOLUBILITY IN NHANOB-NaNO3-H20 SYS’I‘EM6sa
(in weight.?)

Cocras nacumpmmrgo (ﬂ) ii Coeran :.c,:.;nm:m.ﬁz ‘
pactrona Toep s pacThop Toer a a2
NILNO, | NaNo, NH.NO, [ NaNOs
At 0°C At 6ooc
52.40 0
52.48 208 80.41 0
50.42 425 NHNOy 78.60 22 | NHyNOs
905 | 1718 Brhomb. (IV? | 9530 .87 ’ o-rhomb. (J1n
4137 | 204 7382 9.02
3871 | 2463 Lhe  .NaNo, | 6450 | 2034  [the, LNaNO,
0 | 4234 NaNO, 0 5558 | NaNOy
At 1o°C At 80°C
640 = 0 | 8644 | 0
6254 | 272 o . NH(NO,
6151 530 N_mNOnN s e } a- thomb {I11)
532} 13&3 Brhomb. (IV) I218 1005 lehe  NaNOs
a2k | 164 6118 2537 | [Same
4980 2240 j . +NaNoO: 2 .
Ban | 3021 ) FEﬁe TR0 e | ]l NaNOg
2285 | 3525 | ). .
1095 | 4134 | NaNOy 0 59.90
(1] 46.80 ‘At 98°C
At tneC 9145 0
S RN 278
7454 0\l  NmNo oa 538 (| NTLaNOy cgtrff°“al
7298 27 11 arhomb. (117) 8507 797 | rhombohedr. (1)
G047 2;53 | the  4-NaNO, 85 81 839
Atdr | ato2 g same 78.26 18.45 + NaNO
1301 | 4498 | NaNO, 326 - he 3
0 3130 ’ 3 0 GO, ame NaNO,
Key:

1. Composition of saturated solution
2. Solid phase

Note: The Roman numerals indicate the crystalline
modifications of ammonium nitrate according to table II-1.

TABLE I1-42. PRESSURE OF WATER VAPORS ABOVE NON-
SATURATED SOLUTIONS OF NaNO3 (in mm Hg) o

2 e‘!(o-lulln NaNO;. /100 s soms
pary-

C 10 20 36 @ | s0 e 70 80 90 | 100 e

0 4421 4280 445 404 393) 383 373 364% — -
25 22031 2214| 2139 2068 2004; 1942 18.83( 1820 | 17.77) 174
30 802 864} 834 796 | 778 | 749 | 7256 7025 | 68.4 | (i
75 12789 | 2688 | 250.1 | 240.8 { 241.1 | 2329 [ 2254 | 2178 | 2103 | 204.3 | 1994

100 | 7325 ) 7056 | 679.8 | 654.8 | 6313 | 6000 | 5884 | 5682 | 540.4 | 5316 | 5148

125 1167 [1615 1554 |1496 (1442 (1300 (1341 |1294 1250 1208|1470

1. Temperature,®C
2. Concentration of NaNO3, g/100 g of water

*
Supersaturated solutions
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(continuation of table 1I-42)

(continuation of table

() @  Komnemrpanna NaNO,, ¢/100 # oxu
Temtiepa-
Kin 120 130 140 150 160 170 180 190 , 200 l 220
.5 1924 1885 | 181.2* — — - - -— -_— -
4089 | 483.7 | 4694 455.7 | 4428 | 4304 | 4183°*| — - l —
}'.%) 1135 | 1097 | 1064 1032 | 1002 873 945 019 | 803 | 848

1. Temperature,®C
2. Concentration of NaNQO,, g/100 g of water ’

Saturated solution
k% .
Supersaturated solution

TABLE II-43. PRESSURE OF WATER VAPORS ABOVE
SATURATED SOLUTIONS®- OF NaNO,

|) 2 ) ON e - {Y) -SI-"T
T
ool | g |t | gy | remggme | gl :
10 7.4 60 97,2 110 567
15 9,8 85 1197 145
20 13,0 70 - 1484 120 749,2
25 17,4 5 181,2 125
30 22,9 80 2139 130, 968
35 20,9 85 2559 135 1084
40 38,8 90 303,9 140 1225
45 49,2 95 358,6 145 1368
50 62,3 100 4183 150 1520
55 78,2 108 490,14
Key:
1. Temperature, °C 2. Pressure, mm Hg

TABLE 1I-44. VAPOR PRESSURE ABOVE AQUEOUS SOLU’I‘IONS65
SATURATED WITH NH4N03 AND NaNO3 (in solid phase for both salts)

s pm. em.
10 53 50 34,0 90 81,4
15 7.0 85 > ] 82,3
20 9.1 60 41,0 100 79,8
] 118 a5 .9 105 72,6
30 15,0 70 9 110 59,3
3 18,8 75 87,8 115 38,5
40 23,2 80 73.4 120 8,2
45 28,3 a5 9 12114 ¢ 0,0

1. Temperature,°C 2. Pressure, mm Hg
Eutectic point (79.5%7 NH,NO,+20.5% NaNO,)
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Production of Sodium Nitrate by the Method of Alkaline Absorption
Qf Nitrous Gases

This is the most popular industrial method of producing sodium
nitrate and is based on alkaline absorption of nitric oxides from
exhaust gases from the production of diluted nitric acid 'R. p. 52).

When nitric oxides are absorbed by a solution of sodium hydro-
xide, the reactions occur

2NaOH 4- NO 4- NOg=2NaNOy 4 HeO (11-26)
2NaOH+4- 2NOg=NaNOs+ NaNOgs4- HyO (11-27)
S

when it is absorbed by the solutions of calcined soda, the reactions

NayCOg-+ NO 4+ NOg= 2NaNO3-+ COs (11-28)
Nl‘}Og-{- 2NOg== NaNOg-- NaNOg 4- COq (11-29)

The solutions that are obtained as a result of the alkaline
absorption of nitrous gases, nitrite-nitrate alkalis, are reprocessed.
Its plan is shown in fig. II-48. The ratio between sodium nitrate
and nitrite in the alkalis denends on the temperature and the degree
of oxidation of the nitrous gases.

A sample composition of ''raw' nitrite-nitrate alkalis after
alkaline absorption:(in g/1):

NaNO, 320-350 NaCl 2-4
MaNO To 50 ' H,0 850-820
NaHCO,+Na,C0,  10-15
3723
. The solution that is filtered out on filter press 4 enters
inverter 6 of batch-type or continuous action. Here conversion(in-
version) of the sodium nitrite into sodium nitrate68 occurs.
The process of NaNO2 inversion into NaNO3 occurs when the
solution is treated with a weak nitric acid:
299
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3NaNOQs+ 2HNOy=3NaNOg+2NO +H:0—-793 kecal (11-30)
”. ¥/
2 ool
¢ sody . Bume ¢ e
() | ol s so
OXUC Q30ma -
s wa cocoptuund X »
Pacmy; i 2
NasCOsy -
HNO. 4
| \’? A ﬂamg’)
7 ” I~ |NaNOgmo
&l 7 23 ¥ | .77

of v’

DI 2 o 2
8029ur ! ALl

ca” o) L

Figure II-48. Plan for Production of Sodium Nitrate from
Nitrate-Nitrite Alkalis

Key: 1. Reception tank

Centrifugal pumps

Preheater

Filter press

Collector of filtered solutions
Inverter

Collector of inverted solution
Pressure tank

Evaporator of first stage,
Evaporator of second stage
Traps

Worm crystallizer

Centrifuge

Drying drum -

Barometric condenser
Vacuum-pump

Cyclone

Barometric container

Scrubber for trapping NaNO, dust from drying drum
20. Fan

21. Solutiom

22. Nitric oxides to: absorption

b b b et e b et e b
WONONLSWNHOWVERNGOWUVEWN

23. Ailr
24. Condensate
25. Water

26. To atmosphere
27. NaNO3 solution to evaporation

28. Dust
29. NaNO, to packing
30. Stea

In order for the proccss of inversion to occur with the

greatest completeness, the nitric acid is dosed in the inverter in
such a quantity that its concentration in the solution at the end of
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the reaction is roughly 1.57. Inversion occurs at 80-90°C and with
constant mixing of liquid in the unit with the help of a circulation
pump. The sclution in the inverter is heated by saturated steam

that enters the coil located in the lower part of the apparatus. The
inversion process (including loading-and unloading) lasts about 4 h.

One should indicate that an increase in temperature above the
indicated limits results in an increase in the losses of nitric acid
and intensification of corrosion of the welded seams of material of
which the inverter is made. In the nitrite-nitrate alkalis that are
obtained during absorption of nitric oxides by a solution of
calcined salt, there generally is a content of sodium chloride that
interacts with nitric acid, forming such aggressive substances as
hydrochloric acid, chlorine and nitrosyl chloride:

3NaCl--3HNOy —» 3HCl+ 3NaNO,
3HCL - HNOy —» Clg+NOCL = 2H;0

3NaCl 4- 41INOy — Cl;-+ NOCI 4+ 2H0 + 3NaNO,

The nitric oxides that are formed as a result of inversion are
removed from the solution by air that is injected into the inverter
by an air blower, and further is sent through a trap for reprocessing
in the absorption section for the production of diluted (weak)
nitric acid. The nitric oxides contain admixtures of chlorine and
its compounds (see above), therefore in the nitric acid, whose con-
centration corresponds to roughly 25-307 HNO3, chlorine is accumulated.
As a consequence, this solution has a strong corrosive effect on the
equipment. Therefore, as 1.5-2 g/l of chlorine are accumulated in the
nitric acid, it needs to be removed from the appropriate plate of the
absorption column. The removed acid is further used in the production
of ammonium nitrate.

At the end of the inversion process, the solution is neutra-
lized by soda, then the neutralized solution which contains 40-50%
NaNO,, is sent at temperature 40-60°C for evaporation.2 Evaporation
of solutions of sodium nitrate usually uses a two-housing unit that
operates in a vacuum. The evaporator 9 of the first stage is heated
by live steam (pressure 6-8 atm). In the evaporation zone, the
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pressure of the liquor steam is 1.5-3 atm. Housing 10 of the second
stage is heated by liquor steam that comes from the first housing.
A vacuum to 600 mm Hg is maintained in the evajoration zone.

