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Page 212,

Chapter 1.

AVERTING THE PORNATION OF BXPLOSIVE HIXITURERS OF PUEL WITH
OXYGEN 1IN TECHNOLOGICAL PROCBSSES.

3. Desensitization of explosive aixtures.

Coamon/general/total principles. In present chapter are
exanined some probleas of the safeguard fecr explosion-proof
satur®e of technological processes which are solved on the
basis of the first the priaciple of safety, for the
sixtures of fuel, oxygen and inert cosposeats. Such
practically iasportant wmethods as safeguard for tightmess, the
correct organization of imdastrial coamditions/sode, which
sakes iampossidble the disturbance/breakdown cf the norsal

sotios of gas flows and so forth, froam our poiant, are

st i
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trivial. The exasimation of the methods of the safeguard
for explosioa-proof character, vwhich are the organization of
the adainistration of production, does not enter in our
probleas.

Se will be restricted (for the first prianciple of
safety) to such processes for which special methods make it
pessible to make knowingly safe of the asixture of
components, capable of forasing explosive systeas. Here are
used the following nmethods: 1) the applicationsuse of
retarding addition; 2) the safeguard for sufficieat excess

of one of the componeats of reaction; 3) the 1limitation of

e

the concentration of the aissing component, oxidizer or
fuel, within safe 1limits. To the solution of such probleas,
is related also the development of the methods of the
dosage of dangerous component amd limitation of its content

in gaseous phase.

Page 213.

fhe non-detonating asixtures, which contain fuel and
ozidiser, caa be divided on three categories, depeading on
the emecutioa of the lisitetions, applied ea their
cosposition: 1) lean asixtures, n<n,, - a>a,) 2)

ot e
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rich mixtureS, x> 5., @ <a..): 3) the aixtures, retarded
by imert coapemest, /> slthough the utilization of

aiztures, vhichk relate to the third category (here they are
related and the amixture of ixplosivo endothersic compounds
with the inert additions), as a rule, it is the wmost
seliable nmethod of the safeguard fer explosion-proof
cheracter, this nethod not alvays proves to be that which
is agplied. The dilution of the processed gases by a large
guantity of isert coasponents is usuvally usdesirable. It
retards the reactions, which are conducted duriag
technological process, iapedes the achieveaent of the
completeness of transforsation or absorption of the reacting
gas, etc. Purthermore, very consuaption of inert cosponents

sakes the economic indices of process vorse.

Is sufficieatly widely used asethod safeguard for
explosion-proof character, based on the asaintemance of
coacentration coambustible 1less lower concentration 1lisit.
HoSever, this method is realized in essence only in the
process of the imspection of the peraissible content of
cosbustible in the atamosphere imdustrial rooma in conanection
vith leaks froa apparatuses and gas liness Coasiderably sore
rarely practices the 1lisitation of the coscentration of fuel
ia the processed aixture by the value of the lower 1liait

e e e -
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of explodability. Thus, for instance is conducted the
process of the catalytic oxidation of ethylene to oxide of
ethylene [173)] 1,

FOOTNOTE t. The oxidation richer aixztures of ethylene is
coaplicated also by the deficiency of heat withdrawal froa
the reaction zome, which leads to its progressive ware=-up.
There are iadications of the possibility eof overcoaing this
difficulty by conducting the reaction ia fluidized bed
[178): ENDFOOTNOTE.

At the majority of cosbustible gases valwe =, 48 too
low, and this unavoidably vill prosounce on the productivity
of provess. Similar conditions/sode can be justified only
vhen walue =, is sufficieatly great for the technmological
utilisetdon of lean unburning mixtures. This, for example, 4
occurs @&uziag the catalytic oxidation of ammonia by air for
which =, = 15% @&,

POOTNOTE 2. Usually are processed the aixtures, which
contain 9.5-11.50/0 #Niy. BEDPOOTNOTE.
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? Por the safequard for explosion=proof character auch

f sore frequently is used the method of the

i processing/treataent of the rich aixtures of fuel and
oxidiser, i.e., nmixtures with « < %+ This asethod
opea/discloses the nmore great possibilities of the rational
administration of technological process. PFor its explamation

and e basis, ve exasine in pmore detail the principles of

. retardation of explosive aixtures.

fhersal desensitization. The desensitization of burning
by different additions is known 1longe If we are restricted
to the eoxamination of the class of the thersal stabilizers,
1 which lower combustion temperature, then <this class one
should in turn, divide into two groups - inert cosponeants
{COg, H;0, N3) and the addition of the éolplox coabustible

substances, vhich flegmatize the buraing of rich aixtures.

Page 214.

Inert additiong retard buraing, receiviang the part of the
thernal effect of reaction with cosbustion; however of these




————E s

poc = 78096701 PAGE 6

stabilizers it occurs only an increase ia the reserve of

physical heat, but not cheamical tramsforsation.

flore complex nature has actionyeffect the addition
organic fuel stabilizers in the flames of rich explosive
sixtures and decoaposing endothersic coapounds. Like purely
inert additions, they do0 not have specific chemical effect
oa reaction kinetics in flame, but only they lower
cosbustion teaperature. However, such additions flegmatize
burniag much more active than imert compopents. This is
caused not only (and even not so Bmuch) by their greater
heat capacity vhich really stroagly grow/iscreases with the
cosplication of nmolecule, as by capability of these
substances for endothersal transforsations at high
tesperatures (for example, see [52)). Therefore the complex
cospounds, which decoampose in flame, are capable of
flegsatizing burning narrower in comsiderably smaller

copceatrations, than inert additioms.

fhe obvious case of the actionfeffect of additions is
the desensitization of the blasting decospgsition of
acetylene. Hydrogea, nitrogen aamd cacrbon nmonoxide noticeably
zaise the critical pressure of blasting decomposition only

vith the conteats of the same order as as acetylene
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itself. The addition of 8.80/0 butane increases critical
gressure almost double [175).

@he most active stabilizer of the sigaificant part of
the technological processes proves to be excess fuel itself.

the atilization of excess fuel for desensitization moreover

' sost is sisple nmethodically and it is justified iam the
relation to the regquiremeats for the techmnology: there is
a0 nmeed for for iatroduction iato the reaction nmediua of
alien products. So appears the popular method of the
safegeard for explosion-proof character by nmeans of

processing/treatasent of fuel-rich naixtures. The aminiaum

J———

conceatration of the excess of fuel, necessary for providing

for safety, can be evaluated by the standardized aethod

taking into account the summary oxygen balance of systea as
[k a whole, 1i.e., taking into account the contents of all

being present fuels and oxidizers.

Hovever, in certain cases the use of excess fuel

proves to be impossible or barely effective. In this case,
nsow and thea appear the facts, vhich nmake vorthvhile the

safeguard for explosion-proof character by the dilutiom of I
the processed aixture containiang oxygen by the coambustible '

cospoaent, vwhich does not participate in sain reaction
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. (176 PFor this purpose Bmost advisable are additions of
hydrocarbons. Subsequently this idea is developed in wmore

detail.

Ia uany technological processes appears the need for an

iacrease in permissible safe oxygen concentratioa, utilized

as oxidizer. This wvwill make it possible to considerably

intensify the oxidation process of imitial product.

repeatedly it is proposed to find the possibilities of an
;‘ increase in the oxygen conteat in the coaverted aixture,
| compeasating for this approachyapproxisation of composition to
the disits of explodability by an iacrease in the content
of imert stabiliszers.

Page 215,

pirst of all there is im fors utilization of additions of
water vapor which, being condgpnsed, easily it is resoved at
the subseguent stages of technological process.

The detailed investigation of regularities for the
lipits of the explodability of differeat triple aad nmore

cosplex aixztares (fuel -~ oxygen - igert coapoasat) shovs
that this wmethod is largely inapplicable and the additijoms
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of imert component ineffective. The critical value of the
excess oxidamt ratio, as a rule, begins moticeably to
grow/increase only with the content of inert cospoment in
mizxture more than 40o/0. The absolute value of criticsl
oxygea conceatration with an increase in the conteat of
inert component for some fuels remains invariable, more
frequent amonotonically it is 1lowered. Subseguently this will

be illustrated in the examples of several concrete systeas.

The applicationsuse of jnert diluents fcr <he
desensitization of techmological nmixtures caz prove to be
worthwhile only in some special cases. excess fuel it
almost always exerts the stroager guenching action/effect,

than inert coamponent.

Decomposition of excess fuel in the rich-mixture flases
of explodability. some researchers incorrectly are considered
or pmust evaluate this fact. So, A. HNemeth [177], that
seasured the 1limits of the explodability of the rich binary
sixtures of a series of Ahydrocarbons with oxygen and their
depeandence on pressure 1, calculates the combustion
teaperatures of saturated asixtures, assuaing that the part
of the fuel coapletely reacts with all available oxygen,

and excess fuel resains invariable.

T —

2l

¥ W
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POOTNOTE ¢, Let us note that all the its valses 4, with
1 at are strongly understated. ENDPQOTNOTE.

Computed aunder this assusption wvalees 7,,, with 1 at reach
at amethane 3450°K, betveem a sisilar cosbustion teaperature

does not have even stoichiosetric sixture CH, ¢ 20,.

Applicationsuse of imhibitors. Chemically active additioms
narrower im the concentrations of order 1¢/0 can exert the
even greater gquenching inflewence and narrow the 1limits of
explodability, than excess fuel. This is observed, for
example, vwith addition to the air asixtures of hydrocarbons,
hydrogen, carbon wmonoxide, halide-comtainiag products: CI,CIB§3
CHgBTr [178), and also CCl, aad Cl, [179, 180]).

The wmechanisa of the effect of cheamically active
stabilizers oa buraing consists in the break of the
reaction chains of the basic oxidation process of fuel.
Iahibitors compete with the oxidized coapopeats in reaction
vith the active ceaters of chain reactioni As a cresult
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higher than in ocombustible, chesical affiaity for the

sctive imtermediate reaction products of the oxidation of :
the w®molecule of inhibitor or products of its decomposition
energetically they react uwith active centers, converting thes
iato stable compounds and ceasing the development of

reaction chain. Therefore the additions of imhibitor

il noticeably lower the concentration of active ceaters.

Page 216.

So, haloids amd aloid derivative actively react vwith atoaic
hydrogen, as vhich takes part ian the wmajority of chain

oxidation processes.

Novever, application/use chemically active addition can
hbave only the 1limited interest for the safeguard for
explosion-proof character in the chemical techaclogy. canmnot
be used thea for the solution of basic interesting ez
problea - the transforsation of the processed in
technological processes aixtures into unburnming. it is
obviows that the high cheaical activity of such substances
vill wmsake impossible their introductios iato the reacting
sediea during normal asode, not to aeatioa their high

““/'.1..




poC = 78016701 PAGE 12

therefore the basic applicationsuse of cheaically active
stabilizers is limited to their utilizatiop im safety
devices. In the emergency cases these products rapidly are
introduced ia large gquantities into cosbustion zone or in
the dangerously explosive amedium which in this case fast
enough is converted into umburning. Such wutilization
differeat haloid derivative in fire-extinguishinmging
cospositions [ 1891-183].

