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The kinetics of methanating CO on a number of nickel catalysts was investigated 
in the range up to 10% or 20% CO in H? in a once-through differential reactor where 
the catalyst particles of size 0.3-0.5 mm were fluid&d. The order with respect to 
CO was less than zero and approached -0.5 at higher CO concentrations. At low 
60 concentrations there was detected in most cases a maximum in rate, which could 
not be interpreted definitely as an intrinsic or a diffusion phenomenon. The mea- 
sured rates at CO concentrations above the maxima were not, influenced by diffusion; 
ihe rates in this region fitted well with the empirical, general rate equation 

T= 
2, exp( - E,/RT)PQ~ 

[I + zz expU6 650/RT)(~co/p~,)IC.~’ 

Carrier and promoter oxides showed a significant effect, on the kinetics, as zz and El 
increased in the following order: y- or v-ALO~, SiOZ < MgAl,O,, cu-Al,Oa, CoZOs < 
MgO < K,O. El was in the 18-28 kcal/mole range and 22 in the range of approxi- 
mately 10m3 to 10-O. For Ni on MgALO., we found 7t = 0.15 by measurements in the 
pressure range of l-15 atm. 

A kinetic model is proposed with a step in the HZ adsorption determining the 
rate. Methanation rates and the specific capacity for adsorption of H,S are compared, 
showing that IL0 decreases t.he methanation activity without decreasing this ca- 
pacity. The rates of methanation of CO, CO,, and CHSOH are compared. 

INTRODUCTION et al. (1, 2) studied the synthesis of meth- 

The purpose of this work was, to eluci- ane from gases w#ith about 20% CO in H, 

date the intrinsic kinetics of the metha- (integral conversions) in a fixed bed of 

nation of CO commercial l/s-inch pellets of a Ni-on- 

CO + 3H2 = CHa + Hz0 
kieselguhr catalyst. The rates, however, 
must have been strongly influenced by 

taking place over some nickel catalysts. gradient.s of concentration and temperature 
The effect on the rate equation of carrier inside and outside the catalyst pellets, for 
composition and of promotion by potas- which no corrections were made. Vlasenko 
sium oxide was investigated, and t.he et al. (3) studied methanation on a Ni- 
methanation activities were compared with Cr,O, catalyst of 100-1000 ppm CO in 
the capacities of the different catalysts for ammonia synthes,is gas (pressures up to 
adsorption of H,S (at 500°C). Attention 300 atm) in the regime where film diffusion 
was devoted to the effects of diffusion re- is the controlling parameter. In the only 
striction, which tend to modify the ob- work known to the author in which in- 
served kinetics, especially at low concen- trinsic rates were measured, Vlasenko et 
trations of CO. al. (4) found methanation of CO on a Ni- 

Since Sabatier invented the above Cr,O, catalyst to be zero order with respect 
process in 1902 only a little work on the to CO, the activation energy being about 
intrinsic kinetics has been reported. White 16.5 kcal/mole; the region investigated 
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was 135-175°C and below 0.3% CO in H, 
at 1 atm. Below specific concentrations of 
CO the order increased due to int’ernal 
and external diffusion restriction; the 
authors also found that the catalytic sur- 
face (in the kinetic regime) was 5/3 satu- 
rated with CO (compared to the adsorption 
capacity at 75°C) and concluded that the 
rate-determining step could be a reaction 
between adsorbed hydrogen and adsorbed 
CO. However, an infrared study (5) of the 
int.eraction of CO and H, on Ni on silica 
(up to 180°C) showed only bands from 
adsorbed CO and hydrocarbons. Another 
study (16) has shown that two-site adsorp- 
tion of CO is predominant on Xi up to at 
least 65% coverage. 

It, is well known that only Ni, Co, Ru, 
and Fe are good catalysts for the formation 
of hydrocarbons from CO and CO,. The 
large mass of data more than a few years 
old on t,ests of catalysts (6) is incomplete 
and t,he intrinsic kinetics are obscured by 
severe transport restrictions. However, 
there are many indications of a low order 
wit’h respect to CO and only slight product 
inhibition (except on Fe catalyst’s). More 
recent studies (7, 8) on t,he interact,ion be- 
tween CO and H, on platinum group metals 
showed (a) the activity for the formation 
of hydrocarbons (the order of activity 
being Ru >> Rh,Ir > Pt,Pd) varied in- 
versely with how strongly CO was bound 
to the surface; (b) with 0.5% Ru on 
alumina the intrinsic rate expression w,as 
r = I~I,,,*.~ to *pO-o.l to a with activation en- 
ergy of S-10 kcal/mole. 

