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The effect of oxidative pretreatment, at elevated temperatures, on the Fischer-Tropsch (FT)
synthesis, for a 0.5% Ru on y-Al,O; catalyst, has been investigated. The FT activity and selectivity
of the catalysts was measured for a range of operating conditions using a stirred, gas-solid reactor
(Carberry type). The hydrocarbon turnover numbers (TON’s) were estimated using a power law
correlation of the methane TON, to indirectly estimate the number of active Ru sites during
synthesis. The catalyst pretreatment procedure resulted in Ru dispersions between 0.78 and 0.16.
The FT higher hydrocarbon (Cs—C,y) selectivity and olefinic content of the product increased with
the decreased dispersion. The alcohal selectivity, however, did not change significantly with the
decreased Ru dispersion. The saturated hydrocarbon specific activities increased with decreased
dispersion, indicative of the structure sensitivity of the FT synthesis. The effect of dispersion on
the individual hydrocarbon power law parameters (up to C,) are also reported. With decreased
dispersion the activation energies decreased while the magnitude of the H; and CO exponents

generally increase. © 1986 Academic Press, Inc.

INTRODUCTION

The use of supported Ru for CO hydroge-
nation to hydrocarbons is well documented
(1/-9). Supported Ru is reported to have a
higher Fischer-Tropsch (FT) specific activ-
ity than other supported Group VIII metal
catalysts (9). The higher hydrocarbon se-
lectivity (C; product fraction) is also great-
est on Ru (9). Typical results for CO hydro-
genation over supported Ru are illustrated
by those of Everson et al. (2) They re-
ported, at suitable reaction pressures
(about 800 kPa), temperatures (about
235°C), and conversions, a mainly satu-
rated hydrocarbon product, with a Cs—Cy
selectivity of about 60 mass%, on a 0.5%
Ru/y-AlyO; catalyst.

For structure-sensitive reactions the spe-
cific activity depends on the supported
metal crystallite size or metal dispersion.

! Present address: Department of Chemistry, Le-
high University, Bethlehem, Pa. 18015
2 To whom correspondence should be sent.

Dalla Betta investigated the synthesis of
methane on Ru and Ni and concluded that
the activities depended on the metal disper-
sion (/0). Magnetic studies on Ni by Ever-
son et al. (11) confirmed the conclusion. A
more detailed study by King (6) on sup-
ported Ru showed the specific activities for
CO consumption and methanation de-
creased with increasing Ru dispersion.
King obtained various dispersions by
changing the Ru loading. Recently Kellner
and Bell (4) have also reported a decreased
FT specific activity (C5 and CH4 produc-
tion rates) with increased dispersion. Their
range of catalyst dispersions were also ob-
tained by changing the catalyst metal load-
ing as well as by sintering under reaction
conditions. They observed a decrease in
dispersion during an activity measurement
and therefore made chemisorption mea-
surements at intervals during their activity
measurements. At the end of a reaction pe-
riod of about 20 min the catalyst was rere-
duced and its dispersion measured using H,
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chemisorption. The catalyst dispersion was
also estimated in situ, using integrated CO
IR absorptions. With both techniques they
reported the methane specific activity in-
creased with decreasing dispersion.

In the present investigation the effect of
high-temperature oxidation on catalyst dis-
persion for a 0.5% Ru on y-Al,O; catalyst is
reported. The FT activity and selectivity of
the sintered catalysts have also been mea-
sured for a range of reaction conditions us-
ing a stirred gas—solid reactor. A technique
to indirectly estimate the number of active
sites during FT synthesis is also described,
and the effect of crystallite size on FT ki-
netics is quantified.

