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Block Italic Transliteration Block Italic Transliteration

A a A a A , a P p p p R, r

6 6 5 B, b C c C c S, s

B e  B e  V, v I T  T T, t

• r r r • G, g Y y y 
~ 

U, u

p 8 D, d ~ • • F, I
E e E • Ye , ye; E, e0 X x X x Kh, kh

Zh, zh L~ ~ Q q Ts , ts
3~~ 3 1  Z, z L1~~~l Ch, ch

1 1 H  J f u  1, 1 W w  Sh, sh

B a Y, y Ui, u~ III iq Shch, shch

N x  K, k

.11 11 17 A L, 1 ~ bi M u Y , y
N ii M, in b bi b e

H H  . N, n 3a  ,9 ~ E, e

O o  0 0  0, o IU,o Yu,yu

f l n  f l u  P, p H A  N a  Ya,ya

•y~ initially , after vowels , and after B, ~; e elsewhere.When written as ë in Russian, transliterate as ye or ~~~.

RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English Russian English Russian English

sin sin sh sinh arc sh sinhi
cos cos ch cosh arc ch cosh 1tg tan th tanh arc th tanh_1
ctg cot cth coth arc cth coth_1
sec see sch sech arc sch sech_1
cosec cse csc h csch arc cech csch

Russian English

rot curl
ig log
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Page 212.

chapter 7.

IVERYZIG THE FOR UITI OI 0? EXPLOSIVE III TUIE S 0? FUEL 11TH

011911 II ?ICIIOLO GI CIL PIO CISSIS.

1. Desensitization of explosive .ixtu res.

Cos.oa/general/total pr iaciples. 1~ pres.nt chapte r 5r°
•za.i ~M so.. pr obless of th. sat ege ard icr •xplo.i cs—proof
satu ra of tec hnolog ical processes ukich ax. solved on the
basi s of the first the principle of safe ty, for the

•ixt ur ss of fuel, oxygen and iner t components. Such
practically isporta st method s as safeg uar d for tiqkt ss, the
correct organ ization of industria l conditions/mode, uhick
ma kes impossibl , the disturbaac I/break doen of the no rmal
motios of gas tic.. and so forth , f ton our point , are

Ia

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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I 
L tr ivial. . The examination of the methods of the safeguard

for explosion-proof charact er, which at . the organization of

the adm inistration of production , doss not enter in our

problem..

i. viii be rest rict ed (for the first priacipi. of

safety) to such processes for which special asthods sake it

possible to ma ke knowing ly safe of th . mixture of

compos.nts, capable of for ming explosive systems. list, are
used the following methods: 1) the application /use of

reta rding addition; 2) the safeguar d for sufficient excess

of o~e of the components of react ion; 3) th. limitation of
the concentration of th. missing co•ponent 1 oxidizer or

fuel, wit hin safe limits. To the solution of such proble.s,

is related also the development of th. methods of the

dosag. of dangero us conponent and limitation of its conten t
i~ gaseous phase . -

Page 213.

the non-d .tonati ng sixtur es, whic~ contain fu .l and

enidi*ex, can be divided on three categories, depending on

-• the esecstio. of the liMts*~~~~~ ~~~il& S an
coepositiom: 1) lean mistir a, 

* 4 IU~ ~>~~~ ; 
2)

_ _ _ _ _ _  1: ~~~~~~- -  - - - C  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 
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Soc — 78016701 PAGE 3

tick mixtur s, * > ~ ~ <~~~,), 
3) the mixtures, re ta rded

by inert cs~~I~~*t, 1>’,, althoug h the utilization of

misterm , which r elate to the third categor y (here the y are

related sad the mixture of explosive •ndothe r .ic compounds

with the inert additions) , as a ml., it is the most

meliable method of the safeguard for explcsiom’proof

c~aracter, this method not always proves to be thet which

is a~plIsd. The dilution of the processed gases by a large

guantjty of inert components i. usuall y undesirable. It

reta rds the reactions, which ar e conducted during

technological process, impedes the achievement of the

completeness of transformation or absorption of the reacting

gas, etc. Pu rthemmor e, very consumpti on of inert components

makes the ecomoa ic ind ices of process worse .

Is suffic iently widely used method safeguard for

esplosiom proof char acter , based on the maintenance of

concentration combustible less lower concentration limit.

Io’.’.r, this method is realized in essence onl y in the

process of the inspection of the permissible content of

combustibl e in the atmosp here ind ustr ial room in connection

with leaks fro. apparatuses and gas lines. Considerably more

rarely practices the limita tion of the copceatratio a of fuel

ii the procssaed mixture by the valv, of the love r limit

~ 

• 
~~~~~~~~~~~~~~~~~~  
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of ejplodabi lity. Thus, for instan c is con ducted the
process of the catalytic oxidation of ethylene to oxide of
ethylene (173] 1~~

P0011011 •. The oxidatio n richer mixtures of ethylene is
complicate d alSo by the deficiency •f heat withdra wal from
the react ion zone, which leads to its pr ogressive vets-up.
Ther . are indications Of the possibilit y of overcoming this
difficulty by conduct ing the reactio n in fluidized bed

[17* ].r~ EIDF OOT IOT E.

At the majori ty of comb ustibl e gases vales * La too
1.1, and this unavoidably viii pro noence cm ~~~ pr~~~~tivity
of pc*imss... 1LM,iar conditions /mode cam be justified only
when vain. * is sefticiestly great for the technologica l
utili~~~isa of lean unb urning mixtures. This, for example ,
occues ~~~Lag the catal ytic oxidat ion of ammoni a by air for
which *_~~ — 15% a.

~~Ot T1 *. Uually ar e procesa.d the mixtu res, which
comtain P. 5-11.50/0 II,. 1U?OOflOTI.
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Pot the saf eguar d for exp].osioa- proot character much

more frequently is used the method of the

processing/treatment of the rich mixtures of feel a ad

oxidia.r, i.e. , mixtures with . < Is This method

open/discl oses the lore great possibilities of the rational

administra tion of technol ogical proc ess. For it. explanation

and a basis, we exa mine in more detai l the princi ples of

retardat ion of explosive aixturss.

thermal desensit ization. The dea qsitizat ion of burning

by different additions is know n longs If ye are restricted

to tke exa minati on of the class of the thermal stabil izers .

which lover combustion temperature, then this class one

should in turn, divide into two groups — inert co mponents

ICO5, H~O, I~) and the addit ion of the complex combustible

ssb.tanc , which flegmatiz e the burning of rich mi xtures.

Page 21~~

Inert add it ions rstard burning, receiving the part of the

thermal effect of react ion wit h combustion; however of the se

4
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sbabilizer s it occurs only an incre ase La the reserve of

physical heat, bat not chemical traaafor.atioa.

lore complex nature has action/effect the addit ion

organic f eel stabilizers in the flames of r ich explosi ve

mixtures sad decomposing endother sic compounds. Like pur ely

i*.rt add it ions, they do not have speci f ic chemical effect

as reaction kinet ics ii flame, but only they lower

combustion tenperature. lovever, such addit ions flegmat ize

burning muc h more active thsn inert compopests. This is

caused not only (and even not so much) by their grea ter

heat capacity which really strongly grow/increases with the

cosplication of molecul., as by capability of these

substances for endot hernal transformat ions at high

temperatures (for example, see [52)). Therefore the complex

composed., which deco ipoae in flame. are capable of

fl.gmatizing burn ing narrower in copsiderably smaller

concentrations, than inert addi tions.

-The obvious cas. of the act ion~effect of additions is

t~. desensitization of the blast ing deconpqeitiom of

• acetylene.. lydrogea, nitrogen and carbon monoxide noticeably

raise the critical presser , of blasting decomposition only

with ti. contests of the same order as as acetylene

- 
-

~~~-
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itself. . The addition of 8. o/o butane increases critical

pr.s ts almost double [175).

the most active st abilizer of the significant part of

th. tec hn ological processes prove s to be excess fue l itself.

The utiliaati on of excess fuel for desensitization moreover

most is simple methodically and it is justified in the

rela tion to the requirements for the technology : there is

no need for for iatrodoction into the reaction medium of

alien products. So appears the popular meth od of th.

atfeguard for •xploston—proof character by means of

processing/tr.atm.nt of fuel—rich mizteres. The minim um

concentration of the excess of fu.l, necessary for providing

for safety, can be evaluated by the standardized met hod

taking into account the summar y oxygen balance of system as

a whole, i.i. • taking into account the contents of all

being present fuels and oxidizers.

Rowever , in certain cases the use of excess fue l

proves to be impossible or barely affective. In this case.

mow and then appear the facts, which make wotthwhj le the

safeguard for explosion—proof character by the dilut ion of

the processed mixture containing oxygen by the comb ustible

component, which does not participate in main reaction

1

_______________ _________ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~J



SOC — 78016701 PAGE 8

(176 ) For this purpos. most advisa bL e are additions of

hydroCarbons. sul,seq*ently this idea is developed in more

aet.it.

In 15*7 t.cknoloqical processes appears the need f or an

increase La peraissible saf• oxygen concentration, utilized

as oxidizer . This iill make it possible to considerably

i*tensify the oxidation process of initial product.

repeatedly it i$ proposed to find the possibili ties of an

increase in the oxygen content in the converted mixture,

compensating tot this approsch/approziaatios of composition to

the £i~ita of .zplodability by an increase in the content

of iaert stabilizers.

Page 215.

First of all there is La form ut il isatioØ of additions of

water vapor w hich, being condensed, easily it is rem ov ed at

the subsequen t stages of technological proo. ss.

