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Reversible adsorption of heptane and benzene on model and industrial hydrodesulphurization
molybdena catalysts has been studied by elution chromatographic method at 150°C. An increase
in the adsorption of heptane on sulphidation of adsorbents was small for Al,03 and great for
MoOj;. Supported catalysts behaved as a mixture of Al,0; and MoO;. The portion of surface
which can be transformed by sulphidation into MoS, ranged from 0 to 65%; for individual com-
mercial catalysts, as determined from the change in heptane adsorption after sulphidation of
a given sample. The polarity of catalysts, including their acidity, was estimated from the difference
between adsorption of benzene and heptane. The polarity of model and industrial catalysts in
oxidic form was similar to that of alumina in most cases. The decrease in the polarity after sulphi-
dation of the adsorbents was small for Al,0; and great for MoO5. The decrease in polarity
resulting from sulphidation of supported catalysts was relatively small, since the reaction of
MoO; monolayer with hydrogen sulphide leads to partial reformation of the alumina surface.
The acidity of supported sulphided hydrodesulphurization catalysts has been shown by this method
to be comparable with the acidity of the support itself.

The electronic and chemical properties of surface can be evaluated from the adsorption of mole-
cules, the structure and reactivity of which are known. Such an approach has been applied also
to hydrodesulphurization catalysts. The active molybdenum centres were determined by irrevers-
ible chemisorption of oxygen!, the surface sulphhydryl groups were identified by chemisorption
of silver ions?, the surface acidity was studied by the adsorption of ammonia and pyridine (for
review see ref.3). the state of supported transition metals was studied by selective adsorption of
nitrogen monooxide*, the electron acceptor properties of the surface were evaluated from ESR
signal of adsorbed aromatic hydrocarbons5 , etc.

If an adsorbate interacts with surface too strongly and original bonds are cleaved, the nature
of the interaction taking place during adsorption is difficult to interpret. Thus, for example, it is
questibnable whether the only partial reversible adsorption of basic molecules such as butylamine,
pyridine or ammonia on the surface containing transition metal ions can be ascribed solely to
acid-base interaction. In the present work we have studied the reversible adsorption of saturated
and aromatic hydrocarbons. In this case, the interaction is weak and does not lead either to modi-
fication of the surface or to the cleavage of bonds in the hydrocarbon probe. Alkanes possess
only o bonds, do not have permanent dipole, are little polarizable and have high ionisation po-
tential. Aromatic hydrocarbons possess zm-electron system and are thus easily polarizable, have
the lower ionisation potential and behave as weak n bases. By comparison in alkane-aromate
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Surface of Hydrodesulphurization Catalysts 411

couple one can therefore evaluate the electronic properties of surface, i.e. its polarity or acidity.
Mosely and Archibald® determined the acidity of cracking catalysts from the difference in adsorp-
tion of xylene and octane. Barthoumeuf and Ha” used the difference in benzene and cyclohexane
adsorption to determine the quality of the surface field of zeolites containing different amounts
of Na and Al. Kuchkaeva and coworkers® and Bolotina and collaborators® characterized in
similar way the surface of nickel and cobalt hydroxides and of nickel oxide, Belyakova and Kise-
lev'® used this method for characterization of the surface of MoS,. We have used these probe
molecules in the study of surface polarity of a commercial Co-Mo/Al,0; catalyst and MoS,
(refs!1*12), bismuth oxide, molybdenum oxide and their mixture!3 and modified aluminas'*.

The aim of this work was to study by this technique in more detail the model cata-
lysts CoO, MoO3, Co[Al,03, Mo/Al,03, and Co-Mo/Al,O; prepared in laboratory
and to compare results with those obtained for a series of commercial hydrodesul-
phurization catalysts, both in oxidic and sulphidic form.

