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(57) Abstract

Normally solid dissolved coal pro-
duct and a distillate liquid product are
produced by continuously passing a feed
shurry comprising raw feed coal and a re-
cycle solvent oil and/or slurry together
with hydrogen to a preheating-reaction
zone (26 alone, or 26 together with 42),
the hydrogen pressure in the preheating-
reaction zone being at least 1500 psig
(105 kg/cm?2), reacting the slurry in the
preheating-reaction zone (26, or 26 with
42) at a temperature in the range of bet-
ween about 4550 and about 5000 to dis-
solve the coal to form normally liquid coal
and normally solid dissolved coal. A total
slurry residence time is maintained in the
reaction zone ranging from a finite value
from about 0 to about 0.2 hour, and reac-
tion effluent is continuousiy and directly

contacted with a quenching fluid (40, 68)
to substantially immediately reduce the temperature of the reaction effluent to below 4250C to substantially inhibit polymeri-

zation so that the yield of insoluble organic matter comprises less than 9 weight percent of said feed coal on a moisture-free ba-
sis. The reaction is performed under conditions of temperature, hydrogen pressure and residence time such that the quantity
of distillate liquid boiling within the range C5-4550C is an amount at least equal to that obtainable by performing the process
under the same conditions except for a longer total slurry residence time, e.g., 0.3 hour. Solvent boiling range liquid is separa-
ted from the reaction effluent and recycled as process solvent. The amount of solvent boiling range liquid is sufficient to provi-
de at least 80 weight percent of that required to maintain the process in overall solvent balance. The present process involves
the remarkable discovery that a greater liquid yield can be produced at a short residence time under controlled conditions,
than at a longer residence time under otherwise similar conditions, even while the primary product fraction is normally solid

dissolved coal and the production of net liquid product is not encouraged.
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CONTROLLED SHORT RESIDENCE TIME COAL
LIQUEFACTION PROCESS

Field Of The Invention

This invention relates to a short residence time
coal liquefaction process for producing reduced or low
ash hydrocarbonaceocus solid fuel from ash-containing
crushed raw coal. More particularly, this invention
relates to a coal liquefaction process wherein sufficient
solvent boiling range liquid is obtained to substantially

maintain the overall process in solvent balance.

Description Of The Prior Art

Prior processes for producing ash-free hydrocarbona-
ceous solid fuel from coal dissolve raw feed coal in a
hydrocarbonacecus solvent under elevated temperatures and
pressures in the presence of hydrogen. Suspended undis-
solved solids are then removed by filtration, solvent
deashing or other solids-liquid separation step, and the
solids~-free liquid is then distilled to recover a naphtha
fraction and a fraction comérising solvent boiling range
liquid, leaving as a residue a low-sulfur ashless product,
which is so0lid at room temperature aﬁd generally known as
solvent refined coal. ' .

A characteristic feature of such a process 1is the
possible loss of a significant portion of the solvent by
either polymerization or hydrocracking reactions, while
some of the coal is dissolved or hydrocracked to a liquid
boiling within a range about the same as the original sol-

vent. The guantity of solvent obtained from the feed coal

should be at least equal to the gquantity of feed solvent
which is lost. If the net solvent obtained is less than

zero, the process is not in balance.
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The major product of the process is a deashed solid

fuel rather than liquid fuel. Thus, solvent boiling range

liquid is” not a significant net product. When less than
the required amount of solvent is obtained, increased sol-
vent can be achieved by increasing the rate of hydrocrack-
ing reactions, by increasing hydrogen pressure, hydrogen
circulation rate, residence time or by changing the sol-
vent to coal ratio; however, such means are usually.very
costly. Another means for increasing the rate of hydro-
genation or hydrocracking of coal involves increasing the
reaction temperature, which will generally increase the
overall reaction rate and is one of the lowest cost means
for doing so. However, because of excessive coking and
attendant loss of yield there is a practical limit to the
extent that an increase in température can be used to in-
crease the overall rate of reaction. Thus, for example, an
increase in temperature from 423°C to 450°C can increase
the total distillate yield under conditions normally used
in a solvent refined coal process, but a further increase
in temperature to 475°C can result in a decrease in total
distillate yield. Similarly, as the temperature is
increased within a particular range, the net solvent can
become increasingly negative, i.e., increasingly below the
amount needed for cvérall solvent balance.

The decrease in total distillate yield and recycle

solvent obtained as the temperature is increased from

450°C to 475°C apparently occurs because the rate of
hydrocracking of liquids to gases and the rate of polymer-
ization of dissolved coal to insoluble organic matter both
increase significantly in such temperature range.’ While
the overall rate of conversion of feed coal increases,
much of this increase involves hydrocracking to gases and
polymerization to insoluble organic matter. Thus, merely
incréasing the temperature may not provide sufficient
process-derived solvent to keep the overall process in
solvent balance.
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Summary Of The Invention

- It has now been found that sufficient amounts of

" golvent boiling range liquid can be obtained to maintain

an overall solvent balance in a coal ligquefaction process
for producing deashed, normally solid hydrocarbonaceous
fuel by utilizing selected temperatures and hydrogen
pressures equivalent to or greater than those commonly
employed, but at short residence times. The deashed,
normally solid hydrocarbonaceous fuel will- be referred
to in this application as ™normally solid dissolved
coal™, "deashed coal®™, "solid deashed coal" or similar
designation. _

The process of the present invention comprises, con-—
tinuously passing a slurry comprising coal and solvent
oil together with hydrogen through a preheating-reaction
zone, the hydrogen pressure in said preheating-reaction
zone being at least about 1500 psig (105 kg/cmz), €.G .,
between about 1500 and about 4000 psig (105 and 129
kg/cmz), preferably.between about 1850 or 1900 and about
3000 psig (129 or 133 and 210 kg/cm%), with between
about 2000 and about 3000 psig (140 and Zlﬁ_kg/cmz)
being especially preferred. The feed slurry is reacted in
the preheating-reaction zone at a temperature in the range
of between about 455° and about 500°C, preferably between
about 460° and about 500°C, especially between about 465°
and about 490°C, to dissolve the coal in the liguid
portion of the slurry to form coal-derived liquid and
normally solid dissolved coal. The total slurry residence

time is maintained at a finite value in the range from-

above 0 to about 0.2 hour, preferably between about (.02
and about 0.15 hour, with between about 0.06 and about

0.135 hour being especially preferred. The high distil-

late liquid yield of the short residence time process of
the present invention is transitory in nature and would
be lost rapidly with increasing residence time due to
hydrocracking and polymerization reactions. Thus, the
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slurry residence time must be strictly controlled at a
predetermined value. The total slurry residence time is

" the time during which the reaction slurry is within the

éemperature range of this invention, and is based upon the
total volume of the slurry, measured under ambient condi-
tions, passing through the reactor assuming that the small

volume occupied by gas is negligible. The total slurry
residence time is continuously controlled by continuously
and directly quenching the reaction effluent, i.e., direct
intermixing of the reaction effluent with a gquenching
fluid to substantially immediately reduce the temperature
sufficienﬁly to substantially terminate or inhibit poly-
merization and hydrocracking reactions, e.g., to a temper-
ature below about 425°C or 370°C. The quenching reduces
the reaction effluent temperature to a level at which the
unstable, polymerizable compounds in_ the solvent boiling
range liquid of the reaction effluent stream are stabil-

ized. Just as quénching serves to conserve solvent boil-

ing range liquid by inhibiting polymerization reactions,

it concomitantly reduces the yield of IOM (insoluble

organic matter), which is formed via polymerization reac—
tions and reduces the yield of useful product. Therefore,
it is a feature of this invention that the yield of IOM on
an MF (moisture free) coal basis is always below 9 weight
percent, is preferably below 8 weight percent and is most
preferably below 7 or even 6 weight percent. A yield of

