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The pyrolysis of iso-butane has been investigated at temperatures between 480 and 560 °C
and at initial pressures of 30—300 torr. Particular attention was paid to the nature of the secondary
reactions. On the ‘basis of our analytlcal results it has been concluded that a) at the later stages
of the reaction the géneration of iso-propyl radicals must occur in some other step beside the pri-
mary one, b) the only possible source of ethane is the formation from ethylene.

Introduction

A considerable amount of work has been done recently on the pyrolysis of iso-
butane, but certain features of the reaction are still not quite clear and there is some
contradiction among the experimental data given by various authors. The main
features of the results reported so far concernmg thls reaction may be summarrzed ,

" - as follows.

The reaction was found to be homogeneous and the main dlrectlons of the
overall decomposition were described by the equations:

"C4H1o""C4Hs+H2 » o ' (a) o
i-C,H~C;Hg+CH, (b) -

Step (a) is considered to be more important in the early stages of the reaction,
however, an increase in either the temperature, the pressure or the conversron
favours step (b) [1}.

It has been established that the decomposition proceeds only through radrcal
chains; hydrogen atoms and methyl radicals are postulated to be the chain carriers [2].

The kinetics of the reaction was found to be of first order [3], however, the rate
constants decreased with increasing conversion {4], which was attributed to the
“inhibiting effect of the olefins formed in the reaction.

According to STEPUKHOVICH et al. [5)], there are three main. drrectlons of the -
reaction :

o ’7——>H2 +I C4H8
i-C4Hy -——»CH., + C;Hg
, *—’Cz He+CH,

(the figures over the arrows indicate the relative lmportance ‘of the steps). The
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distribution of the products of the thermal decomposition of iso-butane changes with
- changing temperature at a given conversion. The decrease observed in the yield
of hydrogen with increasing temperature is somewhat unexpected on the basis of
the RICE mechanism; it can be interpreted, however, by the isomerisation of the
tertiary-butyl radicals into iso-butyl ones [5].

(CHy)sC +i-C4Hyp~ (CH,), CHCH, +i-C, Hy

A detailed analysis of the products at higher temperatures and at later stages
of the decomposition shows a sharp increase and decrease in the yield of products
with lower and higher molecular weight, respectively [6].

Fusy, MARTIN, DziERZYNSKY and NICLAUSE [7] investigated the eﬁ"ect of change
in the S/V ratio and the effect of modification of the surface with KCl or PbO.
The increase in the S/V ratio and the coating of the Pyrex surface of the reaction
vessel were both found to inhibit the reaction. The inhibiting effect was considered
to be the consequence of a héterogeneous termination step of the chain carrier hydro-
‘gen atoms.

Studying the reaction, KoNaR, PURNELL, and QUINN found that the changes
in the distribution of the major products — also observed by STEPUKOVICH at the
later stages of the reaction — occur also at the very early stages. As an interpretetion
of this phenomenon, they concluded that steps

H +(CH,),C = CH, — (CH,),C
(CH3)3 C + i'C4 HIO - (CH3)2 CHCH2 + i'C4 H].O

also play an important role in the reaction.

Recent investigations by KONAR, PURNELL and QUINN [8], and by KONAR,
MARSHALL and PURNELL [9] gave an excellent interpretation for the reaction at
low conversion. The concentrations of the products formed only in non-chain
steps were measured, and the rate determined on this basis proved to be identical
with that of initiation. They concluded that the iso-propyl radical produced in the
initial step forms an activated complex with an iso-butane molecule. -

CH, | ' o .
CH3 . CH CH3 o / \\\ . / |
N - - N CH
CHa—CH CH2 —_ CH3* C\ ,
/ AN -/ ~, ,CHz
CH3 . . H . CH 3 S . ///
H .
The decomposition of th1s complex leads to the following spec1es
a) . n’Ca H7 + I= C4 HID
b) N : . C3 HS + (CH3)3
C) ' i'C3H7 + i'C4H10.

"The rate constants of the above steps were also determined.
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The mechanism of the decomposition at the early stages of the reaction can be
well interpreted on the basis of the results of PURNELL et al. However, in order to
clear up the mechanism at the later stages it seemed worth while to carry out experi-
ments to obtain additional data concernmg the nature of the secondary reactions,
the route of the formation of some minor products, the effect of surface and dlfferent
addmves on the distribution of products.

