UNCLASSIFIED

=y

po T8 4

Reproduced
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINTA

UNCLASSIFIED

Best Available Copy




ROTICE: When govermsent or oiher drawvings, speci-
fieations or other dats are used for any purpose
other thar in connection with a definitely reiated
government procurement vperation, the U. 8.
Uovernment Lhereby incurs no responaibility, nor any
obligatior wbatsocever; and the fact that the Govern-
pent may bhave formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
dats lg not to be regarded by implication or other-
wise as in any mamner licensing the holder or any
other person Or corporatiocn, or conveying any rights
or permission to manufacture, use or sell any
pabented lmveptlion that may in any way be related
thereto.




PCD PROJECT NO.
FINAL REPORT
JUNE 15, 1961

CONTRACT DA-23-072-301-0ORD~48

1 3

DEVELOPMENT STUDY FOR IMPROVEMENT
OF THE MANUFACTURING PROCESS FOR
TRIETHYLENEGLYCOLDINITRATE (TEGDN)

SHSSSIRREES |

Prepared For:

U.5. ARMY ORDNANCE CORPS
PICATINNY ARSENAL

DOVER, NEW JERSEY

i’R@PEI;I:E—X——-’-P——

CHEMICAL DIYISION

CHROMALLDY CORPORATION
P.O. 30X 18
EDWARDSVILLE, ILLINOIS
Phons: Edwordsville 3460




FINAL PROJECT REPORT
CONTRACT IIA-23-072~-501-ORD~48
T S, Army Ordnance Corps
Picatinny Arsenal

Dover, New Jersey

Contract Period: March 1960 through Decomber 1360}

DEVELOPMENT STUDY FOR IMPROVEMENT
OF THE MANUFACTURING PROCESS FOR
TRIETHYLENEGLYCOLDINITRATE {(TEGDN)

PROPELLEX CHEMICAL DIVISION
CHROMALLOY CORPORATION
EDWARDSVILLE ILLINOIS

June 15, 1961




TABLE OF CONTENTS

‘ Page No.
1. OBJECTIVE 1
II.  INTRODUCTION | 4 1
III.  LITERATURE SURVEY . - : | 3
IV, E.‘(PERIMENTAL.. #ORK / - ' 10 |
. A, Apparatus Design : | : 10
B. Chemical Kingtics Study . | 15
C  Spent Acid Stabilization‘and Recovery - 22
D. Yield Study o E R 30
V. PRODUCTION COST STUDY a2
V. SUMMARY o | | 44 .
VI.  KEGOMMENDATIONS 45
VIII. APPENDICES | . 46
A. Referer;c'ea . o _ | o . 47
B. Heat of Reaction for Nitration of TEG o 49
C. bcnsitiea of Mixéd Acids | » 51

». Vapor-Liquid Equilibrium for Aqueous Nitric ‘Ac'id 52
E. Relative Activity Coefficients of Mixed Acids 53

F. Definition of Symbols | : f o 54



L. OBJECTIV

&

The purpose of Contract DA-23-072-501-ORD~-48 was to carry out
studies which would lead to an improved process for the manufacture of

triethy! ‘neglycoldinitrate (TEGDN). The studies were to include literature
survey, chemical kinetic considerations, process variables such as tempera-
ture, concentration of reactants and reaction tim_ei. recovery of spent acid
and process economic considerations. Tke process developed was to be
described in detail. General pilot plant equipment design and criteria for
material of construction were to be established. An attractive process should -

1. Give adequate separation of product and spent acid phases without
diluting the nitrator charge to the extent that recovery of sbent acid is not
economically feasible.

2. Yield a spent acid which is stable and recoverable,

3. Obtain a yield and purity of product at least comparable to the
present process, and acceptable under present requirements.

II. INTRODUCTION

TEGDN has come into prominence as a high energy plasticizer for
nitrocellulose and cellulose acetate in rocket solid propellant because of its
strong plasticizing property and relative impact insensitivity. In these two

r

respects it is significantly superior to nitroglycerine.

German propellant chemists such as Major General Uto Gallwitz were
m

the first to recognize the value of nitrated glycols in gun and rocket propellants

and exploit this advantage in full scale production. In contrast to the catastrophic

scarcity of nitroglycerine in Germany in World War I (due to a shortage of

glycerine obtained from fats or sugar), by World War Il Germany had replaced

“le



nitroglycerine by di and triethyleneglycoldinitrate in gun and rocket propellants.
The United States has been slower to shift from nitroglyceriqé to nitrated
glycols as the plasticizer in double ba.s'e. propellant compositions, Therefore,
relatively small amounts of pure TEGDN have been mtmufact(xred in the United
States and practically no research or development has been reported in English
on optimizing either the batch vr continuous process for preparation of TEGDN.

Picatinny Arsenal and the Naval Propellant Plant have manufactured TEGDN.



1l. LITERATURE SURVEY

A literature survey was conduc\ted using the following periodicals

and texts:

Chewnical Ahstracts

Journal of the American Chemical Society
Jourral of Physical Chemistrey

Lndustr‘xal‘ and Engineering Chemistry
Merorial des poudres et saltpetres (Paris)
Oroanische Chemie - Beilgtein

Urit Processes in Organic Synthesis, Fifth
Edition - Groggins, Mcliraw-Hill (1958)

The Theory of Rate Processes - Glasstone,
Laidler and Eyring - McGraw-Hill (1941)

Textbook of Physical Chemistry, Second Edition,
Glasstone - D. Van Nostrand (1946)

The Theory of Organic Chemistry, Branch and
Calvin - Prentice Hall (1941)

Systematic Inorganic Chemistry of the Fifth and
Sixth Group Non-metallic Elements, Yost and
Russell - Prentice Hall (1946)

MIL-5TD-286 - Military Standa rds of Propellants
Sampling, Inapection and Testing - 28 June 1956

Properties of Explosives of Military Interest -

Picatinny Arsenal Report 1740, Rev. 1, Tomlinson
and Sheffield

-3-




The physical, chemical and explosive properties of TEGDN :eported
in the literature are listed below. {Lowez case letter subscripts refer to
the sources listed in Appenix “'A™):

Structure: OZNo-CHZCHZ -y~ CH?_CHZ e GH2CH2-0NOZ a

Color and Form: light straw yellow to water white oil

Molecular Weight: Z40.1?Zb

Pensity, gm/ml, 16°C.: 1.3291
20°C.: 1,133
22°C.: 1,327
25°C.: l.32

Melting Foint: -19*C. a

Boiling Point: Decomposes

7.7
Refractive Index, ap 1.45986 c

17.5
ap

2.2 -
al " t4sez

1.4560 d.

viscosity, 6.0°C. : 0. 257 Poises
2, 3°C. : 0.119 Poizes c
54.2°C. : 0.0415 Poises_

- . 2
Volatility, «0°C., :
olatility, «0°C Hiem® hr: 40 a.

Impact Sensitivity, 2Kg m;‘

B. M. Apparatus:

P. A. Apparatus:




Friction Pandulum Test:

Steal Shoe: Unalfected

Fibre Shoe Unaffscted
Explosion Temperature, 5 seconds: 223*C.
Heat of Combustion, cal/gm: 3435.‘
Heat of Explosion, cal/gm: 357

Gas Volume, ce/pgm: 851

Vay v Preasure, 25°C.: 6,001 mina H‘a

Solubiiity in H; O, gm/100 gn:

25*C. 0.55.: 0,66,
60C. 0.68,
Solubility, other solveats at 25°C.:
Ethyl ether: infinite
Ethyl alcohosi: infinite

Acetone: infinite

Methylena chloride: infinite

Hydrolyals, % acic released:

pAte. 10 1ays at 22°C, : 0.03:%

After 3 days at $0°(, ; 0.029%

The decomposition teraperature of TEGDN bhas basn messured by
whstuhor‘ at cae atmosphere and {ound to oe 228°C. Steinbarger and

Cordng' messured the sur{ace tempersture of combustion of TEGDN at

800 psi and found it to be approximataly 300°C,



Priaten\‘feports a qualitative mcthod for the analysis of ether-soluble
coustituents of propellants by infra-red spectroscopy. TEGDN was character=
iced by a peak at 8,85 microns which is characteri;tlc of the adsorptior. of
the —C—~O—~C-— e¢ther bond.