EXPERIMENTAL

In the present study a stirred gas—solid
reactor, ICI Mark IV (12), similar in design
to the spinning basket-type reported by
Carberry (13), was used for kinetic mea-
surements. The experimental system has
been described previously (2). The absence
of external mass or heat transfer effects
were confirmed experimentally. For CO
conversions less than 95%, and the operat-
ing conditions of the present work, the CO
conversion remained constant at constant
space velocities but varying catalyst load-
ings. In all cases the reactor stirrer speed
was 3500 rpm. Internal diffusion effects
were minimal since microprobe studies
showed the Ru only penetrated to a maxi-
mum depth of 200 um in the Al,O; support
(7).

The reaction products were analysed us-
ing on-line gas chromatography. A Perkin-
Elmer gas chromatograph fitted with dual
thermal conductivity and flame ionization
detectors was used. Resolution of the com-
ponent peaks (up to Cjy hydrocarbons and
CO, CO;,, and H,0) was achieved using a 2-
m Porapak Q column with suitable temper-
ature programming. Sample injection was
on-line, using a Carle sample valve. Hydro-
gen was the carrier gas. Hydrocarbons up
to C,p were resolved within 60 min. Reac-
tion conditions throughout the present in-
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vestigation were chosen such that the
amounts of hydrocarbons formed above C,,
were small and not detectable. Carbon bal-
ances confirmed the absence of significant
quantities of hydrocarbons above C,q (7).

Prior to each experimental run, which
lasted approximately 12 h, the reactor was
charged with fresh catalyst and inert sup-
port for make up of the catalyst-basket vol-
ume. The reactor was then heated to 250°C
in flowing H, (100 sccm, UHP grade,
>99.99% purity) and subsequently held at
this temperature for a further 2 h for com-
plete catalyst reduction. The reduction
temperature of 250°C was chosen on the ba-
sis of temperature-programmed reduction
(TPR) profiles, obtained for the different
catalysts (7).

Following the reduction procedure syn-
thesis gas was introduced to the reactor and
the required reactor temperature, pressure,
and feed gas flow rate set. An initial stabili-
zation period of at least 30 min was allowed
before sampling the exist gases.

CATALYSTS AND CATALYST
CHARACTERIZATION

The catalysts of the present investigation
were 0.5% Ru on y-ALO; by mass. The cat-
alysts were supplied by Johnson Mattey
(JM) Research Centre (U.K.). Various
metal dispersions were obtained by sinter-
ing over a range of temperatures for 30 min
in air. The sintering procedure in the pres-
ence of air did not alter the Ru content of
the catalyst which was confirmed by vari-
ous analyses including measurement of
concentration profiles by microprobe analy-
sis. A 0.5% Ru on y-AlL,O; Engelhard (E)
catalyst was also included in the present
study.

The resulting catalysts were character-
ized using TPR profiles, measurement of
BET surface areas and CO chemisorption,
while carbon burnoff estimated the amount
of carbonaceous material on the spent cata-
lysts. The TPR profiles of the fresh unre-
duced catalysts were determined using a
5% H, in N, gas flowing over the catalyst
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while the temperature was programmed lin-
early at 12°C/min. The resulting profiles
showed an optimum reduction temperature
of about 250°C for all the catalysts. The CO
chemisorption was measured at 100°C. Car-
bon monoxide pulses were injected into the
100% H, gas flow and the CO uptake mea-
sured. The stoichiometry of chemisorption
was assumed unity, consistent with other
reports (9, I14). From the chemisorption
measurement, the fraction of Ru metal ex-
posed (the Ru dispersion) was calculated.
The approximate crystallite size was calcu-
lated assuming cubic crystallites using the
formula given by Butt (15) (see Table 1).

Table 1 summarizes the results obtained
for the catalysts of the present investiga-
tion. The unsintered catalysts are well dis-
persed, however, sintering in air for 30 min
significantly reduces the dispersion. With a
sintering temperature of 500°C the esti-
mated crystallite size increased from 13 to
64 A.

