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Foreword

'This publication gives a brief review of coal hydrogenation processes and
their application in industry since the Second World War. It is intended
as a guide for those working on the chemical technology of fuel and those
concerned with planning in the fuel processing industry. An annotated
bibliography is provided, covering works published during the period
1959— 1970 on the production of liquid fuels by hydrogenation. The
studies reviewed are concerned with the main directions in the develop-
ment of the hydrogenation of coal and coal tars, the economics of the
new processes, and the prospects for their commercialization.

This study has been prepared at the request of UNIDO Ly the
Institute of Fossil Fuels of the Ministry of Coal Industry of the USSR.
The primary contributors to the study and to the work of preparing the
annotated bibliography were Institute Members R. A. Konyashina,
A. A. Krichko, D. P. Pchelina, A. I. Ryabtseva and T. A. Titova.

The views expreased are those of the consultants and do not neces-
sarily reflect the views of the secretariat of UNIDO.
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ExPLANATORY NOTES

Dollar ($) and cent (¢) refer to the US dollar and oent unless otherwise
specified.

Ton refers to metric ton (1,000 kg) unless otherwise specified,

The following abbreviations are used in this publication :

koal =kilocalorie
AM  =micrometre (micron)
bbl =barrel (US)
SCF =standard cubic foot




Chapter 1

DEVELOPMENT OF THE COAL HYDROGENATION
INDUSTRY

Hydrogenation processes were used in (Germany and some other countries
in the 1930s and the 1940s for the production of gasoline from coal and
coal tar. At the beginning of the Seeond World War, Germany had a very
large hydrogenation industry. The produetion of twelve German plants in
1943 — 1944 totalled 5.5 million tons of motor fuel, mecting one third of
Germany’s petroleum requirements [1]. Hydrogenation plants supplied
about 50 per cent of the automobile gasoline and diesel fuel and 90 per
cent of the aviation gasoline.

In the United Kingdom a plant in Billingham hydrogenating bitumi-
nous eoal and coal tar had an annual production of 150,000 tons of automo-
bile gasoline [2]. In [taly two industrial coal-tar hydrogenation plants wers
built in 1936 with a combined annual production of 240,000 tons of
gasoline [3].

n 1942, a coal hydrogenation plant that produced 110,000 tons of
gasoline and diesel fuel annually was put into operation in Korea [4].
Coal was hydrogenated at 480°—400° C under high pressure (250 atm
for brown coal and 600—700 atm for bituminous coal) in the presence of
iron and tin catalysts. The conversion rate of the organic component, of
the coal was 95—98 per cent; 55-—61 per eent. of the product consisted
of liquid distillate products with a boiling point below 320°—350° (. In
the next stages these products were converted into gasoline or gasoline
and diesel fuel, with a yield of 45— 50 per cent of the coal input. The hydro-
gen consumption was 8—10 per cent of the coal input. The liquid products
of eoal hydrogenation contained 10—15 per cent phenols and 3—5 per
cent nitrogen bases, as well as other groups of eompounds that could be
used as chemical raw material. These were not extracted from the liquid-
phase hydrogenates but were converted into hydrocarbons. The low yield
of liquid petroleum products is explained by the high losses of heavy oil
in the sludge treatment (low-temperature earbonization) in which
10—20 per eent of the coal organic component was converted into coke
and gas. Thus, many of the advantages of deep hydrogenation of coal
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inder high pressure were lost. This method was used because it was
hecessary to recyele the high-boiling fraetions of hyvdrogenate.

Attempts to inerease the production efficiency by replacing the
2 to 3-stage treatmnent of liquid-phase hydrogenates by a single-stage
processat hicher temperature (5100 — 520 C) and pressure (500 — 600 agm)
were unsuceesoful for obtaining aromatic tvpe gasoline. This process was
used, however. vy the hydrogenation industry of Germany {5), and
analogous processes were developed in the Union of Noviet Socialist
Republies (USSR) [6, 7) and in the United States of America [8).

Improvement of the techno-economic indexes of coal econversion
was achieved only by reducing the pressure to 70— 100 atm, inereasing
the temperature to 520°— 530° (* and reorienting raw motor fuel produc-
tion for yielding the scarce aromatic hydroearbons [10, 11] along with
high-octane gasoline [9]. However, it should be noted that the cost of
gasoline obtained from coal never fell as Jow as the eost of gasoline
obtained from petrolenm. This was the main reason for s* pping coal
conversion at all the plants in the post-war period and changing over
to hydrogenation of petrolenm produets. In the German Democratie
Republic (GDR) coal was being hydrogenated only at the Leuna plant
until 1959, after which this plant and others processing petroleum
products were converted. However, research aimed at improving the
coal-hydrogenation proecsses and finding cconomic methods for produc-
ing motor fuel and chemicals was continued,

At present, the problem of utilization of coal for the produetion of
motor fuels and chemicals is again being discussed widely in the seientifie
and technieal literatmee. Abroad, partienlarly in the United States,
Governments have allocated considerable funds for basic and applied
rescarch on the use of coal as & raw material for various branches of
industry. Investigations are also being earried out in India, Japan,
Poland, the USSR and other countries.

DEVELOPMENTS IN THE USSR

Extensive research on coal hydrogenation [12] resulted in the
completion of two experimental plants in the USSR before the Second
World War. However, the war interrupted the development of hydro-
genation processes. In the post-war period a chemical factory for hydro-
genating coal was built, but for economic reasons no production of liquid
fucl was planned.

At the end of the 1940s and in the 19508, there were investigations
aimed at improving the technology of hydrogenating coal to liquid
products. On the basis of the progress achieved in the development of
processes for hydrogenating hydrocarbon distillates of petroleum origin,
an essential simplifieation. intensification and reorientation of the techno-




CHAPTER 1. DuvELOPMENT OF THE COAL HYDROGENATION INDUSTRY

logy of converting the liquid phase coal hydrogenates into valuable
cheniicals (phenols, aromatie hydroearbons (g— (', naphthalene) was
successfully carricd out. As a rvesult, the techro cconomie indexes of coal
conversion were greatly improved, sinee the process pressure had been
reduced from 300 700 atm to 75 — 150 atin and the hydrogen consump-
tion had been reduced by 30--50 per cent.

The process of solvent extraction of solid fuels was developed in the
USSR in the pre-war period [13], allowing the produetion of motor fucl
and some chemicals from bituminous coal. hrown coal, peat and oil
shales. In the 19508 a semni-commercial plant for solvent extraction of
peat was designed but not built.

In this process. lignid products were first obtained from solid fuel
by dissolution at high temperature (400 - 425 () in the presence of
organic solvents. The liquid was then separated from the solid residue by
filtration or destructive distillation (coking, pyrolysis. ctc.). The conver-
sion rate for the organic component of coal was 70--%0 per cent, whereas
in the case of peat or oil shale the conversion was 90—95 per cent.
Research on solvent extraction of bituminous coal carried out in the
United States resulted in a process of ashless piteh production ;. this
process was recommended for technical realization, since ashless pitch
would provide a raw material for the production of carbon and graphite
materials [14]. The pitch yvield was 60 per eent by weicht of the coal
input. The cost of the plant for processing 3.3 million tons of coal per
vear was $57.2 million. The cost of a ton of pitch was £2.50, assiuming a
coal cost of £2.80 per ton,

A process for hydrogenation of bituminous and brown coal to obtain
chemicals along with liquid and gaseous fucl is now being developed in
the USSR [15]. This process differs from the known German process in
that it uses lower hydrogen pressure, fewer stages and less hvdrogen. The
chemicals obtained (aromatic hydrocarbons, phenols, naphthalene, sol-
vents) are more valuable than fuel. Preliminary techno-economic caleula-
tions show that under certainTconditions this process of coal hydro-
genation should be profitable.

A process is also being developed for combined coal and petroleum
hydrogenation at low pressure. In the case of coal, the organio component
is converted into a liquid from which blaek oils with a low sulphur content
(0.5—0.8 per cent) chemicals and motor fuel are obtained [18]. The pro-
cess is based on new principles: It is carried out in the presence of petro-
lenm products boiling above 240° (', various additives and a combination
of catalysts. The petroleum yroducts are donors of hvdrogen, while the
various additives initiate the conversion of the organic component into
liquid and prevent secondary polymerization reactions. The use of these
donors and initiators permits reductions of 50 --60 per cent in pressure,
50— 70 degrees in temperature. 50— 70 per cent in hvdrogen consumption,
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and 3050 per cent in gan formation Liquid phase hydrogenation ako
removes much more sultphur from the residue.

The indnstrial application of liquid-phase hdrogenation of coa! ol
petrolenm can solve not only the problem of hetter coal utilization in the
national cconomy, but also that of producing low sulphir fuels, basicalty
black oils, from petrolenns.

DEVELOPMENTS 1IN THE UNITED SrATES

Investigations on conl hydrogenation have bheen carried out in the
United States sinee the 1920s, The first semi commercial plant  as
prttinto operation at Baton Rouge, Lowisiana, with the capacity to hydre
genate 205 tons of coal daily.

As part of the 10-vear Provramne of the United States Bureau of
Mines, and on the hasis of the investigations earriced out in Louisiana, «
semi-commercial plant with 2 dailv eapacity of 50 tons of coal was biiilt
m 149 and operated antil 1953 [17]. Although  some new Processes.
particularly reforming, were used in conjunction with the Goernran
technology, the scheme was not economically advantageous [18].

A semi-connuercial plant for hydrogenation of coal, built by the
Carbide and Carbon Chemieal Company, with a daily capacity of 300 tons
of coal, was operating during the period 1952 1956 9. 20]. The hydro-
gelation. process (300 (', 2oa 00 atim) produced mamly  aromatice
hydrocarbons, phenols and other chemicals However, the ceonomie
indexes of the plant Operation: werc not very stisfactory. Attempts to
improve the process were carried oot overa period of 5 years at a plant
with a daily capacity of 12 tons of coal

Research and experimental and projeet work on developing eco-
nonmically advantageans wiethods of coal hyvdrogenation bave been carried
ont in the United States sinee 1960 Coal, petrolenm and electrical
corporations. as well as government stitutions, take part in this work.
which is being co-ordinated by the Bureau of Mines in the United States
Department of the Interior,

In the literature one finds reports of the development of techniea]
processes for producing gasoline and other fuel and chemieal products
as cheaply from coal as from petroleum. However, these reports are
frequently too general: technological principles are explained but the
most important engincering data may be left ont. It iy therefore difticnlt
to judge the present actual state of the problem and to estimate achieve
ments,

One of the most fully elaborated procosses for producing gasoline
from coal is the Consol process developed by the Consolidation Coal
Company |21, 22] The hasis of this process is a modernized solvent
extraction process followed by hvdrogenation of the extract into gasoline
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AU 430 Cand 200 atm. Hvdrogen s obtained trom nat nral gas and from
the waste gas produced during hydrogenation, as well as from the seimi-
coke produced from the residnes,

Fapernments covied ont on a pilot plant with a daily output of
10 m® of gasohine resudted in o project for processing 8.3 million tons of
coul and obtaining 3.8 million cnbic metres of gasoline per annum at a
cost of 10.5 cents per gallon, which corresponds to the cost of gasoline
of similar gnality obtamed from petroleum. The cost of the project was
$225 million. The high cost was due to the low efticiency of the old
technology employed (the PPott-Broche procoss developed in Germany).
It was only "ccause of the low cost of coal in the United States that the
cost of the gasoline could be kept so low. There are plans to commercialize
the process in 1075,

Another process is the “*H-Conl” proeess developed by Hydrocarbon
Research, Inc. [23). Coal is hydrogenated under high pressure of hydrogen
(220—300 atm) in a flnidized bed of an active catalyst. The process is
well known in the petrolewa industry. It is worked out in two varianta:
single- and two-stage. The lignid and gaseous products in both variants
are refined like petroleum. The products obtained consist main ly of gaso-
line, gas ol gas, and small quantities of chemicals and black oil. When
the two-stage process is nsed, the following products are obtained:
gasoline, 23 per cent; gas oil, 12 per cent ; black oil, 5 per cent; gas with
a calorific capacity of 8,400 keal'm®, 280 m? ‘ton.

In the literature the process of coal hydrogenation in a fluidized bed
i8 described only in a gencral way; many important technical details
are not reported. A pilot plant is now under construction : its daily output
will be 9 tous of gasoline from 20— 25 tons of coal. Performance data
obtained in this plant will be used as the basis for building a full-scale
plant for producing gasoline from coal.

""he production of gasoline and black oil from coal by this method is
stated to be profitable if the coal capacity is between 5,000 and 15,000
ton/day. It will yield a profit of 3.6—8.1 per cent, and the investment
will be paid back in 6 to 9 vears [26),

COED is the name of a coal-to-crude process developed by the FM(
Corporation [24). The process consists of a stepwise pyrolysis of coal in
a fluidized bed followed by liquid products processing. A gas of high
calorific value, hydrogen for ammonia synthesis and a semicoke are
Iroduced in addition to the liquids. The process was tested in a plant with
& coal capacity of 50 kg/h; a plant with a capaeity of 10 ton/day is
planned.

Basically, there is nothing new involved in these processes. They
are either modernizations of old schenies or adaptations of processes used
m other tields, especially in petrochemical teehnology. Nevertheless,
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some difficult technical problems have been solved, and the resulting
simplitication, together with the low cost of conl, has made it possible
tor the price of gazoline from coal to compete with that of gasoline from oil.

THE SITUATION IN WESTERN KUROPE

In Western Furope, the produetion of motor fuel from coul by means
of the existing hydrogenation processes is not profitable. In the Federal
Republic of Germany (FRG) the cost of gasoline from coal is three times
higher than the eost of gasoline from petroleum 23]

As ndicated above, most of the hydrogenation processes developed
in the United States are characterized by complex technological equip-
ment, low vield of the final product (only 30 per cent for gasolinc from
coal, for example), high hydrogen consumption ete. In addition, these
processes are multi-stage. Kven with a low cost for the raw coal, the
production costs remain rather high. These are not the only reasons,
however, for the lack of exploitation of coal liquefaction processes.
Factories are needed to manufacture the specialized processing equipment
for hydrogenation. Building such factories will appear attractive eco-
nomically only if there is a decision to develop a large-scale coal hydro-
genation industry with an annual output of tens of millions of tons of
products.

THE SITUATION IN THE DEVELOPING COUNTRIES

In those developing countries where petroleum reserves are strictly
limited so that demands for motor fuel and black oil are met primarily
by imports, the prospects for the production of lignid fuels from eoal are
attractive, provided that large deposits of cosl are available. Even 80,
however, the economic resourees of these countries are 80 limited that
the building of coal-hydrogenation plants wonld create serious difficulties,
namely: the necessity for large extraordinary capital expenditure.
assimilation of complex technology, dependence on the importation of
the main equipment, and a shortage of skilled personnel.
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Chapter 2

DISCUSSION OF COAL HYDROGENATION PROCESSES

Some of the processes developed in the USSR and in the United States
for obtaining liquid fuels from coal and other solid fossil fuels are discussed
in detail below,

SOLVENT EXTRACTION

At the end of the 19308 and at the beginning of the 194Us investiga-
tions were carried out in the USSR on developing a technology for
obtaining liquid products from solid fuels by solvent extraction. The inves-
tigations were carried out on brown coals and coals of various ranks.
Fractions of petroleum distillation, products of coal processing, individual
chemical compounds and mixtures of compounds were used as solvents.

The process begins with a reaction of a solvent boiling at 200° to
350° C with a ground solid fuel (coal, peat, oil shale) for a period of
0.5—2 h. The solvent contains mainly hydrocarbons, (including hydro-
venates of the solvent extraction products) as hydrogen donors. The
reaction takes place under its own vapour pressure (30—40 atm) at a
temperature of 380°—450° C. During the process, depolymerization,
dissolution and cracking of the fuel take place with a simultaneous
removal of oxygen, nitrogen and sulphur. The products resulting from the
process are: light oil (200°—230° C), medium distillates (200°—3560° C),
pitch, unconverted organic component, water and gases (hydrocarbons,
carbon monoxide and hydrogen sulphide).

During the thermal dissolution, 60—75 per cent of the organic
component of brown coal is converted into light distillates, coke, gas
and water. The same products are obtained when 50 per cent of the organic
component of coal is converted. Hydrogenation of the extract results in
a distillate boiling below 350° C, which is suitable for subsequent con-
version into gasoline by the methods used in the petroleum industry. With
a 1.8—2.0 per cent hydrogen consumption, the yield of distillate is
36 per cent.

Using hydro-treatment and destructive hydrogenation of this distil-
late, it is possible to obtain about a 40 per cent yield of automobile gaso-
line and diesel fuel (on a dry-coal basis with a consumption of 3 per cent

2 9
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hydrogen). The undissolved part of the coal (about 46 per cent) can be
used as a high-energy fuel, and the gascous produets (C, ¢, hvdrocar
bons) can he used for hydrogen production.

In processing brown coal and oil shales, the motor-fuel yield can
be considerably increased respectively to 50 and 6065 per cent (based
on the organic component).

TWO-STAGE HYDROGENATION OF COAL AT A PRESSURE OF 100—300 atm

In the 19508 a method of hydrogenation of low-rank coal, followed
by a single-stage hydrogenation of liquid products in the vaponr phase,
was developed in the USSR. On the basis of the data obtained, a low chart
was worked out for obtaining both chemicals and fuel. Besides the pre-
paration and production of hydrogen from the gaseous hydrocarbons
obtained during the process, the following stages were foreseen :

Liquid-phase hydrogenation (300 atm, 460°—470 (', Fe-catalyst,

cleaned iong-flaming and gas coals); separation of phenols, nitrogen

bases and hydrocarbons from the hydrogenates.

Hydro-treatment (at 400° C) of the hydrocarbon fraction of the

hydrogenate boiling in the range of 50°—150° ('; high-temperature

hydrogenation of the hydrocarbon distillate boiling in the range of
150°—330 ' (5307 —550° (', 100 atm, stationary (‘'o—Al—Mo-
catalyst).

Hydrogen. the consumption of which is only 3—3.6 weight per cent
of the organic component, is obtained from methane and (partly) ethane,
which are formed in quantity during the coal hydrogenation, by catalytic
conversion with water vapour.

Depending on the depth of processing and on the product mix,
45--50 per cent of the output consists of chemicals (aromatic hydro-
carbons C¢— (g, tetralin, naphthalene, an aromatized solvent for the
varnish and dyestuff industry, phenols, nitrogen bases, ammmonium
sulphate), 5—10 per cent is the automobile gasoline component and
16—20 per cent consists of Cy—C, hvdrocarbon gases.

An approximate technical and economic analysis of the coal proces-
sing scheme shows that for a plant processing 2 million tons of coal the
oost of production is 16.5 per cent less than the eost of production of
similar products in coking and petroleum processing.

A similar scheme may be used for brown coal processing.

HYDROGENATION OF A MIXTURE OF COAL AND PETROLEUM RESIDUES

In the 19608 a technology for hvdrogenating a mixture of coal and
petroleum residues containing large :mounts of sulphur was developed
in the USSR. Recommended raw materials are gas coals with low sulphur
(0.3--0.5 per cent) and ash (3—5 per cent) content, and residues boiling
above 240° (" obtained from distillation of sulphur-bearing crude under
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atmospherie pressure. The use of petrolenm residues for wuking the coal
paste increases the degree of liquefaction of the coal and reduces the
pressure of hydrogen from 300 to 100 atm and its consumption frowm
5- 8 to 12 per cent. In addition, liquid-phase hydrogenation of such
a iixture yiclds final products with a lower sulphur content compared
with the higher fractions of petroleum. Hydrogenation of a 1 1 mixture
is carried out at a temperature of 425° (', a hyvdrogen pressure of 100 atin.
and in the presence of a catalyst (Fet® + Mo). The organic component is
converted at the rate of 90 per cent for coal and 93 per cent for brown coal.

A typical percentage yield from hydrogenation of a mixture of Kuz
bass gas coal and Arlan topped oil (40:60) under these conditions is:
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Figure 1. Liquid-phase hydrogenation of a mixture of coal and petroleusn residues
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black ol 41, A-86 gasoluie, 16 winter dicsel fuel, 23, €4—Cy phenols, 1.6
hydrosen snlphide. 1 mintare of black oil and ash for burn down, 12,
(U hvdroearhon gases, 6.

