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APPLICATION NATURAL ORE MATERIALS
AS CATALYSTS AT HYDROGENATION
OF KENDERLYK COAL

Abstract. This work discusses the effect of bauxites as catalysts of hydrogenation of
the coal from Kenderlyk deposit. According obtained results output of liquid and gaseous
products increased with the increase of iron content in the catalyst was established. Also,
dependent output of liquid products on the temperature at the various catalyst mass have
been studied. It was shown the increase of the catalyst mass due to increase of liquid
products by 50% in comparison without catalyst.

Key words: coal, Kenderlyk, catalyst, bauxite.

Introduction. The concept of coal hydrogenation catalyst has indefinite,
often conditional meaning, since this process involves many chemical reactions
(destruction of coal multi-structure, activation of molecular hydrogen, its inter-
action with coal substance, etc.) and the compounds and mixtures used as a
catalyst which undergo irreversible changes. The objective of development of
active catalysts is complicated by small level of knowledge in molecular and
supramolecular structure of coal, causes of high reactive power when heating, and
the nature of transformation of coal substances [1, 2].

It is commonly supposed that the coal hydrogenation catalysts comprise
compounds that promote the increase of level of transformation of coal into liquid
products soluble in benzene. Such compounds include oxides, sulfides of metals
with mixed valence (Mo, W, Co, Ni, Fe, etc.), natural formations, production
wastes and their compounds [3-5].

Recently, there are ongoing studies of possibility to apply the wastes of
metallurgical industry and natural ore materials as catalysts of coal liquefaction.
In some cases, for activation of ore catalytic systems are used sulfur and sulfur
compounds or various natural additives containing nickel, cobalt and molyb-
denum. The economic feasibility of the use of such catalytic systems resides in
their law cost, availability, avoidance of catalyst extraction from hydrogenation
mud [6].

The variety of combinations of micro- and macro-components in natural ore
materials, changes of their content and structure at the stage of enrichment and
preliminary processing for production assume availability of wide range of
catalytic properties both of interim products and mill tailings [7].
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EXPERIMENT

As an object of hydrogenation study it was decided to select the coal
from Kenderlyk deposit with the following physical and chemical properties:
W2 - 8,0 %; A? — 15,2 %; V*' - 38,2 %; C*" - 65,2 %; H* - 3,9 %; N* - 1,7 %;
Q% — 7244 kcal/mol.

The testing of catalytic properties for coal hydrogenation involved Turgai
bauxite with different iron content and red mud (wastes from processing of
bauxite ore from Pavlodar Aluminum Plant). The testing was performed at flow
unit with the chamber of 100 cm®.

RESULTS AND DISCUSSION

The results of testing of Turgai bauxite and red mud for hydrogenation of
Kenderlyk coal are shown in table 1. As is seen from the table, the most active
catalyst is Turgai bauxite — 094 and red mud. The catalytic activity of the tested
catalysts was evaluated against output of liquid products (OLP). In coal hydro-
genation without a catalyst OLP was 38.1% from coal amount upon distillation of
the generated mass after the test within the temperature range from 80 to 320 °C
without use of vacuum. At the same time the main amount of the liquid product
(LP) (50-60 %wt) comprise high-boiling fraction (250-320 °C).

According to the obtained extreme values (figurel), an output of valuable
liquid and gaseous products is increasing with the increase of ore content in the
catalyst.

An optimal way that may be considered is the use of bauxite 094, which
application leads to production of 53.1 % of liquid products and 45.5 % of gas
from mud with the loss of 3.2 %.

As is seen from figure 1, OLP has linear dependence on the ore content in the
catalyst (R?=0.765). Therefore, further testing was performed on bauxite 094
catalyst.

Table 1 — Effect of catalyst nature on output of liquid products
from hydrogenation of Kenderlyk coal

Catalyst Chemical composition gfo 'r;'éeirg O(I);OP‘ SILf;(I)ge, LOS/(S) €s,
catalyst,%

Without catalyst - 38,1 53,9 8,0
Bauxite 706 | Fe,O3 —SiO, — Al,O5; - TiO, 1,55 42,0 50,8 7,2
Bauxite 710 | Fe,O3 — SiO; — Al,O4 10,29 44,0 | 493 6,7
Bauxite 916 | Fe,O3 — SiO, — Al,0O; 11,55 46,5 47,7 58
Bauxite 704 | Fe,O3 —SiO, — Al,O; 14,40 47,6 54,6 2,8
Bauxite 094 | Fe,0O3 - SiO, — Al,O4 16,59 51,3 455 3,2
Bauxite 110 | Fe,O3 — SiO; — Al,O3 — TiO, 16,94 492 | 443 6,5
Red mud Fe,05 - SiO, — Al,O3 — TiO, — MnO, 28,40 49,6 45,7 6,3
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Figure 1 — Dependence of output of liquid products (OLP) on Fe content in the catalyst

An output of LP within wide range of temperatures (from 350 to 440 °C)
upon contacting with bauxite 094 is 31.7 to 51.3% (table 2). At the same time, LP
output is increasing at the range temperature from 350 to 420 °C, and above the
420 °C, the output decrease (figure 2) This, presumably, happens due to the fact
that at >420 °C the side processes are identified, particularly, generation of gas
and semi-coke. An output of light fraction is also symbatically increasing (3.1 %
to 8.0 %) with the increase of temperature from 350 to 420 °C with further
decrease.

Therefore, an optimal temperature of hydrogenation reaction for Kenderly
coal is the temperature within 400-420 °C, at which further tests have been
performed.

