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(571 ABSTRACT

A process for tmproved catalytic hydrogenation of coal
ta produce increased yields of low boiling hydrocarbon
liquids and gas products, m which a coal-oil slurry is fed
directly with only limited preheating into an ebullaled
bed catalytic reaction zone to provide increased hydro-
conversion and improved vields of low baiting hydro-
carbon liguids. In the process, a coal is slurried with a
hydrogenated coal-defived liquid 2nd heated to only a
limited extent, as defined by a temperature-time severity
unit index (STTU) less than about 0.1, so as to avoid
depleting the hydrogen donor capacity of the solvent
liguid, and the slurry is then fed directly into an ebui-
lated bed catalytic reaction zone mainiained at
650°-900" F. tcmperature and 1000-5000 psi hydrogen
partial pressure. Supplemental heat is provided to the
reaction zone as needed by heating recycled reacior
liquid and recycled hydrogen streams to temperatures
above the reaction zone temperature, [ desired, effluent
liquid fram the reaction zone can be advantagecusly
passed with hydrogen to a second ebullated bed cata-
lytic reaction zone for further hydrogentation reaction
at different severity selected to provide increased con-
version of the coal and coal derived liquids and produce
increased yields and/or improved selectwny of light
hydrocarbon liquid products.

20 Claims, 2 Drawing Figures
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COAL CATALYTIC HYDROGENATION PROCESS
USING DIRECT COAL SLURRY FEED TO
REACTOR WITH CONTROLLED MIXING

CONDITIONS

REFERENCE TO KELATED APPLICATION

This is a continuation-in-part of application Ser. No.
365,767, filed Apr. 5, 1982,

BACKGROUND OF THE INVENTION

This invention partains ta an improved coal hydroge-
nation process for producing hydrocarbon Liquid and
gas products, wherein a coal-oil shurry is fed directly
into 2 catalytic reaction zone with only minimal con-
tralled preheating to provide improved hydroconver-
sion and produce increased yields of light hydrocarbon
liquid products and gas.

Conventional processes for coal liquefaction and
hydrogenation include a preheating or thermal treat-
racnt step for the coal-oit slurry feed prior to the cata-
lytic reaction stcp, as generzlly disclosed in U.S. Pat.
Mos. 3,519,555; 3,700,584: 3,791,957 and 4,111,788
Other coal hydrogenarion processes use fine recycled
catalysts at plug flow conditions and low solvent/coal
ratios, such as U.S, Pat. Nos. 4,090,943 and 4,102,775. In
these processes, the coal-oil slurry feed is preheated to
near the reactor temperature before feeding it mto the
catalytic reaction zone.

In thess conventionat cozl hydrogenation processes
uiilizing a coal-oil slurry preheating step, the bydrogen
donor potential or free radical concentration in the
coal-derived slurrying oil is limited as is its mobility and
the hydrogen therein is usually consumed during the
coal preheating step. This tack of hydrogen donor mate-
rials in the .coal-oil slurcy during the preheating step
causes undesitable recondensation materials soch as
asphaltenes and other unreactive high molecufar weight
materials to form, thereby increasing the yield of unde-
sired heavy hydrocarbon liquids and reducing the yield
of the more desirable light hydrocarbon liquid prod-
ucts. However, it has been unexpectedly found that by
rapid exposure of the coal feed fo the dilute solids high
hydrogen content liquid and catalyst in the reactor after
only a controlled minimal preheating, rapid hydrocon-
version of the coal to produce increased yields of lower
boiling hydrocarbon liquid products is substantially
enhanced.

SUMMARY OF THE INVENTION

The present invention provides a coal cataiytic hy-
drogenatior process for producing increased yields of
low boiling hydrocarbon liquid and gas products,
wherein particulate coal is slurricd with a hydrogenated
coal-derived liquid and the coal sturry is fed with only
a limited and controlled dagres of preheating directly
into a reaction zone containing coal-derived liquid and
hydrogen and an ebullated bed of particulate hydroge-
nation catalyst. The catalytic reaction zone is main-
tainad at 650°-900° F. temperature and 1000-5000 psi
hydrogen partial pressure conditions, In any preheating
of the coal slurry fecd before the reaction zone, the
standard temperature-time enits (STTU) severity index
for such preheating should be less than about 0.1, and
preferably should be less than absut 0.01 STTU. The
coal-oil slurry preheating remperature should more
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preferably be below about 300° F. and such preheating
preferably occurs in the coal-slurrying oil mizing step.
The standard temperatire-time units (STTU) used in
this invention are defined by the following mathemati-
cal expression:

STTU-Ale—B/T

where:

A=a constant, about 1.12x 1015

t=cqal residence time in heating zone, minutes

e==natural logarithm base 2,718

B=a2 constant, about 45045 for coal

T—=hezating zone temperature, "R
For example, one STTU unit is defined as 840" F, tem-
perature for ane minute exposure time, or as a lower
temperature for a correspondingly increased cxposure
tithe,

