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Preparation of liquid fuels from chark chemical tar

Abstract. In the course of study the optimal conditions of conduction of the process hydrogenization are
found. Optimal temperature for preparation of motor oils from chark chemical tar is 400°C. On the increase
of temperature from 350°C to 400°C the yield of liquid products on Mo-containing catalyst increases from
47.1 mass. % to 65.2 mass. % compared to the yield of liquid products obtained without the catalyst.
The yield of gasoil fraction constitutes 15 mass. %. Optimal quantity of catalyst for preparation of liquid
products from the tar is 0.05 mass. %. According to the results of study the catalytic effect of synthesized
from emulsion catalyst appears at low concentration of molybdenum (0.05 mass.%). But the double increase
of concentration of molybdenum weakly effects the improvement of indicators of the process.
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Introduction

In order to obtain chemical products from
charcoal destructive thermal processes are used.
Chark formation and partial chark formation
belong to the group of such thermal processes.
Chark chemical tar is basically composed of
condensed aromatic hydrocarbons and other high
molecular structural units belonging to sources
which are hard to be processed. In the majority
of cases the products from chark chemical tar are
produced, where every step leads to consumption
of large amounts of reagents, consumption of heat
and loss of other valuable products. There is a
high amount of compounds in the structure of tar
which preserve their reactivity with increasing the
production temperature. There are works carried out
in Russia devoted to preparation of liquid fuels with
participation of catalytic suspensions leading to
hydrogenation of tar followed by active stabilization
of reactive compounds [1-4].

Results and Discussion

Such works have the objective of preparation of
motor fuels from chemical chark tar by hydrogenation
using laboratory setups at hydrogen pressure of
5.0MPa, with participation of (NH,) ,Mo,0O,, - 4H,0
catalytic suspension. Distillate fraction of oil with

boiling temperature of >320°C was used as a carrier
of hydrogen in the role of donor.

As the experimental object in present work the
primary tar obtained from half coking of charcoal was
used from the “Sary-arka speckoks” company. The
effects were studied of temperature and mass of the
catalyst on the process of hydrogenation of charkche-
mical tar with the aim of preparation of motor fuels and
determination of optimal conditions of this process.

The effect of temperature on the process of
hydrogenation of tar using the catalytic suspension
is shown is shown in Table 1.

As can be seen from the table the general yield of
liquid products increases from 47.1 mass % to 65.2
mass.% on addition to the reactive media of 0.05 %
mass. % (NH,)Mo.O,, - 10H,0 catalyst. The yield
of liquid products decreases from 65.2 mass.% to
31.6 mass.% on increase of temperature from 400°C
to 450°C. The decrease of yield of liquid products
with the increase of process temperature can be
explained by the deep cracking processes leading to
the increase of gas-phase products. Nickel, cobalt,
and iron sulfides are widely used for hydrogenation
of charcoal and hydrocracking of heavy oil fractions.
On heating the initial mixture taken for catalytic
purposes to the decomposition temperature, there
occurs sulfidization of products of decomposition,
which leads to the formation active catalytic phase
of necessary composition (Figure 1).
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Table 1 — The effect of temperature on the hydrogenation of chark chemical tar in the presence of catalytic suspension

Temperature, The yield of liquid products, g S . .
Catalyst °C mass. % YLP 12 E o |5 > = i
below | 180-250°C | 250-320°C °35° |88 |5¢g
2 ~
180°C >
The effect of temperature on the yield of liquid products
Without the catalyst 400 7,80 15,30 24,0 47,1 7,25 27,0 17,5
0,05 mac. % 350 4,25 6,45 23,3 33,9 4,00 44,2 15,8
(NH,) Mo, 400 14,7 18,7 31,7 65,2 10,80 17,5 6,00
0,4H0 450 10,3 7,60 13,7 3L,6 27,00 27,3 13,0
N
(NH4jsM0,04, MoS,
T=120-150°C T=350-420°C
Figure 1 — Formation of MoS2 upon heating the tar to the temperature of experiment
The reactions occurring under conditions of the process are:
HzO(C)vL (NH,) MoO,— H20(r)+ NH3(F) — MOO3(K) )
H,0 oF (NH,),MoS,— HzO(l_)-i- NH, ot S oF H,S o MOSZ(K) 2)
(R-COO), MOOZ(C)+7 H, © +H,S o MOSZ(K)+2 R—CH3(C)+ 6H20(r) 3)

On heating the raw material to the experimental
temperature solid particles interact with the compo-
nents of the gas phase (hydrogen and hydrogen sulfide)
and the new phase of molybdenum sulfide forms [5-8].