Medndi._ investigated ‘\e shock senaitivity of liquid nitrate esters and
reported that 1EGDN was sbout 8.4% as impact sensitive as nitroglycerine.
tlowever, sensitivity to shock is debpcndent. on conditions such’ a.l confinement. -

'l‘l;.e heat of reactior of the nitration of tristhylene glycol to yield TEGDN
has been calculatedb (Sev Appendix "B"') and found to be 116'00'caloriu/¢m-

mole of TEGDN formed,

Triethylene glycol was ﬂgat prepared in 1863 by Leuréncoj. who heated
giycol with ethylenc bromide to 115-120° in a sealed tube. Wurtz later that
year prepned TEG by the epoxy condensation of glycol and ethylene oxide at
‘ lOO‘C.k.. and subsequently ;tudiod the nitric acid oxidation of the TEG to fts

corresponding dibasic carboxylic acid. The glycol was nitrated by the Germnlm

and Italians in World War ]I and used as a plasticizing component of double-base

racket and gun propeliants.

Tomlinson and Shemeld‘. report the following .method for the laboratory
preparation of TEGDN developed at Picatinny Arlonl;

TEG was purified by fractional distillation under vacuum at a pot tempera-
ture of 180°C. and a take-off temperature of 120°C. An eighteen inch Vigeraux
fractionating column was used with a five to one reflux ratio. The purified TEG

was nitrated at 0'C. (+ or - 5°C. ) by addition of the glycol to 2.5 paits of

65-35-5 HNO3-H,S0,-H;,0 nitrating mixed acid. TEG was added at the rate



e e

of 300 gm/40 minutes after which the mixiure was held at temperature fov

another 30 minutes., The nitrating mixture was drowned in lce water and

the resulting two-phase system sxtracted throe times with sther. The ;
renslting extract was water wiashed to a pH of 4. Sodium bicarbonate washes
followed by watey washes . esulted in a nearly nsutral stheraal extract. The
sthereal solution was dried over calclum chloride and the sther reamoved by
bubbling with dried atr. The yisld reported was $4% af thaorstical with a
nitrometer aitrogen snalysis of from 11.60 to 11.69% (enlculased 11, 6é7%).

Auberteln discussed optimum mixed acid compesitions, ratics, snd
ranction times {or & aumber of nitrated glycels, 4. He found that the H,80,
lowered ihe solubility of the nitrate in the nitration bath sod thereby ineyesnad
ylalds. However, sulfation, while slower than niteatisn, was sufficiently
rapid so that yislde went through a masimum with time and then fell off due 80 .
sulfation losmas. Aubertein slso reportad that an incresse of H, 50, alse e
incrensad the separation tims, lowsred the HNO; comtent of the product aad
decraased the stability of the mixed acid. Suliurie agid attacked TEGDN to
give unstable sulfate seters,

Me repervted that {ncreasing the total mixed acid incrensed the degras of
altration sand solubllity loss with an optimun amount for maximum yield,
incresded mixed acid stability, promoted saparetisn, und increaswd the HNOQ,
conteni of the product.

Most of Aubartein's nitrations were run at 2Z0°C. Fer the addition of 75

griama of TEG to 185 grams of mixed acid, a typical cycle required ;2 minutes




for addition with two morye miauts. for agitation and rsaction. He reportod
no advantage to droewning hefore separation. The product was found to he
40% (aic) HNQO; in the case of TEGDN. This HNOj weat inte the Liyst wash
witer which was a 15-20% Ho50, solutian. Auburiein found the spent acids
too unstable for storage and -ecommended immaediste and prefevably comtinuous
e denitration.
Aubertein's mixed acid for TEGDN had the foilowing compositions:

HNO;: 70%; H 50.: 28+%. H,O: luss than 2%. His aitration ratics wers
75 grams TEG to 1B5 grems mixed acid or one part glycol to 2,47 parts mixed
acid. From this reaciion he reported a visld of 86%.
: It is reported; that Picatinay Arsensi has investigatad procesaes for the
menufactyre of TEGDN using a aitric acid/sulfuric acid zatio of 7%/25 with a
nitric acid/ TEG ratio of 2/1. Plcatinny Arcenal found that Increasing the sitric
&cid decrsased the solubllity of the TEG DI i tiee nitrating bath and increased
the apent zcid stability. They reported that diluling the spent acid with zn aguatl
. volumse of 93% sulfuric tcid resulted in markedly incrassed stability of the

f: ¢ spant acid, Similarly, dilution of the spent acid with nitrogiycerine spant acid
‘ {which is higher in sulfuric acid) rasuited in » moye stakle spent acid. Drowning

of the above nitration bath axd asutralisation before separaticn reaulted ia a

Lo reported 95% yleld.
‘ it has been repartcdx. tkat soine British workers dave found a 70/ 30 nitric
: ‘:; scid/sulfuric acid ratic with sne part TEG to 1.5 parts of acid as the reaction
;F‘ ratic gives good separation ead a spent wcid vwinich iz stable for 1. 75 hours at
= zs°C.
- -8-
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These workers found that the stability of diethylene glycol dinitrate spent
acids decreased with the use of impure DEG., Where the water cdnt.ent of
the spent acid was 26, 5%, the highest usual value, the stability at 20°C, was
for from 5 to 4 hours. Adding nitric or sulfuric acid to the spent acid to

reduce the water content to 209 tncreased the stability to 24 hours at 20°C.
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1V, EXPERIMENTAL WORK

A. Apparatus Design

A versatile nitration apparatus for the study of the TEGDN reactiss

was degigned and built with due consideration of the explosive hasards. A
achematic diagram of this apparatus is shown in Figure 1.

The reactor consists of aa interchangeable stainlezs steel heakar with
& quarter inch pipe welded tv the bottom. Reactors of the foilowing capaci-~
ties were - sed: 500 ml, 1000 ml, 1500 ml. The reactor sets in a larger
brine jacket which cools the reaction. This jacket conmects with a larger
{approximately 25 gallom} brine reservoir which is cosled by 2 ana-third H. P.
compressor to -20°C. A zsecomdary hot water coil in the brine tank is fad by
a hot water reservoir held at 175°F. and this systers is used 10 modify the
temperature of the brins system ¢t insure closer temperature comtrol. Tharmme-
couples indicate the temperasures of the reaction mixture, the brine tamk, the
hot water reservolr ani the brins reservoir.

Tristhylene glycol is metered into the reactor through » tube by gravity
flow. The reservolr for the glycel is a hurette on the eperator’s side of »
protective wall. Tb« dlow rate of glycol can be closely controlled by tm
operator peering through an explosion-proof port. The reactor miy be fleeded
in an emergency.

A: the coaclusion of 2 Teaction, the reaction mixture is transferred by
gravity flow to a rofrigerated separatory funnel equipped with 3 solensid stain-~

less vteel valve s that separation of the product layer may be accomplished

remately.

N
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For the wanetic study eamypliag of the reacting system at various

times was necessary. [his was accomplished remotely by the use of an
automatic chromatographic table which has been modified for this work.

Figure 215 a photograph of the nitration apparatus. The circular table
in the center of the photo is an automatic chromatograph column sampler
which has been modiiied to allow automatic sampiing of the reaction mixture
a1 short intervals,

Figure 315 a ciose-up of the reactor proper, showing how the stainless
steel reaction pot may be removed {rom the brine tank and ancother reactor
substituted. lhe reairigerated separation funnel with its solenpid-actuated
valve ig seen on the left of the photo.

When o sample is taken, vacuum is applied to a separatory funnel, pulling
a sample from the reactor. When the vacuum is broken, the sample column
is returned to the reactor. The separatory funnel holding the sample is equipped
with a solencid stainless steel valve which activates 10 release the sample into
a tared container of quench water. This halts the reaction while giving an
accurate weight of the sample taken. A new tared container of quench water
is then automatically rotated into place for the next sample. By this method

samples may be easily taken at one minute intervals.

-12-
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FIGURE 3. View of replaceable
stainless steel reaction pot at right
and refrigerated separation funnel
with sslencid operated valve for
remote control on left.
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B. <hemical Kianetics Study

The work on this phase began with an exploration of systems with

reactant ccacentrations cloge to those described by Auherteind ax optimum

for the production of TEGDN. No asttampt was made during these sarly
familiarization runs to col'sct tame samples to study the kinetics of the
reaction. T[he reagent grade acide used were assayed against standard

sodium hydroxide which had previousiy been standardized usiag phenolphthalein
against potassiurn acid phthalate primary standard.