The specific actionj/effect of those inhibiting addition
is lisited. are nmost effective the derivatives of saturated
hydrocarbons vhose large part of the atoms of hydrogen is
substituted by the atoas of haloids. Haloid derivative of
organic coampounds, capable of being oxidized, iampede burning
and decrease the norsal rate of flase, apparently, only for
miztures vith the excess of fuel. The addition of such
prodects to lean asixtures can increase tribe's rate as a
gesult of an iacrease im this case ia the calorific value

of aixture [188, 185).

Bromo derivatives are the auch asore active inhibitors

of burniang, than chlorine derivativis ones [108]). Apparently,

S i Lo oy |

s
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this is caused Dby the fact that the wmolecule of hydrogen
chloride is very stroag/durable and 1ittle capable of
dissociation in flame. After its formatioa chlorine atos

goes out the sphere of reaction as imhibitor, hydrogen
chloride is imert product. Ualike it, hydrogen broaide

easily dissociates and reacts vwith oxygea. Regenerated atoaic

broaine can again enter into reaction with atoaic hydrogea.

The products, wvhich inhibit burning, freguently are aused
ian the so-called asethod of the active supression of
explosions during eamergency sodes. %his asethod is used for
providing for safety of reservoirs vwith 1liquid fuel, for
example the fuwel tanks of aircraft, storages of petroleua
products and the 1like, wvhen above the surface of 1liguid
there is a pad/cushion of explosive steas-air aixture.

During the emergence of the center of combustion, the
corresponding sensor (usually pneumatic or photoelectric)
supplies signal to the automatic, so-called suppressive

device.

This device is vessel with the fire-extinguishingiag
sebstance vwhich cam rapidly be introduced in lacge
guaatities iato the protected reservoir with the cosbustion
of special knock-out chuck. The sessor signal iacludes the
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primer of kanock-out chuck. Rapid gquenching of flase prevents

the damgerous pressure increase in reservoir. .

Por similar fittings is given out a series of patents, are
m0ost common the instrumeants of the fira “Grevimer®™ [186)
(see also ([187) .

However, investigations of ‘tt Yae. Eglit ([188)
establish/installed that gquenching of flame by the wmethod of
active suppression of explosion virtually is not bonded vwith
the dnhibition of burning by chemically active products.
Quenching bears purely thersal character and can successfully
be produced by wvater cor flammable liquid. The achievement
of the necessary ainimsum density of irrigation and rate of
the throw—-out extinguishing 1ligquid is main factors of the

successful work of “suppressive" device.

the analysis of the regularities, establish/installed for
lisits of the explodability of some nulticoaponeant amixtures,
leads to the conclusion that sosetises the desensitization
of burning one of excess coapoaeats proves to be not

purely thersal. Using a standardized systes, it is possible

2 Al A s vy PRV W
RSP 2 S SRS AN el : " RO 0T AT ﬂ i e T




SU————————

, . — . . i . T ———

poc = 78096701 PAGE 1S5

to establish that the actions/effect the addition of this
coaponeat bears specific, that is inhereamt its special
cheaical action/effect on the process of buraing, although
the here inhibiting effect not as sharply pronounced as in
haloid derivative. The account of the special
feature/peculiarities of each coacrete techpological process
facilitates the construction of the systes of the safeguard

for its eXplosion-proof character.

2. HNaxisum permissible oxygen content in amixtures with feel.

Regularities for the cape of the region of
explodability [189). The safest for the technological
target/purposes aixtures of fuel, oxygen and isert cosmponent
whose composition corresponds to 3zone, which is found wmore
to the right of the cape of the region of explodability
on Pig. &7 (>, are characterized by ome importanmt
special feature/pecaliarity. BExperimenst shows that the oxygen
content in any explosive aixture of the iadicated cospoments
useally is not less than ia the asixture, which corresponds
to cape. Any three-componeat aizture of ozygea, coambustible
and fsert coapoaeat is nomexplosive with the acbitrary
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relatjionship/ratio of the coamtents of two latter, 4if in
this nmixture [0;] < Y, vwvhere Y - the oxygen conteat of
the cape of explodability.

Jt is noted [135] that this 1lisitiag concentration
Y9 is virtually identical for the nmajority of coambustible
gases and vapors, SO0, if we compose combustible sixtures,
using enriched by nitrogen air, them for CH,, CyHg, Cglg,
Cellgor Cgligaze Coeliges C3Hge CoHge Cglige (CH3)CO this value
vill be within the 1limits of 11.0-13.50/04 If as additiom
to air serves carbon dioxide, value Y for the indicated
fuels wvill iacrease to 13.415.60/0 abs. (i.e. Dby
approxisately 200/0) as a result of the greater heat
capacity COp. Por the aixtures of eandotheraic coapounds =~
ethylene and butadiene - value Y is lower than for the
sajority of fuels. An especially sharp difference \is

observed for hydrogen, carbon monoxide and acetylene.

Page 218.

The constancy of value Y of the differemt
carbon-containing fuel/propellants is the result of those vwho
were exanined in chapter 6, pte. &, the special
feature/peculiarities of the buraiang of their asixtures of
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lower coaceatration 1limit. The regularities, which deterasine

the walue oOf oxygea concentration in saturated aixture,

be g@uantitatively explained and used for calculation Y of

experiseatally uastudied combustible gases, aad also the
establishaent of the character of dependence of Y on

jtessgre.

Et wvas above npoted that the 1lower coacentration 1liasit

is not changed duriang the partial replacesent of oxygea
sitrogen. It turns out that this regularity is observed

virtually ep to the compositioms, which correspond to the
position of the cape of the region of explodability. 1In

this case, value Y of the nmixtures, flegsatized by
nj trogen, differs 1little from oxygea coatent, equivalent

a guaatity fuel on lower 1limit. This assmmption makes it

possible to fiad cosputed valuss of Y

Y = vt (7-”1

vhete v is a stoichiometric coefficieat for the reaction

of the cmto oxidauon of this. fssl . by .oxyger. ' Ave

e et Bl S i

compared below the calculated 8 (Y) asd experimental (Yo

saturated oxygen contents in the cosbestible aixtuces:

can

by

to




5OC = 78016701 PAGE 18

rowm Yex Y, Toposee Yes Y,
B 13,1 1 -9,8
10 “ l::: Mu
JoNe - 1e 10,3 10,9
10 121 © 128 13,8 12,0
£l B g 3
3 s 108 55 et

Rey: (). Puel.

POOTNOTE 3, Accordiag to data [135) fexr v, Salues
are borrowed there. ENDFOOTNOTE.

Bxperimeat coaficras that the differeace Y, asd Yy, feor
all 4investigated fuels does not exceed 1Sq/0 of walwe VY.
Good accord of calculated and experimeatal values is
getained also vhen value Y is such lover than usual, for
example for carbon @asonoxide. It is obvious that the
replacesent of excess oxygea by ianert coaspomeat is not
essential for reaction Lkisetics ian lean-mixture flame ap to
the wery cape of the region of explodability - the
decisive role plays the teaperature coastascy of beraing.

.

s

kil i
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The presented consideration wmake it possible to
calculate values of Y for the UuUnstudied coambustible gases
or malticosponent mixtures according to the value of 1lower
concentration 1limit, i.e-, actmally frea thermochemical data.
So, for acetylene in which Ry = 2.5/0, should expect
YT = 6.20/0. The possibility of calcslation Y has large
practjcal value, since the experimsemtal deteraination of
saturated oxygen concentratiomn were produced only for the
limited nuaber of combustible gases and vapors. Value Ja Y
is the importaamt characteristic of explosion-proof character

for a series Of technological processes.
Page 219. .

Let us give the exaamples of the calculation of
parameter Y, vwvhich confira the applicability that which was
presented for the compounds of different classes. HNumano and
Kitagawas [190)] determined for acetylene-air and
acetylene-oxygen aixtures uwnder stasdasd conditions 5, =
2.30/0 which corresponds Y,=58%0, (fer naixtures Cglig ¢ 0,
¢ ¥z). They is experiseatal established Y = S5.70/0.

Por the nmixtures of viayl chloride (CpiaCl) both with

air and with oxygen at standard conditions the sase authors
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[091] will find that =, = 36%. Ternary asixteres CpHyCl ¢
air ¢ N; cease to explode. with the aminimum content of air
48.1070 independent of the concentration of fuel. Trhis
mixture contains 10.10/0 of Ojs. As it will be shown in
Chapter 8, with retenmtion halo derivative hydrocarbons in

the presence of the excess of oxygem, entire chlorine is -
virtually completely joined ianto hydrogea chlovide; therefore
for combustioan CyNgCl, one should assbept v=25  Bguation
(7-1) gives y, =9,0%, which satisfacteorily will agree ywith p
experjment. As ia the case of other endothermic coampounds, ’
value Y for a vinyl chloride is lower tham commom for
saturated compounds. Using egquation (6.13), 4t is possible

to coatirs the correctness of detersinatios a,, 4in work

(919%): Por viagl chloride Q = 278 kcal/sole, which gives

is accordance vith foregoing.

Since value Y is determined by the 1limiting
conceatration of fuel in leam aixtures, it is possible to
assume that and the effect of pressure on change ¥ will
be detersined by the appropriate dependeance for =,. Since
in the mixtures containing oxygem the lower limit of

explodability weakly depends on pressure, it is possible to
assuse that valee Y oaly insignificamtly decreases with an
increase of pressure. This fact is very substantial, siace
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the dependence of the 1limits of explodability from pressure
little studied, but about the effect of [pressure on the

position of cape there is no information generally..

Techaological applicationsappendices. 1In many technological

’% processes appears the need for the pressure traasfer of

{ volatile flammable 1liquids, for example with their pneunmatic
soveseat and on pressure filters. To avoid the formation of :
the explosive nmixtures of vapors of these liquids of the
safety regulation for some productions, it is necessary to
execute this operation with the aid of coapressed nitrogen.
This need is led to the coaplication amd rise in price of

production, in particular in those videspread cases when for
this process it is necessary to supply large gquantities of

nitrogen in cylinders from other enterprises.

The operation of pressure transfer can be considerably
reduced the price, if one considers that for its safety
there is no need ia the applicationyuse of pure/clean

nitrogem - it is necessary only so that the oxygen content

in mixture would be less tham Y. This fact creates two

N Y

possibilities: i
§. Utilization for the pressure traasfer of aitrogea, f
i
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dileted by air ia such relationship/ratios, that the oxygen
content in the systems, which are generated after addition
to the nmixture of nitrogem vwith air of any quantities of

combustible gas, remains by ssaller Y ([192]).
Page 220,

This condition is satisfied in the amajority of cases
parrower during the wutilization of a nmixture of 500/0 air

¢+ S0p/0 of ¥, (final oxygen concentration it'viill not
éxceod 10.50/0)¢ so that the consumption of nitrogen can be
abbreviated/reduced double.

2. Utilization for pressure transfer of flaammable
liquids of discounted and veakest gases vwith high content
of imert compoments (in basic N; and CO,), that are in
many productions. The possibility of their application/use is
defined by the fact, as is great the oxygen conteat in

these pnmixtures and is hov value Y for this fuel.

the gquestion concerning the peraissible oxygen content
in mixture with combustible gas was raised [193]) also in
connection with the fact that somse acting safety regulgtions

[¥9%] 1imit persissible oxygem concentratiog in aixtures vwith

il Sl
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combustible gases by omne perceat. It is ebvious that this
limitation without real need cosplicates production.

