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The poisoning of Ni/SiOz catalysts by H& adsorption and the subsequent chemisorption of 
CO, HQ &Hz, and CsH6, which are involved in reactions on Ni where the presence of sulfur is 
known to change activity and selectivity, were studied by magnetic methods. When HzS is 
introduced by small successive increments at ZO”C, the surface nickel layer is first covered with 
H,S (four or five Ni atoms involved in the bond, suggesting dissociation), and then deeper 
layers of the metal are attacked. The poisoning probably occurs with a two-dimensional phase 
growth from nuclei. Hz and CO subsequent chemisorptions are specific to the free nickel surface, 
and have the same characteristics as on pure Ni. This result establishes the validity of the 
method of Hz adsorption to estimate the unperturbed nickel surface area. In contrast, un- 
saturated hydrocarbons (CzH2, CeH6) are adsorbed on both free and poisoned nickel. Hydrogen 
from adsorbed HzS probably interacts with the hydrocarbon molecule to give a hydrogenated 
adspecies. This behavior is different from that observed when the Ni surface is precovered with 
H from molecular hydrogen; in that case, the hydrocarbon molecules subsequently adsorbed do 
not interact with H. Moreover, HzS seems to inhibit the cracking of hydrocarbons on nickel. 

The presence of sulfur, combined or not, 
is known to have a great influence on the 
activity and selectivity of Ni catalysts. 
For example, an enhancement of the sclec- 
t,ivity for heavier hydrocarbons in the 
CO + Hz reaction and a decrease of the 
overall activity were observed when small 
quantities of H2S were int,roduccd into 
t,he catalytic system (1-S). Increases of 
the selectivitics for partial hydrogenation 
of acetylene to ethylene, of polyolcfins or 
cyclic polyenes to corresponding mono- 
olefins, and of nitrobcnzenc to aniline were 
also reported (4-8). 

Interaction between H&3 and nickel has 
been studied by various techniques, in- 
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&ding magmtism (9, IO), volumetric 
m&hods and gas analysis, and HZ-D, 
exchange (11-13). The chrmisorption was 
not detected by infrared spectroscopy (14). 
These studies point to the fact that H$ 
is dissociativcly adsorbed with a more or 
less pronounced incorporation of sulfur 
and Hz evolution. However, the behavior 
of H2S with K’i is complicated, and a num- 
ber of points remain obscure. Moreover, 
there are very few reports on chemisorp- 
tion of gases on partially poisoned nickel 
powders (15). 

In t’his paper WC report results on the 
poisoning of Ni catalysts by H&3 and some 
observations concerning the subsequent 
chemisorption of CO, Hz, &Hz, and CsHs 
which are involved in the above-mentioned 
reactions, with the help of magnetic 
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m&hods which have bcon shown capable 
of shedding some light on t,hc: naturt: of 
the gas-nickel bond (10’). 

EXPERIMENTAL METHODS 

Catalyst preparation. Ni/SiOz catalysts 
were obtained by adding aerosil silica 
(200 m’/g) into a solution of nickel nitrate 
hexamine (I?‘). The solution was filtered. 
The adsorbed complex was decomposed by 
evaporating ammonia, and Ni(OH)2 was 
precipitated on the support. The solid was 
washed and dried. The powder was ag- 
glomerated under 2 tons/cm2, and a pellet 
ca. 0.15 g in weight, 0.5 cm in diameter, 
and 1.0 cm in length was thus obtained. 
The reduction was performed for 4 hr in 
a Hz stream (2 liters/hr) at 650°C. After 
reduction, the sample was outgassed at 
450°C for 2 hr at lo+ Torr. Adsorptions 
were performed in a volumetric apparatus 
cquippcd with a Texas Instruments pres- 
sure gauge. The nickel content was 12 wt%, 
and the dcgrec of reduction calculated 
from saturation magnetization (18) was 
higher than 95%. The avcragc nickel 
particle diamctcr calculated by low- and 
high-field magnetic methods (1s) was 
found to be 5.3 nm. This value agrees 
with that calculated from Hz chemisorp- 
tion at room temperature at 100 Torr 
(ca. 33 ml [NTP]/g of Ni) assuming a 
nearly complete coverage in these condi- 
tions and (111) and (100) planes on the 
Ni surface. 

