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Heteropoly compounds (HPCs) in catalysis are a
fruitful and interesting field for new synthetic possibil-
ities in the design of catalysts. Heteropoly compounds
provided considerable progress in understanding the
catalytic effect of HPCs on the molecular level and in
creation of a number of new full-scale processes [1].
Heteropoly compounds have unique physicochemical
properties. Catalysts on their basis have a definite and
well-known structure, efficiently enhance both acid and
oxidative reactions, and frequently exceed state-of-the-
art analogues in activity and/or selectivity.

It is promising to use HPCs as active phases (or pre-
cursors of active phases) for catalysts in hydrocatalytic
processes. Various researchers studied HPCs as applied
to synthesis or hydrogenation [2–5] and hydrorefining
[6–23] catalysts.

12-Heteropolyacids with Keggin anions are used
worldwide. Molybdenum and tungsten heteropolyacids
(HPAs) with central atoms such as phosphorus and silicon
are encountered most frequently. Most documentation
concerns their properties. The results of their use in the
synthesis of hydrorefining catalysts are found in [6–15].

Unsaturated 6-HPAs (Anderson structures) are not
so widely used in catalytic hydrorefining reactions [16–
23]. Pioneering works concerning the physicochemical
and catalytic properties of these compounds appeared
only at the beginning of the 21st century [17–20]. Our
interest in these compounds is due to the variety of ele-
ments of the Periodic Table, including 3

 

d

 

 metals that
can serve as heteroatoms. Therefore, it was of interest

to ascertain the activity of hydrorefining catalysts with
various heteroatoms.

HPCs used in previous research were either

 

(NH

 

4

 

)

 

3

 

[Co(OH)

 

6

 

W

 

6

 

O

 

18

 

] 

 

· 

 

7ç

 

2

 

é

 

 (CoW

 

6

 

-HPC) and

 

(NH

 

4

 

)

 

4

 

[Ni(OH)

 

6

 

W

 

6

 

O

 

18

 

] 

 

· 

 

5ç

 

2

 

é

 

 (

 

NiW

 

6

 

-HPC) [16] or
(

 

NH

 

4

 

)

 

3

 

[Co(OH)

 

6

 

Mo

 

6

 

O

 

18

 

] 

 

· 

 

7ç

 

2

 

é (Co

 

Mo

 

6

 

-HPC) [17–
19]. Many HPCs with various heteroatoms have not
received attention.

However, many promising results have been
obtained in this field [16–20]. Maitra et al. [16], for
example, a discovered high hydrodesulfurization activ-
ity (for thiophene) in catalysts prepared on the basis of
CoW

 

6

 

-HPC and NiW

 

6

 

-HPCs, but a low (compared to
full-scale catalysts) hydrodenitrogenation activity (for
quinoline) and, in some cases, hydrogenation activity
(for phenanthrene). Noteworthy, Maitra et al. [16] com-
pared catalysts containing the same MoO

 

3

 

 proportion
but different promoter proportions; that is, Maitra et al.
knowingly used nonoptimal atom ratios between active
components.

CoMo

 

6

 

-HPCs were studied in [17–20]. Cabello et
al. [17] studied the influence of the CoMo

 

6

 

-HPC and
6-molydotellurate (TeMo

 

6

 

-HPC) on the catalytic activ-
ity. Cabello et al. [17] studied HPC adsorption iso-
therms from aqueous solutions and inferred the Lang-
muir adsorption type and a possible planar location of
the HPCs on the support surface. Varying the CoMo

 

6

 

-
HPC/TeMo

 

6

 

-HPC weight ratio in the synthesis of cata-
lysts and cancelling out the tellurium influence, Cabello
et al. arrived at the conclusion that the increasing
Co/Mo atom ratio enhances both hydrodesulfurization
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 catalysts based on Anderson heteropoly compounds
(HPCs), where 
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 = Al, Ga, In, Fe, Co, and Ni, were synthesized. The nature of the precursor HPC determines
the activity of the catalysts in thiophene hydrogenolysis and diesel fuel hydrorefining in a flow-through setup.
The activity of 
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 with 
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 = Al, Ga, and In in diesel fuel dehydrosulfurization increases in the
order Al < Ga < In. For catalysts in which the heteroatom is an element of the iron triad, the order of the increas-
ing activities is Fe < Co < Ni. The highest activity in both reactions was observed for catalysts based on InMo
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-
HPC and NiMo
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-HPC: the residual sulfur in the hydrogenizates obtained over them at 320

 

°

 

C was 2.5 times
lower than over a conventional ammonium paramolybdate–based catalyst, whereas the degree of hydrogenation
of polycyclic aromatic hydrocarbons (PAH) was 15–16 rel. % higher.
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(for thiophene) and hydrogenation (for cyclohexane)
activities. This effect can be interpreted as resulting
from the optimized atom ratio between active compo-
nents.