Let us note that in this gquestion there is no
i ananimity: so, rules [195]) for acetylene generation
allovyassume the oxygemn content in blowoff nitrogea up to
30/0« Rules [196] allow possibility to solve the probleam

concerning the permissible oxygen content directly for

eaterprises themselves.

The important problem of the safeguard for
explosion-proof character appears in connection with the
release of apparatuses and gas 1lines from their filling
combustible gases. This operation frequently is fulfilled in
different technological processes, for example with stops for
the change of conditions/mode and for the repair of
| | eguipment. As a rule, the stages of control are the smost

dangerously explosive stages of techanological process in view

of the possibility of the formatiop in this case of the il
combustible aixtures containing opxygent

Bguipment one should blow out by inert gas. usually
for this is wused nitrogen. However, large gquantities of

nitrogen are not in any production. PFor the execution of
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scavengings, it wvas proposed to use as for the operatioms
of pressure traansfer, to ﬁhe veakest gaseous aixture of the
igert coaponents which unavoidably contain certain gquantity

of oxygemn. The possibility of their use for this
target/purpose is determined by valwe of Y for gas, which

is located in the air-blast apparatus.

With common for the majority of coabustible gases Y =
11-130/0 (if as diluent serves nitrogen) gaseous aixtures,
which contain 5-60/0 of 0, are completely suitable for
blovinge However, position substantialdy is changed with
bloviag of the apparatuses, filled by acetylene or hydrogen,
for which Y = 5-60/0. In this case the nitrogen-oxygen
sixture, which contains 50/0 of 02, will form vwith the
combustible gases of the aixtures, which border in
composition to explosive. During the probable deviations of
oxygen content from that vhich wvas assigned, appears the
danger of the formation of combustible aixtures, in
particéular if the temperature of the air-blast apparatuses
is higher than rooama. In such cases appears the need for
the complex and expensive operation of cleaning oxygea froa

veakest gases.

Page 221,
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Betveen is feasible the simple amethod of blowing, which
makes it possible to use the unpurified weakest gases, if
enterprise disposes of easily attaipable natural or oxy-coal
gas. Por this, scavenging omne Should produce im two stages:
first by this cosmbustible gas, i.e., virteally by asethane,
vhich has the high value of Y. 1In this case, is not
necessary the special thoroughness of the scaveagiang: a
reduction in the concentration of acetylene or hydroges in
the aixture of the cosbustible cosponents in all 3-8 times
will increase Y to the value, close to wusual. Let us Dnote
that even significant (order 100/0) foreigas matter of oxygen
to nmethane are not 1led to the formation of explosive

aixtures.

At the second stage methane is removed by nmeans of
bloviag vith a aixture of inert gases. In this case, the

safety is guaranteed, since the available guantities of

oxygea in this case are insufficieant for the formation of

explosive aixtures. This nmethod of the release of
apparatuses froa coabustible gases w®ill not introduace
essential complications in comparison vwith single-stage

process.
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The scavenging of apparatuses asust be produced when

they are filled by cosbustible gas; but mnot explosive
aixture. In the latter case they preseat large damger, and
very operation of scavenging can lead to the emergence of
the igniting momentum/impulse/pulses, firss of all the
discharges of static electricity. Ip the 1literature are
described the examples of the heavy emergencies, which

occurred under similar facts [197]).

The examples of the execution of the technological
processes in which is used the priaciple of the nmaintenance

of oxygen concentratioan lower than Y, are exaained

subsegueantly.

3. Bxplosion-proof character of the aixtures, vhich contain

the pairs of flammable 1liquids.

Special features/peculiarities of vapor-gas systeas. With
the possibility of the formation of the explosive naixtures
of vapors of flamsable 1liquids coataiaing oxygen vwe collide
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first of all iam wvidespread technological processes of the

liguid phase oxidation by air of wvolatile cosbustible ‘
v organic ligquids. Such nixtures are forsed also vith fuel i
 ?5 storage 1ligquids in large reservoirs and their pouring and

in narrover aentioned process of pressure traasfer, siamce in

these cases above the airror of fewel is an air cushion. q

Prequently flamsable 1liquids prove to be ian coatact

with the gaseous aixtures containing oxygen umder the

Ai;j;tr__;;.z"‘ﬁ, Tt

pressure, which considerably exceeds atmospheric, which

complicates providing safety. The formatior of explosive

-

steam—~air nmixteres in the atmosphere of industrial rooas
does not have any specific dlttoroncqs' from the analogous

case vith air-gas aixtures.

Bnd e {
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Let us examine the wmethods of wvorking with volatile
flammable liquids, vhich wmake it pgsgible to avoid the
formation of explosive namixtures for the extent/elongation of
entire techmological process. In many instances these nmethods
can be based on the existence of the tesperature liamits of
explodability. with invariable oxygen content, egual initial
(i.e. greatest, and it means and msost damgerous), the
eguilibrium composition of the gaseous phase wvwill be
strictly fixs/recorded in the case of saintenance by the

constants of temperature and total pressure.

During the appropriate conditiops/mode of air supply
into the reactor of 1liquid phase oxidatios or reservoir
with flassable 1liguid (energetic bubbling, the large surface
of vaporization) the air wvwill be saturated by the pairs of
the idocated in reactor 1liquids. If in this case the
supplied air does not react with 1ligquid, the composition of
the gaseous phase is deterained Dby teaperature and total

pressure.
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Che explosion-proof character of this systea it is
possible to provide by teaperature-comtrol of the tank vwith
liguid fuel. If the temperature of system; and with it and
the pressure of the saturated steaa of 1liquid will be the
aot less specific ainimum value, the cogteat of coasbustible
Yapor will got be omitted lower than upper 1liasit of
explodability. Thermostating of reservoir feast to the
necessary temperature and the saturatjon of air by vapor of
fuel -~ the necessary and sufficient condition of the
safeguard for explosion-proof character without any additional
liaitetions.

Liguid phase oxidation of hydrocarboms by air [198,
¥W9]. In the industry of organic syathesis, is videly
common the wmethod of obtaining Of poliamide and polyurethane
resins, synthetic fibers (capronme, nylon, perlon) and other
polymeric materials froa petroleua hydrocarbons. To the
neaber of isportant technological processes of this type, is
related the oxidation of the 1ligquid of cyclohexane and
tolueae [ 200, 204) by air, catalyzed by the dissolved salts
of hesavy aetals. These processes, usually done under

pressare several dozeas oOf atmospheres, are bonded vwith the

L L R
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danger of the formation of explosive steas-air aixtures. So
that im all exteat/elomgation of technological cycle the
gaseomns phase remains nonexplosive, were possible the

following regulations of process. ;

boswii ot Vi

| During the 1liguid phase oxidatiom of hydrocarbons, as a i
| rule, are not formed other (besides initial product) 1
volatjle componeats, besides wvater, anmd the gaseous phase
consists of nitrogen-oxygen amixture, vapors of aunreacting

hydrocarbon and wvater. We take, that their concentrations

reach equilibrium (for the process of vaperization) values.

In the absence of the reaction of the oxidation when

the oxygen content in vapor-gas amixture is maximal, will be
formed the @most gquick burning gaseous aixture. The partial

consuaption of oxygen during 1liquid phase reaction makes

vapor-gas aixture 1less dangerously explosive: is sufficient E2 |

the ssaller concentration of excess fuel, in order to make
iapossible flame propagation. However, the dymamics of the 3
consumption of oxygen it is difficult to consider.

Conducting calculation for the imitial composition of

SR AP, P LIRS 1aa A e - i - o “:_;_i
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nitrogen-oxygen mixture, we obtain known safety aargian”.

Gaseous aixture can contain two imert cosponeats -
nitrogen and water of pairs. The comtent of the first is
iavarjable, the concentration of vater depends on
temperature. With an increase in the teaperature, increases
the concentration of the gquenching excess fuel and the
common/general/total content of inert coaponents because of
an increase in the liquid-water coptent. Therefore, if is
establish/installed phase egquilibrius, an iacrease in the
tempesature exerts favorable actionseffect on the safeguard

for explosion-proof character.

Por determining of the gquantitative characteristics of
the conditions/modes of non-detonating techmological process,
it is necessary to give the evaluation of the coancentration
limits of the explodability of the aixtures containing
oxygea for cyclohexane and toluene and effect on thea of
pressure. On the other bhand, one should detersine the
boundaries of possible changes in the cosposition of the

gaseous phase in the Jdifferent stages of process.

The 1limits of explodability for both fuels are studied

insufficiently: are known (morecver pot it is very accurate)

it
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only upper and lower concentration 1liaits of their mixtures
vwith air at ataospheric pressure. Therefore the boundaries

of the region of damgerously explosive coapositions and

their dependence on pressure one should determine by the
method of wmodel fuel. The available experimental data are
used for the check of the validity oamly of this approach.
As standard vere selected the 'hcxano and benzene, since the
combustible properties of their mixtures ® were studied in
aore detail.

POOTMOTE t. Here and subseguently for brevity are indicated
only combustible cosponents of aixture (with air, oxygen and
sa forth). ENDFOOTHNOTE.

Al1 data on the 1limits of explodability are undertaken froa
summary [1135].

The boundaries of the region of the explodability of
nitrogea-air aixtures of the indicated fuels in standardized
systea (lga, —/) are given in Pig. S54. In this same the
figure corrected values of 1liamits €for binary aixtures with
oxygea - the extreme points of curve with I = 0. On

s

ol
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graph are noted also the limits of the explodability of
the air mixtures of cyclohexane, in this case is indicated
entiré range of the spread of the limitisg comceatrations,
communicated by different authors. This ramge 4is sufficiently
great: for rich wsixtures it reaches 29/0 oOf %ax-

As can be seen froa curve/graph, the standardized
charatteristics of the 1limits of aexplosiveness of hexane,
benzene and cyclohexane in the which interests us region
are sufficiently close between theaselves. This confirms the
possibility of propagation for cyclohexane of the dependences
of critical conditions on the content of imert coaponent

and pressure, establish/installed for a hexane.

Purther are examined two wmodes of the oxidation of
cyclohexane - with 18 and 35 at. Dhe 1limits of the
explodability of the air aixtures of hoxnnev are studied to
saxisom pressure 12 at and T = 180°C. It is
establishy/installed that vwith p > 4 at there are two
limits of the explodability of the rick wmixtures: for hot
and cold flases.

Page 224
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Us iaterest oanly the conditions of <the esergence of hot
flasey co0ld flame is here safe, since the possidility of
its tranmsition to hot flame is excluded. The extrapolated
boundary of the propagation of hot flame Wwith 150°C to 18

ate we find the uynkmown position of the Lliamit of
explodability, shown on the graph by cut 4&..

The change in the composition of pro-gas amixture with

temperature, vwhich corresponds to that condition that oxygen

is not expend/cponsumed om 1liquid phase reaction, can be

determined by thermodynamic calculation. The example of such
a calculation for the oxidation processes of cyclohexane at
commoa/general/total constant pressure 18 and 35 at
illustrates table 113. In it the reduced pressures that
which wvas saturated the pair of both 1liquid coaponents at

b the appropriate t.lp.tltut;l. partial air pressure, and also,

therefore, the partial pressures of oxygen and nitrogem can

be deterained by the difference betveen toctal pressure py

and the sum of the partial pressures of saturated vapors

of CaHy2 and H;0. Hence is located the sum of the partial
pressures of the inert compoments N, ¢ R0 and

correspording values I (ia o/0) and a.




