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ACTIVE CEETEES T8 AV ACETILERE FLAME -
wEE R

[Followinz is the translatiou of an srticle by Ye. Kou-
drativeva end V, Kondratiyev entitled WAktlwnyye tambyy
i steetilens? (Erglish versipn sbove) in Zhurnal
heskey Eniwdli (Journal of Physiesl Chemlsteyl, Vol
A%, e 7, Mosoow, 1907, pages 761-76H,]

e sucessaful application of s catslytic methed
to the detection and measurement of the concentration
of sboms of hydrogen in hydrogen flamss (1) has mede
it poasible for one to expect the method to be effect-
ive also for messurements of other flames. Of e5pec-
isl interest ere the flames of hydrocarbons in view of

© the extensive theoretical and prectical significance -

which the mechanisns of these resciions hold. For this
resson every new experimental method here is especially
valuable. ‘

Experimentsl Procedures

In order to avolid the high temperatures which are
charecberistic of scetylene flames, we studied ascelbylene-
sir flsmes, 83 before, under pressures of several milli-
meters of mercury (the jet method). The same reaction
vessel and the same thermocouple wers used as in our pre-
vious experiments with hydrogen flames. 4&s a catalyst,
we used Zn0-Cr.0.. The acstylens was obtained by the
sction of wate® 2 n powdered c¢slcium carblide and after
probul ‘kivanie /% 7 through solutions of potessium di-
chromate, sodium Bydroxide, and coppdr nitrate, it was
coliected in a gesometer with s saturated aqueocus soluw~
ticn of sodiunm ehloride. Before entering the reaction

B?aﬁm%i the mcetylene was dried out with phosphoric an- |
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rhy@ridﬁﬁ Tre sir wes contained in & separste garometer
and was sleo dried (sulfuric soid snd phosphoric anbyd-
ride). Dry scetylena eund sly wepe suppliied through @
velve which regulsabed their rale of feed snd. hence the
composition of the reaction mixture snd the pressuré in
the resebion vessel, and entered inbo the mizer and fure
£her into the resction vesssl. From une latber the gas
wag evecunated by an oli Dump, which pos then passed
through the volume of & trap cosled Dy liguid air in
which were condensed the wogaining unconsuned scebylene,
carhon Qioxide, wabser, end olher condensable proeducts
of the resstion.
fhe gas pregsure in the reschion vessel WAE HEaE-
' ured by & menometer Ifilled withk paraffin olly upen COne-
version into millimelers of a mercud aolumn the Indlce
ted mancmeter yielded a figure of 155 {equal to the
ratio of the density of mercury to 6il}). The Lempera~
ture ir the interior of the'reacticn vezzel wes messured
with the aid of the two thermocouples (controlling),.
which consisted of & thermo-electric probe. Fhe end of
the second thermocouple was plated for & length of five
millimeters with 200.Cr 0,. She experiments were oon~
ducted ab presw =

£

e

aves in Sblle ipherval of 4.,8-10.6 mm of
Hg, &% temperaturez of EEL-B00Y ¢ (maximun temperatures
which correspond to the cenhser of the resction zone},

and with sompositionsz of ascetylene-sir mixbures corres-
pording o velues of the quantity :
L .

LSO HL

she volumes of oxygen snd scetylene
irto the resction vessel) from 0.56
54 (pooy mixtures). ’ :

r,

i

2

We observed the maximum initlsal heating, whichwas’
measured ot & variety of temperatures by the cgtalytlic
and control thermocouPle, namely the guantity g&ﬁa which

asnprised several Tens of degiees Fivet of all it had

*
) Yo be sstisfied thet these initisl beabings were depend-
ent or the recombining active centers snd not on the het-
. evogenesus rezctlon aniaing on the surfscs of the cata~-

T
1yst,. The resombining charaster of the initiel neating
"4 elesriy seen in tie damping acticn of the probe, which
ineludes & consideradle lessening of vhe prightness of
the flame upon the introduction of the probe inbto the
combustion zone and which is related to the retsrdation
af the resction apparently 88 2 conseguence of the drawe
§ng off of the aculve CenuETd, which were adsorbsd A
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gous retardation sction of the probe has been established
by us elso for hydrogen flames, where the decrease in
the percentzges of combustion related to the retsrdation

