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1

PROCESS FOR THE CONVERSION OF
CARBONACEOUS MATERIALS

This application is a continuation-in-part application
of our U.S. application Ser. No. 441,604, filed Feb. 11,
1974 now abandoned entitled PROCESS AND APPA-
RATUS FOR THE CONVERSION OF CARBONA-
CEOUS MATERIALS, the latter being a division of
our U.S. application Ser. No. 226,503 now abandoned
bearing the same title, filed Feb. 15, 1972.

This invention relates to an improved process for the
conversion (including upgrading) of carbonaceous
materials that are substantially solid at room tempera-
ture, particularly coal, to give an improved product,
particularly an improved liquid product. The invention
relates especially to an improved process for hydroge-
nating solid carbonaceous materials which tend to form
deposits such as coke and/or ash during conversion.
The term “conversion” includes processes wherein a
solid carbonaceous material, essentially hydrocarbon
in nature, as defined herein, is changed in accordance
with the process defined and claimed herein, physically
and/or chemically, to another distinct species, as, for
example, the change that occurs as a result of the hy-
drogenation of coal to a liquid. The term “upgrading”
includes processes wherein treatment of the solid car-
bonaceous material results in a product having en-
hanced physical and/or chemical properties, as, for
example, wherein some of the solid carbonaceous ma-
terial is not liquefied during processing but has a lower
ash content and is lower in sulfur or nitrogen and/or
wherein the liquid obtained is lower in sulfur or nitro-
gen content.

The treatment of solid carbonaceous materials, espe-
cially finely-comminuted solid carbonaceous materials,
such as coal, to produce upgraded products has been
under study for many years. Since coal reserves repre-
sent one of the largest sources of energy supply in the
world, much attention has been directed to devising
and developing processes for conversion and/or up-
grading coal. Efforts have been directed, for example,
to thermally treating coal slurries to produce upgraded
products. While the thermal treatment of coal slurries
has resulted in the production of some upgraded prod-
ucts, certain undesirable characteristics are encoun-
tered in conventional thermal processes. One undesir-
able characteristic encountered in a thermal process is
the low yield of liquid product. Conventional thermal
treatment, for example, of coal results not only in a low
yield of liquid product but also in a liquid product of
low quality. Difficulty has also been encountered in
filtering ash and unreacted coal from the viscous liquid
products obtained in thermally treating coal slurries.
While attempts have been made to upgrade and/or
improve the yield of desirable liquid products by con-
tacting the thermally-obtained viscous liquid products
containing small amounts of ash and unreacted coal
with a catalyst in an ebullating bed reactor, the prod-
ucts from the ebullating bed reactor similarly contain
ash, solid coal and, in addition, solid catalytic material
which is entrained in the liquid product. Again, diffi-
culty is encountered in separating these solids from the
desirable improved products. Further attempts have
been made to improve coal treating processes by elimi-

nating the initial thermal treatment. In such instances,’

the coal slurry without prior treatment is introduced
into a catalyst-containing ebullating bed reactor. Simi-
lar separating problems are encountered in a catalyst-
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2
containing ebullating bed reactor, but, perhaps the
most serious problem is the removal and recovery of
catalyst and catalyst fines from the resulting product
stream and solid ash-containing stream.

Fixed-bed reactors have been developed to avoid the
attrition and catalyst recovery problems encountered
with the ebullating bed reactor, but, because of the
normal tendency of carbonaceous materials to form
deposits upon conversion, most fixed-bed reactors tend
to plug very quickly, creating pressure drops far greater
than can be tolerated in commercially attractive cata-
lytic conversion processes.

In accordance with the present invention, an im-
proved process is provided for the conversion of solid
carbonaceous materials normally tending to form de-
posits such as coke and/or ash during the conversion of
said carbonaceous materials which comprises passing a
slurry composed of said carbonaceous material and
solvent, together with hydrogen, into contact with a
plurality of closely-spaced, preferably elongated, reac-
tion zones separated by porous partitions, a portion of
said zones being adapted to contain a solid particulate
catalyst which will not pass through said porous parti-
tions and the remainder of said zones forming substan-
tially unobstructed passageways through said reaction
vessel, the volume proportion of substantially unob-
structed passageways to catalyst zones being preferably
from about 20:1 to about 1:10. The porous partitions
are walls which separate the catalyst-containing zones
from the unobstructed, catalyst-free zones, the open-
ings in said walls being of such size that liquid passes
through them while the catalyst particles will not pass
through them. Depending on the particulate size of the
solid carbonaceous material being treated at any par-
ticular time, some of it, too, can move in and out of said
openings.

The process defined and claimed herein can be car-
ried out over prolonged periods of time without plug-
ging the catalyst beds and yet the conversion obtained
is substantially comparable to those obtained in the
conventional fixed-bed operation. In particular, opera-
tion in accordance with the process of this invention
results in an improved process for the hydrogenation of
solid carbonaceous materials over prolonged periods of
time to produce improved yields of high quality prod-
ucts while simultaneously avoiding an excessive pres-
sure drop in the reaction vessel.

The process of the invention, in a particularly pre-
ferred embodiment, in general, comprises blending the
carbonaceous material, finely ground, with a solvent to
form a slurry. The slurry is then introduced, together
with hydrogen, into the reaction vessel described more
fully hereinbelow. The reaction vessel contains a con-
ventional hydrogenation catalyst and is maintained
under normal hydrogenating pressures and tempera-
tures. The slurry is passed through the reaction vessel
in unobstructed passageways and under conditions
such that the solvent and some of the solid carbona-
ceous material that may be small enough passes in and
out of catalyst segments which are, preferably, parallel
to the flow of slurry. After hydrogenation, solids that
are present can be removed from the product stream.
The product stream is then stripped of solvent, the
amount of the solvent so stripped being sufficient for
recycle purposes for blending with additional amounts
of carbonaceous material to form a slurry. The balance
of the product stream, not recycled, may thereafter by
subjected to distillation to obtain products of various
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boiling ranges. Some of the products are useful per se
as fuels. The remainder can be further treated by con-
ventional petroleum processes including crackmg, hy-
drocracking, hydrotreating, and the. like.

In an especially preferred embodiment of the inven-
tion, the slurry of solid carbonaceous material and
solvent is predigested with hydrogen in the absence of
catalyst at pressure lower than that employed during
the catalytic hydrogenation. The hydrogen. prediges-
tion pressure, however, can be essentially the same or
greater than that employed during subsequent catalytic
hydrogenation. A pressure within the range of about
100 to about 5000 pounds per square inch gauge (psig)
is preferred. The temperature employed during predi-
gestion is essentially the same as that employed during
catalytic hydrogenation, i.e., about 500° to about 900°
F. The rate at which hydrogen is charged during predi-
gestion of the slurry is usually lower than that employed
during subsequent catalytic hydrogenation but is at
least sufficient to maintain the desired pressure. How-
ever, the amount of hydrogen charged can be essen-
tially the same or greater than that employed in the
catalytic hydrogenation. A preferred rate of hydrogen
addition during predigestion is about 1000 to about
5000 standard cubic feet (SCF) per barrel of carbona-
ceous charge stock slurry. The rate at which slurry is
charged during predigestion may be essentially the
same as that employed during the catalytic hydrogena-
tion. However, the slurry rate during predigestion can
be less than or greater than that employed during cata-
lytic:hydrogenation. The space velocity in the prediges-
tion: vessel can be about 0.1 to about 10.0 volumes of
slurry per hour per volume of predigestion vessel
(VHSV). The predigested slurry is thereafter used as
charge stock to the reaction vessel.

The solid carbonaceous materials that can be used
herein can have the following composition on a mois-
ture-free basis:

Weight Per Cent
Broad Range Normal Range

Carbon 45 -95 60 - 92
Hydrogen 25-70 4.0 - 6.0
Oxygen 2.0-45 3.0-25
Nitrogen 0.75 - 25 0.75-2.5
Sulfur 0.3~ 10 0.5 - 6.0

The carbon and hydrogen content of the carbona-
ceous material will reside primarily in benzene com-
pounds, multi-ring aromatic compounds, heterocyclic
compounds, etc. Oxygen and nitrogen are believed to
be present primarily in chemical combination with the
aromatic compounds. Some of the sulfur is believed to
be present in chemical combination with the aromatic
compounds and some in chemical combination with
inorganic elements associated therewith, for example,
iron and calcium.

In addition to the above, the solid carbonaceous
material being treated herein may also contain solid,
primarily inorganic, compounds which will not be con-
vertible to liquid product herein, which are termed as
“ash”, and are composed chiefly of compounds of
silicon, aluminum, iron and calcium, with smaller
amounts of compounds of magnesium, titanium, so-
dium and potassium. The ash content of a carbona-
ceous material treated herein will amount to less then
50 weight per cent, based on the weight of the mois-
ture-free carbonaceous material, but in general will
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4
amount to about 0.1 to about 30 weight percent, usu-
ally about 0.5 to about 20 weight percent.

Anthracitic, bituminous and subbituminous coal,
lignitic. materials, and other types of coal products
referred to in ASTM D-388 are exemplary of the solid
carbonaceous materials which can be treated in accor-
dance with the process of the present invention to pro-
duce upgraded products therefrom. When a raw coal is
employed in the process of the invention, most efficient
results are obtained when the coal has a dry fixed car-
bon content which does not exceed 86 percent and a
dry volatile matter content of at least 14 percent by
weight as determined on an ash-free basis. The coal,
prior to use in the process of the invention, is prefer-
ably ground in a suitable attrition machine, such as a
hammermill, to a size such that at least 50 percent cent
of the coal will pass through a 40-mesh (U.S. Series)
sieve. The ground coal is then dissolved or slurried in a
suitable .solvent. If desired, the solid carbonaceous
material can be treated, prior to reaction herein, using
any conventional means known in the art, to remove
therefrom any materials forming a part thereof that will
not be converted to liquid herein under the conditions
of reaction.