EXPERIMENTAL

Data on catalysts are presented in Table I. Laboratory catalysts L2—LS5 were prepared from the
alumina CHEROX 33-00 and the sample L7 from the alumina SPHERALITE SCS-79. The
support was crushed into 0-16—0-25 mm particles and its suspension in solution of the appro-
priate salt (ammonium paramolybdate and cobalt nitrate) was evaporated on a rotary evapora-
tor. In preparing the sample LS, molybdenum was deposited as the first component. The catalysts
were calcinated at 530°C for 5 h in a stream of air. MoOj; was prepared by thermal decomposition
of ammonium paramolybdate in a tube reactor in a stream of air. The temperature was increased
fast to 530°C and the decomposition was completed after 1 h. The powder obtained was pressed
to tablets and from their granules the 0:16—0-25 mm fraction was obtained by sieving. CoO was
prepared by thermal decomposition of cobalt nitrate which was first dehydrated and partially
decomposed at 250°C on a plate and the solid compound so obtained was then calcinated in a tube
reactor at 530°C for 1 h in a stream of air. The material obtained was crushed and sieved to give
the 0-16 —0-25 mm fraction. Commercial catalysts were crushed to the same granulation. The part
of each catalyst was pre-sulphided by H, 4+ H,S mixture, using procedure described earlier! !
and the sample was stored in air.

Adsorption isotherms at 150°C and hydrocarbon pressures from 0—3 kPa were measured
by the conventional chromatographic technique (for description see cf.ls) which was used by
us also in our previous work'#. The carrier gas was helium. No significant irreversible adsorption
or reaction of the hydrocarbons has been detected. The conditions for calculating isotherms from
unsymmetrical elution peaks were fulfilled in the same way as for aluminas in our previous wo k!4

RESULTS AND DISCUSSION

Examples of adsorption isotherms for heptane (H) and benzene (B) on different ca-
talysts are shown in Figs 1 and 2. They demonstrate that observed effects which will
be later discussed in terms of chemical potentials are great. Thus, for example, the
catalyst L4 (CoMo/Al) in oxidic form showed nearly two times greater adsorption
than the support itself and its sulphidation increased again twice the adsorption;
on the other hand, pre-sulphidation had no effect on the adsorption of the support
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L1 (Al). Sulphidation of MoOyj increased several times the adsorption and at the
same time it changed the sequence of the adsorption of benzene and heptane.

Adsorption isotherms were compared by the procedure used already in our pre-
vious works'2'!4, Interaction of the hydrocarbon i with the catalyst I at adsorbed
amount S was characterized by the chemical potential of adsorbed hydrocarbon
p*(i, 1, S). The adsorption was reversible and p* was calculated according to the
equation

p(i, 1, S) = p°(i) + RTIn P(i,1,S) — RTIn P°, (1

where y°(i) is the standard chemical potential (hydrocarbon i, gaseous phase, pressure
100 kPa, temperature of adsorption), P° is the standard pressure (100 kPa) and
P(i, 1, S) is the partial pressure read for S from the isotherm. Differences in adsorp-

TABLE I
Catalysts studied

BET surface
Catalyst I Type

aream? g~ !
L1(Al) alumina CHEROX 33-00° 140
L2(Mo/Al) 5% MoO,/Al,0, -
L3(Mo/Al)  10% MoO,/Al,0, -
L4(Co/Al) 4% CoO/Al,0, —
L5(CoMo/Al) 4% CoO + 10% MoO;/Al,0, -
L6(Al) alumina SPHERALITE SCS-79" 80
L7(Mo/Al) 5% MoO;/Al,0, -
MoO, decomposition of ammonium paramolybdate 2
CoO decomposition of cobalt nitrate —
CH-3601 Co—Mo/Al,0,, CHEROX 36-01° 131
G-35 CO—MO/A|203, GIRDLER G-35° 244
ICI-61-1 Ni—Mo/Al, 03, ICI 61-1¢ 211
ICI-41-6 Co—MOo/Al,0,, ICI 41-6¢ 288
CH-3630 Ni—CO—Mo/Al203, CHEROX 36-30° 317
CH-PPS Co—Mo/Al,0,, CHEROX, pilot plant sample® 195
HT-400E Co—Mo/A1203. HARSHAW HT-400E° : 220