The black oil contains 0.5 - 0.8 per cent sulphur. 1t can be used for
the production ot a low sulphur electrode coke, the vield of which during
cokmg is 30 35 per cent. The gasoline meets the requnrements for high-
quality vasohue. The diesel fuel has a high cetane number (49 —53) and
a low freczing pomt (26 ). Some of its fractions ean be used as
components of aviation fucl. Nixty per cent of the phenols consists of
scarce eresols. The tlow chart for this process is shown in figure 1.

Capital costs for construetion of a complex coal and petroleum enter-
prise (with a capacity of about 15 million tons per yvear) are 20 per cent
lower than for constraction of an enterprise intended for petroleum
processing and production of analogous produets.

PRODUCTION OF LIQUID FUEL BY THE “H-CoaL"” pPROCESS

The "H Coal” process developed in the United States is based on the
classie Belgius process and permits the use of both coal and brown coal.
The main apparatns is the reactor, where particles of a high-activity
catalyst and coal suspension are retained in the fluidized bed. In the
petroleunm industry the reactor is used to process petroleum residuces.
The reaction takes place at 425 — 450 (" and 210 atm: under these
conditions the conversion of the organie component is 80- 90 per cent.
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I'he main produet is a light oil that can be converted into gasoline and
other products.

The flow chart of the *“H-Coal” process is given in figure 2. It was
worked ont in a plant processing 2 tons of coal per day, the investment
cost of which was $2.06 million. In order to study different technologienl
versions of the process, a semi-commereial plant with a daily capacity of
250 tons of coal is planned

According to the preliminary estimates the investment for a plant
producing about 4,700 m¥/ycar of gasoline or gasoline and light oil
(2:1 ratio) is $115 to $120 million. The estimated investment for a plant
producing 15,900 m3/yecar is $318 to $332 million.

Propuverion or LIQUID FI'EL BY THE ('ONSOL PROCESS

The Consol process (worked out in the United States) is 1 moditication
of the solvent extraction process in combination with hydrogenation of
the extract and its utilization as a hydrogen donor for dissulving the coal.

Only the nost reactive part of the organic component (60 —85 per
cent) i subjected to hydrogenation. This part is separated in the dissolu-
tion process and contains enough hydrogen to permit hydrogenation at a
moderate pressure (200 atm). Distillation fractions obtained in the process
are the feedstock for the hydrocracking units. The flow chart for the
(‘onsol process is given in figure 3.
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Figuwre 3. Production of synthetie fuel from coad by the Consol process
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(‘onsol has been tested in a pilot plant with a daily capacity of 24 tons
of coal. The cost of the plant was $10.93 million.

The projected capacity of the first commercial plant for the produe-
tion of liquid fuel by the Consol process is 7.5 million tons of coal per year.
The investment has been estimated at $225 million.

PropUcTION OF LIQUID FUEL BY THE CORED-FM( PROCESS

The COED-FM( process of producing synthetje fuel, which differs
considerably from the Processes described above, was worked out in the
United States. It is based on a four-stage low-temperature carbonization
of coal. As a result only about one third of the organic component is
converted into primary tar or light oil, which is hydrogenated sub-
sequently. The process is carried out without a catalyst and at antbient
bressure. In addition to the main product, crude oil, a large quantity of
fine coke (1:2) is obtaineq during the process. The technological flow
chart for this process is shown in figure 4.

COAL

Gas 10 the conversion unit Air
Gas [ - Gas Oxvgen ]
Preparation 454°C Solid fye) 538°C Solidfuel | 871°%¢ Separation
Mot
Hot sermi-coke Hot semi-coke semi-coke
Ligind prodyer ‘1 j
< ——l——
Fuel tor power plaats
——
Gas
- ————
4 ’ Gas * Gas
H; Hy g - Hydro.
: Middie distilay v
—————— Crack ing e . Cracking Naphtha Retorming Gasotine
un it f— umit

I o Naphtha

Figure 1. Production of synthetic fuel Jrom coal by the COED Pprocess

It was planned that a pilot factory with a capacity of 3 tons of coal
per hour would be huilt by the end of 1970,

On the basis of research, a factory Processing 10,000 tons of coal
per day should cost. approximately $28 million.

(‘()MPARIS()NS OF (OAL HYDROGENATION PROCESSES

A proper comparison of the efficiency and cost of processing the
hvdrogenate by various methods can be made by studying the €omposi-
tion and properties of the products obtained from cogl and those ohtained
from ecrade oil, us shown in tables | and 2,
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Table 1

CoMPoSITION OF THE PRODUCT OBTAINED FROM DIFFERENT PROCESSES

Proportion of total ligusd product {weight per rent)

Fraction

“H-Coal” Consol 4(,'0ED Crude od )
Gusoline (36° -204°C) ... 26.0 8.0 5.0 2539
Heavy naphtha (204° —360° () LR 92.02 45.0 13 40
Gas o (360° -524°¢) ... 17.9 e 32.0 25--39
Black oil (524°C)......... . .. 17.3 18.0 1—18

3 Final boiling point 323° (.
Table ?
CARBON AND HYDROGEN CONTENT

) Carbon H
Product (1eight par cont)  (weight py cent)
Hydrogenate fromcoal .............. . 88—03 58
Crude petroloum ... .. . .. . e 84 —88 1114

The data in tables | and 2 show that the average boiling point. of
liquid fuels is higher, and the hydrogen content considerably lower, if
they are obtained from coal rather than from crude petroleum. In order
to obtain products of similar qualities, therefore, the hydrogenates must
he subjected to additional thermocatalytic hydrogenation.
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1959

1. Krichko, A. A, A, V. Lozovoi and D. . Pchelina (1959) A new low-
pressure h.\'drogeniti{l}l proeess for semicoke-oven fars (Novaya
tekhnologicheskayva skhema  gidrogenizacionnoi pererabotki  polu-
koksovykh ugolnykh smol pod nevysokim davileniem) Trudy Instituta
Goryuchikh 1skopaemykh AN SSSR, Vol 9, p. 37. (in Russian)

A simplified technologieal process for low pressure hydrogenation
of primary coal tars is deseribed. The process vields valuable
chemical products and high-grade motor fuel.

e

Krichko, A. A. and R. A. Konyashina (1959) llydrogenation of coals
mined in the Cheremkhovo coalfield and concentrated by the method
of centrifugal separation in heavy liquids (Issledovanie gidrogemzacii
uglei Cheremkhovskogo mestorozhdeniyva. obogashchyonnykh meto-
dom tsentrobezhnoi separatsii v tyazhyolykh zhidkostyakl) T'rudy
Instituta Goryuchikh  Iskopacmych AN SSSE; Vol b, p. 62, (in
Russian)

This article discusses the hydrogenation of Cheremkhovo eoals in
an autoclave at 4607 C and 300 atm after a one-hour treatment by
the method of centrifugal separation in heavy liquids.

3. Blonskaya. A. 1.. A, V. Lozovoi, M. G, Gonikberg (tal. (1959) Hydro-
genation of lean coals and anthracites at hydrogen pressnres exeeeding
1,000 atm (Issledovanie gidrogenizacii toshiehikh uglei i antratsitov
pri davlenii vodoroda vyshe 1.000 at) Trudy Instituta Goryuchikh
Lskopacmykh AN SSSR, Vol 9, p. 50, (in Russian)

The behaviour of anthracite, semi-anthracite and lean coal during
destructive hydrogenation in an autoclave at 480°—600" (' and
1,200 —1,700 atm,

Blonskayva, A. 1., A. V. Lozovoi, D. L. Musclevich «f al. (1959)
Two-stage process for prodnction of chemical intermediates, motor
oil and gases by hydrogenation of Cheremkhovo coal tar (Dvukhstu-
penchataya skliema gidrogenizacionnogo proizvodstva khimicheskikh
poluproduktov, motornogo topliva i gazov iz smoly cheremkhovskikh
uglei) T'rudy Lustituta CGorguchilh 1skopacmykh AN SSSR, Vol 9,
p. 5. (in Russian)

A simpliticd technologieal process for eombined treatment of semi-
coked coal tar by hydrogenation was worked out. Chemical inter-
mediates, motor oil and hydrocarbon gases were the products.
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Dyvakova. M. K., N B Vol Epstein, Mo N Zhavova of al. (1959)
Conversion of highvr phenols into phenols, eresols. aud ylenols
(O preveashehenii vysshikh tfenolov v fenol krezoly i ksilenoly)
Zharnal prikladuoi himii. Vol 320 No. oo po 21200 (in Russian)
The origin of these higher phenols was Cheremkhovo coal tar,

v Okladnikova, Z. A A S, Nakhmanovich, No 1 Sheliergina (1959)

An infra-red speetroseopic investigation of the miechanism of trans-
fornation of the high-moleenlar fraction of semi-coked tar during
destrnetive hydrogenation (Issledovanic khimizina prevrashcheniy
vysokomolcknlyarnoi  ehasti - polukoksovoi smoly v usloviyakh
destruktivnoi gidrogenizacii pri pomoshchi infrakrasnoi spektrosko-
pit) Trudy Vostochno-Sibirskogo Filinla AN SSSR, seriva kliimiche
skava. No. 26, p. 39, (in Russian)

Infra-red absorption spectra of neutral components separated

from the pitch of Cheremkhovo semi-coked tar.

Davtyan, N. A., M. K. Dyakova (1959) Rescarch on the structure of
the higher phenols obtained from Chereinkhovo coal tar (Issledovanie
struktury vysshikh fenolov gidrogenizata smoly cheremkhovskikh
uglei) Trady Instituta Goryuchilh Iskopaemykh AN SSSR, Vol. 9,
p. 26. (in Russian)
This article describes the research carried out on the eomposition
and stracture of phenols obtained from the heavy fraction boiling
at 230 —310 ("

Pinchin, F. J. (1959) The mechanism of coal hydrogenation British
Coal Utilization Research Association (BCURA), Monthly Bulletin,
Vol. 23, No. 12, pp. 465—476. (in lnglish)
A review of data concerning the mechanism of the hydrogenation
process as applied to improve the coking qualities of coal, to con-
vert coal into liquid, to produce partial gasification of coal and
hvdrogenation of the resulting organic eompounds.

Cockram, . and K. W. Sawver (1959) Hydrogenation at Billingham in
Retrospeet Industrial Chemist, Vol 35, No. 411, pp. 221229, (in
English)
Tracing the development of hydrogenation processes at the Billing-
ham coal-tar factory, the article reviews the proecsses that the
fuctory emploved for production of synthetic liquid fuel from coal
and creosote oil. The article also deseribes the major plants and
their capacitics, as well as the composition of the products.

Kawa, W.of al. (1959) Agglomeration studies in the low-pressure
hydrogenation of coal in a fluidized bed .S, Burean of Mines Bulletin,
No. 579, 11 pp., Washington, D.C. (in English)
Isquipment and procedures for agglomeration studies. Reduction
and climination of agglomerates by slow heating or by coal pre-
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treatment at 400" (' with or without hyvdrogen. To maximize the
yield of synthetic liquid fuels, the time spent at 460 — 300 (' must
be sufticiently long.

. An American coal-hydrogenation plant (1959) Chomical  Products,
Vol. 22, No. 7, pp. 271—=272. (in English)
A pilot plant for eoal hydrogenation is deseribed and a simplified
flow chart presented. The plant has a capacity of 100 tons of coal
per day. Operated in West Virgima by the Union Carbide Corp.,
this plant operates at 450 € to 5307 C to produce phenol, eresols,
aniline, quinoline, naphthalene and toluene,

2. Keith, P. €. and F. Ringer (1959) Coal hydrogenation, 7°.N. Pat.

No. 2,883,557, 5 May. (in Fnglish)
The suggested method combines coal hydrogenation with sub-
sequent produet cracking in a fluidized bed and gasification of the
residual products by vapour-and-oxygen blast. Coal paste is hydro-
genated at a temperature of 351° (* and a pressure of 70 atm, and
80--85°, of the coal organiec mass is converted into liguid and
gas products. The How diagram is presented and the concept of the
basic apparatus is described,

3. Pelipetz, M. G, and R. AL Friedel (19549) Hydrogenation produets
from bitwininons coal and suerose at elevated temperatures; «peetral
comparison, Fucl, Vol. 38, No. 1, pp. 8—16. (in linglish)
Nearly identical products were obtained by similar hydrogen treat-
ments of bituminous coal and sucrose.

. Svajgl, 0. (1959) Disturbing influence of arsenie in high-pressure
hydrogenation of brown-coal tars (Rusivy arsenu pri vvsokotlaké
hydrogenaei hnedovhelnyeh dehtd) Choricky Prumyst, Vol 9, No. 5
pp. 230—234. (in ('zech)
Peculiarities of the hydrogenation process as applied to Czerho-
slovakian brown-coal tars. 2\ high content of arsenic passes from
coal into tar during low-temperatire earbomzation in the presence
of a fixed-bed catalyst. Methods for eliminating the arsenic are
suggested.

v

. Svajgl, 0. (1959) Deactivation of WS, — NiS— Al,0, eatalyst by arsenic.
1. Mechanisin of deactivation (Kntaktivierung des W8, —NiS-—Al,0),-
Katalysators durch Arsen. 1. Mechanismus der Entaktivierung)
Collection of Czechoslovak Chemical Communications, Vol. 24, No. 12,
pp. 3829—3834. (in German)
Deactivation of WN,—NiS—ALO, catalvst by arsenie contained
in the hydrogenation distillates of brown-coal tar. When absorbed
by the catalyst, arsenic reacts with the niekel sulphide and reduces
the amount of active sulphide, thus lowering the aetivity of the
catalvst as a whole.
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16,

17

18.

19,

Nelmabel, Bo(1a59) Low-temperature hydrogenation of Northern-
Boliemiaw brown-coal tars (Nizkotepelnd hydrogenace severo-teskyeh
hucdouhelnyeh dehtia) Chencecky praomyst, Vol v, No. 1, pp. 1014,
(in Czech)

A continuous process of low-temperature hydrogenation of brown
coal tars was tested on a small-seale apparatus. The aim was to
obtain motor fuels. »-paraftins. lubrieating oils. phenols and eresols.

Bose, S, K., ALK Ganguli, N. (i, Basak, A. Lahiri (1959) Processing
of low-temperature tar oil fractions to diesel oils. Journal of the
Institute of Pctroleum. Vol. 45, No. 428, pp. 252238, (in English)

The article contains sketches of experimental equipment and
describes the development of an efficient eatalyst for Diesel oil
production by hydrogenation of tar obtained from Raniganj coal.
The characteristics of the tar are given, and the products of nydro
genation for different experimental conditions and for various
catalysts are analysed.

Sharkey. A. G. ¢f al. (1959) Analysis of liquid produets from coal
hydrogenation by mass spectrometry, Fucl. Vol. 38, No. 3, pp. 315 to
328. (in English)

Fowler, W. A, (1959) Current trends in the Awmerican coal tar industry,
Industrial Chemist. Vol. 35, No. 409, pp. 120 - 123, (in Knglish)

Tar production on fluid carbonization plants. New products of eoal
chemistry: high-hoiling  aromatie  hydrocarbons, phenols et
Prospects for the prodnetion of chemicals by eoal hvdrogenation
and hydrogen production from coke-oven gas.

Yamada, M. (1938, 1959) Catalytic reduction of tar components hy
molyhdenum trisulfide. 1L, Bieyelie hydrocarbons (diphenyl). HHI. Mono-
cvelic phenols. IV, Condensed-nuelens phenols (a- and B-naphthols)
Col Tar (Korn Taru), Vol. 10, No. 12, p-727: Vol. 11, No. 1, p. 17.
(in Japanese) '

i, lxperimental data are presented on the effeets of pressure,
temperatnre and residence time on product vields in diphenyl
hydrogenation in the presence of Mo0),, Up to 40" of phenyl
cyelohexane can be obtained when the initial pressure of hydrogen
is 90 atm and the temperature equals 350° (', $00° (! or 450° C.
Dicyelohexyl (3.5—5.0 per cent) and negligible (quantities of C H,
and CgH,, were identified in the products.

1. Hydrogenation of phenol, o-, m-, p-cresols, m-ethyl-phenol and
1,3,6-xylenol. It was demonstrated that an initial hydrogen
pressure of 100 atm and temperature of 350° ¢ (320° C for 1,3.5-
xylenole) converts most of the phenol. The value of the initial hy
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21,

23.

drogen pressure notably influences the reaction rate at 300
while a further rise of temperature to 350 Cand 400 C reduces this
influcnce.,

IV. Experimental data are presented on the effects of pressure and
temperature on product yields in hydrogenation of 2 and g uaph
thols (naphthalene, tetralin, decalin).

1960

NSchoencmann, K. (1960) The Gierman contribution o the present

situation of chemical technology in the world (La contribution alle

mande & la situation actuelle de la technologie chimique dans le

monde) Génte chimique, Vol. 83, No. 8, pp. 161 --169. (in French)
Achievemnents of German researchers in emmonia synthesis, coal
hydrogenation etc.

Krichko, A. A., A. V. Lozovoi, D. P. Pchelina ot al. (1960) Production
of chemicals from unpyrolyzed tar derived from continnous earboniza-
tion of Kuznetsk coals (Poluchenie khimicheskikh produktov iz
nepirolizovannoi smoly protsessa neprervvnogo koksovaniva kuz-
netskikh uglei) lzecstiya Sibirskogo Otdileniya AN SSSR.No 12
p. 88. (in Russian)
The article gives the characteristies of the investigated tar, describes
how it is processed, and shows what vields of aromatic hvdro
carbons, solvents and other products can be obtained from it by
hydrogenation.

Salimgareeva. F. Gi.. B. V. Przhtsinskayva and 1. V. Kalechits (1960)
The formation of lower phenols during liquid-phase hydrogeuation
(O poluchenii nizshikh fenolov v khode zhidkotaznoi gidrogenizacii)
Metallurgicheskaya  ( khiniicheskaya  promyshlc nnost  Kazakhstana.
No. 2, p. 102, (in Russian)

Semi-coked tar from Cn. remkhovo coal was used.

. Lewis, P SO and RO W, Hoteshue (1960) Hydrogenating coal in the

entrained state /ndustrial and Engineering Chemistry, Vol. 52, No 11,

pp. 919—920. (in English)
The article describes an apparatus for hydrocarbon production by
coal hvdrogenation at temperatures of up to 800 ' aud pressures
of up to 420 atim. This apparatus could be emploved for other
processes taking place under similar conditions. Design of certain
components is presented, e.g. the feeder for delivery of powdered
coal in the entrained state.
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200 Lang, KW oand 0 €0 Lacey (15a) Properties of tar from low-
temperature carbonization of American seain coal I'ndustrial and
Enginccring Chemastry, Vol 5320 Nac 20 pp. 137 140, (in English)

Large quantitics of low-cost char and tar may be produeed by
flindhized Goabomzation ot coal, and cconomical applications for the
tar are sought. The tar can be hvdrogenated to obtain low-boiling
products. Hydrocracking and veformimg o i distillates vield
lower sronndies The tar coubld possibly prove nsable in plastic
engineering. Feonomie agpeets of tar processing are disenssed.

