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Abstract

Modified aluminonickel molibdenum catalysts are studied in hydropurification and hydroisomerisation
process of gasoline and diesel oil fractions. Catalysts were tested on flow reactor at the temperature 593 —
673K, pressure 2,0-4,5 MPa, 2-7 houfsed velocity. It was shown that synthesized catalysts have
polyfunctional properties and they allow to obtain low sulfureous gasoline and diesel fuel with improved

characteristics.

Introduction

Many countries, including Kazakhstan, have
great amount of sulfurous and paraffin oils. Sulfu-
rous compounds pass to oil light fractions at the
distillation. Sulfur content increases with rising of
oil fraction boiling point. For obtaining of high
guality motor fuel from sulfurous oil it is necessary
to apply hydrodesulfurization and hydropurification

Experimental

The catalysts were prepared by modification of
alumino-nickel-molybdenum catalysts with decatio-
nized zeolite and other additives. The catalysts pre-
pared by impregnation of g-XD; with aqueos so-
lution of ammonium paramolybdate nickel nitrate
and introduction of modifying additives.
Impregnated mass was formed, dried at 393-423 K

processes. At these processes sulfurous and nitrog-(4 hours) and calcinated at 823 K duaring 5 hours.

enous compounds are removed from oil fractions,
the quality and stability of fuel are improved,

Catalysts were activated by free sulfur at 393-423
K, 0,5-0,7 MPa hydrogen pressure during 3 hours,

corrosion of oil processing equipment is decreased then sulfidided carried out at 473 K, 2,5 MPa

and contamination of environment is reduced [1-
4].

Creation of new multifunctional catalysts that are
able to carry out the processes of hydropurification
and hydroisomerisation of hydrocarbons simulta-
neously is the perspective task [5,6].

Searching and selection of new effective catalysts
that are able to supply deep hydropurification and
high quality to oil products are perspective tasks.
Selection of optimal characteristics of process and
catalysts depends on type of processing oil Nowa-
days, World leading companies carry out the elabo-
rating of catalysts for hydropurification and
hydroisomerization of different concreate type of
row materials [1,2,5].
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duaring 2,5-3,0 hours. The synthesized catalysts
were tested in the processes of hydrodesul-
furization, hydropurification and hydroisomeri-
sation of gasoline and Diesel oil fractions on flow
reactor at 593-673K, 2,0-4,5MPa and 2-7 hdurs
feed velocity. The products of reaction were
analysized by GLC-method.

Results and discussion

The activity of catalysts is different and depends
on nature of modified additives (see Table 1).
Results obtained by industrial ANM catalysts are
shown for comparison. Catalysts KT-1 + KT-10
are the zeolite containing systems modified by rare-
earth elements and other additives. Hydrodesul-
furization activity of the designed catalysts is sig-
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nificantly higher than this of ANM industrial catalyst

temperature from 593 to 673K as it can be seen from

at the same conditions. The most hydro- desulfuriza- the data of Table 1. Hydrodesulfurization degree is

tion and hydroisomerization activities are observed
on KT-10 catalyst. The desulfurization degree of KT-
10 catalyst is 97,7% at 653KP= 3,5MPa, feed
velosity = 6 hourd) that is higher than activity of
industrial catalyst by 16% at the same conditions of
experiments. Hydro- desulfurization activity of
catalyst increases by 9,0-15,0% with increasing of

negligible increasing when the temperature of process
higher than 673K. Residual content of sulfur in
reaction products is 0,01-0,02% at using of modified
catalysts at 653K that correspondings to Europe stan-
dards for sulfur content in diesel fuékeezing and
cloud point of obtained Diesel fuel decrease by 4,7-27,5
degress that allow to produce winter sorts of Diesel fuel.

Table 1
Influence of temperature on hydrodesulfurization degree and point of congelation of
Diesel fuel at g, =3,5 MPa and feed velocity = 6 hotrs

Hydrodesulfurization . .
No Catalysts Temperature, K degree, % Point of congelation, K
1 Initial diesel fuel 2580
593 75.0 2578
L 623 779 2577
2 ANM - industrial 653 817 2577
673 84.0 2577
593 80,1 2533
623 86.1 2573
3 Kt-7 653 932 2499
673 95,1 2473
593 82,0 2523
623 911 250,1
4 Kt-8 653 932 2485
673 95,8 2453
593 88,7 2493
623 92.3 2457
5 Kt-9 653 96,3 2428
673 98,2 240,8
503 89,1 2386
623 94,7 2338
6 Kt-10 653 97.7 2310
673 98,5 230,5

The study of influence of raw material feed ve-
locity on KT-10 catalysts shows (Table 2) that in-
creasing of feed velocity from 2 to 6 hdueads to
negligible decreasing of hydrodesulfurization ac-
tivity. Increasing of feed velocity to 7 houresults
in decreasing hydrodesulfurization degree from
98,5 to 96,3%, that is owing to decreasing of
contact time of raw material with active centers of
the catalyst. Contrary to the industrial catalyst KT-
10 preserve high hydrodesul- furization and
hydroisomerisation activities even at higher feed
velocities (Table 2).