6f the resction can be jdetected in_an increase in the

M(reconbining) on the surface of the catalyst. An analo:‘

“pressure in the resction vesael (3). The combustion of

< e

acetylene in air under the conditions of our experiment
proceeded practically without change in pressure. For
this reason; here the retsrdation of the reaction ¢an be
judgeﬁ'@ither'fxam‘th@ continual changes ¢f the percent-
age of combustion or from the diminishing of the bright—
ness. A parallel course in the diminishing of the
brightness and the decrenss in the initial heeting, whid
ie anslogous to the slope (kbod) of Ap and AT in the
case of a hydrogen flame {(figure 2 (5%), sppears from
the following btable where there are gabhered the values
of AT snd the flasme brightnesses (qualitatively), which
were observed upen the positioning of the probe for var-
jous distences (/) from the end of the burning portion
of the Teaction vessel: R

CCH e s s o 2 % 4 5 6 7 8 10
: e . O 4 g1212. 8 3 7 2
- flene ' ‘ o ‘ :
- brightoess . br. br.brnbnav. PL.V IT. 8V DI

(p = 5.87 mn Hg; & = 2,023 tgax = 733°C)

sbbrevistions: br. - bright; av. - 8VErags;
pr.~poor; V. pr. = Very poor

o As is seen from this
table the minimum AT coin-
cides with the minimunm flame
brightress, from which follows
a direct relstionship between
the smount of initial bheating
and the rate of combustion. '
; _ The damping action of
the probe arises in the case
of the richer mixtures: at
, : <1 the flame may be com=-
Figure 1 pletely absorbed upon the in-
: . 3roduction of the probe. Fur-
thermore, as also in the case
: of the hydrogen flame the
probe action is the more noticeable the iower the pres-

- pure and bemperature (especially the pressure). At large]

v’at
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Fenaugh presgures the curve 4T:¢ has s smooth slope.
Sach curves, in particular, sare displayed in figuye 1,
where the lower one is cbtained st p = 7.48 mm, t . =
6?@” ¢, ang &= 4,0%, the upper curve &t p = Ea?ﬁmﬁég

07 JToooY o), and (e e 2.14. We add that in these also

. ases the flame brightness is practically

indezpende: the wooition of the probhe (7). For this
roason 4% ! e & med that the in duction of tue
probe in the cowbusilon zone substantially does not al~
fect the cohcentration of the aotive centers in the
fiame (this effect is bounded b a guite moderate voi-
wme, which conbinually gurrounds the catalyst) and the
eheerved initisl heating 4 T closely corvesponds toe thelr

setual concentration. A

tnother, even moxe convincing, demonstration of

the peacombining oharacter of the initizl beabing lies in
the fast we estoblished that the messured initisl heat-
ing iz oweerved molely in the presence of the flame. In
particular, this ls seen from the dets of table 1, in

$
which it appears that in epite of the closaness of the
temperatures of the cebalybic thermocouple {%), the ini-
figl heating AT = $ ~ t_ (%, is the tempersture of the
control thermocouple) is”the absence of the fiame @41)
is egual to zero. Tn this repard especlally Aemonstras
tive is 5 comparisern of experiments Hde 65 snd 87, &8

“here the initisl partisl pressuresof scetylene and oXy~

gen in ‘the burning gae (Fo 87) is leas than the corres-
ponding pressgures of The vrburned gaz (Ho 65)3 a signi-
Ficant initisl heating ies not less in the first case,
het in the second case it is egual to 2erc.

