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Abstract

The introduction of a glycol-type additive in hydrotreating catalysts is an efficient procedure to improve catalytic activity. Nevertheless,
controversial explanations about the activity enhancement mechanism exist in the literature. This may be due to different catalyst preparation
procedures, different location of the additive impregnation step, or simply because several phenomena are implied in this improvement. The aim of
this work is thus to rationalize the roles of these additives with respect to (i) species present in the impregnation solution as well as on the catalyst
surface and (ii) the preparation step where the additive impregnation is performed, i.e. after drying or after calcination. Different impregnation
solutions have been used containing (a) ammonium heptamolybdate or cobaltomolybdate heteropolyanions for CoMo catalysts and (b)
phosphomolybdate heteropolyanion with different P/Mo molar ratio for CoMoP catalysts. Surface species have been thoroughly characterized
for dried and calcined catalysts prior to and after the additive impregnation using triethyleneglycol. For all dried and calcined CoMo and CoMoP
catalysts, a redissolution phenomenon has been evidenced after the additive impregnation, leading to the formation of the Anderson
heteropolyanion AIMogO»4Hg>~. This redissolution phenomenon is however limited by the low solubility of AIMogO»sHg>~. Moreover, in
the case of CoMoP dried catalysts (P/Mo molar ratio > 0.4), characterization of additive-containing catalysts evidenced PCoMo, 10407~
formation. Redissolution and redispersion due to the additives are thus enhanced because phosphomolybdic species have a much higher
solubility than AIMogO,4H¢> . Similar observations, although less pronounced, may be drawn for calcined catalysts. Indeed, a stronger precursor—
support interaction has been created during calcination. Catalysts performances were evaluated in toluene hydrogenation and activities obtained
match perfectly.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

More stringent environmental constraints lead to reduce
sulfur levels in diesel fuels from 50 to 10 wppm by 2009 [1]. To
produce ultra low sulfur diesel (ULSD), further activity
improvements of middle distillates hydrotreating catalysts are
required. Middle distillates hydrotreating (HDT) catalysts are
transition metal sulfide, such as MoS,, promoted by a group VIII
metal, such as Co, and supported on a high specific surface area
support, such as y-alumina. The “CoMoS” active phase consists
in well-dispersed MoS, nanocrystallites decorated by cobalt
atoms [2—4]. This phase is obtained by sulfidation of the oxide
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precursors, usually deposited on the support surface by incipient
wetness impregnation. Many improvements of HDT catalysts
preparations have been proposed, involving a better knowledge
of polyoxomolybdate solution chemistry, more insights into
support—active phase interaction and new activation procedures.

One simple and efficient method to boost catalytic activity is
the inclusion of an organic molecule in the catalyst preparation.
For instance, glycol molecules, such as diethyleneglycol
monobutyl ether (DEGbe) or triethyleneglycol (TEG), have
been proposed as suitable compounds, leading to significant
gains in hydrodesulfurization activity [5]. These gains are
observed whenever the additive impregnation is performed:
additive impregnation on support prior to active phase
precursors impregnation, simultaneous impregnation of the
cobalt and molybdenum precursors and the additive, post-
impregnation of the additive on dried or calcined catalyst.
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Catalytic improvement is well established in the literature: for
instance, a 20-30% increase in tetraline hydrogenation activity
was obtained using commercial calcined CoMo(P) catalysts
post-impregnated with DEGbe [6] as well as a 5-15% increase
in thiophene HDS activity using TEG-containing catalysts
coimpregnated with a CoMo(P) solution [7]. Nevertheless, the
origins of the activity enhancement remain controversial. On
the one hand, authors have concluded that glycol-type additives
act as low temperature sulfidation inhibitors (7 < 473 K) [6]. In
contradiction, other studies reported increased low temperature
sulfidation for additive-containing catalysts [7]. One possible
origin of these discrepancies may come from the nature of the
oxide precursors used. The conventional impregnation solution
for HDT catalysts is obtained by dissolution of ammonium
heptamolybdate (AHM) and cobalt nitrate. Besides that,
solutions containing molybdenum heteropolyanions (HPA)
are used to obtain improved catalysts: for instance, phospho-
molybdate anions, such as PM0120403 ~or P2M0502367 [8.,9],
and more recently cobaltohexamolybdate Anderson HPA
C0M06024H637 and its dimeric form, Co,Mo 10038H467
[10,11] have been proposed as efficient precursors. The effect
of additives may be different for each precursor, since different
surface species are involved. Especially in the case of dried
CoMo catalysts, the advantage of cobaltomolybdate hetero-
polyanions with respect to AHM and Co(NO3), precursors is
that their sulfidation is not delayed by ammonium and nitrate
presence. Another possible origin of these discrepancies may
be the preparation step where the additive is introduced. One of
the main role of glycol seems to be achieved during the support
impregnation: glycol hinders the interaction between the active
phase precursors and alumina [7]. By so doing, the additive
favors the formation of oxidic clusters with a very high Co/Mo
atomic ratio. As a consequence, more cobalt atoms are
available to promote MoS, crystallites formed upon sulfidation.
However, this explanation does not account for HDS
improvements observed when additivation if performed on
calcined catalysts such as observed elsewhere [6]. The location
of the additive impregnation step (directly over the support, co-
impregnation with CoMo(P) precursors, impregnation of dried
or calcined catalysts) may thus imply different phenomena
since surface species may be different.