Evaporation occurs in steel or pig iron evavorators of the
vertical type with central circulation pipe or with extension heating
chamber. When one of the units stops for repair or cleaning, the
evaporator can operate as one-housing. ' In this case, heating steam ;
with pressure of 6-8 atm. is fed into the evaporator, and vacuum of
600 mm Hg is maintained in the evaporation zone.

The solution is evaporated to the condition of a suspension in
which the total content of NalNO, is roughly 75Z. 1In this case, the
solution contains 627 sodium nitrate. 1Its remaining quantity is in 4
a susvended state in the form of crystals.

The liquor steam that emerges from the evaporator of the second
stage is condensed in barometric condenser 15. The uncondensed gases
with the help of vacuum-pump 16 are removed into the atmosphere. The

steam condensate is used in the boiler plant or to obtain a soda
solution, or to warm up the sclutioms.

From the evaporator, the suspension enters the pig iron worm
crystallizer 12 of batch-operation with water sleeve. Here when the
suspension is cooled to 40-45°C, further crystallization of the salt
occurs. The NaNO3 crystals are separated from the solution in the
continuously operating centrifuge 13 with automatic unloading of the
salt. The mother liquor from the centrifuge is combined with the
inverted solution that is sent for evaporation.

After the centrifuge, the wet crystals of sodium nitrate enter
the rotating drying drum 14 where they are dried by air heated to
100°C until they contain 1.5-27 moisture. The drying drum is
rotated at a rate of 5 rpm. The dried sodium nitrate is sent for
packing.

In order totrap the sodium nitrate dust, the air from the
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drying drum is sent to cyclone 17 where a large part of the dust

is settled out. It is unloaded and joined with the dried salt. The
dust that did not settle in the cyvclone is trapped in scrubber 19 that
is sprinkled by a continually circulating solution of sodium nitrate.
As the concentration of the solution rises, it is removed for evapora-
tion. The air is suctioned from the scrubber by fan 20 and removed
into the atmosphere.

When 1 T of sodium nitrate (1007 NaNO3) is obtained, the fol-
lowing quantities of raw material and energy are consumed:

Nitric acid (100% HNO3), T 0.455
Soda, T 0.03
Saturateg stean (8 atm.), T 2.5
Water, m 65
Electricity, kw x h 120

The wastes from production of 1 T of NaNO3 are 0.38 ¥ of nitric
oxides (in conversion for HN03) sent for absorption.

Conversion Method of Sodium Nitrate Production

Sodium nitrate can also be obtained from reactions of double

decomposition:
Ca(NOyg)g-- NagS0y == 2NaNQy - CaS04 , (11-308)
Ca(NOg)z -+ 2NaCl=-. 2NaNOy+ CaCl, (11-31)
NH4NOg -+ NaCl == NaNOg + NH,Cl (11-32)
2N (NO3-+ NagCOy = 2NaNOs+ (NH¢)sCOs (11-33)
etc.

Each of these reactions has specific features. Thus, when
double decomposition occurs between calcium nitrate and sodium sul-
fate, a surplus of calcium nitrate is necessary. Part of it enters
the composition of the product and makes it hygroscopic.

The precipitate of gypsum that settles out in this case results
in strong thickening of the reaction mass. So that it remains
sufficiently fluid, the mass should be diluted with a solution of




sodium nitrate after removal of CaSOa, i.e., part of the solution
should be returned to the reactor,

The rate of the process of double decomposition depends on
the temperature. For example, the reaction (II-30) at 50°C occurs
considerably faster than at 70°C. In 1 h at 50°C, the degree of
conversion reaches 96Z, and at 70°C, only 117. In order to obtain
a large-crystal, easily filtered gypsum precipitate, a seed crystal o
(crystalline gypsum) is introduced into the reactor.

Production of Sodium Nitrite

One of the methods for producing sodium nitrite is its separa-
tion from nitrite-nitrate alkali until inversion of NaNO,. In this

case, the process of absorption of nitric oxides occurs so that alkali
is obtained with the greatest possible content of nitrite with the
least content of sodium nitrate. This is attained by reducing the
concentration of oxygen in the nitrous gas that enters for alkaline
absorption, so that at the entrance of the gas into the alkali

towers, the degree of oxidation of the nitric oxides contained in it
corresponds to the equimolecular mixture (NO + NO,).

Sodium nitrite can also be obtained from nitrite-nitrate :
alkalis that are formed in a normal regime of nitric oxide absorption E
by a solution of soda, but with a small change in the plan for re- '
processing the alkali. 1In this case, the "raw" nitrite-nitrate
alkali (p.299 ) is heated to 80-90°C for conversion of the soluble
admixtures, bicarbonates of magnesium and calcium, into insoluble
carbonates. Then the alkali is filtered or clarified by settling
and is sent to the evaporator that is similar to the unit used for
evaporation of the inverted solution. The evaporation is done at
118-125°C. The NaNO2 content in the solution in the evaporator is
brought to roughly 637.

Further when the temperature of the solution is dropped to 40-
45°C, in the cooling work, part of the sodium nitrite precipitates
out. Complete separation of NaN02 from the solution in one cycle of
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crystallization is impossible. This is apparent: From the dia ram of
solubility of the NaNO,-NaNO,- H,0 system (see fig. II- qﬁ*—ld?
eutonic solutions at any temperatures contain considerable quantities
of sodium nitrite. The crystalline precipitate of NaNO, is separated
on centrifuges from the solution, washed with steam condensate for
removal of the chlorine that is usually contained in- the water, and
dried in a rotating drum by air that is heated to 100°C.

The finished product, containing'l.SZ moisture, goes for
packing and further to the storehouse.

The mother liquor which after separation of the sodium nitrite
crystals contains roughly 45% NaNO, and 107 NaN03, is sent together
with the wash waters to the inverter, where the sodium nitrite is
oxidized into nitrate. Further reprocessing of the inverted solution
is done according to the previously described plan (p.299).

Use and Quality of Sodium Nitrate and Nitrite

Sodium nitrate is a valuable physiological alkaline fertilizer
which contains 16.477 nitrogen. It use is most expedient on acid
soils2’69. It is very effective to put sodium nitrate under sugar-

beets and especially under fodder beets.

Sodium nitrate is also used in the food, glass and metal-working
industries. It is used in the conversion method of producing potas-
sium nitrate (p. 272) and to produce certain other substances.

Sodium nitrate of two grades are manufactured. According to
GOST 828-54, they must correspond to the following requirements:

n
Indicators lst grade 2nd grade
NaNO., content (in conversion for
dry gubstance), %, no less 99 98
Moisture content, 7, no more 1.5 2.0
Admixtures, 7, no more
substances insoluble in water 0.1 Not standardized
chlorides (in conversion for NaCl) 0.5 the same
Sodium nitrite and other oxi-
dizable substances 0.02 0.25
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Technical-grade sodium nitrate is also produced which con-
tains 947 NaNO4(MRTU 20-45-66).

Sodium nitrate is packed in wooden dry-packed boxes (net weight
100-200 kg) or in paper bituminized five-layer bags (net weight 40-50
kg). The product is stored in the packed form in dry, covered rooms.

Sodium nitrite is mainly used in the oprocesses of diazotization
(for example, in the synthesis of azo dyes), as well as in the food
and textile industry, in the production of certain rubber items and
in medicine. Sodium nitrite is a toxic substance, therefore in its
production, storage, shipping and handling, the appropriate safety
measures should be strictly observed.

According to GOST 6194-52, two grades of sodium nitrite are
manufactured. They must correspond to the: following indicators:

Indicators lst grade 2nd _grade
NaNO, content (in conversion for
dry éubstance),z no less 98.5 96.0
Moisture content, 7, no more 2.5 3.0
Admixtures,%Z, no more
NaNO 1.0 2.5
subséances, insoluble in water 0.07 0.1

The product is packed in wooden boxes of capacity to 150 1,
veneer drums and wooden containers with capacity of 75-100 1 (the
packaging is lined from the inside with water-impermeable paper),
as well as two paper four-layer bags, of which only the outer must
be bituminized. The inscription "Toxic” is made on the packaging
and the bags.

The solutions of sodium nitrite which contain 280110 g/i NaNO,
are used in the production of caprolactam. According to TU 603-176-
67 the solutions designed for this purpose must contain no more than
0.005 g/t of iron admixtures, no more than 7 g/L NaNO4, no more than
1.4 g/l of chlorine. The permissible content of sodium carbonate in
solution is 15-20 g/l (presence of_ﬁp to 15 g/t NaHCO, is permitted
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with the agreement of the consumer). These solutions are shipped
in rubberized aluminum tanks or in tanks made of stainless steel.

3. Ammonium Sulfate

Physical-Chemical Properties of Ammonium Sulfate

Ammonium sulfate (NH,) 50, is colorless crystals of rhombic
shape with density of 1.769 g/cm3 (refraction index 1.5230). The

content of nitrogen in chemically pure ammonium sulfate equals 21.27.

Certain indicators of the physical-chemical properties of
ammonium sulfate are presented below:

Molecular weight 132.139
Bulk demsity, T/m3 0.7
Melting point, °C 513 (with decompo-
sition)
Molar heat capacity at 10°C cal/
(mole x deg) 63.92
Heat of formation, kcal/mole
from simple substances 281.46
from gaseous ammonia and sulfuric acid 65.44
Heat of crystallization from aqueous
solution, kcal /mole 2.6

When heated above 100°C, ammonium sulfate is gradually broken
down, becoming acid salt. At 513°C, it is completely broken down
into NH5, HyS0,, SO, and Hy)0. The pressure of ammonia above solid
(NH,),S80, at 205°C equals 0.5 mm Hg; at 300°C, it is 50.8 mm Hg.
Dissolving of 1 g-equiv. of salt in 1 1 of water at 19.6°C is accom-
panied by absorption of about 1 kcal of heat. The relative equili-

brium humidity of air above the solution of ammonium sulfate: saturated

at 30°C is 79.27.