Initially, the 93. 4% nitric acid and 94. 5% sulfuric acid were used to
prepare 173 grams of a mixed acid containing 70% HNO; and 30% HzS04. No
attempt was made initially to adjust for water in the acid to assure the maxi-
mum of 2% H j0O specified by Auhertein. As a result, the actual mixed acid
composition was:

HNG; : 65. 58%
Hy30,4 : 28. 35%
H20O : 6.2%

\

This reaction was run at -5*C. with good control. Seventy-{ive {75}
grams of TEG was added to the reactor over Z2 minutes and agitation con-
tinued for {ifteen minutes after addition of final TEG. The reaction, howvever,

had to be drowned during separation because of a fume-oif.
The reactioa was run again under the same conditions. The aeparated
TEGDN layer was washed four times with 10% scdium bicarbonate, water

washed twice and dried under vacuum at 60°C., The crude yvield wan 36. 2%.
A similar reaction was run at 0°C. and the sgparated layer treated

identically. [hias time the yield increasad to 48, 5%.

=15~




In four aitrations, #1, Z, 3 and 4, the reactiom was sampled perind-
ically during the hold period {i. e. after the addition of all the tricthyieae
glycel), in an aftempt to collect kinetic data for rate detezminations., Of
this group the firet oitration run was lost becavae of fume~cff. Tieid data
as a function of time was coliected on all of the other runs.
Nitrations §2, #3 and £4 were sampled for kinetic data. Nitration #2
was conducted at 2 temperasure level of ¥ (., aitration #3 at ~15*°C., and
nitration 4 at +10 C. The reactor was charged with mixed acid and the
triethylene glycol was meterosd into the reactor with agitation. Siace Anbertaind
had noted 2 decrease in yield with increased reaction and hold time becaase of
the decompesition of the aitrate and the formation of the sulfated glycol, it was
decided 1o Lold the addition period to as low as practicable with existing refrig~
eration equipment. Previous experience indicated that most additions could be
compieted by the end of fiffeen mainutes, It subsecquently developed that this
was a reasonable period of addition for all except the very low temperatures.
The addition of the glycol was compleied in fourteen minutes in aitrations
#2 and #4 but nitrauon #3, because of the very low reaction temperatures of
=15 C., reguired 70 minutes for addition. Nitration #2 was sampled every five
rinates after the additacn of the glyesi; nitrations #3 and #4 were samipled
every three minutes.

A series of tared beakeras, filled with gquench water, were placed in the
circular rack of the automatic sampler. At the proper moment a sample was

drawa irom the reactor by opening a remots vacuum line. This caised an




estimated tifteen grams of the reaction mixtur e (which was highly emulsified
through agitation) to be drawn into a separatory funnel, equipped with a sole-
noid valve. As soon as the siphon column was broken and the residue discharged
into the recactor, the solenoid valve dropped the sample into a tared beaker of
quench water and the sample table rotated another beaker into place under the
separatory funnel. Suhsequently, these beakers were weighed to determine the
exact weight of the sample drawn and their contents were titrated with standard-
ized NaOH to determine the free acid per gram of sample and, by difference,

the amount f TEGDN formed. The method of calculation is shown at the bottom
of Table I,

The kinetic data on nitrations #2, #3 and #4 are given in Table I and
Figure 4. Because of the low temperature of -15°C. at which nitration #3 was
conducted, a temperature which was at the lower limit of the brine system of
the experimental reactor, seventy minutes were required for the addition of all
of the glycol. Even at this low temperature, however, the reaction appeared
to be complete at nine minutesga[ter the addition of the last of the glycol. (In
all of these reactions, no attempt was made to determine degree of sulfation
by any quantitative technique). )

The kinetic data for nitrations #2, #3 and #4 have been reduced and
plotted in Figure 4, assuming that all acid loss is due to the formation of TEGDN
and that no acid is .08t to sulfated triethyleneglycol.

It should be noted in Table I and Figure 4 that the reaction proceeds at

such a rate that essential equilibrium is reached in within six to eleven minutes

after final addition, at temperatures of from -15°C., to +10°C.

“17-



The concentrations of TEGDN calculated by this {(kinetic study) method

are gomewhat higher than the actual vields, so it is apparent that some side

reaction such as sulfation was takiag place. thus it is reasonable to assume
that the nitration reaction was compiste in less time than shown in these data.
A new and aifferent technique would be required to determine theas

reaction ra‘es with greater accuracy.




CHEMICAL KINETIC DATA, NXTBATION RUNS #2, #3 & #4

NITRATION #2 NITRATION #3 NITRATION #4
0°cC. -15%C. +10°¢,

P4

2 3 4 2 3

Acid
conc

Acid {Drop | TEGDN Acid |Drep
conc {n conc cone | in

Acid | gus/ga Acid
conc cone

11,98

12,10} ~

-

+

8.9613.16 ] .37 92]3.58

1

8.5613,54 | 425 3834,12

N

8,383,52§ ,423 4,04

8.4813,63 1 435 4,18

wlEpsls

8.35313,57 1 .428 3 4,04

Jo

ol laladon

: 30 30 1 432 4,00

e

o

3,48

32 ], 435 314,07

8,50

80 | 432 4,10

0

8.45

g

S | ,438 4,20

8,50

30 | .432 4,16
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1, Columm 1,

2. Colusn 2.

3. Columm 3,

4. Columm &,

NOTES

Elapsed tios in minutes from addition of last of TEG to taking of kinetic
sanple., * incicates start of resactiom.

Acid concantration in mille-squivalents (=, R.} pear gram of resction mass,
Top figure is concentration before reaction starts bassd on all scid and
TEG baing in Teactor at start. Acidity at start of resction determined
by NaOH titer of sample of mixad scid and cslculation to concentration
in m.s./gm of expected total rveaction mass. Thus, ul x W of NaOM x

g M.A. in resctor gus M.A. sample

gms M.A, + TEG in resctor » m.e,./gw in reactor,

at start of reaction. Acidity, in rasctor, at sny time determined by
titer of sample: ml x N/gm reactor sawple = acid conc. {n w.e./gm 1o
raactor,

Drop in acid frowm starting concentration to that existing st time of
kinetic sample, units are m.e./gm of resction mass.

TEGDH concentration, in graws per gram reaction mass, due toc conversion
of HNO; o TEGDN.

Calculation: Mol wt TEGDN = 240.17; equivalent wt w 120,08 gns
Mille squivalent wt = ,12008 guw
Acid concentration drop dus to reaction, forming
TEGON o m.e. (Col, 3) x m.a. wt. TEGDN = gms TEGDN/am
io reactor, Therafore, drop in m.e. acid/ge x .120 « TEGDN
g%/ gm in reactor,
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No preat difficulty was noted in a solventiens nitration.
Samples of the reaction mixture taken for analysis and observation wase
often found to be deep yreen in color but on standing reverted to & straw color,
Little difficulty has been experienced in separating product and acid
layers without quenching escept s the case of nitration #¥8, This seems to stem
¢ in laryge part from the temperature control »f the separatory funnel used. Thia
funne! is refrigerated by « coil immersed divectly in the reaction mixture,
Generally, «*C. iz chosen as a target temperature for separation, although
highey temperatures hive been used successfully.
The method used {or assay is a modification of Methods 208.1. 2, the
o method for nitroglycerine, in MIL-STD-286 "Military Standard < Propellants:
Sarupling, Inspecting and Testing' dated 28 June 1956. We use a factor of
4, 0003 {for TEGDN, instead of 2, 523 as used for NG.
Some anomalous yield results were obtained although not recorded in
Table IV, attempts to duplicate run 11 resulted in yields ranging from 48% to
80%. It was noted that the relative humidity during this period was greater than
95%. An exporimental determination of the weight increase of a sampls of
sulfuric acid agitaiea in the nitrator for one hour was made and the sulfuric
acid way found to bhave absorbed over eight per cent of its own weight in atmos~
pheric molsture, As a result of this experiment, the nitrator was modified so
that ﬁitrations could be carried out in an atmousphere of dry carbon-dioxide or
nitrogen. No furthey inconsistencies wera found after this modification ln run