Magnetic methods. After chemical treat- 
ments (outgassing, adsorption), the sample 
holder containing catalyst was introduced 
into an electromagnet providing moderate 
fields up to 21 kOe, and Ni magnetiza- 
tion (M) was measured at 300, 77, and 
4.2 K using the ‘(axial” Weiss extraction 
method (19). 

Variations of saturation magnetization 
(MB) due to gas adsorption were cal- 
culated by plotting AM (variation of 
magnetization) against l/H and extrap- 
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olating to l/H = 0 (H, field strength). 
For measurements performed at 300 and 
77 K, AM. was multiplied by lc, a coefi- 
cicnt nearly equal to 1 (1.055 and 1.01 at 
300 and 77 K, respectively) to account 
for the variations of M, with temperature. 
Magnetic “bond numbers,” n, were cal- 
culated, in some cases, assuming that 
nickel atoms in interaction with adsorbed 
molecules cease to participate in the col- 
lective ferromagnetism of Ni (18). Values 
of n can be calculated by dividing a, the 
change in saturation magnetization per 
adsorbed molecule, by the magnetic mo- 
ment of Ni atoms expressed in the same 
units as LY (e.g., in Bohr magnetons, B.M.) ; 
in that case, n = LY [B.M./molecule]/0.6). 

In previous papers (l&22), it was 
shown that the decrease of saturation 
magnetization per adsorbed molecule was 
nearly independent of the temperature of 
measurement (300, 77, and 4.2 K) for this 
type of catalyst (prepared in almost iden- 
tical conditions and having the same 
particle size). This is the reason why 
most of the magnetic measurements re- 
ported here were performed at room 
temperature. 

EXPERIMENTAL RESULTS 

Adsorption of H2S 

Small amounts of HzS were successively 
adsorbed at room temperature on the 
Ni/SiOz catalyst. Addition of HaS was 
stopped when the pressure of the gas 
phase (which was shown to consist of Hz) 
was ca. 3 Torr. In those conditions the 
adsorbed volume is VO = 47 ml (NTP)/g 
of Ni, and the ratio Sa,+,/Hads is nearly 
equal to 1.9. The effect of HzS adsorption 
on magnetization is shown in Fig. 1, where 
it can be compared to that due to Hz 
adsorption. It can be seen that the AM, 
vs VHaS curve can be best described by 
two linear parts: The first of which yields 
an a! value of 2.5 B.M. per adsorbed 
molecule while the second part yields an 
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FIG. 1. Saturation magnetization change as a function of adsorbed volume at room temperature 
for H& curve 1, and for Hz, curve 2 [see ref. (17) and Salmon, J. A., Martin, G. A., and Imelik, R., 
C&q. Int. Cent. Nut. Rech. Sci. 201, 593 (1971)]. 

a! value of 1.0. B.M. per molecule, sug- 
gesting a change of the nature of adsorbed 
species. 

When the introduced amounts are very 
large, they lead to higher values for (11 
(typical values are 3-3.3 B.M./molecule) 
which could bc at.tributed to local heating 
due to the heat of adsorption. 

The loss of magnetization caused by 
HzS adsorption in the first part of the 
isotherm shown in Fig. 1 is nearly equal 
to that produced by Hz adsorption at 
complete coverage. Assuming that Hz is 
capable of destroying the ferromagnetism 
of each surface nickel atom (16), then it 
is reasonable to suppose that the first 
part of the H2S isotherm corresponds to 
the almost complete coverage of the first 
nickel layer. The same type of reasoning 
may suggest that the second part’ of the 
HZS isotherm involves more than the sur- 
face layer of nickel atoms, in agreement 
with conclusions of Den Besten and Sel- 
wood (9, 16). It means that after satura- 

tion of the surface nickel layer (a = 2.5 
B.M./molecule), H,S is able to attack the 
nickel particle in depth (a = 1 B.M./ 
molecule). 