- IOM above 9 weight perceﬁt indicates that the guenching

step was not performed in a timely manner. Cool distil-
late liquid is a suitable gquench £luid. Hydrogen pres-
sure, temperature and residence time are selected such
that the reaction product will contain distillate liquid
(liquid boiling in the range C5-454°C although not
necessarily over the entire range, which includes solvent
beiling range liquid and naphtha) in amount at least
equal to that obtainable by performing the process at the
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same conditions, i.e., the same hydrogen pressure, tem—
perature, etc., but at a longer total slurry residence

time such as a residence time of 0.3, 0.4, 0.5, 0.6 hour

or the like. Our discovery is remarkable because it
teaches that a higher distillate yield can be achieved
at a short rather than a long residence time, and even
though the primary product fraction is normally solid
dissolved coal so that the production of net liquid pro-
duct is not encouraged.

The transitory (unstable) nature of the high distil-
late liquid yield at the short residence time makes it
imperative that the slurry residence time be controlled
and that quenching be utilized for this purpose. The
reaction effluent may be separated into a £fraction con-
taining normally solid dissolved coal, a fraction. contain-
ing mineral residue, a fraction comprising solvent boiling
range liquid, e.g., bOlllng'ln the -range of between about
177° and about 454°C, a lower boiling naphtha fraction and
gases. The solvent boiling range liquid distillate is re—
cycled as process solvent. The amount of solvent boiling
range liquid obtained is sufficient to provide at least 80
weight percent, preferably at least 90 or 100 weight per-
cent, of the amount required to maintain the process in
overall solvent balance. Ordinarily, the required weight
ratio of solvent to feed coal is between 1l:1 and 4:1, pre-.
ferably between 1.5:1 and 3:1.

Thus, it was surprising to discover that a process
for converting raw coal to a product wherein the deashed,
normally solid hydrocarbonaceous fuel product constitutes
at least 30, 40 or 50 weight percent of the MF raw coal
feed could be conducted for very short slurry residence
times and terminated by direct quenching, and yet still
provide sufficient distillate liquid to maintain the pro-
cess substantially in overall solvent balance. In addi-
tion, we have now made the surprising discovery that the
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solvent boiling range liquid obtained under the high
temperature coﬁditions of the process is not only of
suitable quality for use as a recycle solvent despite its
hydrogen-depleted condition, but is even of a superior
quality for use as a solvent as compared to solvent oils
which are produced at a lower temperature and are there—
fore richer in hydrogen. It was surprising to find that
by recycling solvent boiling range liquid, the amount of
fecycle solvent obtained increased over that obtained
using a single pass solvent produced in another process
operated at a longer resident time. The expression
"single pass solvent”™ as used in this application refers
to solvent boiling range liquid obtained from a conven—

tional coal liquefaction process operated at a longer*

residence time as compared with the present process

(longer than 0.2 hour). A solvent obtained at a lower

temperature and a longer residence time will be richer
in hydrogen donor materials than the solvent obtained in

.the present process, because the higher temperatures of

‘the present process tend to strip hydrogen from hydrogen
donor molecules. Clearly, the ability of the recycle
solvent of the present process to increase the yield of
liquid product, as compared to a solvent which is richer
in hydrogen, is surprising. Thus, the hydrogen-poor
recycle solvent of this'invention is recycled directly to
the liquefaction zone without any further processing, such
as catalytic or non-catalytic hydrogenation, and the
Present process does not employ any hydrogenation reaction
zone downstream.- from the quenching step prior to separa-
tion of the product into desired fractions. Similarly,
the solvent boiling range fraction recovered during the
product separation is not snbjected to hydrogenatlve
reactlon prlor to recycle.

0
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According to one embodiment of the presentfinventién,
the reaction effluent is passed from a first stage which
is a heated stage, for example, a tubular zone, into an .
unheated second stage, namely, a reaction zone or dissol-
ver, whérein the exothermic heat of hydrocracking reac—
tions increases the reaction temperature to the desired
level and maintains it there. Thereafter, the reaction
effluent is quenched by direct injection of cool distil-
late liquid or. other cooling fluid into the flowing reac-
tion effluent stream to terminate polymerization reac—
tions. The dissolver employed in the present invention
may'héve a smaller capacity than previously utilized,
since the total slurry residence time is less than 0.20
hour, thereby reducing the need for a large capacity
dissolver.

According to another embodiment of the present inven-
tion, the slurry comprising feed coal and solvent oil
together with hydrogen'is passed to a tubular zone wherein
tﬁerslurry is heated and reacted,'énd the reaction efflu-
ent is quenched immediately after it is discharged from
the tubular zone by direct injection cooling with a quench
fluld' thus eliminating the need for the conventional dis-
solver, which involves large and costly equipment. '

According to still another embodiment of the present
invention, recycle slurry (a stream comprising mineral
residue, normally solid dissolved coal and solvent boiling
range ligquid) and a separate solvent beiling range liquid
Stream are both recycled to the coal liquefaction zone to
achieve increased quantities of recycle solvent and
improve desulfurization of the solid deashed coal product,

while still producing a primary product comprlslng nor-

mally solid dissolved coal.
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Brief Description of the Drawings

FIG. 1 is a schematic flow diagram of a process for
the production of a substantially ash-free hydrocarbona-—
ceous normally solid fuel product from coal in accordance

- with the invention;

. PIGS. 2 and 3 graphically illustrate the unpredict-—
ably high total distillate yields as a function of resi-
dence time and temperature, respectively, when operating
in accordance with the short residence time process of the
invention; and

FIGS. 4, 5 and 6 illustrate the unpredictably low
hydrogen c¢onsumption and corfespondingly low CT-C4 and
naphtha yields, respectively, when operating with the
short residence time process of the invention.

Description Of The Preferred Embodiments

As shown in the process set forth in FIG. 1 of the

drawings, pulverized raw coal, which may be bituminous
coal, subbituminous c¢oal, or lignite, is charged to the
process through line 10 and contacted in mixing tank 14
with recycle solvent boiling range liquid from line 12 to
form a coal-solvent feed slurry. In the preferred opera-
tion of the process, an extraneous catalyst (non-feed coal
derived) is not required. Thus, .in its preferred form,
the present liquefaction process is conducted in the
absence of an extraneous catalyst. In the embodiment
where ash is recycled, it is ordinarily not necessary to
render the ash more catalytic before it is recycled. As
hereinafter discussed in detail, the solvent in line 12
comprises recycled solvent boiling range (about 177° to
454°C) distillate from line 16, alone, or may additionally
comprise recycle slurry from line 17, which is passed
—through valve 18 along with recycle solvent from line 16
in transit to line 12 and mixing tank 14. Feed slurry
from tank 14 passes through line 20 and pump 22 and is
mixed with recycle hydrogen from line 63 before passage
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through line 24 to preheater tube 26, which is disposed
. in furnace 28. The preheater tube 26 preferably has a

high length to diameter ratio of at least 100 or 1000 or
more. : ;

The slurry is heated in furnace 28 to a temperature
sufficiently high to initiate the exothermic reactions of
the process and to enable the exothermic reactions to fur;
ther heat the reaction mixture to a temperature of at

least 455°C, e.g., in the range of between about 455° and

about 500°C, preferably between about 460° or 475° and
about 490°C. The hydrogen pressure in the preheater tube
26 is at least about 1500 psig (105 kg/cmz), preferably

between about 1850 or 1900 and 4000 psig (129 or 133 and

280 kg/cm , with between about 2000 and about 3000 psig
(140 and 210 kg/cm ) belng preferred. The hydrogen feed
rate 1is between about 0.5 and about 6.0, p;eferably be—
tween about 1.5 and about 4.0 weight percent based upon
the weight of the'slurry'undergoing reaction.