14,

-21-




2 During several nitrations, separailon was made more difficuit by the

presence of some white flocculent material which was cbserved in most

R
wnstances to dissclve later ia the acid phase. This material could not be con-
. veniently handled and no analysis was made  Separations of the acid and
B
R product layer were geuerally guite clean without quenching., At temperatures
, ‘.." 2f 0. and below, separation osten took an hour, but separations at 10* and
2U?® took piace rapidly, usually within 40 minutes.
. C. Spent Ac_d Stabilization and Recovery
:':'"f. 1he spent acid from all the TEGDN reactions, as has been mentioned
t« above, 1s relatively unstable, i.e. it beging to evolve heat and fume off at from

a few minutes after nitration to a few hours, depending on the gtorage tempera-

ture und other conditions. It was found that on extraction with methylene

‘ chloride for recovery of any dissolved TEGDN the acid became somewhat more

- stable than an acid without extraction, but even an impractically large amount

of solvent for extraction did not produce stabilization satisfactory for storage.
Ve Spent acid to which an equal weight of 95% suifuric acid wae added became
stable, al least for geveral days, at room temperature. The separated spert
": i acid when piaced in siorage in an ice refrigerctor at near 9°C. is stabie to the
i extent that no visible decomposition takes place for up to 24 to 26 hours; however,
‘ w2 {ound that the nitric acid content falls off, showing a3 glow non-violent decom~

pos:tion, which probably would eventnally become stable.

j_&lg_’. To secure the maximuta information with a minimum of time and expense,

bl

" . the study of spent acids was limited to the acids from the reaction of optitnum
. yvivld, so nitrauan £4L was selected as typical for spent acid work for the
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It was also realized that an equipment set-up
for actual recovery and separation of the acide would not be possible, so it

was decided 1o work out 3 methed of convertinag the acids to a stable condition
50 that existing indastrial acid plant practice could be ugsed for {inal separation
and concentration of nitric ~-ad sulfuric acids,

A stabilization process was deveioped which resulted in a product which
can be stored indefitutely ai LU* to BU°Y, or heated for removal of the nitric
acid fracuion i a recovery unit. Samples taken throughout the process were
analyzed for mitric ac.d content so that a final accounting couid be made for all
the nitric acid, in order to approximate the amount available for recovery.

The final stabilization process wes evolved from various experiments and
observations as follows:

i Untreated separated spent acid exposed to atmosphere in mild weather
evolved heat and began to decompose in i rom 8 to 60 minutes.

2, Spent acid to which an equal weight of 95% sulfuric acid was added became
stable to the extent that it could be heated to 50°C,, without evidence of ragpid
decom posizion, and would stand unchanged {or at least several days.

Sa Untreated spent anid stored at 0°C. was atable for 24-26 hours, possibly
longer, although there was a slow non-violent decomposgition with loss of mitric
acd,

+. Spent acidé with solvent extraction {up to 100% methylene chloride washed
four times) was semi-gtable for 24 hours; if the acid was agitated, it would

begia to fume, then settle down when agitation ceased.
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it was then seen that the acids remaining in the vessels which had
been allowed to stand untreated (or unstabilized) after going through.a spon-
tancous decomposition were now relatively stable, although the atmosphere
in the area hn‘d been contaminated with acid and nitrogen oxide fumes, and

considerable quantities of the acid were lost. For this reason and because the

time and rate of decomposition should not be leit to chance, a method was
sought for controlling the time of starting of the decomposition and the rate or
degree of violence, and to confine the gaseous products for recovery of acid
and/or atmosjheric pollution control,
5. ‘A process similar to that being tried for Petrin spent acid was suggested
by Mr. Maurice Baer of Picatinny Arsenal which, with modification and addi-
tions, became the final process.

Spent acid from refrigerated storage was placed in a reservoir and
allowed to drip slowly into concentrated sulfuric acid at +150°C. in a vessel
on a hot plate. Vapors were to be forced out through a condenser to liquify any
nitric acid which may be distilled from the hot acid mixture, The choice of
acid temperature and rate of feed was not advantageous as vapors were evolved
rather rapidly and a charrcd mass was formed in the acid vessel.
6. The same type of experiment was rcpeated with the sulfuric acid in a
water bath equipped with an agitator and holding the acid at 65°C. The spent
acid wae fed in at a slower rate. There were no visible effects, no liquid acid
was recovered in the condenscr. The rnixture of spent acid and sulfuric acid
in the decomposition vessel was found to be approximately the same stability

as was dedcoribed in Jtem 2, above,

-24-




7. A similar experiment was repeated at an acid temperature of 30°C,

with the same results as in Item o, above,

8. Separated spent acid, removed from refrigerated storage, wag placed

in a flask fitted with a condenser und a receiver. Thia was allowed to warm
up with no heat addition {¢"er than {rom atmospheric temperature, 70°F.
pickup). The acid temperature rose to 50*C. in sbout 30 minutes and then at
50*C. rose rapidly {1.e. in 4 to 5 seconds) to 75°C. Dark red fumes were
evolved, no liquid was condensced, gas was not collected nor meascred. There
was a small {not measured} amount of acid dissolved in 50 m}l of water which
had been placed in the receiver. There was a measured overall weight ioss of
107 of the charge. A nitrometer analysis showed a drop in the nitric acid con-
centrauon from 6.9% at start to 5, 2% on residual. The acid remaining in the
flask was found io be stable, i.e. several daye observation indicated no further
decomposition.

9. Another stabilization experiment wage performed in the set-up shown in
Figure 5. The cool {+3 - +10°C, ) spent acid was allowed to drop &t a controlled
slow rate into the stabilizing flask which was held at a temperature of 75°C,
The fiaak cuntained no H3;504 . No intrease in temperature was observed but
dark red fumes were formed with each addition of spent acid. All gas evolved
was conducted through a chilled condenser, a liquid trap and on into a gas
collector by water displacement. After 30 minutes the red fumes disappeared
irom the gas and a transparent gas remained. By nitrometer analysis the spent

acid was 6.9% HNOS before treatment and 5.4% HNOS after stabilization.

-25-
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No biguid wazs condensed into the a¢.d trap. As expected, the residual
spent ac:d was stabie un storace at roomn temperature,

10. Run 49 above was repeated with the decomposition flask held agx 90°C.
with essentially the same ~esults  There was @ difference in the ritric acid
content, however. In Run 7 the spent acid had been held in 0°C. storage for
about six hours after nitration completion before the start of the stabilization
and had a nitric acid content of only 6.3%. For Run #10 the ¢pent acid had
been held in cold storage only about 2 hours beiore starting stabilication, and
was found to have a nitric acid content of 20+% before stabilization which dropped
to 5. 8% after stabil:zation. The {insl nitric acid concentrations being approxi-
mately the same as for Run #9, this leads us to believe that there was a slow
decomposition during the cold storage period amounting to approximately 5% of
nitric acid coatent in © hours at a teaquuerat «e of 0° 10 5°C,

No gtabitized acid draw-5ff was provided in the system used as guantities
were limited by the size of the reactor producing spent acid for this study. For
larger batches or 2 continuous process a draw-off connection would be reguired,
It would als> be necessary to provide facilities to keep the spent acid chilled or
otherwise stabilized before nrocessing.

There was in stabilization Runs #7 and #10 an overall loss of 10% in
weight, freshiv separated spent acid to stabilized spent acid, approximated
from measuren.ents before and after stabilization and allowiance for loss in
storage before stabilization.

Financ:al and time factors prevenind a thorough study on quantities and

concantration of aci1ds and pases in the spent acid. The following data should
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be considered as represe. iative only as they have not been confirmed by
duplication after the apparatus had finally been adjusted for good operation

and control, Other tempevatures cf decomposition znd condensation should

be tried at various rates of {sed, etc.

To present an vveral. understanding of the spent acid stabilization and
recovery, [able ll based on nitration Run #42 and stabilization Runs #9 and
510 was prepared. It was assumed that in these processes no sulfuric acid
wasg consur :d.

The apparatus shown in Figure 5 provided some qualitative information
about the gas from the stabilization procedure. lu operation, the gas collected
wag red brown but on standing overnight bgcame clear. Although some of the
gas dissolved in the water asscciated with the collector, 82 ml remained
undissclved from the stabilization of the 66.6 gm charge. The water in the
collector showed a pH of ¢.5 and practically no carbon dioxide in the gas phase
in the collector. We believe that the water insoluble gases from stabilization
might acceptably be relcased to the atmoaphere from a reasonably tall stack.
If 101 gm TEGDN has associated with it 82 mi of gas, then a plant preducing
10,000 lbs. TEGDN wer day would release only about £t 320 cu. ft. of gas per day.