? Chemical Works, Litvinov, Czechoslovakia; ® Rhone Poulenc Industries, France, supplied by
Rhodia (V.K.) Ltd., London; ¢ Girdler-Siidchemie, Federal Republic of Germany; ¢ Imperial
Chemical Industries, Great Britain; ¢ Harshaw, U.S.A.
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tion were expressed as differences in chemical potentials Au*; on comparing the ad-
sorption of two hydrocarbons i and j on the same catalyst according to the relation

Api(ili, 1, S) = p*(i, 1, S) — p*(j, 1, S) =
= Au°(ilj) + RTn P(ifj, I, S) ®)

(where Au°(ifj) is independent of catalyst), on comparing the adsorption of hydro-
carbon i on two catalysts I and J according to the expression

Au(i, 1J, S) = u*(i, 1, S) — (i, J, S) = RT1n P(i, 1]J, S) 3)

and on comparing the adsorption of hydrocarbon i on sulphidicI(s) and oxidic I(o)
form of the catalyst I according to the relation

812G, 1O/1(0). §) = 12, 1), S) — (. (o), S) =

= RTIn P(i, I(s)/I(0), S) . @)
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Adsorption isotherms of hydrocarbons on Adsorption isotherms of hydrocarbons on
support and supported catalyst in oxidic (o) unsupported molybdenum catalysts at 150°C
and sulphidic (s) forms at 150°C (full line (full line benzene, dashed line heptane,
benzene, dashed line heptane, 1 L1(Al) (o), 1 MoO, (0), 2 M0oO,(s)
2 L1(Al) (s), 3 L4(CoMo/Al) (o), 4 L4
(CoMo/Al) (s)
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Similarly as in previous works'?'14, we have observed that Apu® quantities were
independent of S in the range from 0 to 25 pmol g~ 1. Therefore, they can be taken
as the suitable measure of the surface-adsorbate interaction in this region of S and
can be obtained without mathematical modelling the isotherms by the method
reported earlier’#. It is of importance that Au® characterizes the surface-adsorbate
interaction not only at S — 0 but in the whole range of S (0—25 pmolg™'). How-
ever, in the broader range of S, Au* depends on S; for § — S(max), Ap*(ifj, 1, S) =
= Ap°(ifj) + RT In (P*(i)/P*(j)), where P° is the tension of saturated vapors,
Ap(i, 17, S) and Ape(i, I(s)/I(0), S) equal to 1.

The results for laboratory catalysts in oxidic form are presented in Table II.
On comparing heptane adsorption, the support L1 (Al) was chosen as the standard.
The catalysts prepared by impregnating the same support have similar surface
areas and thus in this case we compared the potentials of adsorbed heptane at a con-
stant adsorbed amount S(g) related to the mass of the catalyst. The supports L1 (Al)
and L6 (Al) and catalyst MoO; that differed markedly in surface area were com-
pared according to the chemical potentials of heptane at the constant adsorbed
amount S(m) related to the surface area of the catalyst. The calculation of Ap*(B/H,
I, S) for purposes of estimation of surface polarity is independent of the definition
of S.

Deposition of molybdenum on alumina increased the affinity of the surface to
heptane. The decrease in Ap*(H, I[L1, S(g)) was at the same time similar to that
observed for 5% MoO; and 10% MoO; on alumina and was comparable also to

TABLE 11

Relative chemical potentials Au® of hydrocarbons adsorbed on laboratory catalysts in oxidic form,
kJ mol ™!