The slurry undergoing reaction passes from furnace
28 by means of line 30, three-way valve 32, line 34,
three-way valve 36, to line 38 wherein it is immediately
force cooled by dlrect guenching with any suitable guench
fluid, such as cool, distillate liquid introduced from
line 40, which cools the slurry and substantially termin-
ates all reactions, especially polymerization and hydro-—
cracking, by reducing the slurry temperature below that at
which any significant polymerization takes place, e.g.,
below about 371°C or 427°C. The quenching step continu-
ously controls the effective reaction residence time of
the slurry within short predetermined limits.

The forced cooling or gquenching may be accomplished
by means of any suitable cooling £fluid, such as a cool
distillate liquid stream obtained from the process, re-
cycled hydrogen, or the like. A distillate ligquid will
ordinarily be more economical than process hydrogen whose
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use increases the load on the hydrogen purification sys=—

_ tem. If distillate liqﬁid.is the quench £fluid it can be

continuously introduced through line 40 to continuously
provide direct injection cooling and thus maintain a con-
trolled slurry residence time under reaction conditions of
below about 0.2 hour, preferably between about 0.02 and
about 0.15 hour, with between about 0.06 and about 0.135
hour being especially preferred.

Alternatively, the slurry in preheater coil 26 is
passed through line 30, three-way valve 32 and line 41 to
dissolver 42 wherein exothermic reactions proceed without
added heat. The dissolver effluent slurfy is then passed
through line 44 and three-way valve 36 to line 38 wherein
it is quenched as ‘previocusly described within the prede-—
termined short residence time of under 0.2 hour (12
minutes). The hydrogen pressure in dissolver 42 is sub-
stantially the same as the hydrogen pressure at the outlet
of preheater tube 26. '

The dissolver dﬁ the present invention has a capa-—
city considerably below that commonly required heretofore
because of the short total residence time requiresd for the

process, namely, less than 12 minutes within the tempera-

ture range of this invention. Thus, the slurry undergoing
reaction is subjected to a total residence time of below
about 12 minutes, which includes the residence time of the
slurry within the temperature range of this invention both

within the preheater and the dissolver zones. Although,

as previously indicated, a dissolver 1is not required in
the process of the present invention, a dissolver of re-
duced capacity can be employed to advantage, if desired,
after the feed slurry reaches exothermic reaction condi-
tions in the preheater. Thus, it is desirable to pass the
reaction mixture undergoing exothermic reaction to a dis-
solver and permit continued reaction without adding heat
prior to quenching. Additionally, the use of a dissolver

L)
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reduces coking in preheater tubes, thereby maintaining a
high heat transfer efficiency in the tubular equipment.

The quenched reaction mixture is thereafter passed by
means of line 46 to high pressure separator 47. Unreacted
hydrogen and hydrocarbon vapors are removed overhead from
separator 47 through line 48 and are passed to separator
49 for separation of the normally liquid hydrocarbons from
gaseous hydrocarbons and hydrogen. Separator 49 can com-
prise a series of condensers for removal of ‘the hydrocarc—
bons as a liquid. A hydrogen stream is removed from sepa-
rator 49 through line 50 and may be discharged from the
system via line 56, or méy be passed by means of line 52
to gas purificﬁtion zone 53, which maY‘comprise scrubbers,
for removal of impurities such as hydrogen sulfide, ammo-
nia and water vapor, which are discharged through line 54,'
and also may be passed through a cryogénic zone, not
shown, for the r;moval of gaseous hydrocabons, leaving a

. purified hydrogen stream for recycle by means of lines 62

and 63 to provide hydrogen to the feed slurry in line 24.
Make-up hydrogen can be added as needed by means of line

.25 .

Cool distillate liquid is discharged from separator
49 through 1lines 57 and 58 and passed to three-way valve
60 and either line 40 or line 68 to provide a gquench for
the hot reaction product. A portion of the liquid in line
57 is passed by line 59 to distillation zone 80. If it is
desired to quench the reaction effluent in separator 47,
the reaction mixture in line 38 may be passed directly
via line 46 to separator 47 without beingrquenched by cool
distillate liquid in line 40 as previously described. 1In
this case, the cool distillate liquid quench is introduced
directly into separator 47 via line 68. Likewise, the
reaction mixture may be gquenched by concomitantly intro-
ducing cool distillate liquid quench from both line 40 and
from line 68 into line 38 and separator 47, respectively.
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A slurry containing normally liquid coal, normally
501;6 dissolved coal, undissolved coal and coal minerals
(ash) is removed from the bottom of separator 47 by means
of line 70 and is passed by means of valve 71 and line -72
to solids separation zone 74, which may be a filtration
zone or a solvent deashing zone wherein a solvent such as
benzene or c¢oal derived naphtha is used to separate the
feed into a fraction soluble in the solvent at the separa-
tion conditions used and a fraction which is insoluble in
10 the solvent at separation conditions. The insoluble
fraction will contain essentially all of the coal miner-
als, i.e., ash, the latter being removed by means of line
76. If zone 74 is a filtration zone, stream 76 will com— .
prise filter cake. 1If zone 74 is a solvent deashing zone,
- it can alternatively be located after distillation zone
80 in line 85.
The filtrate or solids-frée_solution from solids
. separation zone 74 is passed by means of line 78 to dis-
tillation zone 80, which may .comprise an atmospheric.
20 distillation column or a vacuum distillation column or
| atmospheric and vacuum distillation zones disposed in
series. Naphtha is removed from distillation zone 80 by
means of line 81. Distillate ligquid is removed from
distillation zone 80 by means of line 82 and a portion of
such material may be recovered as liquid product by means
~of line 84.
At least a portion of the distillate liquid in line
82 and generally all of such liquid within the solvent
boiling range is passed by means of line 83 to line 16
30 for recycle to mixing zone 14 and used as recycle solvent
as previously described. It was highly unexpected that a
short residence time process, in which the major product
is an ash-free, hydrocarbonaceous, normally solid Ffuel
which is produced in an amount comprising at least 30 or
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40 or 50 weight percent of the MF feed coal, could provide
solvent boiling range liquid in an amount sufficient to
mainfain a solvent balance in .the process. Also, the
hydrogen requirement of the short residence time process
of the present invention was considerably lower than ex-—
pected and can be, for example, between about 0.5 or 1.0
and about 2.5 weight percent based upon the HMF feed coal.
Although the short residence time process of the pre-