The higher activity of HPC-based catalysts can be
explained by an enhanced dispersion of the oxomolyb-
denum phase after calcination and direct molecular
interactions between active components (Mo and
Co(Ni)), which inhibit the migration of promoter atoms
into the support [23] and depend on the type and elec-
tronic state of the heteroatom in the HPC [20].

In this work, we used HPCs containing iron triad
elements (Fe, Co, or Ni) and boron-family elements
(Al, In, or Ga) to prepare supported hydrorefining cata-
lysts. We synthesized both unprotomoted 
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Mo
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(S)/

 

γ

 

-
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2
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3

 

 samples and nickel-promoted Ni-

 

X

 

Mo

 

6

 

(S)/

 

γ

 

-
Al

 

2

 

O

 

3

 

 catalysts. In this way, we ascertained the influ-
ence of the promoter and heteroatom on the catalytic
activity and prepared systems with an optimal atom
ratio between active components.

EXPERIMENTAL

The support used was 

 

γ

 

-Al

 

2

 

O

 

3

 

 prepared from com-
mercially available aluminum hydroxide (prepared by
continuous precipitation from sulfate solutions) using
extraction molding, drying, and calcining [21]. The tex-
ture characteristics of the thus-prepared alumina sam-
ple were determined by nitrogen adsorption at 77 K on
a Micromeritics ASAP 2020 adsorption porosimeter.
The specific surface area of this sample was 315 m

 

2

 

/g;
the effective pore size was 110 Å. Catalysts were man-
ufactured by impregnating the 0.25–0.50 mm 
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fraction with active component solutions to the ultimate
water capacity.

The impregnators used were ammonium paramolyb-
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O18] · nH2O (FeMo6-HPC), ammo-
nium 6-molybdocobaltate(II) (NH4)4[Co(OH)6Mo6O18] ·
nH2O (CoMo6-HPC), ammonium 6-molybdoalumi-
nate(III) (NH4)3[Al(OH)6Mo6O18] · nH2O (AlMo6-
HPC), ammonium 6-molybdogallate(III)
(NH4)3[Ga(OH)6Mo6O18] · nH2O (GaMo6-HPC),
and               ammonium 6-molybdoindate(III)
(NH4)3[In(OH)6Mo6O18] · nH2O (InMo6-HPC). The
HPCs were prepared by original or modified proce-
dures as described in [24, 25]. IR spectra were recorded
for crystalline HPC samples dried at 110°ë and pellet-
ized with KBr on an Avatar-360 FTIR spectrometer.
These IR spectra are displayed in Fig. 1. The phase
compositions of the precursor HPCs and catalysts were
determined on a DRON-2 X-ray diffractometer
(CuKα radiation).

Unpromoted catalysts of set I (XMo6(S)/γ-Al2O3)
were prepared using aqueous acid solutions of the corre-

sponding HPCs (samples I-2 to I-7). An APM-based cat-
alyst (sample I-1) was used as the reference for this set.

Promoted catalysts of set II (Ni-XMo6(S)/γ-Al2O3)
were prepared using joint aqueous solutions of the
same HPCs and analytical grade Ni(NO3)2 · 6H2O
(samples II-9 to II-14). Here, the reference sample was
the catalyst prepared by coimpregnation with APM and
Ni(NO3)2 · 6H2O (sample II-8).

The catalysts were dried at 80, 100, and 120°C for
2 h at each temperature and then calcined at 400°C for
2 h. Then, the catalysts in the oxide form were sul-
fidized as follows. Catalyst samples (0.25–0.5 mm frac-
tion) were impregnated with di-tert-butyl polysulfide
(54 wt % S), transferred to a separate glass reactor, and
sulfidized for 2 h at atmospheric hydrogen pressure and
350°C. The optimal sulfidization parameters were
determined earlier [26]. Table 1 lists the active compo-
nent and sulfide sulfur percentages in catalysts before
and after they were tested in a flow reactor.

