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ABSTRACT OF THE DISCLOSURE 
A solid carbonaceous material, such as coal, is con 

verted to liquid products and the asphaltene content of 
a heavy hydrocarbonaceous liquid is reduced in a process 
wherein the solid is solvent extracted by the liquid and 
the resultant mixture of liquids is recovered as the 
product. 

BACKGROUND OF THE INVENTION 

This invention relates to a process for the conversion 
of carbonaceous materials, such as coal, to liquid prod 
ucts. More particularly, this invention relates to a process 
for the conversion of coal to a liquid product by solvent 
extraction of the coal using a heavy hydrocarbonaceous 
liquid containing heptane-insoluble material, ‘and recov 
ery of the mixture of the solvent and liqui?ed coal as the 
product of the process. 

Reserves of solid carbonaceous substances such as coal, 
lignite, oil shale, etc., represent a valuable source of raw 
materials for the production of liquid hydrocarbon prod 
ucts commonly obtained from petroleum. The relative 
abundance of sources of solid carbonaceous materials 
with respect to those of petroleum, makes the use of these 
solids to supplement and replace petroleum as energy 
sources economically desirable. 

Several processes for converting coal to valuable 
liquid products are known to the art. Recently, high pres 
sure hydrogenation and solvent extraction techniques 
have been developed, the latter of which is related to 
the process of this invention. In the processes of solvent 
extraction known to the prior art, crushed, ?nely-divided 
particulate coal, or other carbonaceous material, is placed 
in contact with a liquid solvent which dissolves a part of 
the solid, usually in the presence of hydrogen gas. Follow 
ing the contact, the liquid solvent and the liqui?ed part 
of the solid are separated from the remaining solid ma 
terial by ?ltration, centrifuging or a similar operation. In 
the processes known to prior art, the previously solid 
material is separated from the solvent, typically by frac 
tional distillation, and is further processed by conven 
tional hydrocarbon processing techniques such as coking, 
cracking, hydrogenation, etc., to convert the solvent ex 
tracted material into more useful products. 1 
One of the problems encountered in the solvent extrac 

tion method of liquifying solid carbonaceous substances 
is the non-selective nature of the solvation which takes 
place. The process is intended to extract the most valu 
able, hydrogen-rich fraction of the solid. But sol-Vents 
which are elfective in extracting this hydrogen-rich frac 
tion also liquify an undesirable fraction containing 
asphaltenes. Asphaltenes are undistillable compounds of 
carbon of high molecular weight, and contain less than 
about 7% hydrogen by weight. Asphaltenes are also in 
soluble in normal heptane. They are present not only 
in the products from solvent extraction of carbonaceous 
materials such as coal, but also in petroleum crude oil 
and fractions thereof such as topped or reduced crude 
oils, heavy cycle stocks visbreaker liquid effluent and 
the bottoms from atmospheric crude towers. The asphal 
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2 
tenic fractions of all these liquid hydrocarbons are of 
little intrinsic value and interfere with the processing of 
the more valuable heavy oil fractions with which they are 
mixed. Thus, the reduction of the asphaltenes content in 
any processable hydrocarbon liquid is a desirable im 
provement thereof. 

SUMMARY OF THE INVENTION 

The objective of this invention is to originate an ef? 
cient method for the conversion of solid carbonaceous 
materials to valuable liquid products and the simulta 
neous improvement of the properties of a heavy hydro 
carbon liquid. More speci?cally, the object of this in 
vention is an eflicient method for the solvent extraction 
of valuable liquids from solid carbonaceous materials 
and the simultaneous conversion of a part of a heavy 
hydrocarbon liquid from a less desirable material to a 
more desirable material. The particular object of this 
invention is the el?cient solvent extraction of a valuable 
fraction of a solid carbonaceous material with a concur 
rent reduction in the asphaltenes contained in a heavy 
hydrocarbon liquid. 
As hereinabove set forth, these objects are accom 