‘This arrangement for limited preheating the coal feed
according to this invention advantageously utilizes the
dilute solids phase and high hydrogen content of the
liquid and catalytic reaction mass in the reaction zone 1o
guickiy heat and hydrogenate the coal feed therein, and
thereby avoids undesirable recondensation or retro-
grade reactions which occur during the usual thermal
pretreatment steps for coal feed to liquefaction pro-
cesses. Any preheating for the coal feed which occurs
prior to its contact with hydrogen and catalyst in the
reaction zone, such as in the coal-oil sturrying step or in
any subsequent prehcating step, is limited to a2 tcopera-
ture-time severity index (STT1F) less than about 0.1, as
is determined by analysis of the particular coal-oil
sturry feed material wsing a microauteclave reaction
procedure. In the reaction zone, the coal-oil slurry feed
is heated very rapidly to the hydrogenation conditions,
and any additional heat needed (o maintain desired
temperatures therein is provided by heating recycled
reaction zone liquid, and also if necessary by heating
recycled hydrogen, to temperatures sefficiently above
the reaction zone temperature and introducing these
heated streams into the lower portion of the reaction
zone.

Catalytically hydrogenated coal-derived material
containing gas. and liquid fractions is withdrawn from
the upper portion of the reaction zome and is phase
separated and distilled to provide gas and increased
yields of low boiling hydrocarbon liquid products. If
desired, the reaction zone can be operated at relatively
low severity conditions, and the resulting liquid fraction
can be fed into a second stage catalytic reaction zone
maintained at more severe reaction conditions for addi-
tional hydrogenation reactions, to provide further in-

- creased yields of low-boiling hydrocarbon liquid prod-
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It is thus a principal advantage of the present coal
hydrogenation process to climinate or at least minimizs
preheating equipment, and to preduce improved hydro-
conversion of coal derived liquids and increased yields -
of low-boiling hydrocarbon liquid products, such as
those nominally boiling between about 400°-975" F.
The invention is useful for hydrogenating and Yiquefy-
tng coals including bituminous, subbituminous, and
lignite.

BRIEF DESCRIFTION OF DRAWINGS

FIG. 1 is a schematic flow diagram showing one
embodiment of the invention for feeding coal-oil slurry
with only minimal preheating directly into a reaction
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zone containing an ebullated bed of hydrogenation cata-
lyst.
FIG. 2 shows zn alternative embodiment of the in-
vention, wiilizing two catalytic reaction zones can-
nected in a series flow arrangement.

DETAILELD DESCRIPTION OF INVENTION

In the present invention, the degree of thermal treat-
ing of the coal-uil slurry feed prior to the catalytic hy-
drogenation reaction is advantageously limited and
controlled s0 as to mcrcase the yiclds of low-boiling
hydrocarbon liquid products. The particulate coal feed
is slurried with a recycled hydrogenated oil and resid-
uum derived from the process, and is then fed at low
temperature-time severity index (STTU) exposure less
than about O.1, and preferably at temperatures below
abont 500° F. directly into an cbullated bed catalytic
reactor. The reactor temperature is controlled at the
desired 650"-900" F. temperature by heating the reactor
recycle liquid to a temperature above the desired reac-
lion zone temperature using a heat exchanger om the
internai liquid recycle flow to provide any additional
heat needed in the reactor.

The coal-0il slurry feed is heated only in such limited
and controlled extent to avoid depleting the hydrogen
donor capability of the slvrrying oil and avoid thermal
cracking the coal, and thereby prevent forming retro-
graded materials such as asphaltenes and char during
such preheating of the slurry feed. The allowable de-
gree of preheating for the coal-oil slurry depends on the
chemical characteristics of the coal feed, the amount of
hydrogen donor compounds contained in the slurrying
cil, and also the amount of slurrying oil used relative to
the coal. The maximum accaptable degree of preheating
of a ¢coal feed and slurry oil combination is determined
by performing microautoclave analysis tests of the
heated coal-oil slurry to determine the percent convar-
sion achieved during standard catalytic reaction condi-
tions.

Tt has been unexpectedly found that by providing
dircct exposure of particulate coal-oil slurry feed to the
catalytic reaction zone environment without using a
conventional slurry preheating step, several process
advantages are reulized. The coal is dissolved and re-
acted in 2 concentrated catalytic environment at a high
ratio of coal-derived oils or sclvent to coal and under
high hydrogen cnntent conditions favorable for conver-
sion. Because the present process eliminates the usnal
coal preheating step following the coal-oil slurrying
step, it avoids coal swelling effects and heat transfer
problems usually encountered in ficed plug flow type
preheaters, and also avoids formation of undesirable
thermal retrograde materials in such a usval preheating
step. The present process also provides for quicker
vperational response to any reactor exctherm or exces-
sive temperature which may occur by using a reactor
recycle liquid trim heat exchanger, and produces higher
yields of distillable oil products.

The limited amuunt of preheating of the coal feed
which can be used is determined mainly by the avail-
ability of hydrogen donor compounds in the slureying
oil. The allowable degree of preheating far a particular
coul and slurzying oi! combination can be determined
by analyzing the heated coal-oil siurry feed material in
a microsutoclave reaction unit using an established
procedure to determine percent conversion of the coal-
oil feed combination used. A description of the mi-
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croautoclave analysis procedure which can be used is
provided below.