A positive effect on transformation of coal in hydrogenation under low
pressure provides the amount of catalyst (table 3). With the increase of the
catalyst amount from 0.34 to 0.67 g an output of liquid products is increasing
more than twice and further increase of the catalyst amount to 1.68 g does not
affect liquid products output. Based on the data of table 3 we produced diagrams

Table 2 — Effect of temperature on output of liquid products from hydrogenation of coal
(Mgea=10 g, Mpy=20 g, M,;=0,67, =30 min., Kt- bauxite 094)

T S RV OLP,%
o¢ MPa | to 180- | 250-320 | o Slti;ige, Log/ses,
180°C | 250°C C o o
350 1,1 1,8 24 31 26,2 31,7 64,8 35
385 21 38 4,6 5.2 315 413 55,1 36
400 2,6 4,6 44 5,0 36,9 46,3 51,0 2,7
420 38 4,0 14,4 9,0 27,9 51,3 455 32
440 44 9,0 10,2 7.8 22,5 40,5 54,4 5.1
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Figure 2- Dependence of output of liquid products on process temperature.

Table 3 — Effect of catalyst amount (bauxite-094) on output of LP from hydrogenation
(Meoai=10 g, mpy=20 g, T=420 °C, =30 min)

OLP,%
Mass of P Vgaz, S Sludg | Losses,
catalyst, g MPa | to 180-250 | 250-320 fractio e, % %
180°C | °C °C n

- 2,8 3,1 57 6,5 145 26,7 67,2 6,1
0,34 2,0 4,2 6,2 7.3 14,8 28,3 66,9 4,8
0,67 3,8 5,0 14,4 9,0 27,9 51,3 45,5 3,2
1,0 3,9 51 11,7 11,2 14,7 37,6 58,2 4,2
1,34 4,2 6,0 15,6 8,1 236 473 | 454 73

of dependence of catalyst amount (figure 3) and pressure (figure 4) on the output
of liquid products.

Conclusion. Thus, based on the obtained results there could be made a con-
clusion on sufficiently high activity of Turgai bauxite 094 in hydrogenation of
coal from Kenderlyk deposit, where its activity depends on of iron content in the
catalist. It was demonstrated that with increase of catalyst mass to 0.67 g an
output of liquid products is increasing almost by 50% in comparison with the
process without a catalyst.
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Figure 3 — Dependence of output of liquid products on catalyst amount
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Figure 4 — Dependence of output of liquid products on process pressure
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Pe3rome
K. K. Kaupbexos, U. M. Joicenovibaesa, 3. T. Epmonouna

KEHJIEPJIIK KEH OPHBI KOMIPIH TMJPOT'EH/IEY YPAICIHE
KATAJIU3ATOP PETIHJIE TABUFU KEH/I MATEPUAJIJIAP/IbI KOJIJIAHY

Bepinren xympicra «Kenaepiik» KeH OpHBI KOMIPiH IIPOTeH/EY YpJiCiHE KaTaiu-
3aTop peTiHge OOKCHUTTEpIiH acepi KapacThIpbUFaH. AJIBIHFaH TOKIPHOETIK JepeKTepre
colikec, Oarainbl CYHBIK JKOHE ra3 Topi3l ©HIMIEpAiH MIBIFBIMBI KaTalnnu3aTOpIbIH Kypa-
MBIHJAFBl TEMIpIiH XOFapeUIaybIMeH apTa Tycemi. CoHmail-ak CYHBIK OHIMIEPIiH TeM-
mepaTypachkl MEH KaTalli3aTop MaccachlHa Toyemnniiiri 3eprremingi. Karammsarop macca-
CBIHBIH YIFAlOBIMECH CYHBIK OHIMJCpHiH IUBIFYbIH KaTalu3aTOPChI3 OHAEYre KaparaHa
50%-ra apTThIpY Oaiikasasl.

Tyiiin ce3nep: kemip, Kernepiik, karanuzatop, OOKCHUT.

Pe3iome
K. K. Kaupbexos, U. M. [lxcenovibaesa, 3. T. Epmonouna

IMPUMEHEHUE ITPUPOIHBIX PYTHBIX MATEPUAJIOB B KAUECTBE
KATAJIM3ATOPOB I'M/IPOTEHM3AIIMU KEH/JIEPJIBIKCKOI'O YT'JIA

PaccmoTtpeno BimsiHEE OOKCHTOB B Ka4eCTBE KaTaIM3aTOPOB THMAPOTECHHU3AIMH YIIIS
MectopoxaeHus: «Kenaepnbik». COrinacHO MOIy4YEeHHBIM 3KCIEPHUMEHTAIbHBIM JaHHBIM,
YCTaHOBJICHO, YTO BBIXOJl LIEHHBIX XUAKUX U Ia3000pa3sHbIX NMPOMYKTOB MOBBIIIAETCS C
YBEIMYEHUEM COJIEp KaHMs jKesle3a B Karanuzarope. Takxke Oblia MCCleOBaHA 3aBHCH-
MOCTb BBIXOZA >KHUIKUX MPOJIYKTOB OT TeMIIepaTyphl M OT Macchl KaTanu3atopa. Iloka-
3aHO, 4TO C YBEIMYEHHUEM MAcChl KaTaau3aTopa HaOJIoJaeTcs YBEIUYEHHUE BBIXOJA JKHUJI-
Kux npoaykToB Ha 50 % 1o cpaBHEHUIO ¢ OCYLIECTBICHHEM Ipoliecca 0e3 KaTaau3aTopa.

KaioueBsie cioBa: yroms, Kennepinsik, karannzaTop, OOKCHT.
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