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Abstract

Maossbauer emission spectroscopy (MES) was used to study the influence of high pressure on the sulfidation of CoMo/C catalysts. During
temperature stepwise treatment at 4 MPa the catalysts’ behavior closely follows the Co—Mo—S model. The obtained MES spectra are differer
from those previously observed for CoMo/C catalysts sulfided unmeospheric pressure conditions, where the highly dispersg®d=o
type structures arefmed. It is suggested that the highgsere conditions induce therltiing of Co and Mo intermedte species, favoring
Co-Mo-S phase formation. The results indicate that the contradictions between some catalyst models are partly related to the formatio
of different Co species uponftirent activation procedures. La@w stability compared witthe alumina-supported catalysts was observed
for the Co sulfide species in the CoMo/C cat#édysnder high-pressure sulfij conditions. This can have portant implications for the
high-pressure stability ofype 1l Co—-Mo-S, which is believed to have the samaperties as the carbon-supfeat Co—Mo-S structures.
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1. Introduction was only after the introduction of Méssbauer emission spec-
troscopy (MES)[6,7] that the Co—Mo-S structural model
Current specifications on sulfur content in transportation gained wide acceptance.
fuels amount to 150 myikg (parts per million) for gaso- MES and extended X-ray absorption fine structure
line and 350 ppm for diesel; both limits will be reduced to (EXAFS) measuremen{$,9] revealed that the Co sulfide
50 ppm as of January 1, 2005. “Zero-sulfur” fuels (defined species that are located at the MoSystallite edges dif-
as having a maximum sulfur content of 10 ppm) will be- fer in particle size and/or ordering. The high thiophene HDS
come mandatory in 200/]. The continuing tightening of  activity observed in carbon-supported Co (Co/C) catalysts,
fuel quality standards has resulted in an increased need folcomparable to the activity of CoMo/C catalysts, led to the
the development of better performing hydrodesulfurization conclusion that the formation of a Co species like the one
(HDS) catalysts. present in the Co—Mo-S structure does not necessarily re-
Extensive research has been carried out on the CoMo hy-quire the presence of Me$10-13]
drotreating Catalysts, but the exact nature of the active phase MES experiments have also shown the presence of a Co—
and its mode of operation are still subjects of debate. Dif- \o-S doublet in Co/C catalysts after sulfidation at 373 K,
ferent structural models were proposed to explain the syner-yith the same parameters as for the CoMo/C catalysts sul-
getic behavior of Co and Mo in HDS cataly$ss-5], butit  figed at the same temperatydet, 15} After sulfidation at
673 K, the Co particles present in the Co/C catalyst sin-
* Corresponding author. Fax: +31 (0) 15 278 8303. tered to a CeSg-type phase, whereas CoMo/C showed a
E-mail address: i.dugulan@iri.tudelft.n(A.1. Dugulan). Co—Mo-S doublet with a loweguadrupole dtting (QS).
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EXAFS measuremen{46] confirmed the similarities of the  dried in static air at 383 K for 16 h, and after Co intro-

Co species in Co/C and CoMo/C catalysts sulfided at 373 K duction the catalysts were left in static air at 293 K for

and suggested that the activity of CoMo/C catalysts arises16 h. The two CoMo/C catalysts contained 7 wt% Mo;

from highly dispersed CqSparticles stabilized by the sec- a high promoter-loading catalyst had 2.25 wt% Co [denoted

ondary support Mog which hinders sintering of this Co  Co(2.25)Mo(7)/C], and a low promoter-loading catalyst had

sulfide species. A structural model was proposed, in which 0.04 wt% Co [denoted Co(0.04)Mo(7)/C]. The catalyst load-

part of the Co atoms, having a fourfold sulfur coordination, ings are given relative to the support material and are cal-

are present as very small §&&-type structures, and the rest culated from the impregnation solutions. The samples were

of the Co atoms, having a sixfold sulfur coordination, are sulfided in a flow of 60 crimin~! of 10% HS/H, mix-

situated in a site in contact with Md6,17] ture at 4 MPa in a high-pressure Mdssbhauer in situ reactor,

