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.Investigating the irfliuence of acditives on the ion
velocity and other flawe chearacteristics of lzpite s

we tested several substances w.iich showed very rroacunced
effects on the tropagation velocity. One of these w-.s Ee(CU)S.
In the course of our investigeticns of resction reie in low-
pressurec flames we tried to find the moane of meticn of Fe(uu)s

in hydroczrbon-air and hydrocearbcn-oxysgen flaces. To this rur-
pose the pressure derenaence ol tie infliuence of Fe(CQ)5 was

first investigated., In fig. 1 the burning speeds ( -) of methane
oXygen mixtures zre shown as function of ccmposition.“Contrzry to
oiher observztions (including our own with carbon-monoxide in
nixtures with oxygen) but in agreement with our measurements with
02H4 and CZHG the burning sreed is practiczlily indevendent of

pressure (near the value of maximum flame velocity) down to pres-
sures of about 1 at. Below 0.1 2t. the flzpe speed st:rts to

increuase with decreasing vressure.
Pig. 2 gives tue influence of iron pentacarbonyl on ti:e buvening
speed of the stoichiometric CH4-02 mixtures at the corresronding

pressures. (The Fe(CO)5 concentration is givern in volume rercent

of tie whole mixture). Small inhibitor ccncentrztions huve 2
distinct, but not strong influence. The influence decreaseswith
decrezsing rressure (the Fe(CO)5 concentration is vroportior:1

with pressure). In methane-azir mixtures (fig. 3) (2s well as  in
other hy«rocarbon-air mixtures) the infiuence of Fe(CO). is mucn
more rronounced. 0.01 % of Fe(CO). causes z decrease insburning
speed by 25 % at atmospi:eric rresgure. If one comrares tae in-
fluence of Fe(CO)S'not in voluze wnercent of tue total mixture

but in volume percent of the fuel it still remeins three tizes
zore zctive in mixtures with air tren in those with oXvzen. As
in Ch4-oxygen oixtures the szdéditive becomes less active with

decreasing pressure. Tais still holds if tiic a2bsolute Fe(’JO)5

concentr.tion in molecules per cm3 rerzins the szre, For com-
rerison rig. 4 shows tie infliuence oi zdded brumire unu ircn
rentacuroonyl on.the ourning s-eeds cf nrcro.en-zir (37% Hé)
ena stoichioczeiric n-nex=zne sir, for nirrer ~ercernt
added drcemine and czlorine, as wes to ve exrecszu,

ez of

e influ-

erce of drerine is strun-er thun ticot of cilorive, und,lezs
eﬁ§}ly exrected, tenzene iz more suscertinle 40 the sl
~&Gltlves i.sn hexarne, The effectiveresz of Fe{.u). irn ev:
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Though the influence of Pe(CU). markeélvy decrezses with de—
crersing precsure the investizztion ¢f the zction of t'iis
zdditive cn low-vressure flat flasres seerecd to be useful for

- learning something about the srecific uction c¢if the inhibitor

on the cherical reaction, The following results may¥ be cun-.
sidered zs rreliminary ones. o . ) o )
CH4-air flurmes were invesztizs-ted in some detuil wita u2nd with-

out additives. The flames were kert burning on flzt-flune
burners with 12 and 20 cms. diameter, mostly «t 60U mm Hg pres-
sure. Temreratures vere mezsured by several inderendent met..ods:
surfzce protected plictinum-pletinum-rhodiuvm tihiermocous:les with
cumnensation for rediation losses, rotational temreratures of
OF-bznds end occrsionzlly line reverszl temperztures.

In tfig. (6) the flame temneratures (tiaermocourie) is plotted
versug distence above burner.(centimeters) for tiiree dirferent
mixtures (1.4 CH4+1O air, CH4+1O air,. 0.9 CH4+1O air) burning

at 60 om Hg with 2 burning speed v, = 0.33 m/sec without zadi-

tive., Fleme temperature and burning speed under tihiese cirFcum-
stances, 0of course, devend on the flow conditions chosen. For
comparison some rotational temperature values deterrnined from
the ubsorction srvectrum cf UH cre rtlotted in tie szme cvurves.