DOC = 780 %702 ez & 35
lqat
Z .
FE"‘\\~\ 2
TS
N O 40
Q5 ‘":;CQ‘ .
B
40\ CeHiq
. = CgHg
0 <] 1
0 0 1
2 \NW
0,5 - L =4 CgHyy -
-1 120
o _x—-—r-"‘r 4:00 CeHg
—T' .\ 4
. 7 <
-10 éﬂ
5 L 160
%ot$ | 8

0 0 20 30 40 S50 60 70 80 0Ny, %

Pige S58. Limits of explodability for aitrogen-oxygen aixtures
of hexane, benzene and cyclohexane and change in composition
of eqguilibrius vapor-gas amixture CgHyp, ¢ H;0 ¢ 0, + KN,
with temperature: 1 - 1limits in systema Cgl,, ¢+ O, + K, p
= 1 at, T = 20°9C; 2 - the same, for benzene, 3 -
the same, for cyclohexane; 4 -~ the same, for aixture CglH,,
¢ air, p = 18 at, T = 150°C; S5 - change in
equilibriuam composition of pmixture CgHy; ¢ H0 ¢ air, po =
18 at; 6. the same, pg = 35 at.

Page 22S.

1

.
\
o
¢
]
3
S
W
S




S —

DOC = 78016702 PAGE 2% 3(p

the eguilibrium compositions of the aixtures of air,

vapors of cYclohexane and water on the graph of Pig. 5S4

for ¢otal pressure 18 and 35 at are compared vwith the
liaits of explodability im system CgH,;, - 0, - N,. Here o
subseguently is considered the sunnary‘ content of both inpert
compoments, i.e., it is accepted that wvater is replaced by
an eguivalent guantity of nitrogen. Under this assusption

the actual boundaries of the region of explodability

somevhat those narrower designed. PYor each point, vwhich
characterizes the composition of equilibrium aixture, numerals
showed the corresponding to this composition teaperature. the
curves of egquilibrium compositions for total pressure 18 and
35 at alsost coapletely are superimposed to each other;
however, the temperatures, which correspond to identical
coapositions, in them are substantialdy distinct, wvhich is

shown on graphe

@ith a temperature decrease of egquilibrium vapor-gas
aixture, the value of the excess oxidant ratio continuously
increases. At specific ainisum temperature in the point of
imtersection of curves for the 1limits of explosiveness and
change ia the egquilibrium composition, the nmixture becomes
explosive. As shows the comparison of curves, when total

pressure is equal to 18 at, this occurs at temsperature of
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approximately 1209cC.

Bquilibrium vapor-gas aixture resains explosive up to T
= 80°C, vhen the concentration of cyclohexane decreases to
the wvalue, vwhich corresponds to lower concentration 1lismit.
The extrapolation of the available data on the 1limits of
explodability to 35 at - another conditiops/mode of
technological process - makes it possible to give the rough
(although 1less accurate) estimate of saturated safe
teaperature; with T 3 1809C, equilibrium mixture still

resaias non-detonating.
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Table 13. Calculation of the equilibriusm composition of

vapor-gas aixtare ia air - cyclohezane -~ water systea.

(1) gmu Bacunn,
Aasaeune nacumen- - 1, % «
OTo BApa, &m .
ré Ny+H,0 [+
s = ) 2 ) %o 3 2 3
= o TR YT R 2 i ]
J = < I S| &8 < < < <
200 | 13,1 15,3 — 120,56 — | 1,39 — !586 - 0,0154
180 9,47 98 | — |222(.— (329 — (635 - 0,0385
160 6,62 6,10 — 23,7 — (4,68 — |67,7 —_ 0,0785
140 4,42 3,57 1,6124,9]2,10(|567|638|71,2| 00528 | 0,143
120 2,83 1,96 12,4 (25,8 (2,77 | 6,34 | 69,1 | 73,8 | 0,102 0,249
100 1,72 1,00 13,1]26,5(3,21 678726757 0,208 0,439
80 0,975 0,467 '(13,527,0|3,48|7,05|753|77,1| 0,39 0,803
60 0,607 | 0197 |139|27,3/363|7,20|77,2/780| 0,794 1,58
40 239 0,073 |14,1(27,5(371 (728 2(785! 1,713 3,34
20 0,101 0,023 - |27,6| — |7,32| — | 788 - 8,06
|

1
Key: (%)e. Pressure of saturated steam, ats. (2). Partial
pressare, at.

Page 226.

The method of thermostating makes it possible to solve
the guestion concerning the conditions of explosion-proof
character for the reactor of oxidation. Hovever, by this is
mot contained by the problem of providing safety of entire
technplogical process as a whole. At its subsequent stages
the reaction gases, saturated with oxidizable substance, nmust
be cooled. In this case, begins the condensation of excess

(for the process of burning) fuel whose presence nade the
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steam~gas system of safe.

During sufficient cooling equiljbriug concentration of
fuel in vapor-gas namixture becomes less =,,. Bowvever, this
cooliag does not still guarantee the eguilibrium of gas and
ligquid phases, but it =means the expdosion-proof character of
process. During the rapid cooling of saturated vapor which
is formed the stable fog of 1liquid fuel, and its content
in the gaseous phase resains due to this super-eguilibrius.
Pog-ajr amixtures can explode just as gas. It is
establish/installed [178] that the explosiveness of leas
fog-air systems does not have vital differences fros the
explosivemess of purely gaseous aixtures with the eogual

conteat of fuel.

Thus, the explosion-proof character of the cooled
gaseous oxidation products cammot be secured by obtaining
the @mixtures vwhich bhave n<n,, hovever, problem can be
solved by another nethod, by weans of amonitoring of
satisfaction of conditiom [Qg € Y. In the process of
ligquid phase oxidatioa, oxygen coacemtration im the gaseous
phase decreases. vwith the sufficient degree of its spesding,
oxygea conceatration is lowered to value, sasaller Y, and

sizture becomes nonexplosive, indepemdent of the coateat inmto

TSI . 1 e J— 7 Wa——V ¥ il oden.
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nonflamsable. The problem of providiag safety of the gases,
which emerge froam reactor, is reduced to the uainterrupted
4 ; monitoring of the content in thea of oxygen. Por this, can
be used the automatic Bmagnetic gas analyzers of oxygen of

the type HGK.

As shown above, for the hydrocarbons Y in guestioa it

| stst be egqual froa 1 to 130/0; eguatioa (7.1) gives Y, -

- 11,7%for cyclohexane (x_ = |,3%) and y, = 12,6% for tolwene (R..= 1,4%).
It is difficult ¢to expect so that these values

substantially will change with a pressure increase (above 1
at). Therefore the saximum permissible oxygem concentratiom
at output/yield froama reactor should establish/ianstall egqual
to 70/0 for both hydrocarbons. Experiment shows that this
condition is feasible during the normal flow of
technological process.

If the realization of this copditionsy/mode for

cyclohexane or another hydrocarbon proves to be for some

reason or other difficult, it is expedient to dilute the
fresh air, which enters in the rector of oxidatioa, by the
emerging froa it gases, i.e., to produce partial
recirculation. Apparently, this noticeably does aot bhamper

the course of liguid phase reaction, in any case, for the
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oxidation of cyclohexane, since the rate of this process

barely depends on oxygem content [200, 201).
Page 227.,

It is experimentally establishyinstalled that during the

S oxidation of toluene (unlike cyclohexame) there is no 1liguid

g water in reactor. Therefore during the calculation of the
| equilibrium composition of vapor-gas aixture, is used [Hy0)]
= (0. The nonregulated additions of unsaturated wvater vapor
to toluene-air mixture are not considered that their

f presence increases %“safety margin®. A change in the

composition of equilibrium Toluene-air aixtures with the

invarjiable oxygen content for p, = 2 at and pg *= 20 at
is shown in Pig. 5S5.

On the same graph are givea boundaries of the region

established/installed earlier of explodability with 1 at, and

also values of limits for the air aixtures of toluene.
Processing of available data on the effect of pressure on ¢ |
the 1limits of the explodability of the aixtures of hexane

sakes it possible to approximately evaluate the aagular
coefficient
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Pig. S5S. Limits of explodability of nmixtures of hydrocarbons
and c¢chaage in cosposition of equilibrius asixture CyHy + HR0
¢ 0O ¢ Nz: 1 - 1lisits of eXplodability with 1 at for
hexané; 2 - the ialo. for benzenegy 3 - the same, for
cyclohexane; & - the same, for tolueme; S5 - 1lisit of
explodability with 2 at; 6 <~ the same, vwith 20 at; & =~
egquilibriam composition with 2 at; @ - the same, with 20

at.

Key: (1) an interval of values of limits.
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Accepting in accordance with that which wvas presented in
chapter 6, section. 2, that valee n,, grow/increases by
140o/0 with an increase in the teaperature by 100 degrees,
it is possible to introduce interference correction of
teapexature and to calculate the isothermal baric coefficient
of the critical coaditioas

f(#%ra_)r-uu Py “ui

Using values of the baric and tesperature coefficiests of
the 1limits of explodability, it is possible to calculate
the positions of the 1liamits of explodability for the
assigned initial pressures which are shown in Pig. SS.

Deteraining the points of intersection of the
corresponding cucrves for egquilibriws coapositions and the
lisits of explodability and interpolating values of critical
tesperature, ve find the dependence of the latter on total
pressure. So, vwith 2 at curves iatersect at point 1lg e« =
“0.68; I = 720/0 (¥3), equilidbriua steas-gas amixture ias
this composition at teaperature of approxisately 60°C. Pig.
36 illustrates a change ia the satursted nmodes of the
non-detonating liquid phase oxidation of toluene by air with
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an iacrease of pressure.

Por the creation of the specific “safety gsargin® the
temperature of 1liquid in the reactor of oxidation asust be
by 20-30 degrees higher tham critical, deterained by the
graph of Pig. S6. It is possible to expect that refinesent
of the data on the 1lisits of explodabiiity in
tolueme-oxygen - nitrogen systea duriag the most thorough
investigation will not give the bases to change presented
in Pig. 56 values of critical tesperature sore tham for 15
degrees, but saturated oxygen concentration -~ are aore than

to 20/0 abs.

In work [205] is studied the effect of pressure on
the disits of the explodability of toluene-air aixtures;
hovever, the results of these experiseats were uncertain.
That which vas found here for 1 at fux=72% virtually
~ coincides with the data of earlier dJdetersisatioas. However,
for idarge pressures vwith 180°C in two sets of experiments
on isceaprebeasible reason, are obtained two series of
values %wa: whose differeuce reaches #00/0 of nmeasured valee.
70 Mtk series they correspond the approxisate valuesdiga,./
.digp=0,35 and 0.50, last/latter number is also doubtful. Ia
othee resslts of this vwork, the dJdisagreement of those vwho

il A g e
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vere seasured 5, reaches 11000/0.

It is obvious that the data of this stedy are
partially erroneous, which is caused by the cosplexity of
experimsentation wvith vapor-gas amixtures. The results of work
obviously illustrate vorthwhileness of application/use and

advantage of the nmethod of sodelling for such systeas.
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Pig. 56. Satersted sedes of aen-detanatiang 1liquiad phase
oxidation of toluene by air.

Rey: (V).. at.