the detailed investigation of regularities for the

limits of the explodability of diffoteat triple mad more

esaplax mixteres (fuel — oxygen i~ett coapement) shows

that this method i largely inapplicable aid the addit ions

_-.---‘,-- — -
~~

- 
~~~

— —
~~
- -i

-- ~~~~~~~~~~~~~~~ 
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of inert component ineffective. The crit ical value of the

excess oxidant ratio , as a rule, begins noticeably to

qrov,9-increase only with the content of inert component in

mixture mor e tha n *00/0. The absolute value of cri tica l

oxygea concentration with an increase in the content of

inert cospoment for some fue ls re maii~s invariable , more

frequent aoaotonically it is lowered. Subsequent l y this will

be illustrated in the examples of several concrete syste ms.

The application/us, of inert diluent s fcr ;he

desensitization of technol ogical mixtures can pr ove to be

worthwhile only in some special cases, excess fuel it

almost al ways exerts the stron ger quenchin g action /e ffect,

than iner t component.

Decom position of excess fuel in the rich—mixtur , flames

of e~ plodability. some researchers incorrectly are considered

or must evaluate this fact . So, A. lemeth (177 ], that

measur ed the limits of the .zplodability of the rich bina ry

mixtures of a series of hydrocarbois with oxygen and their

depeideac. on pressure 1~~ calculates the combustion

temperatures of saturated mixtures, assuming that the part

of the fuel coapl.tely reacts with all available ozyqem,

ena esoess fuel remains invariable.

-d

__________________ 
_ _ _ _ _ _  - _ _ _ _ _ _
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~~~~~~~~ *, Let us note tha t all the its val~~~ ,~~~ with

1 at are strongly u ndersta ted. EIDPQOTIO!E.

I

Competed under this assumption val Tb ., with I at reac h

at methan e 3*50’K, between a similar oonb tien tem pera t ure

does not have even stoichiometric mixture CI, • 2 0 .

Application /use of inhibitors , chemically activ , add it ions

narrower in the concen tr ations of order 10/0 can .zert the

even greater quenching influenc, and narrow the limits of

explodability, th an excess fuel. This is observed , for

example , with addition to the air mixtures of hydrocar bons ,

hydrogen, carbon monoxide, halide—containing products: CI ,C1~ 8~
C1311’ [178), and also ccl, and Cl, [179, 180 ).

The mechanism of th. effect of chemically active

stabilizers on burning consists in the break of the

reaction chains of th. basic oxidation process of fuel .

Inhibitors compete with the oxidized compopsats in reaction

with the active centers of chain z actiom~ *s a result



___  
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higher than in ocombustible, chemical affinity for the

activS inter mediate reaction products of the oxidation of

the molecule of inhibitor or prod uct s of its decom position

energetically they react with active centers , converting them

into stable compounds and ceasing the development of

reaction chain. Therefore the additio ns of inhibitor

noticeably lower the concentration of active centers.

Page 21~~

So, kaloids and aloid derivative actively react wit h a tomic

hydrogen, as which takes part is the majority of chain

oxidation processes.

lowever , applicat ion/use chemically active addition cam

have only the limited interest for the safegnard for

explosion— pr oof char acter in the chenical technology, cannot

be used them for the solution of basic interesting us

problem — the transforma tion of the processed in

technological processes mixtures into unburming. it is

obvioes that the high chemical activity of such su bstances

wil i  make impossible their intro d.cttom into the reac ti ng

medium duri ng nor mal mode, not to mention their high

cost/value.

I

-a- —-. — 
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therefore the basic applicat ion/use of chemicall y active

stabil izers is limited to their utilizatio p ii safety

devices. In the emer gency cases thes. products rapi dly are

introduced in large quantities into combustion zone or in

the dan gerously explosive medium which in this case fast

enough is converted into unburni ng. Such utilization

differe nt haloid derivative in fire—ext ingui .himgiag

compositions ( 181—183].

The specific act ion/effect of those inhibiting addition

is limited. at. most effective the derivatives of saturate d

hydrocarbons whose lar ge part of the atoms of hydr ogen is

substituted by the atoms of haloids . Haloid derivative of

organic compounds, capable of being oxidized, impede burning

and decrease the normal rate of flame , apparently, only for

mixtures with the excess of fuel, lb. addition of such

products to lean mixtures can increase tribe’s rate as a

result of an increase is this case in the calorific value

of mixture (18*. 185].

irene Isr ivatives are the much mere active inhibitors

of hera ta g, than chlor ine deri vat iv~s ones (18*]. A pparently,

~ 

-
— . - —---—-—--- — ——--—- -—— —~ 
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this is caused by the fact that the molecule of hydrogen

chloride L.a very strong/durable and little capable of

dissociation in flame. After its formation chlorin, atom

goes out the sphere of reaction as inhibitor , hydrogen

chloride i. iner t product . . Unlike it , hydrogen brom ide

easily dissociates and reacts with oxygen. legenerated atomic

brosiie can agai n enter into re.ctioi* with atomic hydrogen.

The products, which inhibit burning, frequently ar, used

in the so-called method of the acti ve supression of

explosions during emergency modes. This method is used for

providing for safety of reservoirs with liquid fuel, for

example the fuel tanks of aircraft, storages of petroleum

products and the like, when above the surface of liquid

there is a pad~cushion of explosive steam—air mixture .

Dur ing the emergence of the center of combustion, the

corresponding sen sor (usually pneumati c or photoel ect ric)

supplies signal to the automatic , so-called suppressive

device.

Thi s device is vessel with the fire—extiaq ishimging

substa nce which can rapidly be int roduced in large

quantities into the protected reservoir with the combustion

of specia l knock—out chuck. The sensor signal includes the

— --— -

— ~_ V V _ _ __~ - •_,.. âe. &... - . _ _L A .- .... — -~~~ - V— _ _ _ _ _ V •V .  ___~~~ ~~~~~__ *~V _._. — - - -  — ._ • -- -_
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primer of knock— out chuck. Rapid quenching of flame prevents

the dangerous pr essure increas, in reservoir..

Page 217.,

Pot similar fittings is given out a series of patents, are

most comm on the instrumemts of the firm Greviner~ (186]

(see also [187).

‘4’.However, investigations of ~~. Ta~ Iglit (188 ]

establish/installed that que nching of flame by the method of

active suppression of explosion virtually is not bo nd ed with

the inhibition of burning by chemically active products.

Quenching bears purely ther mal character and can successfully

be produced by water cr flammable liquid. The achievement

of the necessary minimum density of irrigation and rat. of

the throv—out extinguishing liquid is main factors of the

successful work of Nsuppressivew device.

fhe analysis of the regul ar ities., establish /installed for

limits of the expiodabilit y of some multicomp onent mixt ures ,

leads to th. conclusion that somet imes the desensit ization

of burning one of excess componen ts proves to be met

purely ther mal. Using a standardized system, it is possible

— :  ~~~~~~~~~~~~~~ .
~~~~~~~~~~ 

—

- - .- —- - -- __

~~~~~~~~~
i_

~~~~~~~~

•_ _ V _ _  

---h 
~

- •  
- . ~~~~~~~~~~~~~ - 

- 
~~~~~~~~~~~~~~~~~~~ 

-



SOC — 78016701 PIG1 15

to establish that the action/effect the addit ion of this

c.mpo*ent bests specific, that is inherent its special

chemical action/effect on the process of burning, a lthough

the here inhibiting effect not as sharply pronounced as in

haloid derivative . The account of the special

feature/peculiarit Lee of each coacrete technological process

facilitates the construction of the syste. of the safeguard

for its explosion— proof character.

2.~ flaximum permissible oxygen content in mixtures wit h fuel.

msqularities for the cape of the region of

.xplodab ility (189]. The safest for the technologica l

target /pur poses mixtures of fue l, oxygen and iner t component

whose composition corresponds to zone, which is fou nd more

to t~e right ad the cape of the r.g ion of •xpladabil ity

on iig. *7 (1 >1,), are c~aractorisud by one impo rtant

special fsst psesliity. Experiment shows that the oxygen

contest in any explosive mixture of the indicated componen ts

usually is not less than is the Mat ure, which correspond s

to cape. lay three-cosponent miatare of orygen, con bust ible

sad I nert component is momexplosive wit h the arbitrary

-

i.—-- — - - -  V 
~~~~~~ ~~~~~ - _ ~~-~~-~~~~ .Ti T_~ i_. . iL~~~~~~~ T i r ~~~~~ -~~~------ ~~~~~~~~~
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relationship/ratio of the contents of two latter, if ii

this mixt ure (Os ] C I, where Y — the oxygen content of

th. cape of exploda bility.

~t is noted E~~ r (135] that this limiting concentration

T~ is virtually identical for the majority of comb ustible

gases and vapors. so, it we compose combustible mi xt ures,

using enriched by nitrogen air , then for CI ,, C10., C,H~,

C,1~., C5111. C~l14, C3l~, C~,11, C~H ,  (CU5)5C0 this value

will be within the limits of 11. O—13.5o/o~ If as addition

to air ser ves carbon diox ide, value I for the ind icated

fuels sill increase to 13. *-1S.6o~o abs. (L.a. by

approxisatel y 200/0) as a result of the greater he at

capacity Co5. Por the mixtures of eadothe rn ic compo unds

et hy len, and butadie ne — valum I is lower tha n for the

majority of fuels, An especially sharp difference is

observed for hydrogen , carbon monoxide and acetylene.

Page 218. -

The constancy of va lue I of the d ifferent

carbon—containing fuel/propellant. i. th. result of those who

sere examined ii chapter 6, pt. *, the special

feature /peculiari t ies of the burning at their mixtur es of 

~~~~~~ ~~. • -
~~~~~~

. - - -

____--—V 
T T  T T. T~~±±~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~
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- 

J lower concentration limit. The regularities, which determine

t~e caine of ox y gea concent rat ion in saturated mixt ure, can

be quantitative ly explained and used for calculation I of

experimentally unstudied combustible gases, and also the
V 

establ ishment of the character of dependence of I on

pr essur e.

It was above noted that the lover ccacemtrati 3a limit

is mat chan ged during the partial replacement of oxyge n by

nitro gen. It turns out tha t this regularity is obser ved

virtually , up to the compositions , which correspond to the

poittion of the ca pe of the region of explodabilit y. In

this case, value I of the mixtures , flegmat ized by

mitroqea, differ s little from osygea content, •quivn lent to

a quant it y fuel on lower limit. Thi s ass ptioa ma kes it

possib le to fled competed values ad ‘V

(7 14
where , is a st.ic~i~.sttic co.gicis~t fur the reaction

of the 0 $ete oxidation of - - t 1 . .  by. . oxygen. Ate
- - V. —— ~~ S — -— 

,-. - . -

compared below the calculated $ (Y1) sad experimental (Y~
saturated oxygen contents in tie .e~~~~~ Lble nixtuwees

— .  
-
- V -~~  — — -

~~~~~~~~~~~~~~~~~~~ 
-LJL~~~~~ 1’ LI~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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(
~ &rop,o,s. v, rop~~es ‘_  

V -

~~yt (1). Puel.

POOTUSTE 1• accerdiag to data [1353 f~~ y , Values

age borrowed there. EIDPOOT,0TI.

Riper imest confirms that the difference 1, aM Y, fec

all investigated fuels does not exceed t$~f ad va les I.

50.6 accord of calculate d and experimental values is

rstaiisd also when value I is much lover than usual , for

example for carbon monoxide . It is obvious that the

i placement of excess oxygen by inert coagement is not

essential for reaction kinetics ii leam-mixture flame up to

the very cape of the region of esplodahility — the

deci~~ve role plays the tesperat e ceastaicy of burning.

— - V 
—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1~~~211. ~~1 ~~~~~~~~~~~~~~~~~~~~~ V~~~~~~ :V .~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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The presented consideration •ak~ it possible to

calcuL at e values of I for the Unstudied combustible gases

or malticom ponen t mixtures accordin g to the value of lower

F conceatrat ion limit , i.e., actasily f~~~ tb.rmoc hemi~ al data.

So. for acet ylene in which a .2.So/o, sho*ld expect

‘V 6.~~o/o. The possibilit y of calculation I has large

practical value, since the experimental determination of

saturated oxygen concentration were produced only for the

limited num ber of comb ustible gases and vapors. Vat ue Ja I

is the important characteristic of explosiqa—proo f character

for a series Of technological procqsseá.

Page 229.

Let us give the examples of the calculation of

parameter I, which confirm the applicability that w hich was

pres ented for the compounds of different classes. u uaaso and

Kitagawas ( 190 3 determined for acety1~enn-air and

acetytlene’oxygen mixtsves esdet staS~~i1 conditions a

2 3o/o which cot responds 1, — 5,8% 0, (dat mixture s C 1 1 •

• Ii). The y is exper lasshsl et bl~~bsd I 5.~ o/o.

Por the mixtures of vinyl chloride (C 0,Ci) b t h  wit h

air and with oxygen at standard conditions th•.. sane a uthors
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[$91 ] will find that s~, a 3~$%• *‘ernary mixtures CaI,Cl •

- - air • i~ cease to atpl de with the minimu m content of air

~8.1o~o independent of the concentration of fuel. ?his

mixture contains 10. 10/0 of 0~. As it will be sho wn in

Chapt er 8, with retention halo derivative hydrocarbons in

the presence of the excess of oxygen, entire chlorine is

virtually completely join ed into h ydrogen ~~lasi4e; therefore

for combustioa C11 C1, one should ~~~ept v — 2,1. quat ion

(7.1) gives y — 9,0%, which satisfac tor ily iill agree vith
- - experiment.. As in the case of other eadotbermic compounds,

value I for a Vinyl chloride is lover than Common for V~ 
-

saturated compounds. øsing equation (6.13), it is possible

to ~~~füm Ii. correctness of d.tetminatj oa g_, is work

H (NI).. Per vinyl chloride Q 278 tcal/aole, which gives

in accordance with foregoing.

Since value y is determined by the limiting ~1 -

comcestration of fuel in lean mixtures , it is possible to

assume that and the effect of pressur. on whan ge I will

be determined by the appropriate dep.ndemce fur . s..~. Since

i~ tke mixtures containing oxygen the lower limit ad

explotubility weakly depends on pressure, it is possible to

assume that value I only insignificantly decreases with as
iscreise of pressure. This fact is very bstantial • since •

, 

-
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t~e dependence of the limits of e~~lodability from pressure

litti. studied, bat about the effect of pressur, on the

position of cape there is no information generally. .

Technological application/appendices. In many tec hnological

processes appears the need for the pressure transfer of

volatil, flammable liquids, for example with their pneumatic

movement and on pressure filters. To avoid the for mation of

th. explosive mixtures of vapors of these liquids of the

safety regulation for some productions, it is neces sary to

execute t his operation with the aid of compressed nitrogen.

This need is led to the complica tion and rise in price of

production , in part icular in those widespread cases when f or

th is process it is necessary to supply large quant it ies of 
V V~~

]

nitrogen in cylinders from other enterprises.

The operation of pressure transfer can be cons iderably

reduced the price, if one considers that for its safety

ther. is no need in the application/use of pure/clean

nitrogen — it is necessary only so that the oxyge n content -:

in mixture would be less than I. This fact creates two

possiöilit ies:

I. Utilization for the pressure transfer of nitrogen,

- V

E: - — - ~~~~~~~~~~~~~~~~~~~~~~~ 
__

~~~
__

~~ 
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diluted by air in such relationahiVratios, that the oxygen

V conte*t in the systems, which are generated after addition

to the mixture of nitrogen with air of any quanti ties of

combustible gas, remains by smaller I C 1923. ¼

Page 220. .

