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ABSTRACT OF THE DISCLOSURE 
A carbonaceous material e.g. coal or coal tar, is treated 

with a ?uid e.g. benzene or ethylene respectively, at super 
critical conditions to extract part or all of the carbona 
ceous content which is subsequently released by reducing 
the pressure. 

This invention relates to the extraction of material by 
a ?uid solvent recovery system which is operated above 
the critical temperature and pressure conditions for the 
extraction solvent. 

It is known that when the temperature of a gas is above 
a certain temperature, known as the critical temperature, 
it is not possible to liquefy the gas by application of pres 
sure alone. It is necessary to reduce the temperature below 
the said critical temperature in order to be able to liquefy 
the gas. We have found that it is possible under suitable 
conditions to dissolve a carbonaceous material by treating 
it with a ?uid at a supercritical temperature and pressure. 
An object of the invention is to extract part of a car 

bonaceous material by the use of a ?uid at a supercritical 
temperature. A particular object of the invention is to ob 
tain a coal which is either ash-free or the ash content of 
which is considerably reduced. 

Accordingly the invention provides a method of extract 
ing at least part of the carbonaceous content from a car 
bonaceous material wherein the material is treated with 
an extractant ?uid at a supercritical temperature and at a 
pressure above atmospheric pressure so that the said part 
is absorbed into or dissolved by the extractant ?uid, and 
subsequently the pressure is reduced so that the said part 
is separated from the extractant ?uid. 
The carbonaceous material may be a coal, a coal tar 

fraction, or a pitch. 
Alternatively the carbonaceous material may be an 

thracene paste or a crude carbonisation by-product frac 
tion, for example, naphthalene base-oil. 
The operating temperature is preferably slightly above 

the critical temperature of the ?uid and the pressure may 
have any convenient value e.g. 1000-3000 p.s.i. In certain 
cases, for example, when the material is coal, the extract 
ant ?uid is preferably a substance which is liquid at atmos 
pheric temperature and pressure, for example, benzene. 

Preferably also the extractant ?uid is a hydrocarbon 
in the range C4 to C12. 
The extractant ?uid may be any one of the following, 
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ethylene, propylene, methane, propane, butane, ammonia, ' 
chlorine or carbon dioxide. 

Alternatively the extractant ?uid may be of any one of 
60 

the following, benzene, toluene, pyridine, dimethylamine, ‘ 
ethylamine or methylamine. 
The following examples illustrate the invention. 

EXAMPLE I 

A coal tar is treated in an extraction chamber with 
ethylene gas (critical temperature 10° C.) at a pressure 
of 3000 p.s.i. and at a temperature of 25° C. The extract 
ant gas together with the volatile components in vapour 
state is fed into separation means for separating the vola 
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tile components from the ethylene gas. The separation 
means comprises separation sections in which the pres 
sure of the gas and volatile components is stepwise re 
duced to atmospheric pressure. With this decrease in pres 
sure the tar is separated into heavier and lighter fractions 
i.e. pitch and oils. Over 55% of volatile oils are extracted 
by the ethylene gas, and the solid residue-pitch has a 
softening point of 115° C. (ring and ball test). 

EXAMPLE II 

The coal-tar in Example I is replaced by a pitch (80° C. 
ring and ball softening point). This is treated with ethyl 
ene gas under the same conditions as described in Exam 
ple I. In this way volatile oils are extracted from the pitch 
by the extractant ethylene gas and the softening point of 
the solid residue is increased. 

EXAMPLE III 

The coal tar in Example I is replaced by anthracene 
paste and extraction effected as described in Example I. 
Relatively pure anthracene and naphthalene are recovered 
by this method. 

EXAMPLE IV 

Coal is treated with benzene (critical temperature 288° 
C.) at a temperature of 300° C. and at a pressure of 1750 
psi. Carbonaceous matter is thereby extracted into the 
gaseous benzene extractant leaving mineral matter undis 
solved. The extractant together with carbonaceous matter 
is fed to separation means wherein the carbonaceous mat 
ter is recovered. This results in a coal which is either ash 
free, or which has a reduced ash content. 

In all the above Examples I-IV the extractant ?uid 
which is separated from the volatile components by step 
wise reduction in pressure, is recompressed and recycled. 