Au® (H, I/L1, S)
Catalyst I Au® (B/H, I, S)
S=S(g) S=Sim

L1 (Al) 0-00 0-00 —1-71
L2 (Mo/Al) —2:03 — —2:03
L3 (Mo/Al) —1-87 — —1-46
L4 (Co/Al) 1-38 — —2:03
L5 (CoMo/Al) —2:03 — —2-03
L6 (Al) 651 3-99 —195
L7 (Mo/Al) 3-90 — —317
MoO, 895 —3-25 —2:03
CoO 854 — —0-41
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molybdenum deposited on the support L6. According to Au®(H,I/L1, S(m)), the
affinity of MoO; surface to heptane was substantially higher compared to both
aluminas; the greater adsorption of heptane on Mo0Os/Al,05 samples compared
to Al,O; is thus caused by finely dispersed molybdenum oxides on the surface.
Deposition of cobalt decreased the affinity of alumina surface to heptane and did not
affect essentially the behaviour of Mo/Al,O; catalyst. The greater stability of the
alkane on Co—Mo/ Al,0, compared to Al,O; has been observed by us earlier'! and
was reported also by Barbul and coworkers'®; data reported by these authors and
obtained under comparable conditions were used to calculate the value of Ap®
(alkane, (Co-Mo/Al,0,)/(Al,0;), S(m)) which was found to be ca. —2-8 kJ mol ™.

The quantity Ap*(B/H, I, S) characterizes the ability of surface to interact specifi-
cally with benzene, in other words the surface polarity or acidity. For both supports,
it has a value of around — 2:0 kJ mol™ !, which was found also by other authors!®
and is typical of the usual unmodified alumina'#. For comparative purposes, we
have calculated from literature data!” the value +3:0 kJ mol~! for nonpolar graphite
and the value of ca. —8:0 kJ mol~! for highly polar zeolites’. Specific centres on alu-
mina surface which can interact with benzene are the acidic hydrogens of OH groups
and the coordinatively unsaturated Al1** ions; the method does not distinguish
different types of the acidity. Sample of MoO; had similar polarity as alumina;
hence, it is not surprising that the catalysts L2, L3, L5, and L7 prepared by depositing
MoO; on alumina, showed identical polarity. As shown in Table 11, the sample of
CoO exhibited somewhat lower polarity than MoQO;. This is in accordance with the
results of other authors®?:'8 who found by using a similar method that Co(OH),,
Ni(OH),, NiO and Ni are all little polar; based on their literature data, the calculated
values of Ap®*(B/H, I, S) for the above compounds changed in the range from —0-8
to —1-6 kJ mol~'. Neither the addition of CoO to the catalyst L3 (Mo/Al) had any
significant effect on Au®(B[H, I, S), and the similar value of polarity was calculated
by us for Co-Mo/Al,Oj catalyst also from data reported by Barbul and collabora-
tors!®,

The results for commercial catalysts in oxidic form are presented in Table III.
Data on adsorption of heptane do not provide much information as they cannot be
compared to the adsorption on the support itself. The chemical potentials of
adsorbed heptane were different, even when they were compared at constant S(m).
The differences observed cannot be ascribed solely to the different quality of the sur-
face of the catalysts, since by comparison at constant S(m), the effect of physical
factor is not sufficiently eliminated, namely that of dispersity of the adsorbent which
is not determined sufficiently by BET surface area. In the same way we have earlier
interpreted the great fluctuation in Ay*(H, I, S(m)) for different aluminas’*.

Except for the sample ICI-61-1, the polarity of commercial catalysts did not
differ much from that of usual unmodified aluminas'4, MoO; and our laboratory
Co-Mo/Al,0; catalyst. The polarity of the sample of ICI-61-1 catalyst was, however,
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higher and was comparable to the polarity found earlier'* for the aluminas modified
by H,SO, or HCI. The behaviour of this sample cannot be related to the Ni content,
as the catalyst CH-3630 contains Ni, too, and does not exhibit enhanced polarity;
the difference in polarity between Ni(OH), and Co(OH), was not observed also by
Bolotina and coworkers®. Detailed composition and preparation of the sample
ICI-61-1 is not available and thus this result cannot be interpreted; the higher polarity
could be e.g. due to the content of SiO, which increases the acidity of alumina.

The effect of sulphidation of samples on adsorption was followed with the use of
model series of laboratory catalysts L1 (Al), MoO;, CoO, L3 (Mo/Al), L4 (Co/Al),
and L5 (CoMo/Al) and of the series including all the commercial catalysts.

