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The deuterium exchange of neopentane over Pt/Al,O; was investigated in a batch recirculation
reactor and found to exhibit many characteristics previously found for this reaction over Pd/SiO,-
AlLOs. All of the data could be correlated in terms of two parameters—&, the surface rate constant
and B, the desorption parameter. The parameter 8 was less dependent upon & for the Pt catalyst
than for Pd catalysts. Specific activity was not influenced by Pt dispersion; whereas selectivity

was mildly sensitive to Pt dispersion.

I. INTRODUCTION

There is a need for well defined reactions
that can be used as probes to study physical
phenomena within commercial catalysts
and catalytic reactors. Examples of such
phenomena are intraparticle diffusion ef-
fects in porous catalysts (Dwyer et al. (6,
7); Ernst and Wei (9)), dispersion effects in
laboratory reactors (Zahner (21)), and ef-
fects of active ingredient profiles in nonuni-
formly active catalysts (Ernst and
Daugherty (8)).

In order for a reaction to be suitable as a
probe for physical phenomena, it must have
some property, such as activity or selectiv-
ity, or both, which is sensitive to the physi-
cal phenomena of the catalyst (or reactor)
but insensitive to certain chemical proper-
ties—for example, state of metal dispersion
in supported metal catalysts. It is also
highly desirable that the reaction kinetics
be well understood, both in the presence
and absence of the physical phenomena be-
ing studied and that the experimental ki-
netic data be analyzable by relatively sim-
ple mathematical treatment.

The exchange of certain hydrocarbons
with deuterium on supported metals have
properties that make them good candidates

! To whom all correspondence should be addressed.

as probe reactions. The exchange of
neopentane with deuterium is particularly
ideal based on studies of the reaction on
evaporated Pd films (Kemball (10); Mi-
kovsky and Wei (13)). These observed de-
sirable characteristics are

1. The reactions can be made pseudo-first
order in neopentane in batch experiments
employing a large excess of deuterium.

2. The surface mechanism appears to in-
volve a single step exchange of H and D
atoms.

3. Heat of reduction is negligible.

4. All of the hydrogen atoms in neopen-
tane are equivalent,

5. Kinetic isotope effects are negligible.

6. The reaction yields 12 deuterated
products. (This is an important feature es-
pecially for comparing the fit of different
theoretical models.)

7. The reaction system can be easily ana-
lyzed using a mathematical technique de-
veloped by Wei and Prater (18).

Dwyer et al. (6) investigated the influ-
ence of intraparticle diffusion limitations on
the neopentane—deuterium exchange over
beds of Pd/SiO,-Al,0, catalyst beads.
Kemball (10) previously showed on evapo-
rated Pd films that this reaction, in the ab-
sence of diffusional effects, could be ex-
plained by a single-step surface exchange
mechanism and produced a ‘‘binomial”’
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product distribution. If similar conditions
existed on supported Pd catalysts, Dwyer
would have been able to show that devia-
tion of the product distribution from bino-
mial character could be attributed to intra-
particle diffusional resistances. However,
Dwyer’s work at higher temperatures was
influenced by a desorption effect which was
not important in Kemball’s work over Pd
films. Dwyer developed a theory to de-
scribe the surface reaction as a single-step
surface exchange modified by desorption
(or B) effects—where B is the ratio of char-
acteristic time for desorption of-adsorbed
species from the surface to the characteris-
tic time for surface reaction. Dwyer suc-
cessfully correlated all of his experimental
kinetic data with a two-parameter model
with ¢, the Thiele modulus, characterizing
intraparticle mass transfer influences and 3
characterizing desorption influences. Ernst
and Wei (9) studied the same reaction over
well-characterized single spherical catalyst
beads in order to eliminate averaging ef-
fects that might have occurred in Dwyer’s
work due to the use of a bed of beads.

