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ABSTRACT OF THE DISCLOSURE 

Shale oil mist is recovered by collecting it in a solid, 
sub-divided mass, e.g., coke or catalyst, as in a ?uidized 
bed and then converted in a conversion zone. In a speci?c 
embodiment, cooled vapors from an oil shale retorting 
zone are treated to separate liquid oil and an oil mist 
therefrom, the oil mist is adsorbed on a solid, subdivided 
mass and the mass containing the adsorbed mist is passed 
to a conversion zone. 

This invention relates to the recovery of a shale oil 
mist. It also relates to the conversion of a shale oil mist. 
In one of its aspects, the invention relates to an opera 
tion in which crushed oil bearing hydrocarbonaceous 
solid such as oil shale is retorted producing liquid 
shale oil and a shale oil mist, and the shale oil mist is 
recovered. In another of its aspects, the recovered shale 
oil mist is converted as by pyrolysis. 

In one of its concepts, the invention provides a method 
for recovering shale oil mist by collecting same in a solid 
subdivided mass, e.g., dry coke, catalyst, etc. In another 
of its concepts, the invention provides such a method in 
which the shale oil mist is recovered in a ?uidized bed of 
such a mass. In a further concept, the invention provides 
a method in which when coke is used the coke is produced 
in a coking operation. In a still further concept of the in 
vention, coke from a coking operation is cycled to a 
mist collecting zone wherein the shale oil mist is col 
lected onto the coke, and the coke is then recycled to 
the coking zone. A further concept of the invention in 
volves employing a gas derived from the overall coking 
operation to aid in the separation and bene?ciation of 
the shale oil and oil mist in the shale retorting operation. 
In a further concept of the invention, some or all of the 
mist containing retort product is directly adsorbed in a 
solid and then further treated. 

It is now well known that there exists in this country 
and elsewhere large deposits of oil shale. The recovery 
of the oil from the oil shale presents a number of 
problems. These problems ars also well known. Among 
the problems involved usually are the corrosive char 
acter of vapors evolved from the oil shale, the expense 
of retorting the oil shale as viewed from a physical 
handling of the same viewpoint, and recovery of the 
gaseous and vaporous products thus produced. Among 
the problems of recovery, there is the problem of suitably 
recovering so-called oil mist emanating from the retort 
ing operation. 

It has now occurred to me that the oil mist can be 
quite e?iciently recovered by contacting the same under 
suitable conditions with solid particles of coke or catalyst, 
e.g., a pyrolysis catalyst, for example a silica-alumina 
catalyst. Further, it has occurred to me that the solid 
can be maintained in a ?uidized bed. Still further, I have 
conceived that the coke or catalyst can and preferably 
should result from a coking or cracking operation so that 
as desired the coke or catalyst containing oil mist can be 
cycled back to the operation ‘for immediate recovery ‘of 
valuable products existing in or produced from said 
mist. Still further, it has occurred to me that by making 
the combination described herein, I will have available 
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a gas stream which suitably can be bene?cially employed 
to aid in the retorting operation and in the recovery 
of oil and oil mist from the crushed shale being retorted. 
The operation of the several concepts of this invention 

severally and more particularly as these may be com 
bined, as described herein, results in very considerable 
savings in plant investment and also in the produc 
tion of a superior product at a lower cost. Thus, I believe 
that I have materially contributed to the overall prob 
lem of rendering the recovery of oil from oil shale more 
nearly competitive, if not competitive, with oil produced 
by currently commercial operations. ' 

It is an object of this invention to recover an oil mist 
obtained from oil shale. It is another object of this inven 
tion to convert an oil mist recovered from an oil shale. 
It is a still further object of this invention to provide a 
method for so collecting oil mist derived from retorting 
of oil shale that the oil mist can be immediately fur 
ther processed for its ultimate recovery and/or its con 
version. Still further, it is an object of this invention to 
provide a combination of operations resulting not only 
in the efficient recovery of oil mist derived from retort 
ing of oil shale, but also permitting its conversion to 
useful products. It is still further an object of this in 
vention to provide a method of steps in combination 
resulting in the recovery and conversion of oil mist de 
rived from retorting of oil shale in which method there 
can be obtained from the overall operation a stream 
which will aid the initial retorting of the oil shale. 