Samples covered with H,S at room tcm- 
perature were heated stcpwise up to 450°C ; 
aft’er each thermal treatment, catalysts 
were cooled down t’o room temperature, 
and magnetic measurements were pcr- 
formed. The variations of cr thus observed 
against the holding temperature t are 
shown in Fig. 2, where it can be seen 
that LY does not vary to a great extent 
as t increases. 

Another set of experiments was per- 
formed in the following way: Samples 
having adsorbed H2S were submitted to 
pumping (10M6 Torr) for 20 min at suc- 
cessively increasing temperatures, then 
cooled down t.o room temperature for 
magnetic measurements. The only gas 
detected was Hz. The volume evolved was 
calculated from t,he pressure increase in 
the rough vacuum tank of the pumping 
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FIG. 2. (Y as a function of the holding temperature for H$. Curves 1, 2, and 3 correspond, 
respectively, to VH~~ = 4.5, 9, and 18 ml [NTP]/g of Ni. 

system (23). The volumes thus measured [NTP]/g of Ni of HZS. This observation 
are shown as a function of the treatment is in good accordance with the results 
temperatures in Fig. 3. It can be seen obtained by Den Besten and Sclwood (9) 
that the ease of HB evolution decreases as by thermodesorption and Saleh et al. (12) 
the poisoning increases: At 3OO”C, the by Hz--D2 exchange. It suggests that the 
extent of Hz evolution is nearly equal to system Ni-adsorbed H,S can give up its 
unity on unpoisoned catalysts ; it. is equal hydrogen relatively easily (however, less 
to 0.85 and 0.6 for two samples having easily than Hz adsorbed on pure nickel). 
adsorbed, respectively, 6.6 and 17 ml This hydrogen may react with adsorbed 

t 

“H2 

VH2ads.as H2or H2S 

FIQ. 3. Amount of desorbed Hz(V=,) from Ni/SiOs with various HaS coverages as a function of 
the temperature, t. Curve 1, Ni covered with Hz; curve 2, Ni covered with 6.5 ml [NTP]/g of Ni; 
curve 3, Ni covered with 17 ml [NTP]/g of Ni. 
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molecules in a different way than Hz over 
pure Ni. 

When Hz is evolved upon heating under 
vacuum, does sulfur remain in the same 
chemical state? In Fig. 4 we have plotted 
(YS against the treatment temperature. For 
temperatures at which Hz evolution was 
nearly complete ~ys was calculated directly 
from magnetic measurements. At lower 
temperatures, it was assumed that the 
contribution due to the remaining Hz was 
equal to that observed for Hz on pure 
nickel (aH2 = 1.4 B.M./molecule). From 
the curves of Fig. 4, it can be observed 
that ars does not remain constant, indi- 
cating some chemical transformation of 
sulfur. For low degree of poisoning, large 
values for (us are observed: A maximum 
of 4 is attained at 12O”C, and at higher 
temperatures crs tends to 3 (in that case 
Hz is completely evolved). For samplrs 
containing more HZS, (YS is smaller. 

It is of interest to compare the results 
of Fig. 4 with those of Fig. 2. It can be 
seen that chemical transformations of the 
system Ni-S arc much more pronounced 

0 
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FIG. 4. a for sulfur as a function of the tem- 
perature of treatment (sample submitted to heat 
treatment with Hz pumping) for various degrees 
of coverage in HZS. Curve 1, Ve2s = 4.5 ml, 
[NTP]/g of Ni; curve 2, VH*B = 8 ml [NTP]/g 
of Ni; curve 3, Va,s = 17 ml [NTP]/g of Ni. 

when HZ is evolved by pumping, indicating 
that the presence of hydrogen stabilizes 
the surface sulfur. 