Since it waa impeossible (time and funds) to do any additional work on
experimental acid tecovery, we can orly theorize on the stabilization 2ng
recoveiy of spent acid.

The 43. 5% of nitric acid charge found associated with the product can
largely be recovered from the wash water and conceatrated to 68% by ordinary

digiillation. If it is desired to concentrate to greater extent, this can be done
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by existing methods now in regular operation for manufacture of concontrated
aitric acid, The cost of the water evaporation in this recovery must be
balznced agasnst the cost of now acid and/or the availability of satisfactory
spent acid disposal methods. Most certaln’y some of the nitric acid will even~
tiaily be neutralized by t%~ final soda wash of the nitrated product. Disporal
of this nitrate salt is not expected to cause any unsurmountable problem.

Toe 2.7% of total nitric acid charge which ie in the stabilized spent acid
can be recovered by convuentional techniyues.

The data of Table III on spent acid stability versus water content is plotted
in Figure 6.
D. Yield Study

Using the procedure described earlier, fifty-three {53) runs were made
under various conditions: (1} temperatures of ~15°, 0°, 10° and 20°C. {2} glycol
to mixed acid ratios of 0.5 through 0. 33; {3} with no asivent and with methylene
chloride as solvent, (4} with sulfuric acid as the hydrophilic agent and with
acetic anhydride as the hydrophilic agent; {5) glyco!l addition times from 6 to 70
minutes, Table IV summarizes the data collected on these runs,

Figure 7 shows the compoaitions of the mixed acids on a iriangular graph
{for all runs made.

Tabie V showsg the runs made af various tempezatures and ratios of mixed
acid to glycol.
Table VI provides a comparison of the yielde obtained at three teampera~

tures and 2 mixed acid ratio of 2. 5. It appears that }0*C. provider the highest

average yield.



SPENT 2CI0 STABILITY VS WATER CONTENT

Manuies to ume -off

}i,Q Conreant, o

TABLE I, Spent Acid Stability Versus Water Content

Sample Acid Analysis Minutes to
Number TEGDN HNO; Ha8C H,O Fume-off

68, 3 28.2 2.3 Stable to 4 days

©5. 1 26,7 7.2 210 min
bl. 25,3 200 min
58. 23,9 . 180 min
51. 2.1 . 155 mia
44. 18.1 R 145 min

33, 13.8 . 10% min




Table VIl presents the effect of mixed a.cxd‘tvo plycot x:_gtipa on yiclds
at 10°C and indicates that a riativ of 2.5 or 3.0 13 su‘pcribg‘i}.qz. 0.

Table vIII illustrates data on the yield as efi':ccmd by thc nitric acid to
glycol mole ratio. It appears, with a few 'cxcvptibnn. that t}w high ratios of

nitric acid to glveol gave the higher yield,

Figures 8, 9 and 10 present additional data in the form of yield isupleths..
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Mole % m, in Mixed Aeid
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FIGURE 7, Thres Component Plot of All Acid Mixes for all Runs Made.




e

2, (%)

3. (+)

()]

2¢to$

6 to 9
10w 12
13
14
15
17

18

19
20,

21,

NOTRS

Products from all nitraction runs have asssy between 8% and
102% except rune marked ** ap follows: Assay Method in acccrd
vith MIL-Rtd-286 28 June 1956 Mathod 208.1.2 (T)

Run No, 5 - 27.5% Assay as TRGDN
7 - 96,5
8 -« 97.0
14 -~ 96.5
22 - 96.2

Acetic anhydride (CH;C0); O mol., wt. 162.1, used im place of
Hp80, for nitration rums 37, 38 and 39 although shown in the
sulfuric acid columns 4, 8 and 11,

Methylens chloride, (M.C.) used in reactiom vums 46, 47, 48 by
addition to raactor pricr to adding glycel,

Yi{alds shoum are thoss obtaimed without extrssties of spent acid,

gain {n yleld due acid extraction shown each run wvhere extractiom
vas made.

Columm Expisnation

Nitration run numbers

Inclusive srs tetal wt, {n grame of materials in resciion system
calculated to a 1001 strength meterial , excludiag any mathylens chloride

Inclusive all materials in reaction system calculated to wmols X bdasis of

Inclusive acids and water in reaction system om a mole % baais H-A-
Ratio totsl mixed acid to glycol, weight basis

Ratio total EN0y to glycol on waight dasis

Ratio total HNO3 to glycol on mole/mole basis

Reaction time toe edd glyecol

Bolding time fey reaction with agitatiom, pot imal. Zime for

separaction of preduct from acid

Yield in % based on TBG

Mixture letter dasignation ey,

Mitration run aumbers I '

—RY -



TARLE 1V, Cwculative Nitration [aca

:L.n“~_3~__ 3 4 5 6 ? (] 9 10 11 32
oo} Grams in Reaction fystew  Mole % in Rasetion System  Wols & im Nized Acid
"7 TG HNO3 H2804 H0 NG MWD, H;80, Hp0  WMOy Hi80, Hg0

} 0 173.2 70.8 6.0 14,9 61.5 16.1 7.5 72,3 18.9 8.8
2 130,¢ 173.2 70.8 6.0 14,9 61.5 16,1 7.3 72.3 18.9 8.8
3 1000 173.2 70.8 6,0 14.9 61.5 16.1 7.5 72.3  18.9 8.8
G 100,60 173.2 70.8 6.0 14,9 61,5 16.1 7.5 72.3 18.9 8.8
5%k 100,0 163,35 70.8 15.8 13.7  33.4 14.8 18.1 61.9 17,1 21.0
5 100,0 140.4 94,4 15.2 14.5 46,3 20,9  18.3 5.8 23.6 20.6
Te®  100.0 187.0 47.2 1%.8 13.4 59,4 9.6 17.6 68.6 11.1 20.3
Ba 750 121,0 S52.5 11.5 13.9 5$3.4 14.9 17.8 62.1 17.3 20.6
9 75.0 130.7 46.9 7.4 15.1 59.9 13.8 11,9 70.0 16,1 13,9
10 75.0 148.8 47.2 4.0 14.0 66.3 13.5 6.2 77.1  15.7 7.2
11 75.0 148.6 35.3 3.5 4.7 69.2 10.6 5.5 80.9 12.4 6.7
12 75.0 130.0 53.1 4,2 15.0 61,8 16,2 7.0 72.7  19.1 8.2
12 75,0 111.4 70,9 5.2 15,2 54,0 22,0 8.8 63.7 25,9 10,4
léwe 750 148.6 35.3 3.5 14,7 69.2 13.5 5.5 80.9 12.4 6.7
13 75.0 148.6 135.3 3.5 14,7 69.2 13,3 5.5 8.0 12,4 6.7
16 75 7 148,6 35.3 3.5 14.7 69.2 13.5 5.5 80.9 12,4 6.7
17 75.0 148.6 35.3 3.5 14.7 69.2 13.5 5.5 0.9 12.4 6.7
18 75.0 148.6 35.3 3.5 16.7 69.2 13.5 5.5 80.9 12.4 6.7
19 75.0 148.6 35.3 3.% 14,7 69.2 13,8 5.5 80.9 12.4 6.7
20 75.0 148,6 35.3 3.5 14.7 69.2 13.5 5.5 20.9 12.4 6.7
21 75.0 148.6 35.3 3.8 14.7 69.2 13,3 5.5 80.9 12,4 6.7
22¢% 75,0 148.6 35,3 3.5 16.7 9.2 13.5 5.5 80.9 12.4 6.7
2  100.0 178,0 72.5 5.9 14,1 62,3 16.1 7.2 72.7 18.8 8.4
24 100,0 173,464 70.8 5.8 14,9 61.6 16,1 7.2 72.4 19.1 8.4
15 100.¢ 173.4 70.8 5.8 14.9 61.6 16,1 7.2 72.4 19.1 8.4
26 100.0 148.6 94.5 6.9 15.2 83,9 22,1 8.8 63.6 26.0 10.4
27 100.0 198.2 47.2 4.6 16.6 67.2 10.6 5.6 81.0 12.4 6.6
20 78.0 148,6 47.2 4.2 14.0 66.0 13.5 6.5 76.7 15.7 7.6
29 75,0 130.0 $3.1 4.2 15.0 61.8 16.2 7.0 72.7  19.1 8.2
30 75.0 111,64 70.8 5.1 15.2 53.9 22,2 8.6 63,8 26.0 10,2
31 83.4 173,4 70.8 5.7 12,8 63,3 16.6 7.3 72.4 19,1 8.4
32 7 83.4 148,86 94.5 6.9 13.0 55.4 22,6 9.0 63.7 26,0 10.3
33 83.4 198.2 47.2 4.6 12.5 70.8 10,9 5.8 81.0 12.4 6.6
3% 66.8 148.6 47.2 4.2 12.7 67.0 13.7 6.6 76.7 15.7 7.6
3s 62.5 130.0 3.1 4.2 12.8 63.4 16.7 7.2 72.7 19,1 8.2
36 62.5 111,4 70.8 5.1 13.0 $5.5 22,6 8.9 3.8 26.0 1¢,2
3% . 52.5 111,5 7S.0 1.0 14,0 39.4 2.7% 1.8 9.2 28.7¢ 2.1
38 $2.° 130.0 S6,2¢ 1.1 13.5 66.8 17.8¢ 2.0 77.1  20.6% 2.3
39+  66.8 99,1 100.0* 0.9 16.6 51.6 32,2 1.6 60.5 37.6* 1.9
40 100,0 1%8.5 37.8 3.7 17.7 66.7 10,2 S.b 81.5 1i2.4 6.6
41 100.0 138.7 56.7 4.6 18.0 59,3 15.6 6.9 72.5 19,1 8.4
42 75.0 131.3 S1.6 4.3 14.9 62,2 15.8 7.1 73.2  18.5 8.3
3 75.0 131.3 S1.6 4.3 14.9 62.2 15.8 7.1 73.2 18.5% 8.3
44 75.0 131,33 31.6 4.3 16.9 62.2 15.8 7.1 73.2 18.5% 8.3
45 75.0 131,13 51.6 4.3 14.9 62.2 15.8 7.1 73.2 18.5 8.3
46+ 75,0 131,3 51,6 4.3 14,9 62,2 15.8 7.1 73.2 18.5 8.3
474 75.0 131,3 51.6 4.3 14,9 62,2 15.8 7.1 73.2 18,5 §.3
48+ ~ 75.0 131.,3 S1.6 4.3 14,9 62.2 15.8 7.1 7%.2 18,7
49 . 100.0 190.8 53.3 5.9 14,6 66.3 11.9 7.2 7.7
5C 100.0 17%.6 67.5 6.6 14.8 61.9 15.3 8.1 72,6
si 75.0 119,0 64,2 4,3 15,2 $7.3 19.9 7.6 67.6
7 ' 82,6 142.7 42,7z 9.5 14.6 60,3 11.6 13,9 70.3
53 76,3 131,8 53.6 2.0 13,6 64,2 16.8 3,4 7%,1
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A8 20 21

