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THE PROBLEM OF THREE LTMITS OF INFLAMMARTLITY .

el PS5 e

- %

in Dokl

s Renniaony of Seedn
» Reagswy o otelnd

., pages &h5.648.7

4 167, Soviet physice
otions and developed the
s discovered by them In the domain of 1
n oxygen of phosphoris vapor, sulpbur, ©

chemists discovered

theory (1), At
oflammaiility

arbon molie

Craiitabively, one of the mest charscieristic phenowens for

g, one ray nobe, the presence of a so-called
in the p~T plsne. (See Fig. 1, whers the
1ommable one). The chain theory of
Ly was given by M. N.o o ' :

4, 3

. - 3
Semenov in I 1 urve abe of the peninsula
sy be expressed by means of 2 quadrstic equation,
or {depending on the condition of lterminabtion of the
j equation, having two posie
tive vroots for T 0Ty and none for T4 Ty. +o overy

‘

eorrespond twe Limits: the

b
T

1 5 (bels b there 15 no combumstion)
and the upper one ps (above whichthere is no com-
Fum g § ey ‘.}

Su’lui dildk § @

o]

. N WAy R

8g g
L E e Yt e mepen s % ..
third limit (curved; s e} Ll gh
1 . YR, £ P b z oy ot & oy
than poe This Limit of ite nature, is

- g1llad the thermal 1 o8,

£

crease, above the vpper limil
asure, which on further
to thermel ignibdion, It is ]

a———

o
=
v
]
Ll
o
)
[
5
W
&3
-
&
P
¥

om
nre




because of that, that the third limit received its naie. |
Tn 1938, Lewis (3) gave the chain theory of the third limit

.for the case of the hydrogen=-oxygen reaction., From onr-analysis
Cof this work it was clear that chain inflammation at the third limit

may take place only 1if very special conditlons are saticTied, net at

o

511 like a general phenomenon.

Tn 1043, N. S. Akulov (4) made an attempt to put forward a
general theory of chain inflammability at the third limit. BHowever,

ene of his basic and unproven premises against kinetle congider

ations was that the division of the chain inereases with pressure =
sccording to the relation G + Gqp©e :

Tn an article in 1945, H. S. Almlov (5) showed another method
of explaining the chain resetion at the third limit. Me eriticized
his previcus work, writing: "In the case of the previous method for
the ease of larger C we had to take in sddition one unproven asSsump-
tion with respect to & guadratic dependence of chain divisien from
cencentration, In the case of the new method, this becomes unnesesS~
sary.” o : -
Aralovr chooses an arbitrary, uncommnon type of chain reaction,
which is such that one of the chain elongation reactiens proceeds
trimolecularly in bulk and simultanecusly on a surface together: .
with the precipitation of s new radical in the bulk. The chain-
rermination takes place on a surfacs, . . '

In order Lo state it formally, after Akulov, we write for the
reaction of oxidation of hydrogen disulphide the following three
kinetic eguations: .

) . _ S
%:,;:w: ~ (kq1(Hs3)C + k71 o71(0) + Kk12(02) (50) + k33(02)(8),

Y

Qé§gi = _q2(02)(50) + ky4(05)(5),
w .
ddi = f:klz.(ﬁzS)C + 17 07(0) - [ig3(02) + K13 61(8).

Bere (0), (8), (S0), HzS), and (02) are concentrations of the respec-
tive ztoms, radicals, and molecules; £ is the concentration of the
snitial combustible mixture, C + (H28) + (02); @ = the ratio of sur
face area to volume, of the vessel, Decrease in concentration of
sulphur stoms on the surface is at a rabe k33 0/(3) and the consump-
tion rate of the oxygen atoms proceads at a rate 7\11Cf(0) = (kil
~ K11)&(0), where Qilcr(o) is the rate.of the heterogeneous phase
For the solution of fhe system of equations Alalov adopls (withe -
cut quoting the source) 2 method worked out by me in 1943 (6). At the

‘moment the only thing of interest to us is the fact that the egquation’
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w=of chalin inflamma bil;ty But

‘fer the Limits is gotten by equating to zero of ths determinant A o£~7
the system of algebraic equatlons

%_l a50) - dl8) =
dt dat ®

CThis deberminant is stated in Akulovi: article in formula (9).
Aialov obiains an souation for the determination of the limits and
maintains that it gives three roolts, corre: sponding to three limits

, in fact, one 15 able to show that this
eqﬁatlor in Akulov's s in no case zble to give three pesitive
real roobs, but cn;g‘ane such root. 1n fact, dividing A by kld(ez),
wa obtain from formla (G) of Akulovis article the eunstion for the
1imits, as shoun:

m
[
(o]
[+]