The solubility of ammonium sulfate in water is represented by

the data in table II-45. The characteristics of its aqueous solutions

are presented in table II-46-I1-50.
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TABLE II-45. SOLUBILITY OF (NH,),50, IN WA'I‘ER6sa

i 14 ; | i) 3
prnearén-rypa"l P":?cc':';" Tlcml:m—ni:lz Te‘lm-:'nﬂ‘l’gpﬂ pagc“oc;; w T.epanzm daza
| I
-5 110 15 4245
Zt0 ' 280 } Tenf®) 20 42,85
—15 B0} | (s) 25 4330
—19 39.8 ox(t+ (NH.).&):O. 30 43.75 (NHyns0
IDTONTHKA
BRI s | g ‘
]
< 4155} (NH4):S04 60 470
10 4205 100 50.8
Key:
1. Temperature,®C
2. Solubility, weight.?
3. Solid phase
4. Ice
5. Ice + (NHa)st[‘
6. Eutectics

TABLE II-46. DENSITY OF AQUEOUS sow'rlous70 OF
(NHA)ZSOQ AT 20°C (in g/cm?).

Honmerrpaanh!) Roﬂg“‘lll @ Honnbiripa )
(N H?)?QO. nnom?c‘n (Nm)-gon aommocrs (N .l:é)-sfi-. nnor(:ocn.
.9 CI §
1 1.0041 12 1.0691 24 1.1383
2 1.0101 14 1.0808 20 1.1496
4 1.0220 16 1.0924 28 1.1609
6 1.0328 18 1.1039 J0 1.1721
8 1.0456 20 1.115% 35 1.2000
1 1.0574 22 1.2269 40 1.2277

Key: ]
}. Concentration of (NH,),80,, weight.Z
2. Density

The specific heat capacity ¢ of aqueous solutions of ammonium
sulfate at 19-51°C is given belowzz

12.8 32.8

Concentration of (NH,),S0,, weight.Z 8'3633 525280 2285

c, cal/(g x deg)
Methods of Ammonium Sulfate Production

The basic industrial methods of ammonium sulfate production are:
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TABLE II-47. DENSITY OF AQUEOUS SOLYTIONS OF (NH,).SO
AT DIFFERENT TEMPERATURES I (in g/ cmg')r T2
' Q) : (as'|'--un cprypa, L
RO HuenTii. ‘ e — - ‘
unn [ ‘ \ ;
1NH)s 304 ! i i i ) ; . ! '
nec, % 10 ) 30 \ 40 ‘ a0 €0 ! i i 1o
I R
1 10058 | 1,005 | 09980 | 0,839 | 0,880 | uuiIT ) 00644
10 10800 | 10842 | 10503 | 10460 | 10412 | tuwé 1 10085
20 14188 | AT | 14077 | 1,033 | 10086 | r0s3n | 40772
30 1,0757 | 11881 | 14640 | 1,597 | 14,1850 | g0l 0 LU ;
35 12037 | 1,4960 | 14910 | 14876 [ (1828 | 11731 | 14629
A0 | 12314 | 12287 | 12196 | 4153 ) L0T | otZuil Fo Lty
s - o= 0 - 2420 11,2984 0 1,200 11,2189 ‘
P . - - L2068 D126
! J !
Key:
l. Concentration of (NH,),80,, weight.Z !
2. Temperature,®°C 3
g%BI(.I};:mI}- gg . I_’RESSURE OF WATER VAPORS ABOVE SOLU’I‘IONS2 y
4?2°% (in mm Hg)
y
(') . El(ounc:npau-u (NH¢)s 30, 2/100 ¢ no vy
‘Teunepa-
iy . § '
16 20 30 40 50 4o 70 st 99 ] )
0 45 44] 42| 41] 40) 39 nﬁi - - ‘ -
10 90| 87| 85| 83| 80| 78| 76| — - -
20 174 16,7] 16,2 | 157 | 153 | 148 | 44| — - -
0 M4! 303] 204 286 277) 269 w2 1 - - -
40 544 52,8] 51,0 | 49,6 | 482! 48,8 405 440 — -
50 90,4 879] 855 | 830 808 | 83| 7641 739) — -
60 146,0 | 142,0] 138,0 | 134,20 | 130,2 | 126,5 | 1223 | 1194 ] —~ -
j 70 228,4| 222,2( 2159 | 209,7 { 203,7 | 11,8 | 1622 | 186,27 | — -
' 80 347,2| 337,8] 328,3 | 318,9 | 300,7 | 300,8 | 2022 | u¥32 ! 2760 | —
90 53,8 | 400,09 | 485,8 | A74,8 | 438,2 | 445,0 | 432,3 | 4201 ; 408,3 | —
400 742,3] 122,21} 701,9 | 681,7 | 6621 | 643,7 | 624,7 | 607,0 | 5900 ) 573,7
110 [ 1050,0] 1021,0| 9923 | 063,8 | 936,1 | 909,0 | 883,0 | 858,0 | 8340 |4 B11,0

Key:
l. Temperature,®°C
2. Concentration of (NH,),50,, g/100 g of water

1) absorption by sulfuric acid of ammonia contained in the coking
gas;

2) neutralization of sulfuric acid by gaseous synthetic ammonia;

3) treatment of gypsum with solutions of ammonium carbonate;

4) production from wastes of caprolactam production.
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TABLE II1-49. BOILING POINT OF
AQUEOUS SOLUTIONS< QF (NHQ) ZSO 4
(at 760 mm Hg)
) arType K T K —:u;; -.-ﬁ '. ’zl,_
Kol Toupepry ol Koteurpuk ! Temern €
2100 & som G s U0 ¢ BoaM [
' I
15.4 104 85.5 | i
30.1 02 . w1
4.2 103 26 1y :
580 104 115.3 8.2 |'
718 105 .
Key:

1. (Hy SO, concentration, g/100 g
of wa er
2. Boiling point,°C

TABLE I1I-50. VISCOSITY OF AQUEOUS SOLUTIONS72 (NHQ)ZSOA
(in centipoise)

£
O (Tﬁonumpnnm (NH.)1S04, noc. %

Tc-um:p_n‘rypn [
¢ 8.43 { [:1%:4 10.¢ 12,8 18,75 1.6
0 | 1088 - 1196 - 1455 2394
25 i V942 0.983 — 1.08 1,44+ -
A0 i 0.513 0.725 0.766 0.807 0.994 1.644
[1t] i 0.512 - 0.5M _ 0.73 1.203
S0 L0195 - 0.424 - 0.571 0.927

{
Key:

1. Temperature,®°C
2. Concentratlon of (NHq)ZSOQ. weight.?

o With concentration of 3.2% (NH )2804
With concentration of 20.9% (Nﬂa)

’(-

l‘\

Production of Ammonium Sulfate from Ammonia of Coking Gag/2-74 4

Ammonia that is contained in caking gas in a quantity of 7-10
g/m can be reprocessed into ammonium sulfate by imdirect, direct and
semidirect methods.

The indirect method means that when coking gas is cooled, resin and
supernatant water are first removed from it, while the ammonia that
remains in the gas is absorbed by water in the ammonia scrubbers. The
ammonia that is separated from the obtained ammonia water is bound
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by sulfuric acid into ammonium sulfate.
B} 4 Figure 1I-49. Flowsheet of Supernatant Water
; N“kiiiﬁi%” Reprocessing
| et ey
; 1. Distillation ammonia-limecolumns
. O ), - 2. Fractionating columms
3. Subcolumns
4., Steam-ammonia mixture
5. Water
6. Supernatant water
7. Steanm
8. To settling tank
9. Milk of lime

The direct method is based on absorption of ammonia by sulfuric
acid directly from the hot coking gas. Because of the unprofitability
and operating difficulties, the indirect and direct methods have not
been used in industry,

The more economical semidirect method has become nopular in the
by-product coke industry. It consists of stages of primary gas cooling
to separate the resins from it, reprocessing of the supernatant water
formed during cooling of the gas, with distillation of the ammonia,
and reprocessing of the ammonia into ammonium sulfate.

Reprocessing of the supernatant water consists of isolating the
ammonia that has been dissolved in the supernatant water, and breaking
down of ammonia salts that are formed during the interaction of NH,
with the admixtures contained in the coking gas. Part of the salts
are easily decomposed during heating. In order to break down the salts
that are stable in heating, the supernatant water is treated with
milk of lime.

N\

The plan for reprocessing the supernatant water is shown in

fig. II-49.

The supernatant water from the pressure tank flows by gravity
into the upper plate part of the ammonia-lime column 1. Live steam
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is fed into the lower part of the column. The steam bubbles through
the layer of liquid on the plates. The liquid flows from the upper
part of the column into the middle mixing part, is mixed with the milk
of lime and is heated by live steam. In this case, a large part of

the ammonia salts is broken down, while the released ammonia together
with the water vapor is distilled from the upper part of the columnm.
The liquid that contains residues of nondecomposed ammonia salts enters
from the mixing part of the column into one of the subcolumms 3 with
plate insertion piece. Here the ammonia is distilled by live steam
and enters the upper part of colum 1. The liquid from the lower part
of subcolumn 3 drains through the settling tank into the sewage system.
The mixture of ammonia and water vapors from the upper part of this
column enters the water tubular fractionation column 2 where it is
cooled from 100-102 to 95-96°C. Then the steam-ammonia mixture which
contains 8-10 vol.7 of NH, is sent for reprocessing into ammonium sul-
fate.

Reprocessing of ammonia into ammonium sulfate. The plan of this

orocess is shown in fig. II-50.

The coking gas, cooled to 25-30°C and purified of resin, enters
preheater 1 where it is heated by spent steam to 60-80°C. The heated
gas is mixed with ammonia that is obtained during the reprocessing
of the supernatant water, and is sent on bubbling pipe 5 into
saturator 4.

The gas is bubbled through a 387 solution of sulfuric acid. 1In
this case, ammonium sulfate is formed:

2NHy+ HySO0¢m= (NH)9S04 (11-34)

In the saturator, at the same time that sulfate is formed, pyri-
dine bases are removed from the gas. They form complex compounds with
sulfuric acid. They are broken down at a temperature above 65° with
the release of pyridine that is removed from the saturator together
with the gas.
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Figure II-50. Plan for Production of
Ammonium Sulfate by Semidirect Method

Key:
Preheater of coking gas
Acid trap
Circulation tank
Saturator

Bubbling pive

Reception vessel for mother liquor
Horizontal centrifuge

Crystal receiver

Reserve collector

10. Coking gas

11. Steam ’

12. Ammonium sulfate

VOO o

The heat needed to evaporate the surplus moisture from the formed
salution of ammonium sulfate is fed into the saturator with the coking
gas that has been preheated in apparatus 1.

