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Carbony! Formation from Iscoctane Combustion
in an Internal Combustion Engine

ROBERTF. HILL
Research Laboratories, General Motors Corporation, Warren, Michigan 4309¢

S. 8. PENNER
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Experimental measuremients of reaction interme-
diates formed in hydrocarbon oxidation have been
performed in faboratory i1, 2] and engine studies
i3, 4]. In particular, labeled 2-methylpentane has

been used to study ihe {ormation and origin of

ketones [S]. Mayer and Krausz [6] conducted
experiments with carbon-t4 labeled isooctane ina
single-cylinder engine.’ In this paper we correlate
carbon atoms in the fuel molecale with carbonyl
compounds separated from the exhaust gas. The
“tendency” for carbon-carbon bond rupture and a
“measure” of the prcbability of carbonyl-
compound formation are derived.

Isvoctane 5-CY and 4-C' were used [6]. The
carbon skefeio {s shown balow,

(‘l CS

The eooctane was fed directly into the intake
punifold of @ $nglecylinder engine. The carbonyl
compounds in the exhaust gas were extracted with

' This seport may be obtuined through a request to the
General Motors Rescarch Laboratories. Warsen, Michi-
gan 48096,

cold 2 4-dinitrophenylhydrazine. The resulting
hydrazone derivatives were dissolved and sepatated
by paper chromatography. measured by spectrs.
photemetry, and analyzed for carbon 4 coment
by liquidscintillation spectrometry. Six cxjper
ments were performed {three with 5 and theee
with 4-C*). Approximately S5 liters of exbutist
gas were processed in zach fest. The carbonyl
compounds averaged 8.4 x 1077 malefliter uf e
haust gas, which is equivalent to about 37 ppne,

The following carbonyl compounds were idanti-
fied: formaldehyde (group 1 ;. scetaldehyde (geoup
2V, and acetone {group 3) separated as individus
compnunds; propionaldehyde and acrolei fuioup
4} were separated together; the four cwrbon<ham
compounds also separated as a growp and cope
tained the butyraldchyde isomers and crotus.
aldehyde (group 5). A small quantity of six and
seven-membered ketoaes was also collected (proup
6). The results are listed in Tabie |,

in the following sclieme of data inlerpretativn,
we describe the obssrvational data by a procedure
that cannot answer tae question of locstion of
initial attack but rather shows the final effects of
hydrogen abstraction, oxidation and bond miplurg
on the resulting collection of decomposition frag
ments.

Let T, equal the teadency for the catbon bond
C;~C;- to break during an event and fet By
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TABLE |
Specific Activity of Carbonyt Compounds
Formed in a Firad Engine &)

Specific activity,  aUiimele
Group  Concontrations Z.carbon F-carbon
ok mole % gl tagpeed
1 [ R M3 Ml
2 54 4.4 1510
K 59 188 487
4 56 &0 134.0
5 17.7 AR [RRRY
6 o 12350 1834

1000

represent a measure of the fact that the resulting
struclures were oxidized to the carbonyl com-
pounds of group &, The activity of the carbonyl
compounds of group 47 containing labeled-
cavbon atom 7 is defined as p4; = 2S:Me.
where S; equals the specifie activity of “&™
associated with carhon atom "1™ and M, equals the
nole fraction of =4 formed. Setting the measured
activity of the carbonyl compoinuds in g specitied
group eguatb to the sum of the products of the
tendencies {T;;°) and mensures (Ry) that may leud
te their Tornmtion from soovtane wesuits in the set
of cquations listed tn Table 2. The numcrical
values refer W measiercd amounts and the sub-
seripts &7 correspond to the group indives of
Table 1.

TABLE 2
Formation of Carbonyi Compownds w Groap 47
with Carbon Atoms 3 apd 8

Ay = 135 = T R,

yd, = 132 = T, R

2y = 27 = TLT R,

WAy 7 R3 s QT T, TLTLOR,

gl = 17 s aF,, » F T, YR, 14t
g = 28 el o+ X s L TLOR, im
ol ® 38 = F, o+ T TR,

Ay B TS =l 2 20,0, r LT OR,

g 13.) =47, + ¥, T, v R,

Ay = 200 =T, o+ I PO,

ol = BT = 3T F, + ATE R,

wly = 26 = (0, % BT, RTRR,
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Referonce to Table 2 shows that we have a
systemt of 12 equations in 10 unknowns (R,
threugh Re and T, Ty Ty and Tag ). Solutions
to this overdetermined set are listed in Table 3; the
duplicate entries for R, refer to the use of the
relations identified as (2) and (b), respectively, in
Tuabie 2. Porhaps the varintion in Ry from 0,67 to
.83 is observed bockuse ueetone formation occurs
nof ouly as the result of siple bond rupture and
oxidation, as assumedd in our model, but also as the
result of synthesis from smaller fragments: in any
event, the observed variation is withia the experi-
mental limits of error.