26, Pawvdoft. W (1t Hydregenation in a homogenous phase (Hvdric-
ruie in - homogener Phase) Chomesche Teeanil:. Vol 12, No. 7,
pp A 4N Gn German)

Single- and double stage hydrogenation of brown-coal tars obtained
hy dow temperature carbonmzation wag used for production of
Cyg-itlcohols. The properties of the resulting alcohols are deseribed

27 Luder H aud K Drescher (1960) Testing of rhenimn-containing
catalysts for medinm and high pressure hydrogenation of brown-coal
tar processing produets (Anspriifung rheninmhbaltiger Katalysatoren
fir die Mittel una Hochdruekhydrierange von Brannkohlenteer-
verarheitungsprodakten) Chendsele Toclinik, Vol. 12, No. 1, pp. 16 to
22 m Gserman)
Rhenum catalysts on varions carriers were tested in a number of
reactions and were found useless for the hydrogenation of hydro-
earbons bolimg withns the range of gasoline: however, these cata-
Ivsts conld be efticient]ly employved as substitutes for tungsten and
molvhdeninn for hvdrogenation of brown-coudl middle oils under
medimm and high pressares,

2 Hitexhue, ROW O RO B Anderson, S, Friedman (10960) Gaseous hydro-
carhous by hydrogenation of coals and chars Indwstricd and Engineering
Chomistiy. Vol 52, No. 7, pp. 577 579, (in English)

The article contains the results of an experimental investigation
f the possibility of commereinl production of hydrocarbon gases
by hydrogenation of coal and chiars at 420 atm and 800° (" in the
presence of cobalt molybdate. The data obtained can be used for

designing a continuous beneh-scale hydrogenation unit,

1961

29 Katsobashvili, Ya. R, Yu. N. Garber, E. 1. Elbert and Z. G. Belenko
(1n61) Hvdroeracking of high-boiling coal tar fractions in a fixed hed
catulyst at a pressure of 30 atm (Gidrokreking vysokokipyashchikh
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fraktsiy kamennougolnoi smoly v statsionarnom sloe katalizatora pod

davleniem 30 at) Koks @ khimiya, No. 10, p. 48, (in Russian)
Fhe hydroeracking was performed in a continuous laboratory plant
with a reactor capacity of 250 ml iu the presence of CoO -+ MoO, +
+ ALOy catalyst. The processing of crude anthracene, anthracene
fraction and absorbent oil with a diluent at 540°—560° C was
studied. The naphthalene fraction viell was 65°; it contained
70-- 75, naphthalene,

30. Borts, A. G, AL AL Krichko, R. A. Konyashina ¢t al. (1961) Processing
of an anthracene fraction by the hydrogenation method (Pererabotka
antratsenovoi fraktsii metodom  gidrogenizacii) AKoks i khimiya,
No. 10, p. 33. (in Russian)

Rescarch on destructive hydrogenation of the coal-tar anthracene
fraction using molybdena-cobalt-alumina or molybdena-alumina
catalysts at 100 —200 atm and 520-—550° C.

31. Tyutyunnikov, Yu. B. and Yu. M. Volkov (1961) New prospects for
the chemieal treatment of hitnminous coals (Novye perspektivnye
napravleniva khimicheskoi pererabotki kamennykh uglei) Nauchnye
irudy Ukrainskogo uglekhimicheskogo instituta (Sbornik), No. 12,
p. 81. (in Russian)

A brief survey of methods intended for ehemical trcatment of
bituninous coals by hydrogenation, oxidation and alkali pyrolysis.
Long-flaming and gas coals were investigated.

32, Salimgareeva, F. G., M. F. Ivanova, B. V. Przhtsinskoya, 1. V. Kale-
chits (1961) Transformation of carbonyl compounds during destruetive
hydrogenation (O prevrashcheniyakh karbonilnykh soedineniy v
uslovivakh destruktivnoi gidrogenizacii) Izeestiya Sibirskogo otdele-
niya AN SSSR, No. 5, p. 115, (in Russian)

This artiele contains data on hydrogenation of benzophenone,
berzaldehyde, cyclohexanone, semi-coked tirs and coals in the
presence of industrial ferric catalysts,

33. Kalechits, 1. V., Z. A. Okladnikova, D. Kh. Nikolaeva (1961) The
relative rates of hydrogenation of polycyelic aromatic hydrocarbons
(K voprosu ob otnositelnykh skorostyakh gidrogenizacii politsikli-
cheskikh aromaticheskikh uglevodorodov) Trudy Vostochno-Sibir-
skogo Filinle AN SSSR, No. 38, p. 112, (in Russian)
The relative rates were measured for the hydrogenation of diphenyl,
naphthalene, anthracene, phenanthrene, chrysene, pyrene and
caronenc in the presence of a skeleton nickel catalyst and industrial
ferric catalyst.

34, Sidorov, R. 1., Z. P. Trotsenko, A. 8. Nakhmanovich (1961) Composi-
tion of industrial liquid-phase hydrogenates. Communication 5.
Research on the composition of the mixtnres of aromatie hydro-
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carbons of the liquid-phase hydrogenates obtained from medium-
temperatnre Cheremkhovo coal tar (Issledovanie sostava promyshlen-
nykh zhidkofaznykh gidrogenizatov. Soobshchenie 5. Issledovanice
sostava smesei aromaticheskikh uglevodorodov zhidkofaznogo gidro-
genizata tyazhyologo masla srednetemperaturnoi smoly cheremkhov-
skogo uglva) Trudy Vostochno-Sibirskoyo Filidla AN NSSR, khimi-
cheskaya seriya, No. 38, p. 68. (in Russian)

The mixtures contain compounds belonging to the homologous

groups of benzene, indan, tetralin and naphthalene,

Giinther, G. (1961) Studies of the kinetics of hydrogenation reactions.
Hydrogenation of eresol (Untersuchungen zur Kinetik von Hydrier-
reaktionen. Die Hydrierung von Kresol) Chemische T'chnik, Vol. 13,
No. 12, pp. 720—723. (in German)
Research on the effects of temperature, pressure, residenee time,
gas-to-oil ratio, and eresol concentration in the original product
on the process of high-pressure hydrogenation of tars and oils in
the presenee of solid catalysts.

Coal holds jet fuel raw material potential (1961) Chemical and Engineer-

tng News, Vol. 39, No. 43, pp. 56 —57, (in English)
The article contains a flow diagrain and a brief description of a
process of high-energy jet fuel production by hydrogenation of a
coal tar, obtained by high-temperature coking, in the presence of
sulphur-resistant catalysts (tungsten and nickel sulphides on
alumina or molybdenum sulphide on activated carbon). The pro-
cess was developed in France. It works best at temperatures of
420°—430" C and hydrogen pressures of 200— 250 atm.

Feldkirchner, H. L., E. J. Pyrcioch, E. B. Shultz (1961) Hydrogena-
tion techniques at combined high temperatures and pressures, Chemical
Enginecring Progress. Symposium Serics, Vol. 57, No. 34, pp. 73—80.
(in English)
Batch and semicontinuous reactors for hydrogasification of solid
fuels and a continuous tubular reactor for hydrogasification of
crude oil and tars are described.

Hara, H., H. Kudo and M. Kiyoshi (1961) Hydrogenolysis of coal,

Journal of the Fuel Society of Japan (Nenryo Kyokaishi), Vol. 40,

No. 411, pp. 545—555. (in Japanese and English)
Investigations show that the speed of hydrogenolysis of coal
depends upon the speed of solution of hydrogen in the liquid phase
and the number of collisions between hydrogen and coal particles,
which is a function of the paste viscosity. It was found that the
paste should be pretreated at 310°—360° C for 2—3 h, and the
oil-to-coal ratio in the paste should be 1.5 to 2.3:1. The reaction
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should be earried out at the highest possible temperature and
pressure. Minimum density oils are recommended for the paste
formulation.

Matsuda, T. (1961) Problems involved in the ind triglization of c¢oal

hydrogenation processes, Journal of the Fuel Socicty of Jupan (Nenrvo

Kyokaishi), Vol. 40, No. 411, Pp- 531 —534. (in Japanese and Fnglish)
Experimental data serve as the basis for a diseussion of prospects
of commercial applieation of coal-hy drogenation processes composed
of two stages, coal liquefaction and liquefied oil reforming. An
analysis of production economy 18 made, assuming that the plant
capacity is 1,000 tons of coal per day.

Sakabe, T., Y. Ogo, R. Sassa, M. Suzuki, M. Horie, Y. Kanbayashi,
T. Ohissa, M. Takahashi, M. Hunsaki (1961) Liquid-phase coal
hydrogenation in an experimental flow plant, Journa! of the Fuel
Society of Japan (Nenryo Kyokaishi), Vol. 40, No. 411, pp. 535 —544,
(in Japanesc and English)
The test plant for continuous coal hydrogenation under a pressure
of 600 atm had a capacity of 50 kg/day. 1t was used to process
Miike coal with Bayer mass catalyst. The following results were
obtained (percentages): coal conversion factor — 96.9: yield of
light oil (b.p. below 300~ () — 64.1; yield of gas — 25.8; hydrogen
consumption — 7.6.

1962

Blonskaya, A. 1. and A. V. Lozovoi (1962) (Composition of the hydro-
aromatizate from Cheremkhovo semi-coked coal tar (O sostave gidro-
aromatizata iz polukoksovoi smoly Cheremkhovskikh uglei) Trudy
Instituta Goryuchikh I skopuemykh AN SSSR, Vol. 17 , pp. 187 —198,
(inr Russian)

The eomposition of the hydroaromatizatc resulting from the two-
stage hydrogenation of (heremkhovo semi-coked coal tar was
studied. The benzene fraction (60°—205° (') contained: H2.60,
aromatie, 4.4°, unsaturated, 34.5°, naphthene, 850 paraftin
hydroearbons. The fraction boiling at 190°—300" (* contained:
73.1° aromatie, 5.3, unsaturated, 7.2°; normal paratfin, 12.8"
naphthene and isoparaffin hydrocarbons.

Katsobashvili, Ya. R.. Yu. N. Garber, E. I. Elbert, Z. ;. Belenko.
A. (. Borts (1962) Method of processing high-hoiling coal-tar
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fractions (Sposob pererabotki vysokokipvashehik h fraktsiv kamenno-

ugoloi smoly) Avtorskoe seidctelstro SSSR( Russian pate nt) 143786,

21 March, (in Russian)
A method is deseribed for processing high-boiling coal-tar fractions
into low-hoiling aromatic hydrocarbons, The raw material was
snhjected to hydroeracking at 10--50 atm and 4507 =700 using
active cobalt-ahmina catalysts in the presence of a liquified gas
(propane, butane ete)) followed by a reeycling of the imreacted
residne. A table of optimum high-boiling cracking conditions for
varions raw materials is given,

43. Katsobashvili, Ya. R., Yu. N. Garber, E. 1. Elbert, Z. (i. Belenko
(1962) Method of proeessing high-hoiling coal-tar fractions (Sposob
percrabotki vysokokipyashchikh fraktsiv kameannonzolnoi smoly)
Avtorskoc svidctilsteo SSS R ( Russian patent ) 143561, 21 March.
(in Russian)

This wethod differs from the one described in Ref. No. 42 above
only in that the whole process is carried out at the lower tempera-
ture of 300°~350° C'. The aim is to obtain the low-boiling hydro-
aromatic hyvdrocarbons, which are used as raw materials for organio
synthesis, production of plastics ete,

44. Katsobashvili, Ya. ., Yu. N. Garber, F. L. Elbert, A. A. Lukanin
(1962) Coal-tar processing method ( Sposoh pererabotki smol) 4 rtorskoe
seiddtelstro SSSR (Russian patent) 148038, 21 June. (in Russian)

A no-residie proc ss for converting coal tar into aromatic and
hydroaromatic hydrocarbons is proposed. A destruetive hydro-
genation in a fixed bed of highly active catalysts at 30—50 atm is
followed hy a separation of hydrocarbons into different fractions
by means of a reetifyving column.,

45. Lozovoi, A. V., D. L. Muselevich, T. M. Ravikovich, T. A, Titova,
V. F. Cherkasova (1962) Two-stage process for production of chemi-
cals by hydrogenation of Cheremkhovo coal tar (Dvukhstupenchataya
skhema gidrogenizacionnogo proizvodstva khimicheskikh produktov
iz smoly cheremkhovskikh uglei) Trudy Instituta Goryuchikh Lskopae-
mykh AN SSSR, Vol 17, pp. 174—181. (in Russian)

A proposed two-stage (liquid- and vapour-phase) process viclda
60—66", chemicals and intermediates (aromaties and Ce—Cy
phenols, naphthalene, monomethyl naphthalenes, diluents etc.)
and 33— 379 hydroearbon gasesC, H,,, ,ata hydrogen expenditure
of 5.7—6.0° of the coal-tar weigh..

Borts, A. G., A. A. Krichko, R. A. Konyashina, A. V. Lozovoi,
L. N. Lvova (1962) Production of chemicals from the anthracene
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fraction of coal tar by high-temperature hydrogenation (Polichinie
khimicheskikh produktov iz antratsenovoi fraktsii koksovoi smioly
metodom  vysokotelperaturno cidrogenizacii)  Trudy  Iustitoto
Cioryuehikl Iskopaemylh AN SSSR, Vol L7, pp. 250 =261,
(in Rnssian)
A study of the hydrogenation in a contimious plant of the first
anthracene fraction erystallized from coal tar. A flow chart s
proposed for the production of solvents, (‘g - Cy aromatics, naph-
thalene and other products,

. Lozovoi, A. V., D. L. Muselevich, T. M. tavikovich, S, AL Nenyavin,

T. A. Titova, V. F. Cherkasova (1962) Silica-alumina catalysts for
high-pressure hydrogenation (Katalizatory s alyumosilikatnoi osno
voi dlya gidrogenizacii pod vysokim davleniem vodoroda) Trudy
Instituta Goryuchikh Iskopaemylh AN SSSR, Vol. 17. pp. 199 —211.
(in Russian)
The activity of 13 new catalysts intended for vapour-phase hyvro-
genation of partially dephenolized ligunid-phase hvdvogenate (of
Cheremkhovo semicoke-oven tar) was tested in a continnous
laboratory plant. The catalvsts were prepared from a natural
stlica-alumina-askanite by activation with 100, HF plns 2.1 to
7.6 wt.%, of Cr, Mo, Ni, Fe. Zn, W oxides or sulphides.

Svajal, 0. (1962) Method of hydrogzenating hydrocarhan-nonhydro-
earbon mixture (Zpiisob hydroganace uhlovodikin ve smesi s neihle-

vodikovymi piiésmi) CSSR, No. 103, 170; publ. 15 March. (in
(‘zech)

A method is snggested for the hydrogenation of hvidrocarbons
mixed with nonhvdrocarbon compounds, for example, phenols,
nitrogen bases or sulphur componnds. The  catalysts  contain
tungsten and nickel sulphides and active almmina. The relatjve
content of aromatie hydrocarbons in the prodicet remains constant
or increases, when the ratio of the processed material to the catalyst
18 changed from 0.5 0.4 to 1- 10 kg/litre of the catalvst and the
temperative is raised from 340°—880° (* to 400° =450 (. All non
hydrocarbon admixtures and olefins are thereby converted into
saturated or aromatic hydrocarbons,

Letort, M. (1962) High-energy fuels derived from coal (Les carburants
& haute énergie derivés de la houille) Chimic ot rndustrie, Vol 87,
No. 3, pp. 371387, (in French)
The proposal is to produce jet fucls by hydrogenation of coal tar
fractions under high hydrogen pressure. Hydrogenation processes
in the presence of nickel and combined catalysts (tungsten and
nickel sulphides on alimina) are compared and the advantages of
the latter are shown. The characteristios of the raw materials and
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the physical and chemieal properties of the fucls produced are
presented, as well as a schematic diagram of an industrial installa-
tion.

50. Gorin, K. (1962) Produetion of hydrogen-rich liquid tuels from coal,
U.S. Pat. No. 3.018,24], 23 January 1962, (in linglish)

A combination process for converting coal into materials suitable
for gasoline feedstock. The process comprises the following opera-
tions:
1. Treatment with a solvent to dissolve 60—S0 wt. “, of the coal.
Hydrocarbon solvents boiling at 260° — 425 (' are recomnrended.
The temperature in the extraction zone should be higher (up to
500° (), but not high enough to cause carbonization.
2. Fractionation of the extract into: (@) a component rich in
benzene-insolnble compounds, and (b) a component pocre i these
compouids and with a precipitant added. The liquid fractions are
separated from the insoluble coal residue by means of continuous
filtration or centrifugation.
3. Coking at 426°—760° C of the solid residue mixed with the first
fraction (n).
+. Hvdrogenation of a mixture of coke-oven distillate with the
second fraction () on Mo and W catalysts at 410°—455° (! and
140-—225 atm.

5l. Nakabe, T., Y. Ogo, R. Sassa, M. Suzuki, M. Horie, Y, Kambayashi,
T. Ohisa, M. Takahashi, M. Hunaki (1962) Lignid-phase hydrogena-
tion of Miike coal by experimental tlow plant. Experimental results
with creosote as vehiele, Journal of the Chemical Society of Japan,
Industrial Chomistry  Section (Kogyo Kagaku Zasshi), Vol. 65,
No. 3, pp. 207—303, A21. (in Japanese)

The results of experiments on coal hydrogenation are reported.
The pressure was 200—300 atm, temperature 440°—460° C, mat-
erial feed rate 6 kg/h, hydrogen feed 5.5 N m3/h.

52. Miinzig, E., H. Blume, E. Pindur (1962) Researeh on the improvement
of catalysts for hydrogenation of tars and mediumn oils (Arbeiten zur
Verbesserung der Katalysatoren fiir die hydrierende Raffination von
Teeren und Mittelslen) Zeitschrift far Chemie, Vol. 2, No. 3, pp. 74 —83.
(in German)

A brief history of the development of hydrogenation catalysts. The
composition and properties of catalysts 3510, HOGR, (434, 7846 and
8736 are given, as well as those of the new catalvsts in use at a
factory in Leuna (German Democratic Republic).

The speeific features of the new catalysts arc as follows: they are
mainly oxides; Mo serves as the active component; synthetic
materials are preferable for carricrs: Co is partly substituted for Ni.
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Practical applications of these catalysts are discussed. Highly acid
clays are the best carriers for the 8376 and 8197 catalysts. When the
raw material contains nitrogen bases an addition of H,PO,, HBO,
and H,8i04 to the carrier is recommended. Sulphonation of the
hydrogenating catalysts prior to use is unnccessary.,

53. Matsuda, 8., Sh. Kirkawa, A. Uchida (1962) Dealkylation of tar oil
in the presence of an alumina catalyst. Effects of pressure and tem-
perature, Journal of the Chemical Society of Japan, Industrial Chemis-
try Section (Kogyo Kagaku Zasshi), Vol. 65, No. 4, pp. 568 —574,
A39—A40. (in Japanese)

Benzene, toluene, xylene and naphthalenc were formed by the
continuous hydrodealkylation of the methylnaphthalene fraction
(b.p. 215°—260° () from tar oil in the presence of AlLO; at a
temperature of 600°—650° ('and a hydrogen pressure of 30— 50 atm.
The mcthylnaphthalene fraction yielded 70.20 liquid products
(5.6", benzene, 6.1, toluene, 38.3°, naphthalene, 8.5°, methyl-
naphthalenes, and 11.6°, remainder), 12.6°, CH,, and 2.8°/ coke.

o4, Schroeder, W. (. (1962) Hydrogenation of c¢oal. U.S. Pat.
No. 3,030,297, publ. 17 April 1962, (in English)

A hydrogenation processfor the production of predominantly single-
ring aromatic hydrocarbons. The feature of the process is rapid
heating of a suspension of coal particles smaller than 100 mesh.
The coal dust, suspended in a hydrogen stream at a pressure of
35—420 atm, is heated in less than 1 min from 300°C to 600° —
1,000 C and kept at that temperature for less than 1 min (2 to
20 sec). The reaction produets are cooled rapidly. Ammonium
molybdate catalyst (19) is introduced into the coal prior to
reaction. An example is cited in which 90°;, of the coal (C=72.129,,
H=15.29), treated at 800 (', 420 atm, with a flow rate of 2.8 m3/h,
was converted into Huids comprising 30~ 48° liquids and 32-—409
gas. The gas contained 40 vol.©, C'H, and 5°, C,;H,.

56. Kanayama, H. Sh. Nakamnra, M. Ogawa (1962) Composition of
udex extract produced from hydrogenate of coal tar light oil, Coal
Tar (Koru Taru), Vol. 14, No. 5, pp. 240—245. (in Japanese)

The solvent produced from hydrogenate of light oil and extracted

by diethyleneglycol contains 30— 40°/, aromaties, 60 —70°,, hydro-

carbons of the paraffin and naphthene series and is practically free
of oletins. (thromatographic and spectral analyses show that the
aromatics consist mainly of m- and p-xylenes, ethyltoluenes, and
trimethylbenzenes. Higher-boiling aromatic compounds are also

present in traee amounts. The paraffin content of the 50° —100° C

fraction was determined.




32 HYDROGENATION OF COAL AND COAL TARS

56. Hill, G. R., L. B. Lyon (1962) A new chemical strueture for coal,
Industrial and Engincering Chemistry, Vol. 54, No. 6, pp. 36—41. (in
English)
A new molccular model for high-volatile bituminous coal is pro-
posed. The idea is that the yield of liquids from eoal distillation
depends mainly on the structure of the coal, particularly the fune-
tional groups, and the process used to econvert the eoal into liquids
and coke. Sinee eomplete hydrogenation of coal is uncconontical,
the authors suggest that the liquid products of low-temperature
carbonization of coal be catalytically hydrogenated cither in the
presence of hydrogen donor materials or by the hydrocracking
processes that Varga and Lozovoi developed for the production of
gasoline and other liquids. .

