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Hydrogenation of distillate products
from liquefaction of coal from Mamyt deposit

Coal distillates with boiling point below 360 °C produced by liquid-phase coal hydrogenation contain sub-
stantial amounts of sulfurous (S = 0.4-0.8 %), nitrous (N = 0.2-0.5 %), oxygenous (O = 1.5-2 %) and unsatu-
rated compounds (20-25 %). To obtain low-sulfur stable motor fuel with high octane and cetane numbers it is
required to process such products applying hydrotreatment processes. The published work contains the results
of hydrogenation of coal distillates of Mamyt coal with the boiling point below 360 °C in the presence of
Mo-containing catalysts deposited on the surface of skeletal nickel (Ni-Raney) are presented. It is shown that
3-5 % Mo/Ni-Re catalysts activate the hydrogenation reactions of hetero-atomie'and unsaturated compounds
at 420 °C, 6.0 MPa. The content of nitrous bases in hydrogenate in comparison with the primary material re-
duces from 3.3 to 0.5 %; sulfur content reduces from 0.74 to 0.05 %; nitrogen from 0.47 t0:0.01 %. The best
hydrotreatment of coal distillate is performed with 5 % Mo/Ni-Re catalyst. In hydrotreated petroleum frac-
tions the amount of paraffinic and olefinic hydrocarbons reduced almost twice and the amount of
isoparaffinic hydrocarbons increased more than two times. The diagram for the conversion of the organic
matter of paste is proposed. The principal diagram for obtaining. components of motor fuels by
hydrotreatment of distillate products of liquefaction of Mamyt coal is developed.

Keywords: hydrogenation, skeletal nickel, liquefaction, coal, Mamyt deposit, catalyst, coal distillate, motor
fuels.

Introduction

Solid fuels are the potential source of primary materials for provision of the economy of Kazakhstan
with organic fuel and materials for chemical and other industries. Presently several foreign countries have
developed experimental and pilot plants for production of synthetic liquid fuel from coal [1]. Substantial at-
tention is paid to obtaining components of gasoline and diesel fuel from coal liquefaction products [2, 3].

The Scientific Research Institute of New Chemical Technologies and Materials has developed a tech-
nology for liquid-phase coal hydrogenation [4-6] in the mixture with «own» paste-forming agent (1:1) in the
presence of active catalysts at hydrogen pressure of 6 MPa at 400—420 °C. In the process it is feasible to ob-
tain a component of high-octane gasoline, jet fuel, diesel and gas-turbine fuel, and valuable chemical prod-
ucts (phenols C¢-Cg, nitrogen bases, unsaturated compounds, etc.) Coal distillates with boiling point below
400 °C produced by liquid-phase coal hydrogenation contain substantial amounts of sulfur (S = 0.4-0.8 %),
nitrogen (N = 0.2-0.5.%),70xygen (O = 1.5-2 %) and unsaturated compounds (20-25 %).

Due to substantial amounts of sulfur, nitrogen, oxygen and unsaturated compounds distillate fractions of
coal hydrogenation products cannot be directly used as commercial fuels. To obtain low-sulfur stable motor
fuel with high octane and cetane numbers it is required to process such products applying hydrotreatment
processes.

The published work contains the results of hydrotreatment of fractions of liquid-phase hydrogenate of
brown coal from Mamyt deposit with the boiling point below 360 °C aimed at obtaining of gasoline compo-
nents.

Experimental

The source material comprises coal distillates with boiling point up to 360 °C obtained by hydrogena-
tion of brown coal from Mamyt at 6.0 MPa.

The brown coal from Mamyt deposit had the following properties: W' — 9.00 %, A — 11.31 %, A" —
10.31 %, V¥ — 34.82 %, C*— 73.06 %, H* — 4.71 %, S*— 0.34%, Q% — 29.2 kJ/mol, Q| —
28.0 kJ/mol, Q" — 26.8 kJ/mol, C:H — 15.5.
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Hydration process was performed with Mo-containing catalysts applied on the surface of spongy nickel
(Ni-Raney). The catalysts have been obtained by treatment with molybdate solution (NH4)¢Mo07,0,4°-4H,0 of
the surface of Ni-Raney. The sponge nickel was obtained from Ni-Al (1:1) alloy by treatment with 20 %
NaOH solution at the temperature of boiling water bath.