Page 229

Are more reliable the obtained in this work characteristics
of the cape of the region of explodability. In 1 at md
180°C, it corresponds 87070 of N, aad 11.80/0 Oz«
Assuming that the teaperatare correction for Y is 8o/0 to
100 degrees, us for Tm.. W@ find for rooa temperature of Y
= 13.00/0 in accordamce with the made above estimation.

The air cushion above the surface of flammable liguid
[206, 207). Some highly volatile flasmable 1liquids under

T Dgranaliiolion Jaa 2 e "
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specific conditions can be stored in reservoirs aamd crushed
by directly atsospheric air without dilution by nitrogen.
These comditicas becose possible as a result of high
pressere the pair of flamsable 1liquid, sufficieat for the
forsation of aesexplosive aixtures vwith the conteat of fuel,
that excoed %es' i narrower at the teamperatures of close to

rootk.

This aethod caa be applied in wara season either in
hot clisate or in the heated compartsents. It is especially
advisable vwhen cospressed nitrogem generally proves to be
uaattainabla, for exasple vwith bottliamg from cisterns on the

unsteady pads.

Por the realization of this method it is necessary for
the exteat/elongation entire operation to track the
teaperature of 1liquid in reservoir. It =must not be lower
than certain 1liaiting value, the greater, than higher total
pressure above the surface of 1liquide The air, supplied
into reservoir, asust be saturated by vapor of fuel. Por
this, it it is expedient to let pass through the filling
colusa, filled by Raschig rings, irrigated by 1liquid froam
reservoir. . The temperature of coluan is @saiatained sosewvhat

the greater teamperature bDJasic reserwir, vwhich guarantees the
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cospleteness of saturation 1.

POOTNOTE !, Let us give the example of the utilization of

a colusa for saturations.

Is used coluam by height 125 ca amd by diameter 12
ca, filled by packing froam Raschig rings by size/dimension
1 x 15 x 2 aa with the consumption of air 60 a?/h
(volume derived for standard conditioms) and the irrigating
liquid 100 L/h; with p = 2, at limear air-streas velocity
in the clear opening of column is egqual to 0.7 a/s. In
this case the degree of saturation by vapor of the air,
passed through the column, reaches 90o/0. ENDFOOTNOTE.

The saturated safe temperature of pressure transfer by
air 7, is determined by the factors, specific for this
liquid: by the valse %.: ©Of air mixtures and Dby the

pressure of the saturated stean.

Are given below the ainimum safe teaperatures T;‘P C)
for a pressure transfer by air of beasene of acetone, of

ethyl ether and ethyl amixture P - 9 2 at total ptoasuri




' i DOC = 78016702 PAGE 3F yﬁ

1 and 2 ate..

POOTHOTE 2., It is used as antiknock cosponents to asotor
fuelsy its basic volatile componest is ethyl broaide.

EEDPOOTHOTE. ;
: W R
EaReh R e & 19 33 ]
&‘3::::::::::::: 5 %
Key: (1). ate.
1
Page 230.

fence it follows that valewe 7, sufficiently asoderate

for, this pmethod could be suitable ®o0 practical utilization.
Por providing %“safety smargin® the temperature of the crushed
liquid msust be nmaintained to 5-6°C greater nﬂ

8. Hixtures with the norcondensing fael.
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Gas-phase conversion of hydrocarbons at the teaperatures,
close to T, [208, 209). In technology of organic synthesis,
are knowp the processes of the gas-phase partial oxidation
of hydrocarbons bY pures/clean oxygen for the target/purpose
of obtaining alcohols, aldehydes, ketones and carboxylic
acids.: These processes are conducted usually at 300-500°C,
i<e., at the teaperatures, commensurable with spontaneous
ignitjon temperatures. Here are converted the nonexplosive

mixtures, fuel-rich.

For the safeguard for explosiop-prcof character of
technplogical process, they limit the permissible oxygen
content in the processed amixtures. At the same time for
the intensification of process, is desirable a possible
increase in oxygen conceantration. Since in this case fuel
in gaseous mixture is not located in eguilibrium vwith its
liquid phase, the explosion-proof character of process is no
longer reached by thermal comtrol. However, for a gas-phase
systema it is possible tc arbitrarily asaintain the
aon-detonating composition of mixture.

It vas establishy/installed that for fractions Cgz-C, vwith
1 at critical oxygen conceatration is #6-520/0. The

conversion of hydrocarbon-oxygeas wmixtures is possible safely
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to conduct with proper safety =sargin with oxygen

conceatration to 35-380/0.

Table 14 gives the results of deteraining the liaits
of explodability under stamdard conditions for the gmixtures

of technical bhydrocarbons with oxygen, some amixtures contain

also carbon momoxide. Indicating compositions, we will
designate by (C4iHyg) - technical butane, which contains
940/0 of basic product; by (C3lHe) - technical propylene,
which contains 890/0 of pure/clean propyleme, 60/0 of _?
propane; by (CsHg) - propane-propylene fraction which are |
4S50/0 of propane, 300/0 of propyleme, 16c/0 of ethane.

Values a, are calculated taking into account the actual

composition of complex fuel.

Comparison shows that standardized values of the
critical conditions of the explodability of the coamplex
mixtures of hydrocarbons in prionciple do not differ from

the same for individual saturated hydrocarbons and propylene
(according to data ([135)):

(/Yrnesonopor . . . . .. ...
Wenmempen - - I B

Keys (7). HNydrocarboa.
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The @®oist mixtures of carbon monoxide are combustible
in the even more broad band of the coapesitioas: for
binary sixture CO ¢ O, under standard coaditioas a,, = 0,13.
It was necessary to consider effect the additios of carboa
sonoxide on the 1limits of explodability, since it is formed

a8 by-product during the oxidation of hydrocarbons.

Page 231.

It turned out that the additions of carbon momoxide to
hydrocarbons mnot only do mot expand the region of
E f explodability for hydrocarboas %, but they flegmatize these
sixtures, giving sometises to increase critical concentration

of oxygen to 630/0 amd a,, te 0.75

POOTBOTE !. In spite of the smaller effective heat capacity
of carbon nmonoxide, incapable of endothermal reactions in

flame. ENDPOOTNOTE.

thus, upper coaceatration 1limit is lowered to the
composition, close to stoichiometric. value a,, grow/increases
alsost double with addition to fuel 15-20q/0 eof carboa

» AL PRy AEA A A a
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sonoxide, and duriang dilution by it double - to 4.5 times.

4) The narrowing of the region of coabustible compositions

| during the partial replacement in the rich sixtures of

} hydrocarbon by carbon nmonoxide testifies to distinctly

! expressed asutual inhibition of their ozxidation. This
replacement of components is bonded with an increagse in
temperature of burning; bhowever, for flame propagation, occar

less favorable conditioas.

Pigures 57 depicts the results of the investigation of
critical values of the excess oxidagt ratio for the
sixtures of technical propylene with oxygem (830/0 C;H,,
] 120/0 Calig) from the content of the inert components as
which they are wused carbon dioxide and wvater of pairs.

' These data to a certain degree characterize also the effect

of pressure on the liamits of explodabilities, which were
deteramined for aixtures wuith COp with 1. and 7 at..
Bxperiments on the asixtures, which contain carbon dioxide,
are carried out at roos teaperature, experiments on vwvater
vapor - at 100°C. Of binary asixture (CgzHg) ¢ O, with 1
at a,, wvirtually ooincides with the wvalue, which correspoads
te the recommended [135) upper concentration apparitor for
pure/clean propylene. k
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a change of the concentration of inert coaponent, in
with

particular

Table 14.

PAGE 2F 54

ate.

The valae %ws 1is 1little affected over a vwide range of

Limits of explosiveness of the
technical hydrocarbons with oxygen.

-mixtures of

] <
E—@"‘ l°i.' Smin | Topoese wee, % loﬂ" % min
g
| (GeHy) 100 49,0 (0220] (CHuo) 30 yi
- CH 100 520 |0,17 H 15 630 |0,604 4
;Eh3) 100 s |oiwe| SV 50 :
“(CH 75 465 |0,145f N 5 4
f ey % (CoHo) 60
(GH 80 | H 17 7 |o22
F G 15 oos |os|- ‘&Y 20 5 i
H 60 30
Sy 18 557 |0267 gc. 15 624 |06
20 50
N, 2 Ny 5 \
Key: (1) Fuel; (2) Content.
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Page 232,

§ith an increase of the content of carboan dioxide, critical
oxygen concentration wmsomotonically is lowered froa 460/0 in
binary mixture (I = 0) to 150/0 of ‘"cape® (Y for 1 at.
Thus, in the wmixtures, fuel-rich, the additions of inert
coamponent do not exert themselves the flegmatizing
action/effect, but on the contrary, they increase

explosiveness, if it are are nseasured by saturated oxygen

conceatration.

With a pressure increase, the regioan of dangerously

explosive compositions somewhat is expanded. FPFor bimaxy

sixtures in the range between 1 and 7 at valwe ., is
changed approximately in time, this corresponds—d Igag,/digp==¢ =
=0,36.Ppor the amixtures, vwhich coatain S50c/0 Co,, etfects
ef a change in the pressure wveakeas to =03 The
replatesent of carbon dioxide by water wvapor a little
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expands the limits of explodability, relatiem a,, (CO)ea., (H0)
reach®s paaxigpua value of 1.6 vwith I = 60o/0.

Presented facts confirs the iapossibility of the
utilication of additions of inert gases the target/purposes
of the intemsification of technological process for the rich
aixtures coantaining oxygen: these additions are here
ineffective. At the same time in the processes of the
gas-phase oxidation of hydrocarbons, is possible the
utilization of carbon monoxide as that flegmatizing
additions. Among the systess, vwhich are enmcountered in the
chemical technology, the effect of inhibition is most
sharply pronounced during the oxidation of the rich asixtures
of hydrocarbons and carbon monoxide. A conversion of
hydrocarbons it is expedient to realize usder the conditioms
of the recirculation of the aixtures, inhibited by additions
C0.

In this process it will be possible to noticeably
increase oxygen content. The utilization of carbon monoxide
favors the fact that it formas in the very oxidatiom
process of hydrocarbons; with convection it is ot
expend/consumed. The end products, capable easily to be

condeased, one should dot!bo/bonclndo from the sphere of

S

PN 8 i s
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reaction into which is added hydrocarbon~oxygen asixture with
its cou‘nlption.» It is possible to expect that the

+ additjons of carbon monoxide will comntzibate not only to
safeguard explosion safety, but also to the course of the

process of conversion im desirable direction, braking the
side reactions of a deep oxidation of oxide products.
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-[?
o< 3
as
Eai
0 \
s . : _—-J
7 "

Prig. 857. Critical valees of excess oxidast ratio for
sixtures of technical propyleme with oxygen: 1 - aixture

with CO,e ¢ at; 2 - the same, 7 at; 3 - bwixture vwith

HeO, 1 at; z - 1limit of explodabiliity of aixtures of

pure/clean propylene, 1 at [135).

Page 233.