57. Coffman, J. A. (1962) Corona processing under study, Chemical
Engincering Progress, Vol. 58, No. 7, p. 15. (in English)
A brief report on research and development in the US in the ficld
of producing synthetie liquid fuels and chemical products by hydro-
genation of powdered coal at 200° (" in the field of an clectrieal
eorona.

58. New uses for coal urged, (‘hemical Fnginecring  Progress (1962)
Vol. 58, No. 7, pp. 11—17. (in linglish)
This article summarizes the papers read at a symposium, “New
Uses for Coal Through (‘hemical Proeessing”. Topics covered are:
conversion of coal into acetylene by an electric discharge, develop- t
ment of fuels for aircraft and missiles, obtaining raw materials for
chemica! production from eoal, ion-exchange resins, ete, H vdrogen
content in coal may he inereased and produets of low molecular
weight may be obtained under the effect of an clectrical corona. A
mixture of coal and oil heated to 200° (* and immersed into an
atmosphere of hydrogen, when subjected to corona action, has
aetually been converted into uscful liquid prodnets. The major
agent was monoatomic hydrogen. The process might be adjusted
to produce gas or stopped at an intermediate stage where the eoal
has been converted into a resin usable as a plastic moulding f
compound or in formulation of coatings.

59. Murray, J. V., J. D. Fales, M. A. Eecles (1962) Hydrogenolysis of coal
hydrogenation produets, .Austral. 240,203, publ. 17 August. (in
English)

The end result of coal hydrogenation is a mixture of liquid products.
The suggestion here is to subject eertain fractions of this mixture
to hydrogenolysis without a catalyst at a temperature of 525° to
7007 C°, pressure of 150—250 atm, hydrogen supply of 4—20 mole/
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mole, and residence time less than 15 min. The process is carried
out continuously, for instance, in a tubular reactor consisting of
20 coil tubes of 6-min diameter and 100-¢m3 capacity. these tubes
being immersed in a lead bath.

. Heider, M. (1962) Liquid fuels made from brown coal (Treibstoff-

gewinnung aus Braunkohle) Betriebs-Okonom, Vol. 15, No. 8
Pp. 383 —-388. (in German)
A review of the properties of liquid fuels obtained from brown coal
by low-temperature carbonization, hydrogenation, and Fischer-
Tropsch synthesis.

b

Nishio, A. (1962) Catalytic desulphurization of light distillate, Ja pan e

Patent No. 13,173, publ. 6 September. (in Japanese)
Light distillate of coal tar was placed in contact with a V40,-
containing catalyst at ambient or lower pressure. The catalyst
allows this pressure reduction and eliminates formation of adverse
residues as compared with the application of H,S0O, or high-pres-
sire_hydrogenation. Kxample: raw benzenc containing 0.0114°,
thiophene and 0.0120°, ('S, was passed over the catalyst (V,0,:
:Al,Og=1:9) at 150 kg litre-1h-! at a temperature of 420° (!
and a hydrogen pressure equal to tlie ambient pressure. This puri-
fication removed 93¢, of the thiophene and 1000, of the N,
from the product.

Klimke, R., J. Gondzik (1962) New uaspects in coal-tar processing

(Ncue Gesichtspunkte der Tecrverarbeitung) Freiherger Forschungs-

hefte, A, No. 221, pp. 20—48, (in German)
Methods tor eonversion of brown coal into paraffins, phenols,
pyridine and clectrode coke are described. The most efticient of
these low-temperature hydrogenation methods are at a pressure of
40 atm, space velocity of 6 kg litre 1 h -1, temperature of 330 C and
H, consumption of 0.55 m3/kg. A number of ideas for the most ratio-
nal methods for complete conversion of various tars are presented.

Tukeya, G. (1962) Studies on coal hydrogenation process, Journal of

the fuel socicty of Japan (Nenryo Kyokaishi), Vol. 41, No. 421,

pp. 466--477. (in Japanese)
Coal hydrogenation was carried out in an autoclave and in a con-
tinuous. apparatus, both in the laboratory and in pilot. plants
eapable of treating 8 litres of coal paste per hour, with the aim of
obtaining aromatic compounds. The kinetics - . the process was
studied by measuring the rate of decrease of the amount of coal
which was benzene-insoluble and had not reacted. Produet
eompositions and yields for various coals are presented.
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1963

Egorova, 0. 1, L. K. Markov, V. I. Kasatochkin (1963) Spectroscopie

investigation of asphaltenes from coal hydrogenation (Spektralnoe
issledovanie asfaltenov gidrogenizacii kamemivkh uglei) Khimiya
i tekhmologiya topliv i masel, No. 5, pp. 31 —34. (in Russian)
X-ray and IR-speetra of asphaltenes obtained from the hydro-
genation of Cherenikhovo faney coal are reported. Aceording to
the spectroscopic and chemical data, hydrogenation is characterized
as a process of therial deeomposition, in the presence of hydrogen,
of the side radicals of a polymer, with the release of structural units
such as asphaltene molecules. Hydrogen also helps prevent the
re-polymerization of these structural units.

Zabramnyi, D. T., C. Nasritdinov (1963) The chemical characteristics
and structural-group composition of soluble hydrogenates of fusain
microcomponents (Khimicheskayva kharakteristika i strukturno-
gruppovoi sostav rastvorimykh gidrogenizatov fyuzenirovannykh
mikrokomponentov) Izeestiva AN SSSE, Otd. tekhn. nauk., Ener-
getika i transport, No. 2, pp. 238242 (in Russian)

The fusain maeromoleeule has a mnean molecular weight of 5254

and corresponds to the empirical formula CasoH 76N 38:0) 4.

Taits, 2. M.. T. M. Bronovets, 1. A. Andreeva (1963) Extraction of
plastic materials and binders from eoals (’oluchenie plastichnykh i
svyazuyushchikh materialov iz iskopaemykh uglet) Khimiya i tekhno-
logiya topliv i masel, No. 2, p. 24. (in Russian)
A moderate-temperature hydrogenation process for the preparation
of products having valuable plastic and binding properties,

Shono, Sh., M. Yamada (1963) (‘atalytic hydrogenation of coal-tar

components by molybdenum sulphide Coal Tar (Koru 'Taru), Vol. 15,

No. 9, pp. 405—410. (in Japanese)
Molybdemim sulphide is used widely in hydrogenation of coal-tar
light oils. Good yields of benzene are obtained at temperatures
below 250° (', Phenol, cresols and ethylphenol are reduced with a
yield of up to 409, The OH-group is eliminated from evclohexane
at 300" —320° (. When hydrogenated at a pressure of 100 atm and
temperature of 270 ', a- and #-naphthols eonvert into tetralin.
Hydrogenation of pyridine, carbazole, and quinoline occurs at
250°—450° (" and 100 atm. Reduction of carbazole results in
partially hydrogenated diphenylene tetrahydrocarbazole.

68. Tanaka, Sh., T. Matsui (1963) 1,1-Diphenylethane in coal hydrogena-
tion produets, Annual Reports of the Engincering Res-arch I nstitute,
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Faculty of Engincering, University of Tolyo (Sogo Shikensho Nempoy,

Vol. 224, No. 1, pp. 15 =19, (in Japanese)
An investigation of the nentral oil extraeted from coul hvdro
genation prodhiets, revealed the presence of a compound with a
sharp absorption band at 1.3 gm iw the infra red specetrinn. By
means of distillation, liquid chronatography, and determmation
of physical constants, this compound was wdentitied a~ 11 diphenyl
ethane, Hs conteut in the neatral oil was about o

Landa, S0 M. Urban (1963) Hydrogenation, chromafography and
thermodiffusion of eleetrostatically  purified  low-temperature tar
(Cber die Hydriernng, Chromatographie und Thermodiffusion des
elektrostatisch  gercinigten Tieftemperaturteers) L nnstoff Chemie,
Vol $4, No. 12, pp. 377 - 382, (in German)
The prinary tar was extracted in an electrostatic tar extractor
during low temperature earbonization in Lurgi ovens. The investi
gation coneerned autockwve hyvdrogenation at 180 330 C in the
presence of  MoN, catalvst. Both the primary tar and tar free
asphaltenes. phenols, acids and bases were tested. The hydre
genation «f raw tar and introduction of H, began at 220 ¢ The
H, tlow rate was 4 litres per 100 g at this tewperature. s the
temperature rose ta 320 Coand 350 C the H, low inereased to
31 and 42 litres. vespeetively, while the phenol constituent of the
distillate dropped 10 186 and 1287 respectively. About 81 of
the hydrogenate was gasitied at temperatures not exceeding 360 ('

Overholt, D. €, i, D, Rov, R, R, Warren (1963) Ketining of coal
hydrogenation produet /.8, Pat. No. 3084118, Appl 1) August 1459,
publ. 2 April 1963, (in Knglish)
One hundred parts of the hydrogenate are joined with 51~ 100 parts
of an aromatic hydroearbon and 2 -5 parts of & congulant, such
as H,80,. The top and the bottom lavers are processed seonarately .

Sakabe, Ts.,, Y. Ogo, R. Sassa, M. Horie of al. (1063) Liguid-phase
hydrogenation of Miike conl hy experimental flow plant. Results of
runs with heavy oil recovered from product as vehiele, Journal of the
Chemical Socicty of Japan. Industrial Chemistry Section (Kogyo,
Kagaku Zasshi). Vol 66, No. 6, pp. 735 746, A9 (in Japanese)
Hydrogenation was performed at a pressure of 300 atm with Bayer
mass catalyst. Detailed duta on the vield of praduets, material
balances, H, consumption, sulphur balanees ete | are given,

ACS symposia show coal sill has many nses (1963) British Chemirval
Enginecring, Vol. 8, No. 6, pp. 417 -418 (in Knghsh)
Brief abstracts of papers or. preparation of humie acids, manu
facture of phthalic snhydride, hydrogenation of shale «il, npgrading
iron concentrate ete.
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Letort, MU F Bover, I Paven (1963) A stinly of roal hydrogena-
tion by atomic hydrogen (los<ai d'hydrogenation d'un charbon par
Fhydrogene atonnque) Bullctin de la Société chimique de Franee,
Noo S CppoEasy 1598 (n Freneh)
The ctomie hydrogen was produeed by an eleetrieal disvharge acting
ona Vow of 30 hitres per hour of H, throngh o glass pipe of 2 mn
lencth The enrrent wos 01 A0 the voltage Y kV: system
pressnre 4 v Tatm The resulting mixture of H, nnd H,
» which contained np to 45 50 of H, was passed direetly throngh
apipe em longalong with the sabstanee under test. When coal was
treated, the reselting pas cons sted of CH L C,H | and (O, A similar
gas was produeed by vitrinite, its pyridine extract and coronene.
Paraftin<. phenantrene and pyrene prodiecd gas of the same eom.
position plis products of high moleenla weight, After treatment.
the sohubility of vitrinite in pyridine increased from 18.8 to 29,60
and it~ xintering ability was 2 -5 times greater. Addition of abont
3. Hy0 to the H, accelerated hydrogenation and facilitated (0
formation

Huntington M. G0 (1063) Continnous distillation of condensable
volatiles 178720t No 3007985, Appl. 8 Julv 1960, publ. 22 October
1963, (in Knchishn
A svstens of coal procoessing that inelndes low temperatnre car-
bomzation. hydrogenation of the volatiles and vasification of the
clin s deserthed . A singde vertioad reactor is nsed for the process.

Perrv. HOM O EHiott, MO R Linden (1t53) Technigues for the con-
version of coal info lignid and gaseons fuels in the United States
(La teenicea della conversione del carbone in combustibili Hundi neeh
Stati Unity flas . Vol 130 No o, Pp- 2400 2450 (i Halian)
Coal cositication and puritication of (he gax. Produetion of city
gas of hvh calorific vadue, Hvdrogasitication.  Fischer Tropseh
process for liquid fiuel synthesis, Coal hiydrogenation and low-
temperature distillation,

Howell, B0 H. KW Donehty, P L. Alspangh (1963) Coal hydro-
gemation process. Austral 242254, Appl. 22 Octoher 1959, publ.
16 October 1953, an Knglish)

The proeess features medimn temperatures s pressures in eom-
bination with low space velocimies, Coal particles sinaller than 2 mm
arc mixed with oii to make a paste with coal content of #0 =700/
by weight. Hydrozen is passed through the paste at the rate of
20 keditre Vho o dn the renetion zone the pressure is 175 -840 atin
and the temperature is 490 560" (' The reactor used for the
process onsists of alarge number of horizontal or vertical pipes,
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. Electrochemical hydrogenation of coal (1963) Gas World, Vol. 158,

No. 4137, p. 690. (in English)
Information on experimental work at the U.S. Bureau of Mines.
Liquid fuel was produced with a relatively high hydrogen-to-carbon
ratio by means of electrochemical hydrogenation of coal ot ambient
temperature and pressure. Ethylenediamine saturated with lithium
chloride served hoth as the clectrolyvte and as the source of hydro-
gen.

Sakabe, Ts., Y. Ogo (1963) Agitation in liquid-phase coal hydrogena-
tion process and its scale effect, Jowrnal of the Chemical Society of
Japan, Industrial Chomistry Scetion (Kogyo Kagaku Zasshi), Vol. 66,
No. 12, pp. I874—1880, A117. (in Japanese)
In a continuons coal-hydrogenation process the coal-oil paste in the
converter was agitated by introduction of Hy. In the experimental
flow plant (converter dimensions 8 » 160 em), the H, input under
pressurc was 50 litre/h. It was found that the agitation was satis-
factory under the following conditions: pressure, 300 atm: tem-
perature, 445 465" (' paste feed, 0.6 —0.7 kg litre 'h ': H,: paste
ratio, 2.0 —2.4 Nm3/kg,

. Sakabe, Ts. (1963) High-pressure liquid-phase hydrogenolysis of eoal

in continuous-fype experimental apparatus. L, Choncal Fuactory
(Kagakn Kojo), Vol. 7, No. 13, pp. 77—81. (in Japanese)

Sakabe, Ts. (i963) High-pressure lgnid-phase hydrogenalysis of coal
in continuous-type experimental apparetus. . Chemical Factory
(Kagaku Kojo), Vol. 8, No. 1, pp. 102 -104. (in Japanese)

1964

. Katsobashvili, Ya. R., E.1. Elbert, V. K. Smirnov (194) Hydro-

cracking of pitch distillates (Gidrokreking pekovykh distillatov)

Khimiya i tckhnologiya toplic ¢ masel, No. 2, pp. 5—11. (in Russinn)
The optimum conditions were determined for hvdroceracking piteh
distillate mined with an absorbent oil to obtain low  and medinm
boiling hy drocarhons, Piteh distillate is a produet of the oxidation
of coal pitch at moderate temperatures.

He Hsuel eamg. Ling Li-lla, Wan Feng (1964) Investigations on
pressure hydragenatian of coanl tar. L Prodnetion of Tuel and raw
materials for chemieal industries by lignid-phase hydrogenation of
Ha-Chen<Fsn eanl Chung Kuo Ko Usuch-Ywan Hua Heach Hu L
Yang-Txu No Yuuy Tsu Pao Kao T:u-Kang, No 1, pp 13 I8 (m
Chinese)
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He Hsueh-Lung, Ling Li-Hu, Wan Feng (1464) Investigations on
pressure hydrogenation of coal tar. 1. Solvent influence on liquid-
phase hydrogenation Chung-Kuo K¢ Hsuch-Yuan Hua-Hsueh 1n-1Li
Yang-Tsu-So Yang-Tsw Puo-Kao T2u-Kang. No. 1, pp. 19 - 23,
(in Chinese)

He Hsueh-bung, Ling Li-Hu, Wan Feng, Lin Cheng-Yui, Tasai
Guan-Yoi, Hsun Dii Pho (1964) Investigadons on pressure hydro-
genation of enul tar. 111, Study of major factors alfecting the proeess
of liguid-phase pressure hydrogenation Chung-Kuo K'e Hsueh- Y uan
Hua-llsuch Hu-10 Yang-Tsu-So Yang-Tsu Pao Kao Tz'u Kany,
No. I, pp. 24 -30. (in Chinese)

Gorin, <. (1964) Produetion of hydrogen-enriched fuels from coal.

UNCPat o No 3,007,921 publ 14 Jamiary 1964, (in English)
The suggested methad of eoid conversion into gasoline-type liquid
fuel comprises the follow ing operations: salvent extraction ; distilla-
tion of the extract to obtain a wide fraction boiling up to 400° C;
partial hydragenation of the distillate to boiling point below 325° (;
carbonization of the residie boiling above 325 (' into ash-free
coke and distillate: hydrogenation of the mixture of earbonization
and partial hydrogenation distillate into a  hydrogen-enriched
Liquid tael.

3. Riedel, E., W. Steinberg, (1964) Method for reactivation of catalysts

for oil hydrorefining (Verfihren zur Reaktivierung van Raffinations-

katalysatoren) (2.0 k.27 161 (C. 23D, 1.04 (C Log)), Appl. 26 Sep

tember 1960, publ. 15 Febriey 1964, (in Germaa)
Hydroretinig at 170 220atin of conl tar or other middle oil
whose aaximum boiling temperature lies within 320360 ¢
causes catalysts to ose their activity due to elogging with oily or
tarry substances. To reuctivate the catalvsts, it is suggrested that the
catalyst be heated to 3200 380 Cand kept until it becomes clean
in the hydvoretining reactor tiled with crude gasolive or light oil
boiling bhelow 2o (¢

Hirao, 10 TS Fajunoto (1t64) Reeent pragress of coal chemistry.
Pl Hydragenation of coul and utilization of its prodacts, Journal
of the Nocwty of Orgunie Synthetie € h mastry (Y nkhr Goselr Kagakn
Kyokawhip, Vol 22 No 3 pp 177 Iss bapanese)
This review of works on eaal by drogenation considers the nechan
isth ol the process the composition of the praducts obtamed, and
thew wppheation to svnthesis of varions organme componds.

Recuel o E Wender, B Bavmand (1964 Cataly tie dehy drogenation
of conl. IL Reversibility of the deby drogenation and rednetion of conl,
Fudd Vol 3, No 3. ppo2 288 an Monghsh)
The v wies vedieed at THO C owith Bithinm ethy lene dismine and
debydrogenated at 307 Cowath pudhichiom on O, cataly o
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and phenanthridine as vehicle. A vitrain of Pittshurgh cond, con-
taining 8159, €529 H, 1,69 N, 1,39, 8, 2,69 ash, was alternately
dehydrogenated andredneed. Tt isshown that the processes of reduc
tion and debydrogenation of coal are reversible and that hydrogen
added to coal by rednetion can he completely removed by dehydroge-
nation. On the other hand, hvdrogen removed from coal by dehydro-
genation can be only partly restored by rednetion. Coal can evidently
serve as both an aceeptor and a donor of hydrogen: which role pre-
dominates depends on the rank. Higleer rank coals (o, ) are
excellent acceptors, while lower rank coals (83, (') are both accep-
tors and donors of hydrogen.

M. Arich, G, AL Coceo, L. Podda (1964) Possibilities for utilization of
Suleis coal (Possibilita di utilizzazione del carbone Sulcis) Rivista dei
combustibili, Vol. 18, No. 4, pp. 126139, (in Italian)

A deseription of an experimental study of partial liquefaction of
Sulcis coal by hydrogenating extraction with tetralin, resulting in
a liquid fraction and a residuc suitable for further use as a fuel.
In extraction tests in an autoclave, 401 -453"  of the product was
i liquid form. The properties of the liquetied product and the
material balance of the process arce presented.

90, Alpert, 8. B, K. N, Johanson, S, (', Schuman (1964) Converting coal
to more valuable tuels, Chomical Enginiiring Progress. Vol 60, No. 6,
pp. 35—40. (in English)

A review of developments in coal hydrogenation for the preceding
decade. Economic feasibility of eoal conversion into Hegrid fuels
was achieved by hydrogenation and hydrocracking at ressonable
pressures twhout 100 200 atm) and temperatures of 4010 Cin tie
presenee of a cdalyst inoa fluidized bed. Process CCONOMIV Iv ana
Ivsed for a hydrogenation plant converting pproximately 30,04
tons of coul per day mto heavy oils.