Any liquid compound, or mixtures of such com-
pounds, having hydrogen transfer properties can be
used as solvent herein. However, liquid aromatic hy-
drocarbons are preferred. By “hydrogen transfer prop-
erties” . we mean that such compound can, under the
conditions of reaction herein absorb or otherwise take
on hydrogen and also release the same. A solvent found
particularly useful as a startup solvent is anthracene oil
defined in Chambers’s Technical Dictionary, MacMil-
lan, Great Britain 1943, page 40, as follows: ““A coal-
tar fraction boiling above 518° F., consisting of anthra-
cene, phenanthrene, chrysene, carbazole and other
hydrocarbon oils.”” Other solvents which. can be satis-
factorily employed are those which are commonly used
in the Pott-Broche process. Examples of these are poly-
nuclear aromatic hydrocarbons such as naphthalene
and chrysene and their hydrogenated products such as
tetralin (tetrahydronaphthalene), decalin, etc. or one
or more of the foregoing in admixture with a phenolic
compound such as phenol or cresol.

The selection of a specific solvent when the process
of the present invention is initiated is not critical since
a liquid fraction which is obtained during the defined
conversion process serves as a particularly good solvent
for the solid carbonaceous material. The liquid fraction
which is useful as a solvent for the solid carbonaceous
material, particularly coal, and which is formed during
the process, is produced in a quantity which is more
than sufficient to replace any solvent that is converted
to other products or which is lost during the process.
Thus, a portion of the liquid product which is formed in
the process of the invention is advantageously recycled
to the beginning of the process. It will be recognized
that, as the process continues, the solvent used initially
becomes increasingly diluted with recycle solvent until
the solvent used initially is no longer distinguishable
from the recycle solvent. If the process is operated on
a semicontinuous basis, the solvent which is employed
at the beginning of each new period may be that which
has been obtained from a previous operation. For ex-
ample; liquids produced from coal in accordance with
the present invention are aromatic and generally have a
boiling range of about 300° to about 1400° F., a density
of about 0.9 to about 1.1 and a carbon to hydrogen mol
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ratio in the range of about 1.3:1 to about 0.66:1.-A
solvent oil obtained from a subbituminous coal, such as
Wyoming-Montana coal, comprises a middle oil having
a typical boiling range of about 375° to about.675° F.
Thus, the solvent that is.employed herein can broadly
be defined as that obtained from a previous conversion
of a carbonaceous solid material in accordance with
the process:defined herein. Although we have used the
term “solvent”, it is understood that such term covers
the liquid wherein the liquid product obtained herein-is
dissolved as well-as the liquid in which the solid materi-
als are dispersed. .

- The ratio. of solvent to solid carbonaceous material
can be varied so long as a sufficient amount of solvent
is employed to effect dissolution of substantially all of
the solid carbonaceous.material in the reaction vessel.
While the weight ratio of solvent to solid carbonaceous
material can be within the range of about 0.6:1 to.about
4:1, arange of about 1:1 to about 3:1 is preferred. Best
results are obtained when the weight ratio of solvent to
solid carbonaceous material is.about 2:1. Ratios of
solvent to solid carbonaceous material greater than
about 4:1 can be used but provide little significant
functional advantage in dissolving or slurrying the solid
carbonaceous material for use in the process of this
invention. An excessive: amount of solvent is undesir-
able in that added energy or work is required for subse-
quent separation of the solvent from the system.

In accordance with the present invention, the slurry

and hydrogen are maintained at a temperature between -

about 500° and about 900°F., at a pressure between
about 500 and about 10,000 pounds per square inch
gauge (psig), and preferably at a pressure between
about 1500 and about 4000 psig, utilizing a weight
hourly space velocity (WHSV) between about 0.25 and
about 50 pounds .of solid carbonaceous material per
pound of catalyst -per hour, and added hydrogen in
amount . between about 2000 and about 20,000 stan-
dard cubic feet (SCF) per barrel of slurry. The exact
conditions selected will depend, for example, upon the
catalyst, the particular charge stock-to be.treated, and
the degree of .conversion desired. It is desirable to uti-
lize as low-a temperature as possible and still obtain the
desired results. This is due:to the fact that the degree of
activation or promotion of.some hydrogenation cata-
lysts becomes more pronounced at the lower reaction
temperatures. The hydrogen recycle rate does not vary
significantly with various charge stocks and preferably
should be between about 2000 and about 10,000 stan-
dard cubic feet per barrel of slurry.

Any hydrogenation catalyst well-known to those hav-
ing ordinary skill in the-art can be employed herein, but
preferably the- catalyst ‘which is employed in the pro-
cess of the. invention  comprises: at-least one hydroge-
nating component-selected from the ;group consisting
of the métals, metal sulfides and/or-metal oxides of (a)
a combination of about 2 to about 25 percent (prefer-
ably about 4 to:about 16 percent) by weight molybde-
num and at‘least two iron-group metals where the iron
group metals are- present ‘in such amounts that:the
atomic ratio- of*éach ‘iron-group metal with respect:to
molybdénum is less than about 0.4:and (b) a combina-
tion of about 5 to about 40 percent (preferably about
10 to about 25 percent) by weight of nickel-and tung-

steni where the atomic-ratioof tungsten to nickel is

about 1:0.1°to"5 (preferably about 1:0.3 to about 4),
said hydrogenating component being composited with
a porous support. Particularly preferred among the
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6
hydrogenating metals are nickel, cobalt, molybdenum
and tungsten. Catalysts of type “(a)”” may contain mo-
lybdenum .in the amounts conventionally used, i.e.,
about 2 to about 25.percent molybdenum based on the
total weight of the catalyst including the porous carrier,
Smaller amounts of molybdenum than about 2 percent
may be used, but this reduces the activity. Larger
amounts than about 25 percent can also be used but do
not increase the activity and constitute an extra ex-
pense. We prefer to utilize a catalyst containing about
4 to about 16 percent by weight molybdenum, most
preferably about 10 per.cent; about 2 to about 10 per-
cent by weight nickel, most preferably about 2 percent;
and about | to about 5 percent by weight cobalt, most
preferably about 1.5 percent. While a three-metal com-
ponent catalyst as in (a) is preferred, we can also use a
two-metal component catalyst as in “(b)”. When using
a two-metal component catalyst, we prefer to utilize
one containing about 15-to about .25 percent (e.g.,
about 19 percent) tungsten and about 2 to about 10
percent-{e.g.,.about 6 percent) nickel supported on a
porous carrier such as alumina. In a two-metal compo-
nent catalyst, the weight ratio of tungsten to nickel is
preferably in the range of about 2:1 to about 4:1 tung-
sten to nickel, respectively. The amounts of the.iron
group metals in (a) and (b) may be varied as long as the
above proportions are used. However, in (a) we prefer
to. utilize one iron group metal in an atomic ratio be-
tween about 0.1 and about 0.2 and to use the other iron
group metal or metals in an atomic ratio of iron group
metal to molybdenum of less than about 0.1 and espe-
cially between about 0.05 and about 0.1. All of the iron
group metals may be present but we prefer to-use only
two. The amount of the hydrogenating component

based on the metal itself can suitably-be from about 0.5
to about 60 percent by weight of the catalyst including
the .porous carrier, but is usually within the range of
about 2 to about 30, percent by weight of the catalyst
including thecarrier.

The above-mentioned active hydrogenatmg compo-
nents can also be present as. mixtures. On the other
hand, chemical combinations of the iron group metal
oxides or. sulfides with the molybdenum oxide. and/or
sulfide can be utilized. The catalytic hydrogenating
components can be used with a variety of highly porous
bases or supports which may or may not have catalytic
activity -of their:own. Examples of such supports. are
alumina, bauxite, silica gel, kieselguhr, thoria, zirconia,
molecular sieves -or other zeolites, both natural and
synthetic, or mixtures of the foregoing, as long as the
particular catalyst support which is employed has pores
sufficiently large to avoid quick plugging by the deposi-
tion of the ash and/or organo-metallic constituents of
the:coal used as charge stock. By “highly porous” and
“pores sufficiently large” -is meant a pore volume of
from about 0.1 to about 1.0.cc per gram, preferably
from about 0.25 to.about 0.8 cc per gram; a surface
area. from about 50 to about 450 m?/gram, preferably
from about 80 to about 300 m?*/gram; a pore radius size
range from about 10 A to about 300 A with the average
pore radius-being from about 20 A to about 100 A.

- The hydrogenation catalysts referred to hereinabove
and the methed by which they are made are not per se,
part of the present invention. Methods of preparing
such catalysts or combinations of catalysts are well-

-known in the. prior art, such catalysts and methods of

preparing the same having been described, for exam-
ple, in US. Pat. No. 2,880,171 which issued to R. A.
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Flinn and J. B. McKinley on Mar. 31, 1959.

The particle size of the composited catalyst can suit-
ably be from about one thirty-second inch diameter to
about one-fourth inch diameter extrudate, or about one
thirty-second inch to about one-fourth inch diameter
spheroids. The preferred size of the catalyst particles
will depend upon the size of the openings in the porous
partitions of the reaction vessel and upon the size of the
catalyst sections in the commercial vessel. In general,
the larger the catalyst sections in the commercial ves-
sel, the larger should be the catalyst particle size. The
catalyst can also be in the form of pellets or any other
geometrical form, so long as the catalyst does not pass
through the openings in the partitions separating the
catalyst bed segments from the unobstructed passage-
ways.

When treating a carbonaceous material, such as a
coal slurry, according to the process of the invention, it
is customary to continue the reaction until the catalyst
activity has decrcased markedly due to the deposition
of ash and/or coke or other carbonaceous material
thereon. In the process of the present invention, the
reaction will continue over an extended period of time
before regeneration of the catalyst is required. When
regeneration of the catalyst becomes necessary, the
catalyst can be regenerated by combustion, i.e., by
contact with an oxygen-containing gas such as air at an
elevated temperature usually about 900° F. or by any
other means normally used to regenerate hydrogena-
tion catalysts. The manner in which the catalyst is re-
generated does not constitute a portion of the present
invention.

The process of the invention will be more readily
understood by referring to

FIG. 1, which is a schematic flow diagram of one
embodiment of the invention showing a preferred form
of a multi-partitioned reaction vessel wherein the cross-
sectional segments of the vertical reaction zones are
sectors. While the process described in FIG. 1 is with
reference to the treatment of raw coal, it is to be under-
stood that any solid carbonaceous material, as defined
herein, having a tendency to form coke and/or ash
during conversion can suitably be treated by the pro-
cess of this invention. Coal is simply exemplary of the
carbonaceous materials which can be treated in the
process of the invention.