Expertmental

The experlments were carrled outin a cofiventional statlc system. Two supremax
reaction vessels were used, both of 250 ml capacity; an unfilled one and. one
" packed with an S/V ratio of 1,3 cm~1and 12 cm ™1, respectively. The reaction vessel
was .inserted in a metal block the temperature of which was electrically controlled
to within -+ 0,2°C. The reproducibility of the absolute value of the temperature was
within +1°C. Routine runs were carried out in a reaction. vessel, conditioned by
heating 200 torr of iso-butane at 600°C for 24 hours. After this pre-treatment there
was no more decrease to be observed in the initial rate. Prior to conditioning, the
vessels were washed with concentrated nitric acid followed by rinsing with distilled
water. A Pyrex pressure gauge was used to follow pressure changes. ’

-The iso-butane used was 99,5 per cent pure. It was further purified by bulb-to
bulb distillations until traces of other components were no longer detectable gas-
chomatographically.

The analyses were carried out on a Carlo Erba Fractovap Model C gas-chroma-
tograph supplied with thermistor sensing elements. Two columns were used; one
for the analysis of ethane, ethylene, propane, propylene, iso-butane, iso-‘butene, and
one for the separation of hydrogen and methane. Helium (2,6 1/hr) was used as
carrier gas for the analysis of hydrocarbons on a 2,5 m long column filled with acti-'
vated alumina (60—80 mesh), and ‘argon (I,81/hr) for the analysis of hydrogen
and methane on a 1,60 m column filled with molecular sieve 5A (40—80 mesh).
Both columns were of 5 mm internal diameter.

In order to avoid the disturbing effect of the dead volume of the short tube
connecting the reaction vessel to the sampling valve, a preliminary expansion of the
reaction products into the evacuated sampling valve was performed 20 seconds
before taking samples for analysis. Thus, the composition of the gas.in the connecting
tubing was almost the same as in the reaction vessel. Two samples of the same
volume were taken in each case and were analyzed.

Results and Discussion

The pyrolysis of iso-butane was studied in the. temperature range between
480 and 560°C and at pressures between 30 and 300 torr. In agreement with the
data found in the literature, the increase in pressure proved to be suitable for fol-
Jlowing  the decrease in the pressure of iso-butane at low conversions. However,
at higher conversions this. was no longer applicable. Therefore the pressure of i iso-
butane "had to be measured by a gas-chromatograph.

The values obtained from pressure-change measurements were used only for.
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determmmg initial rates, which were utilized only for calculating the rate constants
and the order of the reaction.

Owing to the self-inhibiting effect of the products, the first order rate constants
diminish with time. For the calculation of the rate constants the introduction of
other formulae has not proved to be successful either.

The value of the overall order with respect to the initial pressure of iso-butane
varies between 0,8—1,5 as the temperature increase.

It seems obvious that the determination of the initial rates on the basis of
pressure measurements at temperatures of about 550°C and above is somewhat
in error owing to the inhibiting effect of olefins formed during the period of ad-
mission of the iso-butane into the reaction vessel. Accordingly, at 4P =0, the gas
in the reaction vessel contains different quantities of inhibiting products and the
rates of the reactions meéasured are those of differently influenced reactions even if
the time period of admission is strictly the same. This effect is only partly compensated
by the diminishing efficiency of the inhibitors with increasing temperature. Hence,
the data obtained at lower temperatures are more reliable. These observations may
even be genaralized for all reactions in which inhibiting products are formed. In
these cases the initial rate determined on the basns of pressure measurements is
always in error.

In order to eliminate the error caused by the above phenomenon the concentra-
tions of hydrogen and methane were measured at different times in the conversion
range of 0—3 per cent. From the data so obtained, the initial rates of the formation
of these products were determined and the sum of Wg y, and Wo oy, were taken
as the initial rate of the disappearance of iso-butane.. The rate determmed this way
is much less influenced by the mentioned effect.

