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DETERMINATION THE THERMAL EFFECTS
OF HYDROTREATMENT OF COAL DISTILLATES

Abstract. Based on the data of the elemental constituents of the coal distillates
and reaction products of the hydrotreating pre-defenolized feedstock in the presence of
5% Mo/Ni-Re catalyst, as well as the material balance of the production of diesel fuel
components from fractions with a boiling point of 180-360 ° C the thermal effects were
calculated. It was demonstrated that in the process of hydrotreating of coal distillates with
boiling point at the range of 180-360 °C the values of thermal effects are 200-220 kJ/kg
depending on the composition of the feedstock. The observed values of thermal effects of
reactions of the hydrotreating of coal distillates with different fractional composition can
be used for the designing of the appropriate processing units and for the construction of
reactors. It also can be used for the evaluation of the chemistry reactions occurring during
the hydrotreating of coal fractions depending on the nature of the catalytic reactivity
of catalysts, as well as for the development of recommendations for using an effective
catalyst.

Key words: coal distillates, diesel fuel, catalyst, thermal effect.

Introduction. One of the ways to increase the production of diesel fuels is to
obtain them from the products of coal hydrogenation processing. Coal distillates
contain considerable amount of heteroatomic compounds, unsaturated and
aromatic hydrocarbons adversely affects the quality of motor fuels. For receiving
stable components of diesel fuels with cetane rating not less than 45 it is neces-
sary to provide sufficiently high degree of hydrogenation of phenols, nitrogenous
bases, sulphur and unsaturated compounds, aromatic hydrocarbons contained in
coal feedstock. [1-3].

In the course of technological design of the processes of coal distillate
hydroforming the value of thermal effects of the reactions is of great importance.
As a rule, during reactions with hydrogen absorption, a substantial amount of heat
is produced (~125.4 kJ/mol of hydrogen that has entered into the reaction).

EXPERIMENTAL

Freshly distilled distillates with boiling point of 180-360 °C were used as a
feedstock which was obtained by hydrogenation of brown coal from the
Mamytsky deposit. Sulphur contained in the feedstock forms a part of nitrogen
bases (quinoline, isoquinoline and their derivatives), oxygen forms a part of
phenols (phenol, cresols, xylezols) [5].

Hydrotreating of feedstock and analysis of hydrogenisates was carried out in
accordance with the methods [1,4,6]. 5 % Mo/Ni-Re was used as catalysts.
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RESULTS AND DISCUSSION

In optimum conditions for the calculation of thermal effects, hydrogenation
of coal distillates with boiling point up to 360 °C was conducted for the purpose
of deriving a diesel fuel component from it.

It was found that if phenols and nitrogenous bases were previously removed
from the feed, the volumetric flow rate of the process could be increased from 1.0
to 3.0 h' (table 1), while the degree of hydrogenation of unsaturated hydro-
carbons was reduced: from 77.63 to 67,1 % and the degree of desulfurization —
from 92.31 to 81.25 %.

Table 1 — Hydrotreating of dephenolized distillate with boiling point of 180-360 °C
(400 °C, 6 MPa, 800 L of Hz/L of feedstock, 5 % of Mo/Ni-Re-catalyst)

. . Characteristics of hydrogenate received
Indicators Initial at volumetric velocity, ht
feedstock
2.0 25 3.0

Density, g/cm? 0.8237 0.8542 0.8573 0.8580
Refractive index 1.4473 1.4783 1.4800 1.4809
Hydrocarbon compontents, wt. %:
- unsaturated 7.6 1.6 2.3 25
- aromatic 36.6 29.5 29.3 29.3
- paraffins + naphthenes 80.8 89.7 88.7 88.5
Elemental composition, wt. %:
C 87.12 87.24 87.58 87.52
H 12.22 12.68 12.32 12.36
S 0.64 0.08 0.10 0.12
N 0.02 missing missing missing

The hydrotreated product extracted under optimum conditions was distilled
with fractions separated from the boiling point of 180 °C and from the boiling
point of 180 °C-360 °C (a component of commercial diesel fuel).

Characteristics of the commercial diesel fuel component are shown in table 2
(Sample 1). Sample 1 contains 0.05 % of sulphur, less than 0.01 % of nitrogen. It
should be noted that Sample 1 meets almost all the requirements of GOST 305-82
all-Union State Standard for "summer" diesel fuel with a cetane number of 45.