FIGS. 2 through 8 are schematic drawings showing
other configurations of suitable multi-partitioned reac-
tion vessels which can be used in the process of the
invention.

Referring now to FIG. 1, a carbonaceous solid mate-
rial, such as raw coal, is introduced into coal prepara-
tion unit 10 through line 8. In coal preparation unit 10,
the coal is ground by a suitable attrition machine such
as a hammermill to size, for example, such that 50
percent of the coal will pass through a 40 mesh sieve
(U.S. Series). Ground coal particles are transferred
from coal preparation unit 10 through line 12 into a
slurry blending unit 14 where the coal is mixed with a
solvent in a weight ratio of solvent to coal of about 1:1
to about 3:1. When the process is initiated, fresh sol-
vent, such as anthracene oil, is introduced into slurry
blending unit 14 through line 16. As the process contin-
ues, a sufficient amount of solvent oil is produced so
that fresh solvent is gradually replaced by recycle sol-
vent oil which is introduced into slurry blending unit 14
through line 18. If desired, all or a portion of the sol-
vent can be passed through line 20 to line 12 to aid in
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transferring ground coal to slurry blending unit 14. A
slurry of coal particles and solvent is removed from
slurry blending unit 14 through line 22, where it is
mixed with high pressure hydrogen supplied through
line 26. The mixture of coal, oil and hydrogen is then
introduced into the bottom of reaction vessel 24. If
desired, the oil-coal mixture in line 22 may be pre-
heated by any suitable heat exchange means (not
shown) prior to being introduced into reaction vessel
24. While the mixture of coal, solvent and hydrogen is
shown as being introduced into the bottom of reaction
vessel 24 for upflow operation, the mixture can be
introduced into the top of reaction vessel 24 for down-
flow operation. Preferably, however, the mixture of
coal, solvent and hydrogen is introduced into the bot-
tom of reaction vessel 24 and passed upflow through
reaction vessel 24 in a flooded-bed type reaction sys-
tem. While the hydrogen is shown as being introduced
together with the coal and solvent into the bottom of
reaction vessel 24, the hydrogen can be introduced at
multiple places through the reaction vessel. Similarly
some of the coal and/or solvent can be introduced at
multiple places throughout the reactor.

The hydrogen is introduced into reaction vessel 24 in
amounts between about 2000 and about 20,000 stan-
dard cubic feet of hydrogen per barrel of coal slurry.
The hydrogen gas stream is preferably at least about 60
percent hydrogen, the remainder of the gas stream
being gases such as nitrogen, carbon monoxide, carbon

dioxide and/or low molecular weight hydrocarbons,

such as methane. The exact reaction conditions in reac-
tion vessel 24 depend upon a number of factors, for
example, the amount of liquefaction desired, but, in
general, include temperatures of 500° to 900° F., usu-
ally temperatures between about 750° and about 875°
F., and pressures of about 500 to about 10,000 psig,
usually pressures between about 1500 and 4000 psig.
The weight hourly space velocity of the coal slurry is
suitably from about 0.25 to about 40, usually about 0.5
to about 20 unit weight of charge stock per unit weight
of catalyst per hour. The catalyst can be any hydroge-
nation catalyst as defined hereinabove, but is prefer-
ably a three-metal component catalyst comprising mo-
lybdenum, nickel and cobalt supported on a:carrier
such as alumina. The particle size of the catalyst will
depend upon the size of the reaction vessel and upon
the size of the openings in the porous partitions of the
reaction vessel. The particles of catalyst are sufficiently
large so that they do not pass through the openings in
the porous partitions.

Reaction vessel 24 may contain one segmented bas-
ket 28 or it may contain a number of such baskets
stacked on top of each other so that the unobstructed
passageways 30 and the catalyst-containing segments
32, in this embodiment, are in direct line through the
reaction vessel. Basket 28 is in cylindrical shape, the
outer surface 34 of which may be solid, but is prefer-
ably provided with openings large enough to permit the
transfer of reactants (including coal fines) and prod-
ucts therethrough while retaining the catalyst particles
36 therein. The inner walls 38 of the partitions separat-
ing the catalyst segments from the unobstructed pas-
sageways are provided with openings large enough to
permit the transfer of reactants (including coal fines)
and products therethrough while not allowing catalyst
particles to pass from the catalyst segments. In FIG. 1,
the cross-sectional configuration of the segments in
basket 28 are sectors. Other configurations of substan-
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tially elongated reaction zones wherein said reaction
zones are substantially vertically disposed within the
reaction vessel, as shown in FIGS. 2 to 5, 7 and 8, will
be discussed hereinbelow.

Gases from reaction vessel 24 are removed through
line 40 to a gas recovery plant 42. Gas recovery plant
42 comprises any suitable means for separating gases
from liquids. The gases separated in gas recovery plant
42 are passed through line 44 to a hydrogen plant 46
where hydrogen is recovered and any low molecular
weight hydrocarbon gases are converted to hydrogen.
Depending upon economic considerations, the low
molecular weight hydrocarbon gases can be sold and
hydrogen generated by other satisfactory means, such
as gasification of coal, or a product stream containing
undesirable materials, such as high-boiling tars or waste
solids, can be used as a hydrogen source. Hydrogen is
then returned through line 26 to reaction vessel 24.
Any makeup gas which is needed to supply hydrogen
for the hydrogen plant is added through line 48. Liquid
products containing some solid materials are removed
from reaction vessel 24 through line 50 into solids
separation unit 52. If desired, solids separation unit 52
can be bypassed, for example, when substantially no
solid materials are in the liquefied product, in which
case the liquid products removed from reaction vessel
24 can be passed directly by line 51 to a product stor-
age and recycle unit 58. Solids separation unit 52 com-
prises any suitable means for separating solids from
liquids such as a continuous rotating filter, centrifuge,
or liquid cyclone. Solid materials are removed from the
separation unit 52 through line 54. If the solid materials
removed by line 54 contain some of the original carbo-
naceous materials, as in the case wherein it is desired
not to solubilize all of the original carbonaceous mate-
rial, and solid inorganic material, the two can be sepa-
rated from each other by any means convenient in the
art. The solid carbonaceous material will be upgraded,
for example, be lower in sulfur content than the origi-
nal charge, and can be used as fuel. The inorganic
materials, for example, ash, can be used as such, or
after calcination, alone or in combination with another
hydrogenation catalyst different from that present in
the catalyst beds, as additional catalyst and introduced
into the system along with the charge in line 22. In such
case the “‘unobstructed, catalyst-free zones” referred
to above will also contain catalyst to the extent of such
addition. The liquid product is removed from separa-
tion unit 52 through line 56 to product storage and
recycle unit 58, from which liquid product can be re-
moved through line 60. A portion of the liquid product
is recycled as solvent through line 18 and returned to
slurry blending unit 14. Optionally, the liquid product
from storage and recycle unit 58 can be sent through
line 64 to a distillation column train 66 where various
cuts can be removed at a desired pressure, usually
under vacuum for the recovery or specific distillation
cuts which can then be passed through line 68 to a
storage tank farm 70. The various products can then be
removed through line 72. In this manner spectfic sol-
vent cuts can be removed and recycled as solvent
through line 74 to slurry blending unit 14. It is believed
obvious to those having ordinary skill in this art that by
varying the reaction conditions in reaction vessel 24,

but within the range of conditions set forth above, more-

or less hydrocracking can occur, which would give
more or less liquefied product and/or more or less
lighter boiling products for distillation in distillation
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column train 66. It is also within the purview of the
disclosure herein that product in line 50 containing
solids be sent directly to a distillation column train
wherein the component parts thereof can be separated
into selected fractions.

Other exemplary configurations in suitable multipar-
titioned baskets providing unobstructed passageways
and catalyst-containing segments are shown in FIGS. 2
to 8.

In FIG. 2, a segmented basket 76 is cylindrical in
shape, the outer surface 78 of which may be solid, but
is preferably provided with openings large enough to
permit the transfer of reactants (including coal fines)
and products therethrough while retaining catalyst
particles 82 therein. The inner walls 80 of the partitions
separating catalyst segments 84 from unobstructed
passageways 86 are provided with openings large
enough to permit the transfer of reactants (including
coal fines) and products therethrough while not allow-
ing catalyst particles to pass from the catalyst segments.
The unobstructed passageways 86 are parallel to the
direction of flow of charge stock through the reaction
vessel. The unobstructed passageways 86 alternate with
catalyst segments 84. The porous partitions shown in
FIG. 2 are flat plates vertically placed in substantially
parallel planes. The space between the plates may be
from about % inch to % inch or more depending upon
the size of the reaction vessel. It will be understood that
the plates can be either perfectly flat, as shown, or
corrugated. The plates are made of metal such as a
metal screen wire.

In FIG. 3, a checkerboard or honeycomb-like three-
dimensional configuration is shown where segmented
basket 88 is cylindrical in shape, the outer surface 90 of
which may be solid, but is preferably provided with
openings large enough to permit the transfer of reac-
tants (including coal fines) and products therethrough
while retaining catalyst particles 92 therein. The inner
walls 94 of the partitions separating catalyst segments
96 from unobstructed passageways 98 are provided
with openings large enough to permit the transfer of
reactants (including coal fines) and products there-
through while not allowing catalyst particles to pass
from the catalyst segments. The unobstructed passage-
ways 98 are parallel to the direction of flow of charge
stock through the reaction vessel. The unobstructed
passageways 98 alternate with catalyst segments 96.
The porous partitions in FIG. 3 are placed in intersect-
ing planes so as to form a honeycomb-like structure,
which leaves alternating upward unobstructed passage-
ways and catalyst zones. The space between the parti-
tions may be from about % inch to about % inch or
more. The partitions may be made of screen wire.