Figure 5 shows the magnetic isotherm 
of readsorption of HZ on a sample treated 
with H2S (VH2S = 6.4 ml [NTP]/g of Ni) 

IO i0 

FIG. 5. Saturation magnetization change of a Ni catalyst treated with HsS at 20°C and out- 
gassed at 450°C as a function of the amount of adsorbed Hz at room temperature. 
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vH2S[ml NTPIgNi) 

20 

and completely desorbed at 450°C. The 
value of (YH2 derived from it (1.45 B.M./ 
molecule) is very near to that. observed 
for Hz on pure nickel. This means that 
Hz rcadsorbed is quite free from perturba- 
tion of S already in the sample. The 
volume of rcadsorbed hydrogen was found 
to be 19 ml [NTP]/g of Ni at 1 Torr 
which was significantly smaller than the 
corresponding value for a pure Ni surface 
(28 ml [NTP]/g of Ni at 1 Torr), showing 
t,hat a part of the surface perturbed by 

l 

\ 

remaining S cannot be used for Hz chemi- 
sorption, the other part showing the same 
behavior as unperturbed Ni. 

0 
VH2S(ml NTP/gNi) 

Adsorption of H, on Poisoned Catalysts 
l 

0 

10 
From Fig. 6 one can see that the amount 

20 
of Hz adsorbed at room temperature at 

FIG. 7. Volume of adsorbed CO at room tem- ca. 5 Torr decreases linearly with the 
perature and 1 Torr and (ICO vs the volume of amount of preadsorbed HZS. The curve 
preadsorbed H2S. thus obtained intercepts the x-axis at 

VHp ml NTPlg Ni 

10 2o VH2S(ml TPN/g Ni) 

FIG. 6. Volume of adsorbed HI at room temperature and ca. 5 Torr and (YA* vs the volume of 
preadsorbed H&3. 
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lints = 20 ml [NTP]/g of Ni. This value 
is nearly equal to that which was sup- 
posed to correspond to the completion of 
the surface nickel in the previous section. 
Hz is not chemisorbed on the part of the 
surface which is covered with H&3; chemi- 
sorption occurs only on the nickel surface 
which remains free. The independence of 
(YH~ with the volume of preadsorbed HzS 
suggests that the free nickel surface is not 
strongly perturbed by the part of Ni on 
which HzS is adsorbed. 

Adsorption of CO 

Results concerning the CO adsorption 
are shown in Fig. 7 (they were partly 
reported and discussed in a preliminary 
note ($4) 1; in many respects they are 
similar to those observed for Hz. The 
amount of adsorbed CO at 1 Torr at room 
temperature decreases linearly as the vol- 
ume of preadsorbed H2S increases. It van- 
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FIG. 8. Volume of irreversibly adsorbed bepsene 
and ‘scan, at room temperature as a function of 
the volume of preadsorbed H,S. 

ishes at ca. 16.5 ml [NTP]/g of Ni of 
H&3, a value nearly equal to that ob- 
served for Hz. CO, like Hz, is only ad- 

o( CgHg (B.M./molecule) 

/-- 
complete craking - /’ 

1’ 

FIG. 9. 01 for irreversibly adsorbed benzene at room temperature as a function of the holding 
temperature. Curves 1, 2, 3, 4, and 5 refer to catalyst precovered with 0, 4.1, 5.9, 8.2, and 15.5 ml 
[NTP]/g of Ni of HB, respectively. 
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FIG. 10. Volume of adsorbed acetylene and 
a~.+~ as a function of the vohlme of preadsorbed Ha. 

sorbed on the nickel surface which is free. 
rvco and the corresponding bond number 
~0, directly proportional to wo, remain 
constant up to VH~S = 14 ml [NTP]/g 
of Ni. As n~o has been shown to be di- 
rectly correlated to z, the ratio of linear 
to bridged species concentrations (18-21), 
it can be concluded that x, which has 
been shown to be very sensitive to the 
Ni environment (Is-al), remains un- 
changed as the amount of preadsorbcd 
HzS increases up to 14 ml. 

Adsorption of CsHe 

After poisoning by H2S, CeH6 was ad- 
mitted at room temperature at ca. 1 Torr. 
After equilibrium, reversibly adsorbed ben- 
zene was removed in a liquid nitrogen 
trap (25). As shown in Fig. S, the br- 
havior of C&Ho is quit,r diffrrcnt from that 
of CO and H, in the sense that it can be 
adsorbed on t,he catalyst when the surface 
is nearly completely covered with H,S. 