sent invention can provide a breakeven amount of recycle
solvent, such fact alone does not render a short residence
time process commercially viable. In addition, the sol-
vent boiling range liguid that is obtained from coal
liguefaction directly, or from additional processing of
distillate liquid, must be satisfactory for recycle
purposes. Normally, it would be expected that solvent
liquid produced under severe temperatures would be less
satisfactory for recycle purposes because of a relatively
low hydrogen to carbon ratio. quéver, not only can the
process of the present invention provide sufficient
recycle solvent for an overall solvent balance, but the
recycle solvent produced is fully satisfactory for a
continuous recycle despite a low h?&rogen caontent. In
fact, we have unexpectedly discovered that the recycle.
solvent balance actually improves by recycling solvent
boiling range liquid produced in the process, as compared
to employimg a single pass solvent produced in another
process performed at longer residence times. A possible
explanation for the improved solvent recovery by employing
solvent produced within the process is that the less
refractory portions of the single pass solvent are re-—
Placed with more thermally stable structures which resist

cracking to gases.
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The bottoms are removed from distillation column 80
by means of line 85 and upon coocling to room temperature,

~at which temperature such material solidifies, the result-

ing solid which constitutes substantially ash-free fuel
may be recovered as the main product of the process by
means of line 86. Alternatively, all or a portion of
the normally solid hydrocarbonaceocus product in 1line 85,
containing sufficient normally liquid oil to make the
Stream pumpable, may be passed by means of line 88 along
with hydrogen from line 92 to a conventional hydrogena-
tion unit 90 for conversion to distillate ligquid which
may be recovered as an upgraded liquid fuel product of the
process. No extraneous catalyst is employed in the pro-
cess in advance of catalytic zone 90. If insufficient
recycle solvent is obtained from line 82 of column 80 to
maintain the process in overall solvent balance, normally
solid hydrocarbonaceous material in line 85 may be con-
verted to a hydrogen-enriched liquid which is suitable for
use as recycle solvent in the llquefactlon process of the
present invention.

The normally solid hydrocarbonaceous product of the

-invention has a high benzene soluble content which renders

it particularly amenable to hydrogenation including hydro-
cracking to solvent-boiling range liquid. The benzene
solubles constitute the lower molecular weigﬁt fraction of
the solid deashed coal-product and is measured as follows:
A sample of normally solid hydrocarbonaceous product is
Placed in a porous thimble (Norton A 889 Alundum-Scien-
tific Products Catalog No. E 6465-5). This thimble is
placed in a Soxhlet Extractor (Corning No. 3740 - Scien—
tific Products No. E 6260-2) equipped with a condenser
(Corning No. 3840). A heated round bottom flask is attached
to the bottom of the extractor to serve as a reservoir for
vaporizing the benzene. The benzene is boiled up from the
flask, is liquified in the condenser, then passes through

UREA
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the sample>in the thimble located in the Soxhlet Extractor.
The components of the sample which are soluble in benzene
are extracted as the benzene passes through the sample in
the thimble. This 1is continued for a period of 28 hours
to insure that all of the soluble components are removed.
After the 28 hour period the heat is turned off and the
sample remaining in the thimble is dried and weighed to
determine the quantity of the material remaining. The
difference between this quantity and the original weight
of the sample is the benzene soluble portion of the sample.
The advantages of a higher benzene soluble feed-
stock in hydrocracking are described in U.S. Patent No.
3,018,241 to E. Gorin, which is hereby incorporated by
reference. Hydrocracking of the normally solid hydrocar-—
bonaceous material in unit 90 accomplishes molecular
weight reduction and also accomplishes desulfurization and
denitrogenation. Hydrocracking in unit 90 may be'con-
ducteé at a hydrogen pressure in the range of between
about 1000 and about 5000 psig, (70 to 350 kg/cm2) pre—
fefably between about 2000 and about 4000 psig (140 to 280
kg/cmz), while at a temperature in the range of between
about 370° and about 510°C, preferably between” about 400°
and about 480°C using a suitable hydrogenation c,atalys“cf
which may comprise, for example, supported Group VIB and
Group VIII metals, as oxides and/or sulfides, such as NiW
or CoMo on a cracking support such as alumina or silica-

alumina.
The effluent from hydrogenation unit 90 is passed by
means of line 94 to distillation zone 96. Solvent boil-

ing range liguid is withdrawn from zone 96 by means of
line 98, a gaseous fraction is removed by means of line
100, and a bottoms fraction having a boiling point above
the solvent boiling range liquid is withdrawn by means of
line 102. . The solvent boiling range liquid in line 98 is
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passed to line 99 and combined with recycle solvent from

- line 83 to make up any recycle solvent deficiency and to

maintain the overall solvent balance of the process. The
total recycle solvent is passed by means of line 16, valve
18 and line 12 to slurry tank 14 for admixture with raw
coal. Any excess solvent bdiling range liquid in line 98
can be removed as product through line 104. The gaseous
hydrogen fraction in line 100 may be passed to line 52 for
purification in zone 53.

If desired, a portion of the bottoms from separator
47 can be withdrawn by means o£f line 70'and passed by
means of valve 71 and line 17 for admixture with recycle
solvent present in line 16 to form a slurry recycle stream
in line 12 for admixture with the raw coal in mixing zone
14. The amount of recycle slurry in line 17 is less than
75 weight percent based‘upon the total weight of the feed
slurry, e.g., from about 0 to about 75, preferably between
about 20 or 30 'and about 70 weight percent. Likewise, the
recycled solvent.in line 16 utilized is between about
and about 70, preferably between about 0 and about 40 or
65 weight percent based upon the total weight of the feed
slurry, while the feed coal constitutes between about 25
and about 50, preferably between about 30 and about 40
weight percent based upon the total weight of the feed
slurry. Recycle of slurry can provide a higher amount of
recycle solvent than is obtainable by recycle of solvent
alone. Moreover, recycle of slurry as described greatly
improves desulfurization of the normally solid dissolved
coal product recovered in line 86. Thus, the use of
recycle slurry in the short residence time process of the
Present invention results in both increased amounts of
recycle solvent and improved desulfurization of the solid
hydrocarbonaceous fuel product.

U REA
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The following examples are not intended to limit the

invention, but rather are presented for purposes of
illustration. All percentages are by weight unless

otherwise indicated.
Example 1

Tests were conducted to compare the effect of tem—
perature and pressure conditions upon the liquefaction
of coal at low residence times utilizing as feed to the

liquefaction reactor a coal from Western Kentucky

10 having the following inspections:

Elemental Analysis, wt. % (dry basis)

Carbon 7102
Hydrogen 5.1
Sulfur . : 3.4
Nitrogen 1.5
Oxygen 7.4
Ash o . 11.4

Portions of the coal were admixed with a solvent
obtained from a conventional solvent refined coal process

20 performed at a longer residence time than that of the
present process. The coal solvent slurry was subjected to
liquefaction conditions of 450° and 475°C at residence
times of 4 minutes and 8 minutes, respectively, under a
hydtogen pressure of 2000 psig and a hydrogen feed rate
of 1.0 weight percent based on the slurry. The average
vields for several runs at each of the foregoing condi-

tions are set forth in Table I:
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TABLE I
Yield, Wt. % Dry Coal
Reactor Residence Times
4 min. ‘ 8 min.
Total Distillate
450°C 7.8 11.4
475°C 11.1 14.5
Recycle Solvent
450°C -10.7 - 2.5
Inéoluble Organié Matter
450°C ' : 7.0 . 6.3
475°C 6.4 6.1
¢;=C, _
450°C 1.1 1.2
475°C 2.3 4.1

Benzene Solubles in Solid
Deashed Coal, % by wt.