ta Tinas
ites Tield Mix Kun
CBold X Lectey No, Remarks - Special Commants
18 RB IV A 1 é semples @ 5 win for wpead of rsaction
0 63.8 A 2 12 v "oy on " " " "
*O 51‘7 ry 3 12 " n 3 " 1} " " 1] (‘Bid .’.110‘ ‘.1)
<0 Sy, 2 A 4 12 L T " " " "
Jo 35.8 3 ) Low assay 97, 5%
45 58.4 C 6
45 30.2 D ? !ﬁ nusnched Due mo separation at 60 mm
40 55.9 .4 8 Aubertein Mathod - 20% H2804 {or product recovery wash
2 56,0 ¥ 9 Pitto - used 651 oleum to reduce H20
45 17.6 G 10 H20 quanch due plugged separator drain
45 83.0 R 11
45 82.0 1 12
45 68.7 J 13
45 76.4 H 14 Low assay 95,5%
49 76.6 H 13 Yuming during rescticn - good saparation
37 68.0 H 16
45 72,6 y 17
30 79.1 H 18
40 75.0 H 19
17 72,2 H 20
- - H 21 10% 8ilice Gel in resctor - no separation - no yiald data
J 70.5 H 22 10%,Drierita " " (96.2% assay)
4 81.8 A 23
3 79.7 1 26
3 - 1 25 Yield data loast
3 71,7 J 25
3 79,6 H 27
3 81.4 M as
3 80.9 1 29
3 75.8 J k's}
4 80,1 1 31
3 73.7 J 32 i
b 78,2 H 33 Puming uuring last half nitration
5 79.2 " !
3 78,6 I s
3 71.1 J 36
2 32,5 N 37 Hetes 2* Fumed during first half reactiom
4 4,0 ¢ 38 Note 2% .
5 48,9 P 39 Nota 2% Fumed during first half reaction
2 47.7 H A0 No separation - quenched im N20
3 59.1 1 41 Pewing during reactiew and separation -'qu;n::;d
3 .2 N.G. ext, of t acid l?n- yield .
3 ;: 0 g 2§ Spént acid atadiliszed for hrs, bzz.gd g 30% wt. H2504
) ' C. ext. $.4. s yleld by 1,
} W0 o W G e b dsoves yield by 121 S
P . I
4 76.3 g 46 102 H.C. cdded to reactor e
N 79.2 Q 47 L we. vov Yield gain .7% Acid Ext.
py ¢ 1] 1" ”" "
3 0.0 30% M.C.. " LN ) 3
4 79.6 2 :: M.C. ext., BSpent acid {mproves yield by .61'
° " (1} " " 11 " " .~
6 80,0 8 30 1] " " " " " " .’5
3 73.9 T 51
2 60.6 v 2
4 73.8 v 53



TABLE V

Number of Runs Made At Various Temperatures and Ratios
of Mixsd Acid tu Glycol

10°C. 20°C.
Mix Run Ratlo] Run Ratio | Run Ratio
A 1,2 2.5 4,23 2.5
B q 2.5
C ) 2.5
D T 2.5
E 8 2.5
F 9 2.68
G 10 2.5
H 11,16,17,18,19 2.5| 14,27,33%,40%+ 2.5 18,20, 21,22 2.5
1 12 2.5| 24,29,31%+,35¢« 2.5
41%%, 25
J 13 2.5 26,30,32%,36% 2.5
M 28, 34+* 2.5
Q 42, 43, 44, 45,46 2.5
R 49
S 50
T © 51
v 52
\' 53
v Ratio 3.0

*¥ Ratio 2.0

~35a



TADBLE VI

Eifect of Temperature On Yiold At Mixed Acld to Glycol

Temperature

0°C.
e,
0°C.

e,

0°C.

1300,

10°C.

20 ¢,
20 C.
20°C.
20 C.

N oz

=1
-

oot

[ =< o< o

Rutiss of 2.

&

Run No. Yield
11 83.0%
14 68,07,
17 72, 0%
18 9. 1%
19 75. 0%
l" 7"- 4%
27 79. 6%
15 76. 6%
20 72.2%
21 -

22 70.5%

~3u

Max 83,07,
Ave 75.4%
Min (8%

Max 79, 6%
Ave 76.0%
Min 7h. 4%,

Max 76. 6%
Ave 73,1%
Min 70.5%



Effect of Mixed

Ratio Mixed
Acid to '..Jl)'(.ul

LU

2.5

«

[P o N o2

o 1.

LU

v C

<o

[*

I'ABLE vi1

Acid t3 Glycol Weight Ratio on Y
at 10°cC.

Average
Yield

>,

1

80. 4

.

47,
78.
78,

1

o -

Mix

teld

Run
Number

41
24 & 29
31 & 55



TABLE YIII

Yield Data For Various Nitric ..cid to Glyecol
Mule Ratics

nole Ratro

Nitric Acid Yield Mix Run
Giycol
4.8 3. H 11
4.0 82 1 iz
4.3 8l.b A 23
4.8 81.4 M 28
4. 80,9 I 29
5.0 80.2 1 31
4.3 80.2 o] 42
4.3 80.0 Q 44
4.3 81.0 Q 45
4.3 80.0 Q 48
4.2 80.0 s 50

4.8 77.6 G 10
4.8 76. 4 H 14
i.8 76.6 15

4.8 75.0 H 19
3.6 75.8 J 30
4.2 73.7 J 32
%3 76.3 Q 46
3.8 73.9 T 51
£.0 73,8 A4 53
.1 33 A 2
4,1 52 A 3
4.1 54 A 4
4.1 56 3 5
3.3 58 C 6
4.5 kv D 7
3.8 36 E 8
4.0 56 ¥ 9
4.8 68 H 16
3.8 48 H 40
3.3 59 1 41
4.3 61 U 52



Notes: Numbers near circles arve
yields for mixes indicated.

