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The Catalytic Synthesis of Hydrocarbons
from H,/CO Mixtures over the Group VIII Metals:
Comment on Methanation Kinetics

In an article by Vannice (/) a Kinetic
rate expression was developed for carbon
monoxide hydrogenation to methane over
group VIII transition metals. The mea-
sured rate form taken as [Eq. (1)]:

ratezk'PHzx'Pc()Y (1)
is compared with a model expression [Eq.
2]:

rate = k' Py,"Peoln(¥/2), (2)
where y = number of hydrogen atoms in-
volved in the rate determining step (RDS)
[Eq. (3)]:

CHOH(ad) + y/2 Hy(ad)

— CHy(ad) + H;O (3)
and n is the power law exponent for the
approximation in [Eq. (4)]:

K'PCO'PHz
1+K'Pco'PH2

-~ (K PCOPHz)"- (4)

Two implications of Eq. (4) are then that

(a) 0 <n=1.0and
(b) K P¢oPy, must be comparable to 1.0
if # is not near 1.0 or zero.

The values of n deduced from comparison
of Eq. (3) with Eq. (2) were found to be
greater than unity for 3 of the 10 alumina-
supported metal catalysts.

Although Fe(n=1.1) and Co(n=1.2)
have values of n near unity within experi-
mental error, Ru(# = 1.6) has a value of n
well outside any experimental uncertainty.
This is a violation of restriction (a) above.
The particularly irregular behavior of Ru is
removed if the assumption of quasi-
equilibrium in step (I11a) of reference (1) is
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voided and is then considered as a revers-
ible step. This may be appropriate since
the RDS was fastest on Ru and could
make this rate comparable to that of the
reverse reaction of step (I11a).

However, the following discussion pro-
vides a much more unifying approach. The
discrepancies with all three metals are
eliminated by a slight modification of the
original treatment.

Since 6. = K PP/l + K PcoPy,),
the general expression for (1 — 6.) consis-
tent with restriction (b) above is:

(1—6.)=(1+K PcoPy,)!

rather than the term (1 —6,) = (K P¢oy
Py,) '. Then the hydrogen coverage, 0y,,
is given by [Eq. (5)]:

0. = Kl’lz PHZ
H: ™ T+ K PooPry

(neglecting Ky, Py, in the denominator)

— Ky Py K PeoPuw
(K PeoPy,) (14 K PeoPy,)
~ Ky, P, "
- KPCQPH2 (K PCOPHZ)
=(K PcoPuy)" 'K Prao (5)

the rate of reaction then becomes [Eq.
(6)]:
rate = ky - 0, (0,,)¥"2
= ky[K PcoPy,]®
[(K PcoPuy)" 'K, Py, 1
= kK in+ln=1wizh g vizp (n+{(n=1vi2]}
Pﬂg[n+ny/2]. (6)

The measured pressure exponents now
are related to the parameters n and y by



NOTES

TABLE 1

X Y 3 n viE e XE Y
Pd 07 02 1.0 0475 1 0.5 0.75 0.25
Pd 08 03 1.0 0532 1 0.5 0.75 0.25
Ni 0.8 —03 2.2 038 2 05 1.0 0.0
Ir 1.0 0.1 22 0475 2 0.5 1.0 0.0
Pd 1.0 00 20 050 2 05 1.0 0.0
Pt 08 0.0 1.6 0445 2 05 1.0 0.0
Rh 1.0 -0.2 2.4 0455 2 0.5 1.0 0.0
Fe 1.1 —-0.1 24 050 2 05 1.0 0.0
Co 1.2 —-0.5 34 0445 3 0.5 1.25 —-0.25
Ru 1.6 —-06 44 050 4 05 1.5 -0.50

the expressions

X =n(l+ y/2),

Y=n(l+y2) =y2=X—y/2,
or

y=2(X—-Y),

n=X/(1+y/2),

(7a)
(7b)

The values of y are identical to those
used before since Eq. (7a) is unchanged
from the original treatment. Whereas
n = X originally, under the present deriva-
tion n= X/(1+ y/2) -which leads to the
values of y and n shown in Table 1. Now n
is between 0 and 1.0 for all metals and ap-
pears to be nearly 0.5 for all cases. If # is
fixed at exactly 0.5, the values of X and Y
calculated (indicated by an asterisk) are
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given in the last two columns. The sum of
absolute deviations between Y., and Y *
is 1.15 here vs 1.20 in the original paper
(1), thus both simplified treatments give
equal fit to the exponent Y. The final
form for the rate over all metals is that for
n = 0.5 in Eq. (6) above:

rate = kz[K[ 1-1//2[KH211P(‘0[171//21PH2[1+11/2]] 1/2

K. P y/2\1/2
= k2<k'P(fn)'P}{2 [ﬁ} ) (8)
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