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SYSTEM FOR REMOVING SOLIDS FROM COAL 
LIQUEFACTION REACTOR EFFLUENTS 
BACKGROUND OF THE INVENTION 

Coal liquefaction is the rendering of coal into more 
useful organic liquids; these liquids have a higher hy 
drogen to carbon ratio than the original coal. Render 
ing proceeds by adding atoms of hydrogen to the reac 
tive constituents in the coal; generally, two processes 
are used: Coal hydrogenation and coal solvation. In 
coal hydrogenation, crushed coal is mixed with a hy 
drocarbon oil. The resulting suspension is contacted 
with a gas, such as H, or HO and CO, which is consid 
ered to be the hydrogenation agent. In coal solvation, 
crushed coal is mixed with a hydrocarbon oil that not 
only has solvency power for the coal, but also a hydro 
gen content by which it can donate hydrogen to the 
coal. Hydrogen gas is also contacted with this suspen 
sion, however its purpose is primarily to replenish or 
supplement the hydrogenation action of the hydrocar 
bon oil. In some cases, a hydrocarbon extract from coal 
rather than the crushed coal is subjected to hydrogen 
addition. A further exlanation of these processes is 
given in Chem. Eng., Nov. 1969, pp. 32-ff. 

In these liquefaction processes, the highest possible 
conversions and recoveries of fluids are desirable; as a 
corollary, the lowest possible solid residue and highest 
degree of separation between liquids and solid residue 
is desirable. Therefore, the separation of solids from 
fluids is a critical step in coal liquefaction processes, 
their efficient separation is one aspect of the present 
invention. 

Effluents from the liquefaction reaction contain sol 
ids, liquids and gases. Because the original solids were 
usually crushed and partial conversions have taken 
place, these effluents contain a minor, yet substantial, 
amount of suspended solids comprising ash residues, 
unreacted coal residues, unreacted coal and catalyst, if 
a catalyst was used. Due to their size, entrained liquids, 
minor amounts and the suspension in the desired prod 
uct liquids, removal of these solids is both important 
and difficult. 

In the commercial coal hydrogenation practice in 
Germany prior to and during World War II, the com 
mon method of removing solids from the liquid prod 
ucts was by centrifugation of the slurry. This method 
invariably given incomplete separation, leaving both 
solids in the oil and substantial oil in the centrifuge re 
fuse. Carbonization of the residue would subsequently 
give partial recovery of the oil but still giving about 4 
percent loss of oil and no recovery of the asphalt which 
constitutes about 20 percent of the liquid product at a 
conversion level of 90 percent of the organic material 
in the coal. This same type of operation has been used 
for coal solvation or extraction processes. 
The use of filtration was also investigated but no fil 

tration units were ever used commercially. 
Vacuum and flash distillation of the heavy liquids 

from coal liquefaction have been studied. In Germany, 
vacuum distillation was practiced at 50 mm of Hg, but 
this practice resulted in even higher losses of oil than 
the combination of centrifugation and carbonization. 
Flash distillation in the presence of steam was some 
what more successful than the vacuum distillation for 
recovering oil but resulted in substantial coking prob 
lems in the equipment and still gave no recovery of as 
phalt. Both steam flash distillation and centrifugation 
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to process heavy oil were used by the U. S. Bureau of 
Mines; although the distillation produced a cleaner dis 
tillate, the oil recovery was very poor apparently be 
cause of coking and polymerization in the distillation 
drum. 
Another attempt for effecting fractionation of the 

products from coat liquefaction was a German investi 
gation in which sludge from centrifugation was topped 
by countercurrent contact with either steam or hydro 
genation by-product gas, a hydrogen-rich gas, to con 
centrate the solid in the sludge by 38 to 50 percent to 
a maximum concentration of 60 percent of the topped 
sludge. This was followed by low temperature carbon 
ization to recover part of the remaining 40 percent vol 
atile oil and asphalt content. There was also a French 
investigation concerning continuous co-current hydro 
genation and light hydrocarbon fractionation. 

All of the above practices are described and refer 
enced in the U. S. Bureau of Mines Bulletin 633, "Hy 
drogenation of Coat and Tar,' (1968). Cf. pp. 37-38, 
91-103 (hereinafter “BM 633'). 
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The invention comprises vaporization under reduc 
ing conditions of the volatile components in the lique 
faction effluents by a hydrogen-containing gas to cause 
complete separation of the liquids and gases from the 
solids and a recovery of organic liquids having a more 
favorable distribution of desirable components than is 
obtained by filtration or centrifugation. 