From the foregoing it is clear thet the initial
heating in the acetyleuve flame which we heve cohserved, si
jesst under the conditions of our experiment (relative-
ly low temperaturss and pressures), is dependent prachie-
cally solely on the Teco siping active centers on the sul-
feoe of the cabalyst. [Nete: for table 1 see page /0]

e following, Significently more gifficult, quesg-
Lions are cuestiong on the nature of these active cenbelm.
Spectroscoplic investigation of the scetylene-air flane
hwes indicated the presence in the flame of the radicals
OF, CH, G, sod HOO. According bo the computstions by
Avranenko™(2) bazed on the meam
spectrun of I ‘

upements of the absorptlon
droxyl, the averags concentrabion of this

b

Cpadical in the flame corresponds to the pressure of an

arder of msgnitude of several hundred fractions of a mil-
Timeter of @ cciumn of mercury (ab s pressure of the o=~
£y

i

der of seversl tens ol miilimeters). As concerning the
£

tgoncentration of the radiesl CH, cur computablons from J



the relstive iuntensities of luminosity of CH and CIH {45

Y
%, ¥

ST )

st & set normally likely luminosity of CH (of the order
of 10° sec =1) leads to the ratioc Pop i P 2 1000,
At a still lower concentration @X>§§ 18 t%g radical Coe
Further, the low intensity of the luminosity band of
HEO sllows one to state that the concentration of this
radical in the flame may slso be taken as 8 insignifi-
cant amnount. , '

- Along with the redicels which were detecteld
continuous spectroscopy,in the scetylene Tlame the

71

needs be sssumed also the presence s¥ other sctbive cen=-

ters, which 1is likely on the basisg of one or anotber

indirsct considersations. Thue, in the reaction of hy-
aroxyl snd other active centers with a molecule of acet-

yleng there needs e be nelatved the appearance of the

C@H radical . Further, as & result of the resctlon of
n&droxyl with carbon dioxide, which i found In the

acetylere flame at & considerable concentration, there

are formed atoms of kydrogen. IV iz possibie that the
foregoing is accounted for also as & result of the hypo-
thetical reaction C.H + O, = CO + HCO =% 200 + H. In

“the conditions of th@ flam® atoms of hydrogen undoubbed=-

1y yield stoms of OXygen {the resc¢tion H + QQ = OH + 0)
whoge appearance may be relatsd to the resetiocon

CH o+ Qs = BCO + O, Tre probebdility is not excluded of

- the pr%aﬁna@ of still other sctive centers in the flame

(for exemple, the radlcal CHo)a 4
. poncerning the concentrations cf the active cen-

tere mentioned, they may be compubed only very approxi-
nately. Thus, sllowing the invariance aatatﬁioharnogt*)

of tbe redicsl O H and the related disappearance ¢of it
in reaction withToxygen, We Can set down the conditions

By

of the invarisnce in the form of:

]
o

= KDm plp 3
| 22 CLH0,

whare p. 1is the partial pressure of the i-th active cen-
ter 0f the frse atom type (H, 0) or a radicsl (0OH and
others)y Po .t Po.r Po_m gre the partial pressures of
gretylene, @2 2 2% oxygen and the radicals CHj;
%. and k esve the constants in the rates of the corre%w
phrding reactions. In view of the faet that the cons-

@k
. P .
Lo L3P Po w

‘tant may scarcely meke & combritution more than the cong-

tant k., we munt conelude on the basis of the foregoing
equatidn that at nesr p and p. the concentration of
the radicel C.H must be of an U2 order of megnitude
not less than“the concentration of the most abundant
sctive center. such as, 1t appears, is atomic hydrogen |

Cgﬁz
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i (ef hvlﬁw} . 1
We oon wval %@m the @Qﬁﬁﬁ”*xﬁfﬁgg @f the atony

of hydromen and oxygen in the acetyléne flsme sbtarting

from the Kpown cmﬁﬂﬁw”rat;mn of hydvoxyl, which iz un-

deubbedly invarisasnt {stateionarnaya), 28 alsc the cone

centretion of H and G {%} “'ia*iﬂﬁ the sppesrance of

hydroxyl in & resction with these aloms to thet Corres-
. pdﬁﬁ'ng te oEygen and mb@bvihnwg az? the dissppearance
e 0F hydroxyl, i its rea ﬁowﬁﬂ with ecetylene; and so, e
fram the eafﬁitjum ﬁﬁ% e O, we will hH#ve
TdE

kg Py, Py * %o Pou, Po * Fox E‘ﬂyz“é Por *

v Precisely so is the velaving of the formabtion of atoms

of OX?&@ in th reachtion of ﬁ with 0., and the dlsap-
pesrance ig the reaction of O wiib ﬁ,«ﬂ,mxfﬁam the cene-
dition “hw= O, we will oblain Sl