In the processes of oxidative conversion, one should

especially strictly track the fact so that would not be
formed the explosive aixtures, since they can be not only
set fire by the discharges of static electricity, but also
they can igalte spoantaneously inm the reactor of oxidation.
Por such sjysteas vere recorded very lov vwvalues of the
teaperature of s‘lt—ignition to close to operating

tempesature of conversion.
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Steam-oxygen conversion of asethane in aine/shaft reactors
(20 ) The bulk of hydrogen for the synthesis of asmonia
is produced at present by the method of the asinesshaft
steam—-oxygen coaversion of hydrocarbons. The coaverted aixture
of combustible gas, oxygen and wvater vapor passes through
the catalytic gas recoabiner with packing froa the grains
of njckel catalyst. Apparatus by dJdiameter 1.5-3 a, by the
productivity of order of tens of thousands of nad/h, is
equipped with fireproof 1lining. As basic raw nsaterial for
msany Soviet plants serves natural gas with the coatent froa

82 to 980/0 of nmethane.

The process of conversion is conducted according to
low-pressure patterns (3.5-3 at) or of mean pressure (by
20-30 at). Por conversion are used either of technical
oxygen, which contains 82~98o0y0 0, or concentrated by
atmospheric oxygen (40-500/0 Oz)e In the steam-oxygen
process of aean pressure, the oxygen coantent in treated
mixture is approximately 15070, water vapor - about 620/0.
Por idow-pressure, process 1is characteristic the oxygen
contemt 260/0, of water vapor - 3% 0. In the case of
steam-oxygen-air conversion at the pressurey close to

atsospheric, the reaction aixture cogtains about 200/0 O,

amd S500/0 (0,0 *+ WNg;). The tesperasure of preheating in all
cases is close to 400-500°C.
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During the normal flov of technological process, aethane
reacts with oxygen and water vapor without the emergence of
flame and soot forsation. However, this conditions/acde not
always is retained: wunder certain conditions above the
catalyst bed, appears stationary flame, vhich is led to a
sharp increase in the temperature. The result of this
compljcation proves to be the burning out of nmetal
insert/reinforcesent, the destruction of the graias of
catalyst and 1lining of converter. To the destruction of
refractories, is led not s0 auch the reheat, as sharp
thermal shock; catalyst is crushed in the process of 3
gasification by wvater vapor of the plotted on it soot.

In coannection with these coamplications it is necessary 1
to deteraine the boumdaries of explodability in systea CH, ”
¢+ 0 ¢ Ha0 with appropriate pressures and the contents of
inert component. In view of the absence of these direct
seasureaents, this problea is solved by the wsethod of
sodelling. Por basis it is possible to accept the presented
in Pige 57 results of the wmeasurement of the liamits of
explodability for systea (Czllg) ¢ O ¢ H 0. Probles
consists in the check of the degree of the similarity of
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both systemas and in the estimation of error in sisulatiom,

] and also in the determipation of the baric coefficient of
| the imits of explodability.

Bud TR
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Indicated the curves of dependeaces o (/) with 1 at
ian Pig. 58 are compared with data other iavestigations.
Valees o, for the binary aixtures of a series of
cosbestible sabstances vwith oxygen [135) satisfactorily will
agree between themselves, and also with analogous value for
s0odel fuel - techaical propyleme. This nmakes it possible to
consider that for I > 0, i.e., for the unstudied
three-component amixtures of the same fuels, valwe o, are
sufficiently close to analogous value of the aixtures of
sodel fuel. The great deviation of valwe a, of bisary
sixtere froam the appropriate value for wsodel fwel is
observed for wmethane. Apparently, this is bonded ndt with
the error of experiment, but with the knowa specific

character of the rich asixtures of nmethanes

In several old works is investigated the behavior of
carbon dioxide as that flegmatizing additions to the
siztures of the carbom-contaiaing fuels with oxygen. Their

converted results are also represented ia Pig. S58. These
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(211] and [212) for nmixtures CH, ¢ 0O, ¢ CO, give the
kgowingly lowered contents of fuel om upper limit in
comnection with the imsufficient width of coasbustion tube
and the ignition of the niztures beiag investigated of its
gpper end. For I = 0 wvalwe (—iga,) ia these works than
somevhat less recommended [135] for aesethase. At the same
time the curve of the dependeace [ga,, from I is
arrange/located approximately by the eguidistaastly appropriate
curve for model fuel. Experiments [213]) vere conducted vwith
sixtures (CHy); CO 0%‘; and CH308 ¢ O, ¢ CO, with the
high content of inert component, these data make it
possible to check the position of the cape of ¢the region
of explodability. The obtained results satisfactorily will

agree vwith data for =scdel fuel.

The presented facts nmake it possible to consider
establishy/installed that system (Cj3lig) ¢ Oy ¢ CO, can serve
sodel for system CH, ¢ O + COp. Hence follows the seccand
conclusion: system (CyHy) ¢ O ¢ H,0 is wmodel for systea
Ci, ¢ O ¢+ H,0; recall that with identical fuels & for
mixtures with both inert coaponents they differ asot wore
than 1.6 tises. Standardized values of the limits of the
explodability of wmodel systea can be with kanowa “safety
sargin® disseainated to the appropriate compositions of the

o

JropTpr
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unstudied system at whose valuwe (—lga,,) 48 somevhat 1less.
Judgiag by the positions of limits with I = 0, actual
critical oxygen content - in mixtures with @sethane aust be by

approximately 30o/0c more than calculated.
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Pig. S58. Limits of explodability in systes fuel + 0, +
I with 1 at. Hodel mixtures (CyHg): I - I = COp; II - :2
I = H0, mixture with [I] = 0: 1 - CHe; 2 - CoHg; 3 =~ :
Calig; 4% - n - CyHyg: 5 -~ from = CyHygs 6 = CgHye: 7 - s
propylene; 8 - Cglig; 9 - cyClohexane; %0 - (CH;) »0. Puel }
8 4
# 7 O ¢ COpz o- - acetope [213); V- i+ methanol 1
[213R o6~ CHy [211)3 e- v iy [212) 3
Page 235,
On the effect Of pressure on the 1limits of the i
explodability of naixtures CH, ¢ 0, ¢ Hp,0, it is possible }
|
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to judge on the basis of the inforsation, givea in the
preceding section, amnd also direct nmeasureseats for binary
mixtures CHy ¢ O, [214)c The converted results ([214]) are
represented in Pig. 59, vhich gives ‘e = 0.35. This
condition can be dissemipated also to three-cosponent
mixtures CH, ¢ O, ¢+ H,0. This assumption is also bonded
with certain increase in the "safety nmargin®. Judging by
the behavior of other coambustible systeas, value

decreases with an increase of the conteat of inert

compoaents.

Accepting, that the 1limits of explodability in systea
CHy *# 0 & H,0 correspond to curve II of Pige 58 amd to
condition e = 0,35, it is possible to calculate values of
saturated compositioss. PFigures 60 apd 61 gives to the
dependence of saturated oxygen concentratiops (minimum) or
respectively of methane (maximum) on the concentration of
wvater vapor. Bach of the curves is related to pressure 1,
S¢ 10, 20 and 40 at respectively even 100°C. Since the
accepted by us value of the baric coefficieant of the
lisits of explodability . appareatly, sosevhat higher than
curves vhich detersiame ecritical exygen concentrations with r
> 3% at (rig. 60), are pmust, im actbuality, to be found

somevhat it is nearer to curve for 1 até

- s

pe




90C = 78016703 PAGE @7

If we consider the differeace a,, Oof the nixtures of

methane and wmodel aixtures, calculated satwated oxygen

concentrations are somevhat understated, but nsethane

concentrations are overstated. However, it is necessary to

consider that the temperature of the converted aixtures
300-400 degrees higher than ia experiments on nmodel

mixtures. It is possible to assume that the effect of
increase in the temperature compensates for the effect,
caused by chewmical specific character, amd the obtained

critical concentrations approximately correspond actual.

on

[‘s during the conversion of propylene, critical oxygen

concentration decreases with an increase in the content of

vater vapor. Only at very bhigh [Hy0] is reached gently

sloping aminimum.

{ §
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Pig. 59. Bffect of pressere oa lisits of explodability
according to data [274): o - burasg a- does not burn.

Page 236.

In In the process of the conversion of asethame with 20
at ia connection with the high content of water vapor -
600/0 <~ the 1liamiting concentration taking into account

three-component asixture is ssall: about 60g0. Simce ia this

case are processed the aixtures, which contain 2.5 times of

#0re oxygen, they are unconditionmally coabustible. The sanme

it is possible to say, also, about the sixtures, processed

() b WPy .
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dering the steaa-oxygen low-pressure process and
stean~oxygen-air process. Within the 1liaits of technological
conditions/mode coaposition cannot be changed so in order to

sake the processed aixtures nonexplaosive.

$ince it is not possible to create the condition of
the aormal course of process within the framework of the
observance of the first principle of safety, the forsatioam
of the centers of coasbustion it is necessary to prevemt by
means vhich correspond to the secoand primciple. The
processed amixtures, although are explosive, all the same are
related to slowly burning and therefore difficultly ignited.
The conversion of wmethane is conducted in rapid flow, which
impedes the emergence of stationary flame. Smooth burning
will prove to be ispossible, if wve within converter remove
stagnation zones and the 1large free space; filled by

cosbustible amixture.

The stagsation zones, in which the rate of gas flow
desceads virtually to zero, can occur in spite of the
significant average discharge velocity of the coaverted
aixture (5-80 a/s). Combustion ia sech zopes is the reason
for the destruction of the asixing devices of sany
igstallations, workinge PFor this reason the speed of ordered




DOC = 78016703

flow of gas along
decrease in oxygen

than saturated.

PAGE &1 '70

apparatus caa be 1lowered only after a

concentration dowy to the value smaller
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Pig. 60. Saturated ozxpged coacestrations in system CH, ¢ O,
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¢ Bgd: 9 - 1 aty 2 - S at; 3 - W at; & - 20 at; S
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rig. 61. Liaitiag coaceatratioas of nsethane in system CH, ¢

Og ¢ H0: 91 - 1 at; 2 - S at; 3 - 10 at; & - 20
at; S5 - 80 ate

Page 237.

Another reason for the eamergeace of flame in converters
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consists in the local deviation of the composition of
gaseouds aixture from average value, caused by the poor
mizing of components. Any fluctuations of coaposition are
bonded with formation in the specific sections nmore

41 explosive and easily ignited asixtures. Practice shovs that
the emergence of the centers of combustion is usually
caused by jusps in pressure of cospanents in grid/network
and of their consuaption. This is led to the deviation of
coapositioa froa that which was assigned, at least local
‘f and short-time. Since the sixture of norsal composition is
also combustible, the formed flame proves to be resistant,
also, after returning of the conditions/mode of process to

g that which was assigned.

As a result of the emergence of the center of
cosbustion, is disturbed the teamperature conditions of
convexrter, im particular grow/increases the inlet teaperature

into contact zone and in frontal catalyst bed.

Sisultaneously sharply grow/increases the effective hydraulic
friction of contact zone, also, in frontal catalyst bed.
Sisultaneously sharply dgrow/increases the effective hydraulic
friction of catalytic gas recombiner, i.e., pressure
difference at eatrance and exit as a result of the

expansion of gas with cosbustion. According to these indices
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it is possible. to judge the emergence of flame. It is
obyious that with ignition in converter a decrease in the

consumption of aixture is not led to end of burning, but
sakes flame only nmore stable. Yo extinguish the flame is

possible only by appropriate change in the compositioa.

The most effective methods of preventing the forsation
of the centers of combustion during the conversion of
sethame consist in the intensive asixing of blending agents
vith the target/purpose of the achievement of its
homogeneity and in the exception/eliminatjiop of the
passibility of the origination of stagnation zomes. These
gones in many iastances can be removed by means of blowout
by water vapor of the aupper sections of aine/shaft

convesters.