Catalyst deactivation. Figure 1 shows
the methanation rate as a function of time
on stream for the unsintered catalysts, at
various operating conditions. In all cases
the measured rate per gram of Ru de-
creased significantly in the first 2 h of oper-
ation and then reached a fairly constant
value for the duration of the run. The ob-
served decrease occurred over a longer
time period than anticipated from the sys-
tem dynamic response, following the intro-

TABLE 1

Catalyst Characterization Results

Catalyst Sintering BET  Dispersion Crystallite

temperature area size“

Q)] (m? g™ (A)
M1 — 102 0.78 13
M7 200 - 0.70 15
JM8 250 — 0.54 19
IM3 300 — 0.47 22
IMé 350 —_ 0.36 29
JM4 500 — 0.16 64
Engelhard — 105 0.62 17

351

L T T T
— 120} E
b
w
I | 4
@
g GOT . -
2 *
poo . |
* .
é' 40} (o] * ¥ * hd 7
o * *
S | o o _
o 1 i 1 1
o] 100 200 300 400 500
TIME {min)

F1G. 1. CH, rate as a function of time for the unsin-
tered catalysts: (@) E catalyst at 250°C, 800 kPa, Hy/
CO = 3; (O) E catalyst at 235°C, 101 kPa, H,/CO = 5;
(*) JM1 catalyst at 235°C, 800 kPa, H,/CO = 2.3.

duction of synthesis gas. The decreased ac-
tivity was presumably due to a loss in
active sites, either from sintering or cata-
lyst fouling by carbonaceous deposits.

Table 2 shows the measured dispersion
and carbon weight percentage on the spent
catalysts. For the catalysts operated at Hy/
CO = 3, the CH, selectivity was about 30
mass%, while with H,/CO = 5, the CH, se-
lectivity was 60 mass%. For the catalysts
operated at low H,/CO ratios (<3/1), the
CO chemisorption measurement was not
possible because of hydrogenation of the
carbonaceous deposits to CH,, which inter-
fered with the H, flow during the measure-
ment.

Table 2 shows that, for H,CO = 5, the Ru
dispersion decreased during a run by about
20%. The carbon burnoff results show that

TABLE 2

Spent Catalyst Characterization

¢ Assuming cubic crystallites, with size / = 6/(S,,p) where
Sm is the metal surface area and p = 12.2 g/cm?, See Refs.
(10, 15).

Catalyst Reaction conditions Dispersion  Carbon
(mass%)
Hy/CO Temp., Press.,
ratio °C kPa
Engelhard Unreacted 0.62 0.07
M1 Unreacted 0.78 0.07
Englehard 51 250 101 0.47 0.10
Engelhard 5N 285 101 0.49 0.11
Engelhard 3/1 235 808 — 0.59
JM1 371 235 1200 — 1.14
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the carbonaceous deposit on the used cata-
lyst was small. Hence the observed de-
crease in CH, rate per gram of catalyst (Fig.
1) is presumably due mainly to the de-
creased Ru dispersion with a small amount
of catalyst fouling (and thus, a loss in active
sites) by carbonaceous deposits on the Ru
surface. For FT reaction conditions (H,/CO
< 3) a much greater increase in carbon
burnoff is observed. A decrease in Ru dis-
persion presumably also occurs.

The above results point to the difficulty
in characterising the effective catalyst sur-
face area during FT synthesis. To compare
the effects of crystallite properties it is nec-
essary to report synthesis turnover num-
bers, which require estimates of the number
of active sites during synthesis. For high
H,/CO feed ratios (H,/CO = 5 in the
present study) the spent catalyst dispersion
can be measured and compared with the
observed rate after the initial 2 h of synthe-
sis. Since the carbonaceous deposit on the
Ru surface for these conditions was small,
the average of the unused and spent cata-
lyst dispersions gives a good approximation
of the number of active sites during synthe-
sis. For the FT reaction conditions (low Hy/
CO feed ratios), however, an indirect
method is necessary, details of which will
be given presently.

