CARBON FORMATION DURING PYROLYSIS
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Recent interest has been focused on the con-
ersion of heavy hydrocarbons to more amenable
feedstocks, by using reactions such as hydrogasi-
“ication (1), the pyrolysis of hydrocarbons in
the presence of hydrogen. Although such reactiors
nay be industrially feasible, they tend to lose
efficiency as a result of carbon formation on the
reactor walls. The present studies Were designed
to investigate this phenomenon in the context of
nydrogasification of butane.

Experiments were carried out with a flow
system involving a tubular reactor in which metal,
Tiners could be placed. A sample of copper (an
‘nert metal) was hung in the reactor from one arm
of a C.I. Mark 2B microbalance. A continuous
record of carbon formation on the copper was ob-
zained, and the exit gases and liquids were ana-
Tysed gas chromatographically.

As shown in figure 1, variation of the metal
Tiner had a significant effect on carbon for-
nation on copper, inferring that the metal liner
affected the composition of the gases responsible
for carbon formation on copper. In general car-
son formation involved an induction preiod,
followed eventually by a reproducible rate of
geposition (figure 1). The variation of gaseous,
iiquid and solid products was studied as a
function of operating variables. Typical plots
of yields vs. residence time are shown in
figures 2 and 3.
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Figure 1. Carbon deposition vs

metal liner

Butane: 800 °C

The presence of the induction period supported
the concept of carbon formation involving inter-
mediates such as polycyclic aromatics (2).
Assuming a simple first order reaction

aRH > 1 ]

the integrated kinetic expression would be

and
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[1] = aIRHOI(]-e ) a

where t is the residence time.

If the intermediate adsorbs and dehydrogenates
1‘+s‘;Is+H2 2

and this reacts to give carbon

IS » carbon + S 3
Then the sequence of reactions can be shown to
predict the kinetics, at the steady state:
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(1+ EEWI|+ _EE|H2|)

This equation may be tested against experi-
mental results. Thus, for example, if |RH_|,
v and T are held constant, the variation of
carbon deposition with hydrogen can be expected
to be
6= A+ Aglhy] c
Experimental regq]ts agreed with this prediction
for_ A, = 500 mg em-2min, A, = 62.5 mole nercent”
mg‘1c ~Zmin. Similarly, thé variation of carbon
deposition with butane concentration should take
the form

dt
[RH,| ¢ = Ag+h,IRH, | d

Again experimental resY1t§ agr?ed with this
predicti?n for A3 = 200 Tg cmémin™ ', Ay = 500 mg1
cm=2min~! mole fraction™! for |RHy| expressed as
mole fraction of butane in the feed.

When considering relatively short residence
times, equation a can be.expanded in a Taylor
series to give, considering only the first
power.

1] = u[RHolk]T e

Substitution in equation b for constant inlet
compositions and temperature gives

T‘(aj%'=A5+A6T f

Application to results such as those summarised
in figures 2 and 3 gives good agreement except
at Tow temperatures and ve{y Tow residence times.
At ?oo°c, Ag = 200 sec mg™' min cm® and Ag = 50
mg~! min cm®,
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Figure 2. Effect of residence time on
gas phase products
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Fig. 3. Effect of residence time on the
formation of aromatics and
carbon. T = 800°C
50% Butane: 50% Hydrogen
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Substitution of equation f in equation b gives

_ kgkokqa|RH o .
(1+ ) Ky RH_| o+ 5:31H|> .
Ky 1R IT ky e
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which predicts a complicated dependence of rate
upon temperature. However, if the rate of
carbon formation is compared in the presence
and absence of hydrogen at differing tempera-
tures, this equation can be reaaranged to give

A (ZE3+E2+E]-E2) "
2 ox RT 20 h
A3A2A] P o RHO T

where Ai is the pre-exponential factor of
reaction i.

Experimental runs were carried out to study
this prediction, which was found to hold over
T = 800-950 OC, with (2E3+E2+E]-E_2) = 22.6
kcal/mole.

, It is also possible to extend the pre-
dictions of the model to include the effect
of surface. volume ratio (figure 4)
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Figure 4. Carbon deposition as a
function of S/V
1= 3sec T =2800°C
Butane 50%: Hvdronen 5n%

At large ratios, the model predicts that the
rate of carbon formation should be inversely
related to the surface: volume ratio, in close
agreement with the experimental results.

Although the model is obviously very
simplified, the predictions are thus seen to
be in good agreement with experimental
results. On the basis of results similar to
those presented in figures 2 and 3, attempts
were made to identify the intermediates.
This showed that polycyclic aromatics did
appear to be important, but it was not
possible to characterize the reactivity of
individual molecules.
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