The aim of the present work is thus to rationalize the
influence of the additive on the catalytic performances with
respect to the preparation step where the additive impregnation
is performed as well as to the precursor solutions. Starting from
different polyoxomolybdate precursors, catalysts were pre-
pared and the additive impregnation was performed on dried as
well as calcined catalysts. All catalysts were characterized
mainly using Raman and UV-vis spectroscopies. Their
catalytic activity was evaluated in toluene hydrogenation.

2. Experimental
2.1. Catalysts preparation

For all prepared CoMo(P) catalysts, the support was
commercial y-alumina extrudates (specific surface area of

300 m* g~ '). The molybdenum loading was fixed at 18 wt%
MoOj;. The impregnation was performed using the incipient
wetness impregnation method. After 12h of aging (room
temperature, water-saturated atmosphere), the catalysts were
dried at 393 K for 2 h. A fraction of the dried catalyst was
calcined at 773 K for 2 h under air flow. Dried and calcined
catalysts are, respectively noted (D) and (C).

Our first objective is to determine the influence of the
deposited precursors nature on the additive-containing catalysts
efficiency. For this purpose, catalysts were prepared from
different impregnation solutions. The first impregnation
solution was obtained by water dissolution of ammonium
heptamolybdate (AHM) and cobalt nitrate, with a Co/Mo molar
ratio of 0.4. The impregnation was performed in two steps, with
an intermediate drying step. The corresponding catalyst is
noted CoMo_AHM(D). The second impregnation solution
contained the C02M010038H46_ heteropolyanion (HPA). This
preparation was performed according to the procedure
described in [10]. For this solution, Co ions in the HPA
species exhibit a 3+ oxidation state, whereas the Co counter-
ions exhibit a 2+ oxidation state. The Co/Mo molar ratio is 0.5
and the catalysts are noted CoMo_HPA(D). Phosphorus-
containing impregnation solutions were also prepared by
dissolution of molybdenum trioxide and cobalt hydroxide and
addition of H;PO,. The Co/Mo molar ratio was fixed to 0.4 and
three P/Mo molar ratio were investigated: 0.11, 0.40 and 0.57.
The first one corresponds to the stoichiometry of the lacunary
Keggin PMoyOs,H,>~ HPA and the second one to the
P2M0502367 HPA. These catalysts are noted CoMoP(xD),
where x stands for the phosphorous content, expressed as
P,Os5 wt% on the catalyst. Accordingly, calcined catalysts are
noted CoMo_AHM(C), CoMo_HPA(C) and CoMoP(xC).

Our second objective is to determine the influence of the
preparation unitary step where additive impregnation is
performed. The additive impregnation step was thus performed
after drying or after calcination by incipient wetness
impregnation of the catalyst with an aqueous solution of
triethyleneglycol (TEG). The TEG concentration was fixed in
order to obtain a TEG/Mo molar ratio close to 0.75. After
impregnation, the catalysts were aged for 12 h at ambient
temperature and dried for 6 h at 343 K and 5kPa. No
calcination was applied on additive-containing catalysts.