EXPERIMENTAL 

The reactor was a once-through reactor 
consisting of an g-mm id tube with pre- 
heater coil immersed in an externally 
heated salt bath stirred by bubbling air. 
The catalyst was (with a few exceptions) 
crushed to 0.3.0.5 mm particles and the 
amount used in t,he reactor was about 
0.5 g. The catalyst was fluidized, the feed 
flow being about 100 Nl (normal liters)/hr. 
The feed gases were purified by Ascarite 
(NaOH on asbest’os) and contained only 
H, and CO (except for the cases where the 
influence of CH,, H,O, and Nz w.as ex- 

amined). The conversions were kept below 
1000 ppm CH, formed, the concentration 
of CH, being measured by a dispersed 
infrared analyzer (URAS, Hartmann & 
Braun) calibrated to full deflection for 
1000 ppm CH,. Thus the conversions were 
differential except for the lowest concen- 
trations of CO. The effective concentration 
of CO was taken as SCO,i,ilrt - ZCH.+,exit/2. 
The analyzer signals were corrected for 
the (small) sensitivity t,o the act,ual con- 
centrations of CO. Temperatures were mea- 
sured in the middle of the fluidized layer 
and in the salt bath and were controlled by 
a Thyristor controller. In no case did the 
difference between these two temperatures 
exceed 1 “C. 

In a blank test at 350°C and 1% CO, 
the reactor itself showed no significant 
mcthanation activity. 

Catalysts 

Cat no. 1. Tablets of MgA120, spine1 
impregnated with NiO corresponding to 
9-10s Ni. Reduced with Hz at 420°C. 
pi, = 1.8 g/cm3. 

Cat no. d. No. 1 with a few percent K,O 
added. Reduced at 570°C. pP = 1.8 g/cm3. 

Cat no. S. A carrier of q-Al?O, prepared 
from Al isopropoxide and impregnated 
with 12% Ni. Reduced at 420°C pP = 1.5 
g/cm”. 

Cut no. 4. No. 3 with 2.5% K,O added. 
Reduced at 450°C. p,, = 1.5 g/cm3. 

Cat no. 5. A catalyst with 20% NiO, 
55% MgO, and 25% A&O,?. Reduced at 
above 600°C. pp = 2.1 g/cm3. 

Cat no. 6’. A Ni-Cr,O, methanation cata- 
lyst with 50% Ni. Reduced at 350°C. 
pp = 1.9 g/cm3. 

All the catalysts were tested as 0.3,-0.5 
mm particles, if not otherwise stated. 

RESULTS 

Figures 1 to 7 present typical rate mea- 
surements for the six catalysts, of which 
no. 1 has been most completely investi- 
gated, including measurements on the pres- 
sure dependence (Fig. 2). Some additional 
effects studied more t,horoughly with Cat. 
no. 1 should be mentioned: 
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FIG. 1. Calculated and measured methanation rates on Cat no. 1. The circles are measurements after 
2 weeks service, while the crosses are the rates measured less than 20 hr after the reduction of the catalyst 
in situ. 

(a) The effect of adding 5% CH, and 5% also insignificant (compared to the uncer- 
H,O to the feedgas was investigated in the tainty) and could be accounted for by the 
range 0.3-20/O CO at 240” and 256°C. The variation of pnz in the rate expression (see 
effect was essentially insignificant (as below). 
previously demonstrated (%.J, 6) ) . The ef- (b) The catalyst activity was constant 
feet of substituting 25% of H, by N, was during the period of investigation (about 

0.2 as 1 2 5 10 

%CO in H2 

FIG. 2. Methanation rates of another sample of Cat no. 1 in our pressure reactor at 2, 3, 5, 9, and 15 atm. 
In the experiments at 259°C the pressure was kept constant for each sequence of measurements at different 
CO concentrations; in the experiments at 249°C the concentration was kept constant. By linear regression 
analysis on the rate equation modified as log r = n log pn2 + constant (T,zcc/znr), we find n”,= 0.15 + 9.02 
for the 75 measurements independently of temperature and CO concentration. The solid lines are the cal- 
culated rates at 1 atm and 249°C and at 1, 2, 3, 5, 9, and 15 atm and 259°C. 
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FIG. 3. Typical r&e rne~LIrernel~ts for Cat, no. 2. 