Finally, according to the experimental results the

optimal temperature for preparation of liquid fuels
from charkchemical tar is determined to be 400°C.
Along with these studies the effect of the amount of
catalyst on the yield of liquid products was studied.
The results of study are shown in Table 2.

Table 2 — Effect of catalyst on the yield of liquid products obtained from chark chemical tar

Tempera- Yield of liquid products, mas. % o 42 g PN
Catalyst ture, °C Below 180 —250°C|250-320°C| YL.P |B & g | 4 © %
180°C ~TE|mE |»-E
The effect of the amount of catalyst on the yield of liquid products, mas. %
Without the 400 7,80 15,3 24,0 47,1 7,25 27,0 17,5
catalyst
0,05 mas. % 350 4,25 6,45 23,3 34,0 4,00 442 15,8
(NH,)Mo.0, 400 14,7 18,7 31,7 65,2 10,8 17,5 6,00
4H,0 450 10,3 7,60 13,7 31,6 27,0 27,3 13,0
0,1 mas. % 350 3,90 5,81 22,32 32,03 4,20 46,68 15,89
(NH,)Mo.0O, 400 10,6 22,0 29,0 60,1 4,60 11,2 23,4
4,0 450 6,29 7,13 11,6 25,0 26,0 33,0 16,0
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As can be seen from the table, the increase of
the catalyst from 0.05 mass.% to 0.1 mass.% at the
temperature of 350°C the general yield of liquid
products decreases from 34,0 mass. % to 32,03 mass.
%, among them the gasoil fraction - from 4,25 mass.
% to 3,9 %, at 400°C - from 65,2 mass. % to 60,1
mass %, among them the gasoil fraction - from 14,7
mass. % to 10,6 mass. %, and at 450°C from - 31,6
mass. % to 25,0 mass. %, among them the gasoil frac-
tion decreases from 10,3 mass. % to 6,29 mass %.

The decrease of the yield of liquid products with
the increase of the temperature of the process can
be explained by the substantial formation of gas-
phase products. As a result, according to the analysis
of experimental results the optimal amount of the
(NH,))Mo.0,,-4 H,O catalyst is determined to be
0.05 mass %.

It is shown that according to the results obtained
in the course of research there is proposed a new
method of processing of the charkchemical tar by
catalytic suspension, which is shown to be one of
the main directions of fuels and chemical industry.
Similarly, the proposed method of synthesis
of catalyst is simple for realization, has simple
technological structure and is possible to be realized
using typical industrial setups.

In the proposed work the chemical structure of
motor fuels and physical-chemical indicators were
studied. Based on the results of IR-spectral analysis
the chemical composition of studied samples was
determined. The IR-spectra of gasoil fraction
directly transformed from chark chemical tar and
obtained with the help of the catalyst are shown in
Figure 2.

000 450,0

without the catalyst;

1 — IR-spectrum of the fraction boiling at 180°C obtained

2 — IR-spectrum of the fraction boiling at 180°C obtained
with participation of the catalyst

Figure 2 — IR-spectra of obtained samples

If in case of the absence of the catalyst in
charkchemical processing directed towards the
preparation of gasoil fraction the lines are visible of
COC simple ethers in the region of 1034,3 cm™ and
113,0 cm™ , 1230-1160 cm™! - aromatic aldehydes,
then in the composition of gasoil fraction obtained
in the presence of the catalyst among different
aromatic hydrocarbons asymmetric deformational
vibrations are visible equivalent to alkylbenzene
derivatives in the region of 1464,81 cm’', along with
symmetric deformational vibrations at 1377,4 cm’!
equivalent to CH, methylated benzene derivatives,
and in the same row, in the region of 1596,53 cm’!,
1513,86 cm™ intensive absorption lines are observed
corresponding to —CH aromatic groups.

Similarly in the region of 812,95 cm

deformational vibrations equivalent to 1,2,4 three
substituted benzene derivatives are observed, in
the field of 772,0 cm! , 752,01 cm™' the medium
intensity lines are determined corresponding to 1,3
two substituted benzene derivatives

Due to the decrease of the content of aromatic
hydrocarbons and oxygen-containing compounds
in the composition of gasoil fraction obtained in
the results of catalytic processing of charkche-
mical tar in the presence of (NH,),Mo.O,,- 4H,0
the conditions required for motor fuels are not
satisfied.