In a further application of the method of the invention, 
coal is carbonized in the presence of an extractant ?uid 
maintained at supercritical conditions. 

In order to obtain a high yield of extract, it is necessary 
to heat the coal so as to release the volatiles initially from 
the coal structures. At temperatures up to approximately 
350° C., extraction is possible without carbonization in 
the normal sense. However, this does not preclude the use 
of higher temperatures whereby the coal would be car 
bonized and the carbonization products carried off by the 
extractant ?uid. This may be effected by introducing the 
extractant into the carbonizer, and in the case of a ?uid 
ized bed type of carbonizer the extractant could be intro 
duced either above or below the bed level. By controlling 
the extent of the volatile extraction the yield of solid ma 
terial could be maintained relatively high whilst if the 
extraction is carried out to the ultimate limits a large 
proportion of the coal may be transferred to the gas phase. 
We claim: 
1. A method of extracting at least part of the carbona 

ceous content from a carbonaceous material selected from 
the group consisting of coal, coal tar, pitch, and anthra 
cene paste comprising: 

treating said carbonaceous material with a solvent se 
lected from the group consisting of ethylene, propyl 
ene, methane, propane, butane, ammonia, chlorine, 
carbon dioxide, benzene, toluene, pyridine, dimethyl 
amine, ethylamine, and methylamine at a tempera 
ture above said solvent’s critical temperature and at 
a pressure in the range from 1000 to 5000 psi such 
that said solvent is in the purely gas phase whereby 
said part of the carbonaceous content is removed 
from said material, and 

reducing said pressure to a lower pressure at which said 
part separates from said solvent. 
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2. A method according to claim 1 wherein the extract 

ant ?uid is separated from the said part by stepwise re 
duction in pressure and is then recompressed and recycled 
for further extraction. 

3. A method according to claim 1 wherein the carbona 
ceous content is extracted from the material in a plurality 
of stages so as to extract a part at each stage. 

4. A method of extracting at least part of the carbona 
ceous content from coal comprising: 

treating said coal with benzene at a supercritical tem 
perature in the range of from 290° to 360° C. and at 
a pressure in the range of from 1000 to 5000 p.s.i. 
whereby said part of the carbonaceous content is 
removed from said coal by said supercritical benzene, 
and 

reducing said pressure to a lower pressure at which said 
part separates from said benzene, said part having 
an ash content considerably less than the ash content 
of said original coal. 

5. The method according to claim 4 in which said coal 
is treated with said benzene at a supercritical temperature 
of 300° C. and at a pressure of 1750 p.s.i. 

6. A method of extracting at least part of the carbona 
ceous content from coal tar comprising: 

treating said coal tar with ethylene gas at a supercritical 
temperature in the range of from 20° to 125° C. and 
at a pressure up to 5000 p.s.i. whereby said part is 
removed from said tar by said supercritical ethylene, 
and 

reducing said pressure to a lower pressure at which said 
part separates from said ethylene. 

7. The method according to claim 6 in which said coal 
tar is treated with ethylene gas at a supercritical tempera~ 
ture of 25° C. and at a pressure of 3000 p.s.i. 

8. A method of extracting at least part of the carbona 
ceous content from anthracene paste comprising: 

treating said paste with ethylene gas at a supercritical 
temperature in the range of from 20° C. to 125° C. 
and at a pressure up to 5000 p.s.i. whereby said part 
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is removed from said paste by said supercritical ethyl 
ene, and 

reducing said pressure to a lower pressure at which said 
part separates from said ethylene, said part compris 
ing relatively pure anthracene and naphthalene. 

9. The method according to claim 8 wherein said 
anthracene paste is treated with said ethylene gas at a 
supercritical temperature of 25 ° C. and at a pressure of 
3000 p.s.i. 

10. A method of extracting at least part of the carbona 
ceous content from pitch comprising: 

treating said pitch with ethylene gas at a supercritical 
temperature in the range of from 20° C. to 125° C. 
and at a pressure up to 5000 p.s.i. whereby said part 
is removed from said pitch by said supercritical ethyl 
ene, and ' 

reducing said pressure to a lower pressure at which said 
part separates from said ethylene. 

11. The method according to claim 10 wherein said 
pitch is treated with said ethylene gas at a supercritical 
temperature of 25 ° C. and at a pressure of 3000 p.s.i. 
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