Figure 2 shows the effect of time on
stream on the measured hydrocarbon selec-

T T T T
;\; 60 |- B
v
» 50F b
E
3 40 R ' a a
z ° o
< 30 E
3
x 20 ]
o
I
10 ) h
. it 1
O 1 1 1 1
0 100 200 300 400 500
TIME (min)

Fi1G. 2. Hydrocarbon selectivity as a function of time
on stream for E catalyst at 250°C, 800 kPa, H,/CO= 3:
(A) CHy; (A) Gy (%) Cy; (@) Cy; (O) C5=Cy.

SMITH AND EVERSON

60} 4

50 4

a0l 4

30 ]

Cs-Co SELECTIVITY {mass %)
o o

1 L

O 10 20 30 40 50 60 70 80 90I00
CO CONVERSION (mole %)

FiG. 3. Cs-C,, selectivity as a function of CO con-
version of various catalyst dispersions at 235°C, 800
kPa, and Hy/CO = 2.3/1: (O) 0.78; (@) 0.70; (&) 0.47;
(L2) 0.16.

tivity for a typical set of reaction condi-
tions. It is apparent that the selectivity does
not change significantly during the 7 h on
stream for the reaction conditions shown.

RESULTS AND DISCUSSION
Production Distributions

The hydrocarbon product distribution
was measured for a range of operating con-
ditions for the unsintered and sintered cata-
lysts (7). The significant results are summa-
rized in the present paper. Comparisons are
based on the fresh catalyst Ru dispersions.

Figure 3 shows the effect of dispersion on
the Cs—Cyy mass% selectivity (defined as
the mass% Cs-C,q of total product hydro-
carbons). Generally, increasing the disper-
sion decreased the Cs—Cjy mass% selectiv-
ity, irrespective of the conversion. Table 3

TABLE 3
FT Product Distribution as a Function of Ru
Dispersion®
Catalyst Dispersion CO conv. C;/Cl Cs—Cjg C3/C
(Fresh catalyst) (%) mass mass % mole
ratio ratio
M1 0.78 55 3.8 42 0.45
IM7 0.70 63 3.8 45 0.30
JM3 0.47 70 4.7 50 0.73
JM4 0.16 68 5.0 52 1.20

a Conditions: temperature 235°C: pressure 800 kPa; Hy/CO = 2.3/1.
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shows that increased dispersion decreases
the C7/C; mass ratio and the C;/C; mole
ratio (the latter indicates the unsaturate/sat-
irate hydrocarbon ratio of the product).
With an increase in dispersion from 0.16 to
0.78, the C5/C; mole ratio decreased by a
factor of about 3. The rapid decline in ole-
fin—paraffin ratio observed by Kellner and
Bell (4) for small particle sizes (less than 12
A) was ascribed to possible support interac-
tion effects. In the present investigation, no
such rapid decline was observed. The
smallest average particle size for the cata-
lysts of the present investigation was esti-
mated to be 13 A. Hence support interac-
tion effects do not seem to be important
here.

The FT product distribution can be char-
acterized by a probability of growth param-
eter a, which arises from a polymer chain
growth scheme which describes the FT car-
bon number distribution (I, 16, 17). Table 4
shows the observed increase in the parame-
ter with decreasing Ru dispersion, while an
example of Anderson-Schulz-Flory type
plots are given in Fig. 4.

The results in the present paper differ
from other investigations on the structure
sensitivity of the FT synthesis on supported
Ru. King (6) varied the Ru dispersion by
changing the catalyst Ru weight loading.
Kellner and Bell (4) obtained various dis-
persions with different Ru loadings as well
as by sintering under reaction conditions,
With dispersions ranging from 0.23 to 0.60

TABLE 4

Probability of Chain Growth as a Function of
Ru Dispersion”

Catalyst Dispersion Cs~C,y  Probability of
(Fresh catalyst) Mass % growth,
JM1 0.78 34 0.65
IM7 0.70 33 0.66
M3 0.47 37 0.67
M4 0.16 45 0.73

¢ Conditions: temperature 250°C; pressure 1200
kPa; H/CO = 2.3/1; CO conv. 22%.
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F1G. 4. Anderson-Schulz-Flory plots for JM7 cata-
lyst (O), a = 0.66 and JM4 catalyst (@), a« = 0.73 at
250°C, 1200 kPa, H,/CO = 2.3/1, CO conv.% = 22%.
M, /P is mass fraction of hydrocarbon divided by car-
bon number.