The results obtained with laboratory samples are given in Table IV. The adsorption
of heptane on the support L1 (Al) as such and on CoO sample changed only little
by sulphidation. On the other hand, the adsorption on MoO; has changed by one
order of magnitude. Transition between these extremes for Al,0, (negligible change)
and MoO; (marked change) is the increased adsorption of heptane after sulphidation
of samples L3 (Mo/Al) and L5 (CoMo/Al); these samples behaved thus as a mixture
of Al,0; and MoOj. This agrees with data on the structure of the catalysts of this
type obtained by other methods (for review see e.g.'®:2°). The MoO; monolayer on
alumina is deteriorated by sulphidation under formation of dispersed MoS, and
with reformation of alumina surface. The adsorption of heptane on MoS, is greater
than on MoOs, and on Al,Oj it is smaller than on MoO; (compare the results for
oxidic samples); therefore, the increase in the adsorption due to sulphidation for

TaBLE III
Relative chemical potentials Au® of hydrocarbons adsorbed on commercial catalysts in oxidic
form, kJ mol ™!

Au® (H, I/CH-3601, S)
Catalyst I Au® (B/H, I, S)
S=S( S=S@m)

CH-3601¢ 0-00 0-00 —0-81
G-35 —1-06 1-63 —1-14
ICI-61-1 1-63 3:66 —4-64
ICI-41-6 3-:00 6:51 —2:44
CH-3630 — 171 2:44 —0-81
CH-PPS 2-51 423 —1-95
HT-400E 1-63 2:03 —1:30

@ Ap* (H, CH-3601/L1 (Al), S(g)) = —2-44kJ mol™!; Au®(H, CH-3601/L1 (Al), S(m)) =
= —2-84kJ mol 1,
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supported MoOyj is smaller than for the unsupported oxide. The increase in the ad-
sorption was greater for the promoted catalyst than for the unpromoted one, which
indicates that the higher dispersed MoS, is formed in the presence of promotor.
The effect of sulphidation on the adsorption of hydrocarbons on the commercial
catalysts is summarized in Table V. The increase in heptane adsorption after sulphi-
dation, indicating according to previous discussion the disperzity of supported mo-
lybdenum was different for individual samples. The dispersion of supported molyb-
denum can be evaluated by oxygen chemisorption on reduced samples. Kraus and

TABLE IV

Relative chemical potentials of adsorbed hydrocarbons on sulphided laboratory catalysts,
kJ mol ™!

Ap® (i, I(s)/1(0), S(g))

Catalyst 1 - —— - - - - AP (B/H, I S)
i=H i=B
L1 (Al) —041 024 —170
L3 (Mo/Al) —2-52 —0-73 —0-08
L4 (Co/Al) —1-63 ~0-81 138
LS5 (CoMo/Al) —4-47 —2-44 —0-33
MoO, —870 —512 1-87
CoO —0-81 0-81 0-16

TABLE V

Relative chemical potentials of adsorbed hydrocarbons on sulphided commercial catalysts,
kJ moi ™!

Ap® (i, I(s)/1(0), S(g))

Catalyst I - - —-—— Au*(B/H, L, S)
i=H i=B
CH-3601 0-57 0-73 —0-41
-G-35 016 —016 —1-38
ICI-61-1 —4-64 —0-65 —0-41
ICI-41-6 —5-45 —3:33 —0-33
CH-3630 —1-87 —0-57 0-33
CH-PPS —3-82 —2:60 —0-73
HT-400E —5-69 —4-64 —0-33
LS (COMO/AI) —4-47 —2-43 —0-33
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coworkers’ reported data for catalysts CH-3601, G-35, L5 (CoMo/Al), and HT 400E
of our series. It can be stated that our findings correlate excellently with their results.
Samples CH-3601 and G-35 adsorbed a small amount of oxygen, 0-16 and 0-23 NTP
ml O, g~ ! respectively, and the adsorption of heptane on samples changed only little
after their sulphidation; both methods thus indicate the low dispersion of supported
molybdenum. In the case of catalyst CH-3601 this is caused obviously by the fact
that this catalyst is prepared by co-precipitation?! and the part of molybdenum is
thus closed within the catalyst mass. The technology of the production of G-35
catalyst has not been reported. On the other hand, catalysts L5 (CoMo/Al) and
HT 400E adsorbed substantially more oxygen, 0-40 and 0-57 NTP ml O, g~ resp.,
and also the change in the potential of adsorbed heptane due to sulphidation was
proportionally greater, —4-47 and —5-69 kJ mol™%, resp.