2 weeks) except for the fact, t’hat the 
freshly reduced catalyst had a relatively 
higher activity at low xc0 (the crosses on 
Fig. 1) ; this slight increase of order re- 
garding CO during the first days after re- 
duction of Cat. no. 1 seems also to be the 
case for many nickel catalysts investigated 
by the author. For the other catalysts, the 
measurements presented here were made 
after an initiation period of at least 2 days. 

(c) Heat treatment in H, up to 1000°C 
did not change significantly the shapes of 
the curves of rate versus XC+ 

(d) Hysteresis effects as to CO concen- 
tration and temperature were not, very sig- 

FIG. 4. Typical rate measurements for Cat no. 3. 

%CO in H 

Flu. 5. Typical rate measurements for Cat no. 4. 

nificant. The same stationary methanation 
rate seemed generally to be established no 
more than 30 min after change of con- 
ditions in any direction. I-l[owever, repro- 
ducibility of measured rates on t-he same 
sample of catalyst was in many cases no 
better than i-20%, being best at the higher 
CO concentrations, and no explanation can 
be given for this; the uncertainties in the 
experimental technique at atmospheric 
pressure can only account for about 
t5-10%. 

Figure 2 shows how the methanation 
rate depends on total presures up to 15 
atm. On Fig. 7 is illustrated the effect of 
decreasing the particle size to 0.15-0.25 
mm; the dashed lines on the same figure 
illustrate (by repeated measllrements) the 
effect of preventing fluidization of the 
0.15-0.25 mm particles by a wad of glass 

FIG. 6. Typical rate measurements for Cat no. 5. 
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‘I. CO in H, 

FIG. 7. The half-filled spheres are the rates 
measured on 0.15-0.25 mm powder of Cat no. 6; 
the filled spheres are repeated courses of measure- 
ments when fluidization of the same sample of 
0.15-0.25 mm powder was hindered by a wad of 
glass wool. 

wool. Apparently, the use of smaller 
particles moved the maximum slightly to 
the left, while prevention of fluidization 
moved the maximum substantially towards 
higher CO concentrations; these effects 
have also been found with Cat. no. 1 (and 
other catalysts), but not so distinctly. 

ESTIMATION OF DIFFUSION RESTRICTION 

It is well known that diffusion restriction 
tends to change a zero order reaction 
towards a reaction of the order 20.5 be- 
low a certain concentration of the re- 
stricted component depending on the actual 
zero order rate and the effective diffusion 
coefficient in the catalyst pores and in the 
external film (4, 8). On the other hand, 
a reaction with negative order will have 
a maximum of rate at a certain concen- 
tration. Actually, w,e have found (9) that 
the methanation rates, of Cat no. 1 in 4.5- 
mm cylinders and no. 3 in 5-mm cylinders 
exhibited such maxima, which could easily 
be explained by the theory set out below. 

The problem here is to assess to what 
extent the drop-off in rate at the lowest, 
Z~ (as detected for Cat nos. 1, 3, 5, and 6) 
was caused by diffusion restriction or re- 
flects a quality of the intrinsic (“true”) 
kinetics ; theoretically, the intrinsic ki- 
netics of a low order reaction has to ap- 

proach first order at least at very low 
concentrations. 

The effectiveness factor, E, of a sphere in 
which a zero order reaction, r, = k g mole/ 
cm3 set, takes place, is a function of the 
modulus 

@ = a2(lc/D,c,) (1) 
where a is the radius of the sphere, D, the 
effective diffusion coefficient (of CO) in 
the porous sphere, and cS the molar con- 
centration (of CO) at the surface of the 
sphere. For 4” 5 6, E = 1 and above 
4” = 6, E decreases. 

Around the sphere there is a gas film 
causing a drop in concenrtation from the 
bulk gas phase to the surface of the 
sphere 

P - P, = (aKO(rlU (2) 

where r is the actual rate and iE, (g mole/ 
cm2 set atm) is the gas film coefficient. 