King observed no consistent change in the
C;/C, mass ratio. Together with the change
in the Ru dispersion, however, the catalyst
support pore diameter varied between 137
and 44 A. Kellner and Bell also report an
increase in the probability of chain growth
as the Ru dispersion increased from 0.63 to
0.7 (4). The reported olefin/paraffin ratio
remained fairly constant up to dispersion of
about 0.6 and then decreased rapidly. For a
similar range of dispersion the C3/C; ratio
of the present investigation, increased with
decreasing dispersion, and are about an or-
der of magnitude lower than those reported
in (4).

For some of the reaction conditions of
the present investigation, alcohols (mainly
methanol and ethanol) were also produced,
a result also reported by Kellner and Bell
(3). Figure 5 shows the alcohol selectivity
(mass% of total product hydrocarbons and
alcohols) measured as a function of conver-
sion for the catalysts of the present investi-
gation. The alcohol selectivity does not
change significantly with Ru dispersion.

Kinetics
It has been shown that for H/CO = 5, the
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F1G. 5. Alcohol selectivity as a function of CO con-
version for various catalyst dispersions at 235°C, 800
kPa, and H,/CO = 2.3/1: (O) 0.78; (@) 0.70; (A) 0.47;
(A) 0.16.

spent catalyst dispersion was lower than for
tae fresh catalyst. For H,/CO < 3, the mea-
surement for spent catalyst dispersion was
not possible (by the technique used in this
investigation) because of the carbonaceous
deposit on the catalyst; carbon burnoff’s as
high as 1.1 wt% were measured on the
spent catalyst (Table 2). In determining the
FT reaction kinetics in terms of the turn-
over number TON (mol - (mol. surface
Ru)~! s71) however, an estimate of the ef-
fective catalyst surface area during synthe-
sis is required.

To estimate the number of active sites
during synthesis, Kellner and Bell made Ru
dispersion measurements (by H, chemi-
sorption) at various intervals during an ex-
perimental run (4). The technique is tedious
and assumes that the average of the number
of Ru sites measured before and after each
cycle, corresponds to the actual number ac-
tive while the synthesis reaction is occur-
ring. They also estimated the Ru dispersion
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using CO IR integrated absorbances, mea-
sured in situ at 1010 kPa, 498 K, and Hy/CO
= 3. The technique requires an estimate of
Ru at the start of the synthesis cycle. The
TON’s reported by King (6), showing the
effect of various dispersions on the CO con-
sumption and methane synthesis rates,
were based on the Ru dispersions measured
on the fresh catalyst. In view of Kellner and
Bell’s results King’s TON’s are probably
too low.

We propose a different technique for esti-
mating the TON, without making a direct
measurement of the Ru dispersion during
the course of an experimental run. We as-
sume that the same number of metal sites
participate in the synthesis of each hydro-
carbon. Hence

N,

1

= N

where 7, is the rate of synthesis of hydro-
carbon ¢; per gram of catalyst and N, is the
turnover number of hydrocarbon c;.