Fig. 3 shows that the change in benzene adsorption on sulphidation of samples
Al,0;, Mo/Al,0,, Co-Mo/Al,O;, and MoOj; correlated with the change in heptane
adsorption. On going from MoO; to MoS,, the nonspecific part of the interaction
with surface increases similarly for benzene and heptane but at the same time its
specific part disappears. This is the reason why the change in Ay® due to sulphidation
is smaller for benzene than is for heptane and the slope of correlation line in Fig. 3
is less than 1.

According to Fig. 3, the same correlation holds also for the commercial samples,
except for ICI-61-1. The reason for deviation of the ICI-61-1 catalyst is obviously the
extraordinarily high polarity in oxidic state. The specific component of the benzene-
-surface interaction is here great compared to the other samples, and the increase
in nonspecific interaction on going from MoO; to MoS, thus affects only little the
overall affinity of the surface; that is why Ap®(B, I(s)/I(0), S) for the sample ICI-61-1
was so small.

FiG. 3

Correlation of relative chemical potentials
Ap?(@, I(s)/I1(0), S(g)) of benzene and heptane
on catalysts in sulphided and oxidic forms.
® Model catalysts 1 Al,O5(L1), 2 Mo/
A1,0,4(L3), 3 Co-Mo/Al,0,(L5), 4 MoO3;
O commercial catalysts 5 CH-3601, 6 G-35,
7 CH-3630, 8 CH-PPS, 9 ICI 41-6, 10 HT
400E, 11 ICI 61-1

-10 |
-10 -

oOF
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By linear interpolation between Al,O5; and MoOj, we have calculated the approxi-
mate proportion of the surface of the catalysts which could be converted into MoS,
by sulphidation, using the change in heptane adsorption after sulphidation: Al,O4
0%, CH-3601 0%, G-35 0%, CH-3630 21%, L2 (Mo/Al) 29%, CH-PPS 44%, L3
(CoMo)Al) 51%, ICI-61-1 53%, ICI-41-6 63%, HT 400E 68%, and MoO; 100%. The
sulphide MoS, is not the only active form of molybdenum on the surface, as the ca-
talysts CH-3601 and G-35 essentially do not contain MoS, on the surface, as judged
from our results, and they are still, even though relatively little, active®.

Similarly to the change of surface properties due to sulphidation, the marked
difference between support L1 (Al) and MoO; has been found also in their polarity.
The polarity of Al,O; did not change by sulphidation (from —1-71 to —1-70kJ .
.mol~ ") and for MoOj it decreased by 3-90 kJ mol™! (from —2-03 to +1-87kJ.
. mol™"). As a result of presulphidation, the polarity of samples L3 (Mo/Al) and L5
(CoMo/Al) decreased more than that of L1 (Al) and less than that of MoOj. This
comports again with the model'®-2° according to which sulphidation deteriorates
the MoO; monolayer on surface, leads to formation of MoS, particles and to a partial
re-formation of alumina surface.

The polarity of the commercial catalysts in sulphidic form have also been lower than
in oxidic form, which can be related evidently to the transormation of MoO;, into
MoS, on their surface. Of course, the value of Au® (B[H, I, S) for mixed catalysts
is the overall characteristics which has not to reflect some differences between samples.
The catalyst with high dispersity of MoS, on a polar support can be comparable
with the catalyst with low dispersity of MoS, on a nonpolar support.