Neither Dwyer nor Ernst was able to
avoid B effects over wide ranges of operat-
ing conditions. In both studies, reaction
temperature and catalyst particle size were
the primary variables used to adjust ¢ and
B; however, temperature varied both ¢ and
B. Varying particle size by cleaving or
crushing produced the desired effect of
lowering ¢; however, the intrinsic catalyst
activity, also decreased as particle size was
reduced—probably because of contamina-
tion. The parameter 8 was found to vary
linearly with intrinsic activity in both stud-
ies at low activity levels.

Dwyer et al. (7) investigated the effect of
catalyst pretreatment on the catalyst selec-
tivity. They showed that oxygen pretreat-
ment greatly reduced the 8 parameter with
respect to intrinsic activity and changed the
observed reaction from apparent multistep
to single step kinetics.

Thus, there is justification for pursuing
research to evaluate other reaction—cata-

lyst systems as possible probes solely for
mass transfer effects. The exchange of hy-
drocarbons over supported Pt is a good
candidate primarily because of the impor-
tance of Pt as an industrial catalyst and the
relative ease of recovering the activity of Pt
after it has been deactivated by carbon or
by exposure to adsorbing gases. Tech-
niques for producing a wide variety of ra-
dial Pt concentration profiles within porous
spherical catalyst beads have been recently
developed (Shyr and Ernst (/6)). Thus,
supported Pt catalysts are a likely choice of
systems when one is interested in studying
the influence of radial concentration pro-
files of active ingredient on reaction activity
or selectivity. The possibility also exists
that the exchange reaction over Pt will ex-
hibit a binomial product distribution in the
absence of diffusional effects but that g8 ef-
fects will be less important than they are on
Pd.

The primary objective of the present
work was to determine the suitability of
neopentane—deuterium exchange system as
a possible probe reaction for studying phys-
ical phenomena in catalysts. Prior works on
the neopentane—deuterium exchange reac-
tion on Pt have been performed but were
not reported in the open literature (Yurchak
(20)).

The present work is aimed at studying
some of the kinetic aspects of the reaction
system. The first objective was to study the
reaction kinetics over a wide range of oper-
ating conditions on supported Pt catalysts
which are free of intraparticle and interpar-
ticle transport limitations and in a reactor
which is free of dispersion effects. Such a
study would reveal whether the reaction
can be described in terms of a simple model
such as one based on a single-step surface
exchange mechanism, pseudo-first order in
neopentane but with negligible isotope ef-
fects. The second objective was to attempt
to explain any kinetic data which deviated
from simple single-step behavior in terms of
Dwyer’s model of single-step exchange in-
fluenced by desorption effects. Once an un-
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derstanding of the kinetics was established,
the final objective was to determine the ef-
fect of Pt dispersion on kinetics and selec-
tivity of the reaction.

I1. THEORY

The vector equation which Dwyer devel-
oped to correlate reaction data for neopen-
tane—deuterium exchange on supported Pd
(6) in the absence of mass transport limita-
tions is

%a= -s[1+E8]"a

where

a; = mole fraction of C,,H,,_; D; in the hy-
dride mixture (for t-butyl fragments
of neopentane m = 4 and n = 9).

k = rate constant for exchange.

B = stoichiometric matrix which (for the
case of negligible reverse reaction)
has elements

B(i,ij) = (n — i) fori = 0 to n,
BGi—1)=—-(n—-i+ 1Dfori=—1ton,

with all other elements equaling
Zero.
B = desorption parameter.

By applying the method of Wei and
Prater (/8) the solution to Eq. (1) can be
shown, in terms of characteristic species,
to be:

b = b exp{~[kA't]} 03]
or, in terms of real species,
a=Xb

where

A’ = eigenvalue matrix of B which has
elements
A= L 3
i = -, B 3)
12
X = eigenvector matrix of B. For exam-
ple—for methane,

0o 0 0 o0 1
o 0 o0 1 —4
X=]0 0 1 -3 6
0 1 -2 3 -4
1 -1 1 -1 1

Equation (2) in elemental form is:
b; = b? exp[—k\1] 4)

Thus graphs of experimentally deter-
mined values of In(b,/b?) versus time or ver-
sus In(b,/b,%) should yield straight line for
systems which exhibit first-order behavior
and negligible isotope effect.