This condition is satisfied in the majority of cases

narrower during the utilization of a mi xtur e of SOø/ø air

• 500/0 of I~ (final oxygen concentration it will not

exceed 10.5~~.) • so that the consumption of nitrogen can be •

abbrewiated,Freduced double.

2. Utilization for pressure transfer of flammable V

liquids of discounted and weakest gases wit h high content

of inert compone nts (in basic I~ and C05), that are in

many productions. The possibility of their application/use is

defined by the fact, as is great the oxygen content in

these mixtures and is how value I for this fuel.~

the question concerning the petn issible oxygen content

i~ mixture with combustible gas was raised ( 1933 a lso in

connection with the fact that some acting safety regul ations

~i I J  limit permissible oxygen concsntzatio g in mixt ures with

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘“- -- 

-, 
-‘- — 

~~~:::-
:V:Tii _:i - - ~~~~~ ~~~~~~~~~~~~~ 
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combustible gases by one percent. It is ebvious that this

limitation without real need complicates production. .

Let us note that in this question there is no

ui amiaity: so, r ules [195) 1 or acetylene generation

allow~ assume the oxygen content in blowoff nitrogen up to

3o/o. Rules ( 196 ) allow possibility to solve the problem

concerning the permissible oxygen content directly f or

enterprises themselves.

The important problem of the safeguard for

explosion—proof character appears in connection with the

release of apparatuses and gas lines from their fi iliug

combustible gases. .. This operation frequently is fulfilled in

different technological processes , for example with stops for

tI~. change of conditions/mode and for the repair of

equipment. As a rule, the stages of cont rol are the most

dangerously explosive stages of technological process in view

of th. possibility of the for.atiop in this case of the

combustible mixtures containing oxygen~

Iguip sent one should blow out by inert gas. usual ly

for this is used nitrogen. Rowever , large quantities of

nitrogen are not La any product ion. Pot the execut ion of

V 1_J_ - -  —-- ~~~
- —LV - -- — - -

~~~

_ _ _ _  _ _ _ _ _ _  ___ - -
~~~~~~~~~~~~ L~~~i::~~~~~~~~-~-- -~~~~
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acaveagings, it was proposed to use as for the operat ions

of pressu re transfer , to the weakest gaseous sixtur e of the

= i~ert com ponents which unavoidably contain certain quantity

of oxygen. The possibility of their use for this

target/pur pose is determined by value of I for gas , whic h

is located in the air-blast apparatus.

With common for the majority of combustible ga ses I

1* 130/0 (if as diluent serves nitrogen) gaseous mi xtures,

which contain 5— 6o/o Of O~~, are completely suitable for

blowing. However, position substantialLy is changed with

blowing of the apparatuses, filled by acetylene or hydrogen.

for which I = 5-6o/o. In this case the nitrogen—oxyge n

mixture, which contains 50/0 of 0~ , will form with the

V combustible gases of the mixtures, which border in

composition to explosive. During the probable deviations of
V 

oxygen content f rom that which was assigned, appears the

danger of the formation of combustible mixtures , in

partiCular if the temperature of the air—blast appa ratuses

is higher than room. In such cases appears the need for

the complex and expensive operation of cleaning oxygen from

weakest gases.

Page 221. .
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Between is feasible the simple method of blowi ng, which

makes it possible to use the unpurified weakest gases, if

enterprise disposes of easily attaipable natural or oxy—c oal

gas. For this, scavenging One Should produce is two stages:

first by this combustible gas. i.e., virtually by methane,

wh ich has the h igh value of I. Ii this case, is not

necessary the specia l thoroughness of the scavenging: a

a reduction in the concentration of acetylene or hydrogen in

the mixture of the combustible compoqents in all 3—~ tine.

will increase I to the value, close to esual. Let us not.

that even significant (order 100/0) toreig~ matter of oxygen

to methane are not led to the form ation of explos ive

mi xtures.

V At the second stage methane is removed by means of

blowing with a mixture of inert gases. In this case, the

safety is guaran teed, since the available quantities of

oxygen in this case are insufficieDt for the formation of

explosiv, mixtures. This method of the release of

apparatuses from combustible gases mill not introduc e

essential complications in comparison wit h single—sta ge

process. 
V

V L 
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The scavenging of apparatuses must be prod uced when

they are filled by combustible gas, but not explos ive

mixture. In the latter case they present large danger, and

very operation of scavenging can lead t~ the emergen ce of

the ignit ing somentum/impnlse/pulses, first of all the

discharges of static electr icity. Ip the literature are

descgjbed the examples of the heavy emergencies , which

occurred under similar facts (1973.

The examples of the execution of the technolog ical

processes in which is used the principle of the maintenance

of ojygen concemtratiom lower than I, are examined

subsequently.

3. , !~ plcsion-proof character of the mixtures, which contain

the pairs of flammable liquids .

Special feature /pecul iar it ies of vapor—gas system s. Wit h

the possibility of the formation of the explosive mixtures

of vapors of flammable liquids containing oxygen we collide

I

____ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ V ~~~~~~~LV LV _ LV - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
LV
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first of all in widespread technol ogical procesmes of the

liquid phase oxidation by air of volatile combustible

or ganic liquids. Such mixtures are forme d also with fuel

storage liquids in large reservoirs and their pouring and

in na rrower ment ioned process of pressur e tra nsfer , since in

these cases above the mirror of fuel is an air cushion.

Frequently flammable liquids prove to be in coat ac t :
with the gaseou s mixtures contai ning oxygen under the

pressure, which considera bly exceeds atmospheric, which

complicates providing safety. The focmatioa of explosive

steam—air mixtures in the atmosphere of industrial rooms

does not have any specific differ ences fro. the anal ogous

case with air—gas mixtures.

I

.1

I

a
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Page 222.

I
Let us exam ine the methods of working wit h volati le

flamma ble Liquids, which make it pqs~ ible to avoid the

formation of explosive mixtures for the ext ent/elongation of

entire technological process. In many instan ces these methods •
~

can be based on the existence of the temperat ur e limits of

eaplodabil it y. with invai iable oxygen content, equal initial

(i.e. gre atest , and it means and most dangerous) , the

equiUbr iu m composition of the gaseous phase will be

stri ctly fiVrecorded in the case of maintenance by the

constants of tem perature and total pressure.

r Durin g the appropriate conditiops/mode of air suppl y -
;

into the reactor of liquid phase oxidatio; or reservoir

with flammable liquid (energetic bubb~l!ng, the large surface

of vaporizatio n) the air will be saturated by the pairs of

the Located in reactor liquids . If in this case the

supplied air does not react with liquid, the composit ion of

the gaseous phase is determined by temperatur , and total

pressure.
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The explosion—pr oof character of this sy stem it is

possible to provid , by temperature—control of the tank with

liquid fuel. If the temperatur e of systesö and with it and

the pressure of the saturated steam of liquid will be the

lot less specific mini.um value , the co~test of combustible

vapor will ~ot be omitted lower tha n upper limit of

explodability. Thermostating of reservoir feast to the

necessary temperat re and the saturatjon of air by vapor of

fuel — the necessary and sufficient condition of the V

safeguar d for explosion—proo f character without any additional

limitetions.~

Liquid phase oxidation of hydrocarbons by air [198 ,

1993.. in the industry of organic sy*thesis, i. widely

common the method of obtai ning Of poliamide and polyurethane

resins, synthetic fibers (caprone . nylon, perloa) and other

polymeric materials from petroleu. hydrocarbons. To the

nu mber of important technological prece .s of this type, is

rela ted the oxidati on of the liquid of cyi~lohezan e and

tolu.se ( 200, 20~ 3 by air , catalyzed by the dissol ved sal ts

of heavy metals. . These processes, ‘ually dome under

preisure several dosens of atmospheres, arq bonded with the

LV - ~~~~~~~~~~~ - .  LV
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dange r of the f orm ation of explosive stea m-air airt ares. So

that in all extent /elongation of technological cycle the 
V

gaseous phase remains nonex plosi ve, we re possibl. the

following regulations of process.

Durin g the liquid phase oxidat ion of hydrocarbo ns, as a

rule, are not formed other (besides initial product)

volatil, componen ts, besides water , and the gaseous pha se

consists of nitrogen—oxygen mixtur e, vap ors of unrea ctin g

hydrocarbon and water . We take, that their concentrations

reach equ ilibriun (for the process of vaporizat ion) values.

jn the absence of the reaction of th. oxidation when
ti

the oxygen content in vapor—gas mixtur . is maximal , will be

formed the most quick burnin g gaseous mixture. The partial

consuaption of oxyge n during liquid phase reaction makes

vapor-gas mixture less dangerously explosive: is suf ficient

the smaller concentration of excess fuel , in order to make

impossible flame propagation. Rowever, the dynamics of the

consusptiom of oxygen it is difficuLt to consider.

Page 223. )

Conducting calculation for the initial composition of
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nitrogen—oxygen mixture, we obtain known safety marg in’.

Gaseous nixt ure can contain two inert components —

nitrogen and water of pairs. The content of the f irst is

in variable, the concent ration of water depends on

temperature. Wit h an increase in the temperature, increases

the concentration of th. quenching e~c.ss fuel and the

cosmonjgeneral/total content of inert components becs use of

an increase in the liquid— mater content. Therefore , if is

estabLish~ installed phase equilibrium , an increase in the V

temperature exerts favorable action/effect on the safeguard

for explosion— proof character.

For determining of the quantitat ive characterist ics of

the conditions/lodes of non—detonating techpological process,

it is necessary to give the evaluation of th. concentration

limits of the explodability. of the mixtures containing ~. 
-

oxygen for cyclohexane and tol uene and effect on the m of

pressure. On the other hand, one should determine the

boundaries of possible changes in the composition of the

gaseous phase in the different stages of process .

Th. limits of explodability for both fuels are st udied

iasufticient ly: are known (moreover pot it is very accurate)

- ~~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~ - -  
LV -—
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c~ly upper and lower concentration limits of their mixtures

with air at atmospheric pressure. -Therefore the bou ndar ies

of the region •f dangerously explosive coapositions and

their dependence on pressure one should determin, b y the

method of model fuel. The available exper imental Ia ta are

used for the check of th, validity only of this approach.

As standard were selected the hexane and belies,, sinc, the

combustible proper ties of their mixtures * were stu died in
more detail.

POOTIOTE 1• Here and subsequently for brevity are indicated

only comb ustible com ponents of mixture . (with air, oxyge n and

so fOrth) • E JDFOOTIOTE.

Ill data on the limits of explodability are undert aken from

summar y (135J .

The boundaries of the region of the explodability of

mitro uu-sit udztures of the indicated fuels in standar dised

systes (Ig s.,— I)  ar e given in rig. 5*. Ia this sa me the

figuss ~~~~~~~ted values of limit s for binary mixtures with

oxygen — the extre me points of curv e with I a 0. On 

~~~~~~~~
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graph are noted also the u nits of the .zpla&ability of 
—

the air mixtures of cyclohexane, in this case is indicated

entir9 range of the spread of the limiting cosae.tr*tions~
oomaun icated by different authors. Th is ra~ge is auffic iently

great: for rich mix tures it reaches 29o/o od

As can be seen from curve/grap h, the standa rdized

characteristics of the limits of explosiveness of hexame,

beazene and cyclobexane in the which interests us region

are sufficiently close between themselves. This confirms the

possibilit y of propagatio n for cyclohexane of the aependences

of cr itical conditions on the conten t of inert com ponent

and pressure, establish /installed for a hexane.

?ur t~er are examined two modes of the oxidation of

cyclobezane — with 18 and 35 at. Eke limits of the

explod abilit y of the air mixtures of hexane ar, st ud ied to

maximum pressure 12 at and T 1SO C. It is

eatablish~installe~ that with p ) ~~ * at there at, two

li mits of the explodability of the rick mixtures: for hot
and Cold fla mes.