The dependence of the rate on temperature has been determined in the range
520°C—560°C, and, on the basis of the results, the overall activation energy was
* found to be 65,212,6 kcal/mole at an initial pressure of 200 torr of iso-butane.
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Fig. 1. Partial pressure of ethane (O) and ethylene (o) against time
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The products of the reaction found by gas-chromatographic analysis carried
out on samples taken at the later stages of the reaction are: hydrogen, methane, .
ethane, ethylene, propane, propylene, and iso-butene, in-agreement with the data
to be found in the literature: The partial pressures of all products were measured.
In Fig. 1 and Fig. 2 the partial pressures of some products are plotted agamst time
(T =560°C, P,=200 torr) :

Rore|
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Fig. 2. Partial pressure of -prop&lene (lj) and iso-butene (o) against time

As can be seen from Fig. 1, an induction period is to be observed in the form-
ation of ethane but not in_ the case of ethylene. The pressures of propylene and iso-
butane change according to maximum.curves (Fig. 2), in agreement with EGLOFF '
and THOMAS® ineasurements.

The mechanism postulated by STEPUKHOVICH et al. requires that the yield of.
ethane and ethylene should be the same and independent of the conversion. In our
experiments, however, it was found that the yield of ethane in the early stages of -
the reaction is far below that of ethylene as can be seen in the subsequent Fig. 3.
This is in good agreement with the results of Fusy et. a/[7] and those of KONAR,
PURNELL and QUINN [10]. From Fig. 3.it can also be seen. that the yield of ethane
sharply increases with increasing conversion. This fact clearly shows that the two
products cannot be formed in the same step, and suggests that ethane is produced,

" in some. way, from ethylene. Another source of ethane and ethylene may be the
decomposition of propy]ene which is known to produce them in considerable
amounts.

A sharp_increase in ‘the productlon of propane with increasing conversion
(Fig. 4) shows that, except at the very early stages of the reaction, another source
of the iso-propyl radicals must be taken into consideration besides the initiation step.

If the production of propane takes place via another path than the initial step,
the calculation of the chain-length on the basis of propane concentration at greater
conversions is erroneous. _
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The yield of hydrogen decreases with increasing conversion. The hydrogen/
methane ratio shows a sharp decrease as can be seen from the diagram in Fig. 5.
- This clearly shows that RICE’s mechanism is not satisfactory for the interpreta-
tion of the reaction. To account for this experimental fact, STEPUKHOVICH [l1],
KoNAR, PURNELL and QUINN [10] postulated the addition of hydrogen atoms to

Fiorr‘ _
151 -

10

0 20 40 60 Conversion %

Fig, 3. Plot of the partial pressure of ethylene and ethane agamst
conversion (T=520°C, P,=200 torr)
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Fig. 4. Plot of the partial préssure of propane against conversion
(T=520°C, P,=200 torr)
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Fig. 5. PHy/PCH, ratio against conversion

1sobutylene formed in the decomposmon and the isomerization of the temary butyl

radicals into iso-butyl ones.
In order to obtain a more precise picture of the route of the production of

~ ethane and excess propane, it seems worth while and, in fact, necessary to carry -
out further investigations on the ‘reaction in the presence of added unsaturated

products of the reaction.
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TEPMWYECKOE PA3JIOXKEHUE M30-BYTAHA. I
JI. Hlepeu, . Mapma, A. Kuuuu -

H3yyanoch TepMMYECKOe pa3sjioxeHHe H300yTaHa B MHTepBajie TemmepaTypel 480—560 °C
1 napnenus 30—300 mm. pT. cT. OcobeHHOE BHUMAHKE YALTICHO K H3YUEHHIO XapaKTepa BTOPOUHBIX |
peaxuuit. Ha OCHOBe HamIMX aHAJTUTHYECKHX AAHHBIX OBLIO 3aKITFOYEHO; a) opH rny6okoM pas-
JIOXCHHM 3aPOXKACHUC U30-ITPOIMUIIBHBIX panblxanos AOJDKHO TIPOUCXOOUTE KpOMe HHALUWHAPOBAHHSA
IO KakoMy-TO ApPYroMy MyTH, 6) CHHHCTBEHHLIM B03MO)KHI>IM HCTOYHHKOM 3TaHa SBIAETCH ero

BO3HHKHOBCHP[C W3 3THIICHA.