450°C —— 57.0
20 475°C 58.6. 63.5
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The data in Table I show that the amount of recycle
solvent obtained is not quite sufficient at 450°C and a
residence time of 8 minutes (-2.5) to provide a process
which is self-sufficient in solvent. By increasing the
temperature from 450° to 475°C at a hydrogen pressure of
2000 psig (140 kg/cmz) at an 8 minute residence time,
the amount of recycle solvent is increased from slightly
less than zero to an average excess of 1.1 weight percent,
thus demonstrating a system which is not only in solvent
balance, but wherein excess solvent is obtained. At a
residence time of 4 minutes, at both 450° and 475°C the
amount of recycle solvent obtained is negative, i.e., in-
sufficient solvent is provided by the system to maintain
a solvent balance and the system requires an external
source of solvent. However, the recycle solvent is closer
to balance at 475°C. (-6.6) than at 450°C (-10.7). Thus,
the test results illustrate the advantage of high tempera-
tures when operating at a low residence tine.

. Table I shows a further advantage of the present pro-
cess since it shows that a temperature increase from 450°C
to 475°C at a residence time of 8 minutes increases the
benzene soluble content of the deashed normally solid coal
product of the process from 50.8 weight percent to 63.5
weight percent. This is an advantage because the benzene
solubles constitute the lower molecular weight fraction of
the said deashed coal and are more amenable to conversion
into recycle solvent by catalytic hydrogenation, than is
non-benzene soluble material.
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FIG. 2 graphically depicts total distillate yield
as a function of residence time at reaction temperatures
of 475°C and 450°C, respectively, while operating at a
hydrogen pressure of 2000 psig (140 kg/cmz). The solid
lines in FIG. 2 generally show distillate yields at
residence times above the range of this invention.
-~ However, the isolated data points represent the average
total distillate yield data in Table I for the 4 minute
and 8 minute residence time runs. The actual data points
10 denoted in FIG. 2 as "RS" were obtained using solvent
recycled from the short residence time process of this
invention. The remaining data points were obtained using
a solvent obtained from a conventional solvent refined
coal process. The solid portions of the curves in FIG. 2
were obtained by mathematical correlation based upon
actual runs at numerous temperatures, and at residence
times generally above the range of this invention.
| The solid portions of the curves 'in FIG. 2 indicate
that as residence time is inéreased, total distillate
20 yield increases, presumably due to hydrocracking reac—
tions. Thus, based upon the solid portions of the curves,
which include conventional residence times which are
longer than the residence times of this invention, it
would be predicted that as the residence time is reduced
towards zero, the total distillate yield would continue in
its tendency to be reduced. 1In fact, FIG. 2 shows that
when operating at a temperature of 450°C and a hydrogen
pressure of 2000 psig (140 kg/cmz), the curve substan-
tially follows the prediction, since the individual data
30 points obtained when operating at 450°C descend rapidly
towards zero and are all below the 450°C solid curve.
Hovever, in the case of the 475°C curve, the predicted
decline towards zero does not immediately occur. Instead,
as residence time is decreased to the range below 0.2.
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hour, i.e., about 4 and 8 minutes, the total distillate
yield exhibits sudden and steep increases, so. that the
actual distillate yield is much greater than predicted at
these low residence times.

Similar beneficial effects of operation at short
residence times were observed in the case of hydrogen con-
sumption, C{-C, yields and naphtha yield. The hydro-
gen consumption, naphtha yield and C1-C4 yvields at
short residence times are lower than predicted on the
basis of the mathematical correlation. The lower hydrogen
consumption is primarily a result of the lower yields of
naphtha and C1—C4 fractions and is advantageous since
the primary object of the process is to produce the nor-
mally solid dissolved coal product at a minimum cost in
hydrogen.

Thus, FIG. 2 graphically demonstrates that the coal
liquefaction process of this invention can be operated
at very short residence times and still provide signifi-
cant quantities of distillate of which recycle solvent is
a significant fraction. Additionally, FIG. 2 demonstrates
that distillate yield is greatly dependent upon the parti-
cular combination of temperature and residence time at the
hydrogen pressure employed. FIG. 2. clearly demonstrates

temperature and low residence time, the reaction effluent
must be quenched very rapidly to preserve the high distil-
late yield. The graph shows that the high distillate
yield is transitory (the distillate molecules are unsta-
ble) and will be rapidly lost with increasing residence
time at reaction temperature even at times under 10

minutes.
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It is interesting to note that although the low resi-
dence time advantage was achieved at 475°C, rather than

-450'C, the solid curves of FIG. 2 indicate that at high

residence times the 450°C curve provides higher distillate

- yields than the 475°C curve. It is noted that at very

long residence times, the difference in distillate yield
between the 450°C and 475°C curves, tends to disappear.

Although it is not intended to limit the present in-
vention to any particular theory or mechanism, it appears
that with increasing reaction temperatures the rate of
formation of unstable free radicals in the distillate
range increases and at high reaction temperatures the rate

-~ of free radical stabilization with hydrogen is generally

not as fast as the rate of free radical formation. There-—
fore, the existance of the free radicals is transitory and
with only a slight increase of reaction time the rate of
free radical polymerization and/or hydrocracking will
overtake the rate of free radical férmation.

7 Exémgle,z

This example demonstrates the effect of further in-
creasing reaction temperature.

Separate portions of bituminous coal of the type
utilized in Example 1 were dissolved at temperatures of.
475° and 490°C, employing residence times of 4 and 6
minutes, respectively, under a hydrogen pressure aof 2000
psig (140 kg/cmz) and a hydrogen feed rate of 1.0 weight
percent based upon the weight of the slurry. The solvents
utilized were the same as used in Example I. The results
are set forth in Table II: ’
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TABLE II
' Yield, Wt. % Dry Coal
Reactor Residence Times
4 min. 6 min.
Total Distillate
475°C 11.1 8.1
490°C 6.6 4.1
Recycle Sclvent
475.C ’ - 606 hnd 701
490°C -12.3 -12.3
Insoluble Organic Matter
475°C ' 6.4 6.2
490°C . 6.7 7.5
C1C4 ,
475°C ) 2.3 3.3
430°C 3.8 5.1
Benzene Solubles in Solid
Deashed Coal, % by wt.
475°C T e ———— 586 65.9
490°C 64.1 57.3

The data in Table II show that when the temperature -
is increased from 475°C to 490°C at residence times of 4
and 6 minutes, the amount of recycle solvent obtained and
the total distillate yield decrease. Moreover, the yield
of insoluble organic matter increases. This is in con-
trast to the increase in total distillate yields and
decrease in insoluble ofganic matter which occurs when the
temperature is increased from 450°C to 475°C. In addi-
tion, in the 6 minute tests the benzene soluble portion of
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the normally solid product decreases from 65.9 weight per-—

~cent to 57.3 weight percent. However, in the 4 minute

residence time tests with an increase in temperature from
475% to 490°C, the amount of benzene solubles in the nor-—
mally solid product is increased from 58.6 weight percent
to 64.1 percent by weight. 'As indicated above, the ben-
zene solubles are the portion of the solid product that is
more readily catalytically hydrocracked to distillate
ligquids.