Page 22*. 
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U. interest only th, conditions of -tee emergence of hot

fla.ei cold flane is beg. saf e, since - the possibility of

its trans ition to hot f lame is excluded. The extra polated

boundary of the propagation of hot flaa~ wit h 150°c to 18

at, - we fiad the unkmovn position of the 1i*it of

explodabi lity, shown on the graph by cut *. -

The change in the composition of pro~gaa mixt u re with

te mperature , which corresponds to that condition tha t oxygen

is not expend/cpnsumed on liquid phase reactiop, can be

determined by thermodynamic calculation. The example of such

a calculation for the oxidation processes of cycloh crane at

commas/general/total constant pressure 18 and 35 at

illustrates tabl e 13. In it the reduced pressures that

which was saturated the pair of both liqui4 components at

the appropriate tem peratures , partial air pressure , and also,

therefore, the partial pressures of oxygen and nitrogen can

be determined by the difference betw..n total press ure p•

and th• sum of the partial pressure. of saturated vapors

of C~I1, and E,O. .. Hence is located the mu. of the partial

pressur es of the inert components tma • ft 10 and

corresponding values I (in - o/ot end a.

- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —--— ——--- --
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?ig. $0. Limits of expledaMl ity for Utrogea—oxygen mi xtures

of hexans, benze ne and cyclohexane and change in compo sition

of equilibrium vap or— gas mixture C~I~2 • H~O • 02 1

with temperature: 1 — limits in system ~~~~~ + 0~ • ~~ P

a 1 ~~ at , T —  20°C; 2 — t h e  .ame , - f o r  beuzene, 3 —

the same, for cy clohexane; * — the same, for mixt ure C~I1~
V • air, p — ~f - 1 8  at , T 150°C; 5 — c h a n g e  in

equilibrium composition of mixture ~~~~~ • 050 • air . p~
18 at; 6. the same, p~ — 35 at.

page 225.
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the equilibrium compositions of the mixtures of air,

vapors of cyclobexan e and water on the graph of Fig. 5*

for total pressure 18 and 35 at are compared with the

limits of explodabilit y in system C &1,~ — 0~ — i~. Here o

— subsequently is considered the summar y content of both inert

components, i.e., it is accepted that water is replaced by

an equivalent quantity of nitrogen. Under this assumption

the actual boundaries of the region of explodability

somewhat those narrower designed. Far each point, which

characterizes the composition of equilibrium mixture, numerals

showed the corresponding to this casposition temperature, the

curves of equilibrium compositions for total pressure 18 and

35 at al most completely are superimposed to each other ;

however , the tem peratures, which corr espond to ident ical

composit ions, in the m are substantiaLly distinct, whic h is

sh own on graph.

With a temperature decrease of equilibrium vapo r— gas

mixture, the value of the excess oxi dant ratio continuously V

increases. At specific minimu m temperature in the point of

~~ter.ection of cur ves for the limits of explosiveness and

change in th. equilibrium composition, the mixture become.

explosive. As shows the compar ison of curves, when total

presser, is equal to 18 at, this occurs at temperat ure of

LV LV ~~~~~~LV LV LV 
LV LV ~~~~~ U
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ap proxim at ely 120°C

Equilibrium vapor—gas mixture re.a ins explosive up to T

— 00C, when the concentration of cycloherane decreases to

the value, which corresponds to lower concentration limit.

Th, extrapolation of the available data on th. limits of

explodability to 35 at — another cenditio8s/mode of

techn~ logical process — makes it possible to give the rough

(although less accurateb estimate of sat urated safe

temperature; with T )  180°C, equilibrium mixture st ill

remains non—detonating.
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table 13. - Calculation of the equilibrium composition of

vapor-gas mixture i~ air - cyclohemaa. — wat r sys tea.

(I ) PU~~~ ’MS MINUU,
Asaau.

~~~~~~~~w a.
r pu, a. _ _ _ _ _ _ _ _ _ _

7. 
_ _ _  _ _ _  

,
~+II.ol o,~ _ _ _ _ _ _ _

S S S S S S S S
0 I I ii Ii I I I I

— ~; —x 
_ _ _ _ _ _

i t~ 200 13,1 15,3 — 20,5 — 1,39 — 53,6 — 0,0154
180 9,47 9,88 — 22,2 - — 3,29 — 63,5 — 9,0385
160 9,62 6,10 — 23,7 — 4,68 — 67,7 — 0,0785
140 4,42 3,57 11,5 24,9 2,10 5,67 63,8 7l,2 0,0528 0,143
120 2,83 1,96 12,4 25,8 2,77 9,34 60,1 73,8 0,102 0,249
100 1,72 1,00 13,1 29,5 3,21 6,78 72,6 75,7 9,208 0,439
80 9,975 0,461 V 13,5 27,0 3,48 7,05 75,3 77,1 0,396 0,803 V
60 0,507 0,191 13,9 27.3 363 7,31 77,2 79,0 ~~~40 0,239 5,073 19,1 21,6 3,71 1,28 79,2 75,6 1.73 3,34
20 0,101 0,023 — 27,6 — 7,32 — 75,8 — 5,06

I Ikey: (1). -. Pressure of saturat.d s~~aa, etA . (2) • Partial

pressure, at.

Page 226.

the method of ther.ostating makes it possible to solve

the question concerning the conditions of explosion— proof

character for the reactor of oxidation. However, by this is

-: lot conta ined by the problem of providing safety of entire

technpiogical process as a whole. At its subsequent stages

the reaction gases, saturated with oxidisable substance, must

be cooled. In this case, begins th. condensation of excess

(for the process of burning ) fuel whose presenc. made the

-
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steam-gas system of safe.

Durin g sufficient cooling equilj~xies eencentration of - :

fuel in vapor—gas mixture becomes less ~~~~ - lovever , this

cooling does not still guarantee t~e equilibriu, of gas and

liquid phases, but it means the expLosion—proof cha racter of

process. During th. rapid cooling of saturated vapor which

is formed the stable fog of liquid fuel, and it. content

in the gaseous phase remains due to this super—equilibrium.

log—air mixtures can explode just as gas. It is

estab lish~ insta lled [118 1 that the explosiveness of leap 
V

tog-air systems does not ha ve vital differences from the

explosiveness of purely ga seous mixtures with the •gual

content of fuel.

~ii
thus, the explosion— pr oof charact er of the cooled 

V

gaseous oxidation products csz~:t be secured by obtaining

the mixtures which have ~~~~~~~~~ however, problem can be

solved by another method, by means of monitoring of

satisfaction of condition ‘C 7. in the process of

liquid phase oxidation, oxygen coacqatr at ion in the gaseous - 
-

— phase decreases. wit h the sufficient degre. of its spending,

oxygen concestration is towered to value , smaller 7, and

mixture becomes noasiplosive. independent of the content into

_ _ _ _ _ _ _  — —  
LV 

V ~~~~~~ ~~-LV -‘-LV’ —-

L V—  LV - 
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nonflammable. The pr oblem of providing saf~tj  of the gases,

which emerge from reactor, is redacod to the uninterrupted

monit ori ng of the content in them of oxygen. b r  this, can

be used the automatic magnetic gas analyzers of ox ygen of

the typ e IGE .

As shown above, for the hy drocarbons I in qsssti.a it

~~st be equal f ree ii to 13o !e; equatio n (7. 1) gL ens Y, =

i l ,7% fst cyclohexane 
~~~ ~~~~ and y, 12,6% (or tolmese (ii..= 1,4%) .

It to diff icult to expect o that theme values 
V

substantiall y will change wit h a pressure increase (abo ve I

- 1 at). Therefore the maximu. permissible oxygen concentration

at oetput/yield from reactor shoul d establish /install equal

to 7o/o f or bot h hydrocarbons. Experiment shows that this

condition is feasible during the normal flow of

technological process.

If the real ization of this co~d~ tious/mode for

cyclobexane 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 oxidation , by the

emerging fros it gases, i s., to produc. partial

recirCulat ioa. , Apparently, this noticeably does not hamper

the course of liquid phase reaction, in any case, for the

r~ 
_LV_VV
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— 
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LV
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oxidation of cyclohexan e, since the rate of this process

barely depends on oxygen content ( 20-0, 201).

Page 227..,

It is exper iment ally establish/installed that during the

oxidat ion of tol.uene (unlike cyclohuase) there is no liquid

water in reactor . therefore during the calculation of the

equilibriu m composition of vapor—gas mixture, is used (0 ,0]

a o• The nonreg ulat ed additions of unsaturated water v apor

to toluene— air mixture are not considered that their

pr esence increases ‘safet y margin ’. A change in the

composition of equilibrium Toluene— air mixtures with the

in vari able oxygen content for p, — 2 at and p. — 20 at

is shown in Pig. 55.

On the same graph are given bqundari.s of the region

establis hed/installed earlier of explodabi lity with 1 at , and

also values of limits for the air mixtures of tolue.e.

Processing of available data on the effect of pressure on

the limits of the explodability of the mixtures of hexame c I
sakes it possible to approximately evaluate the amg ular

coefficient

U e r,  these dot. ese to ae.tosth sc..l

LV — LV LVLVLV LV_ -LV ~~~~~ LV
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Pig. 55. Limits of explodability of mixtures of hydrocarbons

and Chang. in composition of equilibrium mixture C, 11 • 0,0

• 0~ • 1,: 1 — limits of explodability with 1 at for

bexanl; 2 — the sa me, for benzene~ 3 — the same, for

cyclokexans; * — the same, for toliaeme; 5 — limit of

explodabi lity with 2 at; 6 — the sane, with 20 at; a —

equili briu m composition with 2 at; a — the same, with 20 V

at.

~~y: (1). an interval of values oL limits.
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Page 228. 
-

Accepting in accordance with that which was presented in

chapter 6, secti on. 2, that value a~~ grow/increases by

1*0/0 with an increase in the tesperstur. by 100 degrees,

it is pqzsible to introduce interference correction of

temperature and to calculate the isothermal baric coeff icient

of the critical conditions

~~~~~~~~~~~~~~~~~~~ (7

/
- 

-

- Using values of the baric and teeps~atere eesfficissts of

the limits of explodability, it is possible to calculate

the positions of the limits of explodability for the

assigned initial pressures which are shown in Pig. 55.

Determining the points of interse ction of the

corresponding curves for equi libriu , composit ions and the

limits of ex plodabi lity and interpo latin g valu es of critical

te mperatur e, we find the depen dence of th . latter on tota l

pressure. So, with 2 at curves inte r sect at point lg . —

—0.6*; 1 — 72s~o (I,), eqaLlibrim. steam-gas mixtur e has

this composition at temperature of approximately 60• C. Pig.

36 illustrates a change in t~. sat*r•tsd mode. of the

mo n—detonating liquid phase oxidation of tolu.ne by air with

-_ _

_ _

_
_ _ _—~~~~~~~~~~ -~~ ~~~~~~~ ~~~~ 

—
~~~
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an increase of pressure.

Pot the creation of the specific ‘safety margi n’ the

-‘ temperature of l iquid in the reactor of ox idation must be

by 20—30 degrees higher than critic.l, determined by the

graph of Pig. - 56. - It is possible to expect that refinement

of the data on the limits of explodabi1ity in

toluene—oxygen — nitrogen system during the most thor ough

i~ vestigatiou will not give the bases to change prese n ted 1
in 71g. . 56 values of critical temper ature sore tha n for 15

degrees , but sat urated oxygen concentration — are more than

to 20/0 abs.

H
In york (205] is studied the effect of pressure on

t1~e limits of the explodability of toluen.—air mixt ures ;

houevsr , the results of these expe*ieeeta wise uncertain.

That which was found here for I a t.  ~~~ 7,2% virtually

- 
coincides with the data of earlier 1stees*a.tiesa. lomever,

for Lar ge pressures with 180°C in two sets of experiments

on issS~~gsbessible reason, are obtail%ed two series of

values a,.., whose difference reaches *Oo/o of measured value.