All catalysts were tested for thiophene hydrogenol-
ysis activity on a pulsed microcatalytic setup within
300–400°C in 20-K steps. The catalyst sample size was
25 mg; the thiophene volume was 0.2 µl. Reaction
products were analyzed by gas-liquid chromatography
(quartz capillary column with the OV-101 immobilized
phase). Chromatograms were recorded and processed
on a PC using UniChrom-97 v.4.3 software. The chro-
matograph was interfaced with the PC via an Lnet ana-
log/digital converter, which measured the current signal
directly on the flame-ionization detector.

Set II catalysts were also tested in a laboratory flow
reactor under hydrogen pressure. The temperature in
the reactor was adjusted with an accuracy of ±2 K,
pressure with an accuracy of ±0.05 MPa, feed flow rate
with an accuracy of ±0.2 ml/h, and hydrogen flow rate
with an accuracy of ±0.2 l/h. The feed used in hydrore-
fining was 50 vol % directly distilled diesel fuel + 5 vol %
light gasoil (catalytic cracking). The test parameters
were as follows: temperature, 320, 340, 360, and
380°ë; pressure, 4.0 MPa; feed flow rate, 2.0 h–1; hydro-
gen : reagent ratio, 600 nl/l; and catalyst volume, 10 cm3.
Table 2 displays the characteristics of the feed and
hydrogenizates. Total sulfur in the batch and hydrogeni-
zates was determined by the lamp technique. Polycyclic
aromatic hydrocarbons (PAH) were determined on a Shi-
madzu UV-1700 spectrophotometer according to [27].

The catalytic activity was ascertained as the degree of
desulfurizing (hydrodesulfurization activity; HDSA) and
the degree of PAH hydrogenation (hydrogenation activ-
ity; HA). The coke percentage in spent catalysts was
determined by quantitative oxidation to ëé2, which was
subsequently determined by gas chromatography. Sul-
fide sulfur in spent catalysts was determined as in [28].
The sulfur and coke percentages are listed in Table 1.
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RESULTS AND DISCUSSION

The atom ratio Mo : X in our synthesized catalyst
samples was about six as determined by quantitative
analysis. Figure 1 displays IR spectra for HPCs. The
characteristic bands for 6-HPCs coincide with previous
descriptions [29–31]. Strong absorption bands within
950–880 cm–1 are associated with cis-MoO2 bonds;
those within 650–450 cm–1, with Mo–O–Mo bonds.

X-ray powder diffraction showed that the HPCs
have a complex crystal structure and are isomorphic.

Their interplanar spacings coincide with the published
values [32, 33].

Unpromoted XMo6(S)/γ-Al2O3 catalysts differ from
one another only in heteroatom X. The influence of the
heteroatom on the catalytic activity was evaluated as
the degree of thiophene conversion under identical
hydrogenolysis conditions.

The XMo6(S)/γ-Al2O3 catalysts with X = Al, Ga, or
In had almost identical thiophene hydrogenolysis activ-
ities; samples I-3 and I-1 were noticeably more active
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Fig. 1. IR spectra of Anderson HPCs dried at 110°C.
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only at high temperatures (Fig. 2a). Apparently, chemical
reactions between molybdenum compounds and alumina
in the course of drying, calcining, and sulfidizing pro-
duced immobilized sulfide phases with similar activities.

Figure 2b plots thiophene conversion versus reac-
tion temperature over set I catalysts with X = Fe, Co,

and Ni and over the reference. The thiophene conver-
sion over the FeMo6-HPC catalyst (sample I-5) was
lower than over the Mo7(S)/γ-Al2O3 conventional refer-
ence (sample I-1). A higher activity was observed for
sample I-6; sample I-7, which was synthesized using
NiMo6-HPC, was the most active catalyst. Noteworthy,
our data on thiophene hydrogenolysis over NiMo6-HPC

    
Table 1.  Compositions of XMo6(S)/γ-Al2O3 and Ni-XMo6(S)/γ-Al2O3 catalysts before and after tests