The selectivity M of the reaction can be
characterized by the average number of
deuterium atoms in the initial product:

M = initial [2 ia,-/z a,-] = ’;—),t" (5)
i=1 i=1 n

which for neopentane, studied in terms of t-
butyl fragments, is

=N _12+98

N 12+8 ©)

For values of B near zero, the product
distribution has binomial character and M
approaches 1. For non-zero values of 8, es-
pecially 8 > 0.3, the product distribution
deviates significantly from binomial charac-
ter. For very large B8 values, M approaches
n.

III. EQUIPMENT AND OPERATING
PROCEDURES

A. Catalyst Preparation

Platinum catalysts were prepared by im-
pregnation of y-alumina supports (Rhone-
Poulenc, Inc., GOD-30) with chloroplatinic
acid solution. The alumina beads were of
spherical geometry and had the following
properties: diameter, 0.38 cm; bulk density,
0.3 g/ml; surface area, 150 m%/g; total pore
volume, 1.70 ml/g; and average pore diame-
ter, 450 A.

The beads were dried at 393 K for 2 h and
then impregnated 48 h with an aqueous so-
lution containing the desired H,PtClg con-
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tent. Upon removal from the impregnating
solution by filtering, the beads were spar-
ingly surface washed with deionized water
and surface dried. After catalysts were
dried at 393 K for 2 h, they were reduced in
flowing hydrogen for 4 h at 723 K in a tube
furnace. Sample 6 was reduced at 773 K for
6 h.

The platinum content of the catalysts was
determined by spectrophotometric analysis
of the impregnating solutions using a
Bausch & Lomb spectrophotometer. All
catalysts were crushed to 200 mesh prior to
characterization.

B. Catalyst Characterization

1. Hydrogen chemisorption. One of the
three methods employed to determine aver-
age crystallite size of the catalysts was hy-
drogen chemisorption in a static system.
The system was equipped with an
Edwards’ Cryo-cooled Diffstak-63 oil diffu-
sion pump, an EDM2 mechanical vacuum
pump, and two MKS Baratron 200A pres-
sure gauges with ranges from 0.to 100 and 0
to 1000 Torr. The adsorption cell, also used
as the reactor in kinetic studies, was made
of quartz. It was connected to the system
with Cajon Ultra-Torr fittings.

Prior to chemisorption measurements,
the catalyst samples were evacuated at 723
K for 16 h in a Thermolyne tube furnace.
The chemisorption data were taken at room
temperature using hydrogen gas (Matheson
Ultra High Purity Hydrogen, 99.999%)
which was passed through a Deoxo hydro-
gen purifier and a liquid nitrogen trap.

2. X-ray line broadening. The catalyst
samples (200 mesh) were mounted on a ro-
tating specimen holder of a General Elec-
tric XRD-6 diffractometer equipped with a
Warren double-bent LiF monochromator
and automated in scanning. A copper target
tube operating at 35 kV and 17 mA was
used in conjunction with a proportional
counter. The diffracted intensity of (311)
platinum reflection was step-scanned from
76 to 86 degrees of 0.1-degree intervals re-

cording the time required for the accumula-
tion of 3000 counts at each point.

The true intensity of the (311) reflection
was obtained after subtraction of back-
ground caused by the vy-alumina carrier.
The instrumental broadening was deter-
mined by using magnesium oxide which
was sintered at 1273 K for 16 h and there-
fore effectively infinite in crystallite size
with respect to the platinum samples. The
observed diffraction profile was corrected
for instrumental broadening using Warren’s
correction (11).

3. Electron microscopy. The samples
were analyzed using the following proce-
dure. Approximately 1 mm?® of powdered
sample was mixed with methylmethacry-
late which was then polymerized overnight
at 321 K (2% benzoyl peroxide as curing
agent). Sections from the resin block were
cut in a Reiche OM-U?2 ultramicrotome us-
ing a diamond knife and then mounted on
carbon-coated TEM grids. Electron micro-
graphs were made on a Phillips EM-200
electron microscope at 200 kV.