This model contradicted previous observations that the similar to the reactor described in detail[R6]. This reac-

activity of CoMo/C catalysts should be related to the pres- tor offers the possibility of studying the catalysts under real

ence of Co-Mo-S structured8,19] Ho—D» equilibra- industrial conditions. The appliesulfidation treatmentis de-

tion experiments also revealed that the sulfur atoms thatnoted (Sx MPa,y K), indicating that during the experiment

bridge CG+ and Md* are very important for the activ-  the catalyst is linearly heated toK at x MPain 1 h and kept

ity of CoMo/C catalysts, indicating that M@Ss part of at that temperature for 1 h.

the active component in HD§O0]. In addition, the pro-

moting effect of CgSg was associated with the fact that 2.2. MESmeasurements

bulk Co sulfides can act as a support for highly dispersed

Co-promoted Mog as observed in unsupported CoMo sul- The MES spectra were recorded at room temperature

fide catalysts[21]. A square-pyramidal model, in which and at the sulfiding pressure, with a constant acceleration

fivefold sulfur-coordinated Co atoms in a tetragonal pyra- spectrometer in a triangular mode with a moving single-line

mid of sulfurs are situated on the Mp®dges, was also  K4Fe(CN) - 3H,0 absorber enriched it/Fe. The velocity

suggested for the Co—Mo-S phd2&,23] scale was calibrated with*3Co:Rh source and a sodium ni-

The influence of high pressure on the sulfidation of troprusside (SNP) absorber. Zero velocity corresponds to the

CoMo catalysts supported on alumina was recently stud- peak position of the KFe(CN) - 3H,O absorber measured

ied by MES[24]; the complete sulfidation of Co atoms to  with the >’Co:Rh source; positive velocities correspond to

the Co—Mo-S phase was observed. In this study we test thethe absorber moving toward the source. The spectra were

applicability of the Co—Mo-S stictural model for carbon-  analyzed with a Lorentzian fitting procedure as described

supported catalysts actieat under industrial conditions. in[25].

Using a systematic temperature stepwise investigation of the

sulfidation of CoMo/C catalysts, we examine the stability of

the Co phases under high-pressure conditions. At the same3. Results

time we try to relate the different contradicting structural in-

formation obtained in previous studies. The results are com-3.1. Co(2.25)Mo(7)/C

pared with those obtained with catalysts having the same

metal loadings and prepared in the same way, sulfided under The Mdssbauer spectra of stepwise sulfided Co(2.25)

atmospheric pressuf@5] and with the alumina-supported Mo(7)/C are presented iRig. 1, and the resulting MES pa-

catalysts sulfided undeidh-pressure conditiorf24]. rameters are listed iable 1 The spectrum of the fresh
catalyst and the spectrum of the catalyst exposed to the sul-
fidation mixture before the pressure was increased are also

2. Experimental presented.
Clearly, increasing the sulfidation pressure and tempera-
2.1. Catalyst preparation ture causes changes in the MES spectrum shape. The spec-