For smaller coverages of H2S, C&H6 is 
probably adsorbed both on free and 
poisoned surface. 

The variation of (YC6Hs with the volume 
of preadsorbed HzS reveals a rather com- 
plex situation: As VH2S increases, Lyc6Hg 
decreases down to 0 at VH,S = 6 ml 
[NTP]/g of Ni, th en increases up to ca. 
a! = 2 B.M./molecule. 

After adsorption, the catalyst was heated 
stepwise up to 500°C; after this thermal 
treatment the system was cooled to room 
temperature and a magnetic measurement 
was performed (Fig. 9). At low poisoning 
(VH2S = 4.1 ml [NTP]/g of Ni), the 
thermal variations of we&, follow narrowly 
bhose corresponding to adsorption on pure 
nickel. For higher degree of coverage in 
HzS, (YCBHB drops to negative values, then 
increases again as the temperature in- 
creases. Finally, when the volume of pre- 
adsorbed H,S is large enough, aoIHB again 
has a posit,ive valur. In all cases, it can 

I 
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5- 

complete cracking 

f 

I 
0 100 200 300 4x) 500 

FIG. Il. (II for C2H2 as a function of t, t,hc holding 
temperature. Curves 1, 2, 3, and 4 refer to catalyst 
precovered with 0, 4.1, 8.2, and 17 ml [NTPJJg 
of Ni, respectively. 
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be seen that CQH, relative to adsorption 
on a precovered with H&3 catalyst is 
smaller than W,H, on pure nickel. Par- 
ticularly the ar6H6 value of 15 B.M./ 
molecule which has been shown to cor- 
respond to the complete cracking of the 
molecule on pure nickel (21) is never 
attained, which suggests an inhibiting ef- 
fect of H$3 on the cracking properties 
of Ni. 

Adsorption of Acetylene 

The change in saturation magnetization 
upon adsorption of &Hz at room tem- 
perature for various coverages of H&3 is 
not linear, indicating some changes in the 
nature of the chemisorptive bond with the 
degree of coverage. The variations of ‘X&HZ 
(average value at complrtc C&Ha coverage) 
and of the &Hz uptake (at room tem- 
pcrature and 1 Torr) with the volume of 
preadsorbt>d H&3 are shown in Fig. 10. 
Like benz(an(L, acrtylmc is adsorbed whrn 
the nickel surface is completely covcrcd 
wit’h H2S, indicating a combination with 
the syst,om Ni, H,S. The corresponding 
a! value is ca. 0.5 B.M./molecule. 

After C,H2 adsorpt’ion, the catalysts 
were heated as in t’he previous section. 
Results are rrportcd in Fig. 11, where it 
can br seen that (Y is nrarly tcmprrature- 
independent and in any case much smaller 
t,han the (II values corresponding to ad- 
sorption on pure nickel (21). a values cor- 
responding t’o complete cracking (a = 4.8 
B.M./molecule) are never att#ained once 
the nickel surface is prrcovered with H$. 
These observat8ions are very similar to 
t’hosc previously rc>portrd for CBH6. 

DISCUSSION 

1Yature of Chemical States of H2S 

For H&3, two statcls wrrr obscrvcd: The 
first, oncl which corrclsponds to t,ht: init,ial 
part of thf> curve in Fig. 1 has an or value 
of 2.5 B.M./moleculc and a bond number 

of 4.1. These values are in reasonable 
agreement with those previously reported 
for a thermostable state (21) observed at 
temperatures slightly lower on a nearly 
similar catalyst (a = 2.95 B.M./moleculc, 
n = 4.8). They are also in good agree- 
ment with those measured by Den Besten 
and Selwood (9) on a Ni/kieselguhr cata- 
lyst by low-field techniques (n = 4). These 
authors suggest that H,S could be ad- 
sorbed dissociatively according to the fol- 
lowing model : 

H S H 

I /\ I 
Ni Ni Ni Ni 

This model is in agreement with the 
fact that Hz was detected in the free 
space over the sample and that the only 
gas evolved upon thermal treatment was 
molecular Hz. However, our results show 
that when Hz is evolved upon heating, 
S does not, remain in the same chemical 
state as when hydrogen remains on the 
surface, indicating some synergetic effect 
between H, S, and Ni, which tends to 
stabilize t’he surface molecule. This is the 
reason why we suggest writing this species 
as (Ni, H&3), without speculating how S, 
H, and Ni arch bonded together. 

