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Abstract

Theiron-containing catalysts modified by zeolites, copper, nickel and other additives have been studied
in the process of hydrorefining of butylmercaptan (C,H,SH) -alkane (CsH,, C¢Hy, or CioH,,) mixture and of
the real gasoline and diesel qil fractions. It has been shown that the iron-containing modified catalysts
posses the multi-functional properties. The processes of hydrodesul furisation, hydroisomerization and hy-
drocracking run in parallel over these catalysts. The catalysts studied show the high hydrodesulfurisation
activity. Conversion of butylmercaptan over these catalysts is about 100% at 400°C, P = 3.5 MPaand H,/
feed = 250/1. It has been established, that the conversion of butylmercaptan in model mixesover KTZ-13is
decreased with increase of molecular weight of hydrocarbonsinthefollowing order: CsH,, > CsHyy > CyoHo,.

After hydrorefining, hydroisomerization and hydrocracking of thereal diesel fraction thetemperature of
freezing of thefinal product isdecreased by 9.7-17.1°C. Introduction of zeolites (HY, HZSM and clinoptilolite)
in composition of the iron-containing catalysts allowed to increase the adsorptive properties of catalysts
concerning to hydrogen and oil products. The big pore diameter facilitates the transport of the reactant

molecules into pores and of the reaction products from pores.

Introduction

In the world, the production and refining of sour
and mercaptan oil and gas condensate is increasing
year by year. In Kazakhstan the significant oil sup-
plies are characterized by high content of mercap-
tan, particularly the Tengiz, Zhanazhol and Kara-
chaganak gas condensates.

The natural gas and gas condensate are widely
used as fuel. Oil gases and gas condensate contain
mercaptan and other sulfur-containing compounds
as impurities. They are highly toxic and affect hu-
man health. They corrode the equipments and pipe
lines. Sulfur dioxide formed during the burning of
sulfur-containing compounds pollutes the atmo-
sphere. Thereforeit is necessary to clean gasesfrom
sulfur-containing compounds before their use in
transport vehicles. Depending on deposits, the con-
tent of sulfur in natural gas can vary in awiderange.
The laws on environmental protection require the
deep cleaning from poisons.

The processes of hydropurification are widely
used in the petroleum refining for extraction of sul-
fur and nitrogen-contai ning compoundsfrom oil frac-
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tions[1-4]. These processesimprove the quality and
stability of fuel. The corrosion of equipmentsaswell
as atmospheric pollution are also decreased.

Experimental

Catalysts were prepared by impregnation of
Al,Oz+HY, Al,O;+HZSM and Al,O; + clinoptilolite
mixed supports with agueous solution of (NH,)e
4H,0, Fe(NO;)5-9H,0, Cu(NO5),-2H,0 and with the
introduction of other additives. The wet samples of
catalysts were formed as granules, dried at 100 -
150°C for 5 hours at aheating rate of 20-30°C/hour
and calcined at 500°C for 5 hours.

The activity of catalysts synthesised was studied
in hydrodesulfurisation of a model mixture consist-
ing of butyl-mercaptan (C,H,SH) - alkane (CsH,,,
CeH14, CioH2,) mix and of the real gasoline and die-
sel ail fractions.

The process is carried out in a laboratory-built
fixed-bed flow reactor at various temperatures from
320 to 400°C and space velocity (V) from 1.5t0 3.0
hr-t. The space velocity of hydrogen-containing gas
was 250 m3/m?3. The pressurewas 3.5 MPa. Thetotal
sulphur content is determined by pyrolytic method
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of sample burn [5]. The butyl-mercaptan content in
model feedsis 0.4 wt.%. The sulphur content inini-
tial gasoline and diesel ail fractionsare 0.1 and 0.22
mass % respectively.

Results and Discussion

The hydrodesul furisation activity of iron-contain-
ing catalysts has been evaluated for butylmercaptan
conversion. As seen from the values given in Table
1 the catalysts exhibit high hydrodesulfurisation ac-

tivity. The highest activity at hydrodesulfurisation
of butylmercaptan — alkane mix is observed over
KTZ-11 and KTZ-12 catalysts. Practically, mercap-
tan sulfur is completely removed in the temperature
range 320-400°C. The observed conversion degree
of mercaptan is 99.8-99.9%.

Over catalysts supported on clinoptilolite (KTZ-
13) the conversion degree of mercaptanisdlightly less
than over catalystsof KTZ—11 and KTZ-12. Increase
of hydrocarbon molecular weight (Cs-C,,) decreases
of hydrodesulfurisation activity over this catalyst.