The existence of a maximum as equi- 
valent to an (apparent) zero order rate 
with respect to CO near this maximum. If 
a maximum is caused by diffusion, $J” has 
approximately to equal 6. Inserting 9” = 
6 in Eq. (l), using the fact that r = Ic, and 
combining w,ith (2) yields the following 
condition for the fact that diffusion can- 
not have caused the maximum in rate 
versus pco : 

6 
K a.#iT/D,) + a(2/k,) (3) 

The typical conditions are as follows: 
0.4-mm particles (=d,) in an &mm tube, 
100 Nl H,/hr at 3OO”C, and 1 atm, and 
void approximately 80%. 

Estimation of k, is as follows: Re, = 
d,G/17 = 0.04(3.9 x 10-3)/1.48 X 1O-4 = 1 
(i.e., laminar region). From Zenz and 
Othmer (IO), p. 473, we have fn z 1.3 or 
or Sh = j&Y3Re, z 1; as theoretically 
(8, p. 47) Sh = 2 for a single particle in 
stagnant fluid, Sh = 1 seems not to be a 
very unreasonable figure. Thus, we have 

k, = sh DbPr = 1.1 x 10-s 
g mole 

MdpP cm2 atm set 

which inserted in (3) together with a = 
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0.02 cm yields the general condition for 
the absence of diffusion restriction in case 
of 0.4 mm catalyst particles 

I 
(k> << 6 g mole 

pm 7113x 19/D, + 36 atm cm3 set (4) 

By rate measurements on larger parti- 
cles and by other means (9) we have esti- 
mated the values of D, to be inserted; the 
results are presented in Table 1. 

TABLE 1 
EFFECTIVE DIFFUSIOK COEFPICIESTS FOR CO IN 

THE CATALYST PARTICLES UXUER THE REACTION 

CONDITIONS-VALUES INSERTED IN THE 

RIGHT-HAND SII)E OF EQ. (4) 

cat no. 
D, 

(cmz/sec) 

G>“>,, 
predicted by I&. (4) 

(~4 mole/cm3 set atm) 

1 0.17 0.04 
2 -0.15 0.04 
3 0.03-0.05 0.01 
4 0.03-0.05 0.01 
5 0.01-0.02 0.003 
6 -0.1 0.03 

The experimental maxima arc located 
approximately on the line r = 2 X 10-3p,0 
g mole CO/cm3 set (Cat nos. 1: 3, 5, and 
6) independent of D,, the locations being 
more or less affected by change in particle 
size and whether the bed was allowed to 
fluidize or not. These findings indicate 
some sort of ext,ernal diffusion restriction 
corresponding to a value of k, two orders 
of size below the expect,ed value. 

We can, therefore, only conclude that in 
the region of dr/dpco > 0 the measured 
rates can reflect both intrinsic kinet#ics and 
some external diffusion restriction, while 
for at least Cat no. 6 some sort of external 
diffusion (perhaps channelling or cluster 
formation) is, probably governing. More 
experimental work in this region is 
necessary. 

RATE EQUATIONS 

We shall confine the rate equations to 
the region of zero order or below (regard- 
ing CO), i.e., 

r/xc0 > 4 X 1O-3 (g mole CO/c& set) 
= 300/p, (Nl CO/hr g) (5) 

together with zoo < 0.1 to 0.2. 
At first, a rate equation must admit the 

following general conditions which easily 
can be derived directly from t’he measure- 
ments (most completely from Cat no. 1) : 

(1) The rates are independent of meth- 
ane and water up to at least 5 volume % 
and independent of nitrogen. 

(2) For all catalysts, the order regarding 
CO drops off to a constant value of -0.5 
at high concentrations of CO. 

(3) The pressure experiments (Fig. 2) 
showed that the shape of the plot of log T 
versus log zco is independent of the total 
pressures, which means that pc, is only in- 
volved as the ratio between pco and pHZ 
(or less likely the total pressure). A regres- 
sion analysis of the 75 measurements of 
Fig. 2 using Eq. (7) (replace 0.15 by n) 
linearized by taking the logarithms showed 
that the rates are proportional to the total 
pressure to a power of 0.15 -t- 0.02, inde- 
pendently of the CO concentrations. 