The second chemical &ate for H,S is 
observed at high degree of coverage. The 
corresponding (Y value is much smaller 
(LY = 1 B.M./moleculc). This result is also 
in good agreement with that reported 
in (9). As noted earlier, it results from an 
at.tack by H$ on the second layer with 
a possiblr chemical rearrangement of the 
first one. 

Chemical State of S in (on) iVi 

Another point, of intcrchst is the chemical 
sf’at,c of S which remains in the catalyst 
after HZ evolution. (YS values as high as 3 
or 4 B.M./atom arc observed for small S 
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contents ; when the S amount in the cata- 
lyst increases, as decreases. 

Two bulk sulfides are well-known, 
namely, NiS and Ni3S2 ; their formation 
would yield (Y values too small (0.6 and 
0.9 B.M./atom, respectively, assuming 
that 1 and 1.5 Ni atoms per S atom cease 
to participate in the collective fcrro- 
magnetism and that the magnetic moment 
in ferromagnetic Ni is 0.6 B.M.) to ac- 
count for the observed values, and hence 
they can be ruled out. 

The high magnetic effect of S is best 
interpreted by assuming that the outer 
electrons of S atoms are given up to the 
d band of the host metal. A similar ex- 
planation was already proposed (t6’) to 
account for high a! values observed in the 
case of the C-Ni system. LY can be as 
high as the number of outer clcctrons, and 
in the case of thr S atom it can reach 6. 
The dccrcase of as observed when the 
sulfur amount increases could be due to 
the formation of S clusters which are 
expected to give smaller magnetic effects 
owing to the fact that some clcctrons arc 
used for the S-S bond. 

The position of the sulfur atoms (at the 
surface or in the bulk) deserves some dis- 
cussion. Sulfur solubility into bulk nickel 
is known to be small (0.005%), so this is 
a first indication that S is located on the 
surface instead. However, the solubility 
could vary with the degree of dispersion 
of the host metal. A more convincing 
argument for S being present on the 
surface is that the volume of adsorbed 
hydrogen is smaller on nickel containing 
sulfur (Fig. 5). 

This study helps us to understand the 
state of sulfur in a procedure described 
by Takeuchi et al. (5, 8) and commonly 
used to obtain NiS catalysts. H,S is 
introduced at 3OO”C, and the evolved Hz 
is evacuated at, the same tcmperat’urc. 
This procedure is very similar to one 
which is used hcrc, whcrc the surface 
sample is saturated at room temperature 

(Vn2s = 20 ml [NTP]/g of Ni) and then 
heated under vacuum. If the temperature 
of treatment is 3OO”C, it can be seen from 
Fig. 3 that Hz is not completely evolved 
(more than 407e remains in the system). 
It may be concluded that the catalysts 
obtained by this procedure are probably 
complex: S is present on the surface as 
a mixture of (Ni, H&S) and of sulfur more 
or less clustered, combined with Ni. 

Mechanissm of Poisoning 

When H&S is introduced in successive 
small quantities at room temperature, it 
has been shown that the surface nickel 
layer is first covered with H2S to give the 
adspecies (Ni, HZS) and that the remaining 
free surface shows the same behavior 
toward CO and Hz adsorption as a pure 
Ni surface. This suggests that a part of 
the surface is completely poisoned with 
HzS, the other part baing apparently 
quite free from any perturbation. Then, 
all catalytic reactions rate taking place on 
nickel are expected to decrease in a parallel 
way as the poisoning by HaS increases. 
-4s far as wc know, there arc no expcri- 
mental data on Ni catalysts, but Maurel 
et a,Z. (27) have reported that HS acts as 
a ‘nonselective” poison for Pt catalysts. 