OBJECTS OF THE INVENTION 

Among the objects of this invention are: 
a. to provide a method for the separation of liquids 

and solids by vaporization of liquids in the presence of 
a hydrogen-containing gas, said liquids and solids in 
cluding at least some of the products of coal liquefac 
tion processes; 

b. to provide for this separation under conditions of 
temperature and pressure such that coking or carbon 
ization would occur but for the reducing atmosphere 
created by the hydrogen-containing gas; 

c. to include high boiling hydrocarbons, such as as 
phaltenes, among the liquids separated by volatiliza 
tion; 

d. to provide maximum separation between the liq 
uids and solid residues through the aforementioned 
method; 

e. to increase yields of selected components, such as 
chemical oils, by use of the above method; 

f. to perform this method as a batch process, as a con 
tinuous process or any combination of these; 

g. to perform this method as an individual process, as 
a component of coal liquefaction processes, and as a 
component of a liquid gas recovery process; 

h. to perform this method by contact of gas with liq 
uids or solids or liquid-solid mixtures sufficient to cause 
separation of the ingredients without filtration or cen 
trifugation; 

i. to include steps in this method such that maximum 
recovery of heat values from the product streams are 
obtained. 

SUMMARY OF THE INVENTION AND BRIEF 
DESCRIPTION OF THE DRAWINGS 

In accordance with the invention, liquid and solid 
components of coal liquefaction products are in con 
tact with hydrogen-containing gases under reducing 
conditions at temperatures and pressures sufficient to 
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vaporize the liquids and leave the solid residues as a re 
mainder. 
FIG. 1 is a diagrammatic illustration of the separation 

method in combination with a coal hydrogenator and 
fluid recovery system; and 
FIG. 2 is a diagrammatic illustration of the separation 

method being performed continuously in a single ves 
sei. 

DETAILED DESCRIPTION OF THE INVENTION 

To summarize, liquid solid mixtures from coal lique 
faction processes are separated through vaporization 
by contact with hydrogen-rich gases. 

In common with other chemical reactions, coal lique 
faction is a partially complete reaction. Therefore, the 
reactor effluent contains both coal conversion products 
and unconverted feed materials. As an example, coal 
hydrogenation may use coal with excess hydrogen as 
reactants and hydrocarbon oil as a suspending agent for 
feed materials. The reactor effluent will contain as re 
action products gases, liquids and solids form con 
verted coal and as unreacted feed material, coal hydro 
gen gas and hydrocarbon oil. For the liquid-solid sepa 
ration in coal liquefaction, all the liquids, whether con 
version products or unconverted feed material, are de 
sirably removed from the solids whether the solids are 
conversion products or unreacted feed material. 
By mixtures of solids and liquids including at least 

some of the reaction products of coal liquefaction is 
meant that solids and liquids from converted coal are 
a portion of the mixture, as well as solids and liquids 
otherwise present in the coal reactor effluent. This ef 
fluent usually contains light hydrocarbons, liqht oil, 
middle oil, heavy oil, unreacted coal, ash residue, resid 
ual organic matter and catalyst if any is used. Gases 
from the reactor may or may not be present. Where liq 
uid coal extract alone is used in the liquefaction, this 
invention may be used for the separation of those liq 
uid-solid mixtures that may be present in such pro 
CeSSCS. 

Coal to be used in liquefaction is crushed. Its size is 
determined by the balance between increased process 
efficiency and cost of size reduction; in liquefaction, 
this balance favors larger particle sizes. Pumping equip 
ment limits the largest size to about one-fourth inch. 
Sizes of 30 mesh, 70 and 100 mesh, US screen size are 
common. Some processes may use a majority of parti 
cles below 200 mesh. After addition of hydrogen, parti 
cle size becomes further reduced; depending upon the 
degree of conversion. Conversions are usually at least 
50 percent; 90, 95 percent and above are quite com 
mon. When the original crushed coal is very fine, circa 
200 mesh, average particle sizes of 1.5 microns or 
smaller may be obtained in the converted solid. Should 
it occur, colloidal suspensions of the solids in the liq 
uids is one factor which would make separations by 
prior art methods difficult. 
Crushed coal is fed to the reactor in combination 

with a hydrocarbon oil, called pasting oil. Depending 
upon the kind of oil, this combination may be viewed 
as a mixture of oil and crushed coal or as a mixture of 
oil, partially solvated coal, and coal. The invention ap 
plies to both kinds of mixtures; it applies to coal lique 
factor effluents that carry hard to remove solids. The 
coal/oil ratio is commonly from 1 to 1 to 1 to 4 or 
lower. 
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4. 
Complete separation of volatilizable components 