Bffective wmixing can be reached during the utilizatiom
of asjixing device vhich is bundle froa the ducts, staggered,
installed wvithin the basic wide duct of aeixer, vwhich leads
in reactor, in planes norsal of its axis. In the lateral
surfaces of tubes at egual distances, are made the
opeuniag/apertures, through which the gas, sapplied into
tubes, eaters basic duct- To basic duct is supplied the
sixture of water vapor with fuel, through the
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opening/apertures of the buandle of tubes - the amissing
blending agent, i.e., oxygen (or the asixture of air with
oxygem) if necessary diluted by a ainimua gquantity of water
vapor.. In this oxygen supply systes, appear sany ssmall
parallel streams of the aized gases; aixing leagth normsal

to the direction of flow, proves to be ssall. On the

other hand, the buadle of tubes, placed across flow,
produces its stroag agitation facilitating mixing.

Lov-teaperature oxidation of ethylene [215). The
catalytic oxidation of ethylene by oxygem to acetaldehyde
preseats by itself isportant and extremely prosising
technological process. This method coasists in the bubbling
of the sixture of ethylene with oxygem through the agueous
solutions of salts of platinum nmetals, in particular
palladium, with the additioms of copper salts or gland
[2%6, 217 ). OUnder appropriate conditions the dissolved salt
retains stability, playing the role of catalyst.

Page 238.

The effective conducting of oxidation is strongly
complicated by the explosiveness of ethylene-oxygen mixtures

over a wide range of compositions - from 3.0 to Soso C,l,

=
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in binary asixtures at one at. Por Buch aizteres G., =
0.083, i.e., it is substantially less than for jﬁtulltl-

and propylene (0.15-0.20). This special feature/peculiarity of
the wmixtures of ethylene is caused by its high
endothermicity; therefore excess ethylene proves to be so

weak a stabilizer.

®echnological process is conducted at the pressures,
sore than atmcspheric, for vwhich it is possible to expect
the further expansion of the 1limits of explodability. At
the same time for the intemasification of technological
operations, is desirable a wsaxisum increase of oxygen
conceatration in the converted rich ethylene-oxygen aixtures.
tThe argency of this problea is caused anot only by the
ssallness of saturated blasting oxygema concentration, but
also by its wveak solubility in wvater, i.e., ia the sphere
of main reaction, 4 times less than in ethylene. During
the estimation of the possibilities of intemsification, it
is necessary to consider act only the effect of pressure
on the 1limits of explodability, but also presence in the

processed aixtures of 4inert component - water vapor.

During the study of the 1limits of explodability in

systea Cpll, ¢ 0, ¢ I and the effect on them of pressure

o ide . -
e
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vas used as duriag the investigatiomn of tshe aixtures of
" propyiene, the method of aodel inert componeat. In view of
the difficulty of experimentation with wvater by vapor, it

they replace by carbon dioxide. The results of these

4
Ed
.
a
$
;
&
.
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o
3
%
-

i investigations are represented in Pig. 62 in the fora of

. —
ot el

the dependence of the critical pressure by which still
possibly the ignition of mixture, froa the content in it

cf oxygem. 4

At 20°C pressure increase fros % to 18 at decreases
the eritical oxygea conteat [0,), im binary aixtures 2.3
times, at 130°C pressure iacrease from 1 to 10 at is 1led
to decrease |(0,],, 2.2 times. For the aixtures, vhich %

: coatain 40o/0 of CO,, pressure increases from 1 to 18 at
] is changed [O,], at 20°C 1.9 tises. The comparison of all
obtained results shows that an increase in the teaperatere
on 110°C decreases the critical oxygem conteat |[o,|, from 3

10 to 200/0 of its value, i.e.s an =~20/0 0, of absolats.
This will agree with data ([144)], and alsc (178).

At the fixed/recorded pressure the addition 4&0o/0 CO,
increases saturated oxygen concentration taking into account o
bimary wsixture within the 1limits of two tises. However, if

ve relate oxygen content to the entire three-cosponeant %
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mizture CpH, ¢ O, + CO,, then value [O:ls at p = conmst,
does not in practice depend on the coatest of imert
component.

Page 239.

Are given belov the absolute wvalues of saturated oxygen

conceatration in amixtures C,H, ¢ O ¢ CO4:

% CO, . - Aul;-n.‘ -{
s : 0 ®
0 16,7 11,8 z 10,3
10 16,0 13,6 12,1
40 14,5 12,6 13,1

Key (1)« Pressure, by at.
Compare regularities for the 1limits of the explodability
of similar nmixtures CaH, ¢+ O + CO, and (CaHg) ¢ 0, ¢

co‘.

The replacement of excess fuel by inert coampoaent makes
more dangerously explosive the rich aixtures of propylene:
vith aan increase in conceatration C0, froam zero to 40o/0,
saturated conceantration of oxygin is lowered from 46 to

320/0¢ As a result of the nomsaturation of ethylene, the
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absolute value of the 1limiting concentration of the aissing
cospoment in the rich wmixtures Cy,H, does not descend with

an increase in the content of inert diluent.

6reater in coamparison with other fuels the reserve of
energy. of the analogous mixtures of ethylene complicates the
problea of the desensitization of these amixtures and the
safeguard for explosion-proof character of their conversion.
Under sufficiently rigorous conditions - at teamperature of
330-360°C and the pressure of 50-175 at the decomposition
of ethylene in the heated vessel can lead to spontaneous
ignitjon [218, 219]). Since with an increase of pressure
decreases saturated oxygen concentration, by vhich still
possibly flame propagation in aixtures C,H, ¢+ O, under
certain conditions, apparently, is attained also blasting the
decomposition of cold ethylemne, such as in acetylene and

nitrous oxide.

In spite of the special featurespeculiarity of the rich
sixtures of ethylene with oxygen, the baric coefficient of
the dimits of explodability has approximately the sanme
values, as for other coabustible systeas. Figures 63 depicts
the critical paraseters in the fora of dependemce €., —Iigp,
which for all [COp,] and Ty it is possible to approximately

s oot




S — SUIE———————

56C = 78016703 un,;l"7f

consider linear. FPFor binary mixtures value ¢ = (—dlg2,,/digp)

= 0.36, at concentration CO, 4Qo/0 it decreases to 0.28.

30 %0,
Pige 62. Dependence of critical pressure of explodability in

system CpH, ¢+ O, + CO, on oxygen content: 1 - &0o/o

CQzs 20°C; 2 - 400/0 Co, 130°; 3 - 100/0 ¢ COp 20°;
§ = Oofo Cog; % x,o, ©- it bdurns; ©. 02~ goe8
not burn.
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Pig. 63. Bffect of pressure on limits of explodability in

system CpH, ¢+ 0, ¢ COp,: curved 1 - & see Pig. 62; S5 -

0o/0 co,, 1300,

Page 240.

Thus, the established/installed for a series of other
combustible aixtures character of the dependence of the
upper 1imit of explodability frosm pressurey appareantly, can
be considered universal and with satisfactory accuracy
disseminated to the unstudied gas systems. For the rich
mixtures of fuel with oxygen and inert componeat “ it is
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proportional to root from the third to fifth degree froa
the value of pressure. Bxponent decreases vwith an increase
in the content of inert component. The 1lower 1liait of
explodability, which proved to be for a binary aixture
egual to 2.850/0 of Cp,H,, does not in practice depend on
pressure, as this wvas observed for other cosbustible

mixtures.

The special properties of ethylene-oxygen nmixtures will
force *o be restricted to following recommendations for the
conversion of the wmixtures, containing of inert coaponent
from 0 to 40o/0. With the necessary 30-40o/0 “safety
sargin™ nmaxiaum peraissible oxygen concentrations taking into
account binary (in this case - dry) wmixture are 9-140/0
for 5 at even 6.5 - 120/0 £6t 10 at. Such low values of
lisiting concentrations substantially affect the intensity of

technolcgical process.

Por increasing the possibilities of a safe increase in
oxygea concentration in the processed aixture it is
expedjient to use addition method nmentioned above (see
Chapter 7, pt. 1) of alien combustible coaponent. As such
that flegmatiziag additions, it is possible to use saturated

hydrocarboans. at the 1low teamperature of process - order
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100-790°C - these hydrocarbons will play the role of
knovwingly inexrt components and at the sase tise they will
considerably increase saturated oxygen concentration. It is
possible to introduce thea into the reaction cycle where
they will not take part in reaction; the conteant of
ethylene and oxygen in nmixture is suppleaented with their

consumption.

The evaluation of the effectivemess of this nmethod can
be made according to the nmethod of w»sodel component. Por

this, ve vill use the available data om the 1limits of the

explodability with of 1 at rich asixtures in ethylene -
cyclopropane - oxygen ternary systea ([135). These data it
is expedient to present in the fora of the depeadence %.,

on the portion of ethyleme in the sum of coabustible

o

compoments taking into account from the stoichiometric

coefficieats

b= SR PO o3 4

Are given below standardized values of the 1limit of
explodability ia systea Coli, - Czliy =~ 0,

B....0 o8 o5 048 0801 |
G | OM8 OI88 OM7 OIF 0108 Ooows 000

The 1limit of explodability for cyclopropane (B = 0) in
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standardized systes does not differ from the common for
paraffin hydrocarbons (see above).. As a result of the
larger activity of ethylene, value <., ia tersary aixtures
is less than for the bibary asixzture of cyclopropane.
However, this effect is noticeable omly when when g >
0s3-0.8, vwvhen smaller £ the 1limit of the same as for the

saturated hydrocarboans.
Page 241,

The identity of 1liaits for the binary aixtures of
cyclopropane and for the aixtures of paraffin Aydrocarbons
makes it possible to assume that standardized values of the
limits of the ternary naixtures of paraffipns wvith ethylene
and oxygem will be approximately by the same as in the
equivalent aixtures Cj;Hy, ¢ CpH, ¢ O,. This makes it
possible to calculate saxisally allos ssall oxygen content

in the technological nmixtures, flegmatized by the additioms

of saturated hydrocarbons.

With the 1low contents flegmatizing additions its effect
vill be too weak, with large - a noticeable decrease in
ethylene concentration will begin to affect the reaction
rate. It seems it is expedient to coavert aixtures vwith

s g e,
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the eguimolecular content of stabilizer aand ethylene. The
flegmatizing effect of addition and the corresponding change
ia saxisua peraissible oxygen concentration depend on the
stoichiometric coefficient of the reaction of the complete
combustion of this product and, consequeatly, also its

molecular wveight.o.

during the equimolecular dilutign of ethyleme by ethane
critical oxygen concentration for 1 at im dry gas
grow/increases to 28.40/0, i.e., by &l0/0 of origimal value.
#ore effective proves to be butane; which increases under
analogous conditions saturated oxygen concentration to
8%.20/0, or 2.1 times. The application/use of hydrocarbons
with great molecular weight is inexpedient in view of the
insufficient pressure of their saturated steam at room
tempexrature. Por obtaining the aixtures of the corresponding
composition, will be required the thermostating of entire
equipment in technological cycle.