trum of the fresh catalyst consists of one quadrupole doublet,

Two CoMo catalysts were prepared by pore-volume im- indicating a low-spin 2- or a 3+ phase and a second con-
pregnation, with activated carbon (Norrit RX3-extra; BET tribution consistent with Co" in the high-spin stat§27].
surface area 1197 g1, pore volume 1.0 migt, parti- Exposure of the fresh catalyst to the$iH, gas mixture has
cle size 0.5-0.85 mm) as a support material. Aqueous so-an influence on the catalyst even at room temperature. The
lutions of cobalt nitrate Co(N§)2 - 6H2O0 (Merk, p.a.) and  high-spin 2+ contribution decreases, but it does not disap-
ammonium heptamolybdate (N}gM07024 - 4H,0 (Merk, pear completely from the spectra until sulfidation at 573 K.
min. 99.9%) were used in a two-step impregnation pro-  After treatment at 300 K, a second contribution with an
cedure in which Mo was introduced first. About 50 MBq isomer shift (IS) of 0.18 mms and a QS of 1.21 mnT$
57Co as an aqueous solution of Co(})@- 6H,O was added ~ dominates the spectrum. The QS of this doublet remains
to the Co-containing impregnation solution for the MES constant after sulfidation at room temperature and 4 MPa,
measurements. After Mo introduction, the catalysts were while it clearly depends on the subsequent increase in
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Fig. 1. MES spectra obtained at 300 Kthivthe Co(2.25)Mo(7)/C catalyst
after various successive sulfidation steps. Already after sulfidation at 573 K
and 4 MPa the small QS doublet of sinterecySgis observed in the spec-

tra.
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the sulfidation temperate. The QS value decreases to
0.89 mms?! after high-pressure sulfidation at 373 and
473 K, but it increases during treatment at 573 and 673 K.
At the same time, with the copfete disappearance of the
high-spin 2+ doublet, the spectrum of the Co(2.25)Mo(7)/C
shows the presence of a new doublet, which after sulfidation
at673 K has an IS of 0.23 mm$and a QS of 0.29 mnTs.

This new doublet, assigned to sintered Co sulfide species, is
already observed in the spectrum after treatment at 573 K,
where, because of its relatively small spectral contribution,
the MES parameters could not be derived precisely, and the
resulting absorption line was fitted with only one singlet (see
Fig. 1F).

3.2. Co(0.04)Mo(7)/C

Fig. 2shows spectra of stepwise sulfided Co(0.04)Mo(7)/
C catalyst; the corresponding fit parameters are presented in
Table 2 The spectrum of the freshly prepared catalyst shows
features similar to those of the Co(2.25)Mo(7)/C catalyst.
The high-spin 2- contribution almost doubles after expo-
sure of the catalyst to the re@m mixture and disappears
from the spectrum upon sulfidation at 473 K.

Again, the QS of the remaining doublet decreases to
0.96 mm s during treatment up to 473 K, and it increases
after sulfidation at 573 and 673 K. The QS value of this
doublet, after sulfiding at 673 K and 4 MPa, is larger than
that obtained with the Co(2.25)Mo(7)/C catalyst treated in
the same conditions. The small quadrupole doublet observed
in the spectra of the high promoter-loading catalyst during
sulfidation at higher temperatures is not observed with the
Co0(0.04)Mo(7)/C catalyst.

4. Discussion

Now that the first high-pressure in situ MES study on
CoMo/Al,O3 catalysts has shown that the Co—Mo—-S model

Table 1

MES parameters of Co(2.25)Mo(7)/C catalyst after sulfidation treatment

Ts P Co-oxide Co-sulfide High-spin2

(K)  (MPa) IS Qe re Ad s Qs r A IS Qs r A
(mms?1) mmsH @mmsl ®%) @mmsl mmsl @mmsH @) (mmsH (mmsl mmsl )

Fresh 025 Q77 065 663 - - - 096 167 Q72 337

300 - - - - 018 121 074 767 096 185 111 233

300 4 - — - - @0 120 078 916 108 178 056 84

373 4 - - - - @1 103 080 923 094 171 050° 7.7

473 4 - — - - @4 089 074 932 108 16 0.40 6.8

CoySg
573 4 - — - - @0 098 Q72 88 030 - Q46 12
673 4 - - - - @0 102 068 701 023 029 047 299

a |somer shift (IS)=0.03 mm s 1.

b Quadrupole splitting (QS}0.03 mm s'1.
¢ Line width (I"): 4+0.05 mm s°1.

d Spectral contribution (A)£5%.