Table 1
Hydrodesulfurisation of butylmercaptan (C,H,SH) - alkane (CsH,, CsH14, CioH,,) mix over multi-component
iron-containing catalysts at P, =3.5 MPa, V=15 hr?*

The degree of mercaptan conversion, %
Catalyst Tep °C

CsHy, CoHua CioHz

320 99.9 99.9 99.8

506Fe-10%M0-4%CU-2%Ni 350 99.9 100 99.8
Al,Og-HY (KTZ-11) 380 100 100 99.9
400 100 100 99.9

320 99.9 99.9 99.8

59%Fe-10%M o0-4%Cu-2%Ni 350 100 99.9 99.9
Al.05-HZSM (KTZ-12) 380 100 100 99.9
400 100 100 99.9

320 95.7 88.0 85.8

506Fe-10%M0-4%CU-2%Ni 350 98.6 904 87.6
Al;05-10% clinopt. (KTZ-13) 380 100 6.1 92.7
400 100 100 96.4

During hydropurification mercaptan is converted
to appropriate hydrocarbon and sulfur (Eqg. 1).

C4HsSH + H, — CjHyo + H,S )
Hydrogen sulfide (H.S) formed is recovered by
dissolution in cadmium chloride (Eg. 2):
H,S + CdCl, — 2HCI + CdS |
(yellow deposition) 2

Inindustry the conversion of hydrogen sulfideinto
sulphur dioxide and its subsequent catalytic reduc-
tion to obtain elemental sulphur is effected though
conventional Claus's process [1].

Over these modified iron-containing catalysts
hydrodesulfurisation reaction takes place in parallel
with the hydroisomerization and hydrocracking re-
actions. So the formed CsH,,-C,,H,, alkanes of nor-
mal and iso-stucture are the base of straight-run gaso-
line. In Table 2 the results on hexane conversion over
KTZ-12 and KTZ-13 are presented. C,-C, — gases,
Cs" - normal hydrocarbons and C,-C; — iso-alkanes
are observed in reaction products. With increase of
temperature from 320 to 450°C the degree of hex-
ane conversion over KTZ-12 increases from 49.3 to
75.7%, at the same time the yield of gaseous reac-
tion products is also increased (Table 2). The maxi-
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mum selectivity on isomers at the hexane conver-
Sion is46.4% at 350°C. The further increase of tem-

perature to 450°C results in selectivity decrease to
27.3%.

Table2
The effect of temperature on hexane conversion over KTZ-12 and KTZ-13 at P, =3.5MPa, V=15 hr?*
The composition of reaction products, %| Nornreacted product i
Catalyst | Teq, °C | CsHya conversion,% S_electlwtyoon
Iso-alkane | C,-C, Cs Cs Isomers, %

320 49.3 21.2 20.5 7.6 50.7 43.0

350 60.4 28.0 235 8.9 39.6 46.4
KTZ-12

400 73.8 26.9 45.8 11 26.2 36.5

450 75.7 20.7 53.7 13 24.3 27.3

320 3.9 12 2.7 traces 96.1 30.8

350 6.6 25 3.7 0.4 934 37.9
KTZ-13

400 9.4 31 5.8 05 90.6 33.0

450 15.7 19 12.0 18 84.3 12.1

The dataon hexane conversion over KTZ-13 dem-
onstrate that the cracking and isomerization activity
issignificantly lessthanfor KTZ-12. Thus, the maxi-
mal yield of isomersis 37.9% at 350°C.

The hydrodesulfurisation activity hasbeen inves-
tigated by use of thereal gasoline. It was possibleto
increase the space velocity of feed from 1.5to 3 hrt

duetothehighactivity of KTZ-11, KTZ-12and KTZ-
13 catalysts. The degree of hydrodesulfurisation is
96.5, 97.1 and 89.4% respectively at 400°C, P,,=3.5
MPa, V=3 hr! (Table 3). Theresidual sulfur content
in gasoline after reaction in these conditions are
0.0035, 0.0029 and 0.0106 mass %, which meet the
environmental requirements.