As it was shoun above, the baric coefficients of the
standardized 1limits of explodability barely depend on the
nature of fuel. This =akes it possible with good accuracy
to calculate the saxisua perasissible oxygen contents at a

pressure of namore atmospheric, and also during dilution by
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the jsert Mesdisg agest of fuel md ospges. Are gives g
belov oxygea comceatratioas ia dry sixtare with egeisolecular
contents ethylene and butane (taking into account the same
Sgafety aargia®™) dependiang oa presswe (ia at) and the
costeat of iaect ocosponeat (ia o/0):

(1) o TR
JAssacune Coaepmanne " nnepPTHOrO KOMNOWECNTS |
0 " o \ £

5 19,6 21,5 28,5

10 i7,0 19,0 25,56

Boy: (V. pooesare. (2).. Costent of imert ocespeseat.

She coaverted vapor-gas asizture, saturated at by 130°C
mater vapor, contains at the total pressure of 5 at 550/0
¢ H,0 and vwith p = 10 at 2%y/0 Hz0. Hence it
follows that under the conditioa of saturating the

comspoments by water vapor before their asixing it is

possible to process the aixtures, which coatain 300/0 * 0, ,
¢
with p = S at and 28040 Op with p = 10 at. ’
‘ 1

Page 282,

fhes, the coaversion of the egquimolecular aixture of

ethylene and butane makes it possidble to safely increase

sore than double the oxygen content in the processed
sl xtores.

St is easy to ascertaia thst the optiml
seletjonship/ratio of the comtents of ethplene and Dutame i
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the converted aixture approximately coincides with
egquimolecular. So, with p = 7 at even 130°C im the
case of m = ([CaHgel: [CeHyo] = 1: 3 oxygen content can be
increased 1.11 times in coamparison with the system in which
m = 3@ 1 In this case,, hovever, the coantent of ethylene
too stroagly is lowered: froam 36.5 to $7480/0 taking into
account dry asixture; the high partial pressure of butane in
of systems it will require the preheating of all assesblies
of umit to 40-50°C. Under the same conditions with a = 3:
1 is adaissible an increase in the oxygen content in
comparison with the concentration, which corresponds to s =

The flegmatizing actions/effect the addition of butane
checked experimentally. In set of experimemts during which
the @8&quimolecular asixture of butane and ethylene aixes with
oxygea and carbon dioxide with such calculation, which the
content of the latter always coamprises gender vwith such
calculation, that the content of the latter always was
80o/0, saturated oxygen concentration with 7 at even 130°
vas equal to 25.5/0. Taking into account egquimolecular i

sixture vithout inert component, saturated coacentratioa of

oxygean is equal to 42,60/0. As can be seea froa Pig. 62,

under analogous conditions for a aixture with pure ethyleae
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(@ = =) saturated oxygen concentration is egqual to 210/0.
i Thus, experimental check confiras the designed double
| increase in saturated oxygen concentratiop during the
replacesent in the conversion gas of ethylene by its

eguimolecular aixture with butane.

‘ Specific additions. In those cases when ome of the i
| coaponents of coaplex asixture catalyses or inhibits the |
oxidation process (for several oxidizers -~ process of
reduction) of another component, is observed the specific
deviation of the standardized value of the limit of
explodability from the normal for similar systeams. This

deviation the greater, the stronger the effect additions on

reaction kinetics in flame at the fixed value of combustion
teaperature. The specific effect of cheamical active addition,
or oa the contrary, its absence uwhen this action/effect for
| any reason vas expected that they have vital isportance for

the piohlols of explosion-proof character technigue.

during the study of the processes of burning and ]

ignition of complex gaseous aixtures, obtained sany examples
of the inhibition of the oxidation by oxygen of one of

feels tby another, but soametimes also autual inhibition. So,
ia a series [220-224) is establishysiastalled the iahibition
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of the oxidation of hydrogen by additives of hydrocarbons
in the pwmixtures, fuel-rich. With respect to hydrocarbons

excess hydrogen behaves as inert components

Page 243,

Kurtz [225] established the inhibiting effect the
additjon of sulfurous and selenide hydrogen on the oxidation
of hydrocarbons and the inverse effect, vhich increase vith
an increase in the relation of the contents of fuel and
oxidizer. This effect is specific for these substances,
other hydrides 3, for exaaple ammopia, dc not exert this

effect.

FOOTNOTE . 1In author's concept, hydrides, supplying atomic
hydrogen, they must accelerate the ogxidation reaction.
ENDPOOTNOT E.

The specific inhibitiom of oxidatiom is reveals/detected by
Kurtz also for the asixtures of propane and diborane [226).
seln these works with the change f the relatioaship/ratio

of the contents of fuel and oxidizer fros « > 1 to a <

O D S g o




R —

DOC = 78016703 PAGE 37 ?7

1 is observed the traamsition from catalysis to imhibition. !
To greater degree this is characteristic for the ozxidatioa

of the aixtures of hydrocarbons and carboa @sonoxide. Of

rich wixtures is observed the asutuval inbhibition of

oxidation, of lean amd close to stoichiosetric - the
accel8ration of oxidation, vhich leads to an increase in

velocity and stability of flame [227-229).

The phenomenon of inmhibition, essential for the probleas
of explosion-proof character technique, is observed also of
other systems. As inhibitors can serve the additions of
sore active combustible or oxidizer. So, the pairs of the
mentioned ethyl aixture P-9 contain, besides basic coaponent
- ethyl broamide, the small additions of ethyl chloride and
gasoline. Both these products are wmore active fuel, than
ethyl bromide, have the wider 1limits of explodability.
However, as can be seen from Pig. 64, in multicomponent
mixtures the 1limits of explodability become narrow - both
more active components inhibit the oxidation ethyl broaide
[206) &as it wvas noted above (chapter 7, pt. 1), the
preseace of inhibitor affects the valdue onmly of upper limit
of explodability.
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mixtures ethyl bromide with air hand nitrogen;

of fmel: 1 - 17000/0 CpHgBr; 2 - 900/0 CpHgBr
f 1 Caligll; 3 <~ 950/0 CaHgBr + 50/0 of gascline.

rig. 6A. Bffect addition on 1limits of explodability of

composition

Key: (1). Content of combustible, %0. (2). Pressure.

-y PRI P LaA PP - —-——
B BT PO ¥ 3 » prre m“m
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Pig. 65. Dependemce of limiting concentration of flegmatizing
nitrogen in nmixtures CgH;, + NO ¢ N,0 ¢+ N, on composition
of oxidizer: 1 - 1g @« = 0; 2 - 1ga = =013 3 - 1lga =
Owd; 4 - 1ga = 0.2 5 - 1lga = —Qe35.

Page 244.

fhe mutual braking of reaction in flame is observed
also for the nmixtures of oxide and nitrous oxide vwith

hydrocarbons ([230). WNitrous oxide - auch wmore active
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oxidiger, than ozxide, its amalogous aixtures are explosive
vithia wider 1limits, than the amixture of naitrogen oxide.
Hovever, the region of coabustible conmpositions for the
mixtures, which contain both oxidizers, it is narrower than

for analogous aixtures with each of theas.

This illustrates Pige 65, in which is shown the
dependence of saturated concentrations of flegmatizing
nitrogen b fuel-rich aixtures CgHy, ¢ NO ¢+ HN,0 + N, on
the portion of nitrogen oxide in the sus of the contents
g = [HO] /(NO] + [H;0)) for a series of the fixed values
of the excess oxidamt ratio. The amixtures, which correspond
to the minima of curves 1o ) are combustible in the
narrower range of coapositioas, thaa analogous aixtures with
each of the individual oxidizers - ¥_,0 or NO. The great
narrowing of the region of dangerously explosive coapositions
corresponds p = 0.80-0.85. In the nmixtures of which the
oxidiger consists to 40-500/0 of N0, the liaits of
explodability the same as for the analogous aixtures, which

contajn only oxide of nitrogen.

®he characteristic example of system with specific
additions are combustible »asixtures, contaiaing aimor

constituents of carbon disulfide. It is kmown that carbon
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disulfide is one of most complex and the unpleasant from
the wviewpoint Of the explosiveness of the objects of the
cheaical technology. As is evident the view of the
explosiveness of the objects of the cheamical technology. As
can be seen from survey/coverage of the damgerously

explasive properties of carbon disulfide and recoammendations
regarding work with it [23%1, 232), the coaplexity of
inversion with it containing oxygen by nmixtures is caused

by the extremely broad band of dangerously explosive
compositions and ease of the emergence in them of flame
during the smallest heatinge Therefore the safety regulations
introduce very severe limitations on the regulations of work
in the rooas, dangerous in the relation to the possibility
of presence in their atmosphere the pair of carbon

disulfide.

The 1limits of the explodability of carbon disulfide in
mixture with air are comsidered egquad to 1.25-500/0 that
corresposds a, * 5,6-0.070, i.e., to the considerably more
broad bamnd of compositions, than for the air aixtures of
other fuels. However, under certain conditions the asixtures,
wvhich contain the hundredth and evem thousanths of
percentage CS,, prove to be fuels. The aixtures of carbom

disulfide ignite spontaneocusly in the heated vessel narrower

. . el e i B
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at 100-120°C, and sonmetimes even at 80°C [233, 238]. 1Is

especially dangerous the capability of these siztures for
the dow-temperature ignition of the outside closed vessel
(see Chapter 9).




DOC = 78016703 PAGE A% ?j/

0

] R SR s
PMig. 66. Bffect addition of carbon disulfide on 1limits of
explodability of rich air asixtures; cosposition of fuel:

! S38% Solteolt +
O + CS l-—"l
e '°+éﬁi TG +"
Page 245, .

These propecrties of the aixtures of carbon disulfide
are caused by its temdency toward the forsatiom of cold
flames. HNowvever, the possibility of the esergence of cold
flese is not equivalent the possibility of its traasitionm
also to hot flame. Between only this tramsition in the
final amalysis is esseatial for explesion-proof character
techajgue.

ia set of experiaents [235) is studied the

vl
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action/effect the addition of carbon disulfide oa the liaits
of the explodability of the fuel-rich air aixtures of ethyl
and butyl alcohols. Content CS; im the asixture of feel and
water composes to 3 mol. o/0s. &8 ¢an be seen from the
curve/graph of Fig. 66, value with

practically constant I = 64-688is omly iasigaificaat, and
besides unspecific, is changed with the imcrease ia the
conteat of carbon disulfide. the ispurity/edaisteres eof
carbon disulfide in fuel-rich wmixzteres, ia spite ef / = Gi—68%’
expectations, do not have any characteristic effect oa the
linits of explodability. Ia the cass of air suctioan into
apparatuses with fuel, the explosiveness does aot depend on
possible preseance the addition of cacrbon disulfide and is
defined by the standardized 1ldisits of exzplodability, inm

principle by the same as other cosbastible systess.

Che additions of carbon disulfide do not affest also
the jgnition temperature during heatiang by adiabatic
cospression. Por an oxyhydrogen sixture valee T,

is nmot wvirtvally changed with addition 2070 CS,, valwe 7,
of mjxture CS, ¢ 080, only to 150-200 degrees is Jlewer
than in nmixture 20, ¢ O, (98). The Ilow-temperature
autoaéceleration of reaction is specific for the comditions
sader which is possible the developaent

ok 2
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of cpld-flame process. During ignition by the electric
discharge of fuel-rich amixtures with additions CS; and

dering adiabatic igaition chain process with the degenerate
branchings does nmot msamage to arise.
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