Therefore, among all equations of the 
intuitively chosen general form 

hpCo”PH,b 

’ = (1 + hpmC + kzpcodlpme:)’ 
(6) 

the following rate equation is selected as 
the model fitting most adequately to the 
experiments, taking also into consideration 
that the number of parameters to be fitted 
should be kept at a minimum: 

z1 exp( -EI/RT)~H?~.~~ 
’ = [I + z2 exp(--Ez/RT)(pCo/pHr)10.5 (7) 

If 1 was not included in the denominator 
square root, the region of transition be- 
tween 0’ and -0.5’ order would nearly 
without exceptions be significantly too 
broad (the dashed line on Fig. 1) t,o fit the 
experimental data. 

The best fit of the four parameters of 
Eq. (7) for the six catalysts are given on 
the figures, where the corresponding cal- 
culated curves are also drawn. The values 
of zZ are subject to rather large uncertain- 
ties. The values of E2 for Cat nos. 2 and 7 
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TABLE 2 
BEST FIT VALUES ON FIGS. l-75 

cat no. (Nl &/hr g) 

1 0.47 x 109 
2 1.4 x 109 
3 4.5 x 107 
4 0.85 x 10s 
5 1.75 x 108 
6 6.8 X 10D 

El rm (250”) 
(kcal/mole) Z? (Nl CO/hr g) (PP: S) 

23.36 1.0 x 10-h 0.081 1000 
28 10-a ( >5 x 10-d) 0.0028 850 
18 5 x 10-S (3-7 x 10-G) 1.35 5450 
24 1O-4 (0.5-2 X lo+) 0.080 5400 
25 5 x 10-S (3-10 x 10-y 0.063 2300 
23 10-S (l-2 x 10-y 10 - 

D Ez = - 16 650 &/mole. The intervals of zz in the parentheses are those which could fit as well for the 
chosen values of al, El, and Ez; rm (250”) is the calculated rate at 250°C 1 atm for unity of the denominator, 
and S is the sulphur capacity as explained in the text. 

are taken equal to that of Cat no. 1 simply 
because no differences of E, can be de- 
tected with the present measurements. The 
results with estimated uncertainties are 
given in Table 2. 

The rate equations are not obtained by 
a rigorous regression analysis, but only by 
a simple trial-and-error procedure. If a 
sufficiently sophisticated regression method 
had been used, a rather subjective choice 
would always have been involved in one 
way or another (weighting), so the author 
believes that such a rigorous method could 
probably not have given more “true” rate 
equations from these measurements. 

It should be mentioned that for catalysts 
w.ith not too high zz values the order (of 
CO) seems to approach a somewhat higher 
value than -0.5 at higher temperatures 
for large CO concentrations. 

TENTATIVE MECHANISMS 

Apparently, there is a strong rate in- 
hibition by adsorption of CO. Among the 
many possibilities of combining adsorption 
of CO and adsorption of H, with adsorp- 
tion rate or surface reaction rate control- 
ling, using the Langmuir isotherm, we have 
found only one mechanism to fit fairly well 
the shapes of the experimental curves if 
this mechanism is to be both mathemati- 
cally easy and physically reasonable. In 
this mechanism dissociative adsorption of 
Hz through several steps determines the 
methanation rate, while adsorption on dual 
sites of CO and H, inhibits the rate. 

We believe that the adsorption of hy- 

drogen leading to the “active” state could 
take place in two ways: 

k’ 
Hz + s + 2H’,d, (8) 

and/or 
KI 

Hz + 2s ti Hzsds $ 2&d, 2 2H “,,ds (9) 

where only Hlads or HutadS (which probably 
are physically identical) can react with 
the adsorbed CO 

KC 
co + 2s ti CO,d. (10) 

Assuming that only HzSd, and COaaa cover 
an appreciable part of the total concentra- 
tion of sites, L, we have 

L = [s] + 2[c0ad + 2[Hzd 
= [sl + 2[s12 (&Pm + Kcpco) (11) 

Assuming nearly all sites are covered, i.e., 
omitting [s] , we have 

[s] = (L/2)WGpm + Kcpco)-“.5 (12) 

In the case of (8) determining the rate, 
the rate equation becomes 

k’(L/2&)0.5p&3.5 
7” = k’Kdk’S1 = [l + (Kc/K1)(poo/pm)10~5 

(13) 

and in the case of (9) determining the rate 

Equations (13) and (14) are identical 
with Eq. (7) except for the numerator 
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dependency of H,. Addition of these two 
rate equations, the total numerator rate 
constants being proportional in the ratio 
of about 1:4, gives a new equation which 
in the range of 1-15 atm is proportional 
to pH,o.15 within +6%, i.e., within the ex- 
perimental error. 