from the solid residue is of prime importance in the 
overall efficiency of the coal hydrogenation process. 
This relates to the recovery of the asphalts and asphal 
tenes as well as heavy oils mixed with the solids. For 
preparing the initial coal paste, various kinds of oils 
may be used, hence recovery of the particular pasting 
oil depends upon which kind was used. The oil is 
chosen for its hydrogen content, boiling point and sol 
vation power for coal. Simply to form a slurry with the 
coal, aromatic oils are used, commonly these are mid 
dle oil or heavy oil or mixtures of both. For increased 
coal solvent power, cresol, tetralin and others boiling 
at least about 150° C are more preferred; whichever 
pasting oil is used, the ability to recover it by the sepa 
ration process of this invention is a valuable advantage. 
Assuming complete reaction of coal and no catalyst, 

the dry solid residue from which the volatilizable com 
ponents have been removed may be viewed as a mix 
ture of fusane and ash. Fusane is an organic, benzene 
insoluble, non-hydrogenable component of coal, simi 
lar to charcoal. Ash is an inorganic mixture of metallic 
substances such as silicates and oxides that is present 
in coal. While allowing for catalyst and unreacted coal, 
when the solid residue about equals the fusane and ash 
content of the coal fed to the hydrogenator, complete 
separation of liquids and solids has occurred; this of 
course is an aspect of the invention. The removal of 
substantially all of the volatilizables, even including as 
phaltenes and pitches, from the solid residue may be 
shown in the alternative, by continued hydrogen strip 
ping without appreciable change in weight of the resi 
due. Ordinarily, the fusane will be about 0.5 to about 
13 percent of the m.a.f. coal, according to the rank of 
coal, e.g. lignite, bituminous. Ash may be about 3 to 
about 13 percent by weight of the dry coal. Fusane to 
ash ratios of about 1 to 1 to about 1 to 3 are common. 
These percentages reflect the amounts of residue to be 
expected. By the practice of the invention virtually all 
the solid residues may be separated from the vaporiz 
able components. 
While it is an important aspect of the invention that 

the various vaporizable components be recovered as 
valuable chemical products, particular attention is di 
rected to the mixture of heavy oils and solids. It is espe 
cially difficult to separate this fraction by prior art 
methods, because this mixture of solid and heavy oil is 
a highly viscous phase, which contains large propor 
tions of asphaltenes, whose specific gravities of liquid 
and solid are very close, and is very sensitive to air oxi 
dation with the resultant problem of coking. Moreover, 
these last fractions of heavy oil and solids from the 
overall liquefaction liquid-solid output contain signifi 
cant amounts of the hydrocarbon oil used to form the 
coal paste. The entire economics of the liquefaction 
process depends upon the extent of the hydrocarbon oil 
recovery, p. 93, BM 633, supra; U.S. Pat. No. 
3,535,224. Compositions of the heavy oil-solids mix 
ture vary considerably, solids content of 20, 22, 27 and 
36 percent having been obtained in practice with ben 
Zene soluble oils making up the balance. Where the so 
lid/liquid mixture is obtained as sludge from centrifuga 
tion of heavy oil residue, the solids content is even 
higher. 
For the purposes of this invention, “hydrogen 

containing gas' for volatilization means a gas contain 
ing sufficient hydrogen to permit a reducing atmo 
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sphere in the process and has a temperature, pressure 
and concentration of components to permit volatiliza 
tion from the liquid and solid mixture being treated; 
these may also be called "hydrogen-rich stripping 
gases.' The existence of a reducing atmosphere can be 
easily determined by reason of the absence of coking, 
it is in contradistinction to the presence of air or oxy 
gen or other oxidizing atmosphere that would cause 
coking during the processing. The ability to permit vol 
atilization means that the partial pressure of the com 
ponent to be vaporized is equal to or less than its satu 
ration pressure at the temperatures and pressures of the 
process, which may be determined by analysis or by 
computation from standard references for the compo 
nent in question. Examples of hydrogen-rich stripping 
gases include hydrogen, the hydrogen vapor mixture 
being generated in the process such as by countercur 
rent contact of hydrogen with the solid-liquid mixture, 
and a hydrogen containing stream recycled from the 
liquid processing as described below. 
Gases from liquefaction include hydrogen, hydrogen 

sulfide, ammonia, light hydrocarbons and volatile oils. 
These may be separately removed from the solid-liquid 
mixture after liquefaction or may be removed along 
with the vapors from the separation process of this in 
vention. 
The purpose of coal liquefaction is to convert coal 