The elemental composition of the liquid products was determined on the Elementar Vario Micro Cube,
and the amount of hydrocarbon composition was determined by the gas-chromatographic method using the
Chromatech-5000 chromatograph.

Subsequently, the process of hydrogenation of distillate products obtained by coal liquefaction on ap-
plied Mo/Ni-Re catalysts under the conditions of a laboratory flow unit under hydrogen pressure was carried
out.

Results and Discussion

Fractions below 360 °C obtained after liquefaction were hydrated on the applied Mo/Ni-Re catalysts.
The results are shown in Table 1.

Table 1

Results of hydrotreatment of the fractions with boiling point
up to 360 °C on 3-7 % Mo/Ni-Re catalysts (T=420 °C, P=6.0 MPa)

Raw materials Catalysts
Indicators (coal distillate with boil-
ing point up to 360 °C) | 3 % Mo/Ni-Re 5 % Mo/Ni-Re 7 % Mo/Ni-Re

Density, g/cm’ 0.8903 0:8597 0.8537 0.8591
Refractive index, np 1.4967 1.4836 1.4793 1.4816
Content, %:

Phenolic compounds 6.6 Absent Absent Absent

Nitrogen compounds 3.3 0.5 0.5 0.5
Element composition, %:

C 85.53 87.35 87.21 87.12

H 11.62 12.53 12.71 12.73

S 0.74 0.08 0.05 0.12

N 0.47 0.04 0.01 0.03

O (by difference) 1.98 Absent Absent Absent
Fractional composition, wt. %:

before 180 °C 4.9 453 49.5 53.7

180-250 °C 8.1 233 29.8 17.9

250-320 °C 33.2 18.6 16.3 18.5

320-360 °C 53.8 87.2 95.6 90.1
Losses 0.5 0.6 0.2 0.3

The primary material.contained (%): phenols — 6.6; nitrous bases — 3.3; sulfur — 0.74.

The study results demonstrate that Mo/Ni-Re catalyst activates hydrogenation reactions of heteroatomic
and unsaturated compounds at 420 °C and 6.0 MPa. At the same time the content of phenols reduces from
6.6 % to zero: The content of nitrous bases in hydrogenate in comparison with the primary material reduces
from 3.3 to 0.5%; sulfur content reduces from 0.74 to 0.05 %; nitrogen from 0.47 to 0.01 %. The best
hydrotreatment of coal distillate is performed with 5 % Mo/Ni-Re catalyst.

Thus, there is a demonstrated possibility in principle to hydrogenate the fraction with boiling point up to
360 °C obtained from distillates of Mamyt coal in soft conditions on Mo-catalyst applied on sponge nickel.

Individual and group hydrocarbon composition of petroleum fraction was studied by chromatographic
method. The study results are shown in Table 2. According to the data of gas chromatographic analysis pe-
troleum fraction obtained by hydrogenation of coal distillates on 5 % Mo/Ni-Re catalyst has substantial
changes in composition comparing with petroleum fraction obtained by coal hydrogenation on zeolite.

The readings of petroleum fraction chromatogram shows 10 paraffin, 59 isoparaffin, 47 aromatic,
37 naphthene, 45 olefin, and 16 cyclo-olefin hydrocarbons.

According to the obtained results (see Table 2) proportion of paraffin hydrocarbons reduces from
35.8 % to 20.7 %. It is essential to note the reduction of amount of heptane (from 5.25 to 3.21 %), octane
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(from 7.47 to 4.32 %), nonane (from 7.57 to 0.35 %), decane (from 7.60 to 1.71 %), and undecane (from
5.97 t0 0.88 %).