€ Fixed during fit.
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| Co(0.04)Mo(7)/C | ter high-pressure treatment, as observed for the atmospheric

pressure sulfided catalygt6], or Co is present in a unique

5.64 phase together with MaS as indicated in the Co—-Mo-S

A. Fresh catalyst model.

5.52 The most impressive result, as observedFig. 1, is
that the Co(2.25)Mo(7)/C catalyst sulfidation strictly fol-

3.48 lows the Co—Mo—S model. After activation the catalyst is
characterized by a doublet with an IS of 0.20 mm snd

3.44 a QS of 1.02 mms!, which can be assigned to a Co—
Mo-S structure defined by the suggested MES parameters:

2,58 IS=0.22 mms?! and QS= 1.0-1.3 mms? [28]. At the

—~ same time separate g8 structures are formed, as indicated
g 255 by the same model for high Co/Mo ratios.

8 This behavior is completely different from the sulfida-
S tion trends observed with catalysts that have the same metal
E, 1.53 loadings and are prepared in the same way, treated under at-
g mospheric pressuif@5]. There a smaller doublet with a QS
é’ 1.50 value of 0.88 mms! is obtained after sulfiding at 673 K.

252 From combined MES and EXAFS measuremdagj this
doublet was assigned to highly disperseg&stype struc-
E. (S, 4 MPa, 473 K) . . . L
246 tures, whose complete sintering to crystalliney&gis hin-
dered by Mo$. The absence of a strong Co—Mo interac-
1.76 tion induced separate sulfidation of the Co atoms during
atmospheric pressure activation; the resulting Co sulfide
1.72]  F.(S,4MPa, 573K) species were located at a site in contact with MAS]. Al-
though the catalysts in the present study are not calcined, it
208 is clear that upon high-pressure treatment, binding of Co and
' Mo atoms takes place and the sulfidation pattern follows the
G. (S,4 MPa, 673K) Co—Mo-S model.
These findings confirm the previous observations that the
200" % 6 3 4 6 B contradictions between the different catalyst models can be
) 1 related to the fact that the promoter atoms are not always
Doppler velocity (mms ) present in the Co—Mo-S structurf9,30] Depending on

Fig. 2. MES spectra obtained at 300 Ktlvthe Co(0.04)Mo(7)/C catalyst the choice of activation conditions, highly dispersed &
after various successive sulfidation steps. The QS value of the dominanttyPe€ structures can 6!|SO be formed- y
doublet increases during sulfidationsat3 and 673 K, indicating the redis- The second striking result is the low stability of the

persion of the Co-sulfide particles over the edges of Ma$stallites. Co—Mo-S structure in the Co(2.25)Mo(7)/C catalyst under
high-pressure sulfiding conditions. Already after sulfidation

is well suited for catalysts sulfided under industrial condi- at 573 K the contribution assigned to sintered Co sulfide

tions [24], we now also want to know the influence of the speciesis observedin the spectrum. Upon treatmentat 673 K

pressure on our model system, carbon-supported catalyststhe resulting doublet has a QS value of 0.29 mrh sery

The main objective is to determine whether the highly dis- close to the value indicated for crystalline d&g (QS =

persed Co sulfide particles are the active components also af0.26 mms?) [6]. The weak interaction of the MeSar-

Table 2

MES parameters of Co(0.04)Mo(7)/C catalyst after sulfidation treatment

Ts P Co-oxide Co-sulfide High-spin2

(K) (MPa) IS Qs r A IS Qs r A IS Qs r A
(mms mmsH mmsl @) (Mmmsl) mmsl mmsdH @) (@@msH @msl mmsl (@)

Fresh 031 084 090 804 - - - - 097 188 081 196

300 - - - - ®0 130 076 634 092 197 076 366

300 4 - - - - @3 141 070 80 107 198 076 20

373 4 - - - - @5 140 076 955 118 230 014 45

473 4 - - - - ®6 096 067 100 - - - -

573 4 - - - - @3 106 072 100 - - - -

673 4 - - - - ®2 119 067 100 - - - -
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ticles with the inert carbon carrier leads, most probably, to where with decreasing Co loading, a more severe sulfida-

the formation of relatively large MagSslabs with fewer edge

tion treatment is necessary to make such a phase disap-

positions to accommodate all Co atoms, and sintering of pear[25]. The presence of unsulfided Co atoms at tempera-