The polarity for MoOs(s) (i.e. MoS,) from Table IV agrees well with data obtained
by us for MoS, prepared by thermal decomposition of (NH,), MoS, (ref.!!) and
with data for MoS, reported by other authors??. The surface of MoS, is nonpolar,
without the ability to interact specifically, and is similar to the surface of graphite.
On storing in air, this surface is oxidized, and the surface polar groups so formed
could have interacted with benzene. Notwithstanding, neither we nor other authors??
have observed specific interactions in chromatographic expreiments. It seems likely
that on heating the sample in an inert gas, the surface oxygen is transferred into the
bulk of the sample and by this way, the nonpolar, nonspecific character of the surface
is reformed. Temperature limitation of the rate of oxygen diffusion into the catalyst
mass was studied by oxygen chemisorption in connection with the determination of
active molybdenum (for review see'). The same behaviour can be expected also for
MoS, in supported catalysts. For that reason, when interpreting our results, the sur-
face oxidation during storage of presulphided samples in air has been disregarded.

The results obtained show that the MoS, surface in supported catalysts can be
evaluated from the adsorption of hydrocarbons and that in this respect the commer-
cial catalysts exhibit markedly different behaviour. The acidity of surface was esti-
mated from the specific interactions of benzene as a weak n-base. It was found that
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the acidity of hydrodesulphurization catalysts in the working, sulphided state does
not exceed the acidity of the support.

The authors wish to thank the producers of commercial catalysts mentioned in Table I for kindly
providing the samples and Dr D. Tomanova of this Institute for BET measurements.

REFERENCES

1. Uchytil J., Berdnek L., Zahradnikovd H., Kraus M.: Appl. Catal. 4, 233 (1982).

2. Maternova J.: Appl. Catal. 3, 3 (1982).

3. Mitchell P. C. H.: Catalysis (Chem. Soc. Spec. Periodic Rep., London 1981) 4, 175.

4. Topsee N., Topsee H.: J. Catal. 75, 354 (1982).

5. Petrakis L., Meyer P. L., Jones G. L.: J. Phys. Chem. 84, 1029 (1980).

6. Mosely R. B., Archibald R. C.: J. Catal. 2, 131 (1963).

7. Barthoumeuf D., Ha B. H.: J. Chem. Soc., Faraday Trans. 1, 69, 2147 (1973).

8. Kuchkaeva I. K., Rakhovskaya S. M., Shamina I. C., Bolotina N. E., Egorova S. A.: Kolloid.
Zh. 35, 1169 (1973).

9. Bolotina N. E., Kuchkaeva I. K., Rakhovskaya S. M., Egorova S. A., Kurnikova N. R.:

Kolloid. Zh. 36, 345 (1974).
10. Belyakova L. D., Kiselev A. V.: Izv. Akad. Nauk SSSR 7966, 638.
11. Zdrazil M.: J. Catal. 58, 436 (1979).
12. Zdrazil M.: Proc. IVth Intern. Symp. Heter. Catal. (Varna, Bulgaria 1979), Vol. 1, p. 487.

Published by Bulgarian Academy of Sciences, Sofia 1979.
13. Zdrazil M., Scott K. F.: Chromatographia 13, 85 (1980).
14. Hillerova E., Jiratova K., ZdraZil M.: Appl. Catal. 7, 343 (1981).
15. Neumann M. G.: J. Chem. Educ. 53, 708 (1976).
16. Barbul M., Blidisel I., Bandrabur C., Welther E.: Petrol Gaze 2/, 549 (1970).
17. Kalashnikova E. V., Kiselev A. V., Poshkus D. P., Shcherbakova K. D.: J. Chromatogr. /79,
233 (1976).
18. Babernics L., Tetenyi P.: Z. Phys. Chem. (Frankfurt am Main) 82, 262 (1972).
19. Grange P.: Catal. Rev.-Sci. Eng. 21, 135 (1980).
20. Massoth F. E.: Advan. Catal. Relat. Subj. 27, 265 (1978).
21. Svajgl O.: Chem. Pram. 32, 123 (1982).
22. Staroshenko T. M.: Vestn. Mosk. Univ. Khim. /6, 624 (1975).

Translated by J. Hetflej3.

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]