In the present work, for synthesis with
H,/CO ratio greater than 3, the spent cata-
lyst Ru dispersion could be measured by
CO chemisorption. Hence at such synthesis
conditions, N¢, was calculated from the
measured rate per gram of catalyst and the
measured Ru dispersion. Furthermore the
specific methane activity was correlated ac-
cording to the well-known power rate law:

Ne, = ko exp(—ERT)PoPY, (1)

where a and b are constants and Pco, Py,
the partial pressures of the reactants. Table
5 summarizes the parameter values ob-
tained for the CH, TON power law correla-
tion, on the catalyst with fresh catalyst dis-

re

re

TABLE 5

Power Law Parameter Values for Methanation Turnover Numbers

Catalyst Dispersion ko E a b
(kJ/mol)
M1 0.78 1.43 x 10° 118 = 3 -0.76 = 0.20 0.84 = 0.20
JM4 0.16 1.09 x 108 101 £ 9 —-0.71 = 0.47 1.15 = 0.45
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TABLE 6

Methane Specific Activities: Comparison with Other Work at 101 kPa

Catalyst, Dispersion Temperature H./CO Neny Reference
% Ru °C) (10 *s' h
on A1203
9.5 0.60 250 2/1 10.4 King (6)
1.25 0.44 250 2/1 19.5 King (6)
1.3 0.82 206 2/1 0.01 Kellner and Bell (4)
11 0.3 206 2/1 0.6 Keliner and Bell (4)
0.5 0.78 250 5/1 11 This work
0.5 0.16 250 51 38 This work

persions of 0.16 and 0.78. The data
correspond to H,/CO feed ratios of 5/1. The
goodness of fit is shown in Fig. 6. Compari-
son of the methane TON obtained in the
present investigation with values reported
in the literature are given in Table 6. In all
cases the methane TON increased with de-
creasing dispersion, indicative of the struc-
ture sensitivity of the methanation reaction.
Furthermore, the values of the present in-
vestigation are in good agreement with
those reported in the literature.

For reaction conditions (H,/CO < 3)
where the catalyst dispersion could not be
measured directly by CO chemisorption,
the correlations of Table 5 were used to
predict the methane specific activity (for
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F1G. 6. Goodness of fit for methanation power law:
(®) IM1 catalyst, (O) JM4 catalyst.

catalysts JM1 and JM4). The ratio of the
measured CH, production rate per mole to-
tal Ru and the predicted methane specific
activity, N, gave an estimate of the Ru
dispersion. In addition, the higher hydro-
carbon TON’s were calculated from

N;, = (N Jre)r;
or
N., = ko exp(—E/RT)PtoPhrelre)  (2)

re,/re, is the ratio of the measured hydrocar-
bon (¢;) to methane rate per mole of (total)
Ru.

With reference to Table 7 for the JMI
catalyst, the measured CH, production rate
per mole total Ru was 16.0 X 107* mol (mol
Ru)~! s7! while the predicted CH; TON,

TABLE 7

Estimated Hydrocarbon Turnover Numbers

Hydrocarbon TON = 10 *s 'at 235°C, 808 kPa.
H./CO = 2.3, CO conv. 30%
Catalyst JM1, Catalyst JM4,
dispersiont = 0.78 dispersion“ = 0.16

C 24 186
C, 2 15
C3 4 37
Cs 3 31
Cs 3 34
Ce 2 23
C, I 17
Cs 0.9 13
C,y 0.6 6
Cu 0.3 7

2 Ru dispersion of fresh catalyst.
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calculated using the parameters for JM1
from Table 5, was 23.7 X 107 s~!. Hence
the estimated Ru dispersion (with carbona-
ceous deposits) is (16.0/23.7) = 0.68, the
higher hydrocarbon TON’s are N, = 23.7
X 1074 (rlre) s7', and for Gy, reyfre, =
0.0802 (measured), hence N, = 2 X 10
s71,

The above technique was used to esti-
mate TON’s for the linear saturated hydro-
carbons up to carbon No. 10, for a range of
operating conditions, over catalysts JMI1
and JM4. The parameter values kg, E, a,
and b in Eq. (2) are those given in Table 5
for the respective catalysts. Estimated
TON’s up to Cyq are given in Table 7.