Carl-Zeiss Particle Size Analyzer TGZ 3
was used in determining the size distribu-
tions. An average of 800 particles was
counted for each sample. The measuring
range of the instrument consists of 48 con-
tinuous categories permitting measurement
of particles of 0.5 to 9.2 mm in diameter
from the electron micrographs.

B. Reaction Studies

Kinetic data were obtained in a glass (Py-
rex and quartz) recirculation system (total
volume 850 cm?) which consisted of a dou-
bly acting magnetic pump, mixing bulb,
quartz U-tube reactor, sampling loop, and
circulation tubing. Circulating gas flow rate
was 2000 cm?/min measured by a rotameter
temporarily connected to the system. The
reactor was a 1.27 mm o.d. quartz U-tube
in which a catalyst bed was packed between
plugs of quartz wool. A thermo well was
positioned at the center of the catalyst bed.
A Leeds-Northrup zero voltage power pack
supplied power to the tube furnace which
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was placed around the U-tube reactor.
Temperature was controlled by a Leeds-
Northrup Electromax III proportional con-
troller. The catalysts were pretreated be-
tween experiments by evacuating (1077
Torr) overnight at 723 K. Before each run,
the reactor was charged with neopentane
(Matheson CP grade, 99.87%) and deute-
rium that had been passed through a liquid
nitrogen trap. Gas mixture pressure was 65
Torr. Neopentane—deuterium ratio was
typically 1:450. The reactants were mixed
by the recirculation pump, bypassing the
catalyst bed. The run was started by direct-
ing the gas flow through the catalyst bed.
The sample loop consisted of a 1.46-cm®
volume connected via stopcocks to the re-
actor, to vacuum, and to a mass spectrome-
ter (Kratos MS10S). Sampling did not sig-
nificantly change the reactor pressure since
the sampling volume was less than 0.20% of
total reactor volume. The mass spectrome-
ter was operated at 15 eV in order to mini-
mize fragmentation. The parent ion of
neopentane is of low intensity in the mass
spectrometer; therefore, reaction products
were analyzed in terms of t-butyl fragments
(10). Scans of the mass range 57 through 66
(CsHy through C,Dg) were recorded after
background scans were taken. Raw data
were corrected for fragmentation and natu-
ral abundances of C¥ and deuterium. The
analysis of data and model simulation were
carried out using a CDC Cyber 74 com-
puter.

IV. RESULTS AND DISCUSSION
A. Catalyst Characterization

It has been observed in previous studies
that sintering, when used as a method to
vary crystallite size, may lead to apparent-
crystallite size effects (/4). Heat treatments
in air to produce catalysts with different
mean crystallite sizes will increase the
range of sizes in a given catalyst giving rise
to a broad size distribution (5). In this
study, however, crystallite size variation
was effected by changing the metal content

of the catalysts (i.e., 0.28 to 2.68% Pt). This
method of controlling crystallite size was
found to be very sensitive to catalyst prepa-
ration conditions. Since the reproducibility
of preparing catalysts which had identical
crystallite sizes was poor, it was necessary
to make a large number of catalysts, char-
acterize them, and select from them those
in the desired range of crystallite size for
further study. Tables 1 and 2 show, respec-
tively, the results of hydrogen chemisorp-
tion and a comparison of metal crystallite
size as calculated from hydrogen chemi-
sorption, X-ray line broadening, and TEM.
Agreement is very good for five of the six
catalysts; however, only one technique—
hydrogen chemisorption—could be used on
the catalyst with the smallest crystallite
size. This catalyst had a calculated crystal-
lite diameter of 8 A. Hydrogen chemisorp-
tion data were converted to platinum sur-

face area by assuming an adsorption

stoichiometry of 1: 1 between the hydrogen
and the surface platinum atom (4, 15, 19).
In converting hydrogen chemisorption
measurements to specific surface areas, it
was assumed that a platinum surface atom
occupies an area of 8.9 A2 on the catalyst
surface. Average crystallite sizes were cal-
culated from the metal surface areas by as-
suming the platinum crystallites to be cubes
with five exposed faces. In obtaining the
isotherms, approximately 30 min were al-
lowed for equilibrium to be established.
The hydrogen uptake corresponding to a