Ti ~~Sh ser ies they corres pond the approz laate valu es dlg ii,J
41gp4,$ med 040, last/latter masher is also doubtful. Is

~~~~~ x~~~lts of this work , the disagree ment of those who

— - - LV - V LV - LV— - - LV - LVLV - - LV~ -~~~ — _LV LV~~~~~~~~~~~~~~~~~~~~~~~~ V
LV 

LV L V L V  LVLV~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~LV~~~~~~~LVLVLVLVLV LV j i _~~~~~ L V L V _  
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were measured ~~~ reaches 1000/0.

It is obvious that the data of this study are

partially erroneous , which is caused by the complex ity of 
-

-

exper iment at ion with vapor -gas mixtures. The results of wor k

obviously illustrate worthwhilmaess of application /use and

advantage of the method of modelling for such systems. -

:1
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Pig. 56. Saturated .edes •t ~ ss—deth qatimg liquid pha se

oxidation of toluene by air.
•1

Be!: (1). . at.

- 1  Page 229.

Are more reliabl e the obtained in tàis work characteristics

of the cape of the region of expledabil ity. . In 1 at V

180°C, it corresponds 87o/o of I, and 11.80/0 ~~~~ 0~.

Assuming that the tesperature corr ection for ! is 8o/o to

100 degrees. ~s for ~~~~ us find for room temperature of T

— 13w, Oo/O in accordesse with the made above estimation.

The air cushion above the surface of flammable liquid

(306, 207 3. Some highly volatile flammable liquids unde r

LV 
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specific conditions can be stored in reservoirs and cr ushed

by directly atmospheric air without dilution by nitrogen.

These cesditioms become possible a~ a result of high -

. 
-

~~essere the pair of flammable liquid, sufficient for the

formation of ezpl.sive mixtures with the content of fuel,

that sacosi i... ’ is narrower at the tempe r atures of close to

room.

This method can be applied ii warm season eit her in

hot climate or in the heated compartments. It is especially V

advisable whe n compres sed nitrogen gsi~ezally proves to be

u~attainahla, for example wit h bott ling from cisterns on the

unsteady pa ds.

Pot the rea lization of this mqtkod it is necessar y for

the exten t/elongation entire operation to track the

temperat ur e of liquid in reservoir. It must not be lower

than cert ain limiting value, the greater, than higher total

pressure above the surface of liquid~ The air, suppl ied

into reservoir, must be saturated by vapo r of fuel. Per

this, it it is expedient to let pass through the tilling

column , filled by Iaschig rings, irri gated by liquid from

reservoir. . The temp erature of column is maintained some what

the greater temperature basic roser,~ir, which guarantees the
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compl eteness of saturation ~.

POOTWTE •. Let us give the example of the utiliz ation of

a column for saturation. V

~s used column by height 125 cm and by diame ter 12

cm, filled by packi ng from laschig rings by size/4 i.ension

15 x 15 * 2 mm with the consuaptiiou of air 60 me/h

(volume derived for standard conditions) and the irrigatin g 
-

liquid 100 lp’h; with p — 2, at liqear air—stream velocity

in the clear opening of column is equal to 0.7 m/s. In

this case the degree of saturation by vapor of the air.

passed through the column, reaches 90o/o. IRDTOOTIO?I.

;, I
The saturated safe temperature of pressure transfer by - 

-

air 7,, is deter sined by the factors~ specific for this -

liquid: by the value a.,. of air mixtures &nd by the

pressure of the saturated stea l.

Are given below the minimum saf e temperatures T~~ (‘C)
for a pressure transfer by air of bemu se of acetone, of

ethyl eth er and ethyl mixtur e P — ~ at total pressure

LV
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1 and 2 at~~.

POOTIOTE a~ It is used as antiknock componen ts to motor

fuelsb its basic volatile component is ethyl bromid e.

UDPOO?AO? I.

(F)
I,.

V
I,

~ 

~~ 

Amy: (1). at.

Pa ge 230.

fiance it follows that val e T~ sat ficiently moderate

for, this method could be suitable So practical utilization.

Par providing ‘safet y margin ’ the temperature of the crushed

liquid must be maintained to 5—6°C greater r,

8. fu tures with the noncondensing fuel.
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Gas— phase conversion of hydrocatboms at the tem peratures,

close to 7,, (20 8, 209]. In technology of organic synt hesis,

are knesp the processes of the gas-phase partial oxidation

of hydrocarbon.s b7 pure/clean oxygen for the target/purpose

0f obtaining alcohols, aldehydes, ket-ones and carboxylic

acida.: Th ese processes are conducted usually at 300—500°C,

i.e., at the temperatures, commensurable with sponta neous

ignitj oa temperatures. Here are con verted the nonexplosi ve

mi xtures, fuel—rich.

Pot the safeguard for ezplosiop-proof character of

techaplogical process, they Limit the permissible oxygen

conteqt in the processed mixtures. At the same time for

the intensification of process, is desira ble a possible

increase in oxygen concentration. Since in this case fuel

iq gaseous mixture is not located in equilibrium with its

liquid ph ase, the explosion— proof character of process is no

longer reached by thermal control. However , for a gas-phase

system it is possible to arbitrarily maintain the

non— de tonating composition of aixturs. .

xt was establish/installed that for fractions C5—C, with

1 at critical oxyge n concentration is *6—520/0. The

conversion of hydrocarbon—oxygen mixtures is possible safely

a
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to conduct with proper safety margin uith oxygen

conceatrat ion to 35—38o/o.

Table 11$ gives the results of determining the lim its

of explodability under standar d conditions for the mixtures

of technical hyd roca rbons with oxygen , some mixtures contai n

also carbon monoxide. Indicating composit ions, we wi ll

designate by (C,H 10) — technical butane, which contains -:
9*0/0 of basic product ; by (C~ U~) — technical propylene,

which contains 89o/o of pure/clean propy lene, 6o~o of

propane; by (C1H~ ) — propa ne—propy lene fract ion whic h are

*50/0 of propane, 30o/o of propylene, 16o/o of ethane. .

talu s a,, are calculated taking into account the actual

composition - of complex fuel.

Comparison shows that standardized values of the

critical conditions of the ezpLodability of the com plex

mi xt ures of hydr ocarbons in pr incipl~ do not differ from

th. sane for individual saturated hyd rocarbons and propylen e

~according to data ( 235j~ *

lops (s). lydrocerbo..
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LV
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The moist mixtures of car bon monoxide are comb ustible

ii the even more broad ba nd of the coapositims.: for

bi nary mi xture CO • O~ under standard copditisss ei,~ — 0.13.

It was necessar y to consider effect the additioa •f carbon

- 
- monoxide on the limits of explodability, since it is formed

as by—product during the oxidation of hydrocarbons.

Page 231.

It turned out that the additiou~s of carbon monoxide to

hy drocarbons not only do not expand the region of

expl odability for hydrocarbons I, but they flegmatize these

mi xt ures, giving sometimes to increase critical concentration

of oxygen to 63o/o and a,1~ to 0.75.

POOTAOTE ‘. In spite of the smaller effective hea t capacity

of carbon monoxide, incapable of endotber.al reactions in

flame. E$DP OOTIO? E.

Th us, upper concentration limit is lowered to the

compos itio n, close to stoichiometric. Value - a.~ ~~.v~ incr .ases

almost double with addit ion to fuel 1S.-20~fe of ca rbon

LV 
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monoxide , and during dilution by it double — to *.5 times.

The narrowing of the region of combustible com positions —

during the partial replacement in the rich mixtures of

hydrocarbon by carbon monoxide testif ies to distinctly 
LV

expressed mutual inh ibition of their ozidatiom. This

replacement of components is bonded with an increase in

temperat ur e of burning; however, for flame propagation , occur

less favorable conditions .

figures 57 depicts the results of the investigation of

critical values of the excess oxidaqt ratio for the

mixtures of technical propylene with oxygen (830/0 C3l~,

12o/o C38.) from the content of the inert comp onen ts as

which they are used carbon dioxide and water of pairs .

These data to a certain degre e characterize also the effect

of pressu re on the limits of explodabilities , which we re

determined for mixtures with CO5 with 1 - and 7 at, -

Experiments on the mixtures , which contain carbon dioxide,

are carried out at room tem perature, experiments on water

vapor — at 100°c. Of binary mixture (C38~) • O~ with 1 
V

a~, virtually coincides wit h the value, which corresponds

to the r ecommended ( 135] upp er concentration apparito r for

pure/clea, propylene. .

LV 
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The value au~~ is little affected over a wide range of

a change of the concentration of inert component , in

particular with 1 at. 
-

Table ~~~ Limits of explomivenee8 of the —Inixtu~ e8 L V Q L . L V  -

technj cai hydrocarbons with oxygen .

~L ~~~~~~~~ ‘°g~ ~~~~~~~ [ 

rae. 
~~~~~
I; 10*,. 

1 

‘-

(C,H,) 100 49,0 0,220 (C4H1.) 30
100 52,0 0,171 (C.H,) 15 62,0 0,604

:V I CIHS) 100 46,5 0, 196 CO 50
46b5 0, 145 N 5

~ 
(C,H1) 25 (C,’H,) 60 

- 

-

80 tC.H.) Il 50.7 0.221
CO IS 60.8 9.301 CO - 20

5 - N 3

f H 1.j  60 IC,HI) 30
56,7 9.967 (~~H.) 15 6 ,4 0.746 

- 
-

N 2 N1 5

Key : (1) Fuel; (2) Content. . 1

- 

— 

- T~~~~ ~~~~~~~~~~~ 
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Page 232.

with an increase of the content of carbon d ioxide, critical

oxygen concentration momotonically is lowered from 4 60/0 in

binary mi xt ure (I — 0) to iSo/a of “cape (V for 1 at.

Thus , in the mixtures , fue l—rich , the additions of ine rt

component do not exer t themselves th e flegmati x ing

action/effect, but on the contrary, they increase

explosiveness, if it are are measur .d by saturated oxygen

concentrat ion.

vit a a pressure increase, the region of dan ger ousl y
ex plosive cospositioiis somewhat is expanded. Pot binary

mixtures in the range between 1 and 7 at value e.. is

~~an,ed approxi matel y in ti~*, this corr.sponds—d 1gs~~/d lgp. s.
0,36.~~~ the mixt ures , which contain 50o/o CS,, ~~tsats

.1 a change in the presser. weakens t. . — 01$. Tbe

repl~~.a.nt of carbon dioxide by water va~~~ a lit tl•
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-
~ expands th. limits of explodability. relatiss a~~ (CO.JM , (H10)

reackis maxiana vale , of 1.6 with I — 6~~~s..