B 0% yield
S 70%

_____60% " g

Mole 1 MN3; {m Mivad Acid ——>

30
i /
1$ 20
Mols % HZO i Mized Acld ——>
FIGURE 5. Yieid isopleth+s for Reaction at 0°C. snd Mixsd Acid to Glycol
Ratic of 2.5
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Notea: Numbers nesr circles are
yields at indicated acid m.  Where
more than coe zun &t same mix,
aversge vieid ia sbown.

80% yield 5
emewa 75% vield

Mola % H0; {u Mixed Acld

/ : ;

,' 3 "// \ | / | / N i
“ EE e G - T
R . ,/ 5 ; ;
" / - \ S / \ /
/ . _ \“ ,/ N // \ ',/
o/ | Y ‘
o 5 19 15 ® 13

Mole % nph Wixed Acid ~—>

FIGURE 10. Yield Isopleths for Resction at 10°C. and Mixed Acid to Giyeal
Rativ of 3.0



V. PRODUCTION COST STUDY

Due to the Litmme required by the earlier phases of this study, very little
time was available for a production coat study. Only a fc:w'qualitativo roﬁnrkl
will be made.

With respect to analyt. al and control standards for raw materials, the
speciutications we have worked out for pruductiém appear naﬁs!aétory. We use
Technical Grade TEG supplied by Jefferson Chemical Company‘. The nitric
acid used i~ Technical Grade 98-99% and the sulfuric acid ll Technical Grade
66°Be . | |

In-process control is primarily maixual control of rate of f=ed using
thermocouple indications. We quench the reaétion mase thir'ty':minutea or less
after last addition of TEG. We do not recover the a'cidl but we do recover the
solvent. If we recovered the acids, we would not §uench. .

Stn&y of the yield isopleth data preuentéd indicates that the nitric acid
concentration can vary from 70 to 80 mole pezl-‘ cent and give yie‘lldl of the
order of 80+%. In practice we are able to aéhievc- 90+% with_quenchipg. Since
the cost of nitric acid is 1.5 times the cost of sulfuric acid, it is clear that
the mixed acid with lower percentage of nitric #;id would be the most econom-
- ical for operation. It appears thsat the total reaction time (réaction + holding
time) can be ma.r);edly reduced in order to increase the through-put and thus
lower the total capital investment. Greater refrigcutioxi cipacity in our equip;
menf would have permitted us to establish this exﬁorimengally.

A very important conaideration in production costs is recovery of speat

acidgz. It bas been shown that the spent acids nhbuld be ltlBilized_almOlt

[ 5]
»



immediately or itept rofrigerated. They dacompose within an hour at normal
teinperatures, Our atudy showed thit the addition of sulfuric acid would
atalnlize the spent aci?d but more work should be done to prove this is the

mout practical process on '«rge scale operativni,’




VIOSUMNOMARY

There appears to be very little subetantial literature on the nitration
of triethyleneglycol. That of Aubertein appears most pertinent but a few
other refereices were noted.

2. The chemical Kinetics of the nitration of TEG is far from established.
The cxperimental work done indicates that with some refinement of technique
the rate of the reaction could be messured,

Yield data can best be presented by mneans of isopleths on a triangular
diayrara w h nitric and soliuric acid and water as the variables. The data
obtained indicates and narrows the region of preatest promise but additional
gimilar type data wouid permit more precise selection of the optimum condi-
tions. All information and experience considered good operating procedure
a7 preparing TEGDN would involve the following conditions:

N Temperature of nitration :oIetC.

2} Composition mixed acid : 73 mol % HNQ;, 13 mol % Hz50,
8 mol % HO

3} TEG/{mixed acid * 1/2.5% by weight

4} Rete of addition of TEG with  ©  Rapidly as heat exchange permita
agitation

and should provide a yield of $0% or better without quenching. Our production
experience has shown that with quenching and use of methylene chloride as a
sulvent, yielda up to 93% may be obtained,
4 Spent acid {Yom aitrations presents geveral significant problems:

1) disposal without pollution of atmosphere or streams

2} posgible {ume-o{f or detonation during storage

sh econuinic recovery of componant acids.




"

The work done indicates that safe stabilizmation of the spent acid can
be athieved by the addition of sulfuric acid., Nitric acid can then be separated
from the stabilized cpent acid by cauventional methode but the low concen-
tration of nitric acid we found in tlie stabilized apent acid complicates the
problem.

Stahilization of spent acid without the addition of sulfuric acid may be
accomplished if it can be proceseed iminediately by the controlied decomponi~

tion as described in Section V ¢ of the report.

Since about 43% of the HNO; used s found in the product layer, an

efficient water extraction procedure is indicated to economically recover

nitric acid.

VIl RECOMMENDATIONS

Due to the fact that large quantities of TEGDN may be used in the
nation's solid propellant program in the future and that the subject contract
was not sigaificant enough in funds to be as comprehensive as desirable, it
is recommended that the study of TEG aitrstion be extended to carry out a
more comprehenaive study of the factors investigated in this report and to
increase the scale of investigation to say ten pouand quantities for a better

engineering evaiuation.

- - - . ! N s
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APPENDIX "AY

Refersnces
Selerances

a. "Properties og Zxplosives of Military Intsraet” by
W. R. Tomlinson, Jr., ravised by O, E, Sheifield - Picatimny
Arsenal Tecbnical Report No. 1740, Rewvision 1, dated April
1958,

b. Research Depurtaient publications, Propellex Chemical Division,
Chromalleoy Cerpo. tion.

c. “Vigcosities and Indices of Refraction of Various Liquaid Nivrate
Esters’ by Jacques Boileau and Mzvrice Thomas - Memorial
des poudres et saltpetres (Paris), 33, 153-7 {1951}

d. ""Preparation und Froperties of Several Gly:ol Nitratea' by
P. Aubertein - Mem. poudres, 30, 7-4z (1948} {Chem. Abstracts

13, 333 ).

e. U"Apparatus for the Measuremeat of Vapor Pressure and Ignitiom
or Decomposition Temperaiure at Pressures ahove Atmospheric”
ny A. Greenville Whittaker {U.S5. Nav. Oxd. Test Station} ~
Review of Srientific Instrumernts, Eﬁ, 360-4, {1957}

{. “Thermochemical Data Relasive to the Congtituerts ¢f Propeilants™
by P, Javernier - Mewm. poudres, 38, 301-3% {1954} (Chem.
..betracts 1957, 15932 &)

8- USurfce Tempzrature of Burniug Liquid Nitrate Esters' by
R. Steinberger and K. E. Corder - J. Phys. Chein., 59, 455-7
L1793},

h. ‘Analysts of Propellants by Infrared Spectroscopy” by F. Pisters,

Anatytical Chemistry, 25, 844-56 (1953).

“shock Sensitivities of Liquid Nitrate Esters' by L. Medard,
Men. poudies, 31, 131-43 (194%).

s
»

i Lirbig's Annalen .- Chemie {3), 07, 273 (1863} - per a. above
¥, ' N " i3} ?!g_. 331, 351 (1863) -~ per 4. above
i Private Commu. am, M. Baer, Picationy Arsesal to I.N. Scortia

Prcpeliex Chemics.  wision

|, Navord Report 43-45 srman Powder Develspment 15 Sapt 1948
Translation of Uto Galiwite's "Die Geschiteladung” by R. A. Teuiey,
J. Waser ana X. Misiow

©. Priveie Comumunicaiion, D, Fiie, Picutimay Arsesai to D, K. Deal,
Prop:llex Chemical Idvision
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APPENDIX "A"

W. W Lewic and T, J. Suen, Ind. Chem,, 32, 1095 (1940)

. McKinley and R, R. White, Trans, Am, laut. Chem. Engrs.,

40, 143 (1944)

Private communication, . Kite - Picatinny Arsenal - to D. R, Deal -
Propellex Chemical Ihvision: o
Impact se citivity N.G. 1" with 1 1b, wt,
" " TEGDN 20 " 4,4 b, wt,

aidlye



APPENDIX "B"

‘&AT Ur REACITON POR NITRATION OF TRG

ilaot of Pormation, Triethylene Glveol:

3. fwar wf Conbratiaa, JRG, rCh Gadovimelri: Measurement).