“1. Makhonine, .1 (1964) Provess and plant for distillation of conl and
ximilar materinls (Procédé et installution de distillation da charbon
et prodints similvires) Fr 1367 7160 Appl 14 June 1963, publ
24 duly 1964 (in Freneh)

The method of distillation and by dvocenation of coud and similar
products conmists i heating the mitial product i the presenee of
# molten watertal whieh iy or iy not be able to dissolye the
conl Exianples of salvent<aioe molten cast iron and silver The dis
solved coud i hivdrogented in the wsual neamer or by jaseent
atomne hivdrogen The plant for the process i a vertal fnrmaee
comprising agenerator contianmy the melt el two ring shiaped
pripes. The mmer pipe feeds conl o the gencerator, winle the outer
otie serves for the evienction of the resulting voltiles Aar for
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heating and water vapanr for H, formation are supplicd thraugh
the hottom part of the furnace. A diagram of the phat is included.

92, Lawrence, SO0 (1961) Estimates on commereinl corona processing
of coal. Chiniical Enyginring Progress, Vol 60, No. 6 pp. 45 5l
(in Enghish)

The article projects the results of experimental work into an ceo
nonte analvsis of a plant processing 10,006 tons of coal daily in
corona reactor. The plant prodncees liguid tuel and chemieals hy
hydrogenation ol coal dissolved m anthracene ail. The calenlations
show that the protitability of this process is sensitive to the reiction
eftieiency. Construetion of a plant processing 100 tons of coal
per day is economically sonnd only if the CHOTUY consumption is no
greater than LTEW per Kilagram aof coal.

@3, Didelins, N. B, J. . Fraser, M. Kawahata, ¢, D, Dovle (1964)
Corona processing of coal. ¢ hemical Engineering Progress, Vol. 6a,
No. 6, pp. 4l 44 i English)

A coneentric clectrode quartz reactor was used for an evalnation
of product  ature and specitie CHETEN  consumiptian i corona
processing of coa' in a hydrogen atmosphere. Powdered  coal
(3050 aneshy was packed between the electrodes and H, was
passed throagh the coal with o corona developed in the space
between the clectrodes The we<nlts showed that the vield was the
same as for thermal decomposition, exe pt that tar was not pro
dinced. The electrical eondnctivity ol coal mercised as it reacted
until it shorted ot the electric tield. Attempts to overcome this
problem by finidization were not suceesstul. More work is HCCURSATY
e order to inecease the vield of nseful products and ohtain bhetter
measurements.

%4 Wiclopolski. A (1964) Coal as & chemical raw material (Wegiel juko
sirowiec chemreznyy £z myst chomicony, Vol 43, No x. pp 442 to
427 (in Pohsln

On the basis of a study carried on by highly dev cloped conntries,
the future ot chemieal trentment of coal is forecast. Attention is
paid to the tollowing problewns coal hyvdrogenation to obtain raw
mutervals and wtermedintes tor the chemienl idustey and for prod
netion of jet toels coal hydrogasiheation Feadig to s fuels o
high cudorne value onidation of coal nnder mild conditions and
fornition of cvehie polvearbome acids halogenation and sulphonn
tion ot couds Modern views on the chemiecal structnre ot conl are
prosented T nntermls wond the coonomie aspects of the futype
titense devetopment of carbi veliemstry are diseresed

W Nagi TE A N (g Iy drogenalysis and stencture of Hok-
kaido voals, founal of the ot !umn‘u/ .\'m'ulq of .frl[ulﬂ, ,iul'nxll’u/"
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Chemistry Seetion (Kogyo Kagaku Zasshi), Vol. 67. No. &, pp. 1266
to 1270, A74. (in Japanese)
Studies of coal hydrogenolysis are continued. Taiheiyo coal
(O/C 06, H'C =a99) has a smaller condensed structure of
fairly simple aromatic and aliphatic units. It decomposes into
low bailing aromatic and saturated hydrocarbons, absorbing a
small amount of hydrogen.
Yubari coal (O/Cut06, HIC. 0.90) is characteristic in its
aliphatic strnctural part in the condensed aromatic nnit structure
which casily gives saturated hydrocarbons besides aromatic
hydrocarbons in high vield on hydrogenalysis, in spite of low
vatue of H/C for this coal.
1t ix concluded that hydrogenolysis of coal begins with the libera-
tion of hoth tar acids and saturated hydrocarbons from the con-
densed aromatic units. Taibeivo coal, however, is apparently
hydrocracked by a one-step reaction into low-boiling oils.

96. Nchroeder, W €, L. G. Stevenson, Th., . Stephenson (1964)
Hydrogenation of coal. 1.5, Pat. No. 3.152.063, Appl. 21 Apiil (961,
publ 6 October 14 (in Fnglish)

Liquid or gascous hydrocarhons are produced by passing pul-
verized coal, lignite, or char through the reactor at a temperatnre
of 450 6 C and pressure of 35 420 atm. A catalyst is
apphed by saturating the material with 0 5 to 17, of ammonium
molyvhdate. The residence time is 20 200 see.

97, Alpert. NO B KOS Johanson, S, ¢ Schuman (1964) Can coal com-
pete Tor liquid tuels 2 Huydiocarbion  Processing  and  Petroleum
Refimer Vol 43, No 1L, pp 193 197 (in English)

Buring World War . 1y omntons of oil per day were produced
in Germany by coal hydrogenation: For « al which will be com-
mercially utilized for the production of liquid fuels, the following
requirenients must be met an operable, cconomic coal hydro-
genation process st he available: the cost of the hydrogen
necessary to hvdrogenate the conl mnst be low . and & satis-
factory differentinl mnst cxist hetween the price of coal and that
of Tiguid fuels 1t is consideral that these requirements will be
et i this deende and that the commerein] conversion of coal to
hpuid fuel will be ain operation hy 19700 A process for produetion
of hebter ligumd Tuels from petrolenn residials will serve as pilot
w the development of the ligaid fuel from coal process The former
Process s an operation at a plant in Lonistana, USA L and will be
repeited at another plant e Kuwait, which s to have s produetion
rate of K000 tous per day A flow chart of a future plat for coal
hy drogenation nud processing of nll by products i presented
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98. Lyon, L. B. (1964) Lignid fuels from coal, other tossil hydrocarbons,
Coal Age, Vol. 69, No. 12, pp. 70 72, 75. (in English)

The article describes & number of processes under development
by different companies for commercial eonversion of coal into
liquid fuels (low-temperature ecarbonization aud hydrogenation
for the production of gasoline, char ai:d coke, or hyvdrogenation
in a fluidized bed with solvent extraction and hvdrocracking for
the production of liquid fuels, etc.). The application of corona
discharge for coal conversion into liquid fuels and gas is of special
interest. The “H-Oil”" process is a unique method of coal proces-
ing in a reactor with a fluidized bed of a catalyst. Kconomic I
analyses of coal and oil shale processing are presented.

99. Yamasaki, T. (1964) Plant for coal hydrocracking, Japan. 29440
(C1. 18C3), Appl. 24 October 1962: publ. IS December 1964, (in
Japanese)

100. Rao, B. 5. N, K. M. Murad, 3. Vaidyveswvaran, A. V., Ramaswamy,
M. G. Krishna, and S. H. Zaheer (1964) Diesel oil from coal tar
Indian 80,742, Appl. 14 February 1962; publ. 9 May 1964, (in
English)

Tar obtained by low-temperature carbonization of coal or lignite

was topped to 2307 (" at atmospherie pressure. The distillate was

extracted with 10°, NaOH to remove tar acids and alkali solubles,

followed by 10, mineral acid to remove tar bases. The neutral
hydrocarbon oil was distilled and the fraction hoiling at 200° to

350° ' was colleeted. It was useful as diesel oil. The diesel index !
of the fraction was increased by hydrogenation with hydrorefining

catalysts.

J01. Kawa, W., R. W. Hiteshue (1964) Unconventional methods of hydro-
genating coal, {'nited States Bureaw of Mines Information Cirenla
No. 8215, Washington, D.C., overnment Printing Oftice. (in
English) !
The usual method of liguid phase coal Lydrogenation at tem
peraturcs of 450 - 4900 (" and pressures of 100 2170 atm with
heavy oil reeyeling is now regarded by the industry as nnecono |
mical. New ways to improve the economy of coal hydrogenation
processes are sought in the application of monatomice hydrogen.
electric discharges, ultrasonic effeets ete. The article reviews
rescarch work and patents in this field.

102, Birch, T. Gi., J. D. Blackwood (1964) Hydrozenation of reactive
groups in Yallourn browu coal, Nature, Vol. 201, No. 4921, pp 797 to
798, (in English)
A review of a number of vapers on hydrogenation of low rank |
coals. Nome conclusions . Ahout 40", of brown coal in rapully

a4
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103.

104,

{5,

by,

a7

a*

hydrogenated at a pressure of 40 atm and a temperatnree of
800" ('; CH ; and water are prodineed, the residual conl nndergomy
slow hydiogenation into CH,. The methane-to water ratio 15 a
constant. For each mole of methane, 0,63 wole of water is pro-
dueed and 2.7 moles of H, are used. During this process the 0,
content decreases from 25° in the original eoal to 1° w the
residual coal, i.e. only reactive gronps of the coal are attacked
by hydrogenation. 1t is suggested that the oxyvgen groupings in
brown coal are similar to these in lignin, and that only coals with
high oxygen content will show an initial rapid hydrogenation

Friedman, S., R. W. Hiteshue, M. D. Schlesinger (1964) Hydrogena-
tion of New Mexico coal at short residence time and high temperature,
United States Burea of Minis Report of Ineestigation No, 6470,
Washington, D.C.. Govermment Printing Oftiee. (in English)
The study was made in a bench-scale continuous reactor. Coal
was hydrogenated to yield large amounts of volatiles. The object
was to mvestigate the conditions of formation of a high-cnergy
gas.

1965

Fomenko, . 8., M. D. Shapiro, 1. N. Ruban, L. N. Artemyeva
(1965) Improvement of semicoke-oven tar by hydrogenation at
moderate pressure (Uluchshenie svoisty smoly  polukoksovaniva
uglei  gidrogenizaciei  pri srednikh - davlenivakh)  Khiowich skaya
tekhnologiya. Respublikankiy wechredomasteennye navehno tekhnich
skit sbornik, No. 1. pp. 90 -4 n Russian)

Fridmau, G, K. (19685) Chemical utilization of coal (P'uti khimiche
skogo ispolzovaniva  uglei) Shornik: " Khimicheskaya  pererabotka
toplir” . Moskva, "Nauka” (in Russian)

Rrichko. A0 A A B Vol Epshtein (1905) Prineipal trends and
problems in the investigations of the processes of hy drogenation of
fuels and the products thereol being conducted at the Institate far
Fossil Fuels (Os<novnye napevleniva o zaduchn uanachiykh isstedo
vauniy v oblasti wdrvogenzaen topliv i produktoy kb pererabotkr v
Enstitute gorvuchikbe iskopacmykhy Sborwdk = Klienooya o tokbnols
gt smol termiche skoe perevabotky teordogo toplora™ | pp 267 2285,
Moskva, “Nanka™ (in Russian)

Bronovets, ‘1 M, E M Taits (1965) Bituminous and hrown conls
as a raw material for the preparation of fusinle and soluhle products
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108,

(Kamennye i burve ngli kak syvryo dlya polucheniva plavkikh i
rastvorimykh prodvktov) Shornik: * Novoe v briketirovanie @ kokso-
vanii nglei’”", Moskva, “Nauka’. (in Russian)

‘\

Gorin, E. (1965) Proeess for prodneing hydrogen-enriched hydro-
carhonaceons produets from coal, 1N, Pat. No. 3,184 401 (C].208-8),
publ. 18 June 1965, (in English)

Extraction is carried ont by heating coal with a solvent to
300 — 500 . The vesnlting extract undergoes catalytic hydro-
genation. To avoid rapid deactivation of the eatalyst the extract
should be pretreated to eliminate ash by heating it with a hydro-
carhonaccons vehicle of hydrogen to 250 —373 C (the tempera-
ture must he helow that of extraetion). After elimination of G0°
of the ash. the extract and the solvent are hydrogenated in the
liquid phase in the presence of CoO--MoO,-- AlO, catalyst, at a
temperature of 440° (', pressure of 245 atm and residence time of
28h. The vields (percentage of the raw material weight) were:
=0y — 125 ¢y — 5.2; (5 — 32.5—80.6. The solvent nsed
was a mixture of the hyvdrogenate fractions hoiling at 260 —-325(
and 325 425 ¢ taken in equal amounts.

104 Gorin, K. (1065) Methed for producing hydrogen-enriched liquid

fuels from coal. Awstral. Pat. No. 258 145 (CL 2020 206 ((10g,
C10h)) publ. 24 March 1965 (in Knglish)

A coking coal was extraeted at 350 (° by decalin (220 kg per
100 kg of coal). The vield of the extract was 237 the solid residue
was 757 of coal weight. Precipitation of the extract was per-
formed with 2 hexane. The solid residue was carbonized at
170 O Hyvdrogenation of the hguid fractions yvielded a liquid
distillnte boiling below 360 C: Their mass constituted 23.2 to
2387 of the wmass of dry, nsh free conl. H, consnmption was in
the range 5.25--5.689" .

11a. Hawk. C. O, and R. W Hiteshue (1965) Hyvdrogenation of coal in

the hatch antoelave, [ nited States Bureaw of Mines Bulletin No. 622,
Washington, D (' (in English)

Results of experimental rescarch in coal hydrogenation by a
“dey” method waithont a solvent are presented The experimenta
were earried out in a rotating antoclave of 1.2 litre volume. The
effects of initinl pressnres of 700 280 atm, tewperatnres of
1o 500 Comany different catalvsts, and other factors were
investigated  For the sake of comparison some tests were made
with a solvent present  Pittshiurgh and Wyomimge coals with a
high content of volatilex were tested . Tt s noted that naphthenates
of Mo, Ni, Sn, Feo Co Znand Ca show high activity In experi:
ments at H007 Coand 525 atm the presence of 017 (metal con
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tent) of these catalysts caused an 809, conversion of coal while
being heated to the above temperatnre. Molybdenum naphthenate
provided Y0, conversion when 0.01°, of Mo was present.

111, Sakabe, Ts., Y. Ogo, R. Sassa, N. Norie, Y. Kanbayashi, Sh. Taka-
hashi, M. Suzuki (1965) High-pressure liquid-phase hydrogenation
of coal by experimental flow plant, Resources Bescarch Institute,
Report No. 61. (in Japanese)

The plant is designed to hydrogenate 50—80 kg of coal per day
at a pressure of 700 atm. Miike coal mixed with 2.5", of Bayer
mass catalyst was fed at 300 atm into the first and second con-
verters in suceession wherein the temperatures were 445° C and
465" (', respectively. The paste feed rate was 0.6 — 0.7 kg litee th
H,: paste ratio was 1.9—2.3 Nm3/kg. The results (percentage of
the dry, ash-free coal) were : liquefaction, 96—97; vield of middle
oil and gasoline, 60—62; gasifieation, 27—30; H, consumption,
6—8. Agitation of the paste has a pronouneed effect on the resnlts.

112, Ishii, T., Y. Maekawa, T. Gen (1965) Reaction kinetics of coal
hydrogenation under high pressure, Chemical Engincering of Japan
(Kagaku Kogaku), Vol. 29, No. 12, pp. 988 —995. (in Japancse)

Autoclave hydrogenation of eoal and brown coal (ash content
47.8 and 43.6, carbon content — 75.5 and 84.0",, respeetively)
was earricd out at pressures of 210230 atm and temperatures of
300 —450 (. The process rate was measured by eontrolling the
vields of the residuc insoluble in benzene, gas, oil and asphaltenes
After 35 -40 min at approximately 450°C, coal conyversion
reached 92 - 94" . The determination of these characteristios for
various residence times and temperatures made it possible to
calculate the values of the reaction rate constants. 1t wis found
that the coud hydrogenation eonsisted of two steps. The ricte of
reaction in the first step was high and that in the second step
was much lower. Both steps could be eapressed as tirst order
reactions with respect to the coal remaining. The lirst step of
hydrogenation vielded asphaltenes, which were then hyvidrogen
ated inwsingle step: this was proved by experimental iy drogena
tion of asphaltenes, The activation energies of the fiest iand second
stages of brown coal hydrogenation were cqual to 196 and 16 3
(without i solvent 10.4), reapectively, that of aspludtenes
25.0 keal,

3. Boxers A F O P Paven (1965 Mild bydrogenation ol conls and
annlysis of the hydroearbons obtained, (Hvdrogenation menavee de
chiarbons et analvse des hydrocarbures obtennsy Lallitin ol
NSoctéte ehimugree de Foanee, Noo 10 pp 27650 2770 (i Fronelrs

Catalytie (MoN)) hyvdrogenntion of two types of low ranh coud
dispersed on glass cloth was performed by <low heating to 20 ¢
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in a H, flow under pressure. The distillate produets were entrained
as soon as they formed to avoid excessive degradation of them.
The hydrogen was recireulated, and volatile prodirets were con-
densed. A flow chart of the plant is presented. The authors sue-
ceeded in eonverting almost 90", of vitrinite and exinite into
water and volatile products. An analysis of the products revealed
hydrocarbons  whose aliphatic chains  were long or slightly
branched. Hy Jrocarbons were represented by norwal paraffins
up to Cye but mainly from 'y, to Oy, slightly branched isoparaftins
and partly hydrogenated aromatic compounds. The researeh
showed that the coals studied were composed of structural units
with two to four condensed rings.

114, Mosely, ¥., D. Patterson (1965) The rapid high-temperature hydro-
genation of coal chars. Part 1. Hydrogen pressures up to 100 atmeos-
pheres, Journal of the Institute of Fuel, Vol. 38, No. 288, pp. 13—-23.
(in English)

The coal char was prepared from non-caking coals (volatile
matter — 35.38°,; ash — 3.04¢ ) by heating for three hours in
nitrogen to 700° C. The char contained 90.15°; (, 1.65°
4—5°", volatiles, and 4.40 ©, ash.

The experiments were performed in a tube at a hydrogen pressure
of 100 atm, temperature of 800—930 C, and hydrogen flow rate
of 80—280 litre/h. Twelve grams of the material was introduced
as 50—100-mesh powder. It was established that the initial rate
of hydrogenation is very large but rapidly decays to a steady low
value. The hydrogenation gases comprise CH,, (',H,, and CO.
The decay of the rate of hydrogenation was independent of the
extent of carbon gasification; it depended only on time and
temperature. The rate of CH, formation was direetly proportional
to the H, pressure over the whole range of hydrogenation times.

115. Taketani, S., H. Nagai (1965) Method of coal-paste preparation,
Japan. 1,248 (Cl. 18C3), publ. 23 January 1965. (in Japanese)

Coal paste for hydrocracking was prepared by mixing pulverized
coal with heavy oil in the ratio of 2:8 for lignite and 1.5:8 5 for
coal. The mixture is heated to 250°—350° C or 250°—375° C,
respectively. For instanee, 21 kg of coal of 59, humidity, contain-
ing more than 80, of particles of 200 mesh, are mixed with 80 kg
of coal fraction 260°—360° C. The mixture is heated in an auto-
clave to 350° C' under H; or N,. Heating takes 6—7 h, and the
residence time is 1 h. After that the mixture is cooled to 50° C,
and 98.5 kg of product is released. By adding 54.2 kg of dry lignite
to it, a paste with coal-to-heavy-oil ratio of 2:3 is formed.

116. Mirza, A., M. A. Masood, A. V. Ramaswamy, R. Vaidyeswaran
(1965) Mediumepressure hydrogenation of neutral oil fractions ot
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low-temperature tar into diesel oil (Mitteldruckhydrierung von
Ticftemperaturteer-Neutralolfraktionen  zu  Dieseldl)  Brennstoff-
Chemie, Vol. 46, No. 11, pp. 355 - 358, (in Gerinan)

Tar from low-temperature carbonization was hydrogenated in a
connnercial plaut at 300 — 4507 C, 70—100 atm, and space
veloeity of tar of 0.3 -1.0h ! m the presence of a commercial
catalyst (tungsten and uickel sulphides). Reaction rates, yields
and product properties are presented. The final product had a
dicsel index of 4x—30,

. Jenny, K. J. (1965) Hydrocracking of tars and other high-molecular-
weight hydrocarbons, U.S. Pat. No. 3,200,061 (Cl. 208-58), publ.
10 August 1965, (in English)

A process of gasoline production from high-molecular-weight
compounds poor in hydrogen (coals, heavy sulphurized crude
oils ete.) is deseribed. The process is carried out in the presence of
a H-contaming gas in the fluidized bed of finc particles of char
or coal whose temperature is maintained by their partial combus-
tion and by heat exchange with hot products of the reaction. If
the raw material is solid (e.g., coal), it must be pulverized and
mixed with a soivent (preferably. a product of the process) prior
to being fed into the reactor.