The data of Table 5 show that the param-
eters ky and E depend on the Ru dispersion,
while the exponents a and b are not signifi-
cantly different for catalysts JM1 and JM4,
with fresh Ru catalyst dispersions of 0.78
and 0.16, respectively. During FT synthe-
sis, Ru surface area decreases due to sinter-
ing as well as carbon deposition. The tech-
nique outlined above, corrects for loss of
surface area due to carbon deposition but
not for sintering which occurs during the
course of the synthesis reaction. From Ta-
ble 2, however, the latter effect would be
expected to decrease Ru dispersion in the
order of 20%. In view of the fivefold differ-
ence in fresh catalyst dispersions for cata-
lysts JM1 and JM4, the error in assuming
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that the kinetic parameters of Tables 5 do
not change significantly due to sintering
during synthesis is, therefore, not expected
to significantly affect the results of the
present work.

The power rate law was also applied to
the estimated TON’s of the hydrocarbons,
the results of which are given in Table 8 for
the catalysts with unused dispersion of 0.78
and 0.16 JM1 and JM4) up to carbon num-
ber 4. Some trends are noted from the data
of Table 8. For both catalysts, the apparent
activation energies decrease with increas-
ing carbon number. Furthermore, for a par-
ticular hydrocarbon, the apparent activa-
tion energy decreased with Ru dispersion.
The magnitudes of the H, and CO expo-
nents increased with decreased Ru disper-
sion. In the present investigation, all the
parameters were significant at the 95%
level. The parameters are in good agree-
ment with the data of Kellner and Bell (5)
as shown in Table 9.

CONCLUSIONS

Sintering the 0.5% Ru/Al,O; catalysts in
air, significantly decreased the Ru disper-
sion and also affected the higher hydrocar-
bon selectivities as well as the olefinic con-
tent of the product. Increasing crystallite
size results in an increase in both these
quantities. The mass percent of the alcohol

TABLE 8

Power Rate Law Parameters for Hydrocarbon Turnover Number”

Hydrocarbon Catalyst JM1, Catalyst JM4,
dispersion® = 0.78 dispersion? = 0.16
ky; E;* a; b; ko; E; a; b;
C, 7.42 x10° 137 -0.18 0.95 7.09 x 108 121 -—1.54 147
G 3.49 x 10° 93 -0.62 0.69 8.98 x 10¢ 77 —-1.48 2.07
C, 1.61 x 10* 79 -0.32 0.56 2.74 x 102 57 —-1.24 1.77

@ Ng; = kyexp(—E/RT)P &, PY,.
& Ru dispersion of fresh catalyst.
< In kJ/mol.
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Hydrocarbon Power Rate Law Parameters:
Comparison with Other Work

Hydrocarbon Kellner and Bell (5), This work,
dispersion® = 0.6 dispersion® = (.78
E}* a; b; E* a; b
C 117 -096 1.31 118 -096 0.84
G, 105 -0.85 1.45 137 -0.18  0.95
C; 75 —0.49 1.37 93 -0.62 0.69
C4 79 —0.46 1.21 79 -0.32  0.56
4 Ru dispersion of fresh catalyst.
4 In kJ/mol.
appearing in the product is largely indepen- REFERENCES
dent of the Ru crystallite size. I. Anderson, R. B., in “‘Catalysis” (P. H. Emmett,

Comparison of CH, specific activities for
the various catalyst crystallite sizes, to-
gether with the CH, activation energies,
leads to the conclusion that the methana-
tion reaction is structure sensitive over sup-

ported Ru.
The specific activities for the individual
hydrocarbons, estimated indirectly, in-

crease with a decrease in Ru dispersion.
The parameters of the power rate law for
the individual hydrocarbons (up to C,)
show, generally, a decreased activation en-
ergy and increased magnitude of the CO
and H, exponents with decreased disper-
sion. These results are indicative of a struc-
ture sensitive reaction.
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