presented facts conf irm t~ie impossibility of the

utilitation of addit ions of iner t gases the target/ purposes

of the intensification of technological process for the rich

mixtu res containing oxygen : these add itioms ar. here

inef fective. At the same tim, in the processes of the

gas-phas. oxidation of hydrocarbons , is possible the

F - utiliiation of carbon monoxide as that fleg matizing

additions. Among th , systems, which are encounte red in the

chemical technology, th. effect of inhibition is moat

sharply pronounced d uring the oxidation of the rich mi xtures

of hydrocarbons and carbon monoxide, A conversion of

hydrocarbons it i~ expedient to realize eider the conditions ~•

of the recirculation of the miztur s, inhibited by additions

~~~ co.

In this process it will be possibl e to noticeabl y

increase oxygen content. The uti lization of carbon monoxide

favors the fact that it forms in the very oxidati on

process of hydrocarbons; ~itb convect4.on it is not

expend/con sumed. Tb. end products, ca pabl. easily to be

condensed, one should der#ve/conclsde from the sphere of

LV — LV -
— -J
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r.act*on into which is added hydr ocar bon—oxygen mixt re with

its consumption. It is possible to expect that the

II addit3oas of carbon monoxide viii contribste not only to

safeguard explosion safety, bet also to the course of the

process of conversion is desirable direction , braking the

side reactions of a deep oxidation of oxide products.

A
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Pig. $7. Critical valsen .1 excess •xiiamt ratio f or

mixtures of technical propy lea, with ozyg.n: 1 — m ixture

with CO2. 1 at; 2 — the same, 7 at; 3 — mixture with

1,0, 1 at; x — limit of explodab il4.ty of mixtures of

pure/clean propylene , I at (135].

I

Page 233.

Zn the processes of oxidative conversion, one should

espeØally strictly track the fact so that would not be

formed the explosive aixtares, aincg they can be not only

set fire by the discha r ges of static electricity, but also

they can ignite spontaneously in th. reactor of ox idat ion. - - 

LV

Por such systems were recorded very low values of the

temperature of s.lf-’igaition p to close to operatin g

temp erat ure of conversion .
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Steam—oxygen conversion of methan . in mine/shaf t re actors

(210 ].; The bulk of hy drogen for the synthesis of ammonia

is produced at present by the metho d of the sine~ shaf t -
LV

steam—oxygen conversio n of hyd rocarbo ns. The converted mixture

of combustible gas, oxygen and water vapor passes through 
-~ 

LV

the Catalyt ic gas reconb iner with pocking from the grains LV

of u-3ckel catalyst. Apparat us by diameter 1.5— 3 m, by the

productivity of order of tens of thousands of nm’~b, is

equipped with fireproof lining. As basic raw material for

many Soviet plants serves natural gas with the content from

82 tp 98o/o of methane.

The process of conversion is conducted according to

low—pressure patterns (1.5—3 at) or of mean pressure (by

20-30 at) • Por conversion ar. used either of techu ical.

oxyge~ , which contains 82-980/0 0, or concentrated by

at mospheric oxygen 4(40— 500/0 - ‘f . Os). In the steam— oxygen - - 
LV

process of mean pressure, the oxygen coat•nt in treated

mixtur, is approximately 15o/o. water vapor — about 620/0.

Pot tow-pressure, process is characteristic the oxygen

comt.et 260/0, of water vap or — 37o/o. In the case of

steam -oxygen—air conversion at the pr essur .~ close to

atmospheric, th. reaction mixture coitsims about 20o/o 0~
d 5Oo,’~ (1,0 • Ii) .  The temperature of pr sheat ing in all

cases is close to kOO—500°C.

V 
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During the normal flow of techeological process, methane

reacts with oxygen and mater vapor without the emergen ce of

flame and soot formation. However , this conditions/mod. not

always is retained: under certain c~nditioms above tb.

catalyst bed, appea rs stationary flam e, which is led to a

shar p increase in the temper at ure. The result of thi s

conpijcation proves to be the burning out of metal

i~aert/reinforcem.at , the destruction of the grain, of

catalyst and liming of converter. To the destruction of

V 
reftactortes, is led not so much 4. rehiat, as sharp

thermal shock ; catalyst is crushed ii~ the process of

gasi f ication by water vapor of the plotted on it soot.

Zn connection wit h these complications it is necessary

to determin, the boundaries of explod ability in system CU,

• O~ • 0,0 wit h app ropr iate press ur es and the contents of -:

inert component. In view of the aboemco of these direct

measurements, this problem is solved by the method of

modelling. For basis it is possible to accept the presented

i~ P~.g. 57 results of the measuremeit of the limits of

explodability for system (C,U~) • O~ • 10. Problem

consists ii the check of the degree of the sinu s rity of

V 

. LV LV 
V  -
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both systems an~ in the estimation of error in simulation,

a44 also in the determinatioa of the baric coefficient of

tke limits of explodability.
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Page 23*..

Indicated the curves of depen dencss ,,, (I) with 1 at

in Pig. 3$ are com pared with data .ther iavemttgs.t ions.

lalues ~~~ fur the binary mixt ures of a ser ies of

cash ttb&e ssbstanc.s with oxygen (135] satisfactorily will

agre. between themselves, and also with analogous value for

•od l fuel — technical propylene. This makes it possible to

consider that for I > 0, i.e. , for the unstudied

LV 

three-component mixtures of the sans fuels, value a., are
suff iciently close to an alogous valu• of the mixtures of

model fuel. The great deviation of value a1~ of bLeary

mixture from the appropriat e value for model fuel is

observed for met hane. Apparently, this is bonded not wit h

the error of experiment, but with the kmnu m specific

ch ar acter of the rich mixtures of netha ne i

In several old works is investigate d the behavior of

carbon dioxide as that fleg.atizing additions to the

mixtures of the carbos’.comtaiaing fuels with oxygen. , Their

converted results are also repr esented in Pig. SI. Thea.

—- — — — ~~~~~~~~~~ — - -- LV— -
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[211] and (212] for mixtures CI, 4 • co, give the

keowiegly lowered contents of fuel oa upper limit in

coanection with the insufficient .idtb of combustion tube

and the ignition of the sisters. being imvestiqatei of its

upper end. For ~ a 0 value (—Ig ci~ 1) La these works than

somewhat less recommended ( 1353 for aetbasq. At the sane

time the curve of the dependence gei from I is

arrange/located approximately by the eqeML .antty appropriate

curve for model fuel. Experiments (2 13) were conduc t.d with

mixtures (CU3), Co ~~~~~~~~ and CH301 • 0~ • CO, w ith the 
LV ’

high content of inert component, these data make it

possibl. to check the position of the cape of the region

of explodabi lity. The obtained results satisfactorily wi ll

agree with data for model fuel.

The presented facts make it possible to consid er

establish/installed that system (C,I,) • 0~ • CO, can serve

model for system Cl , • 0~ • CO,. Hence follows the second

conclusion: system (C,H,) • 0~ • 4,0 is model tsr ~~stes

CU , • 0~ • 1,0; recall that with identical feels ~- j  - for

mixtures with both imert components they differ net mote

than 1.6 times. Standardised values of th. limits of the
LV~

eaplodability of model system can be with know n Usaf.t y

margia~ disseminated to the approp ria te compositions of the

- ~~~~~~~~~~~~~~~ — 
. _ ~~~~~~~~~~~~_~~~~~ *— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~_ V V ~ LV

_ -  - - — 
LV
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unstudied system at whose value (— 1g c~_ .)  La somewhat less.

Judging by the positions of limits ~itI I 0. act ual

critical oxygen content in mixtures with methane must be by

approx imately 30o/o more than calculated.

‘LV
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LV
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p 40 60 — /.~

Pig. 5$. Limits of explodabi lity in system fuel •

I with 1 at. Nodel sixture s (C3 0,) : I — I CO,; II —

I H~0, mixtur e with [ I ]  ~ 0: 1 — Cl,; 2 — C,H,; 3 —

C31,; 4 — n — C,U 1~~; 5 — from — C,01•; 6 — c,I ,,; 7 —

propylene; 8 — C~I~ ; S — cyclobexan.; 10 — (c1) ~O. Fuel
• • ~f O~ • C02 A — ~s .c.to . (213]; ‘— is metha nol

12 13k o —  ar~ Cl, (2113; •— ar ~ CU4 [2123.

page 235. LV

On the effect of pressure on the limits of the

explodability of mixtures CU, • 0~ • 1,0. it ii possible

LV
,
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~~ to judge on the basis of the inf ~rsation, given in the

preceding section , and also direct measurements for binary

mixtures CU, • O~ (214] . The converted results [21*3 are

represented in Pig. 59, which gives e ’  •.35. This

condition can be disseminated also to three—cosponent

mixt ures CU , • 0~ • M~O. This assumption is also bonded

with certain increase in the “safety margin”. Judging by

the behavior of other combustible sy~ teas, value

decreases wit h an increase of the conte;t of inert -
•

components.

accepting, that the limits of explodability in system

CU, • O~ • 1,0 correspond to curve II of Fig. 58 and to

condition S — 0.35, it is possible to calculate va lues of

saturated compositions. Figures 60 a~d 61 gives to the

dependence of saturated oxygen concqntrat iops (minimu m) or

respectively of methane (maximum) on the concentration of

water vapor. Each of the curves is related to pre ssure 1,

~~ 10, 20 and *0 at respecti vely even 100’C. Since the

accepted by us value of the boric coefficient of the

limits of esplodability ,, apparently , somewhat higher than

curves wh ich det ernis• eritical esygen camcent tatioms wi th r

) I at (fig.. 60). are must, in actuality, to be fou nd

somewhat it is neare r to curve for 1 at.~
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If we consider the difference a_ .t the mixtures of

methane and model mixtures, calculated saturat ed oxygen

concentrations are somewhat underst ated, but methane

concentrations at. overstated . lowever , it is necessary to

consider that the temperature of the converted mixtures on

300-*00 degrees higher tha n ii exp~~iments on model

mi xtur es. it is possible to assume tha t the effect of an

increase in the temperat ure coapensat .s for the effect,

caused by chemical specific character, and the obta ined

critical concentrations approximately correspon d actua l.

A~ d uring the conversion of propylene, critical oxygen

concentration decreases with an increase in the content of

water vapor. Onl y at very high (0 ,0]  is reached gently

sloping minimum.

.1
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rig. 59. . Effect of pressere em limit, of eaplsdabi lity

according to dat a [2114) : o — bur~~~ a —  doss n ot burn.

Page 23~~

In In the process of the coaversioi~ of methane wit h 20

at in connection with the high cont ent of water vapor —

600/0 — the limiting concentration taking into acco unt

three— component mixture is small: about 6o~o. Since La this

case are proc essed the mixtures , which cont ain 2.5 times of

more oxygen, the y ate unconditiona lly combustible. The same

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

S

LV 
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during the steam—oxygen low—pressure process and

sbeam~ oxyg .a—air process. Within the limits of techn olog ical

conditions/mode composition cannot bq changed so in order to

sake the processed mixtures none xplosive.

Since it is not possible to create the condition of

the cormal course of process within the framework of the

observance of the first priaci ple of safety, the formatios

of the cen ter s of combustion it is necessary to prevent by
- 

I means which correspond to the second principle. The

processed mixtures, although are explosive, all the same are

related to slowly burning and therefore difficultly ignited.

The Conversion ru methane is conducted in rapid flow, which

impedes the emer gence of stationar y flamq . Smoot h b urning

will prove to be impossible, if we within converter remov e

stagnation zones and the large free spacee filled by

combustible mixture.

The stag nation zones, in which the rat e of gas flow

descends virtually to zero, can occur in spite of the

significant aver a ge discharge velocity of the conver ted

mixture ~5—80 m/s) • Cosbust ion in suck zoses is the rea son

for the destruction of the mixing devices of many

i~stdlatioaa, working. For this reason the speed of ordered

a
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flow of gas alon g apparatus can be lowered only a fter a

decrease in oxygen concentration dowi to the va lue sma ller
- than saturated.
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0 10 49 ~0 %H20

11. 60. Satuxated oxygen coacestratiooa in system CU , • oz

• *~~z I — I at ; 2 — S at; a — 10 at; 14 — 20 at; 5

— *0 at. %CH4 — -~~~~~~~~~ ._ . ... _

E~~~~~~~ZEE

10 40

rig. 61. Limiting coaosstratiosa St methane in system CU, •

0~ • H a0: 1 — 1 at; 2 — S at; 3 — 10 at; 4 — 20

at; 5 — *0 at, ,

Page 237.

Anoth er reason for the emer gesow of flame in conver ters
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consists in the local deviation of the ccmposition of

gaseons mixture from average value, caused by the poor

sizing of components. Any fluctuat iqss of composition are

bonded with formation in the specific sections more

explosi ve and easily ignited mixtures . Practice show s tha t

the emergence of the centers of comb ustion is usua lly

caused by jumps in pressure of compqn ents in gr id~~aetwor k

a*d of their consumption. This is led to the deviation of

composition fro. tha t which was assigned , at least local

asd short—time. Sinc, the mixt ure of nor mal composition is

al so combusti ble, the formed flame proves to be resistant ,

also, aft er returning of the conditions/mode of process to

that which was assigned.

is a result of the emergence of the center of

combustion, is d isturbed the temperature conditions of

converter, in particular grow/increases the inlet temperature

i*to cont act zone and in frontal catalyst bed. ..
- ‘  Simultaneously sh arply grow/increases the effective hydraulic

friction of cont act zone, also, in frontal catalyst bed.

Simultaneously sharply grow/increases the eff ective hydraulic

friction of catalytic gas recombiner, i.e., pressure LV

difference at entrance and exit as a result of the

expansion of gas with combustion. According to theme indices

LV LV~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ L V • L V~~~~~~LV - LV~__~~~ LV _ ~~~~~~~~~~~~~~~~~~~~~~ 
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it is possible - to judge the emergence of f lane. It is

obvious that with ignition in converter a decrease in the

L consumption of m ixture is not led to end of burni ng, but

makes fla me only more stable. To ext inguish the fl ame is

possible onl y by approp r iat e change in the composition.

the most ef fective methods of preventing the formation I
of the centers of combustion during the conversi on of

methan. consist in the intensive sizing of blending agents

with the target~ purpose of the achievement of its

homogeneit y and in the exception~eliminatiop of the

possibility of the origination of stagnation zones. These

1 
zones in man y insta nces can be removed by seams of blowout -~~

by seter vapor of the upper sect io~s of mine/shaft

converters.