2.2. Sample characterization

The molybdenum, cobalt, phosphorus and aluminium
loadings of the prepared catalysts (Table 1) were determined
by X-ray fluorescence (Philips PW2404 spectrometer) and
TEG loadings were determined using the carbon content,
obtained by elemental analysis (CE Instruments EA1110).
Electronic scanning microscopy was used to determine the
elemental distribution profile inside the catalyst extrudates.
Results are expressed by a distribution coefficient R averaged
for 10 extrudates. This coefficient evaluates the homogeneity of
an element concentration throughout the catalyst body: R =1
for flat profiles, R < 1 for egg-shell profiles and R > 1 for egg-
yolk profiles. Laser Raman (argon laser at 514 nm) and UV-vis
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Table 1
Additive-free and additive-containing catalysts prepared and evaluated in
toluene hydrogenation

Catalyst P/Mo TEG/Mo FHYD
(molar ratio)  (molar ratio)  (mmol cm > h™})
CoMo_AHM(D) 0 0 0.92
CoMo_AHM(D)+TEG 0 0.78 1.04
CoMo_HPA(D) 0 0 1.14
CoMo_HPA(D) + TEG 0 0.71 1.36
CoMoP(1D) 0.12 0 1.09
CoMoP(1D) + TEG 0.12 0.85 1.29
CoMoP(3D) 0.38 0 1.18
CoMoP(3D) + TEG 0.38 0.81 1.74
CoMoP(5D) 0.54 0 1.29
CoMoP(5D) + TEG 0.54 0.80 1.82
CoMo_AHM(C) 0 0 1.32
CoMo_AHM(C)+ TEG 0 0.76 1.46
CoMo_HPA(C) 0 0 1.44
CoMo_HPA(C) + TEG 0 0.63 1.36
CoMoP(1C) 0.12 0 1.21
CoMoP(1C) + TEG 0.12 0.80 1.25
CoMoP(3C) 0.38 0 1.52
CoMoP(3C) + TEG 0.38 0.77 1.59
CoMoP(5C) 0.54 0 1.52
CoMoP(5C) + TEG 0.54 0.77 1.58

D stands for dried catalyst; C for calcined catalyst; _AHM for standard
preparation (ammonium heptamolybdate and cobalt nitrate); _HPA for cobal-
tomolybdate heteropolyanions.

spectroscopies were also used as characterization methods.
Raman spectra were obtained using a Jobin Yvon LabRam HR
spectrometer and UV-vis spectra using a Varian Cary 4G
spectrometer, equipped with a Praying Mantis (Harrick) for
solid analysis.

2.3. Sulfidation and catalytic tests

Sulfidation as well as toluene hydrogenation test were
conducted at 623 K and 6 MPa. The liquid feed contained
74.1 wt% cyclohexane, 20.0 wt% toluene and 5.9 wt%
dimethyldisulfide, used as sulfiding agent. The H,/feed ratio
was constant and equal to 450 N /1. The liquid feed flow was
8 cm’h™!' (LHSV of 4 h™') during the sulfidation stage and
4 cm® h™' (LHSVof 2 h™") during the catalytic test. The oxidic
catalyst was crushed and the 315-1000 pwm fraction was diluted
in solid SiC (6 cm® for 2 cm?® of catalyst). After sulfidation
2K min~' followed by 1h at 623 K), conversions were
determined by on-line gas chromatography every hour after the
first measurement. The test was 5 h long. Catalytic results were
expressed in terms of toluene hydrogenation (HYD) reaction
rates, calculated from the measured toluene conversions
(hydrogenation products).

3. Results and discussion

3.1. Characterization of additive-free and additive-
containing dried catalysts

The Raman spectra of dried catalysts CoMo_AHM(D),
CoMo_HPA(D) CoMoP(1D) and CoMoP(3D) are similar

355 565

(a)

e S

1 1 1 | 1 1 | |
200 300 400 500 600 700 800 900 1000
Wavenumber (cm-1)

Fig. 1. Raman spectra of (a) additive-free and (b) TEG-containing
CoMo_AHM(D) catalysts, (c) additive-free and (d) TEG-containing CoMo_H-
PA(D) catalysts, (e) additive-free and (f) TEG-containing CoMoP(5D) cata-
lysts, (g) additive-free and (h) TEG-containing CoMo_HPA(C) catalysts.