Therefore it is impossible to use liquid products
obtained from tar directly as motor fuels. In spite
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of this, tar distillates can still be used for further
processing. Individual and group composition
of hydrocarbons provides additional information
about the level of catalytic hydrogenation process.

The group hydrocarbon composition along with
physical-chemical properties of the hydrogenated
tar distillates of Mo containing catalytic suspensions

are shown in Table 3.

Table 3 — Physical-chemical indicators and group composition of tar distillates hydrogenated by Mo-containing catalytic

suspensions
Indicators Fractions of the distillate
80 - 180°C 180 - 250°C 250 - 320°C
Gasoline fraction obtained without the participation of the catalyst
Density, 20°C, g/cm® 1,01 1,08 1,23
Refractive index, n* 1,6558 1,5923 1,6725
Hydrocarbon group composition, %
Alkane 55,4 16,02 16,42
Iso-alkane 10,14 14,65 13,75
Aromatic 17,2 55,40 47,40
Naphthenes 1,4 10,85 11,98
Olefins 2,3 3,08 1,443
Sulfur content, % 0,07 0,09 0,11
Iodine number J,/100 43,5 42,35 10,47
0,05 mas. % (NH,)Mo.O,,-4 HO
Density, 20°C, r/cm? 0,90 1,00 1,12
2 3
Refractive index n 1,48 1,43 1,55
Hydrocarbon group composition, %
Paraffin 10,22 20,94 17,82
Isoparaffin 32,3 27,23 25,36
Aromatic 37,6 35,5 40,40
Naphthene 0,68 15,25 16,03
Olefins 1,42 1,08 0,388
Sulfur content, % 0,02 0,08 0,03
Iodine number J,/100 42,67 36,57 32,51

As shown in the table, gasoline fraction obtained
from the tar distillates represents a complex mixture.
The density and refraction index of tar distillates ob-
tained without the catalyst acquire high values with
the increase of the temperature. This can be explained
by the presence of heavy hydrocarbons with high
boiling temperatures and incomplete transformation
of tar. The amount of sulfur: 0.07% in the fraction
obtained in the interval of 80-180°C, 0.09% in the
fraction obtained in the interval of 80-180°C, 0.11%
in the fraction obtained in the interval of 250-320°C.
lodine number: for the fraction between 80-180°C
43.5, for the fraction between 180-250°C 42.35, for
the fraction between 250-320°C 10.47 mass %.

ISSN 1563-0331

Comparison of the composition of distillate
with the gasoil fraction obtained at 80-180°C in
the result of catalytic direct reforming of chark-
chemical tar with participation of 0.05 mass % of
the (NH,)Mo.O,,-4H,O catalyst has shown that
the content of aromatic hydrocarbons increased
from 12.17 % to 37.6 mass. %, isoalkanes — from
10.14 mass. % to 32.3 mass.%, naphthenes — de-
creased from 1.4 % to 0.68 mass.%, unsaturated
hydrocarbons - from 2.3 mass. % to 1.42 mass.%.
Such changes in the presence of 0.05 mass.%
(NH,);Mo.0,,-4H,0 catalyst can be explained by
the processes of hydrocracking, isomerisation, cy-
clization.
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Conclusion

Finally, the possibility is shown for prepara-
tion of liquid fuels rich in aromatic and naphthene

Table 4 — Hydrocarbon composition of gasoil fraction

hydrocarbons by hydrogenation of charkchemi-
cal tar distillates with participation of 0.05 mass %
(NH,)Mo.0,,- 4H,0 catalysts. The group composi-
tion of gasoil fraction is shown in Table 4.

Gasoline fraction obtained without | Gasoline fraction obtained with the use of

Hydrocarbons the catalyst the catalyst

Alkane 55,4 10,22

Isoalkane 10,14 12,3

Aromatics 12,7 37,6

Naphthenes 1,4 0,68

Olefins 2.3 1,42

Cycloolefines 0,48 -

Dienes - -

As can be seen from the table, the composition of
gasoil fraction undergoes substantial changes in the
presence of the catalyst. These changes, in turn lead
to the increase of octane number of gasoil.