Set
Molybdenum

compound used
in catalyst synthesis

Percentage in the catalyst, wt %
Percentage sulfiding 
of MoO3 and metal 

oxide, rel. %MoO3 NiO
sulfur coke

after test*after sulfiding after test*

Catalysts XMo6(S)/γ-Al2O3

I-1** APM 15.9 – 5.2 – – 73.6

I-2 AlMo6-HPC 14.8 – 3.9 – – 59.3

I-3 GaMo6-HPC 15.9 – 3.3 – – 48.1

I-4 InMo6-HPC 14.8 – 3.4 – – 50.2

I-5 FeMo6-HPC 14.4 – 3.5 – – 54.7

I-6 CoMo6-HPC 15.3 – 4.9 – – 72.1

I-7 NiMo6-HPC 15.2 1.3 3.3 – – 48.8

Catalysts Ni-XMo6(S)/γ-Al2O3

II-8*** APM + Ni 15.2 3.2 3.7 4.8 2.1 46.0

II-9 AlMo6-HPC + Ni 14.6 3.6 3.6 5.8 2.5 51.1

II-10 GaMo6-HPC + Ni 15.8 3.8 3.2 5.9 6.8 55.5

II-11 InMo6-HPC + Ni 15.9 3.2 3.8 4.9 6.4 58.1

II-12 FeMo6-HPC + Ni 14.1 3.6 3.6 5.0 11.4 64.1

II-13 CoMo6-HPC + Ni 14.9 3.5 3.5 4.4 2.6 49.3

II-14 NiMo6-HPC + Ni 14.9 4.0 4.5 6.6 1.5 54.0

*Tests in a flow reactor for 12 h.
**Mo7(S)/γ-Al2O3 catalysts.

***Ni-Mo7(S)/γ-Al2O3 catalysts.
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Fig. 2. Thiophene conversion versus temperature for Anderson HPC–based XMo6(S)/γ-Al2O3 catalyst samples (a) I-2 to I-4 and
(b) I-5 to I-7 and over an APM-based Mo7(S)/γ-Al2O3 catalyst (I-1).
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and CoMo6-HPC completely agree with those of Pettiti
et al. [20].

The composition of promoted Ni-XMo6(S)/γ-Al2O3
catalysts also differed from one another only in het-
eroatom X. Therefore, in ascertaining the differences
between the properties of these catalysts, we in fact
determined how the HPC, more exactly, the heteroele-
ment, influences the properties of the catalysts.

Thiophene conversion over set II catalysts with X =
Al, Ga, or In was roughly the same as on XMo6(S)/γ-
Al2O3 (Fig. 3a). Over Ni-XMo6(S)/γ-Al2O3 catalysts
with X = Fe, Co, or Ni, different dependences were
obtained (Fig. 3b). At high temperatures, catalyst II-14

was more active than the others. Sample II-13 had the
highest activity at low and moderate test temperatures;
the catalysts synthesized from FeMo6-HPC were again
less active.

Diesel fuel hydrorefining over set II catalysts gave
the following results. Sample II-11, prepared with the
use of InMo6-HPC, was the most active catalyst of the
Ni-XMo6(S)/γ-Al2O3 set with X = Al, Ga, and In
(Fig. 4a). The reference (sample II-8) had a lower activ-
ity than all test catalysts: its HDSA was 89.6 rel. % at
320°C and 98.0 rel. % at 380°C.

Comparing the hydrogenation activities of set II cat-
alysts with X = Al, Ga, and In (Fig. 4b), we found the

    
Table 2.  Physicochemical properties of hydrogenizates

Set and catalyst 
no. T, °C , g/cm3

Residual weight percentage, wt %

sulfur BAH* TAH**

Precursor 0.8779 1.4915 1.090 9.64 4.37

II-8 320 0.7961 1.4890 0.295 5.05 2.40

340 0.8699 1.4880 0.250 4.76 2.49

360 0.8579 1.4860 0.125 5.09 2.52

380 0.8553 1.4850 0.080 6.33 2.56

II-9 320 0.8621 1.4820 0.260 6.01 1.99

340 0.8638 1.4830 0.190 5.62 2.13

360 0.8647 1.4825 0.100 5.59 2.16

380 0.8599 1.4815 0.060 6.11 2.26

II-10 320 0.8631 1.4795 0.229 4.80 1.85

340 0.8585 1.4791 0.111 5.08 2.26

360 0.8574 1.4795 0.065 6.09 2.09

380 0.8601 1.4795 0.035 6.46 2.57

II-11 320 0.8565 1.4765 0.116 5.76 1.02

340 0.8585 1.4790 0.070 4.55 1.24

360 0.8541 1.4795 0.043 3.49 1.67

380 0.8622 1.4805 0.022 4.68 1.83

II-12 320 0.8601 1.482 0.211 5.79 2.27

340 0.8609 1.4825 0.158 5.88 2.19

360 0.8696 1.4819 0.118 5.45 2.21

380 0.8565 1.4826 0.075 6.21 2.77

II-13 320 0.8633 1.4825 0.196 7.27 2.31

340 0.8656 1.4830 0.150 6.51 2.60

360 0.8623 1.4836 0.080 5.41 2.62

380 0.8641 1.4845 0.069 7.28 2.88

II-14 320 0.8636 1.4835 0.120 4.13 1.50

340 0.8615 1.4825 0.059 3.89 1.59

360 0.8608 1.4810 0.032 4.98 2.18

380 0.8603 1.4810 0.020 6.13 2.34

*Bicyclic aromatic hydrocarbons.
**Tricyclic aromatic hydrocarbons.