TABLE 1
Hydrogen Chemisorption Results

Catalyst H, uptake Pt dispersion
(nmol/g) H atoms
Pt atoms total
1 7.47 1.06
2 23.29 0.45
3 9.47 0.19
4 7.56 0.13
5 7.22 0.11
6 3.23 0.05
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TABLE 2

Comparison of Pt Crystallite Size (A) Determined by Three Different Techniques; Size Distribution

Catalyst TEM H, Chemis. XRL Crystallite size distribution by TEM
_— Ds Dy
Dy Ds Dy Standard deviation  Spread about
(A) the mean (%)
1 — —_ — 8 — —_ —
2 22 23 26 19 — 5.4 24.3
3 50 53 57 46 56 10.4 20.8
4 66 70 75 64 69 35.6 53.9
5 75 78 82 76 84 26.3 35.1
6 168 172 177 178 160 27.6 16.8

Note. Dy, Ds, Dy—respectively: numerical, surface, and volume average crystallite size.

monolayer coverage was obtained from the
intercept of the isotherm at zero pressure.
A blank was run on the support and the
adsorption of hydrogen on the support at
room temperature was found to be negligi-
ble.

Hydrogen pressures up to 30 Torr were
used in determining the isotherms. Use of
higher pressures (up to 90 Torr) resulted in
hydrogen uptakes very close to those ob-
tained at low pressures. For sample 2, the
high-pressure and low-pressure uptakes
were 21.53 and 23.29 umol H,/g catalyst,
respectively.

The volume-average Pt crystallite sizes
were determined from X-ray line broaden-
ing data using Scherrer’s formula:

d = K\NB' cos 0
where

K = shape factor = 0.94
A = X-ray wavelength
6 = Bragg angle
B’ = linebreadth after correction for in-
strumental broadening.

The experimentally observed broadening
was corrected for instrumental effects using
Warren’s correction:

B/ — (BZ _ b2)1/2

where b = line breadth caused by instru-

mental broadening and B = line breadth of
the sample observed under experimental
conditions. Figure 1 is a diffraction profile
for one catalyst sample. Linebreadths were
determined as widths at half-maximum in-
tensity on such profiles. No peaks were ob-
served for Samples 1 and 2; therefore their
analyses by X-ray line broadening were not
possible.

The crystallite size distributions for the
catalysts were determined by electron mi-
croscopy. Six electron micrographs were
made for each catalyst. The magnification
was 300,000x for all the micrographs ex-
cept for those of Sample 6 which were pho-
tographed at 192,000x. The size distribu-
tions of one of the samples is shown in Fig.
2. Sufficiently accurate measurements were
not possible at very small diameters such as
those in Sample 1. The number-average,
surface-average, and volume-average
diameters determined from the size distri-
butions are given in Table 2. These calcula-
tions were made as follows:

DN = Enid;/zn;

DS = En,-dﬁ/zn,-d,-z

Dv = Enidi4/2nidi3
where

di = diameter of crystallite (A)
n; = number of crystallites of diameter d;
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According to Luss (12), the average crys-
tallite size is a single statistic of the size
distribution and many different distribu-
tions have the same average. Hence, if a
reaction is demanding and the activity is
not a linear function of average crystallite
size, two distributions with the same aver-
age may have different catalytic behavior.
Thus, to fully describe the distribution, the
standard deviation and the spread about the
mean crystallite size, defined as the ratio of
standard deviation to the mean, have to be
determined along with average size. The
results of such calculations are shown in
Table 2. Samples 4 and 5 have relatively
broad size distributions: the values for
spread about the mean size for these two
catalysts are higher than those for the other
catalysts.