Table 2
Group hydrocarbon composition of distillate fractions with boiling point up to 180 °C
Catalyst
Hydrocarbons Raw materials 5 % Mo/Ni-Re
Paraffins 35.8 22.7
Isoparaffins 16.5 30.1
Aromatic 25.0 21.8
Naphthenes 13.9 15.9
Olefins 8.3 4.3
Cycloolefins 0.5 4.9
Dienes — 0.3
Octane number 69.4 72.7

In the hydrated gasoline there were substantial changes in the amount of isoparaffin-hydrocarbons. If
gasoline fraction from coal liquefaction on zeolite catalyst contained 16.5 % of isoparaffin hydrocarbons,
hydrated gasoline the content was 30.1 %. The content of some isoparaffin hydrocarbons increased in 2 to 5
times. The amount of 2,4-dimethylpentane in the presence of Mo/Ni-Re catalyst-was 1.32 %, in primary gas-
oline — 0.027 %; the content of 3-methylpentane after hydration was 2.78 %, and in primary gasoline only
0.76. In comparison with the octane number of primary gasoline (69.4) the octane number of gasoline hy-
drated on 5 % Mo/Ni-Re catalyst increased to 72.7. If in gasoline obtained from coal liquefaction in zeolite
presence the content of aromatic hydrocarbons was 25.0 %, then on 5% Mo/Ni-Re catalyst it reduced to
21.8 %. The content of benzene on the applied catalyst reduced. In gasoline fraction obtained by coal hydro-
genation on zeolite it was 0.48 % and on applied Mo/Ni-Re' catalyst its content was 0.24 %. The obtained
data are in compliance with the recent requirements to'the quality of motor fuels.

Also, hydrated gasoline contained olefin, cyclo-olefin and diene hydrocarbons. The amount of olefin
hydrocarbons reduced from 8.3 to 4.3 %. If gasoline from coal liquefaction in zeolite presence contained
2,4-dimethyl-1-pentene, trans-2-hexene, 4-methyloctene, trans-3-nonene, 6-dodecene, they are not contained
in hydrated gasoline. The content of cyclo<olefins in hydrated gasoline is much higher than in primary gaso-
line.

On the basis of the obtained results (Tables 1, 2) a flow chart for conversion of organic paste mass
through hydrogenation was prepared (Fig. 1).

Paraffins 22.7%
Isoparaffins 30.1 %
—> Aromatic 21.8 %
420 °C, 6.0 MPa, 5 % Mo/Ni-Re | Cs-Cio ——p} ____ Naphthens 15.9 %
OPM | I | 49.5 %
Ci-Cae >Cps  losses + gas, water -4.4 % [~ Olefins 4.3 %
298 % 163 %
— Cycloolefins 4.9 %
. Dienes 0.3 %

Figure 1. Flow chart for conversion of organic paste mass (OPM)
during hydrogenation of distillate product obtained by coal liquefaction

Based on the research carried out, as well as the previously published data [4, 5], a principal diagram
for obtaining motor fuel components from liquefied brown coal products of the Mamyt deposit was devel-
oped (Fig. 2).
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Coal Liquefaction 420 °C,
6.0 MPa, Ct-zeolite

|

Raw faction from boiling
temperatures up to 360 ® C

Mo/Ni-Re

L J

Distillation

L Petrol (from boiling point up to:180 'C)

b Disgl fuel (from boiling point up to 180-360 'C)

Figure 2. Flow chart for production of motor fuel components by hydrogenation of coal distillates

Conclusions

As the result of hydration of distillate products ebtained after coal liquefaction of the applied Mo/Ni-Re
catalysts, for the first time was demonstrated that there is potential possibility of hydration of gasoline frac-
tion obtained from Mamyt coal distillates on Me-catalyst applied on spongy nickel. The best hydrotreatment
of coal distillate is performed with 5 % Mo/Ni-Re catalyst. The diagram for the conversion of the organic
matter of paste is drawn and the principal diagram for obtaining the motor fuel components by hydrogena-
tion of the liquefaction products of Mamyt coal is proposed.
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MaMbIT KeH OpHBbI KOMipiH CYHBLITY/IaH aJIbIHFAH
AUCTHIIAT OHIM/IEPiH rUAporexHey