The origin of this phcnomrnon may be 
found by taking int,o account the results 
of Richardson (10) who showed that 
poisoning of Ni catalysts by H2S, Hz mix- 
turcs occurs at the front of the bed and 
moves through the reactor with increasing 
time (or H,S amounts); in our cxperi- 
ments, H&S would be adsorbed on the 
external part of the bed, the inside re- 
maining free from adsorption. A part of 
the nickel particles would be completely 
sulfided, the other being unperturbed. 

Another possibility would be that the 
(Ni, HZS) complex forms a two-dimcn- 
sional phase growing from nuclei. Each 
nickel particle would contain a small 
number of nuclei. In that cast the froc 
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nickel surface would be in the neighbor- 
hood of the perturbed metal and could be 
more easily influenced by it. However, 
this influence would not be sufficient to 
change ffHn and crco at room temperature. 
We will see below that results obtained 
for C&H6 adsorption are in best accordance 
with the last hypot>hesis. 

Adsorption of Gases on Poisoned Catalysts 

We can distinguish gases which are ad- 
sorbed only on free nickel and gases which 
are adsorbed on both free and poisoned 
nickel. Hz and CO may be classified in 
the first category. From a practical view- 
point, this result establishes the validity 
of the method of H, and CO adsorption 
to estimate the free nickel surface area 
of partially poisoned catalysts. It was 
previously suggcstcld that it be measured 
from Or chrmisorption (11). However, as 
0, is known to adsorb on a variable 
number of nickel layers (28), WC recom- 
mend using H1 and CO, and preferably 
Hz owing to the possibility of nickrl car- 
bony1 formation in the case of CO. 

In contrast with CO and Hz, benzene 
and acetylene arc both adsorbed on free 
and poisoned nickrl. When the nickel 
surface is complt&rly prccovercd wit,h H&5, 
the adsorption of thcsc two gases causes 
the saturation magnetization to decrease 
( (YC6H6 = 2 B.M./molrculc; aC*H$ = 0.5 
B.M./molccul(l). As the first Ni layer is 
supposed to bc completely demagnetized 
by H,S chrlmisorpt,ion, we arc lrd to 
believe t,hat deeper nickel layers, initially 
unperturbed, become concerned by this 
adsorption. The hydrocarbon adsorption 
may repulse the H&3 molecule as a whole 
toward deeper layers. This mechanism is 
quite plausible since it has been shown 
that whrn the nickel surface is sat,uratod 
wit)h H& oth(lr H$3 molccul(~s may rc>act 
wit)h drcJpc>r nick01 layers (Fig. 1). Anot’hcr 
possibility is that a part of the E-18 mola- 
cult, namely hydrogen, may be consumed 

by the hydrocarbon to give a less un- 
saturated adspecies, the remaining sulfur 
atom being no longer stabilized by hy- 
drogen migrating into deeper layers. 
Without further experiments, it seems 
hazardous tjo drcide between these two 
hypotheses. 

How is it, possible to account for varia- 
tions of OL for hydrocarbons against the 
volume of preadsorbed HZS? To a first 
approximation, it could be considered (i) 
t’hat the volume of adsorbed hydrocarbons 
on free or perturbed nickel is proportional 
to the respective surface areas, (ii) that 
one should attribute to cy, on free nickel 
and on poisoned nickel, the values which 
are observed on a pure and completely 
H2S-covered nickel surface (linear approxi- 
mation). This would lead to a linear 
variation of (Y with H,S coverage. This is 
in sharp cont’radiction t’o the cxpcrimental 
data (Fig. 8 and 10). It means that, in 
fact, the phrnomcna arc much more 
complicated. 