into liquid hydrocarbons of higher value than the coal. 
Material balances for coal and the products of liquefac 
tion are available in the literature, e.g. "Gasification 
and Liquefaction of Coal,' American Institute of Min 
ing and Metallurgical Engineers, N.Y., 1953, pp. 1 and 
5. The liquid products are first identified according to 
boiling ranges as light oil, naptha and gasolines, middle 
oil and heavy oil; these fractions are then further identi 
fied as gasoline, benzenes, phenols, etc., p. 5, supra. 
The atomic compositions of the liquefaction products 
indicate the chemical nature of the products, e.g. satu 
rated hydrocarbons, aromatics, phenols, etc. Tables 
and graphs for these compositions which are typical of 
the materials recovered in the process of the invention 
are given on pp. 18 and 19 of "Gasification and Lique 
faction"; a detailed description of the oil fractions and 
their respective constituents is given on pp. 15-27 of 
this book. Further descriptions of the typical liquid 
products recovered by the process of the invention are 
also given on pp. 146-150 of BM 633, supra. 
Among the liquid products, that fraction which are 

chemicals useful in themselves or are chemicals useful 
as precursors in other reactions are known as chemical 
oils. To a large extent these are synonymous with light 
oils, and have a boiling range up to about 475 F. As ex 
amples of the per se useful chemicals, there are ben 
zene, toluene and xylene, tar acids and tar bases. The 
precursors are those in which by hydrogenation, dehy 
drogenation or dealkylation, useful chemicals can be 
obtained; these include benzene precursors, indene 
precursors, naphthalene precursors. A typical analysis 
would be: 

wt % 
Benzene and Cyclohexanes, B.T.X., 18 
Benzene Precursors Alkyl Benzenes 
Naphthalene Tetrain 36 
Precursors 
Indene. Precursors Indane 3 
Tar Acids Phenols, Cresols, 25 

Xylenols 
Tar Bases Pyridine, Aniline 2 

O 

6 
One feature of the invention is to increase the per 

centage of chemical oils among the liquids recovered. 
This increase may be caused by increased efficiency in 
separation or by further hydrogen addition during the 
practice of the invention; the improved recovery con 
tributes to the overall success of the invention. - 

In addition to the nature of the feed material and 
products, the description of the invention includes 
physical conditions and modes of transporting the ma 
terial being treated. 
The operating temperature of the process involves 

operating within the region where coking of the liquid 
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solid material will be significant. At the lower range, 
temperatures below about 350°C, no significant coking 
occurs regardless of the presence of hydrogen. Above 
about 530 C, coking occurs no matter how much hy 
drogen is present. Higher operating temperatures 
within the aforesaid range are especially preferred be 
cause removal of vaporizable components having high 
boiling points is desirable. Moreover, the flowability of 
the liquid-solid mixture increases at higher tempera 
tures. It is particularly desirable to operate the separa 
tion stages at the same temperature as the coal lique 
faction stage, 420-515 C. 
The pressure at which the separation is preformed is 

selected in part by the purpose of the vapors, in part by 
the materials handling aspects of the invention and in 
part by the status of the separation in the overall lique 
faction and recovery process. 

First, the pressure must be such that sufficient hydro 
gen is present to prevent coking while the overall vol 
ume of gas must be able to carry off the vaporized com 
ponents. For example, in a batch process, at about 470 
C and 3,000 psig, the process performs acceptably, al 
though at about 150 psig, coking becomes severe. The 
increased hydrogen content prevents the coking, and 
so in practice if the pressure is too low, increasing the 
hydrogen concentration will prevent coking when op 
erating within the aforementioned temperature range. 
Second, one aspect of the separation is that the va 

pors from it and from the liquefactor may be processed 
and recycled to the coal liquefactor and to the separa 
tor. To avoid costly recompression steps when recy 
cling the vapors, the separation taken as a whole may 
be conducted at high pressures, it is desirable that the 
compression ratio be no greater than about 2:1. When 
the liquefaction is a coal hydrogenation operating at a 
pressure of from 2,000 to 10,000 psig, the separation 
is conducted at or not more than 2,000 psi below the 
hydrogenator pressure. Coal hydrogenation is com 
monly performed at 3,000-5,000 psig. When the lique 
faction is a coal solvation operating at 200 to 1,000 
psig, the separation is conducted at 200-3,000 psig 
Third, the separation may be carried out in separate 