MICROAUTOCLAVE APPARATUS TEST
FROCEDURE

The microautoclave analysis procedure utilizes rapid
heating and quenching for tested samples of ¢oal and
solvent while providing vigorous agitation. Two 30-cc
reactoss are operated simultanecusly at 2000 psi hydro-
gen partial pressure. A heated fluidized sandbath pro-
vides the reaction heat, after which the reactors are
cooled by agitating them in a waterbath. The reactors
are loaded with a known amount of selected coal sam-
ple and solvent, seated, and pressurized with hydrogen,
then immersed in the heated sandbath and held there for
a specific time. Tests were run to determioc the appro-
priate heat-np and cool-down time periods (approxi-
mately 2.5 min,). After being held in the hot sandbath
for a specified time, the reactors are removed and
quenched.

After cooling, the reactors are depressurized, opened
and the contents weighed. The contents are filtered in
tetrahydrofuran {THF) solution, and the filter cake is
dried and weighed. After weighing, the insolubles are
mixed with toluene and filtered again. Next, the filter
cake i5 dried and weighed. The mixing and filtering
process is repeated a third time using THF as the sol-
vent. Following the third drying and weighing, the
samples are ashed and an ash balance is calculated to
check the validity of the test. Coai conversion is defined
as the weight of initial coal charged minus the weight of
the insolubles, all divided by the weight of the initial
coal charge, and the complete quantity times 100, These
calculations are made on an ash-free basis. Three con-
versions are calculated: conversion to THF solubles,
canversion to toluene solubles, and conversion to cy-
clohcxane sclubles.

The tests are conducted with 2:1 solvent to coal ra-
tios, using the recycle solvent of interest. Sufficient
temperature-time conditions are run on the coal-solvent
combination of interest, the data points being chosen
hased on the chemical and physical properties of the
coal. The range of reaction conditions used includas
650° F. temperature at 10 minutes and 60 minutes, up to
330" F. at 10 mirutes and 32 minutes residence time.

KINETIC MODEL

Because a combination of temperature and time con-
ditions are explored simultaneously, s refcrence maodel
was developed and used to normalize the coal heating
severity conditions to a common basis defined by a
standard temperature-time unit {(§TTU) severity index.
This model is defined by the equation STTU=4-
te—B/T as described above. Examples of one (1.0)
STTU include 800" F. temperature for 3.15 minutes,
and 840" F. for 1 minute. Results of the autoclave tests
are plotted as a function of the standard temperature-
time unit severity levels (STTU) used. The point at
which percent coal conversion begins to rise sharply is
defined as the maximum desired severity (STTU) for
preheating the particular coal-slurry combination prior
to entry into the ebullated bed catalytic reactor. At
some higher standard severity level the coal conversion
will begin to decrease; this point is a maximum severity
for coal-oil slurry preheating before seeing evidence of
undesired regressive or retrograde reactions occurring
during preheating. Thus, all processing operations for
coal-oi slurry feed in the thermal mode without hydro-
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gen and catelyst shouid be kept below this critical
STTU severity index level

PROCESS DESCRIPTION

One embodiment of the present invention using a
single-stage, ebullaled-bed catalytic reactor is-shown in
FIG. 1. Bituminous coal at 10, such as Hlinois No. 6,
Kentucky No. 11, or a subbituminous coal such as Wyo-
dak, is ground to a particle size smaller than about 50
mesh (U.5. Sieve Series) amd dried at 11 to remove
surfuce moisture and is passed to slurTy mixing tank 12.
Here the coal is blended with a process-derived slurry-
ing oil 14 having a normal boiling range of about
550°950" F. Such blending is in a weight ratio of oil to
coal at least sufficient to provide a pumpable slurry
mixture, und usually has a weight ratio range of oil to
coal between abont 1.1 and about 6.0. If desired, a por-
tion 15a of the slurry can be recircuniated by pump 15 to
tank 12 t0 maintain a uniform slurry mixture theréein,
Any heating of the coal in the mixing tank 12 is at &
temperature-time severity index less than sbout 0.1, and
preferably less than ebout 0.01 STTU, and usually is at
a temperature range of 350°-500° F. '

The ¢oal-oil blend from shurry mixing tank 12 is pres-
surized by pnmp 16, which pumps the blead through
conduit 18 along with recycle hydrogen 19 directly into
ebullated bed reactor 20 containing hydrogenated coal-
derived liquid, hydrogen and a bed 22 of particulatc
commercial hydrogenation catalyst. The coal-oil blend
is passed with hydrogen through flow distributor 21 and
upwardly through the catalyst bed 22 at sufficient ve-
locity to expand the bed. The catalyst bed 22, which
may suitably comprise particles such as 0.030-0.130
inch diameter cxtrudates of nickel molybdate or cobalt
molybdate on alumina or similar support material, is
expanded by at least abour 10% and not over about
10095 of its sertled height by the upflowing fluids, and is
kept in constant random motion during reaction by the
upward velocity of the coal-oil blend and hydrogen gas.