ρ4
20

nD
20
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highest HA (62.9 rel. %) for sample II-11. Residual sul-
fur in the diesel fuel being dibenzothiophenes, ben-
zonaphthothiophenes, and their derivatives, their elimi-
nation requires prehydrogenation; therefore, the high
hydrogenation activity of this catalyst provided for its
high HDSA.

Samples II-8 and II-9 demonstrated practically iden-
tical hydrogenation activities. However, different resid-
ual percentages of bicyclic aromatic hydrocarbons
(BAH) and tricyclic aromatic hydrocarbons (TAH) in
the hydrogenizates were obtained over these catalysts
(Table 2). In the hydrogenizates obtained in testing cat-
alyst II-8, BAH percentages were lower than in the
hydrogenizates of catalyst II-9. On the contrary, TAH
percentages in the hydrogenizates of catalyst II-9 were
lower than in hydrogenizates of catalyst II-8. Thus, the
high degree of TAH hydrogenization over catalyst II-9
increased BAH percentages in hydrogenizates; it is for
this reason that the degree of BAH hydrogenization
over catalyst II-9 was lower than over the reference
(sample II-8). The degree of PAH hydrogenization over
catalyst II-10 was higher than over samples II-8 and II-
9 but lower than on catalyst II-11. Thus, the nature of
the HPC determines the activity of Ni-XMo6(S)/γ-
Al2O3 catalysts with X = Al, Ga, and In, which increases
in the order Al < Ga < In.

Ni-XMo6(S)/γ-Al2O3 catalysts with X = Co, Fe, and
Ni (samples II-12 to II-14) had higher HDSA than the
reference (sample II-8) over the entire range of the tem-
peratures studied (Fig. 5a). Catalysts II-12 and II-13
(prepared from FeMo6-HPC and CoMo6-HPC, respec-
tively) had similar HDSAs. Catalyst II-14 prepared
from NiMo6-HPC was more active. The HDSA
increased in the order Fe < Co < Ni.

Of the set II catalysts, catalyst II-14 synthesized
using NiMo6-HPC had the highest HA (Fig. 5b). The
HAs of catalysts II-12 and II-8 were at one level; the

activity of CoMo6-HPC-based catalyst II-13 was the
lowest.

The performance stability of a catalyst can be indi-
rectly ascertained as the coke percentage formed on its
surface during the reaction (Table 1). The lowest coke
percentage (1.5 wt %) was contained in the Ni-Mo6-
HPC-based catalyst (sample II-14); a little more coke
(2.1–2.5 wt %) was contained in the reference (sam-
ple II-8) and catalysts II-9 and II-13. InMo6-HPC and
GaMo6-HPC catalysts contained 6.4 and 6.8 wt % coke,
respectively. The highest coke percentage (11.4 wt %)
was formed over the catalyst prepared from
FeMo6-HPC.

Thus, heteroatom X in such supported complex cat-
alytic systems can play its role both during the manu-
facture of the catalyst first in the oxide and then in the
sulfide form and in the catalytic action of the mixed sul-
fide phase. In this context, it is relevant to mention a
recent work by Lamonier et al. [23]. They used high-
resolution electron microscopy to demonstrate the
high dispersion of the active sulfide phase immobi-
lized on γ-Al2O3 prepared from cobalt 10-HPC
([Co2Mo10O38 ]) compared to the sulfide phase of a