)
koG = M3 f‘i”d)(f’fu’ + (2 By o (0g) -

12 .
- ky1K330C0(H8) ~ Kigki30? = 0.

| Setting G = p; ()= p(L ~¥), (HpS) = p¥, after dividing
by the coeffisient of p5 we obltain

3 bﬂz co - d = §,

N # / A
wiers 3.’;1"' ('f'k"l — 11:) kllk}“gﬁ' =
b= L - = <
k0= iy O kkis 50 - 1)
& p7
hence o 2k11 . ;11,d kia m'ﬁ&l 4 4
ot = T Ay

Thus, in the equation for the limits by Akulov, the inagqeal-

ity bed d is always satisfied. As d is the produet of the three roots,

and be i the product of the sum of the roobts with the sum of thelir
paivwise v“ﬁdu#‘ so on the assupmtion that the three poslitive and
real roots exist, tke product be should be always greater than d.

The CGhu»thF bc<id mezns that the eguation may bot have thrse positiv
and resl roots, but only one root. (Note: We are congmd ring the

case 2fy~kiy=kiy- X110, that is >0, With 2kjy-k11< 0 and <0 ==
what 15 physieally obvious and should take place -~ two out of the
thres rvoots are negative, which follows from the consideration of the
2signu of the coefficients of the third degree equation.) i




| Hot only are there not three roots, but there are not even *}
the two usual omes. The formula (11) for the induction peried
chtained by Akulov makes no sense eithser, becauss it contains ivag-
insry guartities.

T diseussing the preblem one should sometimes turp hle
attention to one very simple scheme which illustrates Akalov's

resulba:
" e k. - b ¢ and so ferth ’ e
e, ANV
’ With the esleulation of the chain terminstion on the walls

of the vessel, this scheme leads to the system of equations:

dx
-5 Tk (A)x + kp(Blxp + ky(A)exy,
3.‘232
“at

dt

= xhky (A)xy ~ (byo+ ko(B))xa,

1)

kp(Bixg = (0gF+ kylA)e)xs.
Constracting the determinant and dividing it by ky(4) we
obtain an equation of the third degree for the limits:
(2 = Lkpks Y1 = D7 = bpOkg¥p? 4 (x = Logfhp(l — %)
p -- byby¥° = 0, or, dividing by the coefficient of pd:

pl e bpl 4 op =— 4 =0,

bﬁg ' = {X e 1}‘5}3_6,
(2x = 1lkp(l — %) (2% —~ L)kg ¥

where o =

L

b.b 02
4 = L 3 -
(2% wome 1IK K (L we B E

Hence, be = ,_;L;_:;,% d, As X1 [see note], se be<d d and

-

obvicusly alsgo this eguation may at mest have enly one positive real
rects

(Note: In the case when x<£1, the coefficient ¢ in the equa~
tion is negative, and this means that two roots of the equation are
] _negative, that agein there is only one 1imit (if x<{%, then >0,
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| and 4. B. Nalbandyan have shown on the basis of invesfigation of “1
toehrs' experiments (7) and as have clearly shown the experiments of

V. A, Poltorak and V. V. Vovevodskiy (B), the third chain limit

exigte ordy in the case of washing the walls of the glass vessel with
salt solutions of the type KOL, which, ag is known, appreniably
inereases the probability of capture of radicals by the wall, In

clean systens,as was shown previeusly by D. 4. Frank-Kamenetskiy(9),
and was confirmed by Poltorak and Voyevedskiy, chain inflampanility

~Aoes not exist at the thind Limibt and instezd, & thermal explosion o
takes place. '

CONCLUSIONS:

1) Fron three roots of Akulovls equation (for the limits
determination), two are always imaginary (for o) 0) or negative
{(for e 0), Thus, the attempt to give the chain theory of the third
limit, one must conclude, is a failure.

23} The third chain 1imit of inflawmability, as was shown by
Voyevodskiy, is sometimes possivle. Howevsr, it may be seen that it
ray come abent only, as a rule, under very special conditions for the
reaction to procged, and only for a reaction sustained with the ald
of a very rarelybeosuring chain mechanisme

3) The reason for the spreading of the third limit is the
inevitability of a thermal explosion at & sufficiently high pressure.
The third 1imit, in general, bas a thermsl nature. ‘
* 43 What applied to the chain theory of the first and second
Limits and so often was nohted in branching chain reactions (in the
form of the infimmmability peninsula}, today remains the Semenov
theory (1929-19%4 ), confirmed and consolidated by all later exper
imentsa.

Received 26 June 1951.
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