CogSg occurs. CgSg formation takes place faster than in

tures as high as 473 K is also different from the atmospheric

the alumina-supported catalyst, with the same metal compo-pressure-sulfided catalysts, when complete Co sulfidation

sition, also measured after high-pressure sulfidd2dh

It should be pointed out that the Modssbauer measure-

ments do not provide direct information on the morphology
of the Mo$ structures. The interpretation of the sintering of

was achieved at lower temperatures. The high-pressure treat-
ment clearly retards the sulfidation of the intermediate high-
spin 2+ phase.

For the low promoter-loading catalyst, after exposure to

CoeSg in terms of a decreasing number of edge positions of the HS/Hy, gas mixture at room temperature, an increase

MoS; is in agreement with previous MES studi@$]. The

in the spectral contribution of the high-spint-2phase is

decrease in the Mo edge dispersion, due to the lateral andobserved. This can be explained by removal of water as-

three-dimensional growth of the MgSlabs, with increasing

sociated with the high-spin+2 species in the fresh cat-

process severity was observed by means of different tech-alyst, causing an increased irdgetion of these structures

niques47]. An increase in the length of the Mp8omains
was also observed with increasing sulfidation presgi8g

This low stability of the Co—Mo-S phase in the Co(2.25)
Mo(7)/C catalyst can have important implications for the
high-pressure stability of the Type Il Co—Mo-S, in which
all Mo—O-Al linkages with the support are completely sul-
fided [31], which is believed to have the same properties
as the carbon-supported Co—-Mo-S structy8233] The
high-pressure stability of Co—Mo-S Il obtained with com-
plexing agent§34—36]in uncalcined alumina-supported cat-
alysts is particularly questioned.

These findings are intriguing, since the activity of CoMo

with the supporf41]. The larger amount of unsulfided high-
spin 2+ phase present at this stage, compared with the
high promoter-loading catalyst, can also be understood in
terms of formation of the intermediate Co sulfate-type phase,
which is more difficult to sulfide in low promoter-loading
catalysts under atmospheipressure conditiof25].

The MES parameters obtained after sulfidation at room
temperature are different from those of the fresh catalyst; the
main spectral contribution is assigned to Co sulfide species,
as indicated by Crajé et g42]. The preferential adsorption
of Co atoms to Mo during the preparation process allows the
Co sulfidation to start at room temperature, even for the low

catalysts supported on carbon was found to be higher thanpromoter-loading cataly$5].

the activity of alumina-supported catalyst for both HDS re-
actions of dibenzothiophene BY) and 4,6-dimethyldiben-

During treatment at 573 and 673 K the QS of the domi-
nant doublet increases, indicating a decrease in particle size

zothiophene (4,6-DMDBT), as resulted from measurements and/or ordering of the Co sulfide speci@$]. It was pre-

performed under high-pressure conditifiz,38] However,
in those studies the catalysttivation was performed at at-

viously shown that Mo sulfidation takes place via a MoS
phase, which transforms to Me®etween 523 and 573 K

mospheric pressure and the activities were measured at 443]. In addition, the size of MoScrystallites was found

lower pressure (i.e., 2.9 MPa). The behavior of the highly to increase with increasing sulfiding temperature to 573 and
dispersed Cg¢Bs-type structures, which ought to be formed 673 K[44]. Thus, the observed increase in the QS after treat-
upon atmospheric-pressure presulfidafib@], after a sub- ment at 573 K can be understood in terms of redispersion
sequent increase in the reacting pressure, is not yet knownof the Co sulfide particles over the edges of newly formed
High activities were also measured at 4 MPa with CoMo/C Mo$S; crystallites. Since the Co(0.04)Mo(7)/C catalyst fol-

catalysts calcined in a Natmospher¢39]. Binding of ox-
idic Co and Mo precursors dugrcalcination can retard the
catalyst sulfidatiof40], delaying CeSg segregation.