Table 3
Hydrodesulfurisation of gasoline oil fraction over multifunctional iron-containing catalysts at P, =3.5 MPa, V=3 hr *

Catalysts Texp °C The residual sulfur content, %| Hydrodesulfurisation degree
320 0.0087 91.3
350 0.0068 93.2
KTz -1
380 0.0042 95.8
400 0.0035 96.5
320 0.0095 90.5
350 0.0069 93.1
KTz -12
380 0.0033 96.7
400 0.0029 97.1
320 0.0169 831
350 0.0145 85.5
KTZ-13
380 0.0124 87.6
400 0.0106 89.4
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For the reason to improve the diesel characteris-
ticsthe hydrodesulfurisation of thereal diesdl fraction
has been studied over these catalysts. The degrees of

hydrodesulfurisation are 91.8, 92.5 and 81.2% respec-
tively at 400°C. Theresidual sulfur content after the
process is no more than 0.05 mass % (Table 4).

Table4
Hydrodesul furisation of diesel oil fraction (Tieeng= -12°C) over multifunctional
iron-containing catalysts at P, =3.5 MPa, V=3 hr*

Catalysts | Tep, °C |Residual sulfur content, mes. %| Hydrodesulfurisation degree, % | Tfreezing of reaction product, °C
320 0.0301 86.3 -22.0
350 0.0233 89.4 -24.7
KTz -1
380 0.0215 90.2 -27.0
400 0.0180 91.8 -27.8
320 0.0310 85.9 -23.2
350 0.0195 91.1 -26.0
KTZ-12
380 0,0178 91.9 -28.5
400 0.0165 925 -29.1
320 0.0545 75.2 -21.7
350 0.0525 76.1 -234
KTZ-13
380 0.0487 77.1 -25.3
400 0.0413 81.2 -26.2

At the production of diesel, the part of summer-
grade diesel is 89, of winter-grade oneis 10 and of
arctic one is 1%. At the same time the necessity in
winter diesel is satisfied only by 30-40% [7,8]. One
of the most effective methods for production of die-
sel with low temperature of freezing is the process
of their hydroisomerization and hydrocracking. The
temperature of freezing of diesel after processes of
hydro refining, hydroisomerization and cracking over
KTZ-11,KTZ-12 and KTZ-13 catalystsis decreased
by 9.7-17.1°C. The activity of KTZ-11 and KTZ-12
issignificantly higher than that of KTZ-13. It needs
to noted that there is a change of diesel color after
process. For example, theinitial diesel had the dark-
yellow color and after catalytic process the diesel
with light-yellow color was obtained. It may indi-
cate the improvement of diesel characteristics.

It is known that the efficiency of catalystsisin-
creased with increase of surface available for con-
tact with reagents. Theiron-containing catalysts stud-
ied have the high devel oped surface (Table 5). Zeo-
lites (HY, HZSM and clinoptilolite) in the composi-

tion of iron-containing catalystsallow toincreasethe
adsorptive properties of catalysts concerning to hy-
drogen and ail products. The big pore diameter fa-
cilitates the transport of the reactant molecules into
pores and reaction products from pores. The total
pore volumeis0.21 and 0.26 cm*/g for KTZ-11 and
KTZ-12 respectively.

Conclusion

The data reported show, that the multifunctional
iron-containing catalysts promote almost complete
extraction of the mercaptan sulfur from the model
mix of butyl-mercaptan (C,H,SH) — akane (CsH,,,
CeHys, CigH2). Over KTZ -13 catalyst the decrease
of hydrodesulfurization degree is observed with in-
crease of hydrocarbon molecular weight in the pro-
cess temperature range 320-380°C in the following
order: CsHy, > CgHyy > CygHos.

It was shown that over these catalystsparallel with
hydrodesulfurisation the processes of hydroi someri-
zation and of hydrocracking occur. Also catalysts
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Table5
The physico-chemical properties of synthesized catalysts
Catalysts
Characteristics
KTz -11 KTz-12 KTz -13

Specific surface area, n¥/g 166.7 199.3 158.6
Bulk density, g/cm? 0.77 0.79 0.75

Total pore volume, cn/g 0.21 0.26 -
Specific mechanical strength, kg/cn? 24.7 30.9 23.8

synthesized show the high hydrodesulfurisation ac-
tivity at hydro-refining of gasolineand diesel oil frac-
tions. The residual sulfur content in gasoline and
diesdl fractions is less than 0.01 and 0.05 mass %
respectively. It correspondsto the environmental re-
quirements. After hydro-refining, hydro-isomeriza-
tion and hydro-cracking the temperature of freezing
of diesel fraction is decreased by 9.7-17.1°C.
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