Other concepts, objects, and the several advantages of 
this invention are apparent from a study of this disclosure, 
the drawing and the appended claims. 

According to the present invention, there is provided a 
method for the recovery of oil mist derived from the 
retorting of oil shale which comprises adsorbing the oil 
mist on particles. In one form of this concept of the 
invention, the oil mist is recovered on ?uidized coke par 
ticles. The use of a cracking or pyrolysis catalyst in a. 
cracking operation in which the mist adsorbed on the 
catalyst is passed to the cracking zone is also contem 
plated. 

Also according to the present invention, there is pro 
vided a combination operation in which the solid is de 
rived from an operation to which the solid containing the 
recovered oil mist can be cycled. In the preferred form 
of this concept of the invention, the solid is also in 
?uidized condition and the coking or cracking is con 
ducted in a ?uidized coking or cracking operation. 

Still according to the present invention, there is pro 
vided a method wherein gaseous products separated from 
the operation is employed to aid in the more ef?eient 
recovery of vaporous and gaseous products from the oil 
shale being retorted. 
The present invention is particularly and most ad 

vantageously embodied in an operation in which a ?uid 
ized coking operation is effected and in which a ?uid 
ized coke bed is used to absorb the oil mist. One skilled 
in the art in possession of this disclosure having studied 
same will recognize that the coke need not be ?uidized, 
in the sense that the coke particles and vapors can be 
treated as a ?uid, but can be in the form of a moving 
bed, for example, a downwardly moving bed of particles 
which are in contact each with the other. 
A patent which illustrates the use of downwardly 

?owing solid heat exchange material for the ultimate 
heating of oil shale when it is mixed with said material 
and in which the solid heat exchange material can be 
stripped shale or a mixture of stripped shale and a re 
fractory heat exchange pebble is US. Pat. No. 2,726,978, 
issued Dec. 13, 1955, Robert A. Findlay. 

In the drawing there is shown diagrammatically an 
embodiment of an operation according to the invention 
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in which the several concepts thereof have been combined 
in a unitary arrangement in which, further, according to 
the invention, the shale oil mist which is recovered by 
coating the same onto coke is recovered on coke which 
has been derived from the liquid portion of the shale oil 
derived from the retorting of the shale. 

Viewing the drawing, one skilled in the art in possession 
of this disclosure having studied the same will compre 
hend that certain ancillary operations or steps have been 
omitted for sake of simplicity. He will also know what 
are generally the conditions for retorting shale, operating 
a mist collector, coking an oil, conveying coke particles 
and cooling the same. 