5{?%} -

E_ ¥} N -+t 1‘ PN ) JE .i’t':fm
g Po, Pr 7 %0 Porfo
& MO

and , conseguentliy, :
. T, & ““; - $ P = k@}a °p@?ﬂ? wr Km\;‘zﬁ
. L E ¢ {}}3 * Cﬁ éky p{} @

Ny g 2
o3 au%?iﬂ? 1&QM3 y
?}é }zﬁ 4;: L2 :} ¢
?“ i H :;}r' o i p = A 0‘1“‘1*“' ) 3 ﬁ Wwwmm s
EI U b4 0 ..s} g-%r{ {'} ﬁ
. Of the constante arising in this ratio, unly the

constant k. is known, for which Voevodskiy (6) hes given
the i@llﬁw?ng iﬁ?&diﬁ‘ 18000

m S e AN
&

*yi. * B + §m5/ﬁ@m¢

Setting spprozimstely k. = ¥,n = ki, wbere k. i the COmE-
tant ﬁf the resction OH”+ ﬁa s Hf + Hy 7 ky equals
(4) < _© 100 -

I ,,,g';l R

3
e cn” /see,

Kp‘ E=3 %a‘if‘ ‘A.».. wld
A

?’

k. . 7
| ky = 7710 .
» M g o~ 3 omom 3, < % 2 - G ¥
and sssuming @7 = 2, we will ob%tein for T « 10007 K

0 1 B .

¢

Pp &t Pou ' Fp

o

£




§ In such a way, according to our approximate @va{J
wabion the concentrabion of stemic hydrogen in the acet-

ylene flane must %@ mV gn ordsr o mawﬂ%tni gr’auai
then the o ?ﬁ? ﬁy
tion of g u?mﬂﬁm pioe o3l
neayr the roEyl Vaﬁbwz%%@ : ﬁw g
ghmmﬁ'ab& th» sverage conszntrabion of hvarﬁwa
he acety. 4y flame, &% & pressure of some ten
e i1l imete T & coiumn of mercury corresponds to a -
partial @f uwuré @i the oprder of a hundredth of a milli-
ure

¥ i
'rgs'

FU‘ Ler.

»c% : %u%gw conditions the partial pres
of atonic Ay

15U
ve of the oxder of a tentp? and

of ﬁ,@miﬁ ¢ order of a hundredth of a mile

; ;&er¢ %‘1 : to the foregoing. the parﬁatl DYEE-
L4 muet b? not less than & tenth

8 milgimﬁ : that the partial pressure of

the padical CH. is likely no® Lo exceed tmﬁ partial

pwﬁfﬁﬁ»ﬁ of ThE radical CH.

‘ Wow then, 28 a result of the approximste compu-
tatlon @y the concentrations of the verious radicals in
the aﬁehgi@?@ﬂa@v flame we arrive at the copolusion
that the 1 n et ﬁ&ﬂ@enbrati’ evceeding the CONRGAN~
trations ; maining ¢a¢xv@ cenbers by ten times
"@w@g mast ba that of tav atonic ﬁ?ﬁ?ﬁ&&ﬁ snd the

vedical C.H. Obviously, the neation is only councerned
with the Fecombiration of ?Haﬁ& sobive centers and the
related snitial hesting. Conecerping the abomic hydro-
Tgen, that, & : g uas & p?aba;&%%+y of pecomblin-
Sng on the ZndeCr. Jﬂ cLose to. one %&ﬁh ragard to that
E’l [+
o

-3
L

of the pinatier of the rodi esl G.H, this may be
- founded up cne or snothen aﬁ@umﬁﬁxag @, which however
gre ALffic nai to establish. Thus, it eaﬁ be assuned

to. ” 5 4 £y

chat the cestalviic reccmbinstion of G H is reé 2lated to
the process dw»w.ﬁ C B, + Cs » el e ig nod e%&;uuwd
the possibility“ef a © “oatelftic reaction of Gl i ith