At the outlet from the saturator, the gas is sent to trap 2 for
separation from the spray of acid, then is cooled and sent for further
use. When the acidity of the solution in the saturator is decreased
to 6-87 (which corresponds to the content in it of 140-170 g/t.of
fixed ammonia), crystals of ammonium sulfate begin to be released from
the solution. The formed slurry is pumned by centrifugal pump into
crystal receiver 8. The mother liquor is poured from the upper part
of the crystal receiver into reception vessel 6 and is returned to the
saturator. The crystals of ammonium sulfate contimually enter from
the crystal receiver to centrifuge 7 where they are separated from the
mother liquor.

The centrifuged ammonium sulfate crystals, having moisture con-

tent of about 27, are sent to the storehouse or for drying.
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Figure II-51. Saturator with Central
Bubbling Pipe and Extension Acid Trap

Key:

(o] ~NOY W W -

Connection pipe for outlet of

gas from saturator

Central bubbling pipe

Bubbling hood

Connection pipe for overflow of
mother liquor into circulation tank
Pipe for removal of slurry

Mixin§ jet
Pipe for supply of mother liquor
into jet

Pipe for input of mother liquor
from centrifuge

Steam

Gas

Acid

Solution

Slurry

Part of the solution continually circulates between the saturator
and tank 3. Because of the circulation and the continuous repumping
of the slurry from the saturator into the crystal receiver with
return of the mother liquor to the saturator, a constant level of
liquid is guaranteed in it and its thorough mixing.
therefore are always in the suspended state, and the growth of

crystals occurs uniformly in the entire mass of the solution.

The content of free sulfuric acid in the mother liquor that is
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Figure II-52. Circulation Tank

Key:
N, 1. Vessel of hydraulic gate
2. Pipe for drainage of

solution from saturator
f“it——w 3. Pipe for drainage of solution
K from spray trap
' 4. Overflow
|
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circulating in the saturator must be in limits of 6-87. When the
acidity drops (to 1-27), larger crystals precipitate out of the
solution. This may cause clogging of the saturator with salt. In

this case, the absorption of armonia from the gas is also impaired.

With an increase in the solution acidity, the solubility: of the ammonium
sulfate in it increases and smaller crystals are obtained. If the
solution contains over 117 acid, ammonium bisulfate NH,HSO, which is
easily soluble in water.is formed.

Ammonium sulfate with moisture content of about 27 cakes during
storage. With a decrease in moisture content, the product cakes to
a lesser degree, and with a content of less than 0.27 moisture,
ammonium sulfate practically does not cake.

Below is a description of the basic equipment used in this
process.

Saturator (fig. II-51) is a steel cylindrical apparatus with
conical bottom, lined on the inside with acid-resistant plates and
equipped with connection pipes for input and output of reagents,
solutions and slurry. There is a mixing jet 6 in the lower part of
the saturator.

Circulation tank (fig. II-52) is made in the form of a vertical
steel tank lined with lead or acid-resistant concrete. Vessel 1
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which is present in the tank and pipe 2 which is almost lowered to
its bottom for drainage of the solution form a hydraulic gate. It
prevents penetration of gas from the saturator into the circulation
tank. Acid from the spray trap enters the tank on inner pipe 3.

The crystal receiver is a vertical cylinder with conical bottom.
The apparatus is continually filled. The surplus of solution is
returned through the overflow into the saturator, and the crystals
enter the centrifuge through the opening in the lower conical part.
With one-time loading of the centrifuge with 250 kg (counting on dry
product), the capacity of the crystal receiver is usually 0.5-0.75 m3.

Centrifuges. Centrifuges of continuous operation are mainly used.
A rotating drum, as well as vibration drying transporters are usually
used as the dryers.

The consumption coefficients for 1 ¥ of ammonium sulfate obtained
by semidirect method:

Sulfuric ac1dku’t007 HZSO4 T 0.732-0.750
Electricity, to 30
Steam, € 2.7-6
Water, m 8

Production of Ammonjum Sulfate from Sulfuric Acid and Gaseous Synthetic
3

There are two known versions of this method: 1liquid and dry.

Liquid method. The plan of this process is illustrated in fig.
I11-53. The initial raw material:is 76-987 sulfuric acid and 997
gaseous synthetic ammonia. The reaction between them occurs in a steel
saturator 1 that is lined from the inside by sheet lead. Above it
there are two layers of acid-resistant brick.

Ammonia is introduced into the saturator in the form of a steam-
ammonia mixture (it contains roughly 15-207 NH,) which enters the
reaction space on two lead perforated opipes that are arranged on the
bottom of the saturator. In the central part of the bottom there is
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§ure II-53. Plan for Production of_ Armmonium
fate from Synthetic Ammonia and Sulfuric

Ac1d

Key:

Saturator
Slurry collector
Centrifuge
Fans

Air preheater
Dryer

Worm: conveyers
Steam

Slurry

Water

Mother liquor
Air

Te cyclone

To warehouse
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an areaway on whose bottom there is a ring steam pipe with holes.

The steam that emerges from it intensively mixes the pulp. The steam
ejector that is also placed in the areaway transfers to collector 2
the crystalline slurry that then enters centrifuge 3.

The neutralization process occurs at atmospheric pressure and
100-110°C. The acidity of the slurry is maintained in limits of 3.5-
4.57. Addition to the slurry of salts of phosphoric acid
promote the formation of large crystals of ammonium sulfate.

The mother liquor is returned from the centrifuge to the satura-
tor, while the centrifuged ammonium sulfate crystals with moisture
content of 2-37 are transferred to drum dryer 6. After drying by air
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heated to 120-150°C., the moisture content of the product is diminished

to 0.09-0.157. The finished product contains about 0.27 free sulfuric
acid.

The consumption coefficients for 1 € of ammonium sulfate obtained
by the liquid method:

Ammonia (gas 1007 NH,), T 0.262
Sulfuric acid (1007 ByS0,), T 0.75-0.76
Electricity, W x h 26

Steam, T 3 1.38
Water (circulating), m 1.35

Dry method. According to this method, the sulfuric acid that
has been sprayed to a foggy state interacts with gaseous ammonia in
the reaction chamber. Because of the reaction heat, almost all the
moisture that is introduced with the acid is evaporated; and ammomium
sulfate is formed as a fine crystalline powder with very low content
of moisture (about 0.17) and free acid (to 0.027). The plan of this
process is depicted in fig. II-54.

Sulfuric acid, 75-77%, is diluted with water to a concentration
of 68-717 H,S0,, and enters by gravity flow through sprayer 1 into
the conical-shaped scrubber 2 that is lined with acid-resistant plates
and is equipped with an insert made of ceramic rings. In the scrubber,
the ammonia of the exhaust gases that did not react in chamber 8 is
absorbed by the acid. The gases freed of the ammonia are removed into
the atmosphere, the acid from scrubber 2 flows along the fitting into
saturator 4 which has a cylindrical shape and is lined with acid-
resistant brick. A ferrosilide bubbler is installed in the saturator.
Its lower edge has a toothed shape. The ammonia-containing gases
that emerge from chamber 8 are bubbled through the layer of acid in
the saturator. In this case, a certain quantity of ammonium sulfate
is formed. The liquid that emerges from the saturator contains about
357 (NHA)ZSOA’ 457 stoh and 207 water.

The acid that is preheated to 135-140°C by bubbling gases in the
saturator enters through measuring tank 3 into the jet tank 5 which
regulates the supply of acid into reaction chamber 8, which is a
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Figure II-54. Plan for Production
of Ammonium Sulfate by Dry Method

Key:

Sprayer of acid
Scrubber
Measuring tank
Saturator

Jet tank

Hood

Acid sprayer
Reaction chamber
Scraper o
Sprocket

Worm convever
Fan

Gravity snouts
Conveyers

Acid

Gas
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steel cylinder. The acid enters here through ferrosilide sprayer 7
and passes into the foggy state, The ammonia is fed into the reaction
chamber from the collector on several ducts. Through the gap between
the vertical wall of the chamber and the steel hood 6, the ammonia
enters above into the chamber and is uniformly distributed in the
reaction space. The temperature in the chamber is maintained in
limits of 200-220°C. The fine crystalline ammonium sulfate formed
here settles on the bottom and is moved to the center by a rotating
scraper 9. The crystalline product is transferred through a hole

in the bottom of the chamber by a épécial attachment (sprocket 10)
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into closed worm conveyer 1ll. From here it travels on gravity spouts
13 to the belt conveyers 14.

The ammonium sulfate that is obtained by this method has the
appearance ofloose very dusty light powder (bulk density 0.380-0.475
T/m”). This results in high losses of the product. As a consequence
of this major shortcoming of the dry method, it has recently not been
used industrially.

The consumption coefficients for 1 ¥ of ammonium sulfate obtained
by the dry method:

Ammonia (gas 1007 NH,), T 0.260-0.280
Sulfuric acid (1007 H,S0,), T 0.750
Electricgty, kw x h 18
Water, m 1

2,3

Production of Ammonium Sulfate from Gypsum-'’
The essence of this method consists of processing natural gypsum
by a solution of ammonium carbonate:

(aS0¢+ (N gCOg = (N1 )2S04 + Cat.04 (11 15)

The plan for ammonium sulfate production from gpysum is shown
in fig. II-55.

Gypsum powder and a 32-337 solution of ammonium carbonate heated
to 50-55°C enters mixer 3. The gypsum powder is added in two pro-
cedures. This guarantees the formation of an easily filtered preci-
pitate of CaCO3. At first, about half of the consumed quantity of
gypsum is mixed with the solution and the mixture is sent to reactor
4., From here, the slurry is returned to mixer 3 through collector 1.
The remaining gypsum is added to mixer 3 and the obtained mixture is
pumped into reactor 6. The reaction continues for roughly 8 h, after
which the slurry that contains suspended particles of CaCOj is pumped
through collector 7 into Nutsch filters 8. Filtering is done with
vacuum of 360-380 mm Hg.