In FIG. 4, a series of concentric cylinders are shown
where a multi-partitioned basket 100 is cylindrical in
shape, the outer surface 102 of which may be solid, but
is preferably provided with openings large enough to
permit the transfer of reactants (including coal fines)
and products therethrough while retaining catalyst
particles 104 therein. The inner walls 106 of the cylin-
drical partitions separating catalyst segments 108 from
unobstructed passageways 110 are provided with open-
ings large enough to permit the transfer of reactants
(including coal fines) and products therethrough while
not allowing catalyst particles to pass from the catalyst
segments 108. The porous partitions in FIG. 4 are cy-
lindrical in shape, the space between the cylinders
being from about % inch to about % inch or more
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depending upon the size of the reaction vessel. It will be
understood that the cylinders can be smooth, as shown,
or corrugated. The cylinders are made of metal such as
a metal screen wire.

In FIG. 5, a set of porous tubes 112 arranged in a
symmetrical or random pattern are placed inside a
reactor shell 114, The walls of the tubes are provided
with openings large enough to permit the transfer of
reactants (including coal fines) and products there-
through while retaining catalyst particles 116 therein.
The unobstructed passageways 118 are parallel to the
direction of flow of charge stock through the reaction
vessel. The tubes are maintained in position by a collar
which is not shown in FIG. 5. The tubes may be from
about % inch to about 4 inches or more in diameter.
The tubes may be formed from screen wire.

FIGS. 1 to 5 show cylindrical-type multi-partitioned
reaction vessels since reactors of this configuration are
more common. It should be understood, however, that
the geometrical shape is not critical and that square,
rectangular, octagonal, elliptical, etc., designs can be
employed. It is only necessary that the reaction vessel
contain a plurality of closely-spaced, substantially-ver-
tical reaction zones, separated by porous partitions
wherein a portion of the zones are adapted to contain
solid particulate catalyst which will not pass through
the porous partitions. Another portion of the reaction
zones form substantially unobstructed passageways
through the reaction vessel. In the figures shown, the
unobstructed passageways form an alternating symmet-
rical pattern with the catalyst-containing portions of
the reaction vessel. While this is a preferred type of
reaction system, it is not essential that a symmetrical-
type design be employed. Similarly, it is not critical as
to the precise number of segments.

Although the process described herein has been illus-
trated with a plurality of closely-spaced, substantially-
vertical reaction zones separated by porous partitions,
it is within the purview of our invention also to carry
out the process utilizing reaction zones identical to
those described above but wherein said reaction zones
are otherwise spatially disposed within the reaction
vessel.” For example, the reaction zones can be
mounted substantially horizontally within the reaction
vessel and the slurry defined above, will still pass in and
out of the catalyst segments and the desired hydrogena-
tion reaction will still take place. The disposition of
reaction zones within a reaction vessel, in one such
embodiment, is illustrated in FIG. 6, wherein there is
disposed a set of porous tubes 120, similar in design
and spacing to porous tubes 112 of FIG. 5, but wherein
said latter tubes are securely attached, by any suitable
means, to a shell 122 removably positioned within reac-
tor shell 124 to form a bundle 126 which is horizontally
disposed within reaction shell 124. If desired, more
than one such tube bundle 126 can be disposed within
the reaction vessel, one above another.

The catalyst segments need not be fully filled with
catalyst in order to obtain the desired results herein. As
shown in FIG. 7, if porous tubes 112 are used, as in
FIG. 5, the catalyst 116 will partially fill the tubes 112
and will be retained in place by plates 128. The direc-
tion of movement of material in such case is exempli-
fied by the arrows 130. This modification is further
illustrated in FIG. 8, wherein the segmented bed ar-
rangement of FIG. 1 is used. In this case some catalyst
is in each of adjacent segments 30 and 32 but does not
fully fill each of said segments. The catalyst is main-
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tained in place by plates 132 and the arrangement is
such that the desired movement of the reaction mate-
rial, as shown by the arrows 134, takes place. The
amount of catalyst present in the embodiments of
FIGS. 7 and 8 will correspond substantially to the
amount present in the corresponding embodiments of
FIGS. § and 1, respectively.

The number of catalyst segments and unobstructed
passageways in the reaction vessel can vary over a wide
range depending upon the size of the vessel. Naturally,
as the diameter of the reaction vessel increases, the
number: of catalyst-containing segments can also be
increased. While there may be, for example, as few as
about four catalyst segments, there may be as many as
about 10,000. For example, in a commercial unit hav-
ing a reaction vessel that is 25 feet in diameter, we may
employ from about 200 to about 2,000 porous catalyst-
containing tubes of the type referred to in FIG. 5. In a
2-inch diameter reaction vessel of the type shown in
FIG. 1, we may have about 4 sectorial-shaped catalyst-
containing segments. In general, the total cross-sec-
tional area of the catalyst segments should be such that
the entire catalyst is available for contact with fluid
passing through the reaction vessel. If the cross-sec-
tional area of any single catalyst segment is too large
the charge stock will not have easy access to and from
the catalyst segments, thus tending to give rise to cok-
ing and plugging in the catalyst segments. Thus, it is
preferred that the ratio of cross-sectional area of an
individual catalyst segment to the total cross-sectional
area of all catalyst segments be as low as possible. Nat-
urally, there is an economic limit to the number of
individual catalyst segments which can be employed.
With smaller, i.e., about 2-inch, reaction vessels, the
ratio of the cross-sectional area of one catalyst segment
to the total of all catalyst segments is about 1:4. In
larger reaction vessels, i.e., about 10 to about 15 feet,
the ratio of the cross-sectional area of one catalyst
segment to the total area of all catalyst segments can be
on the order of at least about 1:1, preferably about 1:20
to about 1:10,000 or more.

The cross-sectional area of any particular catalyst
segment is also dependent upon th size of the reaction
vessel. Thus, the cross-sectional area of a single catalyst
segment can vary from about 0.5 square inches for a
small vessel to about 50 square inches for a large reac-
tion vessel. In general, the cross-sectional area for a
single catalyst segment is about 1 to about 30 square
inches. i

The ratio of the cross-sectional area of total catalyst
segments to total unobstructed passageways can vary
over a wide range depending on the size of the reaction
vessel. In general, the ratio of the total cross-sectional
area of unobstructed passageways to the total cross-
sectional area occupied by catalyst is preferably about
20:1 to about 1:10. Since the length of the catalyst
segments and the length of the unobstructed passage-
ways in any given reaction vessel are preferably the
same, the volumetric ratio of total unobstructed pas-
sageways to total catalyst is also preferably the same as
the cross-sectional area ratios, i.e., about 20:1 to about
1:10. The ratio of the total cross-sectional area occu-
pied by catalyst to the total cross-sectional area (occu-
pied and unoccupied) of the reaction vessel is prefer-
ably about 10:1 to about 1:10, most .preferably about
3:1 to about 1:3. As noted hereinabove, the catalyst
segments are preferably parallel to each other and to
the unobstructed passageways and have a uniform
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cross-sectional area throughout the reaction vessel. It
will be understood, however, that catalyst segments of
varying cross-sectional areas can be employed and that

the catalyst segments need not be parallel. Thus, in
FIG. 5, tubes of various sizes can be employed in con-

structmg the réaction vessel.

The size of the openings in the porous partitions
separating the catalyst segménts from the unobstructed
passageways can vary. The openings must be suffi-
ciently large to permit the passage of fines and ash from
the unobstructed passageways to the catalyst segments

and then back again to the unobstructed passageways. °

As the charge stock passes through the reaction vessel,
it passes in and out and through the various -catalyst
segments and unobstructed passageways an indetermi-
nate number of times. The openings are large enough
to permit coal fines and ash to pass through but not
large enough to allow catalyst particles to pass through.
In general, the size of the openings in the porous parti-
tions is within the range of about % inch to about 40-
mesh sieve (U.S. Series), but usually the opénings are
from about 6 to about 20-mesh (U.S. Series). If the
catalyst particles.are about %-inch diameter, the size of
the openings in the partitions are just under about %
inch in diameter. The configuration of the openings is
‘not important and is dictated by the ease of fabrication

of the partitions. Screenlike partitions have been used -

successfully to retain the catalyst while permitting easy
passage of the coal slurry particles to and from the
catalyst segments. In one embodiment of the invention,
catalyst particles approximately one-eighth inch in
diameter were retained where the porous partitions
were made of screen wire having square openings ap-
proximately 0.079 inch in a side. The openings in the
partitions can be circular, octagonal, square or any
other shape. The ratio of open area to solid area in the
porous partitions is preferably as high as possible con-
sistent with good structural strength while retaining the
catalyst particles.

The present invention will be further described with
reference to the following illustrative examples. In Ex-
amples T to IV, VII and IX, the carbonaceous material
employed is a bituminous coal identified as ““Pittsburgh
seam coal”. In Example V, the carbonaceous material
employed is a bituminous, high-sulfur (4.63% S) coal
identified as “Kentucky coal”. In Example VI, the car-
bonaceous material employed is a low-sulfur, low-ash
subbituminous coal identified as ‘“Wyoming coal”. In
Example VIII the carbonaceous material employed is
lignite. In Examples I and III- to VII and IX the coal-oil
(30/70, that is, 30 weight percent coal and 70 percent
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oil) slurry is introduced directly into the catalytic hy- -

drogenation reaction vessel. Examples I, I, IV and V
are of moderate (55 to 89 hours) duratlon Examples
Il and VI are of long (245 hours) duration. In Example
11, the coal-oil (30/70) slurry is predigested. with hydro-
gen prior to being introduced into the catalytic reaction
vessel. Examples I to Il and V to VII and IX are con-
ducted with a frest hydrogenation catalyst (1.0% Co,
0.5% Ni, 8.0% Mo) composited with alumina. Example
IV is conducted with regenerated catalyst obtained by
the air oxidation of a composxte of spent catalysts from

Examples I to III. Example VIIis conducted with recy-,

cle solvent obtained by distilling the ‘combined slurry
products obtained in Example I to III In Example IX,

the lower one-half of the reaction vessel is completely.

filled with the hydrogenatlon cata]yst i.e., there are no
unobstructed passageways. '
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The degree of coal solvation which is reported in the
footnotes of the tables summarizing. the results: ob-
tained in the various examples is obtained using the
following formula:

MAF coal feéd — MAF dry cake
MAF coal feed

% Coal Solution = 100 X -

where MAF = moisture and ash freed.
EXAMPLE I

A 30 weight percent slurry of bituminous coal with
solvent oil was prepared by mixing 30 parts. by weight
of crushed (average of 200 mesh sieve [U.S. Series])
Pittsburgh seam coal with 70 parts by weight of anthra-
cene oil. 804 grams hydrogenation catalyst was
charged into alternating sectorial segments of baskets
which were housed in a 2-inch diameter by 48-inch
high reaction vessel similar to that shown in FIG. 1. The
total volume of catalyst charged was approximately
1000 cc. The total volume of the reaction vessel was
3500 cc. Thus, the ratio (both volume and cross-sec-
tional area) of total catalyst charge to total reaction
vessel volume (and cross-sectional area) is about 1:3.
The catalyst used was a three-metal component cata-
lyst (10% Co, 0.5% Ni, 8.0% Mo) composited with
alumina having a particle size of 4 to 10 mesh (U.S.
Series). The openings in the partitions separating the
unobstructed: passageways from. the catalyst bed seg-
ments were square in shape (10-mesh screen). The
coal-0il .(30/70) slurry was. charged to the reaction
vessel at an average feed rate of 3000 cc.per hour (7.71
pounds per hour or 4.35 Ib of slurry/Ib, catalyst hr)
Elemental analyses of the Pittsburgh seam coal, anthra-
cene oil and coal-oil (30/7()) slurry are set, forth in
Table 1. :

‘TABI;E‘ 1"
Elemental ) . P Coal-Oil
Analysis, Pittshurgh * Anthracene (30/70)
% by Wt. Scam Coal , . 2:Qil Sturry
Carbon 76.84 91.25 §6.93
Hydrogen 5.06 5.98 5.70
Nitrogen 1.61 0.95 1.15
Oxygen 8.19 1.76 3.69
Sulfur 1.49 .50 0.80
Ash 8.28 0.01 2.49

Hydrogen was introduced into the reaction vessel at
a rate of 10,000 SCF/BBL slurry. The Teaction vessel
was maintained at a temperature of 800° F. and at a
pressure of 3500 ‘psig. The reaction’ was allowed to
proceed until there was evidence of some catalyst deac-
tivation. Overhead from the reaction vessel was sepa-
rated into a gas stream and a liquid stream. The gas
stream consists essentially of hydrogen. The liquid
stream consists essentially of a hydrogenated liquid
product containing some solids, i.e., unconverted coal
and ash. In order to determine the extent of the hydro-
genation, samples of the liquid product stream were
periodically withdrawn and filtered to recover a solids
portion and a filtrate portion. The solids or filter cake
portion was washed with: ethyl acetate and dried. The

- dried filter cake and a sample of the filtrate portion
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were then separately subjected to an elemental analy-
sis. The filtrate portion was subjected to further evalua-
tion by distilling the filtrate in a batch distillation unit,

¢ distillation being terminated at a pot temperature of
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750° F. at 3 mm Hg pressure. The pot contents were
labeled as “‘residue’ and were submitted for elemental
analysis. The distillate was identified with reference to
its ““average distillation temperature (Avg DT)” which
is an average of the overhead vapor temperature re-
corded at 10 percent volumetric incremental levels
during the distillation, i.e., for distillate levels of 20, 30,
40, 50, 60 and 70 volume percent.

A detailed summary of the results obtained in Exam-

cc/hr. (5.14 pounds per hour) Another portion of the
coal-oil (30/70) slurry was predigested under the same
conditions except for the flow rate which was increased
to 5000 cc/hr. (12.85 pounds per hour). The predi-
gested slurries thus obtained were combined and used
as charge stock to the alternating sectorial segments of
the reaction vessel according to the procedure of Ex-
ample 1. Elemental analyses of the coal-oil (30/70)
slurry before and after predigestion are set forth in

ple I are set forth in Table II. 10 Table I1I.
TABLE II
Summary for Example 1
Liquid
Stream
from Filtration of Liquid Stream Distillation
Rcaction from Reaction Vessel of Filtrate
Vessel
Total Dis-
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late Analysis
Sample  Analysis Avg.  Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT %0 by C/H % by Wt
Hr. S Dby Ratio H N [¢] S °F. Wt Ratio H S
Wt
5-6 0.16 6.4 47.98  3.29 1.73 11.12 8.09 0.50 0.78 0.05  566.7 8.5 1312 6.88 0.22
17-18 0.14 6.1 52,95 342 1.48 117 8.09 0.57 0.90 0.05 5903 10.9 13.64 6.54 0.23
53-54 0.24 7.1 4923 3.34 1.90 11.84  7.59 0.72 1.22 0.11  619.0 147 14.19 625 0.32
89: 0.19 5.5 52.08  3.36 2.00 11.60  7.80 0.61 1.06 0.08  587.2 104 1413 6.17 0.28
67"

W Average percent by weight of dry filter cake in the liquid stream from the reaction vessel based on 13 samples taken over a period of 89 hours, This is equivalent to

an ash-free coal solvation of 84,5 per cent.

It will be noted from the data in Tables I and II that a
significant amount of desulfurization was obtained by
utilizing the process of the invention. The composited
feed stream contained 0.80 percent by weight of sulfur.
The liquid stream from the reaction vessel after 89
hours of operation contained only 0.19 percent by
weight of sulfur most of which was in the solid (ash)
phase. Upon filtration of the liquid stream from the
reaction vessel, the filtrate contained even less sulfur,
i.e., 0.08 percent by weight after 89 hours. The degree
of coal solvation in this Example was 84.5 percent.

40

TABLE Il
Elemental )
Analysis Coal-0Oil (30/70) Slurry
% By Wt. Before Predigestion AFter Predigestion
Carbon 86.93 88.55
Hydrogen 5.70 6.08
Nitrogen 1.15 1.15
Oxygen 3.69 2.76
Sulfur 0.80 050
Ash 2.49 (2.49)

A detailed summary of the results obtained in Exam-

EXAMPLE 11 ple II are set forth in Table IV.
TABLE IV
Summary for Example 11
Liquid
Stream
from Filtration of Liquid Stream Distillation
Reaction from Reaction Vessel of Filtrate
Vessel
Total Dis-
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late Analysis
Sample  Analysis Avg.  Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT % by C/H % by Wt
Hr. S % by Wt C S Ratio H N o S °F. Wi, Ratio H S
4-5 <0.17 4.4 54.51 3.35 265 11.54 794 055 0.78 <0.05 585 13.2 1450 6.23 0.19
14-15 0.18 4.7 5429 3.30 231 11.30 B8.01 0.58 0.79 0.07 564 9.1 1470 6.13 0.09
44-45 0.20 4.4 50.28 2.84 297 1206 7.50 0.69 1.06 0.07 576 12.8 14.56 6.21 0.18
75-77 0.28 4.7 50.68 292 4,19 1220 7.42 07 1.10 0.08 587 13.0 14.63 6.09 0.27
4. I tny

WAverage per cent by weight of dry filter cake in the liquid stream from the reaction vessel based on 10 samples taken over a period of 77 hours. This is equivalent to

an ash-free coal solvation of 95.9 per cent.

In this Example, the procedure of Example I was
repeated except the coal-oil (30/70) slurry was predi-
gested with hydrogen before being charged to the reac-
tion vessel. One portion of the coal-oil (30/70) slurry
was predigested by contacting the slurry in a 3500 cc
reaction vessel at a temperature of 800° F., pressure of
2000 psig, a hydrogen feed rate of 4000 SCF/BBL of
total feed and a slurry flow rate controlled at 2000
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It will be noted from the data in Tables Il and 1V that
a significant amount of desulfurization was obtained
utilizing the process of the invention. The composited
predigested feed stream contained 0.50 percent by
weight of sulfur. The liquid stream from the reaction
vessel after 77 hours of operation contained only 0.28
percent by weight of sulfur most of which was in the
solid (ash) phase. Upon filtration of the liquid stream
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from the reaction vessel, the filtrate contained even less
sulfur, i.e., 0.08 percent by weight after 77 hours. The
use of a predigested slurry as in this Example II as
compared with Example I wherein the slurry was not

18
weight after 245 hours. The degree of coal solvation in
this Example was 87.7 percent.

EXAMPLE IV

predigested shows a slightly greater reduction of sulfur 5  In this Example, the procedure of Example I was
content in the filtrate, i.e., <0.05 to 0.08 percent using repeated except the catalyst in this Example was a
predigested slurry as opposed to <0.05 to 0.11 when regenerated catalyst. The regenerated catalyst was
the slurry was not predigested. The degree of coal sol- obtained by subjecting a blend of spent catalyst ob-
vation in this Example was 95.9 percent. Therefore, tained from Examples I, II and III to oxidation by air at
there appears to be an advantage for the use of predi- 10 a temperature of 825° to 900°F. Also, in this Example
gestion to increase the level of coal solvation. the coal-oil (30/70) slurry was prepared from another
sample of Pittsburgh seam coal. The elemental analysis
EXAMPLE III of the coal-oil (30/70) slurry used in this Example are
In this Example, the procedure of Example 1 was shown in Table VI.
repeated except the process was allowed to continue 15 TABLE VI
for a period of 245 hours. A detailed summary of the
results obtained in Example IIl are set forth in Table V. Elemental Analysis Coal-Oil (30/70) Slurry
e By Wt.
TABLE V
Summary for Example Il
Liquid
Stream
from Filtration of Liquid Strcam Distillation
Reaction from Reaction Vessel of Filtrate
Vessel
Total Dis-
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late Analysis
Sample  Analysis Avg.  Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT % by C/H % by Wt
Hr. S % by Wt C H S Ratio H N 0 S °F. Wt Ratio H S
4-5 0.10 2,02 — — 186 1040 863 047 078 006 574 93 1207 733 0.27
44-45 0.20 6.6 7161 542 1.83 1144 7.88 068 1.04 008 5802  10.7 1395 635 041
104-105  <0.2 6.6 56.54 3.46 256 1238 7.35 088 140 <005 — — - - =
124-125 — 5.5 — - - - - = - — 6260 157 1448 602 036
164-165  0.32 5.8 50.24 3.09 230 1314 685 092 152 019 6210 167  14.56 604 038
244-245  0.48 4.9 54.16 316 266 13.07 688 0.94 154 037 6237 198 14.62 599 0.7%
5.8ll”

“Average per cent by weight of dry filter cake in the liquid stream from the reaction vessel bused on 24 sumples taken over a period of 245 hours. This is equivalent

to an ash-free coal solvation of 87.7 per cent.