Effective sizing can be reached during the utilization

of mJ zing device which is bundle from th e ducts, staggered,

instal led with in the basic wide duct of mixer, which leads

in reactor, in planes normal of its axis. In the lateral

surfaces of tubes at equa l distances, are made the

openiag/apertures, through which the gas, supplied into

tub a, eaters basic duct. To basic duct is supplied the

mixtur. of water vapor wit h fu•l, thro ugh the

LV 
—
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opeaiug/apertiares of the bundle of tubs. — the missing

blending agent, i.~ ., oxygen (or the mixture of air with

oxygen) if necessary diluted by a minimum quantity of wat er

vapor . - In this oxygen supply system, appear many small

parallel strea of the mi xed gases; aizing length normal

to the direct ion of flow.,  proven to be small, on the

other hand, tk. bundl. of tubes, placed across flow,

produces its strong agitation facilitating sizing.

low-temperature oxidation of et~y.lene (215). The

catalytic oxidation of ethylene by oxy gen to acetal dehyde

presents by itself important and ext r emely pro mising

technological process. This m.thod coasists in the bubbling

of tb. mixture of ethylene with oxygen through the aq ueous

solutions of salts of platinum metals, in particula r

palladium, with the additions of copper salts or g land

(216, 217 J.. Under appropriate condit ions the dissolved salt

retains stability, playing the role of catalyst.

Page 238. -:

The effective conducting of oxidatiop is strong ly

complicated by the explosiveness of ethylene—oxygen mixtures

over a wide range of compositions — from 3.0 to ~~o~o C51,
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ii binary mixtures at one at. Por such mizt~~es ~~~~ —

0.083. i.ø., it is substantially less than for pszatfLus

and propy lene (0.15—0.20) . This special feature/peculiarity of :

the mixtures of ethylene is caused by its high

endothernicity; t herefore excess ethyle ne proves to be so

weak a stabilizer.

techn ological process is conducted at the pressures,

more than atmospheric , for which it is pomsible to expect

tke t urth er expansion of the Units of •xplodability. At

the same time for the inteasificatioii of technological

operations , is desir able a maximum iicrease of oxygen

concentration in the converted rich ethylene—oxygen mixtures.

The urgency of this problem is caused not only by the

smallness of saturated blasting oxy gen concentration, but

also by its weak solubility in wat er , i.e. , in the spher e

of main reaction, * times less than in ethylene. During

the estimation of the possibilities of intensification, it

is necessar y to consider not only t~ e effect of pressure

on the limits of explodabi lity, but also presence in the

processed mixture s of inert componeji t — water vapor .

Durin g the study of the limits of explodabilit y in

system C51, • 0~ • I and th. effect on them of pressure

4
~1
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was used as dur ing the investigation of the mixtures of

propy lene, the method of model inert component. In view of

the difficulty of experimentation with water by vapor , ~~ 
LV

they repl ace by carbon dioxide. The results of these

i~ west igations are represented in Pig. 62 in the form of

the depen dence of th. critical pressure by which still

possibly the ignition of mixt ure , fro. the content in it

of ozygea .

At 200C pressure increase from I to 18 at decreases

the tritical oxygen contest fO,j,, in binary mixtures 2.3

times, at I3OeC pressure increase from I to 10 at is led

to decrease 2.2 times. Por the mixtures, wh ich

comta *.n *Qo.,1~ Sf CS5, pressure increases from I to 18 at

is changed to1), at 20°C 1.9 tim.s, The comparison of all

obtained results shows that an increase in the t.spssst ae

on 110°C decreases the critical oxygen content (~~ 1,, free

10 to 200/0 of its value , i.e.. cm —20/0 O~ of abaellte.

This will agree with data (1*0], and also ( 178 ].

At the fixed/recorded pressure the addit ion *00/0 CO1

iicreaa.s saturated oxygen concentration taking into account

binary mixtur e within the limits of two times. - However , if

vs relate oxygen content to the entire thr..—csspon ent

LV
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mixture C51, • O~ • CO1. then vaiu 10,1., •~ p — coast,

does not in practice depend on the csstsst of ine rt

component.

Peg. 239.

are given below the absolute values of saturated oxygen 
V

concentration in mixtures C50, • O~ • Co5: 
LV

- - - - 1 ’)
% co . Auas.us .~~~ 

-

LV 

$

0 15,7 11,5 10,3
LV 10 16,0 13,6 13,1

40 14,5 
LV 

13.1

Key: (1). Pressure, by at.

Com pare regularities for the limits of the explodability

of similar mixtures C58, • 0~ • CO, and (Ca Ho) • Ox +

Cog.

The replacenent of excess fue l by inert compon ent makes

more dang.rously explosive th . rich m ixtures of pro pylene:

with an increase in concentration C0~ from zero to *00/0,

saturated concent ration of oxygen is lowered - from *6 to

V 32o/o~ As a result of the nonsatiratioa - of ethylene , the
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absolute value of the limiting concentration of the missing

component in the rich •ixtures Cali. does not descend with

an increase in the content of inert diluent.

Greater in comparison with othir fuels the reserve of

energy. of the analogous mixtures of ethylene complicates the

problem of the desensitization of these mixtures and the

safeguar d for ex plosion—proof character of their con version.

Unde r sufficiently rigorous conditions — at tenperat ure of

330— 350°C and the pressure of 50— 175 at the decomposition V

of ethylene in the heated vessel can lead to spon taneous

ignition (218, 219]. Since with an increase of pressure

decreases saturated oxygen concentration, by which still

possibly flame propagation in mixtures C28, • O~ under

certain conditions, apparently, is attained also blasting the

deconposition of cold ethylene, suclj as in acetylene and

nitr~~s oxide.

In spite of the special feature/peculiarity of the rich

mixtures of ethylene with oxygen , the ba ric coeffic ient of

the limits of explpdability has approximately the same

values, as for other combust ible systems. rigors. 63 4.p~ct.

the Critical parameters in the form of depen~~sce lgii~ — l j p ,

$ich for all (CO, 3 and T~ it is possible to approxientely :.
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consider linear. Por binary •ixtures value
a 0.36, at concentration co5 *Qo/o it d~~~ enses to S.~~S. .

0 ,,, is zO 25 30 %O~

Pig. 62. Dependence of critica l pressure of explodability in

system C5H, • O~ + CO2 on oxygen content: 1 — *Oo/o ~f

CQ,, 20°C; 2 — 4Oo/o co, I30e; 3 — 100/0 C0 20°;

* — 00/0 C02; 2r; c •~~ 0 —  it burns; O~~~~~ 4 does

not burn.
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rig. , 63. Effect of pressure on limits of explodabi lity in

system C10, • O~ • C02: curved 1 — * see Fig. 62; 5 —
00/0 CC2, 130°.

4LV

Page 2140.

Thus, the established/installed for a series of other

-
~ combustible mixtures character of the dependence of the

upper limit of explodability from pr.ssure ~ apparently, can

be considered un iverga l and with satj sfactor y accuracy

dissóminatad to the unstudied gas systems. For the rich

mixtures of fuel with oxygen and inert component 
~J it is

- LV L V L V  _~4—~
LVLV 
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proportional to root from the third to f if th degree from

the value of pressure. Ex ponent d.crgases with an increase

in tbe content of inert cospo nent. Phe lower limit of -
LV

explodab ility, whi ch proved to be for a binary mixture

eq ua l to 2.850/0 of C50,, does h o t  in practice de pend on

pressure, as this was observed for other combustible

mixtures.

the special properties of ethylene—oxygen mixtures wiil

force to be restricted to following recommendations for the

conversion of the mixtures, containii~g - of inert con ponent

from 0 to *Oo/o . Kith the necessary 30—1400/0 ‘safety

margin’ maximum permissible oxy gen concentrations taking into

account binary (in this case — dry ~ mixtur e are 9—1*0/0

for 5 at even 6.5 — 12o/o for 10 at. Such low values of

limiting concentrations substantially affect  the inte nsit y of

technological process. 
LV

For increasing the possibilities of a safe increase in

oxyge. concentration in the processed mix ture it is

expedj ent to use addition metkod megtiomed above (see 
-

V

Chap~~r 7 pt. 1) of alien combustible com ponent. As such

that flog matizing additions, it is possible to use saturated

by~~ocarbons. at the low temp eratur , of process - order
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100-100°C — these hydrocarbons will play the role of

kiowingly- inert components and at th. same tine they will

considerably increase saturated oxygen concentrat ion. It is

possibl , to introduce them into the rea ction cycle whe re

they will not take part in reaction ; the content of

ethylene and oxygen in mixture is supplemented with their

consumption.

The evaluation of the effectiveness of this method can

be made accordin g to the method of model component. For

this, we will use the available data on the limits of the

explodability with of 1 at rich mixtures in ethyle ne —

cy clopropa ne — oxygen ternary system (135). These data it

is ezpedten t to present in the form of the depeedesos 5..
on the p ortion of ethylene in the sum of combustible

conpon.nts taking into account from the stoichiometr ic

coefficients

— $ - 
-

Are given below standardized values of the limit of

explodability is system C51, — C51 — O~1
. . 0 0.111 0,300 0,416 0.003 0,101 .00
LV .0,140 0,151 0,141 0,121 0,100 0,5010 0,1111

-

- Tilie limit of explodability for cyclopropame (~ — 0) in

_ L V L V L V~~~~ LV LV 
- _ _ ~~ - -  L V L V

LV ~~~~~~~~~~~~~~~~~~~~~ —- -L V -  -
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standardiz ed system does not differ from the common for

para ffin hydrocarbons (see aboV . - M a r ult of the

larger acti vit y of ethy lene , value 5_ in ternary m ixture s

is less than for the binary aixtu~~ of cyclapropane.

Ho wever, this effect is noticeable only when when ~ >

0,3—0, 14, wh en smaller ~ the limit of the same as for the

saturated hydrocarbons.

Page 2*1.

LV~

The ident ity of limits for the binary mixtures of

cyclopropa ne and for the mixtures of paraffin hydroca rbons

ma kes it possible to assume t hat standardised value s of the

limits of the ternary mixt ures of paraf fins with ethylene

and oxygem will be app roximately by the same as in the

equivalent aiztur.s C3H~ • C,H , • 0~ . This makes it

possible to calculate maximally allo, small oxygen content

1* the technological mixtures, flegmatized by the additions

of saturated hyd roca rbons.

With the low contents flegmatizing additi ons its effect

will be too weak , with large — a noticeable decrease in

ethylene concenttation will begin to affect the rea ctio n

rate, It seems it is expedient to convert mixtures with

LV - --‘r- V

- 

a-~-~ ~ -
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the •quiaolecwlar content of stabilizer and ethylene. The

flegmatizi ng effect of addition and the corresponding change

in maximum permissible oxygen concentration depen d on the
LV stoich iometric coefficient of the react ion of the complete

combustion of this product and , cona•quently, also its

molecular weight. .

during the equimolecul ar diluti~~ of ethylene by ethane

critical oxygen concentration for 1 at ii dry gas

grow/increases to 28.140/0, i.e., by *lo/ o of original value.

Wore effective proves to be butane~ which increases under LV

analogous conditions saturated oxygen concentration to

‘1 **.2o~4o, or 2.1 times. The application / use of hydrocarbons

with great molecular weight is inexpedient in view of the

insufficient pressure of their satura ted steam at r oom

temperature. For obtaining the mixtures of the corresponding

composit ion, will be required the thermostating of entire

equipment in technological cycle.