With the purpose of producing diesel fuel with higher Cetane number and
lower setting point the total hydrotreated product was subjected to additional
hydrogenation in order to reduce the content of aromatic hydrocarbons at the
temperature of 250 0°C, pressure of 6 MPa, and the volume rate of 1.0 h'* at the
feed rate of 800 liters of Ha/l of feed over PdS/AI,Os catalyst. The characteristics
of the produced hydrogenate can be found in the table 3 and the characteristics of
the diesel fuel component (Sample 2) in the table 2. Sample 2 meets almost all the
requirements of the standard for "winter" diesel fuel with 49 Cetane.
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Table 2 — The main physicochemical properties of diesel fuel components derived
from coal hydrogenation products of the Mamytsky deposit

Diesel fuel component
Sample 1 Sample 2
) after hydrotreatment after hydrogenation
Indicators of the fraction with the aromatic
boiling point of 178-360 °C hydrocarbons

Density at 20 °C, g/cm? 0.8143 0.8423
Refractive index 1.4383 1.4655
Fraction, °C
Initial BP 178 177
50 % is distilled at temperature 275 260
96 % is distilled at temperature 350 338
End BP 359 351
Hydrocarbon compontents, wt. %:
aromatic 331 21.0
paraffins+naphthenes 66.9 79.0
lodine number, g iodine per 100 g 37 missing
of fuel
Content, % weight.
Sulphur 0.05 0.04
Nitrogen <0.01 missing
Viscosity at 20 °C, ¢St 5.1 5.0
Setting point, °C -29 -35
Cloud point, °C -7 -20
Resin , mg per 100 ml of fuel 14.0 5.0
Cetane number 45 49

Table 3 demonstrates the material balance of diesel fuel component pro-
duction from coal distillate with boiling point 180-360 °C.

To determine the value of the thermal effects of typical hydrogenation reac-
tions calculations for hydrotreating the fractions with boiling point of 180-360 °C
have been made over tested catalysts on the basis of the data of elemental
composition of feedstock and reaction products (table 2) and hydrotreating
of preliminary dephenolized feedstock (Table 1), as well as material balance
(table 3), according to the formula

—AH = Q5 — Qg (ki/kg) 1)
where AH is the heat of product formation; Qf is the heat of combustion of

elements; Qf is the highest calorific heat value. Thermal effect is defined as
difference between the heats of formation of the final and the initial products.
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Table 3 — Material balance of producing diesel fuel component
from coal distillate with boiling point of 180-360 °C

Inflow Weight, Outflow Weight,
% %
Hydrotreating
1. Coal distillate with 100.0 Hydrogenate 97.3
boiling point at the range including:
of 180-360 °C fraction with boiling point of 180 °C 7.8
2.Hydrogen for the reactions 1.9 fraction with boiling point at the
range of 180-360 °C 89.5
2. Gas, 2.0
including:
Ci1-Cs 1.0
H2S 0.7
NH3 0.3
3. Water 2.2
4. Losses 0.5
Total 101.9 101.9
Hydration
1. Hydrogenate 97.3 1. Hydrogenate 975
2. Hydrogen for the reactions 0.4 2. Losses 0.2
Total 97.7 Total 97.7
Distillation
1. Hydrogenate 975 1. Fraction with boiling point 180 °C 13.9
2. Fraction with boiling point at the
range of 180-360 °C 83.4
3. Losses 0.2
Total 97.5 Total 97.5

Thermal effect of the reactions of hydrotreating of primary coal distillates
with boiling point of 180-360 °C is 200-220 kJ/kg and it significantly decreases
up to 41.8 kJ/kg during hydrotreating of preliminary dephenolized feedstock of
the similar fractional composition, as due to removal of phenols from feedstock
the hydrogen consumption for the process of water formation is significantly
reduced.

For the 5 % Mo/Ni-Re catalyst the value of thermal effect of reactions is
200-220 kJ/kg, though an insignificant gas formation (3,7 %) is observed in its
presence and selective hydrogenation of fractions with t.kip. 180-360 °C (yield of
45,5 % of the initial feedstock). The high heat of reactions in this case is
determined by the fact that the 5 % Mo/Ni-Re catalyst in addition to the activation
of hydrocracking reactions activates the reactions of hydrogenation of aromatic
hydrocarbons (their content in hydrogenase decreases to 19.6 % in comparison
with 65.4 % in the feedstock), which is accompanied by a high hydrogen
consumption.

186



ISSN 1813-1107 Ne'l 2020

Conclusion. Consequently, as a matter of fact it can be concluded that in the
course of hydrotreating of coal distillates with boiling point at the range of 180-
360 °C the values of thermal effects are 200-220 kJ/kg, wich depend on the feed
composition. The data of thermal effects of hydrotreating of coal distillates of
different fractional composition can be used for design of appropriate processing
units, and construction of reactors. It also can be used for evaluation the chemical
properties of reactions occurring during hydrotreating of coal fractions depending
on the nature of catalytic activity , as well as, for the development recommen-
dations of using an effective catalyst.
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Pesome
K. K. Kaitvipoeros, C. M. Cyiimbaesa, UI. M. J[ocenovibaesa