™Sample of dried cake appeared to be partially burnt (air was present in drying oven). Nitrogen was used in oven during drying of subsequent filter cukes.

It will be noted from the data in Table V that a signifi-
cant amount of desulfurization was effected over the
245-hour period of operation. The composite feed
stream contained 0.80 percent by weight of sulfur. The
liquid stream from the reaction vessel after 245 hours
of operation contained 0.48 percent by weight of sulfur
most of which was in the solid (ash) phase. Upon filtra-
tion of the liquid stream from the reaction vessel, the
filtrate contained even less sulfur, i.e., 0.37 percent by

45

Carbon 87.64
Hydrogen 5.66
Nitrogen 1.14
Oxygen 2.97
Sulfur 0.85
Ash 2.07

A detailed summary of the results obtained in Exam-
ple 1V utilizing regenerated catalyst are set forth in
Table VII.

TABLE VII

Summary for Example 1V

Liquid
Stream’
from Filtration of Liquid Stream Distillation
Reaction from Reaction Vessel of Filtrate
Vessel
Total Dis-
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late Analysis
Sample  Analysis Avg. Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT % by C/H % by Wt
Hr. S % by Wt C H S  Ratio H N (o] °F. Wt. Ratio H S
4-5 0.19 5.7 61.58 372 224 1133 794 — 0.92 0.07 596.5 12.8 1428 6.25 0.15
12-13 0.24 73 64.42 433 214 1191 7.63 0.65 1.46 0.09 610.3 16.6 13.67 6.52 0.27
45-46 0.24 4.1 57.47 342 275 11.53 7.86 0.67 0.97 0.13 595.3 15.0 1446 6.07 0.05
68-69 0.24 3.5 5332 355 333 1275 7.06 0.65 1.27 0.13 600.5 13.6 1512 580 0.34
71-72 0.28 3.2 52.15 299 340 — — — — 0.18 — — — — —
5.2t@

‘A verage per cent by weight of dry filter cake in the liquid stream from the reaction vessel based on 13 samples taken over a period of 72 hours. This is equivalent to
an ash-free coal solvation of 89 per cent.
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It will be noted from the data'in Table VII that a signifi- -

cant amount of desulfurization was effected over the
72-hour period of operation when utilizing a regener-
ated catalyst. The composite feed contained 0.85 per-
cent by weight of sulfur. The liquid stream from the
reaction vessel after 72 hours of ‘operation contained
only 0.28 percent by weight of sulfur most of which was
in the solid (ash) phase. Upon filtration of the liquid
stream from the reaction vessel, the filtrate contained
even less sulfur, i.e., 0.18 percent by weight after 72
hours. The degree of coal solvation in this Example was
89 - percent. ‘ L s

EXAMPLE V

In order to illustrate the process of the invention
utilizing a bituminous high-sulfur (4.63%) coal, the
procedure of Example I was repeated using a Kentucky
coal. Elemental analyses of the Kentucky coal, anthra-
cene oil and coal-oil (30/70) slurry are set forth in

20
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It will be noted from the data in Table IX that a signifi-
cant amount of desulfurization was obtained by utiliz-
ing the process of the invention. The composited feed
stream contained 1.64 percent by. weight of sulfur. The
liquid stream from the reaction vessel after 55 hours of
operation contained only 0.52 percent by weight of
sulfur most of which was in the solid (ash) phase. Upon
filtration of the liquid stream from the reaction vessel,
the filtrate contained only 0.18 percent by weight of
sulfur.

EXAMPLE VI

In order to illustrate the process of the invention
utilizing a low sulfur (0.54%), low ash (4.3%) subbitu-
minous. coal from Wyoming, the procedure of Example
I was repeated. Elemental analyses of the Wyoming
coal, anthracene oil and coal-oil (30/70) slurry are set
forth in Table X.

TABLE X
Elemental
Analysis, Anthracene Coal-0il
% By Wt. Wyoming Coal Oil (30/70) Slurry
Carbon 73.01 91.25 80.53
Hydrogen 4.53 5.98 5.22
Nitrogen 1.22 0.95 0.94
Oxygen 16.31 1.76 5.03
Sulfur 0.54 0.50 0.47
Ash 4.39 0.01 1.03
Water (@8] (@D 6.78

Table VIII.

TABLE VIl
Elemental
Analysis Anthracene Coal-Oil
% by Wt. Kentucky Coal Qil (30/70) slurry
Carbon 68.53 91.25 82.23
Hydrogen 4.60 5.98 5.42
Nitrogen 1.42 0.95 1.05
Oxygen 5.82 1.76 2.83
Sulfur 4.63 0.50 ‘164
Ash 15.00 0.01 4.51
Water (L) 2.32

.30

(1) Above analysis on water-free basis

(1)

(1) Above analysis on water-free basis

In this Example 800 grams of the hydrogenation cata-

lyst described in Example I was charged into the alter-
nating sectorial segments of the reaction vessel. The
total volume of catalyst was 1100 cc. The total volume

of the reaction vessel was 3500 cc. The coal-oil (30/70)

slurry was charged to the reaction vessel at an average
feed rate of 3.9 pounds/hour/pound of catalyst. Hydro-
gen was introduced into the reaction vessel at a rate of
10,000 SCF/BBL slurry. The reaction vessel was main-
tained at a temperature of 800°F. and at a pressure of
3500 psig. The reaction was continued for 55 hours. A
detailed summary of the results obtained in Example V

35

In this Example, approximately 800 grams of the hy-
drogenation catalyst described in Example 1 was
charged to the alternating sectorial segments of the
reaction vessel. The total volume of catalyst was about
1100 cc. The total volume of the reaction vessel was
3500 cc. The coal-oil (30/70) slurry was charged to the

‘reaction vessel at an average feed rate of 4.7 pounds/-

hour/ pound of catalyst. Hydrogen was introduced into
the reaction vessel at a rate of 10,000 SCF/BBL slurry.
The reaction vessel was maintained at a temperature of
800°F. and at a pressure of 3500 psig. The reaction was
continued for 245 hours. A detailed summary of the
results obtained in Example VI are set forth in Table
X1

are set forth in Table IX. >
TABLE IX’
Summary, for Example V*
Liquid
Stream
from Filtration of Liquid Stream Distillation
Reaction from Reaction Vessel of Filtrate
Vessel
Dis-
Total Dry Cake Filtrate til- Residue
Slurry Analysis Analysis late Analysis
Sample  Analysis Avg.  Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT % by C/H % by Wt
Hr. S % by Wt C H S Ratio H N o] S °F. Wt Ratio H S
5 0.53 5.90 232 149 7.0 — — — — 1 0.12 — — — - —
15 6.63 7.04 299 1.95 7.24  11.86 7.53 0.68 107 0.10 590 12.5 13.91 6.36  0.43
45 0.62 7.03 224 147 5.8 11.87 7.59 0.78 1.30 0.23 — — — —_— _
55 0.52 8.30 28.5 1.89 4.2 - — — — 0.18 589 13.9 13.78 6.27  0.51
*k 0.57 6.27 254 1.59 6.7 11.86 7.56 0.73 1.18 0.19 590 132 13.85 6.32  0.47

(*) In this Example, the coal solvation was 92 per cent.

(**) Average for 55-hour period.
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cent by weight of sulfur. It will be noted that in each of
these examples not only was there a reduction of sulfur
content in the desired product but also a reduction in
nitrogen content.

EXAMPLE VII

In order to illustrate the process of the invention
utilizing recycle solvent obtained from previous hydro-
genation reactions, approximately 250 gallons of com-
bined slurry products obtained in Examples I, II and 111
were subjected to distillation in a column 6 inches by
12.5 feet packed with one-half-inch Berl Saddles. The
distillation was carried out in three steps, the first of
which was a topping at atmospheric pressure. Approxi-
mately 26% of distillate was removed in the topping
operation to insure that no water remained in the bot-
~ toms from the atmospheric distillation. The bottoms
from the atmospherlc distillation were divided into two
parts, one part being distilled at 5 mm Hg, flash temper-
ature of 460°F., and overhead and reboiler tempera-
tures of 385° and 540°F., respectively, to recover a 46%
overhead product. The other part was distilled at 5. mm
Hg, flash temperature of 450°F., and overhead and
reboiler temperatures of 400° and 550°F. to recover a

69% overhead product. Both of the overhead products

(i.e., 46% and 69%) were effective recycle solvents.

The physwal and chemical properties: of anthracene
oil used in the preceding Examples I to VI as compared
with the 46% overhead product obtained as described
in this Example VII are shown in Table XIL

TABLE XII
Physmdl and Chemical Properties of Solvents
Solvent - O Anthracene 46% Overhead
Oil Product
Chemical: - ) .
Carbon 91.25 90.05
Hydrogen 598 . 8.79
Nitrogen 0.95 . 0.82
Oxygen 1.76 1.08
Sulfur 0.50 ©.,0.08
" Physical:

Boiling Range (°F.) o .
(Vapor temp. corr.’ T
760 mm)
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' " TABLE XI '
: “Summary for Example VI
Liquid -
Stream
from Filtration of Liquid Stream Distillation
Reaction from Reaction Vessel of Filtrate
Vessel
Total Dis-
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late . Analysis
Sample  Analysis - Avg.  Amount
Time, % by Wt Amount % by Weight C/H % by Weight DT % by ~C/H % by Wt
Hr. S % by Wt C H S Ratio N ¢} S °F. Wwt. Ratio H S
15 — .34 57.6 3.44 142 883 824 034 067 005 546 4.4 89.5 7.18 0.05
55 — 3.7 61.7 3.67 092 90.7 822 048 083 005 58] 7.1 89.7  6.61 0.7
135 0.16 5.5 68.7 3.65 063 890 739 067 131 013 589 8.6 88.2° '5.90 0.13
175 0.15 6.4 68.3 393 095 8.9 719 071 149~ 009 = 596 8.9: 88.0 570 .0.16
245 0.19 74 . 716 441 063 838 699 0.7 167 016 604 10.4 874 570 0.3
“At the end of 245 hours, the coal solvation was 72.9 pef cent.
It will be noted from the data in Table XI that a signifi- TABLE Xll;continued
cant amount of desulfurization was effected by utilizing 5,
S . e Physical and Chemical Properties of Solvents
the process of the invention. The composited feed Solvent Anthracene 46% Overhead
stream contained 0.47 per cent by weight of sulfur. The Oil Product
liquid stream from the reaction vessel after 245 hours IBP 148 161
of operation contained only 0.19 per cent by weight of 10% 474 376
sulfur. Upon filtration of the liquid stream from the ,; gggj 2‘5"(1) ‘5‘22
reaction vessel, the filtrate contained only 0.16 per EP — 650