1966

. Fumich, G. (1966) Office of coal research continues liquid extraction
projects, Journal of Petroleum Technology, Vol. 18, No. 8, pp. 939 to
943. (in English)

The Oftice of Coal Research awards contracts for fundamental
investigations in coal technology. This article by its Director
revicws various projects under development for coal conversion
into city gas and gasoline. The Consol project (Consolidated Coal
Company) calls for dissolution of coal in a liquid product, filtering
and catalytic hydrocracking of the filtrate. The distillate is sub-
sequently processed by standard techniques of petroleuin refining.
The variant of the process under development by Hydrocarbon
Research, Inc., is a method for converting 80, of coal into liquid
products by catalytic processing in a fuidized bed in the presence
of H,. Again, the liquid product is refined by standard methods.
Project Seacoke (Atlantic Richfield ('o.) is a combination of
fluidized coking and burning of a fine-grain coke. Project COED,
undertaken by FMC Corp., involves the multistage fluidized
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pyrolysis of coal. The resulting char s barned and 1he ipnd
product nsed for gasoline production. ' Process was tested
in 1965 on a pilot plant with a teed capacity of 1 ton day of coal

19, Metmarakis, G (1966) Investigations in chemical teehnology,  1rts
et manufuctures, No. 160 (in French)

The article deseribes the major trends i the studies of chenuend

processing of coal, inelnding high rate pyrolysi, coal hivdrogena-

tion without a solvent, tar analysis and tar processing methods

120. Turanska, 1). (1966) New investigations in coal liquefuction (Now sze
badania and upxynnianiem wegla) Chemik, Vol 19, No. 4. pp. 127 to
129. (in Polish)
A review of recent work in the USA on hydrogenation of conl
in an electric coruna or ar. clectrie are.

121. Vishnoi, D. M. (1966) On produition of liquid fvel from coal in
India, Mctals and Minerals Review, Vol. 5, No. &, pp. 10—13. (in
English)

The author thinks it necessary for India to develop home ind ustry
for liquid fuel production from coal. The most probabie technology
i8 considered to be coal gasification, gas refining and application of
the Fischer-Tropsch method for liquid fuel production.

122. Lherm (1966) Conversion of solid fossil fuels into hydrocarbons,
Journal Tichn. Petrole, Vol. 21, No. 239, (in French)
Brief data are presented on recent activities in various conntries
in the area of conversion of coals and shales into hgnid fuels.
city gas and chemicals.

123. Sakabe, Ts., M. Horie, Y. Ogo, R. Sassa. Nh. Takahashi, V. Kanba
yashi (1966) Production of coal chemicals by the combination ot high
pressure liquid phase hydrogenation with hydro-dealkylation,
Resourccs Research Institute. Reports, No. w6, 44 pp. (in Japanese)

Studies on the production of aromatic chemicals from coal
by means of hydrogenation and hydro-dealkylation have heen
carricd out by the Resources Research Institute (Japan) sinee
1956. The yiclds of Miike coal hydrogenation by an experimental
flow plant are presented. An analysis of Cq- (' phenols i the
hydrogenate shows the following components (percentage of the
mass of dry, ash-free coal): phenol, 098 o cresol, 0400w eresol.
0.99: p-eresol, 0.32: o-cthylphenol, 0.09: m  and p ethylphenol,
0.65; 23-xylenol, 0.05; 2.4- and 2axylenol, 026, 2 6 xvlenol,
0.03: 3,4-xvlenol, 0.01: 3.5-xvlenol, w1, Dealkvlation of (he
neutral oil boiling below 300 (' was carried ont with Cr ).
- K, 0. ALO, catalyst at 30 atm, 500 (" and 580 €, space veloenty
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ot 05 ke P h U and hvdrogen feed mole ratio of 10 1. The
vield of the dealky ite was 76,4 maole © s composition (imole )
hemyg as tollows: henzene, 7.0 toluene, 117 aviene, th4:
naphthalene. 375 wethy laphthiadene, 17 Hiorene, 2.4

126 Horme, ML Raochle (1mi6) The technology of coal and petrolenn
hydrogenation  (Zor Technologie der Kohle: and Olhydrieniug)
Cheme Ingewecur Tochnk Vol 38 No 3 P 200 —208 (in German)

The acticle campoemopates Matthins Picr and reviews lus work in
the tield of high-pressure hydrogenation of coal and tar and
thermal processing of petrolenm.

-
-

Huntington, M. (i (1966) Quadriphase low-pressure method for

partial liquetaction of coml, 1" N Jur No 3,247,092 (C1 208-8),

publ. 19 April 1966, (in Knglish)
A continnous process of thermal teeatment of coal is dencribed.
After pulverization the erude coal enters a vertical reactor com-
prising a series of pressurized gastight chambers. Dried and
preheated  coal is fed into the distillitation chainher where
primary volatiles are separated to be hydroeracked, reformed,
and dealkyvluted siniltaneously. Hot hydrogen at high pressure
serves as heat carrier. The char produced i separated from the
gases and transferred into the oxidation chamhber. Here it is
heated to partial combustion. After that. the heated char makes
contact with CH, and decomposes it into C and H; The resulting
hydrogen s passed into the distiflation chamber. while the char
ix returne.d to the oxidation chamber.

126 Hellwig. K ¢ . K S Jbohauson, C. A Johnson. X € Schuman (1966)
Make liguid tuels from coal. // welrocirbon Procossing and Petrole wm
Rifiner. Vol 45, No 5. ppo IS 189 an Knglish)

The process designated as "H Coal for the conversion of coal
o gasoline and furiee ol by hydrogenation and progressive
treatiaent of the hydrogenate by petrolenm processing techniques
o deseribed  The process has beoon tested on a continously
operating reactor with a capactty ot T 12 ke dav of coal. Sinee
P65, tests fave been hokd on a plant processing 3 tons of coal
perday A connmercd plant is to be construeted to <tar opera-
tion by 19500 Feonomie sunmmaries for three versions of the pro
cessare presented A plint vielding 15900 0?3 of gasoline per day
lars o pryont period of 6 7 vears

<7 Cochran, NP (1966) Giasoline  from 'coal, Procecdings of the -
nows Monemg Tuatdute . No T4 pp 30 43 (0 Enghsho
Flow churts aned econonne data are presented for projects of coal
comversion ainto vasoline and other produets, propeets which are
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being developed by US companies on contracts with the Office
of Coal Research. The COED, H-Coal and Consol methods are
discussed. In the COED project, coal is processed by multistage
pyrolyvsis vielding high-calorifie-value gas, H, for ammoma syn-
thesix, erude oil for further hydrogenation and char. The over-all
scheme for the H-Coal project is coal hydrogenation, processing
of the liquid product by hydrogenation and conversion of the
solid residue into char. In Consol, solvent extraction of coal is
effected under hydrogen pressure; the extract is scparated fromn
the solid residue and hydrogenated, while the residue is car-
bonized. The latter project is the most advanced in development.

128, Sakabe, Ts., R. Sassa, M. Horie (1966) Prodnetion of chemical raw
materials from coal hy the combination of high-pressure liguid-
phase hydrogenation with hydro-dealkylation, Journai of the Chemical
Society of Japan, Indnstrial” Chemistry Scetion (Kogyo Kagaku
Zasshi), Vol. 69, No. 6, pp. 1085 —1090, AG1. (in Jap: nese)

The article contains the results of hydro-dealkylation of neutral
oi! and high-boiling acidic oil extracted from the middle oil and
gasoline, which are the main products of liquid-phase hydrogena-
tion of Miike coal. Hydro-dealkvlation of the ncutral oil was
carried out with ('r,0,- K,0-ALO, catalyst at 30 atin and
500° —a80 €. The vicld of chemicals from dry, ash-free coal
were: benzene, 1.6, toluene, 3.0°,; xvlene and cthylbenzene,
4.6°,. nmaphthalene, 13.3°,; gascous hydrocarbons, 44,67, As
for the thermal hyvdro-dealkylation of the acidie oil based on the
Wells and Lond methads, the vield of phenol and eresol were not
so high as compared with those proposed by Donath.

129. Zielke, C. W, R.T. Struck, J. M. Evans, Ch, P, Constanza, E. Gorin
(1966) Malten zine halide catalyst for hydroeracking coal extraet
and coal, /ndustrial and Engineering Chomistry, Process Design and

Devclopment, Vol. 5, No. 2, pp. 158 - 164, (in English)

Zine chloride and extract of Pittsburgh coal, produced by dis-
solving the coal in tetralin after 45 min of residence at 3800 ()
were uscd in the experiments The extract represented 53", of
the coal. Unextracted coal was removed in a pressure filter at
200 €. A 300-ml shaking autoclave served for the study of con-
ditions of hydrocracking and their effect on the product vield.
The amount of coal conversion was 441, at 425 (') 300 atm,
residence time | hour, and catalyst -material ratio of 0.02, Hydro-
gen consumption was 4.13¢ .

When coal was hvdrogenated in the presence of ZnCly at 3856 ()
140 atm, residence time 1 h, and catalyst-matcerial ratio of 3.5,
the conversion and hvdrogen consumption were 74.2°, and 8.7,
respectively. Data are presented on the effects of tempe.ature,
pressure, catalyst quantity and other factors.
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130. Perry, R. €., Ch. A. Albright (1966) Catalytic hydrogenation of
carhonized coal vapors, U.N. Pat. No. 3,231,486, publ. 15 January
1966. (in English)

A method is proposcd for the stabilization of lignids prodnceed by
low-temperatnre coal carbonization by their catalyvtic hvdro-
genation prior to condensation. Finely ground coal is mixed with
H, at a pressore of 200 atim, and the resulting suspension is
directed to acarbonization zone at a temperature of 450 — 600" €7,
where the suspension is kept in a fluidized bed. The mixture of
tar and gas is passed over a hydrogenation catalyst in a different
zone at a temperature of 4007 —475° (1 and a pressure of 15 to
200 atm, after which it is condenscd. The catalyst econtains
0.5, Ni, 1.0, Coaund 83", Mo, the rest being Al,0,. Before use,
the catalvst is redueed in a flow of H, at 350 — 400 ('] pressure
1 atim, and residenee time 4 —12 h. Coal coking in the tluidized
bed is prevented cither by an addition of non-eoking coal of the
lignite type or by pre-oxidation. The thridizing gas is heated to
4000 (' before it is mixed with the eoal. The process is recom-
mended for prodnction of tar rich in low-boiling phenols.

131. Mirza, A., M. A, Masood, M. M. Mallikarjunan, R. Vaidyveswaran
(1966) Catalytie hydrogenation of low-temperature tar fractions,
Chemical Age of India, Vol 17, No. 3, pp. 240245, (in English)

Fractions of neutral oil of low-temperature coal tar boiling in the
range 190 -320 € were hydrogenated to obtain fractions with
boiling ranges above 150 € or 200 €', The object was to find the
conditions of maximum vield of lighter fractions. The apparatus
was a flow-by reacter of 2-litre volume, half tilled with the com-
mereinl catalyst (WS, 0 NiS - ALOg). The best quality of the
product was obtained at 380 €, 100 atm, and spae velocity of
2 h-'. Properties of the hydrogenates are presented.

132 Rao, M. J., M. (.. Krishua (1966) Hydrocracking of neutral low-
temperature tar fractions, Chemical Age of India, Vol 17, No. 3,
PP 233239, (in Enghsh)

The object of the investigation was to determine the conditions
of gasoline production from fractions 2100 350  of neutral oil
of low -temperature tar produced in the Lurgi plant (850° (). The
experiments were carricd out in a Um length reactor with an
internal diameter of 12 mm. The temperatures were 400° —500° (,
pressures 30 —70 atm, and space velocities 1 h ' The maximum
vields of hydrogemte fractions up to 210 (' were obtained at
500 (' and amounted to (in volume ) 24.7 for Al,Oy +8i0),
catalvst . 20.3 for (o0 | MoO, on AlO, } 8i0, catalyst; 9.0 for
Ni¥ on ALO, + S0, catalyst. They contained 30.0, 39.5 and
38.4°, aromatics, respectively.
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133. Svajgl, 0. (1966) Contribution to the studies on pressnre hydro-
genation of tar distillates (Prispevek ke studiu tlakové hydrogenace
dehtovych distilatu) Chimicky prionyst, Vol. 16, No. 4, pp. 209 —214,
(in Czech)

Conditions for the seleetive elimination of nitrogen bases from
coal tar distillate without hydrogenation of aromatic hydro-
carbons were studied. A tar fraction boiling in the range 91’ to
295 C was used in the experiments. 1t contained 40, (by volume)
phenols, and bases equivalent to 3,919 ing NH, per litre. The
hydrocarbons included (©,) 34.5 aromatics, 45.7 olefins, and 19.8
saturated hydrocarbons. A series of experiments was carried out
with a 1:2 mixture of this fraction and the diesel-oil fraction of
Romashkino erude oil. Various catalysts containing Mo, W, Co,
and Ni on ALjOg were tested. The influence of temperature in .e
range 360°—440° C on the base elimination ratio and the com-
position of the hydrogenate, at pressures of 100—150 and 320 atm
and space velocities of 0.7—1.25 kg litre-! h-! was investigated.

1967

134. Coal gains favour as new source for liquid fuels, (1967) Ol and Gas
Journal, Vol. 65, No. 51, pp. 41 —44. (in English)
Coal has taken the lead over shale oil as a supplementary source
of hydrocarbon energy in the US. In 3—5 years present difficulties
should be eliminated: favourable cconomics may be 10—15 years
away. Coal product yields are about 3 bbl/ton compared to
35 gal/ton for shale. Disposal of waste shale is a problem, whereas
two thirds of the eoal is converted to liquids and the remaining
one third is char which can be used as fuel or in H, manufacture.

135. Rao, B. 8. N. (1967) Recent trends in some aspects of coal processing,
Non-fuel uses of coal, Petrolewm and Hydrocarbons, Vol. 2, No. 1,
Pp- 5—12: No.3, pp. 99102 (Appendix to “‘C‘hemical Age of
India”, Vol. 18, Nos. 4 and 10). (in English)
The articles review research work conducted in the USA on non-
fuel uses of conl. These projects are aimed at coal conversion into
gasoline, liquid fuel, and gas of high calorific value. Plasma
processing of coal and irradiation with a flash of high intensity
" light are included.

136. Morley, R.J.(1967) Coal and chemicals, Mining Electrical and
Mechanical Engineer, Vol. 48, No. 561, pp. 141 —145. (in English)
A review of chemical products obtained from coal by carboniza-

tion, hydrogenation and other treatment.
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137.

138,

139,

140,

141,

Groborz, J. (1967) Work in progress in the United States on new
methods of coal processing (Prace badaweze w Stanach Zjednoczo-
nyeh nad nowymi metodaini przerobki wegla) Problemy synlezy
organicznej, Vol. 13, No. 8, pp. 489--510. (in (‘zech)
A review containing a description of projects for coal conversion
into liquid fuels and gas.

Zawada, E. (1967) Reappearance of coal as a chemical raw material
(Wicgiel jako surowice ehemiczny znow na widowni) Przemyst
chemiczany, Vol 46, No. 3, pp. 117—12v. (in (‘zech)
To illustrate the new interest in coal as a raw material this review
describes the non-fuel uses of coal under developinent in the US,
These projects call for hydrogenation, gasification and solvent
extraction of coal.

Project Gasoline in final development stage (1967) Chemical and

Engineering News, Vol. 45, No. 25, pp. 96—98, 102, 104. (in English)
The state of gasoline-from-coal projeets under study by various
US companies on contracts from the Office of (‘oal Research.
At this time, Project Gasoline was at an advanced state of
testing at a pilot plant. Projeets COED, H-Coal, and Seacoke
were being tested at research facilities. Flow charts and brief
descriptions of the four projects are included.

Bond, R. L., L. G. C. Dryden (1967} Saleable products from solvent
extraction of coal, British Chemical Engineering, Vol. 12, No. 5,
pPp. 731 —736. (in English)

A review of developments in coal utilization by solvent extraction
for the period of 1955 —1056. Possibilities of coal eonversion into
liquid fuels, ehemical products, and ash-free concentrate for
electrode eoals are discussed.

Big synthetic oil industry seen vital (1967) Oil and Gas Journal,

Vol. 65, No. 10, p. 69. (in English)
In 1980 the US will produce 11.5 million barrels of natural oil
per day. That same year the demand will be 17 million bbl/day.
The reserves-to-production ratio will drop from today’s 17:1 to
9.5:1 by that time. It is supposed in this connexion that, by 1980
the US industry will produce large amounts of synthetic oil.
Tar sands, shale and coal are suggested as sources for synthetic
oil production.

. Cochran, N.P, G.I.Staber (1967) Progress in producing nseful
hydrocarbons from coal, Journal of Petroleum Technology, Vol. 19,
No. 10, pp. 1345—1350. (in English)
A review of processes under development in the US for ecoal eon-
version into pipeline-quality gas and liquid fuels, such as gasoline
or fuel oil. Flow charts for the processes and approximate estimates
oi produet costs are given.
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143. Cochran. NP (1967) Findiug fresh uses for cosly, New Seientist,
Vol 34. No. H42, pp. 212 205, (in Knglish)

Flow  charts, brief deseriptions and cconomie calenlations are
given for new ecoal processing methods. These Processes  were
developed by individual US companies o1 contracts from the
Oftice of Coal Research. The processes for liquid fuel production
and a number of versions of fuel gas production that combine
solvent extriction with hydrogenation are discussed.

4. Schuman. N ¢ R H. Wolk, M. €. Chervenak (19675 Hydrogenstion
of coal, / .N. Put. No. 332,393 (CL 208 10y, publ. 23 May 1967
(in Englsh)

A metnod of coal hydrogenation in a fluidized bed of a catalyst is
described. Bituminous Nlinois No. 6 coal pulverized to 276 mesh
was hydrogenated at a pressure of 1902200 atm and teinperature
of 270" (. Alumina, cobalt and molybdenum served as the catalyst.
Hydrogen consimption equalled 2.6 m3/kg of coal. More than 80",
of the coal was converted into liquid and gaseous products, the
yield of liquids boiling below 5007 ¢ being in excess of 500 litres
per ton of coal. The amount of conl that could be processed was
300500 kg per cubic metre of the reactor volume.

145. Coal liguetaction projects underway, I nde pindo nt Petroleum Monthly,
1967, No. 3, p. 31. (in English)

A brief review of three methods being develeped in the US for

production of liquid fuels from coal. The projects are low-teni-

perature carbonization ((COKD). solvent extraction with mild

hydrogenation (Gasoline), and catalvtic hydrogenation of coal

(H-Coal).

146. COED coal-to-crude process moves into pilot-plant stage, Oil and
Gas Journal, 1967, Vol. G5, No. 44, pp. 140—141. (in English)

The COED process has been devewoped by FMC Corp. under con-
tract with the US Oftice of Coal Rescareh. It involyves step-by -step
pyrolysis of coal in u fluidized bed and further processing of the
liquid products. The method was tested on a unit processing
50 kg/h. A pilot capable of 10 tons of coul per day is to be con-
structed. Liquid products are supplemented with gas of high
calorific value, hydrogen for ammonia svithesis, and ehar.