plished through the utilization of a heavy asphaltene-con 
taining hydrocarbonaceous liquid as the solvent in a proc 
ess for the solvent extracting of solid carbonaceous 
materials. Therefore in one embodiment the present in 
vention provides a process for the simultaneous lique 
faction of a solid carbonaceous material and reduction 
of the asphaltenes content of a heavy hydrocarbon which 
comprises, ?rst, placing the solid carbonaceous material, in 
a particulate state, in contact with the heavy hydrocarbon 
liquid under solvent extraction conditions, wherein the 
heavy liquid is utilized as the solvent, and, second, sepa 
rating the mixture of liqui?ed material and solvent from 
the remaining solid material, thereby recovering as the 
synthetic product a liquid composed of the liqui?ed 
carbonaceous material and of heavy hydrocarbon solvent, 
the asphaltenes content thereof having been reduced in 
the process. 

In the preferred embodiment of my invention, com 
minuted coal is introduced into a solvent extraction Zone 
Where it is admixed with a petroleum crude oil in the 
presence of hydrogen gas and at a temperature and 
pressure which will produce a liquefaction of a part of the 
coal. 

Subsequently, the liquid mixture is separated from 
the remaining solid coal by centrifugation and ?ltration. 
The liquid mixture as thus recovered is suitable for 
processing as a petroleum crude oil would be, and is 
enriched in that the asphaltenes content of the solvent 
is diminished in the process and the asphaltenes content 
of the liqui?ed coal is lower than that obtained in the 
processes used in the prior art. 
The solid carbonaceous material utilized in the process 

of the present invention may be any sort of coal, lignite, 
oil shale, tar sand, or similar substance. The liquid hydro 
carbonaceous solvent utilized in the solvent extraction 
may be any heavy hydrocarbon substance which is liquid 
at the solvent extraction conditions, contains asphaltenes 
that are insoluble in normal heptane, and 80% of which 
boils above about ‘650° F. and 50% of which boils above 
about 1,000° F. The solvent and solid may be admixed 
in any weight ratio but a Weight ratio from about 1 part 
solvent to 1 part solid up to about 5 parts solvent to 1 part 
solid is preferred. 

In the preferred embodiment of the present invention, 
the solid carbonaceous substance is a bituminous coal 
having a high content of volatile material. Typically, a 
high content of volatile material would be about 20% or 
higher volatiles in the moisture and ash free coal. The 
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coal is subjected to the extraction conditions in a ?nely 
divided state. Said ?nely-divided state is well-exempli?ed 
by coal particles which pass through about a 200 mesh 
or ?ner Tyler sieve. 
The liquid hydrocarbonaceous solvent utilized in the 

preferred embodiment of the present invention is a heavy 
whole crude oil. Typical of the preferred solvent is a 
Cold Lake crude oil having an A.P.I. gravity of about 10 
and containing a fraction of materials insoluble in normal 
heptane of about 8%. The crude oil, used as the solvent 
in the preferred embodiment, contains su?icient heavy 
oils such that at least 80% of the crude boils above 650° 
F. and 50% boils above 1,000° F. 

In a general embodiment of the present invention, the 
admixed solvent and solid are subjected to suf?cient tem 
perature and pressure, in the presence of hydrogen gas, 
to liquify the desired fraction of the solid. The solvent 
extraction process may be conducted in either a batch 
or a continuous reaction vessel. Solvent extraction condi 
tions include a temperature of about 55° F. to about 
935° F. and a pressure of about 500 p.s.i.g. to about 
10,000 p.s.i.g. Hydrogen gas is present at the above-indi 
cated pressure. 