The sludge (calcium carbonate precipitate) is washed in the
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Figure II-55. Plan for Production of Ammonium Sulfate
from Gypsum

Slurry collector
Preheater

Mixer

Reactors

Exhauster

Collectors of ammonium sulfate solution
Nutsch filters
Pressure tank
Evaporators
Barometric condenser
Vacuum pump

Trough

Centrifuge

Conveyers

Barometric container:
Drying drum

Solution

Gypsuii powder

Steam

Condensate

Water

Sludge

To atmosphere
Condensate of liquor steam
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29. Furnace gases
30. Armonium sulfate

<:§)Nutsch filter by water and is removed to a dump. The wash waters

are used to prepare a solution of ammonium carbonate. A certain
quantity of CaC0, particles remain in the filtered solution which
contains 400-480 g/t of ammonium sulfate, therefore before evapora-
tion, the solution is filtered once more (not shown in the plan).
After repeated filtering, the solution which contains about 417
(NH,) S0, and 1.5 (NH,),C04 is fed for evaporation into apparatus
11 and 12 (first and second stages) made of carbon steel and lead-
plated on the inside.

The evaporated slurry that contains 557 ammonium sulfate
crystals and 457 solution, descends on trough 15 into centrifuge 16.
Horizontal automatic or semiautomatic centrifuges are usually used.
The liquor solution from centrifuge 16 is added to the solution of
ammonium sulfate obtained after filters 8, and is jointly sent for
evaporation.

The centrifuged ammonium sulfate which contains 1.5-27 moisture
enters drying drum 20. The ammonium sulfate which has been dried
to moisture content of 0.1-0.37 is further sent for packing.

The calcium carbonate sludge (760 kg per 1 ¥ of ammonium sulfate)

that is obtained as a side product can be used in agriculture for
liming acid soils or used to produce lime-ammonium nitrate (p. 247).

The consumption coefficients for 1 € of ammonium sulfate
obtained from gypsum:

Gypsum, © 1.13 1.13
Ammonium carbonate (1007 (NH4)2C03), T 0.741
Electricity, kM x h 65.0
Steam (X-2:9 atm.), T 1.109
Steam (lg atm.)*, t 0.174
Water, m 3 25
Gaseous fuel, m 50.4

*
For heating the air used to mix and dry the gypsum powder.
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Production of Ammonium Sulfate from Wastes of Caprolactam Production

This method has begun to be used in recent years because of
the development of caprolactam production. A large quantity of
solutions of roughly the following composition (in 7) is formed
as a side product at the stages of formation of oximes and neutra-
lization. It has roughly the following composition (in 7):

Ammonium sulfate 34,
Ammonium nitrate 1.3
Organic admixtures 0.3

After vacuum crystallization of these solutions, crystalline
ammonium sulfate is obtained. The plan of this orocess is shown
in fig. II-56.

The ammonium sulfate solution from the shop that produces
caprolactam enters storage tank 1. From here it is continually
;r pumped into mixing tank 3. The liquor solution that is circulating
\ in the solution is also fed here. It emerges from the crystal
receiver 13 and centrifuge 14. The ratio-of the quantities of
circulating mother liquor and fresh solution is roughly 7:1. The
mixture of solutions £rom tank 3, successively passing several
heat exchangers 4 (one of these is shown in the plan) and preheater
5, is heated from 40 to 110°C. In heat exchangers 4, the solution
is preheated because of the heat of condensation of the liquor steam
that enters from the vacuum-evaporator 6 and from the first two
stages of the vacuum crystallizer 9. Live steam is fed into pre-
heater 5. The heated solution enters the vacuum-crystallization
unit which consists of a vertical three-stage vacuum evaporator 6
and horizontal six-stage vacuum-crystallizer 9. The vacuum in
- the unit is created by a steam ejector 7, and in the first stage
: is ~100 mm Hg. In the subsequent stages, the vacuum is gradually
increased , and in the last stage reaches 710 mm Hg. In the vacuum
crystallization unit, the solution boils at reduced pressure, is
gradually concentrated and cooled to 40°C. The mixing of the formed
suspension in the vacuum crystallizer is done by air sucked from
the atmosphere.
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- Figure II-56. Plan for Reprocessing Solutions
of Ammonium Sulfate Obtained as Side Products
in Caprolactam Production
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Storage tank for ammonium sulfate solution
Centrifugal pumps 1
Mixing tank
Heat exchanger
Preheater
Vacuum evaporator ]
Steam ejector
Condenser of mixing
Vacuum crystallizer
Surface condenser
11,12, Hydraulic gates
13. Crystal receiver
14. Centrifuge
15,17. Conveyers
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16. Dryer

18. Steam 10 atm.

19. Water

20. Steam ﬁ
21= Ammonium sulfate solution

TABLE II-51. OPERATING PATTERN OF VACUUM-

CRYSTALLIZATION UNIT
A S

(' Aunaparul am
. - w—95 | 0.90—0385
%p‘mmnbﬂui BaKyyM-fiCTia puteas 5_: 190.35 0.60--0 50
(b 3-n 80—75 | 0AT—V4
. g _ . —(5 0.30—0.25
)opuaou-ram.nuu BAKYYM-KpHCTANAN g.: Zg—-lﬁ 020 U1
32TOP 6-7 60—55 o4i—043
Test 55—50 | 0.13—0.10
8-a 80—45 0.10—0.08

Geqt 45—40 008




Key:

Apparatus

Stage

Temperature,®°C

Residual pressure, atm.
Vertical vacuum evaporator
Horizontal vacuum crystallizer
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The onerating nattern of the vacuum crystallization unit is
shown in table II-51.

A slow and gradual drop in solution temperature must promote
the formation of large-crystal ammonium sulfate. The cooled slurr§
from the last stage (suspension of ammonium sulfate crystals) £flows
over the barometric pipe into hydraulic gate 12 that is equipped with
a mixer. The slurry from here is continually reoumped into crystal
receiver 13 where it is partially condensed. The slurry further enters
centrifuge 14. The mother liquor from the centrifuge and the
clarified solution from the:upper part of the crystal receiver are
returned to the cycle through the mixing tank 3. The centrifuged
ammonium sulfate crystals which contain 2-2.57 moisture, are sent by
convever 15 to the tray dryer 16 of turbine type. The product is
driad br air heated to 110-12:u°C with theheln of steam coils that are
arranged on the inner perimeter of the dryer. The cooled finished
nroduct (moisture content 0.1-0.37) is transferred to the warehouse
and to the nacking department.

The consumption coefficients for 1 ¥ of ammonium sulfate that is
obtained from the wastes of caprolactam nroduction:

Solution of ammonium sulfate containing 347 (TH,),SO,, T 2.97
Stean (11 atm.), T 0.131
Steam (8 atm.), T 1.024
Electricity, W¥.x h 24,2
Vater (28°C), m3 55.5
Alkali* (100% !aOF), kg 2

*
For neutralization of the acidity of the liquor vapor cordensate.

As compared to the small-crystal product, the large-crycstal
ammonium sulfate (ir the form of so-called rice grain) has 2 number
of advantages: it cakes little during storage, it is scattered well by
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fertilize~ spreaders, and the losses of it during storages and purting
irto the roi’ ar= reduced. '

Consequently, a lrt of attencion has recently been focused on
developing methods for producing large-crystal ammonium sulfate. This
product can be obtained when the appropriate saturation regime is
observed and different additives are put into the ammonium sulfate
(for example, sulfate of bivalent iron, sulfates of magnesium,
aluminum, etc.).

Use and Quality of Ammonium Sulfate

Large quantities of ammonium sulfate are used in agriculture as
nitrogen fertilizer (contains 20.5-217 nitrogen) for basic use on
chernozem and sierozem soils under all agricultural crops.

Ammonium sulfate is a physiologically acid fertilizer, there-
fore the soil needs to be limed if it is used for a long time.

According to GOST 9097-65, three grades of by-product coking
ammonium sulfate used as a fertilizer are produced., Their quality must
meet the following requirements:

Highest first second
grade grade grade
Nitrogen content (in conversion
for dry substance),l, no less 21.0 20.8 20.8
Free sulfuric acid,Z, no more 0,025 | 0.050 0.050
Moisture, 7, no more 0.2 0.3 0.3
Fraction with dimensions over
0.25 mm, %, no less 85 75 not normed

Ammonium sulfate (side product of caprolactam production) must
meet the requirements TU AU 143-60:

Nitrogen content (in conversion for dry substance),Z, no less 290.
Moisture, %, no more
Admixtures of caprolactam, %, no more

QOO
w W

Ammonium sulfate is packed in paper, bituminized, or poly-

ethylene bags (capacity 45-50 kg each) and is shipped in closed
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railroad cars. By agreement with the consumer, the ammonium sulfate
may be shipped in a heap in clean closed cars.

6. Carbamide

Physical-Chemical Properties of Carbamide

Carbamide CO(th)Z (urea), or carbamic acid amide, is a color-
less, cdorless crystal substance. It is crystallized from solutions
in the form of thin needles or rhombic prisms. The technical-grade
product has a white or slightly vellowish color. Pure carbamide
contains 46.67 nitrogen in the amide form.