The process development unit vielded the following products
(weight pereentage of dry coal): char, 54.3: oil, 23.6: gas, 13.0;
water, 7.0. The gas comprised (volume pereentage): ('O, 221
H,, 51,00 CH,, 20.0; (,H,, 6.0,

147. 0il from coal, Collicry Engine ring, 1967, Vol. 44, No. 525, pp. 425
to 426, (in Knglish)
A pilot plant in Cresap, West Virginia (UN), capaile of converting
25 tons of coal per day into liquid fuel is described.
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145, Gasoline-from-coal produced on pilot plant, Ol and tas Journal,
1967, Vol 656, No. 4, po 123 (in Faolish)

A plant capable of converting 200 25 tons of coal mito aApprox
mately Tan® of gasoline daily was bnilt and began operating in
Cresap. The construction of o plant ix planned wlich with process
HAL,000 - 30,000 tous of coul into 450, Gon m3 of vasoline per day.
The vield of gasoline appronches 480 litres per ton of coal. Fhe
two stage Consol project i< the basie process of the plant Fhe plant
ciaploys Foo men.

149. CoaPs entrance into gasoline market set u( 3 ¥eo Coal Age, 1967
Vol. 72, No. 6, pp. 26 280 (in English)

The Consal process of gasoline production from coal is being
developed in the UN at a pilot plant at Cresap, West Virginia,
The process involves thermal dissohition of coal in heavy oil.
separation of the extract from conl residue, low-temperatire
carbonization of the extract and distillation to separate the light
produets, hvdrogenation of the residue, and hydrogenate proces-
sing by petrocheniieal methods. A selective solvent is used ; the
hydrogenation catalyst s nickel-molybdennm on ALO,. The
plant, which cost 8225 million and operates on Pittsburgh coal,
will have an ontput of 22.9 million barrels of gasoline per year
It consumes 25,000 tons of coal per day. The annual operating
costs amonnt to $73.4 million, which includes $31.4 million for
the coal and $10.0 millicn for the catalyst and e mieads The
operating income equals $131.1 million, incinding $101.1 million
for the gasoline and £30.0 million for by-prodnets.

150. Eddinger. R. T, 8. K. Reed. (1967) COED research aim~ at oil,
gas and char from conl. Conl Age. Vol 72, No. 1. pp. 90 92 (in
Fnglish)

The COED projeci, in development since 1962 by the FMC Corp
under a contract with the US Oftioe of Coal Researeh. provides
for complete conversion of conl into lignid “nel. fuel oil and
clectricity. n 1965 the process was tested on a 30 kg h develop
ment unit. A pilot plint is to be const acted in 1957, and 1972 will
see the start of a commercial plant capable of a thronghpnt of
3.5 million tons of conl per vear. The vield frome one ton of
Hlinoix No. 6 conl ix 610 kg of char, 210 litres of ernde oil, and
136 m3 of pax, or, alternatively, 560 kg of char, 260 litres of oil,
and 280 m3 of H,,

161, Pilot plant for gasoline production from coal in the U.N, 0l and
Gas Jonrnal, 19687, Vol. 65, No. 23. (in English)

A pilot plant for eoal-to-gasoline conversion was put into serviee

m Cresap, West Virginia, in May 1967 The cost of the plant. wans

$3.5 million. The estimated cost of gasoline is in the range of
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Too 13 cents per wallon. H the pilot plant, processing 25 tons
of coal per day . shows these estintes to be correct, a commercial
plaut based on the Consol project will be huilt. After separation
of the solvent, distillation nid retining. the extract is fod into the
reactor for hydrogenation on o fixed bed of Co Mo ALO,
catalvst at 425 C and 210 atn Hydrogen consumption  wax
0 Nm¥ind of product, or 420 13 perton ot coal. The pilot plant
15 nlso testing a new catalyst besed on Znd Ly that may he capable
of direet conversion of coal into gasoline,

12 Plant far H-Coal prajeet, Petro)Chem. Engincer, 1967, Vol, 39, No. 11,
(m knglish)

An H-Coal plant in service at Trenton, New Jersey (US), processes
4 tons of coal per day by catalytic hydrogenation in the entrained
state. Hydrogen is obtained from coal and char. Construction hag
hegan of a plant capable of producing 5 million enbic metres per
year A 230-ton day plant being planned will serve for a 2-vear
long process development effort. The com mercial plant capable of
producing 5 million cubie metres per vear will cost 8364 million,
and will pay for itself in 7 roears,

153. Econamy of lignid fuel production from coal, Oil and Gas Journal,
1967, Vol 65, No. 6. Pp. 58 589, (in Fnglish)

F.conomic axpects of the H-Coal process are diseissed| A plant
capable of 30000 L1 day. producing 3.5 hhl of saleable products
from 1 ton of coal, vields a profit of 3.3 to 4.6 . and pavs for
itsellin ~ 3 N % vears. The protit increases if the process is aimed
at the production of high erace gasoline with an octane rating
similar to that of gasoline from anoil retinery, In o plant ot
HOo 00 bb] day capacity the protit will amonnt to 6.4 - 817
ind the plant will repay m b3 70 vears, The protit will be even
lareer it the plant is aimed at gasoline production. The economie
estimates are hased on prices similar to current market prices:
gasoline, $4.62 hbl- gas ol 83.75 Ll and heavy oil, $2.00/bbl.
The  onstruction cost of plant for conversion of conl into liquid
products will be about three times as high as that of the usual
petrolenn relinery Building ot a 100,000 b day plant will
require a apital investment of R332 400,000 1 $346,070,000,
depending on the specitications of the commercial products.

154 Catalytic hydrotreating of coal-derived liguids, Mining Equi pment
News, 1os7 vl No Yp oS (in English)
The US Oftice of Conl Resenrch reports an the resilts of a labora-
tory mvestumtion (o determine suitable catalysts and hydro-
trenting systems for converting the liguid products or tars
derived from conl to a waitable raw material for the production of
wasnoline
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155, Bull, W, L. Ntevenson, 1), |, }\'lu('piwr, Th. F. Rogers (1967)
Solvation process for carhonueeous fuels, (° 8. No 334417
(CL208-8), Appl. 18 January 15, publo 12 September 1u67, {in
English)

Solvent extraction is nsed to obtain low-ush and low-sulphur fue)
from fossil solid fucls - coul and brown coul, lignite and peat.
Ground fitel is mixed with . solvent in ratios ranging from ||
to 4:1. The paste obtained is heated to S0 =500 C and Lekd at
& constant temperature for a given period of time in the zone of
dissolution. Then the solvent js separated from the solid residye
and returned to the run. A highly aromatized produet, obtained
in the process, is used as solvent, The product hoihing in the range
of 150°—750" C has a density of 1.1 g/em? and C: 1 ratio of 1.0
to 0.3. For the initial run an anthracene oil is used. For greater
effieiency the H, pressure is kept above 35 atm.

156. Curran, G. P., R. T. Struek, E. Gorin (1967) Mechanism of the
hydrogen-transter process to coal and coal extract, Industrial and
Enginecring Chemistry, Process Design and Dcvelopment, Vol.

No. 2, pp. 166—173. (in English)

To study solvent extraction of eoal, a coal containing 14.99 ash,
70.219%, carbon, and 4.66 "o hydrogen was used. A mixture (1:1
to 1:3) of eoul (100— 200 mesh grain size) and tetralin was heated
in a l-litre autoclave at 440~ C for about 1 h. Solvent extraction
of coal in the presence of the hydrogen donor is found to oceur
via free radieals. Irrespeetive of donor origin the maximum
amount of hydrogen transferred was 2.6°,. The molecular weight
of the extracts was in the range of 400—1500. The kinetics of
the process eorresponded to a first-order reaction and was deter-
mined by the rate of rupture of a eovalent bond. Two compoients
with different thermal stabilities were determined in coal: thejr
cnergies of aetivation in coal eonversion process were 30.0 and
38.2 keal/niole, respeetively, and in hydrogen-transfer rate
process they were 40.0 and 45.5 kecal/mole. A semi-empirical
equation for estimating the rate of ). process is suggested.

1968

157. Aronov, 8. G, M. G. Sklyar, Yu. B. Tyutyunnikov (1968) Prepara-
tion of phenols and aromatics from coals by direeted hydrogenation
(Poluchenie iz uglei fenolov aromatieheskikh svedineniy metodom
napravlennoi gidrogenizacii) Komplelksnaya khimikotekhnologiche-
skaya pererabotka uglei, Kiev. (in Russian)
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155, Bronovets T M KD ML Taits (1968) Researelt on the properties of
low-rank coal aud the products resulting From its mild Iy drogenation
Assledovanic svoisty neler nizkoi stadii netamortizing i produktoy
Rl adrovenizaciic voomvackikh uslovivakh) Nhonga 1rcidogo
Topliva, No. o, Pp. 3 120 (m Russian)

Gas coals were livdrozenated ina 1o litre rotary antoclive charaed
with 200 ¢ of coal particles -2 425 i in size. The PrOeess
condhtions were the following temperatnre 3850 3490 () pesi
dence time at the dinal temperature 1o 2.5 hows, initial I,
pressure oo~ St atm. After the treatinent the coals caked well
and became benzene soluble: the salphor and nitrogen content
was redoced. Benzene extracts can be used in the sviithesis of
phenol-type tars,

Lov. Coal in 1980 Collicry Enginering, 1968, Vol. 43, No. 329, . so,
(in Knglish)

According to the European Economie Commmity, the likely
energy consnmption in FEarope up to 1950 would be as follows:
In the Common Market countries there will be a gradnal adoption
of a cheap-energy policy as a result of cheap import from outzide
Europe. In the United Kingdom, eoal will remain the main sourec
of energy. but oil. watural gas and atomic energy will mcerease
their shares of the market. Elsewhere in Western Europe there
will be a trend towards cheap energy, e.g. hydro-power and cheap
imports of oil. In Eastern Furope, a steady development of all
sonrees of energy scems likely, with coal, however, falling behind
oil.

160. Walter, L. (1965) Petrolemmn producets from coal, Colliery Guurdinn,
Vol. 216, No. 5574, pp. 189—192. (in English)
The article discusses the problem of forthcowming applieation of
coal as raw material for production of synthetic petrolenm and
petroleum produets. A review of coal-conversion projects i
presented.

161, Mirza, A., Mrs., M. A, Masood, M. M. Mallikarjunan. 1. Vaidyeswa-
ran (1465) Studies on hydrogenation of low-temperature tar produets,
Hydrorefining of neutral oil. Part L., ¢ 'he mical Ayeof Tudia, Vol, 19,
No. 4, Petrol and Hydrocarbons, Vol. 3, No. 1, pp. 13—17. (in Kng-
lish)

The hydrorefining of nentral oil (fraction boiling at 200 - 305 ()
obtained from a non-caking coal was studied in a laboratory
plant at 350 —450° €', under a pressure of 25 - 109 atm and with a
space velocity of feeding of 0.2--2.0 1t The stock-to-hvdrogen
ratio was 1:500 and the Co—Mo— AL, catalyst was used. T'he
studies were also carried out in a pilot plant at 340° C, 50 atm
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and space velocity of O h 1 with a reevele gas to fresh hyvdrogen
ratio of 820 The degrees of desnlphurization and deazotization
mucunted to 77 and 330 respectively, When the temperature
of the process was ineveased to 400 C the conversion level of the
stock decreased. and at 450 € the catalyst lost. its activity,

162 Eddinger. T Lo Dy Fricdman (1968) Hydrogenation of law-
temperatnre coal tars nsing jodine as eatalyst, Fucl, Vol 17, No.
pp. 320 321 (i Envlish)

To improve the technological properties of low-temperature eoal
tars, hvdrogenation of the tars was carried out i the presence of
L. The nuxture was heated at 4307 C for 2 honrs under H, at a
pressuve of 210 atm, with agitation. The hvdrogenate was 967
Higuid. The sulphur content of the tar was veduced from 0.7 to
0.1 L Abont 862 of the hvdrogenate hoiled below 3507 € Flhe
naphthalene fraction amounted to 200 Todive was found to he
a more active catalyvst than Co - Mo or Ni— W,

163 Jackh, W. (1965) Hydrogenation of coal (Die Hvdrierung von Kohle)
Fnerqy wnd Tochn., Vol 20 No. 7, pp. 218220 (in German)
The histovy and current state of the coal hyvdrogenation problem
are veviewed. The econonies of gasoline prodnetion by coal
hydrogenation is examined: the conelusion is that the Process is
ceonomieally nnfavonrable,

164 Tengler. Sz, (1065) The present state and trend of coal hydrogenation
research (Aktualny stan i kicrnnki badan nad uwodornieniem
wegla) Wiadom . gorn., Vol. 19, No. 7 -8, pp- 2232226 (in Polish)
Tuvestigations on coal hydrogenation earried ont in the US are
discussed. The purpose of these investigations i< to ohiain
gasoline, a high energy fuel for jet propultion  engines. and
aromatic hydrocarhons. To veduee the hvdrogen consumption in
all the processes, the coal is not liquetied completely

165, Tengler. Rz (196%) Nome trends of new research methods of coal
processing in the US and their prospeets tor Poland ( Nicktore kie
runke hadan nad howymi metodami orerohki weola w Stanach
Ziednaczenveh Ali perspektywy dla Polski) Cospend  gutlii o oy
Vol 16, No N, pp- 26, (in Polish)

166. Olpinski. W.. M. Thnatowicz (196%) Production of Hquid thels from
coal in the IS (Otrzvmywanie paliw plynnveh 7 weela w Stacah
Ziedheczonyeh APY Praegl gorm . Vol 240 No 11 pp 548 S0
(in Polish)

This is the report of a Polish delegation that vistted the Us i
1965 Cansolidution Conl Company pilot plant for the produe
tion of liguid tuel. mainly gasoline, by the method of memaplete
coal hydrogenation is desertbed s enpaeity 1« L tan b The

[
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greatest difficulties are in the separation of the mreacted residye
from the extract on the dram filter nt 320 ( and Mot A heldt
filter is now being developed, The Hyvdrocarbon Fresenrod Com
pany has earried ont hydrogenation of conl Suspension = - oil
a fluidized catalyst reactor in the plant with a capacity of 3 o
day. The FMC Corporation is developing a4 stave thidized D
process with count 2 current pyrolysis of the coal Ax o resnlt,
liquid products and coke of high calorifie valne will be abtained

167 Job, J. G., D. G. Nicklin (1968) The production of liguid Tuels troum
coal in  Central Queensland, .J. nstn. Engrs. Adustial., V' o,
No. 1011, pp. 233 256, (in Kuglish)
Possibilities of ligaid fuel production from Queenstand conl are
discussed. Two methods are presented: the Fischer-Tropseh
synthesis and direet hvdrogenation. Data on the operation of the
Sasol Company plant (South Africa) were compared with the
resnits of testing the H-Coal process - the process of direct
hydrogenation of coal in a paste at 400" — 300 Cand 1000 2004t m.
The latter process was found to be more cconomieal,

1658, Hellwig, K. (.. M (. Chervenak. I, 8. Johanson, H. H. Ntotler,
R.H. Wolk (1068) Convert coal to liquid fu~ls with H-coal, ¢}
Engng. Progr.. Sympos. Ser., Vol. 64, No. 85, pp. ux—103. {in
Eng¢lish)

Test resnlts on the continrous catalytic hydrogenation of coal
for liquid fucl production at moderate pressure in a special feed-
throngh reactor The testing was carried out by Hyvdrocarhon
Research, Ine . in 1965 -1967 ) pilot plants with capacitios of
12 ke 'day and 3 ton ‘day. For fina] data it was plamned to bnild
a plant with a capocity of 250 ton day. The process was supposed
to be commercialized in 1970, Coal is ground wna mixed with oil
to form a paste. which is then fed into the reactor, The vield of
products from 1llinois No. 6 coal is (weight ) € -, gases.
' 20 liquid products. 71.0; coal residne. 107 H,S. water, and
NH,, 14.0. 'Fhe conversion rate of the coal is 803" Hvdrogen s
produced by steam conversion of natural gas. The economics of
the process for plants with varions capacitier are given.

169 W, W R K. and V' H. Storch (1968) Hydrogenation of coal and
tar, I'.N. Burcan of  ines Bulletin No. 633, 195 pp. ik, Washing-

ton, D.C. (in Englian)
This bulletin contains a review of investigations on hvdrogenation
of coal ana tar earried ont in the U'S and other eountries, There H
are seven chapters, each with extensjve bibliographv.,  The
economics of the procesa and the latest investigations on hyvdro-
genating coal into a rich gas and hgnid fuel are discnssed i
detail.
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va Cadmore 1 F (196%) Solvent extraction of some Auntralian caals,
Moch and Chowr Enguyg Trans Instn Engre Vustral Ved ¢ N0 2
pp 173 180 o Faarhsh)
The thermal dissolution of eonls of varions rank m anthracene
ol s stuchied in detail with the aim of producing an wshless coul
extract. called Coalex. The latter can be nsed to make clectraodes
for almmmimn extraction. metallnrgien] coke carbon hlack ot
Under optinmnes conditions. a 14 mixture of 40 106 mesh conl
and anthracene oil boiling above 3300 (' was chareed o o
4-Ftre vibrating autochive and heated to 3o gao at a
hydrogen pressnve of 13atm. The expertments showed  tuet
semt anthracity was not suitable for this preees< Coal and hrowy
coal viclded ah oS00 Cextract and 20 jusoluble residine e
hydrogen consnmption was 530 and  the degree of solvent
regenerntion was S8 The elean conl obtained was o hrittl.
vitreons produet like solid piteh and contained a1 03 ash
on the dry basis. 34 38 volatile matter on the combustible.
matter hasis, &0 02 carhon, and 4.8 —5 2 hvdrogen.

171, Bloomer. W, 0 S0 W Martin (1968) Coal solvation with non-
hydrogenated solvent in the absence of added hydrogen. 7' N 2.
No. 3378638 (CL s %) Appl 25 January 1965, pabl 23 April
1985, (in Fnglish)

A wethad i deseribed for obtaining solntions of practically ash
tree carhonaccons matter from conls and brown coals cqually
with fusain and wineral snbstanee Coal (less than 100 esh)
ix mixed with a highlv aromatized solvent hoiling above 340 to
450 Cin the mtio of 1:2 to 1'3 The mixture is heatod at 315
to 460 Cand 1- S5 atm wntil the complete decomposition of the
coal results in a suspensicn of fusain and mineral substance in
the solvent. Then the solution is cooled to 200°--370° ¢ and the
suspended solid fraction is separated.

1969

172 Val, €., L. del Jose (1969) Catalytic refinement under pressure of a
i light oil of coal tar consisting mainly of henzene (Retino catalitico
bajo presion del aceite ligero del alguitran de hulla) Ton, Vol 20,

No. 253 pp. 479 484, (in Spanish)
In order to produce high octane wnotor fuel, velinement s per
formed nt o tempernture of 320 ¢ und pressure of 3% atm of
hyvdrogen containing gas (coke oven uns or city unx) The vield
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of the refined product is aso whatever the initial material T'he
retined product contains no sulphnr or salphur conpornd and
canbe sed as a motor £ withont any additional distlat o
Fractional distilation of the refined product provides conunercial
products of o parity iattaing e by sulphuric acid vefinine e
retined produret contains more swlene and CH, than the. rodinet
of sulphuric acid vefinement. To obtain chemically pure produacts
thenzene, toluene and svlene), the partial pressure of H, s
maintained at I8 atm,

P53, Appel HOR L Wender and R D. Miller (1969) Dissimilar hehaviour
of carbon monevide plus water and of hydrogen in hydrogenation.
Sumposivm on Chewicals and Oil from Coal, Dhanbad, India. 6 o
8 December 1969, (in linglish)

The authors demonstrate the fensibility of wsing v mixture of
carbon monoxide and water for hydrogenating coal to vield an
oil which can be converted to more volatile fuels by known
technigues. In antoclave experiments at 315 atm and 380° to
400 (', conversion of lienite was nearly 93 althaneh the con

version of the arganic part of bitumine i« coal did not execeed 75
Investigations showcd that when (€O =HL0) was used at 380 ¢
the reaction was complete in 10 min. whereas with hydrogen gas,
only 50° conversion takes placein this tinie. Carbon monoxide and
water effeetively soluhilize low rank coal beeause: (1) activated
hydrogen is formed : (2) carbon monoxide is able to eleave ecrtain
tvpes of bonds or inhihit condensation reactions that vield
benzene-insoluble materials.

Mild hydrogenation of a number of pure ecomponnds in the
presence of carbon monoxide, water and hvdrogen was studied.
The case of conversion of cellnlose and glucase to benzene-soluble
prodiets with carbon monoxide and water suggests that the same
structural units as those derjved fram ecarbohvdrates exist in
low-rank coals.