¢t ST pascalfyvaw
o AR AVINTTY - L8012 Ypecal/ymemola
b, Combustion »f TRS:
il 0, v e e——p 6 co, ‘f" 7 Ha0

c. sats of Fornarion:

1) Hea CO, (g, = =94.40 ka-cal/gn-mole (Phyotccl Ch.llltty-

Hacoouglll;
{2 H,, i,0 ()) = «68.36 kg-c.\/gm-mole - )

(3 ;. T8O (1) = 6(-%4.40) * 7(-6%.36) - (-851.257
e tristhylena glveol (1) » -1?3.7‘
Hest ! Frnmation, Txx&thylea~ Glycol Dinitrate: .
a. Hear of 'nubus:‘@n,‘*sfnh (Picatinny Arsenal Tech. Rept. 1750)
Ho « -3.428 kg-callgran
w (3,6723)(260,17) = -n21,3~kg-cg:)ngmo\4

b, cCombustion of TEGDN:

' > o0 i 5 § O !
Csl.“us.iz ; 02 € 2C ) 6 8«

. Heat of rormation:

. TIOON (1) = 6(-94,40) + 6(-68.36) - (-823.3)

w o~ 153, kg-vel/gn-moie

~49-
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APRERULY VB" (Continued}

3. tdeat of Raasciionm:

&,

Heats of Pormativn:

1) Hg, HEQy wa) 0 - 42,33 kg-cal/gm-mols (lacDougall)

~

(&) Hg, 550 {§) = - 68,36 kg-cal/gw-wole (MacDougsll)

Resction:
™S + ¢ dlily -~ TEGDN + 2 H40

Resr of Reaction:
HY = 193, 7y« 2(~%2,35) - (-153.3) -« 2(~568.36)

w13 6 ug-cal/gw-mole of THGDN forwed

-50-
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APPENDIX C

DENSITIES GF MIXED ACIDS AY 18°C.

R0y (1.502)
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1
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K0 Pl "'é\ "y S J\] - T . BaB04
{1,00) 2 o e K ° o % © ° {1.835)

Compositions are given in per ceunt by weight



APPENDIX "DV

VAPOR-LIQUID 2QUILIBRIUM PYOR AQUROUS KITRIC ACID

140
120 - N
\‘ \.
\\
o 3
Lat ¥ \ \
e - ) Y . { .
90 : : : N\ \
N \\
H
37 - . e . o

M itz maximm boiling point ar 122°C, and 68% nitric acid
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ATPENDIX “E

RELATIVE ACYTIVITY OORFFICIENTS OF MIXRD ACIDR

wy
~3
[=)
~t
[Tl
~T
Wy
~
. o .
L] %
3 n "%o
. (4
=
o~
. o=
! o
o -4
oo ; H
v b
~F Ll
& . ‘ ‘ °
= 4 3\ /‘
b ' !
z ; . “ .
U :
v 8 ’ ~ 2\ \{?
(-9 ~ . .
% »
o Yol
o - . o -8
- + s
. ar : :
) ) P
- - Yoo
; .o ‘ .. “% 84
e £ : ) . . . \\;g d"
oS e T u
t < LY -
? ) '!
' . N . PR N“:Q F
. . e - 0—" v..-——”""——_—_ z
n PERY *
- ‘10 . b ]
2 . ; . :
'-::\\ !
1
: o - _al
] L . :
‘o, 2 . S
e, 4 i < =
Date from Hougen and Watson, * . 8 o s
Chemical Process Principles v “ ~
“ .



a

e WL

LT

®x o~

2 A TN B 8 e ™
¥ ol 2

&

hed
"

[

APPENDIX

e e
PEFINITION OF SYMBOLS

Becond oyrder reacilon comstant

Where reactants are present i{n equisolar amowunts, tha cei t..
concentratien of aither 4u & second order reaction

“olar conceuntration of a2ither pooduct ¢f a sacond oxde: ruv - ‘o~

Tamparature, absoluts

Bquiifbrium consran: of TRG-TEQMM raaction in activit. =

Aztivity {affective concentration) of s substance &n ., aqu.iilzlue
Bquiiibrium constant of TEM-TRCDN resctiou in aetivd icw

Equilibriue constant of TRG~-TRGDN reazcrion agpraszsed 40 antivifler

Bquilibriun constant YR5-TRCOR vesciion in terms of mx e Jiactinrs

Totel number of aoles of gll substances im the eguilil tiuwm

tiole fxactios of a sybstsnece in the ecquilibrium

Equilibrium constant of the TBG-TEGIE reactiom expreessd ir mis
rractions vith tha activity of the "nseudo nitric asid’ substinugad
for Bipep,-

The effectivy cotivity of the uttric acid spectes pratert fum ke
squilibrium at  particular mixed acid composition

Yolea of Nitric Acid presenz at the beginning of the viactizvu

Helac of Sulfuric Acid at the bazinning of the reastics

Hole.: of TEL present at the beginning of the reactfo.

Hzla. of water preasent at the beginning of the reacti:w

Holz per cent of a reactant at the teginning of the raacrise

Yole per cent of g reactant or product

Bumb:r of mcles of all substences present at beglwniny of veactfor

fymber of moles of TRGDN formed at «ny point in the reacr'in

Constant of equilibyium for the TEC-TEGDR reaction wraxe Fe constamt
activity of TEGDM is {ncorporated into Ka.

Bquilibrium constant of the sulfsation reactionm {n teims of the
astivities of both raactants and both products

Bquilibrium consteant of the sulfation reaction with ' ac coascant
activity of the sulfate lucorporates into K¢

squisitrium ropstact Zor the simalianmcous eguilibriuy. oowmen
:ybstances in rhe sulfsrion reaction and in the nil:cscion regeciorn,
lothematically: ¥, times %,

Zguilibriue constant for the simuliuneous equilibriuz af sullatiow
1 nitratioz vsscties. where C' is ¥, diviged by =/

Gt ol rewstion Fofaszd to the ;round scate
Che ouzleorsal a8 comshans
Conszant ¢ incuygrstiom
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August 16, 1361

Cuommanging Olficer

U.S. Army Grdnance Mstrict, S5t Louis
43U9 Guodiviiow Boulevard

st Leans 27, Missourn

Subject.  Lrrata Sheet - Final Report dated June 15, 1596}
Congract DA~23-072-501-ORD-48
Nevalopment Study for lmprovement of the Manu-
{facturing Process for Triethyleneglycoldinisrate {TESDN)

Page 27 Figure 5 is incorrectly labeled Figure 6.

Page 38 The l4th item {or run} from top of page should be
corrected to Acid Mix H instead of 15 and run
No. 15 where there is an omission.

Page 45 Line 8 should refer to Section IY ¢ instead 01 V ¢©
as ahown,

Wa wish to thank Picatinny Arsenal for pointing out thess errors and
hope no one has been inconvenienced to 2 great extent.

Propellex Chermical Division
Chromalloy Corporation

PR/ ;’J.ﬂ
& » -~ 7 - L
R. A. Cooley
RAC{drd/w Execulive Vice President
Distribution list:

Picatinny Arsenal {10}
Attn: Purchasing Ofiice, ORDBB-P3BI

Armed Services Trchnical Information Agency (10}

Chief uf Ordnenscy, ORDIV-R {1}
Wright Air Development Center {1)
Diamond QOrdnance Fuce lLaboratory i

U.S. Army Ordnance Dist., St. Louis {Z;



August 16, 1961

Carnnanding Officer
Army Ordnanve instricl, 5. Lows
13390 Goodfell sw Boulevard
fbouzz 29, Missourn

Subjeut:  Erratz Sheet - Final Report dated June 15, 1961
Contract DA-23-072-50E-0RD-48
e velopment Jtudy for Improvement of the Mana-
faciuring Process for Triethylene, lycoldinitrate {TZGDN)

Page £/ Figure 5 1s .aocorrectly labeled Figure 6.

Page 383 The l4th item {or rwm) from top of page should be
corrected 10 Acwi Mix H instead of 15 and run
No, I35 whrre there ta &n omission.

Page 45 Line ¥ should refer to Section !V ¢ instead 02 V ¢
as stown.

We wish to thank Picatinny .Arsenal {or puinting out these errors and
bape no one has been inconvenienced tu a great extent.

Propeilex Chemical Division
Chremalloy Corporation
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R. A. Cooley
RAC!/drdfw fxecutive Vice President
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