Preferably, the mixture of solvent and solid is processed 
in a continuous reaction vessel at a flow rate which results 
in a liquid hourly space velocity of about 0.75 to about 
5, where the liquid hourly space velocity is de?ned as the 
volumetric flow of the feed per hour divided by the 
volume of the reactor. The hydrogen gas is recycled to 
the process from the reactor ef?uent at a rate of about 
5,000 to about 10,000 standard cubic feet per barrel of 
combined solvent and solid, and hydrogen gas is added 
to the reaction at a rate sufficient to maintain the above 
stated range of pressures. 

ter the solvent and solid have been exposed to the 
solvent extraction conditions for a length of time suffi 
cient for the desired fraction of the solid to have been 
liqui?ed, the mixture of solvent, liqui?ed previously solid 
material and the remaining solid is withdrawn and the 
remaining solid is separated from the product of the 
process, which product is the combined solvent and 
liqui?ed previously solid material. The separation may be 
etfected by ?ltration, centrifugation or any other effective 
means. ‘ 

‘In the preferred embodiment of the present invention, 
the above described, ?nely-divided, solid bituminous coal 
is admixed with the above described heavy petroleum 
crude oil solvent at a weight ratio of four parts crude oil 
to one part solid coal. This mixture of coal and crude 
oil forms the feed to a reaction zone, wherein the solvent 
extraction conditions of this preferred embodiment are 
maintained. The solvent extraction conditions of the pre 
ferred embodiment include a temperature of about 850° F. 
and a hydrogen gas pressure of about 3,000 p.s.i.g. The 
feed to the reaction zone is continuously passed through 
the reaction zone at a rate su?icient to maintain a liquid 
hourly space velocity of about 0.5 based on the volume 
of the feed. Hydrogen gas is recycled to the reaction zone 
from the reaction zone e?luent at a rate of about 15,000 
standard cubic feet per barrel of the feed to the reaction 
zone. The solvent extraction conditions should be main 
tained so as to produce a conversion of the solid coal 
to a liquid extract of about 70% by weight of the mois 
ture-and ash-free coal. 
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When the feed to the reaction zone has been subjected 
to said solvent extraction conditions, it is collected as 
the e?luent from the reaction zone. During the period 
that the feed was subjected to the solvent extraction con 
ditions, about 70% of the solid coal will have been liqui 
?ed to form valuable hydrocarbon products and a part 
of the crude oil solvent, which was insoluble in normal 
heptane, will have been converted into a material which 
is soluble in normal heptane. The solids in the e?luent 
from the reaction zone are separated from the liquids in 
the ef?uent from the reaction zone by centrifugation and 
subsequent ?ltration. The liquids in the e?luent from the 
reaction zone are recovered as the product from the 
process. 
The hydrocarbons recovered from the process of the 

present invention constitute a synthetic crude oil which 
can be processed in the same manner as any common 
petroleum crude oil. Both the component derived from 
the solid and the component derived from the solvent are 
improved from the process of this invention in that the 
content of asphaltenes is reduced in both. This reduction 
in asphaltenes in the synthetic crude oil, particularly with 
respect to the component derived from the solid, renders 
the resulting hydrocarbon more readily processable than 
is the hydrocarbon obtained in the solvent extraction proc 
esses known to prior art. 
The process of the present invention makes possible the 

elimination of the step in the usual processes of solvent 
extraction known to prior art, in which the solvent is sep 
arated from the liqui?ed solid and recycled to the feed 
to the reaction zone. The elimination of the above said 
step is particularly noteworthy in that it eliminates a part 
of the heating of the liqui?ed carbonaceous material, re 
ducing the possibility of its repolymerization and the conse 
quent di?iculties in processing. 

‘I claim as my invention: 
1. A process which comprises solvent extracting a hydro 

carbonaceous solid with a heavy asphaltene-containing 
petroleum oil at a temperature of from about 55° F. to 
about 935° F. and a hydrogen pressure of from about 500 
p.s.i.g. to about 10,000 p.s.i.g. to liquify at least a portion 
of said solid and reduce the asphaltene content of said oil, 
and recovering the resultant liquid product. 

2. The process of claim 1 further characterized in that 
at least about 80% by volume of said oil boils above about 
650° F. 

‘3. The process of claim 2 further characterized in that at 
least about 50% by volume of said oil boils above about 
1,000° F. 

4. The process of claim 1 further characterized in that 
said solid is coal. 

5. The process of claim 1 further characterized in that 
said solvent is a petroleum crude oil fraction. 

6. The process of claim 1 further characterized in that 
said oil is a whole petroleum crude oil. | 
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