The coal-oil blend is passed upwardly through the
reactor 20 in contact with the catalyst at a space veloc-
ity of about 7.5 to 90 pounds of coal/hour/cubic foot of
reactor volume, and prefersbly from about 30 to 60
pounds of coal/hour/cubic foot. Reaction conditions
are preferably maintained within the range of 750°-860°

F. temperature and 1200-4500 psi hydrogen partial

pressure. KReactor liqmd is recycled through down-
comer conduit 24 and recycle pump 2% to heater 26,
where the liquid is heated to a temperature required to
maintain the desired resctor temperature, such as
10°~100* F. above the reactor temperature. The re-
heated liquid s then passed vpwardly through distribu-
tor 21 to maintain sufficicnt temperature and upward
liquid velocity to expand the catalyst bed and maintain
the catalyst in random motion in the liquid {o essure
intimate contact and complete reactions. The weight
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ratio of heated recycled reactor liquid to coal slutry

feed is withio a range of about 1.0 and 10.0.

If necessary or desircd, recyeled hydrogen can be
heated to a temperature exceeding that of the catalytic
reaction zene, and wsually to about 10°-100° F. above.
Also, if dasired all or a portion 1%g of recyele hydrogen
stream 19 can be mixed with recyclad reactor liquid in
conduit 24 upstream of heater 26. Fresh catalyst 1s
added to the reactor at conmection 27 as needed to
maintain the desired catalyiic activity therein, and used
calalyst removed at 28. In the reactor 20, the coal-oil
sturry feed is heated rupidly to the reaction temperature
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and simultaneous hydrogenation and catalytic conver-
sion of the coal and shurrying oil oceurs with consump-
tion of some hydrogen. Also, because the coal-derived
slurrying oil contains hydrogen donor compounds and
has significant solvent properties affecting the coal, the
bydrogenation reactions may be achieved at a some-
what lower reaction temparature than would otherwise
be necessary.

From the reactor 20, effluent streamm 29 is usually
cooled and passed to hot phase separator 30. The resuit-
ing gas portion stream 31 is passed to hydrogen purifica-
tion step 32, from which medium purity hydrogen is
recovered as needed at 33 and undesired gages including
Hz, CO3, HaS and water are vented at 33a. Stream 33 is
heated at 17, as needed, and recycled at 19 1o the reactor
along with make-up hydrogen =t 335 as needed.

From separator 30, Liquid stream 34 is also with-
drawn, pressure-reduced at 35, and passed to phase
separator 36, which operates at near atmospheric pres-
sure and 500°-650° F. temperature. If desired, & major
portion 34g of liguid stream 34 can be recycled to reac-
tor 20 as the recycled reactor liguid instead of liquid
stream 24. From separator 36, a light hydrocarbon
overhead stream is removed at 37 containing naphtha
and light distillate fractions and is passed to fraction-
ation step 40

Liquid stream 38, which typically has a normal boil-
ing range above about 550° F. and contains some as-
phaltenes, unconverted coal and ash, is passed to liquid-
solids separation system 44, which can comprise multi-
ple hydroclones or a solvent precipitation system. Over-
flow stream 45 contsining a reduced concentration of
particulate solids is also passed to fractionation step 40,
wherein the liguid is fractionated into product streams
comprising gas, naphtha, light and middle range distil-
lates, end heavy residunm boiling range oils containing
unconveried coal and ash. Specifically, product streams
from the fractionator 40 are withdrawn zs product gas
at 39, C4-400" F. naphtha fruction at 41, liquid distillate
liquid at 42 and heavy distillate liquid at 424, and a
heavy fuel oil at 43. A portion 46 of overhead liquid
from liquid-solids separation step 44 is recycled to the
slurry tank 12 and then to reactor 20 to slurry the coal
and help control the percentage of unconverted coal
and ash solids in the reactor within a desired range,
typicaity about 10 to 25 W %. If desired, cooling of
recycled stream 46 can be accomplished at heat ex-
changer 47.

From liquid-solids separation sicp 44, underflow
stream 48 is passed to vacuum distillation at 50. Vacuum
overhead stream 51 can be combined with fractionation
bottoms stream 43 to provide liquid product stream 52,
The heavy vacuum botloms material nominally boiling
sbove about 975° F. at 54 can be used for coking to
recover oil, or as a feed material for hydrogen produc-
tion.

If desired to achieve increased percentage conversion
of the coal feed in the present invention, two stages of
catalytic reaction can be advantageously used, with the
severity conditions for each reaction stage being se-
lected 1o achieve the desired overall hydropenation and
product vield results. The first stage reactor can be
operated at low severity conditions of about 630°-730°
F. temperature, 1000-3000 psi hydrogen partsl pres-
sure and about 30-90 Ib coal/hr/ft space velacity. The
second stage reactor is then operated at moderate sever-
ity conditions of 750'-840" F. temperature, at essen-
tially the same hydrogen partial pressure, and at 20-60
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tb/he/it? space velocity. Alternatively, the first stage
reactor can be operated at moderate severity conditions
of 750°-825° F. temperature and 15003500 psig hydro-
gen partial pressure, and the second stage reactor opet-
ated at high severity of §25°-875° F. temperature and
the same pressure.