FIG. 3 graphically depicts total distillate yield as
a function of temperature at residence times of 4, 6 and 8
minutes, respectively, while operating at a hydrogen pres-
sure of 2000 psig (140 kq/cmz) and a hydrogen feed rate
of 1.0 weight percent based upon the weight of the feed
slurry. The solid portions of the curves in FIG. 3 were
obtained by mathematical correlation as in the case of
FIG. 2. The isolated data points -represent the average
total distillate yield.data in Tables I and II, above.

The sclid curves in FIG. 3, which are the total dis-—-
tillate yields predicted by mathematical correlaéion, in-
dicate that total distillate yield steadily decreases at
short residence timé with increasing temperature. How—
ever, the actual data indicate that the total distillate
yield increases toc a maximum at about 475°C, which is
higher than predicted, and then decreases less rapidly
than predicted.

FIGS. 4, 5 and 6 show hydrogen consumption, C1—C4
vield and naphtha yield, respectively, as a fuaction of
temperature at residence times of 4, 6 and 8 minutes,
while operating under the conditions of FIG. 3. As in
the case of FIG. 3, the solid curves of FIGS. 4, 5 and 6
were obtained by mathematical correlation, while the iso-
lated data points represent average hydrogen consumption,
C1-C4 yield and naphtha yield, respectively, for several
runs at each of the conditions shown.
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The hydrogen requirement predicted by the correla-
tion sharply increases with temperature as shown in FIG.
4. Similarly, FIGS. 5 and 6 show a correspondingly sharp
increase with temperature in Ci-Cy and naphtha yields,
respectively. The actual data, however, show that the
hydrogen regquirement and Cl--C4 and naphtha yields are
less than predicted and increase at a slower rate, respec-

tively.

EXamEle 3

For comparative purposes, tests were conducted at
conventional residence times and conditions utilizing
portions of a Western Kentucky bituminous coal having the

following inspections:

Elemental Analysis, wt.. $ (dry basis)

>

Carbon 71.1
Hydrogen 7 5.0
Sulfur 3.8
Nitrogen ' 1.3
Oxygen ' 7.4
Ash o o 11l.4

Separate portions of the coal were mixed with a
solvent produced in a process operated at a longer resi-
dence time than the present example and subjected to
reaction temperatures of 425°C, 450°C and 475°C, under a
hydrogen pressure of 1000 psig at residence times of 24,
30 and 42 minutes, respectively. The results are shown

in Table III:
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TABLE ITT
Yield, Wt. % Dry Coal

Reactor Residence Times

24 min. 30 min. 42 min.
Total Distillate
425°C — 9.3 11.0
450°C 10.3 10.4 13.0
475°C 5.0 1.0 . - 5.1
. Recycle Solvent
ic 425°C — - 3.6 - 9.6
' 450°C - 7.8 - 9.1 -11.9
475°C -16.2 ~28.4 -26.8
Insoluble Organic
Matter
425°C -— T 10.1
450°C ' 8.5 © 9.4 9.4
475°C - 11.5 12.2 10.8
€1-C4
425°C — 1.8 2.7
20 450°C 2.8 3.5 5.6
475°C 7.1 7.0 8.2

The data in Table III show that at residence times
typical of prior solvent refined coal processes, an inQ
crease in temperature from 425°C to 450°C increases the
total distillate yield siightly, but that a further in-
crease in temperature to 475°C results in a decrease in
total distillate yield. The amount of recycle solvent
obtained is negative throughout and becomes increasingly
negative as the temperature is increased throughout the

30 temperature range of 425°C to 475°C. Table III shows that
at a hydrogen pressure of 1000 psig, the detrimental
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effect on recycle solvent yield upon an increase in tem—

 perature from 450°C to 475°C is much more pronounced than

for a corresponding increase from 425°C to 450°C.

The decrease in amounts obtained of total distillate
and recycle solvent as the temperature is increased from
450°C to 475°C at 1000 psig apparently results from the
fact that the rate of hydrocracking of the solvent to
gases and the rate of polymerization of dissolved coal to
insoluble organic matter increase significantly in this
temperature range. The occurrence of polymerization reac-
tions is indicated by an increase in production of insolu-
ble organic matter when the temperature is increased. The
occurrence of hydrocracking reactions is indicated by an
increase in production of (:1--C4 gases yhen the temper-
ature is increased. For example, at the 30 minutes resi-
dence time, the insoluble organic matter increases £from
9.4 weight percent to ‘;!.2.2 weight percent and the C‘T—CIL
gas yield increases from 3.5 weight percent to 7.0 weight
percent when the temperature is increased from 450°C to

475"(:0

Example 4

The effects of temperature and hydrégen feed rate
upon the yield of recycle solvent are demonstrated by the
folléwing example. Samples of Kentucky coal were sub-
jected to liquefaction at a hydrogen pressure of 2000
psig, temperatures of 450° and 475°C and at a residence
time of 8 minutes, while utilizing hydrogen feed rates of
1.0 and 2.0 weight percent based upon the total weight of
the feed slurry. The results are shown in Table IV:

SOREA TN
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TABLE IV
Recycle Solvent
Hz Feed Rate Yield, Wt. %
(WE. %) } MF Coal
450°C 475°C
1.0 ' (2.0) 1.5
2.0 3.0 6.0

As seen in Table IV, not only temperature but also
hydrogen feed rate has a significant effect upon solvent
10 yield. The recycle solvent yield increased with increas-—
ing temperéture; however, there is also a significant in-—-
crease in recycle solvent yield with increasing hydrogen
feed rate. Thus, at 450°C and a hydrogen feed rate of 1.0
weight percent based upon the total weight of the slurry,
a solvent deficiency of 2.0 weight percent was observed.
However, when the hydrogen feed rate was doubled to 2.0
weight percent, the yield of recycle solvent increased to
a positive value of 3.0. Similarly, at 475°C the yield of
recycle solvent increased from 1.5 weight percent to 6.0
20 weight percent, with the increase in hydrogen feed rate,
again indicating a significant effect of the hydrogen
feed rate upon the yield of recycle solvent. Since the
yield of recycle solvent increases with an' increase in the
hydrogen circulation rate, this example demonstrates the
importance of operating the process of the present inven-
tion in a continuous manner with sufficient hydrogen beiﬁg

fed continuously to the process.
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Example '5

The effect of solvent recycle upon the short resi-
dence time process of the present invention is demon-—
strated in the following tests. In these tests, certain
samples of Kentucky bituminous coal were mixed with single
solvent obtained from a conventional solvent reflned

pass
process performed at a longer residence time than

while other samples of the

coal
that of the present procgss,
coal were admixed with recycle solvent. All samples
were reacted at a temperature of 475°C under a hydrogen
pressure of 2000 psig (140 kg/cm2 , a hydrogen feed rate
of 1.0 weight percent based on the weight of the ‘feed
slurry, which corresponds to a hydrogen rate of 13,000 scf
The residence times were 6 and 8
The results are set forth in

same

per ton of coal.
minutes., respectively.
Table V: '
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TABLE V