lows the same trend at exactly the same temperatures, it
is concluded that the high-pssure conditions enhance the
Co—Mo interactions favoring Co—Mo-S phase formation,

The spectra of both fresh Co(2.25)Mo(7)/C and Co0(0.04) also for the low promoter-loading catalysts.

Mo(7)/C catalysts consist of two quadrupole doublets. The

main spectral contribution, with an IS of 0.25 mmsand
0.31 mms?, respectively, is assigned to Co oxide species.
The second contribution, representing a high-sgiphase,
does not completely disappear until sulfidation at 573 K
for the high promoter-loading catalyst and 473 K for the
low promoter-loading catalyst. This intermediate high-spin

The doublet that resulted from stepwise sulfidation of the
Co(0.04)Mo(7)/C catalyst at 4 MPa and temperatures up
to 673 K has MES parameters (80.22 mms?!, QS=
1.19 mm s1) that are also characteristic of Co—-Mo-S struc-
tures. The CgSg doublet is not observed in the spectra of
sulfided Co(0.04)Mo(7)/C catalyst, since thegSg sinter-
ing is shifted to higher temperatures with decreasing Co

2+ doublet must be assigned to oxygen-containing species,content[45]; the MoS$ edge sites are still sufficient to ac-
most probably a Co sulfate-type phase, as suggested by preeommodate the low amount of Co atoms in this catalyst.

vious EXAFS measurementst].
The temperature at which this high-spir-2phase is

Observation of the GgBg segregation only for the high
promoter-loading catalyst indicates that the low stability of

completely sulfided is higher for the high promoter-loading the Co—Mo-S phase is not related to a high-pressure insta-
catalyst; this behavior is different from that observed with bility of the Co sulfide species, but is related to the weak
the same catalysts during atmospheric pressure sulfidationsupport interaction of the Co—Mo-S structures, resulting in
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the formation of large Mogslabs. Although the Co/Mo ra-  catalysts during high-pressuaetivation at the temperature
tio of the Co(2.25)Mo(7)/C catalyst is rather high (i.e., 0.52) at which the Mo3 crystallites are forrad (i.e., 523-573 K),
and sintering of CgSg is expected with an increased sul- indicating a redispersion of the Co sulfide particles, confirms
fiding temperature, the loss of Co—Mo-S occurs faster in the Co—Mo-S phase formation. Upon treatment at 673 K
the carbon-supported catalyst, after activation at 573 K andand 4 MPa, the high promoter-loading catalyst is further de-
4 MPa, compared with the same catalyst supported on alu-activated, and sintering of thetive species becomes more
mina, where only after 4 h of treatment at 673 K and 4 MPa important at this stage than previously observed with the cat-
the spectral contribution of &g was observe{l4]. alyst supported on alumina.

It was previously showij46] that for the CoMo/C cat-
alysts sulfided under atmosplepressure conditions, the
number of Co atoms associated with the Co sulfide species5. Conclusions
is varied over a large range with varying Co/Mo ratios; the
small Co sulfide particles at the Mp®dges being the ac- The influence of high pressure on the sulfidation of
tive element. During sulfidation under atmospheric-pressure CoMo/C catalysts was studied by MES. The trends observed
conditions the Co sulfide species continuously sinter; the in the spectra after temperaéistepwise treatment at 4 MPa
highly dispersed CgSg-type structures being stabilized at resemble those seen for calcined CoMo(@d, with the sul-
the edges of the MQSC[*ysta”ites_ Separate formation of fidation ClOSEly fOIIOWing the Co—Mo-S model. This behav-
the Co—Mo-S phase and sinterechSpwas never observed ior is different from that of CoMo/C catalysts sulfided under
in carbon-supported catalysts sulfided under atmosphericatmospheric—pressure conditions, where the formation of the
pressure. highly dispersed Cs5g-type structures takes place.