As it was shown above, the baric coefficients of the

standardiz ed limits of .zplodability barely depend on the

natur. of fuel. This makes it possible with good accuracy

to calcu l ate the maximum permissible oxygen contents at a

pressure of mor e atmospheric , and also during dilut ion by

A
—LV---- V - - - - - - — —  — - LV ~~LV ~~~~~~~~~~~~~~~~~~~ — - ~~~ _~~~~~~~~~~~~~~~~~ _ _ _ _ _ ~~~~ — *_-_ ~~ - VLVLV LVVV LVLV- LVLV- LVV ~ - - 
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- — 700 I~7U Pill ,W ~5t~~ Inert blending *gsat .1 fuel d •zpgna. ire gLues

bslee .*y,s-. _ tzstis. . La dry stature ed*h eq ieel eular

contei~ts ethylene and 
- 
butane (taking into a~~ount the. sane

.taty margin”) Impending on pressure (j .  LV at.) and the

.esteet of inert enapsseat (in e/ )a
( (U 

LV

Ri...... ~~~ pa.~~~~ ..pmro . . . is
I II 0

5 10,5 11,1 *6,5
10 17,0 0,0 16.5

‘~~ • .r ~~~=e. ~~~~~~•. c.st.nt .t inert ueq~~ sst. 
V

Obe converted vaper—ges sisters, sat crated at by I ) 1C

mater vapor, contains at the total pressure of S at S5cfo 
V

• 0,0 and wit h p — 10 at 27o~o H~o. Hence it

follows that under the condition of saturatin g the

csspoaents by water vapor before their mixing it is

possible to process th . mixtures, which contain 30o/o ~‘

mith p S a t  and 2*o/o Os uitb p lO at.

Page 2*2.

flue, the conversion of the eguiaolecular mixture of

atbylea. and butane mak.s it possibl e to safely increase

mete than double the oxyge n content in the processed

mixtures.

~~ La e~~~ to t i  that t~e •ØL l

ed tb .en~~st. at atbyinse sad but ane La

LV
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the converted mixture approziaat.ly c~oiacidqs with

.quim olecular.

~ 

So. wit h p a o~ 7 at even 130°C in the

case of • — (C,0.]: (C,U,0] 1: a oxygen content can be

increased 1.11 tines in comparison with t~e system in which

1: 1. . Zn this case,, however, the content of ethylene

too strongly is lowered: from 36.5 to 17~8o/o taking into

account dry mixt ure; the h igh partial pressure of buta ne in

of systems it w ill require the pr.heating of all assemblies

of unit to *0-50°C. Under the same conditions with m — 3:
-
~ 1 is admissible an increase in the oxygen content in

comparison with the concentration, i~~icb corresponds to m

—• only to 20o~o.

The f] egnatizing action/effect the addition of butane

checked exper imentally . In set of ex periments during wh ich

the quimolecular mixture of butan. and ethylene mi xes wit h

oxygea and carbon dioxide with such calculation, wh ich the

cqntent of the latter a lwa ys comprises gender with such

calculation, that the content of the latter always was

*0o/o~ saturated oxygen concentration with 7 at even 1 30”C

was equal to 25. 50,0. Taking into account equinolecular

.txtvre without inert component , saturated concentrat ion of

oxygen is equal to 12.6o/o. As can be seen from Pig. 62.

under analo gous condition s for a mixture gith pure ethylene

~~~~~ 1LV
T: 

~~~~~~~~~~~~~~~ 
:~~~

LV
~~~~~~~~~~

LV LV LVV
~~~~11LVLV1

LV 

—- 
- 

- 
: - - - ~~~~~~~
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— ~) satur at ed oxygen concentration is equal to 210/0.

Thus, experimental check confirms the designed doubl e

i*creas. in saturated oxygen concentratiop during the

replacement in the conversion gas of ethylene by its

eguinolecular mixture with butane.

Speci fic additions. In those cases when one of the

components of comple x mixture catal yses or inhibits the

oxidation process (for several oxidizers — process of

reduction) of another component, is observed th. specific

deviat ion of the : standardized value of th. limit of

explodability from the normal for similar syet.ss. This

deviation the greate r , the stronger the effect additions on

reaction kinetics in flame at the fixed value of combustion

tsmperature. The specific effect of chemical active addition,

or on the contrary, its absence whe n this action,’e ffect f or

any reason was expected that they have vital impo r tanc e for

the problems of explosion—proof character technique.

during the study of the processes of burning and

ignition of complex gaseous mixtures, obtained man y emamples

of the inhibition of the oxidation by oxygen of one of

fuels thy another, but sometimes also mutual inhibition. So,

in a series [220—22*] is establish/installed ths inhibition

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ LV LV -~~~ LV ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____ ~~~ —~~ - ___
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of the oxidation of hydrogen by additives of hydroca rbons

in the mixtures, fuel~rich. With respect to hydrocarbons

excess hydr ogen behaves as inert component.

Page 2*3.

gurtz ()25] established the inhibiting effect the

addit *on of sulfurous and selsaide hydrogen on the oxidation

of hy drocar bons and the inverse eff ct, which increase with

a. imcrea se in the relation of the content s of fuel and

cxidi*.r. This e f fec t  is specific for these substan ces,

other hydrides *, for example ammonia, do not exert this

effect.

POOTIOTE I . In author’s concept, hydrides, supplying atomic V

hydrogen, they must accelerate th. o,zidativn reaction.

UDPOCTWOT E.

The specific inh ibition of oxidatio~ is reveal/detected by

Zurt z also for the mixt ures ~f propane and diborane [226).

usia these works with the change f the relationship/ratio

of the contents of fuel and oxidiser from a > I to a (

_____- 
± V V L V 11 

— -
~~ 

— - ~~~~~~~~~~~~~~ V:~~~~~~~~~~~~ _____
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I is observed the transition from catalysis to inh ibit ion.

To greater degree this i.e characteristic for the oxidation

of the mixtures of hy dr ocarbons and carbom monoxide , of

rich mixture s is observed the mutual inhibition of

oxidation, of lean and close to stoichiometric — the

acceibration of oxida tion , which leads to an increa se in

velocity and stability of flame [227.229 3.

The phenomen on of inhibition, essential for the pr oblems

of e~ plomion- proo f character technique, is obser ved also of

other systems. As inhibitors can serve the addition s of

more active comb ustible or oxidizer. So, the pairs of the

mentioned ethyl mixture P—9 cont ain, besides basic componen t
— .tkyrl bromide, the small additions of ethyl chloride and

gasoline. Both these products are more active fuel, than

ethyl bromi de, have the wider limits of explodability.

Ho wever , as can be seen from Pig. 6*. in multicom ponent

mixtures the limits of explodability become narrow — b oth

more active components inhibit the oxidation ethyl brom ide
V (206 ]~ As it was noted above (chapter 7, pt. fl, the

presence of inhibitor affects the wa~lue only of upper limit

of enplod ability. .
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rig. ~~~. Effect addition on limits of explodability of

mi xtures ethyl br omide with air hand nitrogen; composition

of feel: 1 — I OOo/o C5850r; 2 — 900/0 C~fi ,5r • ~0o/o
C505cL; 3 — 95o/o C5H~1r • 5o/o of gasoline.

Key: (1) , Content of combustible, ‘/o. (2) • Pressure.
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Pig. 6S. . Dependence of Uniting concentration of fl egmatizing

nitrogen in mixtures ~~~~~ + NO • i~O • I~ on com position

of oxidizer: 1 — lg • 0; 2 — 1gm — —0.1; 3 — 1gm

0~ 1; * — 1gm 0.2; 5 — 1gm ~Q 3 5~

Page 2**.

rhe mutual braking of reaction in flame is observed

also for the mixtures of oxide and nitrous oxide with

hydrocarbons [230 ). iitrous oxide — much more active

I

~ LV- V 
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oxidi*er , than oxide , its analogou s nixturen are ex plosive

within wider limits, than the mixture of nitrogen oxide.

However, the region of combustible compositi ons for the

mixtures, which contain bot h oxidizers, it is narrower tha n

for analogous mi x tures vith each of them.

This illustrates Pig. 65, in wh ich is shown the

dependence of saturated concentrations of flegmatizin g 
LV

nitrogen b fuel— r ich mixtures c5a12 + 10 • 1~ 0 • N~ on

the portion of nitrogen oxide in the sum of the contents

• a (IOJ 1(10] + (120)) for a ser ies of the fix ed values

of the excess oxidant ratio. The mixturese which correspond

LV to the m~.nina of curves I~~(f t), -~ are combustible in the I
narrower range of cospesittons. than analogous mixtu res wit h

each of the individual oxidizers — I~0 or 10. The great

narrowing of the region of dangerously explosive compositions
H corresponds $ — 0.80—0. 85. In the mixtures of which the

oxidizer consists to *O— 50o/o of 1s0. the limits of

ezplodabilit y the same as for the analogous mixture s, which

contai n only oxide of nitrogen.

~be characteristic ezasple of system with speci tic

additions are combustible mixtures , containing minor

c.astj -tuents of carbon disulfide. It is known that car bon

~~~~~~ -VLV
V LV LV

~
_LV LV

_
L V L V 1 L VtV

.
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disulf ide is one of most complex and the unplea sant f rom

— th e viewpoint of the explosiveness of the objects of the

cI~emical techn ology. As is evident the view of the

explosi veness of the objects of the chemical technology. As

can be seen from sur vey/coverag~ of the dangerously

explosive properties of carbon disulfide a!d reco.mendations

regarding work with it (231. 232), the complexity of

inversion with it containing oxygen by mixt ures is caused

by the extremely broad band of dangerously explosive

compositions and ease of the emer gence in them of fla me

during the smallest heating. The refore the safety regulations

introduce very severe limitations on the regulations of work

in the rooms, dangerous in the relation to the possibility

of presence in their atmosphere the pair of carbon

disalfide.

The Units of the exploda bility of carbon disulfide in

mi xture with air are considered equal to 1.25—500/0 that

corr enponis ct,~ • S.6” O.070, i.e.. to the considerably more

broad bead of oespssitions, than for the air mixtures of

other fuels. However, under certain conditions the mixtures,

which contain the hundredth and even tho usa nths of

percentage CS5, prov, to be fuels. The mixtures of carbon

disulfide ignite spontaneously in the boatgd vessel narrower

_____ ______________________________________ 
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at IØO- 120 C, aad soa.tiasa •.•a at 8O•C (233, 23*]. Is

•apscially dasgatous tks capability •f tk.a. sistatas tot

tb. La. tsa p.ta tsre igaitios of tha outsids cJ.ossd ,.ss.l

s.s ckapt.r 9).
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P t .  U. Iffs~~ addit ion of carbon disalfid. on Units of
explodabilit y of rich air aixtvr.s; coaposit ios of fuel:

Page 2 5 ..

?bose proper ties of the mixtures of carbon dia sit ide

~~e caused by its tendency toward tke formatioa of cold

flames. Iowever the possibilit y of th e ... rgence of cold

flame is not equivalent the possibility of its transition

also to hot flame. aet ween only this transition is the

fina l analysis is essentia l for ezpieaion—~~ oof char acter

t~cka~qu. .
Li

is set of ezpsriae*ts ( 235] is stadi d the
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action/effect the addition of carbon disulfide as the h aLts

of the siplodability of the fuel-rich air mixtures of ethyl

and butyl al cohols. Content CS~ in the mixture of feel and •~~

wat.r com poses to 3 mel. o,la. . ~~ ass be seen fro m the
ciwve/grapb of Pie. 66 , value ,witk ~praeticauy cànstant i - 6i138Sia only iasig.Lficaat, and

besides unspecific, ii changed with the increase in the

contest of carbon disulfide. the i.pucity/adaiut ss ad

carbon disulfide in fuel-rick mixtun.s, is •$*. ad I — 4-iss’

expectations, do not hav , any characterist ic oddest es

liiiti of explodabi lity. In the ca of air suction into

apparatuses vith fuel , the explosivqn.ss doss not depend on

poasiàle presence the addition of carbon disulfid. and is

defined by the standardised Umits of explodab ility, in

princj ple by the sa m. as other co~~.stib1e syst.ms.

~k. addit ions of carbon disulfide do not sliest also

the j qnit ion tem perature during heating by s1~~Mtic 1

compression. For an oxyhydrogen aiz*sre vales T~
U

is not virtaally chang ed with addition 20/0 C5~. vsles F,

of uLster. CS5 • *0~ only to 150-200 degrees is ~~~~~
t~aa in mixture 21a • 0 (9*). ?hs lov -tsmpuratur•

aetoadcsleratio s of reaction is specific t~r the conditions

under which is possible the d.valqeemt

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ — - —~~ -, _ --- —- - 1 -  - -
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of cpld—f lam. process. During ignit ion by the elect ric
discharge of feel-rich mixtures with additions CS, and

during adiabatic ignition chain process with th. de generate

kanchiags does sot manag. to arisq.

I
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