gas/liquid and gas/solid contacting stages. The contact 
ing may be either co-current or countercurrent. These 
stages may be at the same or different pressures. When 
different pressures are used, the vapors from each stage 
may be separately drawn off and processed as shown in 
FIG. 1. There is a particular advantage in operating the 
gas/solid contacting stage at pressures as low as 200 psi 
while the gas/liquid contacting stage is operating at or 
close to liquefaction pressure, e.g. 1,000-10,000 psig 
The lower pressure in the gas/solid stage facilitates dis 
charge of the dry solids into the atmosphere by air lock 
devices, while the bulk of the vapors, being associated 
with the gas/liquid stages, are at a pressure that is favor 
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able for recompression and recycle as explained above. 
The entire separation may be conducted in a single 

vessel or in a multiplicity of vessels. As well, in one ves 
sel, separate compartments may be used for treating 
the liquid-solid mixture and for treating the solids, as 
shown in FIGS. 1 and 2. 
Another advantage of the invention is that the liquid 

solid separation may be carried out solely by contacting 
with the hydrogen-rich stripping gases. There is no 
need for centrifuges or filters to cause separation of the 
liquid and solids during the separation process. Al 
though the liquid-solid product from the centrifuge or 
filter may be separated by the method of this invention, 
the method itself does not require such equipment. 
This means that the process of the invention may be 
performed in liquid-solid contactors such as trays, e.g. 
"disk and doughnut,' baffle or perforated plate tray 
types. 
As the liquid-solid mixture is being treated, its flow 

character as a liquid also changes. Removal of volatiles 
will be accompanied by a thickening of the mixture; 
eventually a solid will result. The solid will have an ap 
preciable volatile content. The solid may then be 
stripped with the hydrogen-containing gas in fluidized 
bed treating zones. The total through-put or liquid 
solid mixture can be quite high because liquid-gas and 
solid-gas contacting equipment is characterized by high 
flow rate, simplicity and efficiency. This capability to 
perform the separation of liquids and solids in a combi 
nation of liquid and solid contacting equipment is a 
unique advantage of the invention more fully described 
in the drawings. 
Returning now to FIG. 1 for an exemplification of the 

process of the invention in which there is shown the 
coal converter and the vapor recovery systems. Feed, 
consisting of one ton of high volatile bituminous coal 
mixed with 2.5 tons of slurry oil is fed by line 1 to the 
coal converter V-1. The coal converter is a coal hydro 
genator operating at 4,500 psia with an outlet tempera 
ture of 900 F. In V-1, most of the coal is hydrogenated 
by the hydrogen introduced by line 23. The effluent in 
line 2 will contain solid unreacted coal, liquids formed 
by coal hydrogenation and slurry oil, gases formed by 
hydrogenation and unreacted hydrogen. This mixture 
flows to the cyclone separator V-2, where at a pressure 
slightly below that of the V-1 it is separated into a gas 
eous stream, which leaves by line 9, and a liquid-solid 
slurry which leaves by line 3. This slurry, containing 
about 10 percent solids, flows down into the stripping 
column V-3, where it is contacted countercurrently by 
the hot, hydrogen-rich stripping gas. Most of the vola 
tile oils (including asphalt-like liquids) are vaporized 
into the stripping gas. The slurry, now containing about 
50 percent solids, leaves the stripping column by line 
5 and enters V-4 for further separation of liquids. In 
V-4, the slurry is again contacted with not hydrogen 
rich gas; the solids may become free flowing and V-4 
can be operated as a fluid bed in this condition. When 
all the volatiles have been removed, the solid residue is 
removed by line 6 to be let down at ambient pressure 
in the air lock device V-5. About 340 pounds of solid 
residue leaves the system as stream 8. 
The hot hydrogen-rich stripping gas at about 950 F 

enters V-4 by line 18 from the furnace F-1 or from an 
other source by line 18a into line 18. In V-4, the gas 
picks up volatiles from the slurry; it may then be intro 
duced through line 7 into V-3 or sent to liquid process 
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8 
ing via line 7a or recycled through 18a and 7a or com 
bined with the vapors from V-3 for processing by line 
7b. The hot hydrogen-rich stripping gas for V-3 may 
enter by line 7 or from the furnace by line 17 or from 
another source by lines 18 and 17. Again in V-3, this, 
stripping gas picks up volatiles from the liquid-solid 
slurry. It may leave by line 4 for de-entrainment in V-2 
by line 4.a for processing into liquids or by line 4b for 
combination and processing with vapors from V-2 in 
line 9. - 

Liquid recovery is illustrated in the next section of 
the process. It is preferred to operate this section at 
about the same pressure as the separation section, al 
though lower pressures may be used. To the extent 
lower pressures are utilized, additional gas compression 
needs to be provided for recycling hydrogen-containing 
gas to the separation zone and/or to the hydrogenator. 