The main physical-chemical constants of carbamide:

Molecular weiggt77 60.056
Melting point’”" "% ,°C
at 1 atm. 132.7
at 30 3 Lm. » 150
Densitygg»?g, g/cm3
at 0°C 1.335
at 25°C 80 .31 1.330
at 132.§°C {liquid) ’ 1.225
Viscosity 0,81 (at 132.7°C), centipoise 2.58
Specific heat capacity (at room temverature),
cal/(g x deg) 0.321
Molar heat capacity (at é§6°C), cal/(mole x deg) 30.57
Free energy of formation®+ (at 25°C), kcal/mole 97.118
Heat n
of formati9g from simple substances°2,kca1/mole 79.6
of melting’?, Sal/g 57.38
of combustion8Z, kcal /mole 151.053
Heat of di§golving, cal/g
in water 78,83 57.8 3
in ethanol78,83 o = (in metharol ) 50.2 (46.6)

in liquid ammonia

at 26.4-31.5°C 61
at 50-108.5°C 32
Heat conduct?yity
of crystaég , cal/(cm x s x deg) 0.191
of liqgid (at 135°C), kcal/(m x h.x deg) 0.362
Entropy®4 (at 25°C), cal/(mole x gfg) 25
Elecfrical fonductivity of 1iquid®* (at 135°C),
Ohm=* = cm~ * 0.00435
Dielecgrical pet‘meabilit:y‘%’87 (at 22°C and
Dissociation cog tant (at 25°C) ' 1.5 x 10
Surface tension®’ (at 132.7°C), dyne/cm 36
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Angle of rest,®
of crystalline product 37
of granulated product 35

Carbamide that has been heated in a vacuum to 120-130°C is
sublimated without decomposition. At higher temperatures (160-190°C) :
it decomposes with the formation of ammonium cyanate. At atmospheric e
F pressure and 180-190°C, carbamide breaks down with the formation of

biuret, cyanuric acid and ammelide. At temperatures above 200°C, it
: breaks down into ammonia and cyanuric acid.

b Biuret is the product of condensation of two molecules of
carbamide which cccurs with the splitting of ammonia:

2HgN~-CO—NHy —» HyN~CO—~NH—CO—NHjz+ NH,

Cyanuric acid is formed as a result of the condensation of three
molecules of carbamide:

NH
O ]
3HyN~CO—-NHg —» | | +3NH,
HN NH

o

The breakdown of aqueous solutions of carbamide becomes
noticeable at 60°C, significant at 100°C, and rapid at 125-130°C. Car-
bamide in solutions is practically stable at temperatures to 80°C.

The solubility of carbamides in water has been studied by a
number of researchers. Their data is presented in table II-52.

Carbamide easily dissolves in liquid ammonia. With a rise in
temperature, the solubility of carbamide significantly increases.

The pressure of ammonia vapors Py above the saturated solu-

tions of carbamide in liquid ammoniagoz

t,°C —204 58 239 350 400 447 49 350 613 % 82 10
D atm 3 47 78 92 94 90 94 94 14 134 135 125
‘NH3 ’ °

Carbamide dissolves in methyl, ethyl and other alcohols, and
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TABLE II-52. SOLU?;L&EYSQF TABLE II-53. SOLUBILITY CF
’ ’

CARBAMIDE IN WATER

CARBAMIDE IN LIOUID Armonia®4:99

Teunepat'l'~ Pacrao- | Tewnepa- ¥ bucrao tepas [P | Temnepa- {S¥actsu-
r!&‘l i D.lle:«f:t l ?ggu ! p.::os:s Te:;tg:l- D'm‘:.: ;L)erxgn p.l:?g:b
0 40.00 65 74,11 - 179 447 73.2
7 44.00 70 . 76,28 _.%,4 20,8 449 132
17 50.00 753 71.56 —~50 31.8 45.0 756
20 51.83 844 81.42 5.8 3838 50,0 759
25 54.58 93.8 85.24 14.5 45.4 81,8 79.3
30 5748 95.0 87.00 205 492 66.0 80.7
35 59.85 104.4 89,64 239 548 . 686.5 81.4
40 | 6380 107.0 9000 26.0 54.3 780 834
4 1 8472 109.9 91.78 31.5 584 81.0 84.8
O 6723 | 1153 93.78 359 | 628 82.0 854
55 6958 | 1200 | 8500 S | &80 i 1010 | e
80 71.88 | 430 ! 723 | 1085 919
Key: o Key:
1. Temperature, °C 1. Temperature,°C
2. Solubility, weight.Z 2. Solubility, weight.3

TABLE II-54. SOLUBILITY OF CARBAMIDE IN CERTAIN ALCOHOLS77
(in g/100 g of alcohol)

al ® Tesneparypa
GnapTH :
(] 10 20 30 40 } 50 J 80 70 , 80 , 90
ap)
Jramoz”. . . . . 26 | 40 | 54 | 7.2 | 93 (11,7 {154 |202 | — | —
w-llponawon M .| 16 | 20 | 28 | 38 | 48 | 62 | 7,7 | 98 |12,3 [17,0
Hsonpomamon (8 . | — - 82| =t = | =1 = =123 -
HaoGyranon (), .| 1,0 | 1,3 | 1,7 | 23 | 314 | 37 | 44 | 53 | 63 | 82
Wacammaoseatf1) .| — | 07 | 1.2 | 1.8 | 24 | 27 | 34 | 41 | 49 | 55
Key:
1. Alcohols
2. Temperature
3. Ethanol
4. n-propanol
5. Isopropanol
6. Isobutanol
7. Isoamyl

is not very soluble in ether and is insoluble in chloroform.

The solubility of carbamide in methanol is characterized by

the following datae“;(in g/100 g of alcohol):
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Key:
1. Solubility
2. Solid phase

In the temperature interval from -15 to +19°C, carbamide can
be dissolved in methanol

, and with the precipitation of metastable
solid phase77

-5 ~10 0 10 5 19
109 110 142 17.7 197 214

Temperature,©°C
Solubility, g/100 g
of alcohol

The solubility of carbamide in certain organic solvents77 is
presented below (in g/100 g of solvent):

Solvent | t,°C | Solubility
Ethyl ether 15-20 0.0004
Glycerine 15 ~ 50
Pyridine 20-25 0.96
Aqueous 507 solution of pyridine 20-25 21.53
Ethyl acetate 25 0.08

The viscosity of concentrated solutions of carbamide (above 757)
approaches the viscosity of water at low.temperatures (0-10°C).

The nomogram for determining the viscosity of aqueous solutions
of carbamide91 is shown in fig. II-57. On the right scale of the
average line is the concentrations c¢ of CO(NH,), solutions (in %),
and on the left——the temperature
saturated.

at which the solutions become

After connecting the point of the assigned temmerature

on the left scale t with the point of solution concentration on the

scale ¢, and after making a long straight line to the intersection

with the viscosity scale n (in centipoise), we find at the inter-

section point the unknown viscosity of the solution.
330
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viscosity of a 507 solution of carbamide at 60°C is 0.925 cP. The

+ saturation temperature of this solution is ¢ = 15°C.
TABLE II-55. DENSITY AND TABLE II-56. BOILING POINT
VISCOSITY OF AQUEOUS SOLUTIONS OF AQUEOUS SOLUTIONS OF CAR-
OF CARBAMIDE BAMIDE (IN °C) WITH VACUUM
Teunel  wiordY) 5 BTy, 4D i3
pegpa | Hocrs !“"cii?““; e | T ® huspouense
Kongenpa- MM pm, cm,
i 115%-. pncT(:())p 35%- pm(;‘%p ooy, '
H n
15 10423 | 1250 | 10092 | 1.397 10 | GGu 1360} 410
. 30 10367 | 0904 | 140915 1.159
‘ %5 10302 | 0,705 | 1.0835 0.838 ' !
0 1.0248 | 0576 | 1.0743 0.729 ,
75 10140 | 0491 | 1.0049 0615 20 40 | 31 {69] s
%0 1.0050 | 0425 | 1.0545 0.532
) k*) 40 43 | 56 [71] s4
%: 1 75%- ac
5% pacThopy o' pagreop 60 45 | 61 78] w0
30 11530 | 4786 | — - 3
45 1.1423 1,322 | -— — 80 Ksucrannu- 8711w
60 1.1330 1.053 — - - ayerca
75 14240 | 0269 | 1845 1634 I l
90 14145 | 0748 | 14750 1,365

Key:
Kev: 1. Concentration, weight.Z
f 4 2. Vacuum, mm Hg
3

1. Temperature,® .
2. Density, g/cmg Crystallizes
3. Viscosity, cP _ '
4. Solution ]
-F25
Figure II-57. Nomogram to T4
Determine Viscosity n of oo
Aqueous Solutions of 2
Carbamide (in cP) v i
l T
X +
xv
l T d:”
. + 2 *-as
T £07
-w =
- $ a5
- <o —
3 +45
.;4_') “
i |
£ 1;
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69,92

The hygroscopic points of carbamide are presented below:

Temperature,®°C W5 20 2 30 40 50
Relative air humidity
above saturated solutions,? 818 799 800 758 725 68 625

Carbamide which contains 0.2-0.37 moisture practically does not
cake. Cooling of thernroduct and the introduction -of additives
(ground corn stalks, soy, bone, shell meal, dolomite, etc.) reduce
the caking of crystalline carbamide.

The bulk density of crystalline carbamide which contains 0.5%
moisture is 640 kg/mB. The bulk density of the granulated nroduct
is greater and depends on the granulometric ccmposition of the
product (table II-57).

TABLE II-57. BULK DENSITY OF GRANULATED CARBAMIDE*
(moisture content of product 0.5-1.77)

Paimepn rpanyn@“m- @) Paimepwn rp“‘yn. o (;)
Hacunnan . Hacnnnan

2 -1 ‘ t—as l a5 un?;\;ggrb 2 ‘ -t ‘ 1—0.3 l 0.5 nng‘n;:c.ﬂ-

Copepikansie rpasysn, sec. ','.(3) CoRepyaning rpamys, acc, )

4.2 87.0 5.8 30 682 0.6 72.4 26.7 | 1.3 727

.';-2 8/8.2 6.0 2.6 688 1.9 79.4 17.0 1.7 680

6.2 ‘ 2.0 79 19 692 6.6 73.0 19.0 1 1.4 ('}70

6.5 904 - 34 736 2.2 80.0 16.8 10 670

19 | 831 | 135 | 15 674 14 | 728 | 232 | 26 710

N6 1756 224 1.7 701 55 | 785 14.7 1.3 678

1K) i 76.7 ll&& 3.0 703

Key

.1. Granule sizes, mm 3
2. Bulk density, kg/m
2. Granule content, weight.7

According to data of N. V. Meshcheryakov.

Raw-material. The initial raw material in the production of
carbamide is liquid ammonia and gaseous carbon dioxide.

The physical-chemical properties of ammonia are presented in
the first volume of Reference Book for Nitrogen Industrvy Workex
(see section I).

Under normal conditions, carbon dioxide is a colorless,odorless
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gas. The density of gascecous carbon dioxide (at 0°C and 760 mm Hg)
equals 1.9769 kg/m3, The density of solid carbon dioxide is 1.3-
1.6 kg/1, depending on the method of its production.