Referring now to the drawing, crushed shale is fed 
at 1 into retort 2 from which spent or retorted shale is 
removed at 3. To create the heat necessary to pyrolyze 
or to decompose the kerogen, air is passed by 4 into retort 
2. Retort 2 can be otherwise heated as known in the art. 
In the retort, the kerogen will begin to decompose at a 
temperature in the approximate range of 440-660° F. A 
substantial amount, if not substantially all of the oil or 
oily materials formed from the decomposition of the 
kerogen will have been removed from the shale at a 
temperature within the approximate range of 840-1020° 
F. Vaporous products are taken overhead from retort 2 
by 5 and passed by coolers 6 and 7 to cyclone mist 
separator 8. Continuous type crushed shale retort opera 
tion is shown. The temperature in this operation can be 
varied as indicated, but in any event, the cooler 6 is 
operated to cool the vaporous products to a temperature‘ 
in the neighborhood of approximately 100° F., and ac 
cordingly, the interior of the cyclone 8 will be at a tem 
perature of approximately 98° F. in the embodiment 
being described. Approximately three percent of the oil 
will leave the cyclone as a ?ne mist by 9, the remainder 
or bottoms liquid are passed by 10A to ?uid coker 11 
in which the fluid coking operation is conducted accord 
ing to known manner and conditions. The oil from 10A 
is admixed with hot coke in 11 and as a result of the 
coking operation there are produced a stream of oil vapor 
coking products taken overhead by 12 to oil recovery, 
and coke removed at 13 and passed into coke cooler 
14, thence to ?uid bed mist collector 15 by 14A, wherein 
oil mist from 9 is adsorbed upon the cool coke. A blower 
9A moves the gas through the retorting, mist collecting 
and coke cooling sections. The cool coke containing the 
oil mist is passed by 16 into ?uid coker 11. There is 
contained in the oil mist considerable gas and this shale 
gas is passed by 17 into counter ?ow with the coke in 
cooler 14, cooling the coke while itself is heated and 
then recycled by 10 to retort 2. Excess shale gas is vented 
at 17A. Retorted shale is passed by 3 to shale burner 
18 from which spent shale is removed at 19. Hot gases 
from 18 are passed by 20 to coke heater 21 into which 
coke from ?uid coker 11 is passed by 13A. Excess coke 
is removed at 13B. Hot coke for the coking operation in 
11 is passed from 21 by 22. 
The products from ?uid coker 11 removed therefrom 

by 12 and treated in conventional manner as now known 
in the art. As will be understood by one skilled in the 
art, there can be introduced air into coke heater 21 which 
will supplement residual air or oxygen which may be 
contained in the gases transmitted by 20. 

It will be evident to those skilled in the art in possession 
of this disclosure, having studied the same, that the fore 
going diagram and its description are simply put to set 
forth the inventive concepts. Thus, it is evident that engi 
neering details, apparatus parts, etc., will and can be sup 
plied employing routine skill in the art. 
A consideration of the foregoing diagram as it has 

been described will show that in a unitary operation sev 
eral concepts of the invention have been combined in its 
more speci?c concept to, in one overall operation, retort 
crushed shale to form liquid shale oil and shale oil mist, 
the oil mist bile been recovered by adsorption on coke, 
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4 
and coke in a coking process, which not only generates 
the coke but which also cokes the liquid shale oil. 

The present invention, especially in its now preferred 
and overall combination embodiment permits effecting 
certain economies which bring the commercial processing 
of oil shale considerably closer to an “in being” situation 
or reality. It has been estimated that mining, oil mist 
recovery, and hydrogenation together account for about 
63 percent of the oil value. This indicates that a major 
breakthrough in at least two of these areas will be neces 
sary to substantially lower the high indicated value of 
re?nery feed derived from oil shale. 

Viewed from a plant investment viewpoint in which 
mining and crushing, screening and conveying, retorting, 
oil mist recovery, delayed coking, and water, steam and 
power units costs have been included, oil mist recovery, 
absent the present invention, has been estimated at over 
28 percent. Therefore, any operation which permits effec 
tive bene?ciation of the oil shale to recover the shale oil 
and the shale oil mist can be considered to be a very 
desirable step in the right direction, namely, the direction 
of commercial bene?ciation of oil shale. 
The following tabulation is of conditions, etc., given 

by way of speci?c example of an operation in which 
50,000 barrels per day of oil is produced. 

SPECIFIC EXAMPLE 

Temperatures, ° F. 

Retort 2 (maximum) ______________________ __ 1200 
Pipe 5 ___________________________________ __ 125 

Pipe 7 ___________________________________ __ 100 

Cyclone 8 ________________________________ __ 98 

Pipe 10 "a _______________________________ __ 995 

Pipe 14A ____________ __> __________________ __ 105 

Pipe 17 __________________________________ __ 100 

Fluid coker 11 ____________________________ __ 1000 

Pipe 20 __________________________________ __ 1200 

Pressures 
P.s.i.a. 