It is also contemplated within the scope of the present
invention and depending upon the particular coal-
derived liguid product selectivity desired, that the first
stage reactor can be operated at more severe conditions
of 750°-850° F. temperature and 20004000 psig hydro-
gen partial pressure to crack and partially hydrogenate
the coal, and the second stage reaction is then operated
at milder conditions of 630°-750" F, temperature to
upgrade the hydrogenated material to remove oxygen,
nitrogen and sulfur.

With reference now to FIG. 2, an alternative process
embodiment is shown which is simitar to FIG. 1 bat
utilizes two stages of catalytic reaction for the coal-oil
slurry feed. Similarly as described for FIG. 1 above,
coal feed from 10 and oil slurry 4 are blended in the
mixing zone 12, pressurized by pump 16, and the slurry
passed with only minimal preheating directly to the
reactor 20. Recycled hydrogen is provided at 19¢ into
the reactor liguid recycle stream 24 upstream of heater
26. In reactor 20, the coal-oil slurry undergoes rapid
heating and hydrogenation reactions while passing up-
wardly through the ebullated bed 22 of catalyst parti-
vles. The coal-oil slurry passes upwardly through reac-
tor 20 in contact with the catalyst at a space velocity of
30-90 coal/hr/ft3. Reaction conditions are preferably
maintained within ranges of 650°-750° F. temperaiure
and 1500-4500 psig hydrogen partial pressure. Rela-
tively simultarieous conversion of the coai and heavy
coal-derived oil occurs with the consumption of hydro-
gen to produce lower boiling hydrocarbon liquids and
gas. Reactor liquid is recycled downward through con-
duit 24, recycle pump 25, and heater 26 where it is
heated along with the hydrogen from 19a to a tempera-
ture as needed to maintain the desired reactor tempera-
tiure.

From the reactor 20, a hydrogenated effluent mate-
rial is remowved via conduit 29 and is passed to hot phase
scparator 30. Alternatively, the effluent material at 2%
can be passed directly to second stage catalytic reactor
68. The separated gas stream 31 is passed to hydrogen
recovery system 32, from which undesired gas is venied
ut 332 and recovered hydrogen stream 33 is recycled to
the reactors 20 and 60 along with fresh make-up hydro-
gen at 33k 8s needed.

From phase separator 30, the liquid portion is with-
drawn as stream 58 and passed to second stage cbullated
bed reactor 6. The hydrocarbon liquid sluery material
passes upwardly through flow distributor 61 and reac-
tor 60 in contact with the catalyst 62 at a space velocity
of ahout 20 to 60 pounds of cual/heur/cubic foot of
reactor volume, and preferably about 25 to 50 pounds of
coal/hour/cubic foot. Reaction conditions are prefera-
bly maintained within the range of 750°-840" F. temper-
ature and 1500-3500 psig hydrogen partial pressure.
Reactor liquid is recycled through downcomer conduit
64 and recycie pump 65 to heatar 66, where it is heated
along with hydrogen streamn 195 to a temperuture as
needed to provide the desired reaction temperature,
then passed upwardly through distributor 61 to main-
tam sufficient upward liquid velocity to expand the
catalyst bed and maintain the catalyst in random motion
in the liquid to assure intimate contact and complete
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reactions. Fresh catalyst is added to the reactor at con-
nection 67 as needed and used catalyst removed at 68,

In the reactor 60, simultancous hydrogenation and
conversion of the coal and slurrying ofl occurs with
consumption of some hydrogen. Also, because the coal-
derived slurrying oil contains hydrogen donor com-
pounds and has significant solvent properties affecting
the coal, the hydrogenation reactions may be achieved
al 1 somewhat lower reaction temperature than would
otherwise be necessary. If the temperature desired in
reactor 60 is lower than that for first reactor 20, the
reactor Hquid recycled downward through conduit 64
and recycle pump 65 and mixed with recycied hydro-
gen streamn 198, can be cooled at a heat exchanger 662
(replacing heater &6) as necessary to maintain the de-
sired temperature in reactor 60,

From the reactor 60, effluent stream 69 is passed to
hot phass separator 70. The resulting gas portion stream
71 i3 passcd to hydrogen purification step 32. From
separator 70, liquid stream 72 is withdrawn, pressure-
reduced at 73, and passed to phase separator 74, If de-
sired, a liquid portton 72¢ can be recycled to reactor 60
as the recycled reactor liquid. Overhead stream 7§ is
passed to fractionation system 80, wherein the liquid is
fractionated into product streams comprising gas, naph-
tha, light and middle range distiltates, and heavy resid-
wum boiling range oils containing unconverted coal and
ash.

From phase separation step 74, liquid stream 7§ is
pussed to liguid-solids separation system 77, wiich can
comprise multiple hydroclones or a solvent precipita-
tion system. A portion 78 of the overflow liquid stream
containing reduced solids concentration is returmed to
coal rlurrying zone 12, and the remainder 79 is passed to
fractionation system 80. From solids separation step 77
underflow stream 82 containing increased solids con-
centration is passed to vacuum distillation at 90, from
which a bottoms material stream is removed at 89,

The overhead liquid passed via conduit 75 to frac-
tionation system 80 is separated therein into gas stresm
81, C4-400° F. naphtha fraction stream 83, and light and
heavy distillate oil products at 84 and 85, respectively.
Bottoms material 86 is withdrawn from the fractionator
80 and can be combined with vacuum distillation over-
head stream 87 to provide product stream 88. Vacuum
bottoms material at 89 can be used for coking to recover
oil, or as 8 fecd matcrial for hydrogen production.