B. Neopentane—Deuterium Exchange
Reaction

Preliminary runs on test catalysts were
conducted to establish pretreatment condi-
tions which would lead to reproducible ex-
perimental results. Evacuating the catalyst

SAGUN AND ERNST

at 1077 Torr and 473 K for 2 h between
reaction experiments led to a decline in ac-
tivity from one run to the next. Relative
activities for three such runs at 393 K from
first to last were 1:0.45:0.27. Overnight
bake-out at 723 K at 1077 Torr yielded re-
producible results for three successive
runs. Relative activities for these runs from
first to last were 1:0.90:0.94.

No deactivation was observed during a
reaction run as evidenced by the linearity of
semilog plots of characteristic species con-
centration versus time (see Fig. 3, for ex-
ample).

A total of 62 reaction runs were con-
ducted. Table 3 shows results for one of the
catalysts. On the average, runs were con-
tinued until about a 60% neopentane con-
version was achieved. In order to test the
reproducibility of results from batch to
batch, experiments were run on two differ-
ent batches of each of the six catalysts. The
support was found to possess negligible ac-
tivity for neopentane exchange in an exper-
iment at 673 K. Three runs were conducted
at different circulating gas rates (2000,

0.20
]
o.ooJ
b,
-0.20, b,
=-—
)
& -0.40
7 ba
c
-
bs
-0.60,
be
b7
-0.80
bs
be
-1.00
1 L L T L 1
0.00 4.00 B8.00 12.00 16.00 20.00 24.00
TIME (min)

F16. 3. Decay of characteristic species with time for Run 1-1-1.
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TABLE 3

Kinetic Parameters for Neopentane-Deuterium Exchange Reaction for Catalyst No. 3

Cat.-Batch-Run T ki k B M, ¢ X 10°

°K) ( cm’® gas ) ( cm’ gas )

s - cm’ cat. s - mg Pt
3-1-5 353 0.30 0.15 0.13 1.08 1.7
3-14 365 0.54 0.28 0.18 1.12 3.1
3-1-2 383 1.57 0.82 0.41 1.27 2.0
3-1-1 402 3.00 1.55 0.70 1.44 3.0
3-1-3 416 8.00 4.13 1.32 1.79 53
3-2-7 304 0.01 0.005 0.01 1.01 2.0
3-2-6 304 0.01 0.006 0.02 1.01 1.3
3-2-5 305 0.01 0.006 0.02 1.01 1.8
3-2-10 341 0.06 0.03 0.12 1.08 1.4
3-29 342 0.06 0.03 0.08 1.05 1.6
3-2-8 343 0.08 0.4 0.13 1.09 2.1
3-2-3 359 0.38 0.20 0.25 1.16 9.0
3-2-2 359 0.45 0.23 0.26 1.17 7.0
3-2-1 360 0.40 0.21 0.22 1.14 6.0
3-24 360 0.40 0.21 0.23 1.15 7.0

1000, 600 cm?/min) under identical condi-
tions. The activity and selectivity for these
runs were equal within experimental accu-
racy.

Since experiments were run on crushed
catalysts, it was initially assumed that the
mass transfer effects were negligible. The
validity of this assumption was checked by
a two-parameter model which included the
intraparticle diffusion effect (6). Effective-
ness factor values were very close to 1 for
each experiment.