WC can tentatively suggest the following 
mclchanism in the case of benzene where 
small and cvcn ncgativc values for (;Y are 
observed. Bcnzcne adsorbed on free nickel 
would be capable of extracting hydrogen 
from adsorbed H&3, thus liberating nickel 
atoms which would return to farromag- 
netism and t,hus would contribute to the 
decrease of LY t,o negative values. A very 
similar reasoning was used by one of us 
in the case of the poisoning of Raney 
nickel (in fact,, Ni-Al alloys) by thiourea. 
Al and thiourca alone each drcrease the 
saturation magnetization of Ni : However, 
when they are present’ together, the initial 
saturation magnetization of Ni is partially 
restored because Al and thiourea are re- 
acting together and cease to influence 
nickel (29). 

To illustrate this hypothesis in the case 
of C,H,; ndsorpt’ion wc can propose t,hr 
following rcaaction : 



HP, CO, &Hz, AND CsHc ON Ni/SiO, POISONED BY HzS 

Thus 

CGjlI~ = cxC611,” + 2cus - 2LyI12S 

and we can suppose that C&H,0 is bonded 
to two Ni atoms by two (Y bonds; then 

%+IO = 1.2 B.M./molecule. Taking for 
aH2s the observed value (2.5 B.M./mole- 
cule) and for (YS a value between 1 and 4 
(Fig. 4), one obtains: 

which shows clearly that cr may have 
negative values. 

This type of mechanism is only possible 
if hydrogen coming from adsorbed H&3 is 
not too far from the hydrocarbon molecule, 
or in other words, that free nickel atoms 
are in the neighborhood of poisoned nickel. 
This would be in better accordance with 
the second hypothesis which we have 
proposed on the poisoning mechanism,, 
namely, formation of a two-dimensional 
phase growing from a nucleus. Naturally, 
this does not preclude that the external 
part of the sample could simultaneously 
be more sulfided. 

It seems to us rather hazardous at this 
time to attempt a quantitative interpreta- 
tion of the well-defined minimum observed 
in the aCgHg = TiHzS curve at VHzs = 6 ml 
[NTP]. More work is needed, for example, 
from infrared spectroscopy, to make this 
interesting point clearer. 

It should be noted that acetylene and 
benzene do not react with preadsorbed 
hydrogen on a nickel surface free from 
H,S to give hydrogenated adspecies (16, 
20) ; this behavior is in sharp contrast 
with that described here, where hydrogen 
coming from the complex (Ni, HZS) seems 
capable of hydrogenating the hydrocar- 
bons. The specific properties of this type 
of hydrogen could explain the selectivity 
for hydrogenation reactions which is gen- 
erally observed on Ni-S catalysts. 

The last point which deserves some 
comment is the inhibiting effect of H&3 
on the cracking properties of Ni catalysts 

(Figs. 9 and 11). Tho origin of this by:- 
havior docbs not H(YXII clear. IIowcvcr, it 
can be considered that it is in good agree- 
ment with the results reported by Dalla 
Betta et al. (3) who observed an increase 
of the selectivity toward heavier hydro- 
carbons in t,he CO + HZ reaction on nickel 
when partially poisoned with HYS (an in- 
crease of cracking properties would prob- 
ably lead to the opposite effect). 

To summarize, our main results are: 

(i) When H&3 is introduced in small 
successive quantities at room temperature, 
the surface nickel layer is first covered 
with H&3 (four or five Ni atoms involved 
in the bonding), and then deeper layers 
are att#ackcd ; 

(ii) Poisoning occurs probably with a 
two-dimensional phase growth from nuclei ; 

(iii) H, (and CO) chemisorption are 
specific to the free nickel surface; 

(iv) Unsaturated hydrocarbons arc ad- 
sorbed on both free and poisoned nickel: 
There is a possibility of interaction be- 
tween the hydrogen from H&3 to give a 
hydrogenated adspecies, in sharp contrast 
with preadsorbed hydrogen from mo- 
lecular H,; and 

(v) H2S seems to inhibit the cracking 
of hydrocarbons on nickel. 

This work will be pursued with the aim 
of clarifying these postulates and of elu- 
cidating the exact mechanism of the in- 
crease of selectivity for various reactions 
on this type of catalyst. 
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