conventionally manufactured catalyst. In the latter,
large crystallites of poorly sulfidized MoO3 were
observed, whereas the HPC-based catalyst contained
rather small crystallites. X-ray photoelectron spectros-
copy showed no differences in the position or shape of
the Co2p peak. The E(Co2p)–E(Mo3d) binding energy for
both catalysts is 550.2 eV, which is characteristic of ter-
minal Co positions in the “CoMoS” model [34]. Our
explanation of these results is as follows. Sulfidizing
considerably changes the crystal structure of oxide pre-
cursors; the cubic lattice of the heteroatom-doped
MoO3 phase [35] or the heteropoly anion structure
undestroyed by calcining transforms into the MoS2 tri-
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Fig. 3. Thiophene conversion versus temperature for Anderson HPC–based Ni-XMo6(S)/γ-Al2O3 catalyst samples (a) II-9 to II-11
and (b) II-12 to II-14 and over an APM-based Ni-Mo7(S)/γ-Al2O3 catalyst (II-8).
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gonal lattice. Heteroelement atoms migrate to terminal
positions with the attendant destruction of the initial
crystallites and increase in the relative dispersion of the
sulfide phase. In cases of HPCs where heteroelements
in the coordination sphere are not conventional promot-
ers for sulfide catalysts (that is, nickel or cobalt), the
role of the heteroelements also consists of changing the
chemical composition of the sulfide active phase, and,
through this, its catalytic properties. As known from
[36–38], a promoter in a mixed sulfide phase like
Ni(Co)Mo(W)S functions as an electron-density donor
for atoms of the major active component (molybdenum
or tungsten). An increase in electron density on molyb-
denum antibonding orbitals weakens Mo–S bonds in
the active phase, which is manifested as a decrease in
the energy required for generating coordinatively
unsaturated active sites. The donor ability increases
with increasing number of electrons at the outer elec-
tronic shells in increasing order of atomic numbers
from left to right for fourth-period transition metals
(Fe, Co, and Ni) and from top down for boron-family
elements (Al, Ga, and In); the increased donor ability
evidently influences the catalytic activity of our synthe-
sized catalysts. Thus, the enhanced activity of catalysts
manufactured from HPCs can be explained by the

increased relative dispersion of the active sulfide phase
and the synergistic effect of heteroelements and active
components.

CONCLUSIONS

(1) XMo6(S)/γ-Al2O3 and Ni-XMo6(S)/γ-Al2O3 cata-
lysts were prepared on the basis of Anderson het-
eropoly compounds, where X = Al, Ga, In, Fe, Co, or
Ni. Their activity in thiophene hydrogenolysis and die-
sel fuel hydrorefining was tested on a flow-through
setup.

(2) XMo6(S)/γ-Al2O3 catalysts with X = Al, Ga, and
In demonstrate practically identical thiophene hydro-
genolysis activities. The activities of XMo6(S)/γ-Al2O3
catalysts with X = Fe, Co, and Ni are arranged in the
following order depending on the central heteroatom:
Fe < Co < Ni.

(3) Nickel promotion increases the activity of the cat-
alyst. Thiophene conversions over Ni-XMo6(S)/γ-Al2O3
catalysts with X = Al, Ga, and In are approximately
equal; those for the catalysts with X = Fe, Co, and Ni
are arranged in the same order as for the unpromoted
catalysts. The Ni-XMo6(S)/γ-Al2O3 catalysts with X =
Al, Ga, and In are arranged in the following order of

300 320

HDSA, %

Temperature, °C

72
340 360 380 400

76

80

84

92

96

100 (a)

II-10

II-8
II-9

II-1188

300 320

HA, %

Temperature, °C

35
340 360 380 400

40

45

55

60

65 (b)

II-10
II-8

II-9

II-11

50

Fig. 4. (a) Hydrodesulfurization and (b) hydrogenation
activities of Anderson HPC–based Ni-XMo6(S)/γ-Al2O3
catalysts (samples II-9 to II-11) and an APM-based Ni-
Mo7(S)/γ-Al2O3 catalyst (sample II-8) versus the tempera-
ture of diesel fuel hydrorefining.
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Fig. 5. (a) Hydrodesulfurization and (b) hydrogenation
activities of Anderson HPC–based Ni-XMo6(S)/γ-Al2O3
catalysts (samples II-12 to II-14) and an APM-based Ni-
Mo7(S)/γ-Al2O3 catalyst (sample II-8) versus the tempera-
ture of diesel fuel hydrorefining.
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increasing diesel fuel hydrodesulfurization activity as a
function of the heteroatom: Al < Ga < In; for the cata-
lysts with a iron triad element, the increasing order of
activity is Fe < Co < Ni.

(4) In summary, we have shown that the nature of
the precursor HPC determines the hydrogenation and
hydrodesulfurization activities of the catalyst.

(5) The highest hydrogenation and hydrodesulfur-
ization activities were observed for catalysts prepared
on the basis of InMo6-HPC and NiMo6-HPC. The resid-
ual sulfur percentage in hydrogenizates obtained at
320°C on these catalysts is 2.5 times lower than con-
ventional APM-based catalysts. The degree of PAH
hydrogenation is 15–16 rel. % higher.
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