Kewmipni cyitbIK (a3ama TuaporeHAey apKbUIbl alblHFaH KalHay Temmepartypackl 360 °C GonaTelH KeMipii
TUCTWUIATTApABIH KypaMmblHAa KemTereH Kykiprri (S =0.4-0,8 %), asorrer (N =0,2-0,5 %), otrrekti
(O =1,5-2 %) xone xanbIknaraH (20-25 %) xoceuipicTap Oomanpl. YKoFapel OKTAaH/BI YKOHE IICTAH/IBI CaHbI
0ap a3 KYKIpTTi TYpaKTBl MOTOp OTHIH ajly VIIiH IHMKi3aTTHl THAPOTa3aiay MPOIECTEepiH KOJIAaHa OTBHIPHII,
KaliTa eHAeYy KaxeT. Makanaja KaHKajbl HUKeJIb OeTiHe OTHIPFbI3bUIFAH Mo-Kypamaac Karajau3aTtopiap
KaTbIChIHZA KaifHay Temmneparypacbl 360 °C 0onaThlH MaMbIT KOMIpiHIH JUCTWLIATTAPbIH THAPOTCHACYIIH
HoTkenepi kepcerinred. 420 °C temneparypana, 6,0 MIla keiceiMaa 3—5 % Mo/Ni-Re karanuzaTtopiapsl
reTepoaTOM/Ibl XKOHE KaHBIKIAFraH KOCBUIBICTApAbl THAPOTCHACY PEaKLHACHIH OEICeHAIPeTiHI KOPCeTireH.
[IIuki3arneH caibICThIpFaHia THAPOTCHU3ATTaFbI a30TThl HerizaepaiH (%) kypamsl 3,3-ten 0,5-ke, ain Kykipt
kypamsl 0,74-ten 0,05 %-ra, azor 0,47-nen 0,01 %-ra Temenzneiai. Kemipii AuCTHIIATTApABIH Ta3aJIaHybI
5 % Mo/Ni-Re karammszaropaa »xakcsl xypeni. I'maporaszamanran GeH3uH (pakiusceiHaa mapaduH skoHE
onehMH KOMIPCYTEKTEpIiH CaHbl 2 ece a3asipl, al H30omapaduH KeMipCyTeKTepi 2 ece JKOoFapiaiisl.
TacTaHblH OpraHUKANBIK MacCachlHBIH TYPJCHYIHIH CbI30a-HycKackl MeH MaMmbIT <KeH OpHBI "KeMipiH
CYHBUITYIIBIH AMUCTHJUIAT OHIMIEPIH THApOTa3ajay HOTHKECIHIEC MOTOP OTBHIH KOMIOHEHTTEPIH &Ly IbIH
OPUHIUITAAIIAbI Cb1363—H¥CKaCbI ¥CbIHBUIFaH.

Kinm co30ep: TUIPOTEHACY, KaHKAIbl HUKEIb, CYHBUITY, KoMip, MaMbIT KEHOPHBI; KaTaln3aTop, KeMipJi
JAUCTUIUIAT, MOTOP OTBIHBI.

K K. Kaupbexon, C.M. CyitmbaeBa, O.T. Epmonauna,
A.C. ManonerneB, 1.M. [xenapioacBa