This invention will be further described by reference
to the following examples, which should not be con-
strued as restricting its scope.

EXAMPLE 1

Illinots No. 6 bituminous coal in particulats form was
slurried with a coal-derived liquid, heated to only about
400° F. temperature for about 30 minutes, i.e. t0 less
than about 0.001 STTU, and the coal slurry was intro-
duced into a reaction zone comtaining hydrogenated
coal-derived liquid, hydrogen gas, and an ebullated bed
of a eoal hydrogenation catalyst. Reaction zone condi-
tions were muintained at 850" F. temperature and 2000
psig hydrogen partial prassure.

A comparison of typical resulls schieved by this di-
rect coal slurry feed hydrogenation process, comparead
to conventionzl ccal hydrogenation processes using
preheating of the coal-oil slurry feed to near the reactor
temperature and using cssentially the same reaction
conditions, is provided in Table § below.
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TABLE 1

COAL HYDROGENATION PROCESS RESULTS
WITH AND WITHOUT
SLURRY FEED PREHEATING STEP

With Withouot
Preheating Preheating
(Run 218-31  (Rup §77-65)
Coal Slurry Miz Tank 350 00
Temperature, "F.
Conl Slurrying Residence 30 30
Time, min,
Coal-0il Slurry, o0 350
Feed Temperature,
to Reactor, °F,
Preheating ‘Temperature- 0.46 <0.01
Time Units (STTU)
Renction Conditions:
Tempetaruee, "F. 350 250
H Partial 2000 2000
Peessure, puig
Space Velocity, k)] kil
th/hr /At
Catalyst Age, 350 710
1t coal/Tb cataiyst
Product Yields, W %
Dy Coal Feed
C1-Ca Gas 00 9.7
C4400* F. Liquid 16.9 198
400-975" F. Liguid 292 34.0
975 F. ¥ Liquid 5.9 12.2
€4:975" F, Liguid 5.2 518

Pervent Coal Conversion, W % 94.1 959

_From the above resulls, it is seen that when the coal-
oil slurry is fed directly into the reactor at less than
abont 0.1 STTU without a conventional preheating
step, significantly incrcased yiclds of Cs-400° F. and
C4-975° F. hydrocarbon liquid fractions are produced
along with decreased yields of heavy 975° F.* liquid,
which occurs even at increased average catalyst age.

Although this invention has been described broadly
and with reference ta certain embodiments thereof, it
will be nnderstood that modifications and variations to
the process can be made and some steps used without
others all within the spirit and scope of the inveation,
which is defined by the following claims.

We claim: :

1. A process far catalytic hydrogenation of coal to
produce increased yields of low boiling hydracarbon
liquid products and gas, the process comprising:

(a) mixing particulate coal with a hydrogenated coai-
derived hydrocarbon liquid 1o provide a flowable
coal-oil slurry material having a standard tempera-
ture-time units (STTU) severity index exposure less
than about 0.1 wherein said STTU index is defincd
by the following relation:

STTUm A~ %7

where

A=ybout 11231015

t1=the coal residence time in minutes
~ B=about 45045

T=the temperature in °R;

(b) feeding said coal-oil sluery directly into a catalytic
reaclion zone, along with a heated coal-derived
recycle liguid and recycle hydrogen, so as to avoid
formation of ihermal retrograded material during
any heating of the coal vccurring before said reac-
ticn zone; :

(c) pussing said coal-oil slurry and said hydrogen
upwardly through said reaction zone containing
coal-derived liguid and hydrogen and an ebullated
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bed of particulate catalyst maintained at 650°-900°
F. temperature and 1000-5000 psi hydrogen partial
pressure and 7.5-90 Ib/hr ft} space velocity for
rapidly heating and reacting the coal therein and
providing catalytic hydrogenation reactions to
produce coal-derived hydrogenated material
therein;

{d) withdrawing a portion of said coal-derived liquid
from said reaction zone at a level above said ebul-
lated bed of particulate catalyst adjusting the with-
drawn liquid temperature as required to contral
said reaction zone temperature, and recycling the
coal-derived liquid to the lower portion of the
reaction zone;

(€) withdrawing from the upper part of seid reaction
zone a coal-derived hydrogenated material con-
taining gas and liquid fraction, and phase separat-
ing said material into gaseous and liquid fractions;

(D passing said liguid fraction 1o a liquid-solids sepa-
ration step, from which an overhead liquid stream
containing a reduced sclids concentration is recy-
¢led to provide seid hydrogenated coal-derived
liquid for providing said coal-oil sturry; and

(g) recovering hydrocarbon gas and increased yields
of lTow boiling hydrocarbon liquid products from
the process.

2. The process of claim 1, wherein the weight ratio of

slurrying oil to coal is between about 1.1 ta 6.0.