E

wxygen. Both these resetions require the eplitting of
the molecule O.H and hence must e attended with & cer=
a2in ar%;@huamﬁ enecgy. ‘Therefore, bthe probability of
reconbinabion {(or the resotion) of ﬁ E muest QCEM@L
¢ lesy ﬁ%?ﬁ OTe mioch mekes 1t 1ikel® to sscribe a
: the recombinsiion thermel effect
: W o the atomic hydrogen.
Thet 1z the way it muet De in the case when the
m%&ﬁ balance of the LE?E}“%wﬂ thernocouple is deter
wined by the flow of gas. it t%e very baslic r@le in
tuc neat balance is ptavﬁﬂ by the diffusion . (&as appesars
§ ho us wosh Hr@bs%iei then ag a cons equence the rate of |

w? -
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Flguye 2 Figure 3

(Cocrdinates in Figure 2 sre in
& for the abscissa and run the
sape as in Pigure 3.)

aiffusion of the radical C.H must be one order of magni-
tude less than the @iffusibn rate of the atoms of hydro-
gen, end under similar concentrations for both the init~
isl hesting must te dependent mainly on the recombina~
tion of abors of hydrogen. _

. This conclusion ie confirvmed by our messurements
of the'quantity.ﬂ 7 (initizl heating). The results of
these measurements are presented in figures 2, 3 and 4.
In figure 2 the mezsursd values T are shown in depend-
ence on the mixture com;ositien.(@f} gt variocus maxinpum
terperatures (the temperature in the center of the ra-—
otion vessel) and et & nressure p = 7.5 mm Hg. In fig-

“ures % snd 4 the dependence ot AT on & at vgricus Presg=

sures ang two cgnstant vemperatures ¢ = 720°C (figure

z) and t° = 680°C {figvre 2). As is seen from these
figures, the maximum initial heating whiech was obhserved
in the center of the reaction zone ig expressed in sev-
ersl tens of degrees., Arising from this evidence, that
the initial hesating Ao is dependsnt on the recopbine-
tion of the atoms of hydrogen, and taking the condi-
tionsz of the heat balance of the thermocouples in the
acetvlene fisme to bz close to & carbon dioxide flame,
in order to determine the order of magnitude of the
concentration of atomic hydrogen in acetylene-~air flames
we employ the formulsa

Py

. = 0.2510"% 7. fSee Note.7




| From this formvla, at p = 10 muw H@,ﬁﬁﬁgﬁ T is of the T
order of seversl teus of degress (cf figures 1-4), we
obtain for the partisl pressure of atomic hydrogen a
guantity ¢f the order of U.0L ma Hg.

0 {(fRete/ Of our following article. We note that
in the c¢sse of the hydrvupgen flames we found
Al wan ke .
. _ %ﬁmm = 5 7 la,qﬁfﬁ (1.3
. ' % -

. L
of magnitude is obtained in the neasurements of the con-
ecentration of hydroxyl. For figures 4 snd 5 see p 104
v iotually, Avranmsnko (2 obtained the following

o We will ghow thet a gquenitity of that same order

partial pressvres of hydrexyl in an scebylene~slr flame
¢f stoichiometric mixture: '

Py B o ¢ o o e i5 2 . 25

};Olf 3 B & s ¢ o e C.008 0,024 .0, {)‘{§"§
E3 . .

rapelating thaese valves to p = 10 nm, we will

find that p... is of the order of 0.001 mm, thet is, a

magnitude “Mone order less than that caleulated by us
Sfor the partisl pressure of atomle hydrogen, which com-

- pletely asgrees with the csleulstions made garlier by us
for the relative concentrations of ¥ and CH.

