JOURNAL OF CATALYSIS 120, 484-486 (1989)

Measurement of Coke Levels in Catalysts Using a Portable
Neutron Source

In a previous study, Byrne et al. (1)
measured quantitative coke concentration
profiles in fixed-bed catalytic reactors in
situ by the attenuation of a neutron beam
aligned perpendicular to the axis of the
reactor. The experiments were performed
using a collimated neutron beam from the
DIDO reactor at the Harwell Laboratory
(UK). In this communication, we present
some initial results on the in situ measure-
ment of coke profiles using a portable neu-
tron source. The advantages of such a
source include its transportability and its
availability to the nonnuclear industries.
However, a possible problem in using
a portable source is the low flux of neu-
trons compared to that of a nuclear reac-
tor.

In order to test the applicability of such a
source over a range of coke levels on
different catalysts, three reactions were
studied. The first of these was the isomeri-
sation of xylenes over a silica—alumina cat-
alyst. The second reaction studied was the
dehydrogenation of butene to butadiene
over a chromia—alumina catalyst. The third
reaction considered was the cracking of
cumene over a zeolite catalyst. While the
silica—alumina catalyst used was a powder,
the last two catalysts were in the form of
pellets. The reactions studied also repre-
sent different coking processes, i.e., paral-
lel to the main reaction in the case of xylene
isomerisation reaction, consecutive to the
main reaction in the case of butene dehy-
drogenation (1), and a complex series-
parallel coking process in the case of the
cumene cracking reaction (2).

EXPERIMENTAL

The coke was deposited on these cata-
lysts at 723 K. The amount of coke formed
was varied by changing the feed concentra-
tion and the time on stream. Nitrogen was
used as a carrier gas in all experiments. A
conventional thermobalance and combus-
tion technique were used to analyse the
coke content of the catalysts. The coked
catalyst was then packed in a thin-walled
stainless-steel tube of 25 mm i.d. and 0.94
m length. The tube was divided into either
three or four sections and each section was
filled with catalyst coked to different levels.
Before the tube was subjected to the neu-
tron attenuation experiments it was heated
to 723 K with nitrogen gas passing through
for about 3 h to remove any water vapour
and/or adsorbed reactant or products.

The neutron source employed in the
present work was californium-252 which
emits neutrons by spontaneous fission at a
rate of 2.3 X 10° n/sec/mg. The source was
surrounded by a moderator material and
was stored in a compartment built of boron-
loaded resins. The neutrons were colli-
mated using borax collimators and a BF:
counter was attached to record the neutron
beam. The reactor tube was inserted be-
tween these borax collimators during the
experimentation. The exposure time pel
sample count was 900 s and the average ol
four independent counts was taken for each
sample. However, the count rates were
fairly steady and the variation in successive
counts for the same sample was less than
*1%.
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Fi1G. ta. Neutron counts versus coke percentage. (A) Pellet of zeolite SDX catalyst; (+) pellet of

chromia—alumina catalyst.

RESULTS AND DISCUSSION

The neutron attenuation technique ex-
ploits the fact that a neutron beam passes
through fresh catalysts more easily than
through coked catalysts, i.e., without signi-
ficant neutron absorption or scattering. As
the coke level increases in the catalyst
samples, neutron absorption also increases.
The neutron count rate measured by the
BF; counter described previously (/) deter-
mines the neutrons which are not absorbed
or scattered by the material. This implies
that at a higher coke level, a lower count

*10

rate should be obtained as more neutrons
are absorbed compared with that of a
sample of lower coke content.

Figure la plots the neutron counts ob-
tained in 900 s for different coke contents
on a zeolite catalyst. It can be seen from the
figure that the count rate of about 99,000 for
uncoked catalyst reduces to about 95,000 in
the case of 3.6% coke-deposited catalyst.
Figures la and 1b show similar behaviour
for the chromia—alumina and silica~
alumina catalysts. It can also be seen from
the figures that a nonlinear relationship
exists between coke levels and the corre-
sponding count rates, as shown by Byrne es
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Fi1G. 1b. Neutron counts on powdered silica—25%-alumina catalyst.
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al. (I). This is because the transmission of
neutrons through a sample is given by (J).

ILO = exp [—t (Z N; a',-T)],

where ¢ is the specimen thickness, N is the
number of atomic species i per unit volume,
and o7 is the total cross section of atom i.
Clearly, the transmission has an exponen-
tial relationship with N, which represents
the coke level in a given catalyst. This is
true for all reactions/catalysts studied in
this work. Interestingly, the drop in count
rate is maximum between the uncoked cat-
alyst and the catalyst with up to about 1.5%
coke. However, this range of coke level,
i.e., 0-1.5%, is most useful for cracking
catalysts as it represents about the maxi-
mum amount of coke formation normally
allowed on these catalysts.

It is important to emphasize that the
application of this technique requires the
catalyst samples to be free of any water
vapour as the hydrogen in water absorbs
neutrons and causes significant problems in
analysing the results. This is particularly
true in the case of silica—alumina catalyst,
which in addition to containing residual OH
groups is known to be extremely hygro-
scopic. As shown in Fig. 1b, the count rate
obtained for uncoked silica—~alumina is un-
usually low and this can only be attributed
to the water vapour and the OH groups
present. This is despite the fact that the
catalyst was heated to about 723 K in the
presence of nitrogen prior to neutron exper-
iments. It is interesting to note that the
coked silica—alumina samples gave reason-
able results (Fig. 1b) and it may then be
deduced that the coked samples appear to
contain negligible amounts of water.
Acharya et al. (3) have also reported simi-
lar behaviour for silica—alumina catalysts.

As mentioned earlier, one of the prob-
lems with a portable neutron source could
be its low flux compared to that of a nuclear
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reactor. This would result in a longer count-
ing time in the case of a portable neutron
source. For example, the count rate for the
portable neutron source used in the present
study was of the order of 110 counts/s
compared to the DIDO count rate of about
1600 counts/s. It was therefore necessary
to take measurements for 900 s in the case
of the portable neutron source while in the
case of DIDO, a counting time of only
about 30 s was necessary in order to obtain
reasonable counts so that any associated
error due to fluctuations in neutron flux
may be neglected. However, our initial
experiments tend to indicate that in spite of
its lower flux compared to DIDO, the porta-
ble neutron source gives the flux at a steady
and stable rate which results in more accur-
ate measurements.

ACKNOWLEDGMENTS

Financial assistance for this work was provided by
the Science and Engineering Research Council. We
also thank the Harwell Laboratory for financial assis-
tance to CLK and for provision of facilities including
the neutron source. The help of Harwell staff, Mr.
D. H. C. Harris who advised on experimental proce-
dures, and Mr. P. Bowen who assisted with the
experimental work, is gratefully acknowledged.

REFERENCES

1. Byme, A., Dakessian, V., Hughes, R., Santamaria-
Ramiro, J., and Wright, C. I., J. Catal. 93, 1 (1985).

2. Hatcher, W. J., Ind. Eng. Chem. Prod. Res. Dev.
24, 10 (1985).

3. Acharya, D. R., Allen, A. J., and Hughes, R.,
UKAEA Harwell Report No. MPD/NBS/350, Sep-
tember 1988.

C. L. KooNn
D. R. ACHARYA
R. HUGHES

Department of Chemical and Gas Engineering
University of Salford
Salford M5 4WT England

Received October 14, 1988; revised July 12, 1989