The triple point of carben dioxide is -56/6°C at 5.28 atm. The
heat of steam formaticn of CO2 at temperatures and the appropriate
pressures located between the critical and triple points, is
determined from the equation (in kcal/kg):

r=152 (3041 — 038

where tetemperaturzs,®C.

Solid carbon dioxide melts at temperatures and pressures
equal or exceeding its triple point. Below the triple point, solid
carbon dioxide diractly passes into the gaseous state (sublimates).
The sublimation temperature is a function of pressure: at 1 atm. it
is -78.3°C, in a vacuum -100°C and lower, depending on the depth
of the vacuum.

The thermodynamic properties and the viscosity of carbon
dioxide are vresented in volume I of the Reference Book for the

Nitrogen Industrv Worker (see section I).

Physical-Chemical Fundamentals of Carbamide Synthesis

Of all the known methods for producing carbamide, the process
of carbamide synthesis from ammonia and carbon dioxide according to
the method developed in 1868 by the Russian chemist A. I. Bazarov93
has currently obtained industrial value. Synthesis of carbamide
according to this method can be viewed as the process of formation
and dehydration of ammonium carbamate:

04+ 2NTly =% HN—COO=NHy | ¢ (11-36)
1,N—COg—NHg 32 HaN=CO—NTlg + Hyt) — (1-37)

The equilibrium state of these reversible reactions, and con-
sequently, the output of carbamide depends on the conditions of
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synthesis, molar ratio of ammonia, carbon dioxide and water, tem-
perature, pressure, quantity of inert gases in the initial mixture,
duration of the process.
50 [JTI] Figure II-58. Solubility of Ammonium Carbamate-
W &@ﬁ Water System
130 \@}9 \.(9"» Key: "
~ I\ P j__ $ /9 1. Temperature,®°C L
| U Ny 2. Solution :
' g %" 7 3. Ammonium carbamate C
1 §7v 4. Ammonium sesquicarbamate »
I 5. Ammonium carbonate |
l = Z i 6. Ice ’
! i Cecntuntpdonam 1 7. Concentration, mol.Z
) & t
o I
_,% Hapoowam armmonud
-z T T1T 1T
0 10 203040 5080 70 %0 %0 X0
@wwmwmmmnwz

In the absence of water, only ammonium carbamate is obtained.
In the presence of water, ammonium carbonate is also formed (NH,),CO4,
ammonium bicarbonate NHQHCOB, and ammonium sesquicarbonate (NHA)ZCO3 X
2NH QHCO 3

Water and ammonium carbamate form a metastable system that is
slowly converted into a mixture of different compounds. Their
composition depends on the temperature and concentration of carbamate.

The solubility in the ammonium carbamate-water system (according
to the data of Janecke)is shown in fig. II-58, It is apparent from
here that the saturated aqueous solutions of ammonium carbamate
exist at temperatures above 60°C. At lower temperatures, saturated
solutions of other ammonium carbonates are formed.

The reaction (II1-36) is exothermic. The results of determinding
the heat of formation of ammonium carbamate that were obtained by
different researchers have discrepancies, but not very significant.
Therefore, the heat of reaction (II-36) can be assumed to be equal

to 152 kJ/mole (36.3 kcal/mole) with constant volume and 158 kJ/mole
94

(37.7 kcal/mole) with constant nressure.
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The reaction (II-37) of dehydration of ammonium carbamate with
the release of carbamide is endothermic. Its thermal effect is
-32.3 kJ/mole (-7.7 kcal/mole). Thus, the total heat of formation
of carbamide from ammonia and carbon dioxide equals 125.7 kJ/mole
(30 kcal/mole). Consequently, the process of carbamide synthesis
on the whole occurs with the release of heat.

The quantity of released heat depends on the molar ratio of
ammonia and carbon dioxide, the purity of the initial raw material,
the water content in the reaction mass (in the column) and on the
degree of conversion of ammonium carbamate into carbamide.

When carbamide is synthesized, in addition to the main reaction,
side reactions may occur. The tctal effect of the main and side
reactions determines the output of carbamide and the pressure of

the process.

Matugnon and Frejvaues95 have established that the pressure
of the process of carbamide synthesis with a stoichiometric ratio
of NH4:CO, is higher than the sum of pressures of water vapors and
dissociation of ammonium carbamate. The dissociation pressure of
ammonium carbamate was determined by Briner96 in the interval of
temperatures 77-197°C. The results he obtained are presented below:

Temperature| Gage empera- | Gage
°C pressurel °C pressure
atm. atm.
i s | 1134
1140 18.7 183 156.8
1300 84 107 2609

B. A. Bolotov and A. N. Povoova in studying the conditions for
carbamide synthesis established the dependence of the equilibrium
pressure of the process on the temperature with different ratios of
ammonia and carbon dioxide (fig. II-59). It is apparent from the
figure that the pressure of the carbamide synthesis process signi-
ficantly exceeds the pressure of ammonium carbamate dissociation
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established by Briner, and only with a surplus of ammonia to 507 is

the »ressure of synthesis belcw the pressure of carbamate dissociation.

According to Briner's curve for pressure of ammonium carbamate
dissociation, one can determine the upper limit of the temperature
in the column of synthesis at the assigned working pressure.

The reaction
NH,

COs+2NHy == °c<orm (11-36)
[}

is reversible, and the system is divariant. The vressure of carba-
mide synthesis with constant volume depends on the temperature and
composition of the gas phase.

3;2(?,) Figure I1-59. Dependence of Equilibrium Pres-

T sure of Process of Carbamide Synthesis on
230 : Tempgrature (Filling of reaction space 0.7
o) P Rey: /
*Z"m 1. Without surplus of NH,
s 2. Surplus of 507 NH
S 3. Surplus of 1007 NR
s 4. Pressure 2§ dissoc%ation of ammonium
carbamate
344%);‘29' 5. Pressure, atm.
e, i ) 6. atm.
135 183 135 165 175 185 195 205 7. Temperature, °C
Q)]bvmpamym,'t‘

Figure 11-60. Dependence of

'g"g' » - 3 Equilibrium Output of Carbamide
‘§t 2 = a8 on Temperature and Surplus of
% i/ - 3 Ammonia
3\» P =R — Key:
3 ¥ 1. Surplus of 3007 NH
§ 3
, § 2. Surplus of 2007 NHj
@§§ = 2 Surplus O,E_ 1ggz NH;
. Surnlus of 507 NH
S8 w 153 /75”/%55 Mf;’ 20 230 20 5. Without surplus og NH
(7)aneoamyos, 6. Degree of conversion 3s

ammonium carbamate into
carbamide, 7
7. Temperature,“°C

As B. A. Bolotov and V. R. Leman determined, the degree of
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% dehydration (conversion) of ammonium carbamate into carbamide increases
with a rise in temperature and an increase in the surplus ammonia
3 (fig. II-60). However, this increase lasts only to a certain maximum
that is limited to temperature of 200-220°C. Above this temperature,
it is inefficient to synthesize carbamide at the assigned pressure
since with a further rise in temperature at constant pressure, the
degree of conversion of ammonium carbamate into carbamide begins to
decrease. This is explained by the intensive rise in pressure of
dissociation of ammonium carbamate with a rise in temperature.

b As follows from fig. 1I-61 which confirms the data of fig. I1I-60,
' with an increase in surplus ammonia to 1007, a comparatively high

growth is observed in the degree of conversion of ammonium carbamate

into carbamide. With a subsequent increase in the surplus ammonia,
L' the degree of conversion increases only by 3-6Z. Therefore, under
practical conditions of carbamide synthesis, the NH4:CO, ratio is
assumed to be no more than 4:1.

Figure II-61., Effect of Temperature on

7 F the Degree of Conversion of Ammonium
® ! 4& - Carbamate into Carbamide in the Presence
E 7 e of Surplus Ammonia gfilling of reaction
géf 1475 'y space 0.7-0.85 g/em?)
‘§§ o 4 Key:
sS o 1. At 3007 NH,
3¢ 2. At 2007 NHj
g; 3. At 1007 NH3
- 4. At 507 NH
§ 5. Degree of“conversion of ammonium
S % ' carbamate into carbamide; %
g_ 6. Temperature,°C
s 'ﬁ%'

Temnepamypo, ¢

The rate of ammonium carbamate dehydration is shown in fig.
II-62. One should take into consideration that these data mainly
have an illustrative nature since a whole series of factors that will
be examined below influence the absolute quantities of carbamide
output.

The effect of surplus ammonia and temperature on the rate of
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Figure II-62. Rate of Dehydration of
Ammonium Carbamate

Key:

at 200°C

at 180°C

at 170°C

at 160°C

at 155°C

at 145°C

at 140°C

Degree of carbamate conversion,?
Duration of heating, h

(e L NT NV BN NULE LN

conversion of ammonium carbamate into carbamide is shown in fig. II-

63 (according to data of B. A. Bolotov, A. N. Bopova and V. R. Leman). H
Figure 11-63. Dependence of
" AL,A===f 1\ i Degree of Ammonium Carbamate
g o Ve : — Conversion into Carbamide on
Yo |1 _M/0% LT3 Duration of Heating, Surplus
'§'§ 50 4 7 oF < Ammonia and on Temperature L
e / IJ?//» Sl - (solid lines--100Z NH, surplus,
§ o—Hr? —715 = — ] dottedw==507 surplus Nﬁa)
g | I/ - / 2
© 9 S ¥ 2 Key: .
y 2T e
L - . at °
§§ ”&' ] /- ,?q;?' 3. at 175°C
oH 4 4. at 165°C
ED : 2. at 12§°g
. at 145°
gzs @5 @75 0 ws U5 (B M2 7. Degree of conversion

1D00RAICUMESIHOCITS HOBDERIWYR ¥ of ammonium carbamate

into carbamide, 2
8. Duration of heating, h

With an increase in pressure, the degree of conversion of
ammonium carbamate into carbamide increases. The specific outnut
of the synthesis column also rises.
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Figure 11-64. Effect of Pressure on

+ Sﬂav Degree of Conversion of Ammonium Carbamate
e into Carbamide
3y »
I3 Key:
§§ 50 1. Degree of conversion of ammonium
38 carbamate into carbamide,?
§§ 45 7 2. Pressure, atm.
88 o/
/] ||
5

W ITS 219 245 280
ﬂcdﬂeﬂt/qame’

At pressure of 154 atm. the degree of conversion is only 35%
(fig. II-64), at 175 atm. it rises to 437, at 210 atm.—to 517, at
280 atm--to 577, after which it remains on one level,

The rate of ammonium carbamate formation (with other conditions
equal) rises roughly proportionally to the square of pressure. This
reaction which is fairly slow at atmospheric pressure and normal
temperature, under pressure on the order of 100 atm. and temperature
of 150°C occurs almost momentarily. Therefore, under production
conditions, in order to increase the specific output of the synthesis
cclumn, it is expedient to conduct this nrocess at high pressure
(200-280 atm.) and a temperature corresponding to this pressure.