The tendency for the carbon bond C,-C; to
rupiure more readily than C5-Cy (1.222nd 099,
espectively) is a result of the observed formation
of large concentrations of the butyrldehydes
shown by the value 17.7 for the compounds in
group 5 {Tahle 1), More generally. the data livted
in Table 3 provide relative estimates for the
tendencies for bond rupture (Tag/T1a v L Taf
Ty 083, TasiTia v 0.72) during isooctane
combustion in an engine. This teadeney for bond
e varies by a factor of |4 which is in peneral
agieetwent  with  Pauling’s  datz on bond-
txsoviation energies in pelyatomic molecules [ 7).
The measute of carbonviwompound formation
qatted by a factor of 78 with formaldehyde being
the most cbundant. Relative measures aay be
interpreted as indicated ease of aldehyde or ketone
formution for the carbonchain  fragments
{R;fR| QR R_‘,-;R‘ e GO, R,;I'R| l’\"010.
Re/By o~ 07, RyIR, ~ 001, I we assume
formation of negligibly snull amounts of acrolein
aunpared with propionaldehyde. we must cen-
clude that aidehyde fommation ior the three-

TABLYL 2
Vit of £ and Ry that Satay the
Fayuptiom n Fable 2

T, = 1.2 R, = 180
Tt 122 R, = 318
Fi = 099 R, = 0NnG?
Fooo® 66 R, = 172

R, 181

S 323




BRIEF COMMUNICATIONS

carbon chain is about twice as likely to occur as
keione formation, a not unreasonzble conclusion
for the extreme conditions in engine combustion
since there are two end carbon stoms that can
result in aldehyde formation while only the middle
carboa atom can contribute to ketane formation.
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MEETING REPORT

Fourteenth Symposium (International) on Combustion

The Fourteenth Symposium (International) on
Combustion was held August 20-24, 1972, on the
campus of The Pennsylvania State University,
University Park, Pa. Final registration totals in-
cluded 781 registrants from 23 countrics, pius
222 wives and children. The technical program
included the plenary lecture by Professor Hoyt C.
Hottel of M.L.T. on “Combustion and Energy for
the Future™ and 27 sessions of technical papers
that included 12 invied reviews and 121 con-
tributed papers. Four colloquia were organized for
the meeting: “Elementary Reactions in Combus-
tion™ (3 papersy, “Flames in Furnaces and
Combusteis™ (11 papers), “Poilutant Formation
and Destruction in Flames™ (27 papers), and “Fire
and Explosion™ (21 papers). Other sessions were
held on Laminar Flames, Oxidation and Ignition,
Qscillatory Combustion, Turbulent and Supersonic
Combustion, Detonations. Propeliant Research,
and Heterogeneous Combustion. Tapers were gen-
eralh cwcellent and a great deal of lively and

fruitful discussion took place at sessions thinugh
out the week. The full proceeding wili be pub-
lished by the Combustion Institute dunmg 1973
Orders can be placed by writing o the Execnivs
Secretary, Mrs. Helen G. Bames, The Combustion
Institute, Upjon Trust Building. Pitsshurgh, Pa
15219,

Nontechnical activitic: associated with the niret
ing included tours of the Central Peansylvinm
countryside for overseas visitors on August 17, g
welcoming reception on the Jth. a string geated
concert on the 21st, a theater party on the 2, &
picnic and eave trip on the 23rd, and the lostitie
Banquet on the 24th. An extensive Ladies Prv
gram included a variety of expeditions. apeeigl
programs, teas, and luncheons.

At the Banquet, Combustion Institute awards
were presented as follows:

The Sir Alfred Edgerton Medal “for distip
guished continuing and encouraging contribistions
to the feld of combustion™ tu i, Willh