(Fig. la): they exhibit bands at about 952 (intense), 900
(shoulder), 565, 355 and 220 cm ™ '. These bands correspond to
an  Anderson heteropolyanion XMogO,4. For the
CoMo_AHM(D), CoMoP(1D) and CoMoP(3D) catalysts (P/
Mo < 0.4, corresponding to the P,Mo050,3°~ stoichiometry),
Raman spectra demonstrate the presence of the
AlMogO,4Hg® ™ species. The formation of hexamolybdoalu-
minate [12,13] involves molybdenum-assisted dissolution of
the alumina support: aluminum cations in solution react with
molybdate to form A1M06024H637 [13]. Since hexamolyb-
doaluminate cobalt and ammonium salts have low solubility
(respectively 0.18 and 0.12 mol Mo 17" [14,15]), they pre-
cipitate on the support surface, displacing hexamolybdoalu-
minate formation equilibrium towards support dissolution,
even at non-aggressive pH. As a consequence, the initial
species in the impregnation solution (Mo;0,,°~ for
CoMo_AHM catalyst and phosphomolybdic HPA for CoMoP
catalysts) are mainly disintegrated during the impregnation.
For the CoMo_HPA(D) catalyst, the UV-vis spectrum reveals
a band at about 610 nm, assigned to Co®* and the Raman
spectrum exhibits an additional shoulder at 605 cm ™" (Fig. 1c).
The spectral features are consistent with the presence of the
C02M010038H46_ anion and its monomeric form,
C0M06024H637 [11]. The initial species of the impregnation
solution have therefore been at least partially preserved, after
the impregnation. This conclusion is also true for the
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CoMOoP(5D) catalyst: the Raman spectrum exhibits a main
band at 944 cm ™!, assigned to the P2M0502367 species
(Fig. 1e). Indeed, the phosphorus content of the impregnation
solution (P/Mo=0.54), in excess compared to the
P,Mo0s0,3°~ stoichiometry, limits the disintegration of the
phosphomolybdate HPA. Indeed, this disintegration begins
with the reaction between phosphate groups and alumina
surface, which decreases the P/Mo molar ratio of the solution
within alumina pores [8,16].

After the TEG impregnation, the Raman bands of the
Anderson hexamolybdoaluminate species are observed for all
catalysts. For the CoMo_AHM(D) and CoMo_HPA(D), no
significant modification of Raman and UV-vis spectra is
observed (Fig. 1b and d), except a shoulder at about
835 cm ™' on the Raman spectrum, arising from C-O stretching
of TEG [17]. This means that the A1M06024H63* anions for
CoMo_AHM(D) catalyst and the ConomO38H46_ and
C0M06024H637 anions for the CoMo_HPA(D) were kept on
the catalyst surface after the additive introduction. For the
CoMo_AHM(D) catalyst, the Raman band corresponding to the
nitrate ions (1048 cm™") is kept after the additive impregnation
(Fig. 1a and 1b). For the CoMoP(5D) catalyst, the additive leads
to the disappearance of the P,Mo0s0,3°~ species bands, replaced
by those of the A1M06024H63 ~ species (Fig. 1f). Moreover, for
phosphorous-containing catalysts with P/Mo molar ratio equal or
superior to 0.4, additivation leads to the appearance of a band at
about 971 cm ™', whose intensity increases with the phosphorous
content (Fig. 2a). This band corresponds to a Keggin-like HPA.
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Fig. 2. Raman spectra of TEG-containing CoMoP catalysts, (a.1) CoMoP(1D),
(a.2) CoMoP(3D), (a.3) CoMoP(5D), (b.1) CoMoP(1C), (b.2) CoMoP(3C) and
(b.3) CoMoP(5C).

Moreover, UV-vis spectroscopy shows a band centered at about
564 nm, corresponding to a d—d transition of Co** in a distorted
octahedral geometry [16]. For this reason, the Raman band at
971 cm ™! may be assigned to the substituted PCoMo, 040"~
HPA.

As a conclusion, the presence of TEG favors surface species
redissolution on dried catalysts: the Anderson AlMog0,4Hg> ™
HPA is formed in all cases and the PCoMo; 104077 HPA is also
formed for phosphorous-containing catalysts with P/Mo molar
ratio superior to 0.4.

3.2. Characterization of additive-free and additive-
containing calcined catalysts

After calcination at 773 K, the HPA structures are destroyed
for all catalysts. The Raman spectra of calcined catalysts
exhibit similar features with a broad band centered at 955-
950cm ™' and a shoulder at about 860 cm ' (Fig. 1g),
corresponding to dispersed and ill-defined polyoxomolybdate
structures. The existence of a CoAl,O4 phase is detected by
UV-vis spectroscopy (bands at 545, 580 and 640 nm).
Nevertheless, the amount of this phase seems low since the
CoAl,O, phase is not observed in XRD.