DISCUSSION OF MECHANISM AND 
CATALYST SURFACE PROPERTIES 

Probably a large number of other more 
complicated mechanisms could lead to 
rate equations fitting the measured rates 
within the experimental errors. Even if the 
adsorption rate of hydrogen is determining 
the rate, detailed mechanisms other than 
(8) and (9) could possibly lead to suitable 
equations. The existence of several chemi- 
sorbed states of hydrogen on nickel and 
other metals is generally accepted (11, 12, 
IS), while no strong evidence of just, 
exactly the sequence (9) can be derived. 

If our proposed mechanism is true in 
principle, it should imply that the numer- 
ator rate expression (denominator is taken 
as unity) for methanation of CO would 
represent the upper possible rat,es of any 
hydrogenation process on a given catalyst 
at any given temperature and pIT2 if only 
the same number of atoms of activated 
hydrogen, Hlads and H#‘ads, had to bc con- 
sumed by the hydrogenation of one mole- 
cule of the component in queetion; if the 
number were n. times higher, the upper pos- 

sible rate should be n times lower (we 
imagine that the intermediary compounds 
on the surface could possibly be hydro- 
genated by other states of hydrogen, Hzads 
or Hads) . In Fig. 8 are compared the metha- 
nation rates of CO, CO,, and CH,OH on a 
catalyst not mentioned above, but similar 
to no. 1; CO, actually has the same maxi- 
mum rates as. CO, however at a much 
higher percent CO,, while methanol only 
reaches about 2//3 of these maximum rates 
before an abrupt drop-off (for unknown 
reasons) below a certain percent methanol. 
However, the apparent accordance in rates 
could just as well be explained by a fast 
formation of CO (as an intermediary), the 
rate therefore being determined in prin- 
ciple by whatever the kinetics could be 
for the methanation of CO. Comparative 
measurements of the rates of hydrogenation 
of, say, ethylene would be more valuable. 

Hydrogenation of ethylene and hydro- 
genolysis of hydrocarbons on Ni, Co, Fe, 
and Pt catalysts are generally believed to 
be governed by surface reactions (11, 14) ; 
we have found no examples of hydrogen- 
ations for which kinetics similar to our 
proposed mechanism or equations were 
postulated. 

The value of the numerator rate con- 
stant of Eq. (7) is proport,ional to the 
specific area of nickel surface (rn? Ni per 
g cat) of the catalyst considered [t.he L 
dependence of Eqs. (13) and (14) does 

% C0,C02 or CH30H in H2 

FIG. 8. Measured methanation rates of CO, COZ, and CH,OH on the same sample of a catalyst with 14% 
Ni on a carrier of composition: 4y0 K20, 11% SiOz, and 85% ALO3; the particles were 0.4-0.5 mm and the 
sample was fluidized. The rate equation for CO is similar to that of Cat no. 1 except for a higher value of zl. 
The curves are the best connections through the measured rates. 
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not necessarily contradict this as L is a- 
somew.hat speculative-concentration of 
sites on the Ni surface], while the de- 
nominator constant is only a function of 
the chemical properties of this surface. 
Apparently, the oxides in the carrier and 
especially the addition of potassium oxide 
have an effect on the denominator, the de- 
nominator constant, z2 (E, constant), in- 
creasing in the order (see Table 2) : 

y- or v-A&O,, SiOz < MgA1,04, c~-Al,0,, CrzOz 

< MgO << KzO 

Also the numerator activation energy, E,, 
seems to increase in the same order. The 
sequential placing of ~Al,0, and partly 
of MgO and SiO, is based on rate measure- 
ments not presented in this article. The 
sequence found suggests a connection with 
surface acidity which is, however, not con- 
firmed by measurements on this quantity. 

The last two columns of Table 2 com- 
pare the calculated activity at 250°C for 
unity of the denominator with the same 
catalyst sample’s capacity in wt ppm S for 
adsorption of H,S at 500°C using a, method 
reported by J. Rostrup-Nielsen (15). The 
sulfur capacity is believed to be propor- 
tional to the number of ‘Lexposed” nickel 
sites; apparently, addition of a few per- 
cent of K,O does not greatly influence the 
sulfur capacity or the number of “exposed” 
nickel sites, while the methanation activ- 
ity-even at low zcO- is drastically 
decreased. 
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