Data for all of the runs were found to
obey first-order kinetic behavior with negli-
gible isotope effect.in accordance with Eq.
(4). Figures 3 and 4, for example, show the
linear behavior for In{b,/b?) versus time and
In(b;/b®) versus In(b,/b,%) for typical runs.
The symbols on these graphs are experi-
mental values while the straight lines are
those determined by linear regression anal-
ysis. The slopes of the n(b,/b?) vs In(b,/b,%)
graph—\/\;~can be used as a measure of
selectivity of the reaction. For systems
which exhibit binomial- distributions of
products, A//xj = i. Deviation from bino-

mial character is indicated by deviation of
Ai/\ from |,

In an attempt to correlate all of the reac-
tion data and describe deviation of product
distribution from binomial, reactor data
were compared with predictions of Dwy-
er’s model of single-step surface exchange
influenced by desorption, 8, effects (Egs.
(1) and (3)). For each run, the value of 8
was adjusted until a minimum value of an
objective function ¥ (standard deviation)
was found

T n n
v = {Z t§=:1 [ai,exp - ai,ca]c]_lz/n . T}l

J=1

where T is the number of samples taken
during the run. The values of g; ., and a; ¢,
for each sample were determined at the
same neopentane conversion. Table 3 con-
tains parameter values as well as selectivity
values, M, for runs on Catalyst No. 3. The
range of ¥ values for the 62 runs is from
0.0006 to 0.028; however, for runs con-
ducted at temperatures below 400 K, the
range was from 0.0006 to 0.009. This range
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represents a deviation of less than 0.06 to
0.9% of the total neopentane isomer con-
tent. Figure 5 shows graphically the agree-
ment between experimental and calculated
a; values for one run.

The B8 values are approximately propor-
tional to specific activity, &, at lower values
of k, for each of the catalysts. As k ap-
proaches zero, B also approaches zero.
This B8 versus k behavior is in agreement
with neopentane—-deuterium exchange on
supported Pd (6, 9) and is in support of an
exchange mechanism in which neopentane
initially adsorbs on the catalyst as an undis-
sociated molecule. The 8 parameter can be
interpreted as the relative rate of exchange
of the adsorbed molecule to that of desorp-
tion.

Figure 6 shows the 8 versus & (in units of
cm? gas/s - cm?® cat.) relationship for low &
values where the relationship is approxi-
mately linear. Figure 7 shows the selectiv-
ity (Mp) versus k relationship for all of the
data. The graphs are identical in format to
those previously presented by Dwyer et al.

105

(7) and contain data from the three pre-
vious studies on supported Pd (6, 7, 9).
Figure 6 shows a much smaller influence of
k on B for the Pt catalysts versus the Pd
catalysts. The slopes of straight lines
through these data are 31, 8.4, and 2.6 for
the Pd data and 0.14 for the Pt data. The g8
versus k trend for the Pt catalyst coincides
approximately with data for Pd which had
been oxygen treated—a method which
Dwyer et al. used to lower B in catalyst
beads containing supported Pd. The reason
that data for the three studies on Pd lie on
different lines is not understood. Figure 7
shows that even at high activity levels the
selectivity is much less dependent upon &
for Pt catalysts than for Pd catalysts.

In order to examine the effect of metal
dispersion on catalyst performance, kinetic
data for each of the Pt catalysts were exam-
ined separately. Activation energies were
determined by Arrhenius plots of specific
activity. Good straight lines were obtained
for each of the catalysts (see Fig. 8 for ex-
ample). The activation energies (Table 4)

3 /‘7]
®
Dats point at
(0.156,5.09)
not shown
2

B

Catalyst Activity,

k¥,
cC gas/sec—cc cat

F1G. 6. Desorption parameter versus activity (see Fig. 7 for key to symbols).
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fall approximately in the same range. The
average value is 12.9 = 0.5 kcal/mol where
the uncertainty term represents the average
of the absolute value of the deviations from
the mean. This represents approximately a
4% deviation.

Values of & (in units of cm? gas/s -+ mg of
surface Pt) for each catalyst were compared
at two different temperature levels (see Ta-
ble 5). These k values were obtained from
straight lines fitted through the experimen-
tal data on Arrhenius graphs. Similarly, it

TABLE 4

Activation Energy versus Pt Dispersion

Catalyst D, Epcr
4 (kcal/g mol)
1 8 12.3
2 19 13.2
3 46 14.0
4 64 12.8
5 76 13.1
6 178 12.1
Average 12.9

was found that graphs of In 8 versus 1/T
could be accurately fitted with straight
lines. The B values in Table 5 were taken
from these graphs.