When the 46% overhead product was used as a sol-
vent for Pittsburgh seam coal to form a coal-oil (30/70)
slurry, said slurry thereafter being employed as a
charge stock and further treated as in Examples I and
IIL, the results obtained as compared with the results
obtained in Examples I and III are shown in Table XIIL

TABLE X1l

Effect of Using Receycle Solvent
Example No.* Tand I \%11
Solvent
Anthracene Oil 70 —
46% Overhead — 70
Coal (Pitt Seam) 30 30
Feed Slurry Andlysls : CoE T R e
Carbon copn 86,93 87.37,
Hydrogen 5.70 6.61
Nitrogen 115 0.85
Oxygen (diff) 3.69 2.50
Sulfur 0.80 0.59
Liquid Stream from :
Reaction Vessel Analysis: s
Carbon 87.8 88.03°
Hydrogen + 7.80: 7.50
Sulfur 208 .. 018
Filtration of Liquid
Stream from Reaction Vessel:
Solids (Dry Cake)
Wt % (avg.) 5.9 4.4
% Solvation 87 91
Sulfur 1.76 2.06
Filtrate .
Carbon 90.0 89.83
Hydrogen 8.09 137
Nitrogen 0.50 0.56
Oxygen 0.78 1.00
Sulfur 0.05 0.06
Distillation of Filtrate ;
Residue level (%) 10.0 14.6
Carbon 90.3 89.23
Hydrogen 6.9 6.64
Sulfur 0.22 0.35

“For consistent compamon Example VI (20 hours) is compared with the first 20
hours of Examples ! and IH, - .
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It will be noted from the data in Table XII that the
results obtained utilizing the recycle solvent (46%
overhead) produced in Examples I, Il and IIl compares
favorably with the results obtained utilizing anthracene
oil. The degree of coal solvation (91%) utilizing the
recycle solvent was slightly higher than the degree of
coal solvation (87%) utilizing anthracene oil.

EXAMPLE VIII

In order to illustrate the improved process herein
with lignite, the following run was made. A 40 weight
per cent slurry of lignite with solvent oil was used by
mixing 40 parts by weight of crushed (average of 200
mesh sieve (U.S. Series)) lignite with 60 parts by

24
for 15 hours. Overhead from the reaction vessel was
separated into a gas stream and a liquid stream. The gas
stream consisted essentially of hydrogen. The liquid
stream consisted essentially of a hydrogenated liquid
product containing some solids, i.e. unconverted coal
and ash. In order to determine the extent of hydrogena-
tion, samples of the liquid product stream were periodi-
cally withdrawn and filtered to recover a solids portion
and a filtrate portion. The solids or filter cake portion
was washed with ethyl acetate and dried. The dried
filter cake and a sample of the filtrate portion were
then separately subjected to an elemental analysis. The
filtrate portion was subjected to further evaluation by
distilling the filtrate in a batch distillation unit, distilla-

weight of anthracene oil. 737 grams of hydrogenation 15 tion being terminated at a pot temperature of 750°F. at
catalyst were charged into four tubes of 3/4-inch diam- 3 mm. Hg pressure. The pot contents were labeled as
eter and 45 inches in length. These tubes were then “residue” and were submitted for elemental analysis.
placed in a 2-inch by 48-inch high reaction vessel simi- The distillate was identified with reference to its “aver-
lar to that of FIG. 1. The total volume of catalyst age” distillation temperature (Avg. DT) which is an
charged was 1000 cc, and the total volume of the reac- 20 average of the overhead vapor temperatures recorded
tion vessel was 3500 cc. Thus, the ratio (both volume at 10 percent volumetric levels during the distillation,
and cross-sectional area) of total catalyst charge to i.e. for distillate levels of 20, 30, 40, 50, 60 and 70
total reaction vessel volume (and cross-sectional area) volume percent.
is about 1:3. The catalyst used was a three-metal com- A detailed summary of the results obtained in Exam-
ponent catalyst (1.0% Co, 0.5% Ni and 8.0% Mo) com- 25 ple VIII is set forth in Table XV.
TABLE XV
Liquid
Stream ‘ .
from Filtration of Liquid Stream Distillation
Reaction from Rcaction Vessel of Filtrate
Vessel
" Total : Dis- .
Slurry Dry Cake Filtrate til- Residue
Analysis Analysis late
Sample  Analysis Avg.  Amount Analysis
Time, % by Wt Amount % by Weight C/H % by Weight DT % by C/H % by Wt
Hr. S % by Wt C H S Ratio H N (o] °F. Wt Ratio H S
25 0.09 3.68 4838 256 1.03 1009 893 033 1.39 005 — - — — —
30 0.11 5.03 42,12 270 106 1073 829 037 — 006 56.05 6.2 15.01 - 6.11  0.06
4.3610)

“Average per cent by weight of dry filter cake in the liquid stream from the reaction vessel based on 2 samples. This is equivalent to an ash-free lignite solvation of 97

purcent.

posited with extruded alumina of one-eighth-inch di-
ameter. The openings in the tubes separating the unob-
structed passageways from the catalyst bed were square
in shape (10 mesh screen). The lignite-oil (40/60)
slurry was charged to the reaction vessel at an average
feed rate of about 1000 cc per hour (2.36 pounds per
hour or 1.46 pound of slurry per pound of catalyst per
hour). Elemental analysis of the lignite, anthracene oil
and lignite oil (40/60) slurry are set forth below in
Table XIV.

TABLE XIV
Elemental
Analysis, Anthracene Lignite-Oil
% by Wt Lignite Qil (40/60 Slurry)
Carbon, 64.41 91.06 71.10
Hydrogen 4.41 5.93 4.69
Nitrogen 0.99 1.03 0.87
Oxygen 17.42 1.50 5.35
Sulfur 0.43 0.47 0.39
Ash 12.34 0.01 3.16
Water n (1) 14.44

(1) Above analysis on water-free basis.

Hydrogen was introduced into the reaction vessel at
a rate of 10,000 SCF/BBL slurry. The reaction vessel
was maintained at a temperature of 800°F. and a pres-
sure of 3500 psig. The reaction was allowed to proceed
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It will be noted from the data in Tables XIV and XV
that a significant amount of desulfurization was ob-
tained by utilizing the process of the invention. The
composited feed stream contained 0.39 per cent by
weight of sulfur. The liquid stream from the reaction
vessel after 30 hours of operation contained only 0.11
percent by weight of sulfur, most of which was in the
solid (ash) phase. Upon filtration of the liquid stream
from the reaction vessel, the filtrate contained even less
sulfur, i.e., 0.06 percent by weight after 30 hours. The
degree of lignite solvation was 97 percent.

EXAMPLE IX

In this Example, the procedure of Example VI was
repeated except that the total catalyst was used to fill
the entire lower half of the reactor and the feed was
passed upwardly therethrough. The filtrate was ana-
lyzed at the end of 25 hours and was found to contain
0.04 per cent by weight of sulfur and 0.48 weight per-
cent of nitrogen. The degree of coal solvation in this
Example was 92 percent. ’

It can be seen, therefore, that the results obtained
during the first 55-hour period of Example VI, in which
the solvation was about 93 percent, was about as good
as the results obtained in this Example. This is surpris-
ing. It would have been expected that in Example VI,
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representative of the process claimed herein, that be-
cause the reaction mixture is.permitted to pass through
substantially unobstructed passageways in' its passage
through the reaction zone a substantial amount of
channelling would be obtained, desired reactions
would be inhibited thereby and that both solvation and
purification would suffer. However, as the data herein
show, the desired results are still obtained. In fact, by
operating as defined herein, an additional advantage is
obtained, and that is plugging of the reactor with solids,
. whether they be from the solid carbonaceous material,
from ash or from solids formed during the process, is
minimized as a problem. We have carried out the pro-
cedure of this invention herein without any significant
plugging whereas when the operation of this Example
IX was continued for an additional 6 hours with a
charge rate of 2.0 pounds of slurry per hour, the reac-
tor plugged and operation ceased. We have also carried
out. our process as defined herein using the latter
charge rate of 2.0 pounds per hour and have obtained
results similar to those obtained in Example I without

plugging.
EXAMPLE X

We have surprisingly found that while the desulfur-
ization of this process is obtained when the charge to
the reaction zone as this process contains an apprecia-
ble amount of solid materials, the same result is not
obtained when the charge to be upgraded is carbona-
ceous but is liquid and carries with it no solid material.
Thus, we have carried out three runs, whose data are
summarized below in Table XVII, wherein a Kuwait
Vacuum Bottoms (the residue obtained from the vac-
uum distiliation of a Kuwait oil crude stock to remove
lighter-boiling components therefrom) was subjected
to different hydrogenation conditions. The Kuwait
Vacuum Bottoms, a liquid but substantially free of solid
material, analyzed. as follows:

. TABLE XVI

- Component Weight Per Cent
Carbon 83.75
Hydrogen 10.33
Oxygen 0.10
Nitrogen 0.39
Sulfur ©5.43

In each of Runs Nos. 1 and 2, the catalyst used was
identical to that used in Example [ above. In Run No. 3,
no catalyst was used but inert quartz chips were placed
in the reactor as a solid bed: In Run No. 1, the catalyst
was placed in the reactor to form a bed therein as in
Example IX above, while in Run No: 1 the reaction
zone arrangement was identical to that used in Exam-
ple I above. No catalyst was used in Run No. 3. The
results obtained are tabulated below in Table XVIL

TABLE XVII

Run Number- 1 2 3
Reaction Conditions -
Amount of catalyst in 142 396 None

grams .
Reactor size, diameter 1.x 38. 3Ix 18 1 X 38

X height, inches R ’ .
Pressure, psig- © 2000 2000 2000
Temperature, °F. 750 750 750
LHSV (volume of oil/ : )

volume of catalyst/hr) 0.5 0.5 0.5
Hydrogen rate, sid. .

cu. ft./barrel - 5000 5000 5000
Run period, hours 24 24 24
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TABLE XVil-continued
Run Number ' o i 2 3
Product Analysis
Weight per cent )
Desulfurization 91.9 74.8 12.3
Weight per cent of :
Sulfur in product 0.44 ., 1.37 4.93

It will be noted that in this case, with a feed outside
that defined herein, desulfurization.in a fixed bed (Run
No. 1) is more effective than when such desulfurization
is operated otherwise using the procedure defined
herein (Run No. 2). No determination was made in any
of the runs of the nitrogen content of the treated prod-
uct. .