174. Mukherjee, D. K., J. K. Sama, §. K. Mukherjee, P, R. (‘howdhur_v
and A, Lahiri (1969) Effect of reaction variables on hydrogenation
of Baragolai ( Assam) eoal, Symposinm on Chemicals and Ol from
Coal, Dhanbad, India. 6 to 8 December 1964 (in English)

In the hydrogenation of Assam coals, the consnmption of hydro-
gen depends most strongly on the reaction temperature. For the
range examined, the authors observed a linear rise in conversian
of the organie component with reaction time. It was found that
20¢, of the totat sulphur in the coal conld be removed. The produc-
tion of gaseous hydrocarbons decreased with pressure and
inereased with temperature.

From the conversian data (hydrogen consumption, gas formation,
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hyvdrogen enrichieat of 11y hpad products, vaeld of distillane
bothine hetween 2000 C and 300 Cand the ANOUNt O <aturate.
e the dhstllate) thee authors deduee tht 200 atin reac o
pressure, the most favourable teperatine ranoe for hydrosory
o s 406 420 Co Under these conditions the nnddle ol
distillate vield s maxmnan. The loss of carbon s caoas woe
what higher at teiperatires above 1000 € it thi- b cornie et
by 1cercased conversion of the oreanie component nercised vield
of naddle hoiling distillates contanang ngher amonnts of ~ Gy ges
and deercased residenee tine,

175. Hiteshue, 1. W, W. Kawa and . O, Hawk (Pittshir_h Coal
Rescarch Center, l’(*uns_\'!\'nnia. UNA) (1969) Low prressure hyirg.
genation of coal in a continuous pilot plant, Symposium on Chi icals
and Ol from Coal, Dhanbad, Incha, 6 to 8 December 1964, (in kg
lish)

Highly volatile bitnminous coals were hydrogenated at 465 ()
136 atm and at a space veloeity of 9-220hh. The following
cata vsts were used: molyhdenum (0. 1=0.5") and iron (1 —2 ).
The total conversion of coal was 907 The vield of distillate oil
boiling below 325 C was 567, The heavy ol produced was just
sufticient for the paste preparation. A large reaetor volume was
used in the plant, but the cost of the reactor is a minor item.

176. Mukherjee, DK, P Samuel and A, Lahivi (1969) On the Kineties
of coal hydrogenation, Ny posiwm on Chemicals and O3l frome Cuoal,
Dhanbad, tndia, 6 -8 becember 1969 (in English)

The authors reamalyse two sets of data obtained by the U.N.
Bureau of Mines on the hydrogenation of Rock Springs and
Pittsburgh coals. They conelude that hydrogenation reactions
cannot he represented by an clementavy mechanisim. They poing
out that the data are better interpreted it the corvection factor
for benzene insolubles is not included. The negative values
obtained in certain eases if this correction s taken into aceonnt
suggest that the correction does not have adequate validity. The
observed change in order from a lower o a higher value, resulting
in a deerease in rate as the reaction progresses, is interpreted as
the result of an internally generated interference in the system,
e.g. opposing renetions that result in the formation of benzene
ingolubles or other components that resist hydrogenation, Fhe
over-all hydrogenation reaction consists of o series of paraliel
and conseeutive reaetions  like pyrolysis,  depolyvmerization,
hyvdrogenation, hydrogenolysis. dehydrogenation, condensation
cte. Depending on the reaction econditions and coneentration of
the reactants, one or more of these reactions may predominate
and thus determine the end result.




64 HYDROGENATION OF COAL AND COAL TARS

177 Brahmachavi, B. B., M. 1. Naha, " B, (‘hl)wdhur.\' and A. k. Gan-
guh (1964) Catalytie hydrogenation of low-terupernture tar fractions,
Sy posium on Chouneals aud (il from Coal, Dhaubad, India, 6 to
& December 1959, (in Iinglish)

The structural changes that take place during the hydrogenation
of a (200 =350 (') fraction on a molybdenum sulphide catalyst
are described. The experiments were conducted in a 250-¢m3 con-
tinuous benelr seale unit at 105 atm and at virious temperatures
and liquid space velocities. Data on earbon dist ribution and ring
analysis are given,

The hydrogenated product did not contain any olefinic hydro-
carbons and showed an increase in the paratmic carbon at the
expense of the aromatic carbon, the naphthenic carbon content
remaining more or less at the same level. It is mferred that the
conversion of aromatic to paraftinic carbons takes place via the
formation of naphthenes.

The smcke point of the kerosene fraction was below 20 mm and
therefore did not conform to IS} (Indian Standards Institution)
specifications. The diesel fraetion, however, had a diesel index
of more than 45 and could be used as high-speed fuel.

178. Mirza, A, M. A. Masood, M. M. Mallikarjunan and R. Vaidyveswaran
(Regional Research Laboratory, Hyderabad, India) (1969) Possibil-
ities of producing middle distillates from low-temperature tar frac-
tions, Symposium on Che micals and 0il from Coal, Dhanbad, India,
6 to 8 December 1969. (in English)

Hydrogenation of a neutral oil fraction (200°—300° C) of low-
temperature tar was carried out in a 60-cm? beneh-scale unit as
well as in a l-litre pilot plant using two types of commercial
catalysts: cobalt molybdate on alumina, and tungsten sulphide-
nickel sulphide on alumina.

1. Using cobalt molybdate on alumina for hydrorefining, about
569, and 40, of sulphur and nitrogen, respectively, could be
removed. Although the aromatic content could not be brought
down sufficiently, the product conformed to grade 11 diesel as
per IS1 specificatione.

2. With tungsten sulphide-nickel sulphide on alumina and at a
space velocity of 0.2—0.3, both hydrorefining and saturation
could be accomplished. The aromatics could be reduced to less
than 209

3. In the two-stage operation a product with a smoke point of
22 mm could be obtained at unit space velocitics for both ope.
rations by first hydrorcfining with cobalt molybdate and subsc-
quently subjecting the product to hydrogenation in a second
stage with tungsten sulphide —nickel sulphide catalyst.
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4. Reeyeling of tail gases helped to maintain H,S concentrations
it the gas, thus advantageously keeping the catalyst in sulpliide
forn.

5. The hydrogen consumption was estimated to be 170 m3/ton
and 150 m3/ton respectively for the 1st and ?nd stages of opera-
tion.

6. The use of the tungsten sulphide-nickel sulphide catulyst in
two stages was found to be more effective than in a single-stage
operation,

179 Morparia, N. P. and S. Sarkar (Indian Institute of Technology,
Bombay, India) (1969) Studies on low-temperature coal-tar hydro-
genation. Pt. 1. Hydrogenation of nentral middle distillates in a
continuons bench seale unit, Symposium on Chemicals and Oil from
Coul, Dhanbad, India, 6 to 8 December 1969, (in English)

The paper deals with the hydrogenation of neutral oil fractions
boiling in the range of 200°—350" (' to prodnce diesel oil. With a
commercial cobalt-molybdenum on alumina catalyst (3 x 3 mm)
under the optimum conditions of 400° C, 100 kg/cm2and 0.5 liquid
space velocity. the yield of the desired product (200°—350° C)
was 68.6°,. At lower temperaturcs the degree of hydrogenation
was lower, while higher tempcratures resulted in excessive
cracking. Better results were obtained at lower space velocities.
The cetanc nuinber of the product was 35.5 and the smoke point
was 13 mm, which satisfies the ISI specifications for diesel ol
and kerosene.

180. Mukherjee, D. K., J. K. Sama, P. B. Chowdhury and A. Lahiri (1969)
Hydrogenation of coal with iron catalysts, Sym posium on Chemicals
and Oil from Coal, Dhanbad, India, 6 to 8 December 1969, (in
English)

The object here was to develop inexpensive iron-based catalysts
having activities for coal hydrogenation matching those of tin
and molyhdenum catalysts. Iron oxide is more active in combina-
tion with sulphur. At 400" (" and 100 atin the eonversion, yield
and quality of products were comparable to that of the molyb-
denum catalyst. Although the concentration of iron catalyst is
higher (nearly 3.7 times that of molybdenum) it is believed to
be within practical and economic limits.

Under the conditions of hydrogenation, the most stable form of
iron in the presence of hydrogen and hydrogen-sulphide is ferrous
sulphidc. The catalytic activity of iron inereases with inereasing
N/Fe ratio or HyS partial pressure.

181. Hill, G;i. R. and S. A. Qader (Fuels Engineering Departinent, Uni-
versity of Utah, USA) (1969) Lignefaction of Utah coals. Sym posium
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1969 (n Koglhish)
The conversion of coals to gud $aels 1 respectively o
and N2 by pyrolvasg solvent extraction wnd havdroge s Dhe
coal hydrogenntion process is the 1aost promisimg . Fhe e <
tions demonstrate the feasibihity ol producing pasobine o~ the
mam product, with diesel il and lich BEU gas a- (e prive pal
by-products, by the hydrogenation of ey, HHpregnated il g
coals in an entrammd bed type of reactor To avoad agylomeration
coke s mixed with the coal feed. Best resnlts were obtained at
515 C, 136 atm, and with 15" SnCl, catalyst.

182. Develotte, J ., M. Mazza, P Payen (19649) Hyarogenation of cosl and
its derivatives. Comparative study of inodel substances t Degradation
ménagee par hydrogenation du charbon et de ses dérives  Ftude
comparative de substances modéies) Bull Sue chim Franc. . No 1
Pp. 341348 (in French)

Hydrogenation of coal, coal-tar and individual aubstances was
carried out at 340 — 430 C and under an H, pressiure of 200 bar
with MoS, catalyst. Investigation of the hydrogenates showed
that the atructural unita of cval consisted of polvevelie aromatic
hydroc.rbons, among which there were pyrene structures and
some structures containing 6 —7 cycles. In low and high tem
perature tars (yy— ('l polycyclic condensed hydrocarbons were
found.

183. Hausigk. D . (i Kolling, F. Ziegler (1969) The dissolution of bitumin-
ous coal in tetrahydroquinoline. Part 2 (Lisen vou Stemnkohle i
Tetrahydrochinolin. 11.) Brennatoff Chemis Vol 50 No |1, pp 8 U
(in German)

When a voune coal (008 nmun) with organic component contaimng
40.6° volatilen, 8137 carbon, 4491 hydrogen and oo
oxygen was heated in a rotary autoclave with 30 partsof | 234 —
tetrahydroquinoline at 300 Cfar 1 16 h. the vield of the extract
(50" of which is pyvridine-soluble) amonnted to %" The dissolu
tion of the coul was accompanied hy hydrogenolyrin ut the
expense of hvdrogen donor with a loas of 40,6 of the OXVECD /R
water. Nunilar results were obtained with a coal contaming 15 4
volatiles. 90 of ita extract was pyricdine soluble The molecular
weight of the extract was 503, implying that the extraet consist«
of b and tri evelie wror, e compounds bonded wath nhphatie
or hydro aromatic hridges.

Ine. Dent, F 1 BN 'l‘hunqm:n. H L,i’mmny (The Gax Counelly 114§
Hydrogenation of roal to give methane-containing guses, /i itish
Patent No ] 154322 (1 C ok, Clob), Appl 6 October 1966
publ & dune 19895 pp (in Enghsh)




Henttonacvrny

Hydrozenation of eahmy coul 1o produce CH L contammg vas was
curried ont by anteoducmg a e geaned coal o s cirenlating
Hindized bed ot pon cukog materd at voa ) . preterably
SO 00 C oy the presence of M, i pressure of 25 100 s
This micthod of mitroducmg the cowl mto the Hawdized hed salyvoes
the problen of heating 1 and ehmmmtes cithing o agglomera
o The e yrnmed semicoke obtamed i the Process s nsed
tor hiobrozen prodoction

186 Rader, NS A (R Hill (1969 Nynthetie liquid fuel from coal
(Nynthetisches O wus Kohle) Bremmatoff Chomie, Val 5, No 4,
P 1Y Gn German)

The results of hydrogenating high valatile coal fram Flog, and
high temperature coke at o pressure of 1400 atm over ammonium
maolvbdate, tin chloride and zine chloride catalysts are given. The
catal: «t used for hydr retining of the liquid fuel obtained con
tamned 3 colalt oxide and 12 molybdenum axide an Al,O,
The catalyst for hydrocracking consisted of 6, NiS and 19 WS
on N, AL,

Experiments on low temperature carbonization and on therimai
and catalytic hydrogenation were carried out in a I-litre vibrating
sutoclave A reactor of 50-mm diameter was used in the expen
ments on hvdrogenating pulverized coal. The experime: ts o)
hydruretining and hydrocracking of the liquid product were
conducted in a continuous reactor The reactor was | h my in henght
and 19 mm in diameter

The experiments showed that the application of ammanium
molybdate increased the vield of liquid products and decreased
the vield of gus whereas the application of t:n and zine chlorides
decreased the vield of liquid products and in reased the vield of
Bk,

The hydrogenation of a liquid-phase hydrogenate i ¢ vpical
Inboratory reactor vielded 30°¢, gasoline with an octane rating
of 80 and 49, diesel el of index 52 The hydrocracking
resulted in 700 gasoline of 82 octan and 12 diesel fuel of
index

H

I8 Friediman, 1. D, R T Eddinger (1969) Hydrogenation of coul tar,
[N Patent No 3433202, (1 208 40 (Chnl C vy \ppl
SN November 1966, publ 1. bulv 1968 (1 English)

The process i condneted m a tlow of an cqniolar mixtare ot H,
ad COan the presence of |, catalyat at 70 20wt and 470 g
NGO For cxample, an antoclave i charged with 100 ¢ ot 4 low
temperature coal tar, ohtmined during pyrahvsis mow Hadhiae
coal. and 2y of sublimated 1, Che nitial pressure of . O
kim m 2L atin The antoclave i rapudly heated 1o g ¢ for 3 hr.
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the pressaure vimes to 40 atn aned then deoge tec s gy Then the
Autochinv e o cooled ) he vield o ol with seosity less than
HET enbistobhes jo w7 o} !h'k\ coud tin

ST deale RN s solid Tyl research, Foudoy | MTTTOIN Hiut,
Voo, PRS2 G Enghisho

Sobid et researcl b comeicted at the experimental station
HESNEoRe O bod e ey g wed Pavalle ! owogeh undamental researeh
o canbaistion gy Huschizedd hed extraction of chenneals from
veal tar and Prodaction ot wetalluegrcal coke mvestigations ure
ey condoe tedd ok tuel nses of e salvent extraction
and hvdrogaatication at hich temperatinres qid pressures. There
P als some rosear ol on t e cxpinded otization af eogl treatment
proclocts i the tavdding yndustyy

Iss Rader x~ v p vV Haddadheh 1, g, Andersan, ;|2 Hill (1964
Coal can she yield “'B“ Tueds, Honliwoasbuin Dioeiss Vil 48 Na. o,
Pe LT 152 i Kaghsh

Laborstory caperiments o, bvdrogenation of el t, liquid fuel
arv deseribed To, avoird calig. the coal which catained 870
ash and 468 | ohan)e. matter onadey basis wis imixedd with the
M guantity o swemicohe e MINture was jmilverized to g
Partich re ot 250w, added 1o |5 SnCl and pussed in a H,
How heated 1o 300 ¢ tirough o thow renctop Under optimum
conditiunim at 35 o and T4 atia ) the coul conversion was 750
Arw h\ilﬁigwnmmumgmnn the vichds were 1wy ) wasolme, 30
dised el 5 s tettanung S o) CH, g0 santeoke Ja

s Hellwy K« N Mpert BN dohanson |t H Walk (1uby,
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Bisviocuarny Hi

190. Struth, 3. W (Chem, Systems Ine., New York, USA) Chemieals
from coal, I'N Do, Int, rregional Petrochemical Nymposinm on th
Derclopment of the Petroche niical Iudustrics in ey loping Countrios.
Baku, USSR, 20 31 October 1969 1D;WG. 34753, Rev. 115 Febr
ary 1970, (in English)

The paper discusses the economics of a chemiea] refinery using
coal as the raw material instead of crude oil. The author considers
this direction to he more economically favourable, The material
balance of the process is given with regard to all the processiny
stages of the products.

The refinery production js 100,000 bbl/day of liquid products.

1970

191. Eryomin, I. V. | L. Ettinger (1970) Coal science — state of the art
(Nauka ob ugle sostoyanie i problemy) Festnik Akademii nauk
SSSR, No. 3. (in Russian)

192. Angclovich, J. M., G R. Paston, H. F. Silver (1970) Solvents used
in the eonversion of coal. Ind. and Engng. Chem., Process Design
and Developm ., Vol. 9, No. 1, pp. 106 — 104, (in English)

Selection of the optimum solvent for converting coal to liquid
products by solvent extraction or hydrogenation was studied,
Fourteen solvents were examined, including n-hexane. benzene,
cyclohexane, phenol, tetralin, coal-tar fractions and hydrogenated
coal oil. The nonpolar solubility parameter was estimated for
cach solvent. The solvents were examined experimentally for the
hydrogenation of a sub-bituminous coal with organic component
containing 74.6°, carbon, 5.3 hydrogen and 18.3" oxvgen in
& rotating autoclave. The conditions of the experiments were:
coal charge 100 g, 0.5, of ferrous ion atalvat, initial hydrogen
pressure 140 atn, temperature of 440° (* mamtained for 3 hr.,

The coal-conversion rate, which increased with increase in the
nonpolar solubility purameter, was detined on the bhasis of the
weight of insoluble residur . The resnlts of the experiments
showed that tetralin and the coal-tar fraction boiling at 240 ¢
appeared to be most effective in the liquid-phase hydrogenation
of coal

193. Kotowski, W N, Paterok, Z. Nowak (1970) Exiraetion (peptiza-
tien) of Polish hard coal (Ekstrakcja ( peptyzacja) krajowego wegla
kamiennego) KNoks, Smola, Gaz, Vol. 15: No. L, pp. 9—13. (in Polish)




70

HyprocENATION OF COAL AND (COAL TARS

In the experiments, coal of 0.1 nm grain size containing 5.4,
ash on the dry basis, 77.3°, C and 5.1, H was used. The extrac.
tion was carried out in a continuous laboratory plant. Tetralin,
anthraeene oil and heavy oil obtained from the extract were
tested ax xolvents. Coul was pasted and fed into the reactor at a
rate of 0.6 ton m? per hour at 100 atm and 450 C. Under these
conditions the vields of the extract and gas were 61 2 and 9.6,
respectively. The extract characteristic was: specitic gravity,
109 fraction topping below 300 (', 2280

194, Kolling, G. (1970) Dissolution of coal at temperatures less than

195,

200 ¢ (Auflésen von Steinkohlen bei Temperaturen unter 200° ()
Angcwandtc Chowie, Vol, 82, No. 2. P. 87. (in German)

Coal solubility greatly increased when the coal was alkylated
with chlorides of higher fatty acids in the presence of AlCI,
at 50° (. The corrected molecular weight of the extract appeared
to he 3000,

Jackh, W. (1970) Problems in the hydrogenation of ¢oal (Probleme
der Hydrierung von Kohle) Erdol und K ohle, Vol. 23, No. 6, pp. 334
to 337. (in Gierman)

Effective eoal hydrogenation depends on successful solutions to
the problem of producing cheap hydrogen, eliminating ash and
developing the high pressure equipment. The conversion of
brown coal and coal into gasoline was found to demand 2,200 m3
and 2,800 m? of hydrogen per ton of the tinal produet, respectively.
Calculations of H, production from natural gas and petroleum as
well as from hydrogenate and slurry processing are given. The
possibility of increasing the capacity of the hydrogen plants by
increasing the reactor size is disenssed.

The author believes that hydrogenating coal to gasoline in the
FRG is not justifiable because of the high voal price of $15/ton.
In this case the gasoline price is $75/ton whereas gasoline obtained
from petroleum costs $25/ton. In countries where coal prices are
lower, as in the US (84/ton), hydrogenation of coal can be eco-
nomically favourable. Gasoline from coal | ydrogenation in large
plants, where hydrogen obtained from n:tural gas is used, is
estimated in the US at 11 #/gal (844 /ton).

198. Krichko, A. A. (1971)* Hydrogenation of solid tuel ( iidrogenizaciya

tverdogo topliva) Khimiya tverdogo topliva, No. 2, pp. 31—39. (in
Russian)

A review of the coal hydrogenation problem,

* [This paper, which is by one of the consultants, complements the present
publication and is therefore retained in the 1970 listing.]
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