The average values of £ in Table 5 are
0.22 and 1.92 at 353 and 398 K, respec-
tively. Although there is some deviation of
individual values about the mean (about
27% at both temperatures), there is no obvi-
ous trend in the data that would indicate
significant structure sensitivity. In contrast
to these results, a typical example of a

TABLE 5
Influence of Pt Crystallite Size on Activity and
Selectivity
D ( cm? gas )
A s - mg Pty 8 Selectivity, M
353K 398K 353K 398K 353K 398K
8 0.28  2.08 005 027 103 L17
19 024 230 0.05 043 104 128
46 013 134 0.15 084 L0 152
64 024 219 009 046 .06 129
76 032 2.63 005 0.44 .04 128
178 013 095 0.03  0.18 o2 LI2

Average 0.22 1.92
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structure sensitive reaction reported in the
literature—the hydrogenolysis of neopen-
tane on supported Pt (which is encountered
at temperatures greater than those of the
present study)—exhibited greater than 300-
fold variation in specific activity with Pt
dispersion (I).

The B parameter, upon which selectivity
of the reaction depends, exhibits a weak
trend with metal dispersion. At both tem-
peratures, a maximum B8 occurs at mean Pt
crystallite size between 19 and 64 A. This
range corresponds to a Pt dispersion of 0.45
to 0.13 H atoms/Pt atoms total. The selec-
tivity, M, calculated from 8 values is also
shown in Table 5. In view of the suspected
mechanism of the reaction previously dis-
cussed and the observed insensitivity of
specific activity to metal dispersion, the
change in 8 is possibly due to a change in
the rate of desorption of molecularly ad-
sorbed neopentane.

Van Hardeveld and Hartog (17) have
shown that there is greater activity for ex-
change and deuteration and selectivity for

mutltiple exchange for benzene—deuterium
exchange on iridium catalysts with average
crystallite sizes of 37 A than on 8 or 600 A.
They attributed this maximum to the pre-
dominance of edge sites at intermediate
crystallite sizes.

The possibility therefore exists that edge
sites contributed to the sensitivity of the 8
parameter hence the selectivity for the
neopentane—deuterium exchange reaction
in this study. The decrease in selectivity
below a certain crystallite size is for some
systems indicative of the fact that a mini-
mum crystallite size is required. Coenan et
al. (2) observed a decrease in activity be-
low 12 A for benzene hydrogenation on
nickel catalysts. Den Otter and Dautzen-
berg (3) have observed that upon treatment
in hydrogen at high temperatures (>773 K),
Pt/AL,O; catalysts with highly dispersed
particles form an alloy with aluminum from
the support; however, in the present case,
such an effect is unlikely because the cata-
lysts were never subjected to such high
temperatures. Metal support interaction
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and distribution of particle sizes make a
complete explanation of the selectivity data
impossible.

CONCLUSIONS

It has been shown that in the absence of
mass transport limitations the neopentane—
deuterium exchange reaction over sup-
ported Pt on y-Al,O5 catalysts can be accu-
rately represented by a model previously
developed to explain this reaction over sup-
ported Pd. The model is based upon first-
order behavior in neopentane and negligible
isotope effect. Deviation of product distri-
bution from ‘‘binomial’’ character can be
accurately described in terms of the desorp-
tion parameter 8. However, the 8 depen-
dence on specific activity is much less se-
vere for Pt catalysts than for Pd catalysts.
This feature makes Pt a better choice of
catalysts to use with the neopentane-deute-
rium exchange for studying mass transport
effects.

The catalyst activity has been shown to
be facile over the total range of Pt crystal-
lite sizes studied; the selectivity is only
mildly sensitive to Pt crystallite size and
exhibits a weak maximum within the size
range 19 to 64 A. The reaction might there-
fore be a suitable probe for studying the
combined effects of mass transport limita-
tion and distribution of active ingredient in
nonuniformly active catalysts.
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