The TEG impregnation on calcined catalysts induces a similar
effect than in the case of the additive impregnation on dried
catalysts: the formation of the A1M06024H637 HPA (strong band
at952 cm ™' and small band at 565 cm ™ 1) isalso evidenced for all
catalysts (Figs. 1h and 2b). It should be noticed that, for the
additive-containing CoMo_HPA(C) catalyst, the formed surface
specie is now the A1M06024H63 ~ HPA, instead of the
C0M06024H63 ~ and C02M010038H467 anions as for the
corresponding additive-free dried catalyst. Indeed, the shoulder
at 605 cm™' on the Raman spectrum is no longer observed
(Fig. 1h). For catalysts with a high phosphorous content, the
formation of the PCoMo;,0,4," HPA (band at 971 cm ™) is also
observed, although less pronounced compared to dried catalysts
(lower relative intensity of the Raman band). The additive
impregnation has no significant effect on the CoAl,O, phase
observed by UV-vis spectroscopy.

As a consequence of this redissolution phenomenon, for P-
containing catalysts, a strong impact of the additive on the
phosphorus distribution over the catalyst body is evidenced by
electronic scanning microscopy analysis (Table 2). Before the
additive impregnation, phosphorous presents an egg-shell
profile (R < 1) whereas cobalt and molybdenum present an
uniform profile (R = 1). This behavior is mainly due to the
reaction between free phosphates and alumina surface
hydroxyls (ALLOH + H,PO,>” + H" — AILHPO,  + H,0).

Table 2

Phosphorous distribution coefficient obtained by electronic scanning micro-
scopy for calcined CoMoP catalysts (R =1 for flat distribution profiles and
R <1 for egg-shell distribution profiles)

Catalyst Additive-free H,O-impregnated TEG-impregnated
CoMoP(5) 0.90 - 0.94
CoMoP(3) 091 0.92 0.94
CoMoP(1) 0.74 0.82 0.93
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Fig. 3. Toluene hydrogenation reaction rate of as is and TEG-containing dried
and calcined catalysts.

After the additive impregnation, the P profile becomes more
uniform (R = 0.93-0.94). Such an effect is not obtained if the
impregnation is only performed with water. This result shows
that TEG tends to redisperse the phosphorous species over the
catalyst extrudates. This redistribution is consistent with the
formation of the PCoMo;;0,’  HPA which has been
previously evidenced. Indeed, the PC0M01104077 species is
unstable during impregnation [16]: the reaction between free
phosphates and alumina tends to decrease the P concentration
and, as a consequence, PCoMo, 1040”~ evolves into M0;0,,° ™.
The TEG diffusion into the catalyst porosity tends to release
free phosphates, which react with molybdate and cobalt species
to form the PCoMo;,0,4,"~ HPA.

3.3. Influence of the CoMo(P) precursors on toluene
hydrogenation activity of additive-free dried and additive-
containing dried catalysts

Toluene hydrogenation reaction rate expressed in toluene
converted per catalyst cm® and per hour (mmol ecm > h Y are
reported in Table 1 and Fig. 3. The hydrogenation activity of the
additive-free dried and the additive-containing dried
CoMo_AHM catalysts are much lower than those of
CoMo_HPA(D) and CoMo_HPA(D) + TEG. This is due to
the fact that nitrate and ammonium, which are still present
during sulfidation, are hydrogenation inhibitors. On top of that,
CoMo_HPA has an improved dispersion (only one impregna-
tion compared to CoMo_AHM catalysts prepared by two
impregnations with intermediate drying) and, since cobalt and
molybdenum are present within the same molecular entity,
“CoMoS” phase formation may be favored.

The activity of CoMoP(1D) and CoMo_HPA(D) catalysts is
very similar. This is expected, since PCoMo;;0y4y  ~ disin-
tegrates through phosphate reaction with alumina, leading to a
decrease of the solution P/Mo molar ratio. The additive
impregnation of both catalysts leads to the redissolution of the
Anderson hexamolybdoaluminate heteropolyanion and accord-
ingly, activity enhancements observed in both cases are similar
(19%).

In the case of CoMoP(3D) and CoMoP(5D), a dramatic
catalytic improvement (about 45%) in toluene hydrogenation is

observed. This is consistent with surface species present on the
additive-containing dried catalysts which both exhibit forma-
tion of PC0M01104077 on top of A1M06024H637, combined
with weak precursor—support interaction (no aluminopho-
sphates evidenced [17]).