FHHPOFGHI/ISaHI/IH AUCTUIIATHBIX NPOAYKTOB 0KHKCHUA
yris MaMBbITCKOI'0O MECTOPOKICHUA

VYronbHBIE TUCTHIULTHL ¢ TEMIIEpaTypoi KuneHust 1o 360-°C, nosy4yeHHbIe IPH KUAKO(PA3HON THAPOTeHU3a-
UM YIS, COAEPKAT B CBOEM COCTAaBE 3HAYHMTENbHBIC KOIMIecTBa cepHUCTHIX (S =0.4-0,8 %), a30THCTBIX
(N =10,2-0,5 %), xucnopomusix (O = 1,5-2 %) n menpenensHbx (20-25 %) coequuenuid. s momydeHust
MaJIOCEPHUCTOTO CTAaOMIBHOTO MOTOPHOTO T'OPIOYETO C BBICOKMM OKTAaHOBBIM M IIETAHOBBIM UHCIIAMU 3TO
CBIpbE HEOOXOMMMO TOJBEpraTh IepepaboTke C TNPHUMEHEHHEM IIPOIECCOB THAPOOYUCTKH. B crarhe
NPUBEIEHB! PE3yNIbTAaThl THAPOTCHU3AMN YTOJIBHBIX AUCTIILIATOB MAaMBITCKOTO yriis ¢ T. kuil. 1o 360 °C B
HNPUCYTCTBUH  Mo-CoepxallliX  KaTalu3aTopOB, HAHECEHHbIX Ha IIOBEPXHOCTb CKEJIETHOIO HUKENs
(Ni-Penes). ITokazano, 4to 3—-5 % Mo/Ni-Re kaTanu3aTopsl akTHBUPYIOT PEAKIMH THAPOTCHU3ALNY TeTepo-
aTOMHBIX U HenpenenbHbIX coenuaenuii npu 420 °C, 6,0 MIla. ConeprkaHue a30TUCTBIX OCHOBaHUM B THAPO-
TEHHU3aTe 10 CPaBHEHUIO ¢ ChIpbeM yMeHbiIaeTcs ¢ 3,3 1o 0,5 %, copepxanue cepsl — ¢ 0,74 1o 0,05 %, a
azora — ¢ 0,47-10 0,01 %. Hanbomnpmras THAPOOINCTKA YrONFHOTO AWUCTHIUIATA OCYIIECTBIAETCS Ha 5 %
Mo/Ni-Re karammnzarope. B runpoounienHoi 6eH3MHOBOH (pakniy KOJIMIECTBO Mapa(UHOBBIX U OJIe(hHHO-
BBIX YIJICBOJOPOAOB YMEHBINIIOCH MOYTH B JIBA pa3a, a M30Mapa)MHOBEIX YIIICBOAOPOAOB YBEINIHIOCH
Oosiee yeM B JiBa pasa. lIpemoxkeHa cxema NMpeBpaIleHNs] OPraHNIeCcKOH Macchl macTsl. Paspaborana nmpuH-
LMIHaTbHAs CXeMa IOJIyYEeHHs! KOMIIOHCHTOB MOTOPHBIX TOIUIMB ITyT€M THIPOOYHUCTKH JUCTHIUIATHBIX IIPO-
JYKTOB O’KHIKEHHSI MAMbBITCKOTO YIJISL.

Knrouessie cnosa: TUAPOreHu3anus, CKEJICTHBIN HHUKEJIb, OXXWXCHUEC, YIOJib, MawmsbiTcKOe MECTOPOXACHHUE,
Karajiusarop, yl"OJ'ILHLIﬁ JUCTUIIIAT, MOTOPHBIC TOIIMBA.

References

1 Shchadov, V.M. (Eds.). (2007). Kompleksnaia pererabotka uhlei i povyshenie effektivnosti ikh ispolzovaniia [Complex pro-
cessing of coals and increasing the efficiency of their use]. Moscow: NTK «Trek» [in Russian].

2 Pechuro, N.S., Kapkin, V.D., & Pesin O.Yu. (1986). Khimiia i tekhnolohiia sinteticheskoho zhidkoho topliva i haza
[Chemistry and Technology of Synthetic Liquid Fuel and Gas]. Moscow: Khimiia [in Russian].

3 Yeremina, A.O., Krichko, A.A., & Yulin, M.K. (1986). Poluchenie dizelnoho topliva iz buroho uhlia Kansko-Achinskoho
basseina [Obtaining diesel fuel from brown coal of the Kansk-Achinsk basin]. Khimiia tverdoho topliva — Chemistry of solid fuel, 1,
73-81 [in Russian].

4 Kairbekov, Zh.K., Yemelianova, V.S., Zhubanov, K.A., Myltykbayeva, Zh.K., & Bayzhomartov, B.B. (2013). Teoriia i
praktika pererabotki uhlia [Theory and practice of coal processing]. Almaty: Bilim [in Russian].

118 BecTHuk KaparaHgmHckoro yHusepcurteTa



Hydrogenation of distillate products...

5 Kairbekov, Zh.K., Toktamysov, M.T., Zhalgasuly, N., & Yeshova, Zh.T. (2014). Kompleksnaia pererabotka burykh uhlei
Tsentralnoho Kazakhstana [Complex processing of brown coals of Central Kazakhstan]. Almaty: Qazaq universiteti [in Russian].

6 Kairbekov, Zh.K., Aubakirov, Ye K., Myltykbayeva, Zh.K., Smagulova, N.T. (2017). Kompleksnaia pererabotka burykh
uhlei Vostochnoho Kazakhstana [Complex processing of brown coals of East Kazakhstan]. Almaty: Qazaq universiteti [in Russian].

Cepusa «Xumuns». Ne 3(91)/2018 119