With =2dded Fe(CO)s, 0.001 % by volume in the mixture, the ther-

mocourle mezsurements are no lonzer reli.ble, due to iron oxice
derosit. This chanses redistion losses, ané, in addition, mav
give rise to heterogenecus recctions. From former invectig:itions
there is no doubt, trhat OF rzeiczls pley an important role in
the vropagetion of all fiames of aydrosen contsirin: ccmpounds.
In Pig. 8 OH-concentretion and temmer=zture for the stoiciiome -
ric CH4—air flame ure rlotted as function of diztcnce fror the

burner. The cdecrezse of OE concentrztion in ti:e "burned" gzs is
mainly dre to diffvsion losses. In fig. 9 the decrecse of OH
zbsorntion (as mezsure for concenir~stion, but not corrected

for finite optical thickness) in the zurned szzses is rlotted

for the pure mixture of mei:nene with zir, for 0.001 % Pe(uv)
and 0.005 % Fe(CU)5 zdded to tiie mizture., The concerirstion

decrease ~f Ci itself wiulc be sourmewiizt steener, Tre initisl
incre-se in OH concentr..tion =nd iis rmexirum value nre “nrdlv
infiuencea oy =zdded Fe(Cu)s. Only the cosition wiere CH wosorn-
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tion incre:ses i: zzniited away from tl.e nurrer

; incrianing
Fe(CU)Sconcentrution, znd tne flzres beccre less . If
o%e rlots tre logarithm of ti:e O concentrstion in 12 zore of
ne:rly zenstunt temversiure, for fizsres itk Fe(CU). ended, =co

function ol ti.e neiz=nt
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Por vers lor Fe{C0). concentr:stions the rate Is provortionszl
_to the Fe(CO)5 concentr-.tion, while for increzsing Ee(CG)5
concentruticn its relztive influence seexcs to decrease.

From tre exterimental results obtained till now we cznnot de-
cide whether the recombination rezctican ol OH is homogeneous
or heterogeneous, but it seems thet at relztively nizh Fe(CO)5

concentrations a heterogeneous decay rezctiomn is dcocminznt while

at very low concentrations a homogeneous reaction may become
importznt. In orkr to acnieve further inform:tion, spectrzs of

the flanes were t-len. (The middle of tie flame was focused on

the slit of the spectroscope). No. 1, in fig. 10 shows the emis—
sion of a stoichiometric CH,-zir flame at 60 mm Hg around the
maximum of OH emission (0.1%- 0.9 cms. above tie burner). No. 2
shows the emission of the s2me flame at 2.6 to 3.4 cms. above the
burner, The Nos. 3-6 show emission srectrza of the same flame, but
with 0.009 % Fe(CO)5 added, No. 3 revresents the zone 0.1-0.9 cms,

above the burner (two different exvosure tirces).The exposure time
of zll s-ectrz was ideutical, while in No. 4, 5, 6 the weaker
gpectra correspond to 1/15th of the normal exposure time. In the .
flames with PFe CO)5 iron lines and the emission of FeO is seen,

but there is no pronounced continuous emission. In the following
pictures the emission of diiferent particles meazsured by 2 high
resolution monochiromator are pnlotted as function of the height
above the burner. (fig. 11, 12, 14) As in other cases maximum
enission of OH, maximum concen*ration of OH as well as maxirum
emission of 02 egnd CH do not coincide at all. The emission

maximum of OH mey be linked to a maxirum of reaction rate as the
emission maxima of 02, Ci Pe and the first meximum of FeO, A

mezasure for the concentration of irop atoms is given by fig. 14
where the absorption of the 3659,91 § iron line is plotted for
different Fe(CO). concentrztions, (see Fig. 13). While in the
flare zone the eaissioﬂ of OH, C2, CH and Fe has a pronounced

maximum and then decreases very rapidly, the emission of FeO
shows a different behavior. It has 2 second maximum 2bout 3 cms
above the burner, in a zone, where O concentration and Fe eb-
sorrtion decresse rapidly. Then the intensity decrezses in a
zone wnere the tecperzture is still high. PFe,of ccurse, forms
soliq verticles in the f::=e, but the decresse in r=diztion in-
tensity dues not seem to be connected with the deciy of FeO con-
centration but the second emission cexirum of FeO, as well as ihe
first one, seers to ve dLe to chenmiiuxzinescence, to the deczy of
radicsls in that zone. i

S ~ < N . - o -
Ihe results, rerorted, ccncerning the investizciion of tne in-

STl

fluence of Fe(CO)5 (znd othner zdditives) cn tie rezction in iow
pressure ﬁ;anes were c:zde to obtain first impression of the zc-
wﬁlon_of tiuls very <ctive irnhibitor on the chericzl re-ciion.
the investigations are stiil in orogress.
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Fig.1 Influence of

‘mixture composition

and pressure on the
flame velocity of
CH4-02-f1ames.
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Fig.2 Influence of Fig.3? Influence of
Fe(CO)5 and pressure Fe(CO)5 and pressure
on flame velocity of on the flame velocity
stoich.'CH4—02- of stoich. CH4-air—
flames. . flames.
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» sy \ ' Fig.4 Influence of Br, and
: Feicoy Fe(CO). on the flame velocity.
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Fig.S5 Influence of Br, and Cl,
on the.flame velocity.
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Fig. 6 Temperature in
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Pig. 8 Temperature and
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Pig. 7a, 7b -Influence of Fe(CO)5
" on CH4-air—flames
I. Comparison of temperatures.

Fig. 9. Influence of Fe(CO)5 on
034-air-flames.
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