As a conclusion, activity enhancement is closely related to
surface species present on the catalyst before and after the
additive impregnation. For CoMo_HPA and CoMoP(1D)
catalysts, the presence of additives implies molybdenum
redissolution in the form of AIMogO,Hs>, but this
phenomenon is limited by the low solubility of this compound
in the presence of cobalt. On the other hand, for CoMoP(3D)
and CoMoP(5D) catalysts (P/Mo molar ratio equal and superior
to P,Mo050,3°~ stoichiometry), the additive impregnation leads
to the molybdenum redissolution in the form of
A1M06024H63*, as well as PCoMo, 10407*. Since this species
has a much higher solubility, the additive induced higher
activity enhancement than for the CoMo_HPA(D) and
CoMoP(5D) catalysts.

3.4. Influence of the additive impregnation step location on
the catalytic activity

In the case of CoMo_AHM, the additive impregnation of
dried and calcined catalysts lead to the same improvement in
toluene hydrogenation. However, for dried and additive-contain-
ing dried catalysts, since nitrate and ammonium are still present
during sulfidation, the hydrogenation activity is inhibited
compared to that of CoMo_AHM(C) and CoMo_AHM(C) + -
TEG. Regarding the CoMo_HPA catalyst, TEG impregnation
leads to an increase of 19% when it is performed on dried
catalyst, whereas the impact becomes slightly negative on the
calcined catalyst (—6%). After calcination, the cobaltomolyb-
date heteropolyanions are decomposed, as our Raman study
evidenced. In this case, the additive impregnation allows
molybdenum redispersion, via the A1M06OZ4H637 formation,
but the close vicinity between Co and Mo, inherited from the
cobaltomolybdate heteropolyanions, is degraded. As a conse-
quence, the beneficial effect of these starting HPA precursors is
partially lost, leading to lower activity.

In the case of CoMoP catalysts, the additive impregnation of
calcined catalysts leads to low activity improvements, around
5%, regardless of phosphorous content. Surface species present
in all cases include hexamolybdoaluminate (Fig. 2), but its
redissolution is limited by its poor solubility. Strong precursor—
support interactions, especially the formation of aluminopho-
sphate phases created during calcination [18], may limit the
formation of PCoMo;, 10407* in the case of CoMoP(3C), since
the heteropolyanion formation is clearly evidenced on the
additive-containing CoMoP(3D) catalyst. Similar arguments
are also true for the CoMoP(5C) catalyst: the PC0M01104077
formation is observed, but less favored than the case of the
CoMoP(5D) catalyst.

To conclude, catalytic improvements are related to surface
species present on the catalyst surface after the additive
impregnation. Calcination leads to stronger precursor—support
interactions and prevents species redissolution after the additive
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impregnation (low phosphorous availability). Therefore,
catalytic improvements are less important in the case of the
additive-containing calcined catalysts than in the case of the
additive-containing dried catalysts.

4. Conclusion

The aim of this work was to rationalize the roles of glycol-
based additives in HDT catalyst activity enhancement with
respect to (i) species present in the impregnation solution as well
as on the catalyst surface and (ii) the preparation step where the
additive impregnation is performed, i.e. after drying or after
calcination. Different impregnation solutions have been used
containing (a) ammonium heptamolybdate or cobaltomolybdate
heteropolyanions (CoMogO,4H,>~ and its dimeric form
C02M010038H46*) for CoMo catalysts and (b) phosphomolyb-
date heteropolyanion with different P/Mo molar ratio (0.11, 0.40
and 0.57) for CoMoP catalysts. Surface species have been
thoroughly characterized for all dried and calcined catalysts,
prior to and after TEG impregnation. For all dried, as well as
calcined CoMo and CoMoP catalysts (P/Mo molar ratio lower
than 0.4), a redissolution phenomenon was evidenced after the
additive impregnation step, leading to the formation of the
Anderson heteropolyanion A1M06024H63 ~. This redissolution
phenomenon is however limited by the low solubility of this
Anderson HPA. In the case of CoMoP dried catalysts (P/Mo
molar ratio greater than 0.4), characterization of additive-
containing catalysts evidenced PCoMo; O’ ~, on top of
A1M06024H637 formation. Redissolution and redispersion due
to the additive impregnation are thus enhanced because
phosphomolybdic species have a much higher solubility than
AlMogO,4Hg> . Similar, although less pronounced observations
may be drawn for calcined catalysts. This may be due to the fact
that stronger precursor—support interactions (aluminophosphate
formation) have been created during calcination, which limit the
amount of phosphates available for PCoMo, 1040’ formation.

Catalysts performances, evaluated in toluene hydrogenation,
are governed by surface species and thus by this redissolution—
redispersion phenomenon, especially pronounced when free
phosphate is available. Furthermore, such conclusions provide
guidelines for a more rational additive impregnation of HDT
catalysts.
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