KOMIP IMCTUUIATTAPBIH TUJIPOBAUBITY YPIICIH/E XbLTY
OOPEKTICIH AHBIKTAY

[ukizat )oHE peakius OHIMACPIHIH MIEMEHTTIK KYpaMbl MCH MaTECPUANIBIK OalaHC
MoNiMeTTepl Herizinge KaiiHay Temmeparypaiapbl 180-360 °C apanbirbina anbiHFan
KOeMip JUCTHIUIATHIHBIH (pakuusuiapsl xoHe 5 % Mo/Ni-Re kaTtanmuzatop KaTbICHIHZA
anjpiH ana (eHOJICHI3AAHABIPBUFAaH IIUKI3aTThl I'MAPOTa3apTydaH ajJblHFAaH OHIM YIIiH
THJpJICY peaKkuusUIapbIHBIH KbUTy 3¢ deKTici aHbIKTAIBIHABL. AJIBIHFaH JepeKTep HeTi3iH-
ne KaitHay temneparypachkl 180-360°C GonaTbhlH KeMip JUCTHIUIITTAPBIH THApOTa3anay
Ke3iHze Kbty d((deKTiciHiH mamMachl muKi3aT KypaMmbiHa Kapaid 200-220 x/[x/kr 6oma-
THIHJBIFBI aHBIKTAJBIHIB. AHBIKTAJBIHFAH KbUTYy 3(QeKTiciHiH MoHIepi THICTI TEXHOJO-
THSUTBIK, YPAICTepAl skobaayaa jkoHe KaXeTTi KYPBUIFBUIApAbI TaHOAyla,, KaTalan3aTop-
JapIbIH aKTUBTUTIK CHUIIATBIHA Kapald KeMip (QpakiusiiapslH THAPOOABITY OaphICHIHIAFEI
peaKIusuIapApIH OaMBIOBIH OaFaiay YIIiH maigananyra 0oJapl.

TyiiiH ce3aep: KoMip TUCTWILIATTAPHI, AU3ENb OTBHIHBI, KaTaau3aTop, XKbeuUTy dhdek-
Tici.
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Pe3iome
K. K. Kaupbexos, C. M. Cyumbaesa, U. M. [{xcenovibaesa

OITPEJIEJIEHME TEITJIOBBIX O®PEKTOB
I'MAPOOBJIATOPAKMBAHUA YI'OJIBHBIX JJUCTUJIJIATOB

Jist onpezeneHus BENIWYUHBI TEIUIOBBIX 3((EKTOB THITUYHBIX peakluid THMAPHPO-
BaHHs BBINOJHEHBI PACUETHI JUIS TUAPOOYMCTKH Ppakiuii ¢ T.kun. 180-360 °C B mpucyT-
crBun 5 % Mo/Ni-Re - karanu3zaTopa Ha OCHOBAaHHUHU JAHHBIX DJIEMEHTHOTO COCTABA CHIPhS
U IPOIYKTOB PEAKLUH M 10 TUIPOOUYHCTKE NPEABAPUTEILHO 00eCEHONICHHOTO ChIPh, a
TaKoKe MaTepHalbHOro OajlaHca MOTyYeHHs KOMIIOHEHTa JU3EIBHOro TormBa. [lokaszaHo,
YTO TP THAPOOYUCTKE YTOMBHBIX JUCTWILIATOB C T. KUM. 180-360 °C BeTWYMHBI TEILIO-
BBIX 3()(eKTOB cOOTBETCTBYIOT 3HaueHUsAM 200-220 xJ[»/Kr B 3aBUCHMOCTH OT COCTaBa
chIpbsl. [lomydeHHbIe 3HaUeHMS TEIUIOBHIX 3()(EKTOB peakuuid mpouecca THIAPOOUUCTKH
YTOJBHBIX AUCTWIISITOB Pa3IMYHOTO (PPaKIMOHHOTO COCTaBa MOTYT OBITh MCIOJIb30BaHBI
JUIsl IPOEKTUPOBAHMSI COOTBETCTBYIOIIMX TEXHOJIOTMYECKHUX armnaparoB MU KOHCTPYHPO-
BaHMsI PEAKLMOHHBIX YCTPOMCTB, OLIEHKM XUMH3Ma pEeaKlui, MPOTEKAIOIUX PH THIPO-
o0JaropaxMBaHuM yTOJbHBIX (PaKIUi B 3aBUCHUMOCTH OT XapaKTepa KaTaJluTHYECKOH
AKTHBHOCTH KaTaJM3aTOPOB, a TaKXe Uil pa3pabOTKU PEKOMEHAAIMH 110 MPUMEHEHHIO
3¢ (GEKTHBHOTO KaTaau3aTopa.

KunroueBble c10Ba: yrojipHple IUCTUUIATEL, AU3EIBHOE TOIUIMBO, KATAM3aTOD, TEI-
T0BO¥ A dexT.
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