Since the MES spectra of the Co/C and CoMo/C cata-  From the present results it is concluded that the high-
lysts can be indistinguishabl&6], we should also consider ~Pressure conditions induce the binding of Co and Mo inter-
the possibility of the initial formation of the CQYCoySs- mediate species, favoring Co-Mo-S phase formation. The
like) structures that could bertwally converted to Co—Mo— choice of activation conditions is very important: dispersed
S after treatment at higher temperatures, followed by the bulk Co sulfides can be formed instead of the desired Co—
segregation of excess Co to form thegSgphase. The Co ~ MO-S structures. o . .
sulfide (CoS) species formed in CoMo/C catalysts activated ~ Another important finding of this study is that the Co
under atmospheric-pressurenditions are highly dispersed sulfide spemes_has alower s‘gaplllty in ca_\r_bon-supported cat-
CopSg-type structures with MES parameters that deviate @lysts under high-pressurelfiding conditions, compared
from the values of crystalline G8 and resemble the Co— vy|th the alumina-supported catalysts. Allready after sulfida-
Mo-S parameterfl6,46] However, the transformation of ~ tion at 573 K.and 4 MPa, (43 segregation occurs, faster
these CgSg-type structures into Co—Mo—S (by attaching than in the calm_ngd alum_lna-s_upported catalysts treateq in
to the MoS edges) and crystalline 8 was never ob- the same condmons. This raises doubts about t'he hlgh—
served. For example, a catat having a much higher Co/Mo ~ Pressure stability of the Type Il Co—-Mo-S phase, since it is
ratio—Co(4.3)Mo(7)/C—is still showing only the presence belleveq that Co—Mo-S structures on carbon have the same
of the highly dispersed Gg-type species even after sulfi- Properties as the Type Il structures.
dation at 673 K and atmospheric press[4&], though one
would expect there to be a much faster transition to Co—

Mo-S and sintered G&s. This indicates that if the Cqs ~ REferences

(00958-I|ke) Strucwres. are to be formed., they WII,I continu- [1] Directive 2003/17/EC of the European Parliament and of the
ously sinter to crystalline Gg&g and not disproportionate to Council—amending Directive 98/70/EC relating to the quality of
form Co—Mo-S. petrol and diesel fuels.

Treatment under high-pg;eure conditions, as in the [2] B.C. Gates, J.R. Katzer, G.C.A. Schuit, in: Chemistry of Catalytic
present experiments, induces the binding of Co and Mo ___ Processes, McGraw-Hill, New York, 1979, p. 411.

. . . - [3] R.J.H. Voorhoeve, J.C.M. Stuiver, J. Catal. 23 (1971) 243.
intermediate species and Co-Mo-S phase formation. The [4] A.L. Farragher, P. Cossee, in: J.W. Hightower (Ed.), Proceedings of

main quadrupole doublet in the spectrum of the Co(2.25) 5th International Congress on Catalysis, Palm Beach, 1972, North Hol-
Mo(7)/C catalyst sulfided at 573 K and 4 MPa, with a QS land, Amsterdam, 1973, p. 1301.
value of 0.98 mmts!, clearly reveals a Co—Mo-S struc- [5] B. Delmon, in: H.F. Barry, P.C.H. Mitchell (Eds.), Proceedings of 3rd

: _ _ International Conference on the Chemistry and Uses of Molybdenum,
ture, defined by QS values of 1.0-1.3 mn §28]. Forma Ann Arbor, 1678, p. 73,

tion of the larger, highly dispersed ggs-type structures at [6] H. Topsge, B.S. Clausen, R. Candia, C. Wivel, S. Mgrup, J. Catal. 68
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