: The known gualitstive basis fopr the correctness
of our conclusion lies in the fact that the initlial heab-
ing T is basically dependent on the recombination of
the atoms of hydrogen, which can be seen also from the
following fact. As follows from the foregoing sbove
(page P64) the relaticn betwesn the partial pressures of
etomic hydrogen and hydroxyl in an scetylene is spLroXe
inately

g -~ Pop -
. , e as ... Pom .
Therefore, the slope of the guantity - with must
be similer to the slope of the quantity p,. Fiotting
the messurements of Ayrsmenko (2), at varitus pressures
end compositions of the acetylene-sir mixture ( ), for
the value of the coefficient of the absorption of hy-
aroxyl g2 , divided by &7 (in srditrary units), which
coefficient values are approximately proportional to the
| aversge valués of pGH:CI, we gxtually obtain curves N

s

- 9 .
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| (figure %), similar tc the curves we obtained as shgwn“7
ir figures 3 end 4. A significantly sharper form of
¥he mewimum of the curves in figure 5 is undoubtedly
sscribeble to higher pressures 20, %0 and 40 mm Hg) snd
temperatures. . Howaver, the guantitative comparison of
the data in figures 5, % and & is of no avail, 8incée in
the experiments of tyranenko the temperature of the
fleme was not measured. - '

s  In conclusion we present certain facts relating -—
to the anslysis of the products of the combustion of
acetyviene under the conditions of ‘cur experiments (low
prespures and temperatures) . The vesk, and sosrcely
perceptible odoxr (at of »1) which is gpparent upon the
gvaporation of the resction products that are frozen out
by means of liquid sir indicates that if substances of
the type of aldehydes end acids are also formed in the
asebylene flame; then sheir quantities must be relative-
1y pegligibly swell. Fronm thisg it follows that the maln
sutstances condensing in the trap at the temperature of
1ignid sir and at a pressure nob exceeding ten millime-
rers of mercury must be carbon dioxide ard water, and
also uwnoonsuned acetylene. A rough approximate analy-
sis of the condensabe for these substances was conduc t-
ed in the following menner. After freezing them oul in
the cource of a cerbain time t the combustion ceased,
woe pumped free of uncondensed gasy the liguid alr was
removed, after which the condensed gubstances avgworated

into & certain constent volums (egusl to 6025 cm?) .
The pressure of these substances was meaeured with the
254 of a U-shaped mancmetver filled with pareffin oil at
every five seconds, and a curve was constructed of the.
inereasse in preesurs, messured this way, with times The
presence of three plateeus iy the curve of such & type
indieate that three gases enter into the condensate Com~
oeition. First there svaporates acetylene, ohviously,
é;lth@ course of the first 1-1.5 minutes after the re-
moval of the liquid air} in the course of the next 1-2
mirutes carbon dioxide evaporates and finelly, after &
prolonged delay of several minubes -- water. The height
¢f the three pletesus yields in this way, Pe g v Po gt
Doy B0E Propy  + Ppp  + Py g » frOR which “2°2 272
{if{:g . z:! EH ? C’O 2 E?G

we find the partial pressures. of;cggg, Co, and Hgﬁ in
_ : mnd

the volume V (p.). From the value® ~of p. fo in
this way it 1s ot Gifficult to.f%md the vﬁlﬁmea'vj o=
e Y1 # I s ey o,
| cording to the formula o ?{ d |
— o 7608 3 o
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Jﬁ& u@um ena e

* LB 88 Ve and Vo from the e
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N [t
: SR E Yo m t Vet Ve
£ & &
which arises from the ﬁat“ n and hydrogen balances in
the g we find the volumes v, aod v,
) H:‘.:J
* Yoo T {v‘éﬁg - vii:;:}ig} " Yoo,
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concentration of hydrogen in the flame (under the condi- |
tiong of the experiments under consideration) must be
relatively small.

CONCLUSION

The metnod of the thermcelectric probe is applied
to the study of rarified acetylene-gir flames, dburning
at pressures up to ten mm Hyg and et temperatures near
-1000” X, snd at veriocus mixture compositions. There are
presented considerations which permit the observed addi-
tional initizl heating of the thermocouple costed with
In0+Craly to be pseribed Lo the catalybtic recombinstion
of atoﬁié nyvdrogen. The detérmined concentration of the
atomic hydrogen thusly established in the flame is of
an order of magnitude which coincides with that calcule
ated from the known concentration of hydroxyl.  In sbsgl-
ute value, at a pressure of 10 mu Hg and at a tepperature
of 10002 K, the partial pressure of atomic hydrogen in
the center of the combustion zone is of the order of a
hundredth of & millimeter. ' '
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