Reaction (II-37) of the formation of carbamide from ammonium
carbamate can occur with considerable output only in the liquid phase.
The presence of water reduces the temperature of melting of carbamate
in the initial period of the process, promoting the most rapid
formation of the liquid phase. As equilibrium is reached, water has
a negative effect on the course of the process of carbamide synthesis.
It has been found97_that the presence of each percentage of water
above 2-37 reduces the degree of conversion of ammonium carbamate into
carbamide by 1%Z. Frezhak and Kann have established the dependence of
the equilibrium degree of CO, conversion into carbamide on the
surplus ammonia and the water content in the reaction mixture.
According to the nomogram (fig. II-65) which graphically expresses
this dependence at temperatures 6f 130-200°C, one can compute the
degree of con&ersion of carbon dioxide into carbamide in a broad
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Figure II-65. The Effect of Surplus Ammonia and
Water Content on Degree of Conversion of Carbon
Dioxide into Carbamide

Key:
1. mole/mole
2. Degree of 002 conversion into carbamide

range of initial ratios of NH3:CO2 and HZO:CQa?in the reaction mass.
For example, with NH4:C0,=4, addition of 1.55 mole of water and
180°C, the output of carbamide for CO2 is 507. With the same ratioc
of NH3:CO2 and 180°C, but without the addition of water, the output
of carbamide rises to 737%.

A surplus of carbon dioxide does not have a significant effect
on the ammonium carbamate conversion into carbamide (fig. II-66).

Figure II-67 shows a graph for the change in ammonium carbamate
conversion into carbamide depending on the duration of stay of the
reaction mixture in the synthesis column. It is apparent from the
figure that in the. space of 1 h, an almost equilibrium output of
carbamide is reached. With a reduction in the time of stay of the
melt in the synthesis column from 1 h to 30 min., the degree of
conversion of ammonium carbamate is reduced by 6-87, while the speci-
fic removal of carbamide from the synthesis column is increased two-

fold (fig. II1-68,a). Thus, with an increase in the total rate of
340
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nwg%ommnbluﬂ,\ Figure II-66. Degree of Conversion
o o5 v g5 2 25 9 43 4 of Carbon Dioxide into Carbamide
I Bt e o L with Surplus MH, or €O, and Tem-
Sy Hatiwion COg - nerature of 155°C (dot%ed linee=
S8 Wl— r stoichiometric mixture)
:E:S‘;g Zt : + Key:

P 2 3 4Jj s 7 & 1. Degree of conversion,’
A nugllco, 2. Mole
3. Surplus
§"” Figure I1I-67. Dependence of Degree
I R of Conversion of Ammonium Carbamate
S ] into Carbamide on Duration of
S 05 e Heating cf Reaction Mixturg (Filling
§§5p i of Reaction Spvace 0.7 g/cm°)
@i I Key:
§s ¥ ! 1. With surplus of 1007 NH,
g§‘5 and 190°C
3 2. The same at 210°C
5%':5 ! ] 3. With surplus of 3007 NH,
45 1 7 7 ¢ 5 & and 190°C
Naodosarcumemmoce rocoesonus, {8) 4. The same at 210°C
5. Degree of conversion of

armonium carbamate into
carbamide, 7
6. Duration of heating, h

loading the reagents into the column with a constant volume of them,
the degree of CO2 conversion into carbamide is reduced, but in this
case, the output of carbamide is increased because of the reduction
in time that the melt stays in the column,

The dependence of the specific removal of carbamide on the ratio
of NH3 and Co, is shown in fig. II-68, b.

When there are inert admixtumes in the original ammonia and
carbon dioxide, the partial pressure of NH3 and CO2 above the melt
in the synthesis column is reduced, as a consequence of which there
is a decline in the degree of conversion of ammonium carbamate into
carbamide.

V. V. Lebedev (GIAP)[State Scientific and Planning
Institute of the Nitrogen Industry and Products of Organic Synthesis]
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Figure II-68. Dependence of Specific
Removal of Carbamide

Kev:
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has established the dependence of decrease in degree of CO, conversion
into carbamide on the quantity of inert gases in the initial raw
material:

y=~2,66 1g z+ 70.08 (11-38)
y==—0065 ig 4 1.837 (11-39)

where x--content of inert admixtures in gas, vol.%;
y--degree of conversion of carbon dioxide into carbamide,
weight.Z.

Equation (II-38) refers to the equilibrium output, while
equation (II-39) to the practical.

With an increase in surplus ammonia, there is a change in the
density of the liquid phase (melt) and the volumetric ratios of NH4
and CO, in the gas phase (fig. II-£€9). This has a negative effect
on the specific output of the carbamide synthesis columm. In order
for the specific output of the column to be the greatest with the
minimum energy expenditures, the NH5:C0, ratio should be carefully
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Figure 11-69. Effect of Surplus Ammonia and Temperature
in Synthesis of Carbamide

Key:
a. on density of melt
b. on composition of gas phase (descending curves--
CO0, content, a.scencl:'.n?---l\‘lrl3 content)
De%sity of melt, g/cm
Surplus
Composition of gas , volumgZ

W N =

selected. Calculations made for a plan with complete liquid recycling
(p.365) indicate that when the NH3:CO2 ratio rises, the consumption
of electricity for 1 ¥ of carbamide is reduced, while the specific
consumption of steam is the minimum with NH,:C0 = 4:1 (fig. II-70).
The total consumption of steam and electricity is also the minimum
with a surplus of ammonia of about 1007 .

The presented data make it possible to determine the optimal
ratio of ammonia and carbon dioxide in the synthesis of carbamide
under specific conditions of a chemical enterprise with regard for
the cost of the steam and the electricity.

For a more complete study of the process of carbamide synthesis
and to study the side processes, it is useful to know the solubility
in a four-component system HZO-CO(NHZ)Z-COZ—NHB, as well as the
vapor pressure above the solutions and the composition of the corres-
ponding gas phases.
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Figure 1II-70. Dependence of Snecific Energv
Expenditures in Production cf Carbamide on Molar
Ratio of MH,:CO

2
Key:
a. Consumption of electricity
b. Consumption of steam during synthesis and
distillation
1. Consumption of electricity, KW x h/€ of carbamide
2. mole/mole
3. Consumption of steam, ©/€ of carbamide

The data that refer to the metastable system of carbamide-water
are presented in fig. II-71. It depicts the curve of solubility
(crystallization) and the curves for the density of solutions and
pressure of vapors above them with different temperatures and con-
centrations of solutioms.

Figure II-72 illustrates the diagram for the condition of the
carbamide-ammonium carbamate—ammonia69 system. The curves of joint
crystallization that demarcate the diagram into four regions cor-
respond to the compositions of solutions that are saturated by two
substances, for example, carbamide and ammonium carbamate (line OB),
carbamide and its ammonia complex (line AO), etc. In the region
which is adjacent to the top CO(NHZ)Z, there are solutions which are
saturated with carbamide. Above it is a field of solutions that are
saturated in relation to the complex CO(MH,), x NH3. The region of
solutions saturated with ammonium carbamate is adjacent to the top
of NH,CO,NH,. In the region of stratification that is limited by

ellipsoidal curve CD, two three-component solutions are in simultaneous

coexistence. Their compositions are determined by the intersection
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Figure II-71. Diagram of Solubility of Carbamide
in Water, Density of Its Solutions and Pressure of
Vapors above Solutioms

Key: 3

Density of solutions, g/cm

Absolute pressure, atm.
Temverature,°C

Ice

Line of crystallization

Carbamide

Concentration of carbamide, weight.7

~NovieswN -

P

points of the isotherms wvith boundary curve CD. The ratios of both
solutions in the region of stratification correspond to the ratios

of the isotherm segments into which they are divided by the assigned
or unknown points of the compositions. Point O of intersection of
three boundary curves characterizes the composition of the solution
that is saturated with carbamate, carbamide and its ammonia complex.

By analyzing this diagram, one can draw the conclusion that in
the presence of carbamide, the solubility of ammonium carbamate in
liquid ammonia rises, and with an increase in the ammonia surplus,
the melting point of the carbamide drops. 1In this case, the quantity
of the liquid phase increases, and consequerntly, the reaction of car-
bamide formation is accelerated.
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Figure II-72. Diagram of State of Carbamide-Ammonium
Carbamate-Ammonia System

Key:
1. Area of stratification

Data on the melting points of the carbamide-ammonium bicarbonate
and carbamide-ammonium carbonate-ammonium bicarbonate systems are

presented below. S4

System _ System

CO(NH,)o~ NHL.HCOs CO(NH 9y~ NH,COONH, ~ NH,HCO, -
GO(NH t [}
o g G Gy oo mmeoona Tl

95—103 50 70--88 10 ' 80 115134
10 82--107 60 82—84 20 &0 74—113
Lo 3o oEm 2 &

-1
83—-9%4 90 108128 H—100

The equilibrium composition of the gas and liquid phases that
are formed in the process of carbamide synthesis is presented in

table II-58.
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TABLE II-58. EQUILIBRIUM COMPOSITION OF LINUID AND
& GAS PHASES IN PROCESS OF CARBAMIDE SYNTHESIS AT
DIFFERENT TEMPERATURZS t AND PRESSURES P

| ) 3) penRmA ¢ cTan nape-
b o P Hng‘u’(:on Cpemmmit °£°'m naasa, o, % ugoml e‘-‘u. obnenp, %
. a VHe
§OTI NE, | NR(GONH, | ConHy, | Mo | NH, | co, [ mo
135 | 137 0 1.2