All of the vaporizable components may thus be col 
lected in stream 9. This stream flows to heat exchanger 
E-1 where it is cooled to 750 F. A large portion of high 
boiling liquids will condense from the gas, about 3,320 
pounds of liquid may be recovered by line 11. As the 
liquid condenses in E-1, the heat released during con 
densation, including both sensible heat and heat of con 
densation of the stream, may be used to heat the hydro 
gen-rich gas going to the separation vessels. While the 
figure shows reheating a gas recycled from E-2, hydro 
gen-containing gas from any other source may be simi 
larly heated. Recovering this heat released during con 
densation lowers the overall fuel and furnace require 
ments of the process. Through line 10, the vapors enter 
heat exchanger E-2 where they are cooled to 370 F; 
heat released during condensation may be used to pro 
duce 200 psia steam, which again conserves the ther 
mal energy of the entire process. The liquids, 2,780 
pounds of the medium boiling range, may be recovered 
through line 12. 
The gas leaving E-2 in line 13 is sufficiently rich in 

hydrogen and depleted in liquids that it may be used as 
the stripping gas in V-3 and/or V-4. Therefore, a por 
tion is sent by line 14 to compressor C-1, then to E-1 
where it is heated; through line 16 it goes to the furnace 
F-1, from which by lines 17 and 18 respectively it can 
be used as stripping gas in V-3 or V-4. 
The remainder of the gas goes by line 15 to cooler 

E-3 where at 250 F and at 4,000 psia, all the compo 
nents other than hydrogen will condense. This mixture 
of gas and liquid is passed by line 19 to separator V-7. 
The hydrogen gas is separated and compressed in C-2 
whereafter by line 21 it is returned to the coal con 
verter V-1. In line 23, make-up hydrogen (180 pounds) 
is also added to the recycled hydrogen, the make-up 
gas being compressed by C-3 to the converter pressure. 
The liquid leaves V-7 by line 20, then it is throttled 

to 90 psia and fed to separator V-8. In V-8, the mixture 
flashes into 490 pounds of gas and 250 pounds of liq 
uid, which are recovered through lines 25 and 24. 
The liquids having been separated and recovered 

may be further refined. Depending upon the kind of oil 
used as pasting oil for the coal, the appropriate liquid 
fraction may be recycled as pasting oil. 

FIG. 2 illustrates an embodiment of the invention 
wherein the separation is conducted in a single vessel. 
On the basis of one ton of coal (m.a.f.) and a coal/oil 

ratio of about 1 to 1 fed to the converter, the effluent 
will contain gas 4,722 pounds (1 14,000 SCF); liquids, 
2,800 pounds; solids, 369 pounds (165 pounds ash). 
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This is the mixture to be separated. Through line 31, it 
enters the cyclone chamber 32; gases exit through line 
33, the liquid-solid-slurry flows down the column. 
Countercurrent vapors flowing upwardly are collected 
in the cone 34, about 120,000 SCF. The baffle 35 de 
entrains liquid from the vapors. A distributor 35a 
promotes uniform flow of the slurry onto the trays 36. 
On the trays, liquid levels and flow rates are maintained 
for good contact between the upflowing hydrogen-rich 
stripping gas and the slurry. In receptacle 37, about 790 
pounds of the slurry pass through the outlet 38 into the 
fluidized solids treating section where it contacts fresh 
hydrogen-rich stripping gas and may be fluidized. Ulti 
mately, solids leave by lines 39 and 41, to be released 
through the air lock device 44; 370 pounds are recov 
ered. The stripping gas, about 20,000 SCF, enters the 
fluidized solids treating section by line 40, it leaves the 
section through line 41 along with volatiles and en 
trained solids if any. In cyclone separator 43, the gas 
leaves by line 42 for the vapor collector 45; about 
1,000 SCF of volatiles are removed from the solids. 
Other hydrogen-rich stripping gas is taken from the 

main 46 through line 47 where it enters the liquid slurry 
treating section; this gas will be about 1,912 pounds 
and 114,000 SCF. This stripping gas flows upwardly 
through the trays where it contacts the downflowing 
slurry. Finally, about 120,000-SCF of vapor is collected 
in cone 34. Vapors collected in 45 may be processed 
into liquids and gases as described previously, in FIG. 
1, or the vapors may be used as such for feedstocks to 
chemical processes such as gasoline synthesis. 
The following examples illustrate the practice of the 

invention when the separation is carried out by passing 
a continuous stream of the hydrogen-rich stripping gas 
through a mixture of liquid and solid effluent from a 
coal hydrogenator. The vapors are condensed in a se 
ries of receiving vessels. These examples also illustrate 
a simple technique to determine routine operating con 
ditions of the invention for contemplated changes in 
feed composition, stripping gas composition, tempera 
ture, pressure and product recovery. 