In further evaluation of the process of the invention,
the liquid stream product removed from the top of the
reaction vessel was subjected to distillation without
prior removal of solids. It was found that the liquid
stream from the reaction vessel could be fractionated
in both atmospheric and vacuum towers continuously
without prior removal of ash and unconverted coal.
Despite the presence of solids, both atmospherrc and
vacuum distillation proceeded smoothly

~ The advantages of operating in accordance with the
process defined and claimed herein are many: opera-
tion can be carried out over extended periods of time
without plugging, despite the severity of reaction con-

_ditions; production of surprisingly high quality prod-

ucts is obtained under the defined set of conditions;
conversion of solid carbonaceous material can be con-
trolled, for example, to produce a liquid product” con-
taining fractions of varying boiling points as well as a
solid carbonaceous product having a lower melting
point than the charge to the process; upon filtering, the
ash content of the product can be greatly lowered; and
impurities associatd with the solid carbonaceous mate-
rial being treated, for example, sulfur, mtrogen oxy-
gen, etc., can be substantially reduced.

While our invention has been described with refer-
ence to various specific examples and embodiments, it
will be understood that the invention is not limited to
such examples and embodiments and may be variously
practiced within the scope of the C]dlmS hereinafter
made.

We claim:

1. A process for'the conversion of solid carbonaceous
materials containing less than-about 50 weight per cent
of solid inorganic compounds, which carbonaceous
materials tend to produce coke during conversion,
which comprises introducing a slurry composed of said
solid carbonaceous material and a solvent having hy-
drogen transfer properties together with hydrogen into
a reaction vessel comprising a plurality of closely-
spaced reaction zones separated by porous partitions, a
portion of said zones containing-a solid particulate
catalyst which will not pass through said porousparti-
tions and the remainder of said zones forming substan-
tially unobstructed passageways through said reaction
vessel and’ passing -slurry through said unobstructed
passageways and through said porous partitions into
contact with said catalyst under hydrogenation condi-
tions, whereby hydrogenation of said Carbonaceous
materials takes place.

2. A process according to claim 1 wherein said reac-
tion zones are substantially elongated and vertically
disposed.
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3. A process according to claim 1 wherein said reac-
tion zones are substantially horizontally disposed.

4. A process according to claim 1 further character-
ized in that the ratio of the cross-sectional area of one
catalyst zone to the total cross-sectional area of all
catalyst zones is about 1:4 to about 1:10,000.

S. A process according to claim 1 wherein the vol-
ume proportion of substantially unobstructed passage-
ways to catalyst is in the range of about 20:1 to about
1:10.

6. A process for the hydrogenation of solid carbona-
ceous material which comprises reducing said carbona-
ceous material to a fine state of subdivision; suspending
the reduced solid carbonaceous material thus formed
in a solvent having hydrogen transfer properties to
form a slurry; and introducing said slurry together with
hydrogen into a reaction vessel at a weight hourly space
velocity between about 0.25 and about 40, said reac-
tion vessel comprising a plurality of closely-spaced
reaction zones separated by porous partitions, a por-
tion of said zones containing a solid particulate hydro-
genation catalyst which will not pass through said po-
rous partitions and the remainder of said zones forming
substantially unobstructed passageways through said
reaction vessel, the volume proportion of substantially
unobstructed passageways to catalyst zones being from
about 20:1 to about 1:10, the reaction zones being
maintained at a temperature between about 500° and
about 900°F. and a pressure between about 500 to

“about 10,000 pounds per square inch gauge and pass-
ing slurry through said unobstructed passageways and
through said porous partitions into contact with said
catalyst, whereby hydrogenation of said carbonaceous
materials takes place.

7. A process according to claim 6 wherein the solid
carbonaceous material is selected from the group con-
sisting of bituminous, subbituminous and lignite coals.

8. A process according to claim 7 wherein the coal is
a Pittsburgh seam coal.

9. A process according to claim 7 wherein the coal is
a Kentucky coal.

10. A process according to claim 7 wherein the coal
is a Wyoming coal.

11. A process according to claim 6 wherein said
reaction zones are substantially elongated and verti-
cally disposed.

12. A process according to claim 6 wherein said
reaction zones are substantially horizontally disposed.

13. A process according to claim 6 wherein the sol-
vent is selected from the group consisting of liquids
produced in the reaction vessel, anthracene, phenan-
threne, naphthalene, chrysene, carbazole, tetralin and
mixtures thereof alone and in combination with a phe-
nolic compound selected from the group consisting of
phenol and cresol.

14. A process according to claim 13 wherein the
weight ratio of solvent to solid carbonaceous material is
within the range of about 0.6:1 to about 4:1, solvent to
.solid carbonaceous material, respectively.

15. A process according to claim 13 wherein the
-weight ratio of solvent to solid carbonaceous material is
within the range of about 1:1 to about 3:1, solvent to
solid carbonaceous material, respectively.

16. A process according to claim 13 wherein the
weight ratio of solvent to solid carbonaceous material is
about 2:1, solvent to solid carbonaceous material, re-
spectively.
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17. A process according to claim 6 wherein the hy-
drogenation catalyst comprises at least one hydroge-
nating component selected from the group consisting
of the metals, metal sulfides and/or metal oxides of (a)
a combination of about 2 to about 25 per cent by
weight molybdenum and at least two iron group metals
based on the total weight of the catalyst where the iron
group metals are present in such amounts that the
atomic ratio of each iron group metal with respect to
molybdenum is less than about 0.4 and (b) a combina-
tion of about 5 to about 40 per cent by weight of nickel
and tungsten based on the total weight of the catalyst
where the atomic ratio of tungsten to nickel is about
1:0.1 to S, said hydrogenating component being com-
posited with a porous support.

18. A process according to claim 17 wherein the
hydrogenating component of the catalyst is a sulfided
combination of molybdenum, nickel and cobalt.

19. A process according to claim 17 wherein the
hydrogenating component of the catalyst is a sulfided
combination of nickel and tungsten.

20. A process for the hydrogenation of a solid carbo-
naceous material selected from the group consisting of
bituminous, subbituminous and lignite coals which
comprises reducing said solid carbonaceous material to
a fine state of subdivision such that at least 50 per cent
of the reduced carbonaceous material will pass through
a 40-mesh (U.S. Series) sieve; suspending the reduced
carbonaceous material in anthracene oil to form a
slurry wherein the weight ratio of anthracene oil to
reduced carbonaceous material is within the range of
about 0.6:1 to about 4:1 anthracene oil to carbona-
ceous material, respectively; passing said slurry to-
gether with hydrogen through a predigestion vessel at a
volume hourly space velocity between about 0.1 and
about 10.0, at a temperature of about 500° to about
900°F. and at a pressure within the range of about 100
to about 5000 pounds per square inch gauge, the rate
of hydrogen addition being about 1000 to about 5000
standard cubic feet per barrel of slurry; and introdicing
the predigested slurry thus obtained together with hy-
drogen into a reaction vessel at a weight hourly space
velocity between about 0.25 and about 40, said reac-
tion vessel comprising a plurality of closely-spaced
reaction zones separated by porous partitions, a por-
tion of said zones containing a solid particulate hydro-
genation catalyst which will not pass through said po-
rous partitions and the remainder of said zones forming
substantially unobstructed passageways through said
reaction vessel, the volume proportion of substantially
unobstructed passageways to catalyst zones being from
about 20:1 to about 1:10, the reaction zones being
maintained at a temperature between about 500° and
about 900°F. and a pressure between about 500 and
about 10,000 pounds per square inch gauge and pass-
ing slurry through said unobstructed passageways and
through said porous partitions into contact with said
catalyst whereby hydrogenation of said carbonaceous
materials takes place.

21. A process according to claim 10 wherein said
reaction zones are substantially elongated and verti-
cally disposed.

22. A process according to claim 20 wherein said
reaction zones are substantially horizontally disposed.

23. A process according to claim 20 further charac-
terized in that the ratio of the cross-sectional area of
one catalyst zone to the total cross-sectional area of all
catalyst zones is about 1:4 to about 1:10,000.
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24. A process according to claim 20 wherein the coal
is a Pittsburgh seam coal.

25. A process according to claim 20 wherein the coal
is a Kentucky coal.

26. A process according to claim 20 wherein the coal
is a Wyoming coal.

27. A process according to claim 20 wherein the
hydrogenation catalyst comprises at least one hydroge-
nating componert selected from the group consisting
of the metals, metal sulfides and/or metal oxides of (a)
a combination of about 2 to about 25 per cent by
weight molybdenum and at least two iron group metals
based on the total weight of the catalyst where the iron
group metals are present in such amounts that the
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atomic ratio of each iron group metal with respect to
molybendum is less than about 0.4 and (b) a combina-
tion of about 5 to about 40 per cent by weight of nickel
and tungsten based on the total weight of the catalyst
where the atomic ratio of tungsten to nickel is about
1:0.1 to 5, said hydrogenating component being com-
posited with a porous support.

28. A process according to claim 27 wherein the
hydrogenating component of the catalyst is a sulfided
combination of molybdenum, nickel and cobalt.

29. A process according to claim 27 wherein the
hydrogenating component of the catalyst is a sulfided

combination of nickel and tungsten.
* * ok ok ok