Yield, Wt. % MP Coal

Reactor Residence Times

6 min. 8 min.
Single Single
Pass Solvent Pass Solvent
Solvent Recycle Solvent Recvcle
3.3 3.2 | E— 3.8
{7.1) (0.7) (2.2) 0.5
8.1 12.6 13.7 14.5
66.6 63.2 . 63.2 - 6l.1
6.2 6.2 6.3 6.3
1.04 1.08 1.01 0.94
7.85 7.49 7.54 7.56
BURE'AU
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As seen in Table V, a direct comparison between the
solvent recycle and the single pass solvent runs indicates
solvent recycle converts a solvent deficiency to either a
reduced solvent deficiency or a positive ‘solvent yield.
At a 6 minute residence time, the recycle solvent loss was
7.1 weight percent (on a MF coal basis) in the single pass
mode, whereas the loss decreased to 0.7 weight percent
in the solvent recyle run. Solvent losses decreased with
an increase in residence time from 6 to 8 minutes. In the
single pass run with an 8 minute residence time, there was
a 2.2 weight percent solvent loss while in the solvent re-
cycle run a slight excess (0.5 weight percent) of recycle
solvent was obtained. Such results are highly surprising
since they show that the mere act of recycle of solvent in
the short residence time process causes the solvent to en—
hance its .own productioﬁ. These results are even more
surprising in view of the C,-C, yield data in Table V,
which show that the enhanced distillate yield is achieved
without an increase in C,-C, yield, indicating that a
desirable distillate selectivity is maintained without a
high gas yield. A high gas yield is undesirable since it
only occurs through a high consumption of hydrogen.

Example &

In order to demonstrate the effect of solvent recycle
at an even higher temperature, the procedure of Example S
was repeated using samples of Kentucky coal at the same

hydrogen pressure and feed ratio, but at a reactor temper-

ature of 490°C.

WIPO
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TABLE VI
Yield, Wt. & MF Coal

Reactor Residence Times

4 min. 6 min.
Single Single
Pass Solvent Pass Solvent

Solvent Recycle Solvent Recycle

C4=Cy 4.1 3.8 5.1 4.5
Recycle Solvent

(Loss) , (11.9) (6.1) (12.2) (4.2)
Total Distillate 8.0 ' 8.2 4.1 12.2
Solid Deashed Coal 66.2 65.3 67.4 60.7

Inscluble Organic ,
HattEt ) 608_ ; 70—2 705 70-3

S Content in Solid
Deashed Coal, Wt. % 0.89 1.08 0.92 1.01

Solvent, Wt. $ 7.15 7.06 7.56 7.18

As seen in Table VI, the residence times used were 4
and 6 minutes. Although recycle solvent losses were ob-
served in each run, the losses in the solvent recycle runs
were significantly less than in the single pass runs. In
the 4 minute runs, recycle solvent loss decreased from
11.9 to 6.1 percent with solvent recycle, and at 6 minutes,
recycle solvent loss decreased from 12.2 to 4.2 percent
with solvent recycle. These result are especially sur-
prising in view of the CI"C4 yvield data in Table VI

- : OMPY _
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which show that gas yield is reduced at the same time
distillate yield is increased.
The temperature of the tests of Tables V and VI is

higher than the temperature of the process in which. the

single pass solvent was produced. As expected, Tables V

and VI show that the rec¢ycle solvent has a generally lower
hydrogen content than the single pass solvent. It is
particularly surprising that the recycle solvent, having
the lower hydrogen content, in all tests provided an im-
proved total distillate yield and a rgduced solvent defi-
ciency, because it has heretofore been the experience in
the coal liquefaction art that a higher hydrogen content
coal derived solvent improved distillate yields in a coal
liquefaction process because of its higher content of

transferable hydrogen.

Example 7

s

This example demonstrates the advantage of slurry
recycle in the short residence time process of the inven—
tion. A combination of unfiltered coal solution and dis-
tillate recycle solvent was admixed with samples of
Kentucky 9/14 coal and Indiana V coal, respectively. The
expression "unfiltered coal solution" as used in the
examples refers to recycle slurry (a stream comprising
mineral residue, normally solid deashed coal and solvent -
boiling range liquid). The samples were formulated with
equal weights of recycle solvent and unfiltered coal solu-
tion and were reacted at a temperature of 463°C, under a
hydrogen pressure of 2000 psig (140 kg/cmz) for a nominal
slurry residence time of 8.0 minutes. The hydrogen feed
was 2.0 weight percent based upon the weight of the
slurry, corresponding to 25,000 SCF per ton of coal. The

results are shown in Table VII:

OMFL
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As seen in Table VII of the recycle slurry tests,

Tests 2 and 5 utilize a feed coal concentration of 30

weight percent, while in Test 3, the feed coal concentra-—

tion was increased to 40 weight percent. Tests 1 and 4
were conducted without slurry recycle.

Test 3 was conducted under the same conditions as
Test 2 with the exception that the raw coal concentration
in‘the feed slurry was increased to 40 weight percent. In-
spite of the fact that the capacity of the system was
thereby increased, recycle solvent in the amount of 8.7
weight percent based on £feed coal was achieved, which is
considerably greater than the 2.5 weight percent solvent

obtained with a 30 percent coal concentration.
Tests 4 and 5 with Indiana V coal show an increase

from 1.3 weight percent of excess recycle solvent to 7.8
weight ?ercent of excess recycle solvent, thus indicating
a significant improvement in recycle solvent obtained with
slurry recycle. l '
Additionally, the use of slurry recycle resulted in
improvement in desulfurization in the case of both Ken-—

tucky and Indiana coals.
It is noted that in no test was the amount of slurry

recycle sufficiently high to induce a solid deashed coal

yield as low as 50 weight percent.

Example 8

In order to demonstrate the effect of increasing
temperature in a system utilizing slurry recycle, eight
tests were conducted using Kentucky 9/14 coal under a
hydrogen pressure of 2000 psig (140 kg/cmz), tempera-—-
tures of 465°C and 485°C, while at residence times of 5
and 10 minutes, respectively. The results are shown in

Table VIII:
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Tﬁe results of Table VIII show that a greater amount
~ of recycle solvent is achieved when the amount of unfil-
tered coal solution is increased. Comparing Tests 1 and
2, which were performed at 465°C, it is seen that a re—
cycle solvent yield of 4.9 weight percent'was achieved in
Test 1 using a greater amount of recycle slurry (45 weight
percent) as compared with Test 2 in which only 1.9 percent
excess solvent was achieved using 35 weight percent recy-
cle slurry. Comparing Tests 3 and 4, which were performed
10 at 485°C, it is seen that a recycle solvent yield of 1.4
weight percent was achieved in Test 4 using a greater
amount of recycle slurry (45 weight percent) as compared
with Test 3 in which a very slight solvent deficiency of
-0.6 weight percent was achieved using 35 weight percent
recycle slurry. ' | -
Although the invention has been described in consid-
erable detail with particular reference to certain pre—
ferred embodiments thereocf, variations and modifications
can be effected within the spirit and scope of«the'inven—
20 tion as described hereinbefore, and as defined in the

appended claims.
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WHAT IS CLAIMED IS:

1. A process for producing a normally solid dis-
solved coal product and a distillate liquid product £rom )
a raw coal feed which comprises continuously passing a -
feed slurry comprising said raw coal and a recycle solvent
0il together -with hydrogen through a preheating-reaction
zone, the hydrogen pressure in said preheating-reaction
Zzone being  at least 1500 psig, reacting said slurry in
said preheating-reaction zone at a temperature in the
range of between abéut 455° and about 500°C to dissolve
said coal to. form normally liquid cocal and normally solid
dissolved coal, maintaining a total slurry residence time
within said temperature range at a finite value in the
range of above 0 to about 0.2 hour, continuously withdraw-
ing reaction effluent, continuously and directly contact-
ing said reaction effluent with a quenching £fluid to sub-
stantially immediately reduce the temperature of said
réaction effluent to a temperature which is sufficiently
below 425°C to substantially inhibit polymerization so
that the yield of insoluble organic matter comprises less
than 9 weight percent of said feed coal on a moisture free
basis, performing said reaction under conditions of

temperature, hydtogen pressﬁre and residence time such
that the distillate liquid product boiling within the
range C5 to 454°C is an amount at least equal to that
obtainable by performing said process under the same
conditions except for a total slurry- residence time of
0.3 hour before quenching, separating said reaction efflu-
ent into fractions without hydrogenative reaction of said
reaction effluent subsequent to quenching and before said
separation step, one fraction comprising solvent boiling
range liquid and a second fraction comprising normally
solid dissolved coal, the yield of said solid dissolved
coal product comprising at least 30 weight percent of
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said coal feed on a moisture-free basis, recycling said
solvent boiling‘rangé liquid as recycle solvent for mixing
| with said feed c¢oal without any hydrogenative reaction
thereof following said quenching step, the amount of said
solvent boiling range liquid being sufficient to provide
at least 80 weight percent of that required to maintain

said process in overall solvent balance.

2. The process of claim 1, wherein said preheating-
"reaction 2zone comprises a first zone and a second 2zone,
wherein said first zone is heated and said second zone is

unheated.

3. The process of claim 2, wherein said first zone

is a tubular zone.

1)

4. The process of claim 1, wherein said preheating-

reaction zone is a tubular zone.

5. The process of claim 1, wherein said reaction
effluent is passed to a separation zone for separation of

gases from said reaction effluent.

6. The process of claim 5, wherein said reaction
effluent is contacted with said quenching fluid before

entering said separation zone.

7. The process of claim 5, wherein said reaction
effluent is contacted with said quenching £fluid upon

entering said separation zone.

8. The process of claim 1, wherein said quenching

fluid is a cool distillate liguid. -
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9. The process of claim 6, wherein said quenching
fluid is a cool distillate liquid.
10. The process of claim 1, wherein said distillate ~ v

liquid product is produced in an amount at least equal to
that obtainable by performing said process under the same
conditions except for a total slurfy residence time of
0.4 hour.

11. The process of claim 1, wherein said distillate
liguid product is produced in an amount at least equal to
that obtainable by performing said .process under the same
conditions except for a total slurry residence time of
0.5 hour.

12. The process of claim 1, wherein the amount of
said solvent boiling range liquid is sufficient to pro-
vide at least 90, weight percent of the amount required to

maintain said process in overall solvent balance.

13. The process of claim 1, wherein the amount of
said solvent boiling range-tiguid is sufficient to provide
at least 100 weight percent of the amount regquired to

maintain said process in overall solvent balance.

14. The process of claim 1, wherein the solid dis-
solved coal yield comprises at least 40 weight percent of
said coal feed'on a moisture free basis.

15. The process of claim 1, wherein said fraction .

comprising normally solid dissolved coal product is passed
to a filtration step.

' VREA[
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l6. The process of claim 1, wherein said solid dis-
solved coal product is passed to a solvent extraction

step.

17. The process of claim 1, wherein said temperature
is 'in the range of 460° to 490°C, said hydrogen pressure
is in the range of 2000 to 2500 psig and said residence
time is in the range of 0.02 to 0.15 hour.

i8. The proceés of claim ;7, wherein said selected
temperature is about 475°C, said hydrogen pressure about
2000 psig and said residence time is between about 0.06

and about 0.135 hour. -

" 19. The process of claim 1, wherein said second frac-
tion comprises normally solid dissolved coal, mineral
residue and solvent boiling range liquid, and at least a

portioh of said second fraction is recycled.

20. The process of claim 19, wherein said portion of
said second fraction constitutes between about 20 and
about 70 weight percent based upon the weight of said feed

slurry.

.21, The process of c¢laim 1, wherein said yield of

insoluble organic matter comprises less than 8 weight per-—

cent.

22. The process of claim 1, wherein said yield of

insoluble organic matter comprises less than 7.5 weight

percent.
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23. The process of claim 1, wherein the hydrogen con—
sumption of said process is between about 0.5 and about
2.5 weight percent of said coal feed on a moisture free
basis. )

24. The process of claim 1, wherein the hydrogen feed
rate to said preheated-reaction zone is between about ¢.5
and about 6.0 weight percent based upon the weight of the
feed slurry.

25. The process of claim 24, wherein said hydrogen
feed rate is between about 1.5 and about 4.0 weight per-—
cent based upon the weight of the'feed'slurry.

26. A process for producing a normally solid dis-—
solved coal product and a distillate liquid product from
a raw feed ccal which comprises continuously passing a
feed slurry comprising said raw coal and a recycle solvent
oil together with hydrogen through a preheating-reaction
zone, said preheating-reaction zone comprising a first
heated zone and a second, sequential unheated zone, the
hydrogen pressure in said preheating-reaction zone being
at least 1500 psig, reacting sald_slurryrinﬂsald_ptenaat-
ing-reaction zone at a temperature in the range of between
about 455° and about 500°C to dissolve said coal to form
nbrmally liquid coal and normally solid dissolved coal,
maintaining a total slurry residence time within saigd
temperature range at a finite value in the range of above
0 to about 0.2 hour, continuously withdrawing reaction
effluent, continuously and directly contacting said reac-
tion effluent with a quenching fluid to substantially
immediately reduce the temperature of said reaction efflu-
ent to a temperature which is sufficiently below 425°C to
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substantially inhibit polymerization, performing said
reaction under conditions of temperature, hydrogen pres-—
sure and residence time such that the distillate liquid
product boiling within the range Cg to 454°C is an
amount at least equal to that obtainable by performing-
said process under the same conditions except for a total
slurry residence time of 0.3 hour before quenching, pass-—
ing said quenched effluent to a separation step without
hydrogenative reaction thereof, separating said reaction
effluent into fractions without hydrogehative reaction of
said reaction effluent subsequent to quenching and before
said separation step, one fraction comprising solvent
boiling range ligquid and a second fraction comprising
normally solid dissolved coal, the yield of said solid
diséolved coal product comprising at least 30 weight per--
cent of said coal feed on a moisture free basis, recycling
said solvent boiling range liquid as recycle solvent for
mixing with said feed coal without any hydrogenative reac-

- tion thereof following said gquenching step, the amount of
said solvent boiling range ligquid being sufficient to
provide at least 80 weight percent of that required to
maintain said process in overall solvent balance.
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FIG. 3
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FIG. 4
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FlG. 5
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FIG. 6
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