3. The process of claim 1, wherein sail coal-derived
tiguid withdrawn from seid reaction zone is heated to a
temperature about 10°-100° F. above the reaction zone
temperature.

4. The process of claim 1, wherein the weighl ratio of
heated reactor recycle liquid to coal slurry feed is
within 2 range from about 1.0 to 10.0.

5. The process of claim 1, wherein suid hydrogen is
separately heated to a temperature exceeding the tem-
perature of said catalytic rezction zone.

§. The process of claim 1, wherein said hydrogen is
heated and added to said recycle coal<derived liquid
before passing the resulting mixture to the catalytic
reaction zone.

7. The process of claim 1, wherein said coal-oil slerry
feed is heated to a standard temperature-time unit sever-
ity index less than about (.01 before feeding the coal-oil
slurry into said reaction Zone.

8. The process of claim 1, wherein said coal-oil slurry
feed is heated in said coal slurrying step (a).

9. The process of claim 1, wherein said reaction zone
is mainiained within 2 temperature range of 750°-870°
F. and 1500-4500 psi hydrogen partial pressure.

18. The process of claim 1, wherein said coal feed is
biteminous type coal.

11, The process of claim 1, wherein said coal-oil
slurry feed is heated to temperature below about 500° F.

12. The process of claim 1, wherein said phase sepa-
rated .Hquid fraction is passed with hydrogen to a sec-
ond stage catalytic reaction zone at space velocity of
15-90 Ib/hr/ft3 reactor zone volume for further hydro-
genation reactions.

13. A process for catalytic hydrogenation of coal to
produce increased yields of low boiling hydrocarbon
licuid products and gas, the process comprising:

(a) mixing particulate coal with a hydrogenated coal-
derived hydrocarbon liquid to provide a flowable
coal-oil slurry material having a temperature below
about 500° F. and having a standard temperatitre-
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time severity umit {STTU) factor less than about
0.01 wherein said STTU index is defined by the
following relation:

STIU=dte~ 5T

where

A —about 1.12=1015

t=the coal residence time in minotes
B=about 45045

T=the temperature in "R;

(b) feeding said heating coal-oil siurry directly into a
catalytic reaction zone along with separately
heated coal-derived hydrocarbon liquid and hydro-
gen, 50 as to evoid formation of thermal retro-
graded material;

{c) passing said heared coal-oil slurry and hydrogen
uniformly wpwardly through said rcaction zone
containing coal-derived lquid and hydrogen and
an eballated bed of pariiculatc catalyst maintained
at 750°-870" F. temperature and 1500-4000 pst
hydrogen partial pressure for providing catalytic
hydrogcnation reactions therein to produce a ¢oal-
derived hydrogenated material;

{(d) withdrawing a portion of said hydrogenated coal-
derived liquid from said reaction zone at a level
above said cbullated bed of particulate catalyst,
heating the withdrawn liguid to a demperature
about 10°-100° F. above the reaction zone tempera-
ture, and returning the heated liquid to a Jower
pottion of the reaction zone;

(c) withdrawing from the upper part of said reaction
zone a coal-derived hydrogenated waterial con-
taining gas and liquid fractions, and phass separat-
ing said material into gaseous and liguid product
fractions;

(f) passing said liquid product fraction to a solids-
separation step, from which an overhead liquid
material containing a reduced solids concentration
is recycled to provide said hydrogenated coal-
derived hydrocarbon liquid for providing said
coal-oil slurry; and

(g) recovering hydrocarbon gas and increased yields
of low boiling hydrocarbon liquid products from
the process.

14. A pracess for catalytic hydrogenation of coal to

produce increased yiclds of low beiling hydrocarbon

liquid products and gas, the process comprising:

(@) mixing particulate coal with a hydrogenated coal-
derived hydrocarbon liguid to provide a flowable
coal-oil slurry material having a standard tempera-
ture-time uaits (STTU} seventy index exposure less
than about 0.1 wherein said STTU index is defined
by the following relation:

STTU=Are— &7

where

A=about 1.12x 1013

i=the coal residence time in minutes
B=abhout 45045

T =the temperature in "R;

(b) feeding said coal-oif slurry directly imto a first
catalytic reaction zone, along with a heated coal-
derived recycle liguid and recycle hydrogen, so as
to aveid formation of thermal retrograded material
during any heating of the coal occurring before
said reaction zone;

{c) passing said coal-oil slurry material and hydrogen
vpwardly through said first reaction zone contain-
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ing coal-derived liquid and hydrogen and an ebui-
lated bed of particulate catalyst maintained at
650°-750" F. temperature and 1000-5000 psi hydro-
gen partial pressure for rapidly heating and react-
ing the coal therein and providing catalytic hydro-
genation reactions to produce a coal-derived hy-
drogenated material;

(d} withdrawing a portion of said coal-derived liguid
from said first reaction zone at a Jevel ahave said
ebullated bed of particulate catalyst, adjusting the
temperature of the withdrawn liquid as reguired to
control said reaction zone temperature, and recy-
cling the coal-derived liquid to the lower part of

. said first reaction zone;

{e)} withdrawing from the upper part of said first
reaction zone a coal-derived hydrogenated mate-
rial containing gas and liquid fractions, and phase
separating said material into gaseous and liquid
fractions:

() passing said separated liquid fraction to a second
catalytic reaction zone along with heated coal-
derived recycle liquid and recycled hydrogen, and
passing said liquid fraction and coal-derived recy-
cle liquid and recycle hydrogen upwardly through
said second catalytic reaction zone containing an
ebullated bed of particulate catalyst maintained at
700°-800° F. temperature and 1000-5000 psig hy-
drogen partial pressure and further reacting the
liquid fraction material therein to produce 2 further
hydrogenated materia:

(g) withdrawing a portion of the hydrogenated coal-
derived liquid from said second reaction zone a1 a
level above said ebullated bed of particulate cata-
lyst, adjusting the temperature of the withdrawn
liquid as reguired to control said second reaction
zone temperature, and recycling the coul derived
liquid to the lower portion of said second reaction
zong;

(h) withdrawing from the upper part of szid second
catalytic reaction zone said further hydrogenated
material containing gas and liquid fractions, and
phase separating said material into gas and liquid
fractions;

(i} passing said separated liquid fraction to a liquid-
solids separation step, from which an overhead
liquid stream containing a reduced solids concen-
tration is recycled to provide said hydrogenated
coal-derived liquid for providing said coal-oil
slurry; and

(i) recovering hydrocarbon gas and increased yields
of low boiling hydrocarbon liquid preducts from
the process,

15. The process of claim 14, wherein said coal-
derived liquid withdrawn from said first reaction zone is
heated t¢ a temperature about 10°-100° B above the
reaction zone temperulure.

16. The process of ¢laim 14, wherein the ratic of
heated reactor reeycle liquid from said first reaction
zone to coal slurry feed is within a range of about 1.0 o
[0.0.

17. ‘The process of claim 14, wherein said hydrogen is
separately heated to a lemperature exceeding the tem-
perature of said first catalytic reaction zone.

18. The process of claim 14, wherein said hydrogen is
heated and added to the recycle liquid before passing
the mixture to said first catalytc reaction zone.
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19. The process of claim 14, wherein a portion of said

phase separated liquid is recycled to said second cata-

tytic reaction zone. .

20, A process for catalytic hydrogenation of coal to

produce increased yields of low boiling hydrocarbon

liquid products and gas, the process comprising:

{u} miaing particulate coal with a hydrogenated coal-
derived hydrocarbon Jiguid to provide a flowable
coal-vil slerry material having a standard tempera-
ture-time units {STTU) exposure less than about
0.1 wherein said STTU index is defined. by the
following relation:

STTU=Ae—&T

where

A=about 1.12 1013

t=the coal residence time in minutes
B—about 45045

T =the temperature in *R;

{b} feeding said coal-oil slurry directly into & first
catalytic reaction zone, along with a heated coal-
derived recycle liquid and recycled hydrogen, so
as to avaid formation of thermal retrograded mate-
rial during any heating of said coal occurring be-
forc said reaction zone;

(c) passing said coal-oil slurry and said hydrogen
upwardly through said first reaction zone contain-
ing coal-derived liquid and hydrogen and an ebul-
lated bed of particulate catalyst maintained at
750°-850" F. temperature and 1000-5000 psi hydro-
gen partial pressure for rapidly heating and react-
ing the coal therein and providing catalytic hydro-
genation reactions to produce a coal-derived hy-
drogenated material;

(d) withdrawing a portion of said coal-derived liqud
from said first reaction zone at a level above said
cbullated bed of particulate catalyst, adjusting the
withdrawn liquid temperature as required to con-
trol said reaction zone temperature as desired, and
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recycling the coal-derived liquid to the lower por-
tion of the reacticn zone;

(e} withdrawing from said first reaction zone upper
part a coal-derived hydrogenated material contain-
ing gas and liguid fractions, and phase separating
said material intc gaseous and liquid fractions;

(f) passing said liquid fraction to a second catalytic
reaction zone along with heated coal-derived recy-
cled liquid and recycled hydrogen, and passing said
liquid fraction and hydrogen upwardly through
said second catalytic reaction zone containing an
ebullated hed of particulate catalyst maintained at
650°-750" F. teraperature and 1000-5000 psi hydro-
gen partial pressure and further reacting the liquid
material therein to produce a further hydrogena.
tion material;

{g) withdrawing a portion of the hydrogenated coal-
derived liquid from said second reaction zone at a
level above said ebullated bed of particulate cata-
lyst, adjusting the tcmperature of the withdrawn
liguid as required to contro] said second reaction
zone temperature, and recycling the coal derived
lignid to the lower portion of said second reaction
zone;

(h) withdrawing from the upper part of said second
catalytic reaction zone said forther hydrogenated
material containing gas and liguid fractions and
phase separating said material into gas and liquid
fractions;

(i) passing said separated liquid fraction to 2 liquid-
solids separation step, from which an overhead
liquid stream containing a reduced sclids concen-
tration is recycled to provide said hydrogenated
coal-derived liquid for providing said coal-oil
slurry; and

(§) recavering hydrocarbon pas and an increased
vield of low boiling hydrocarbon liguid products

from the process.
£ ok & s