Retort 2 __________________________________ __ 12 

Pipe 5 ____ _; _____________________________ __ 11.5 

Fluid coker 11 ____________________________ __ 14 

Fluid bed mist collector ____________________ __ 16 

Coke cooler ______________________________ __ 14 

Flow rates 

Crushed shale, tons per day _______________ __ 80,000 
Recycle gas, pipe 10, cubic feet per minute ____ 4,400 
Gas containing oil mist, pipe 9, c.f.m. _______ __ 4,400 
Vapors from coking operation on liquid basis, 

pipe 12, barrels per day ________________ __ 50,000 

Whereas herein the use of coke and a coking operation 
have 'been described in some detail, the application of the 
invention to a cracking or other catalytic operation is also 
contemplated, the invention being directed to a combina 
tion operation. 

While one skilled in the art in possession of this dis 
closure, having studied the same, will select operational 
factors which he deems optimum, the particle size of the 
coke employed should be preferably in the range of ap 
proximately 48 to 100 mesh. Under such conditions, ad 
sorption of oil upon the coke will be in the neighborhood 
of about 10' percent by weight. 

‘It is within the scope of the broad concept of this in 
vention to directly pass a part or all of the oil mist 
directly to the operation in which the solid subdivided 
mass is undergoing treatment or is being utilized. Under 
such circumstances, non-condensibles produced in the 
retorting operation and present in the mist will pass 
through the operation to which the mist is fed and will 
be recovered at least in part as at least a portion of the 
residue gases of that operation. 

It will be evident to one skilled in the art having studied 
this disclosure that depending upon the source of the 



3,560,367 
oil shale or other oil-bearing material or solid that the 
retorting conditions, oil mist adsorption conditions, and 
coking conditions as these may be used will vary. The 
invention as expressed herein is found in the several con- ’ 
cepts which have been stated and which are evident from 
a study of the disclosure. The invention of the claims is 
to be limited only in the sense of the methods there de 
scribed and delineated. 

Reasonable variation and modi?cation are possible 
within the scope of the foregoing disclosure, drawing and 
the appended claims to the invention, the essence of 
which is that there has been set forth a method ‘for the 
recovery of shale oil mist by adsorbing the same on a 
solid subdivided mass, for example, coke, a cracking 
catalyst, etc., ‘for example on a ?uidized bed of coke or 
catalyst or contact mass, in one embodiment of the in 
vention further comprising operating a process from 
which the coke, catalyst or contact mass for the mist ad 
sorption is derived and to which the mass with the ad 
sorbed mist can be passed, the invention further com 
prising in one of its more detailed concepts as principal 
feed for said process the liquid shale oil obtained from 
retorting of crushed shale, the overall process being fur 
ther modi?ed in that gases obtained during the process 
and/or retorting are recycled for use to aid in the re 
torting as well as in the ?uidization of the bed in which 
the mist is adsorbed when said bed is in fact ?uidized. 

I claim: 
1. A method of bene?ciating an oil bearing hydrocar' 

bonaceous solid such as oil shale to recover therefrom 
shale oil and related products which comprises retorting 
said oil shale producing in a shale retorting zone shale oil 
vapors containing a condensable portion, cooling said 
vapors to condense a condensable portion thereof, sep 
arating, from the condensed portion thus obtained, a 
liquid portion as a liquid stream, obtaining a vaporous 
stream containing shale oil mist consisting of liquid mist 
particles, recovering said shale oil mist by adsorbing said 
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liquid mist particles upon a solid subdivided mass of coke 
or a cracking catalyst and then in another zone further 
treating said mass containing said oil mist particles to 
produce oil conversion products therefrom. 

2. A method according to claim 1 wherein the mass 
is in the form of a bed of coke particles. 

3. A method according to claim 1 wherein the mass 
is a catalyst bed. 

4. A method according to claim 2 wherein the coke is 
derived from a coking operation. 

5. A method according to claim 4 wherein the coking 
operation feed is shale oil derived from retorting oil shale. 

6. A method according to claim 5 wherein the coke 
containing the adsorbed mist is passed into the coking 
operation for coking treatment therein. 

7. A method according to claim 6 wherein coke ‘from 
the coking operation is cooled and then used to ad 
sorb said mist. 
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