Increasing of hydrogen pressure results in increas-
ing of hydrodesulfurization degree (Table 3). With
increasing of hydrogen pressure from 2,0 to 3,5
the hydrodesulfurization degree increases from
92,7% to 98,5%. Further increasing of pressure
increases the hydrodesulfurization degree negligi-
bly.

The most intensive increasing of hydrodesul-
furization degree at hydrodesulfurization and
hydroisomerisation of gasoline oil fraction (Table
4) is observed in the interval of temperatures 593-
653K. The degree of gasoline purity on studied
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Table 2
Influence of feed velocity on hydrodesulfurization degree and point of
congelation of Diesel fuel at T = 653@2{3‘: 3,5 MPa

No Catalysts Feed velocity, hours? Hydrg(;;eu,lle;u;sanon Point of congelation, K
1 Initial diesel fuel 258,0
2 88,0 257,7
3 85,7 257,7
. . 4 84,6 257,7
2 ANM - industrial 5 830 257.8
6 81,0 258,0
7 78,1 258,0
2 98,5 2295
3 98,4 230,3
4 98,2 230,6
3 Kt-10 5 98,0 230,8
6 97,7 231,0
7 96,3 2315
Table 3 Table 4
Influence of hydrogen pressure on hydrodesulfurization Influence of temperature on hydrodesulfurization
degree and point of congelation of degree of fractionating gasoline at
Diesel fuel at T=673 K and feed velocity = 6 hours Py, =3,5 MPa, feed velocity = 6 houts
Hydrogen |Hydrodesulfuriz- Point of Hydr ization
Catalysty presZure,gMPa azi/on degree, % | congelation, K Nol ~ Catalysts | Temperature, K g gggrsgflfn‘;ja *
2,0 92,7 2344 593 79,5
3,0 95,8 2327 . ANM - 623 85,2
Kt -10 35 97,7 231,0 industrial 653 88,1
4,0 98,2 230,8 673 90,1
623 90,3
2| Ke-7 653 94,2
e i P 673 95,5
catalysts is higher than at hydrodesulfurization on
diesel fraction. Obviously, it is stipulated by 593 86,1
prevailation of light mercaptans in gasoline oil frac- | 3 Kt-8 2?; gg’g
tion. Among the modified ANM-catalysts the KT- 673 97z5
9, KT-10 catalysts have the maximum activity at 593 29.0
hydrodesulfurization and hydroisomerisation of 623 93’1
gasoline and diesel oil fraction for which the des- | 4| Kt-9 653 97,9
ulfurization degree is 97 - 98,5% at T = 653K. 673 9g:g
The isomerisation degree ofs, alkanes 593 89.6
contained in gasoline and Diesel oil is 24,6-44,1% 623 95,0
depending on nature of catalysts and process > Kt-10 653 98,0
conditions. The octane number of straightrun gaso- 673 98,7
line has increased to 76,5 due to isomerisation of
alkanes.

The synthezied catalysts have polyfunctional Application of the multifunctional catalysts enables
properties (Fig. 1,2). These catalysts carry out not to produce low-sulfur gasoline and diesel fuel with
only hydrodesulfurization but hydrogenation of alk- improved characteristics.
enes and isomerisation n-alkanes to iso-alkane. Our catalysts will be used on miniplants for pro-
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Fig.1. The multifunctional catalyst of hydrorefining and hydroisomerisation of gasoline.

Hydrodesulfurization - 98,800 L.
. . . CATALYST
Diesel oil fraction .
Point of congelation 158K Hydrogenation - 98.5-100% [—»-
P =3.5MPa
T=683K
Hydroisomerisation - 44.700 |-

Point of congelation 231K

Fig.2. The multifunctional catalyst of hydrorefining and hydroisomerisation of diesel oil fraction.

ducing of enviromentally friendly low-sulfur mo-
tor fuels. We suppose that our catalysts KT-9, KT-
10 will be tested on two oil-processing plants of

China according to requests of Chinese specialists. 5.
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