Finally, the possibility is shown of obtaining liquid
fuels by processing of charkchemical tar in the presence
of catalytic suspension and their physical-chemical
indicators and hydrocarbon composition is studied.
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K K. Kaiisipoexos, H.T. Cmaryiosa, A.JK. KaiisipOekoB
KoxcoxumMusiJIbIK maibIpiaH CYHbIK 6HIMIEp a1y

3eprTey OapbIChIH A THIPOTEHU3AIMSIIAY TIPOLIECIHIH OHTAMIIBI XKaF Taiaapbl aHbIKTAN/bl. KOKCOXUMUSITBIK IIaibIp/iaH
MOTOp OTBIHAAPBIH aJydarbl oHTainbl Temneparypa 400°C. Mo-KypaMm/pl Karann3arop KaTbIChIHAA CYHBIK OHIMAEp
IIBIFBIMBI - TIpoLiecTiH Temneparypacbin 350°C-tan  400°C-ka apTThIpFaH CallblH KaTaJn3aTop KaThICHIHCHI3 allbIHFaH
CYHBIK OHIM/Iep HIBIFBIMBIMEH calbIcThIprana 47,1 mac. % -man 65,2 mMac. %-ra xorapbuiaraH. beH3uH QpaKHsCHIHBIH
MIBIFBIMBI — 15 Mac. %. CHHTEe31eIreH KaTaau3aTopAbIH KaTaIUTHKAIIBIK 3 deKTici MOIOIeHHIH a3 KOHIIEHTPaUSIChIH/Ia
(0,05 mac. %) Oatikamansl. MoauOIeH KOHIICHTPAIMSICHIH 2 €ce apTThIPFaH CaibIH MPOIECC KOPCETKIIITEPiHiH Hamap-

JMANTHIH/BIFBI KOPCETUIII.

Tyitin co30ep: cycrieH3us, KaTaau3aTop, KOKCOXUMHUSUIIBIK MIANBIP, THAPOTEHU3aNHs, MOTOP OTBIHBI, SMYJbCHUS, CYIBIK

OHIMJIEP, KOMIPCYTEKTIK IIHKi3aT.
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K. K. Kaupbexos, H.T. Cmarynosa, A.JK. Kaup6exos
HouyyeHnne :KUAKMX NPOAYKTOB U3 KOKCOXUMUYECKOI CMOJIbI

B xoxe wmccienoBaHms HaliIeHbl ONTHUMAJIBbHOE YCIOBHS HPOBEACHHS MpOLEcca T'MIAPOTeHU3alNH. YCTaHOBIECHA
OINITHMAJIbHAsT TEMITepaTypa st TIOJyUYEHHSI MOTOPHBIX TOIUINB W3 KOKCOXxuMmUeckoit cMoibl 400°C. Tpu yBenudeHHn
temneparypsl oT 350°C mo 400°C BBIXOR KXUIKUX TPOAYKTOB Ha Mo-comepKalmieM KaTalu3aTope MO0 CPaBHEHHIO C
BBIXO/IOM JKHJIKHX IPOAYKTOB O3 KaTannu3zaTopa yBenmuamics oT 47,1 mac. % mo 65,2 mac. %. Berxon 6eH31HOBOI ppakinu
cocrasisieT 15 mac. %. OnTuManbHOE KOMTHYECTBO KaTaIM3aToPa IS TOTyYSHUS KUIKUX IPOTYKTOB U3 CMOJIBI COCTABIISIET
0,05 mac. %. Ilo pesynpraTam mcciieoBaHUS KaTaIUTHYECKUN 3((PEKT CHHTE3MPOBAHHOTO M3 AMYIIBCHH KaTaln3aropa
MIPOSIBIIACTCS YK€ ITPU HU3KOH KoHneHTpannu monubzaeHa (0,05 mac.%). OnHako Bo3pacTaHHe KOHIEHTPALUH MOJIMOAEHA
B 2 pa3a MaJio CKa3bIBACTCs Ha yTydIIEHHHN TTOKa3aTeel mporecca.

Knioueevie cnosa: cycneHsus, KaTaln3arop, KOKCOXMMHUYECKAs CMONA, THAPOTEHW3AIMs, MOTOPHOE TOIUIHBO,
SMYIbCHSL, )KUAKHUE IPOLYKTHI, YIIICBOJLOPOIHOE ChIPBE.

ISSN 1563-0331 KazNU Bulletin. Chemical series. Ne4 (68) 2012