EXAMPLE 1. 

Crushed high volatile, bituminous B coal is mixed 
with middle oil, and hydrogenated. 261 grams of the 
liquid-solid mixture from the reactor are added to an 
autoclave. While at 465 C and 3,000 psig, hydrogen is 
sparged into the mixture in the autoclave. This contin 
ues for 6 hours. Vapors from the autoclave are recov 
ered. Afterwards, the solid residue in the autoclave is 
removed. The vapors are condensed and analyzed for 
distillation range and chemical composition. 
The following results are obtained: 

Product Distribution: 
Gas, wt.% 

Residue, wt.% 
Oil Distribution by Distillation: 
Water-Oil, wt.% 
Chemical-Oil, wt.% 
Middle Oil, wt.% 
Heavy Oil, wt.% 

7.2 
75.8 
.9 

e 

.8 
4, BP = 170C at 100 torr 
6.3, BP = 220C at 5 torr : 3, 
5 

The mixture of heavy oil, middle oil and chemical oil 
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has 91.56 percent C, 7.70 percent H, 0.65 percent N, 65 
0.07 percent S. 
The above solid residue corresponds to the calcu 

lated ash and fusane content of the solid-liquid mixture. 

10 
This shows complete separation of vaporizable compo 
nents and solid residue. . . . . . . . . . . 
By comparison, the vacuum filtration for 10 hours of 

this solid-liquid mixture would have 0.6 wt. percent 
gas, 87.8 wt. percent oil and i 1.5 wt. percent residue. 
The oil distribution would be 0.7 wt. percent water-oil, 
4.2 wt. percent chemical oil, 68.1 wt. percent middle 
oil and 27.0 wt. percent heavy oil. This filtrate would 
have 91.68 percent C, 6.68 percent H, 0.77 percent N, 
0.16 percent S. The solid residue has an oily appear 
ance indicating retained oils. 

* EXAMPLE 2 

Crushed high volatile, bituminous B coal is mixed 
with middle oil and hydrogenated. After 2 hours of 
stripping with hydrogen at 470° C and 3,000 psig, the 
following results are obtained: 
Product Distribution: 
Gas, wt.% 
Oil, wt.% 
Residue, wt.% 
Oil Distribution: 
Water-Oil, wt.% 
Chemical-Oil, wt.% 
Middle Oil, wt.% 
Heavy Oil, wt.% 

; g 

Again, the residue corresponds to the amount of fu 
sane and ash in the mixture, indicating complete sepa 
ration of vaporizable components and solid residue. 
For 2 hours of suction filtration, the corresponding 

results would be: 0 wt. percent gas, 81.1 wt. percent oil, 
18.9 wt. percent residue, 0.2 wt. percent water-oil, 10.7 
wt. percent chemical oil, 75.1 wt percent middle oil, 
14.0 wt. percent heavy oil. 
As these examples demonstrate, the invention is a 

method of separating liquids and solids from the prod 
ucts of coal liquefaction which features complete sepa 
ration between the liquid and solid, enhanced recovery 
of liquid products, minimal losses of liquid entrained in 
solids, improved distribution of liquid products, con 
ducted in a relatively simple manner of liquid and sold 
gas contacting that can be used for high production 
rates. The invention includes not only the specific em 
bodiments herein described but also contemplates the 
variations and substitutions of equivalent conditions 
and materials as being within the practice of the inven 
tion. 
We claim: 
1. In the recovery of organic liquids from coal lique 

faction processes, the steps comprising: 
a. as a first stage, introducing a mixture of solids and 

liquids into a hydrogen containing gas under gas 
liquid contacting conditions at a temperature in the 
range of about 350° C to about 530 C, at a pres 
sure of about 200 to 10,000 psig, and under a re 
ducing atmosphere, to vaporize a major portion of 
said liquids, and 

b. as a final stage, introducing said remaining liquids 
and solids into a hydrogen containing gas under 
solid-gas contacting conditions at a temperature in 
the range of about 350° C to about 530 C, at a 
pressure of about 200 to 10,000 psig, and under a 
reducing atmosphere, to further vaporize volatiliz 
able components of said mixture until said solids 
are substantially free of such components, a major 
portion of said mixture of solids and liquids being 
the carbonizable reaction products of coal lique 
faction. 
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2. The process of claim 1 wherein the amount of soi 
ids free of volatilizable components about equals the 
amount of ash, fusane, unreacted coal and catalyst con 
tent of the mixture of liquids and solids. 

3. The process of claim 1 wherein the specific gravity 
of the liquid about equals the specific gravity of the sol 
ids. 

4. The process of claim 1 wherein the contacting is 
at a temperature of about 420 to about 515 C. 

5. The process of claim 1 wherein the solid-liquid 
mixture flows countercurrently with the hydrogen 
containing gas. 

6. The process of claim 1 wherein the gas-liquid con 
tacting conditions are such that gas flows through con 
tinuous bodies of liquid, and the solid-gas contacting 
conditions are such that the solid flows through contin 
uous bodies of gas. 

7. The process of claim 6 wherein the continuous 
bodies of liquids are pools maintained by trays, and 
where the solid flows as a fluidized bed through the gas. 

8. The process of claim 1 wherein the contacting is 
performed in a continuous manner. 

9. The process of claim 1 wherein the final stage is 
conducted at a pressure substantially less than the ini 
tial stage. 

10. The process of claim 1 wherein the vapors from 
the first and final stages are separated into their compo 
nents by cooling the vapors until at least the middle oil 
fraction is removed from the vapor, and wherein at 
least the heat released during condensation of the 
heavy oil fraction is used to heat the hydrogen 
containing gas for the first and final stages. 

11. The process of claim 10 wherein at least a portion 
of the vapor from which the middle oil fraction has 
been condensed is reheated by the heat released during 
the condensation of the heavy oil fraction and recycled 
to the first and final stages as the hydrogen-containing 
gas. 

12. The process of claim 10 wherein the heat re 
leased during the condensation of the liquid fractions 
is also used to produce steam. 

13. The process of claim 10 wherein the vapors are 
further cooled until essentially all the chemical oils 
have been removed from the vapors. 

14. A coal liquefaction process comprising: 
a. converting coal into its liquefiable components by 
causing hydrogen addition to coal in the presence 
of a hydrocarbon oil, 

b. separating the carbonizable mixture of liquids and 
solids in the effluent from the conversion by 
i. as a first stage, introducing said effluent into a hy 
drogen containing gas under gas-liquid contact 
ing conditions at a temperature in the range of 
about 350° C to about 530 C, at a presence of 
about 200 to 10,000 psig, and under a reducing 
atmosphere, to vaporize a major portion of said 
liquids, and 

ii. as a final stage, introducing said remaining liq 

12 
uids and solids into a hydrogen containing gas 
under solid-gas contacting conditions at a tem 
perature in the range of about 350° C to about 
530 C, at a pressure of about 200 to 10,000 psig, 

5 and under a reducing atmosphere, to further va 
porize volatilizable components of said mixture 
until said solids are substantially free of such 
components, 

c. obtaining therefrom a solid residue substantially 
free of volatilizable components and vapors of the 
liquids and volatilized components, and 

d. separating said vapors into preselected compo 
nents. 

15. The process of claim 14 wherein the separating 
15 is at a temperature of about 420 C to about 515 C. 

16. The process of claim 14 wherein: 
a. converting coal is done with a hydrogen containing 
gas present as a hydrogen addition agent, said con 
verting is performed at a pressure of about 2,000 
to about 10,000 psi, and 

b. said separating is done at a pressure about equal 
to or no more than about 2,000 psi less than said 
coal conversion. 

17. The process of claim 14 wherein separating in 
25 said final stage is conducted at a pressure substantially 

below that of the separating in said initial stage. 
18. The process of claim 14 wherein: 
a. converting coal is done with a hydrogen donor oil 
present as a hydrogen addition agent, said convert 
ing is performed at a pressure of about 200 to 
1,000 psi, and 

b. said separating of such mixture is done at a pres 
sure of about 200 to about 3,000 psi. 

19. The process of claim 18 wherein separating in 
35 said final stage is conducted at a pressure of at least 

about 200 psi. 
20. The process of claim 14 wherein said vapors are 

separated by cooling to condense preselected liquid 
fractions, and where a vapor fraction having at least 

40 one of said liquid fractions removed therefrom is recy 
cled as the hydrogen-containing gas to said separating 
step. 

21. The process of claim 20 wherein a further vapor 
fraction having all of said liquid fractions removed 

45 therefrom is recycled to said coal conversion step as a 
hydrogen addition agent therein, said vapor fraction 
being at a pressure no less than about one-half the pres 
sure of said coal conversion step. 
22. The process of claim 20 wherein said heat re 

50 leased during condensation of said liquid fractions is 
conserved within said liquefaction process. 
23. The process of claim 14 wherein said vapor sepa 

ration is conducted at a pressure lower than said sepa 
rating step. 

24. The process of claim 14 wherein said vapor sepa 
ration is conducted at a pressure equal to said separat 
ing step. 
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