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1
SYSTEM TFOR UTILIZING OIL SHALE FINES

BACKGROUND OF THE INVENTION

Processes for recovering oil from carbonaceous ma-
terial such as oil shale, typically utilize particles of a size
of about one-half inch to 34 inches diameter. Particles of
about one-half inch diameter and less, which are com-

monly referred to as fines, are removed from the feed 1

stock, since they can cause channeiing in the retort
wherein the fines fuse and block the retorting gas flow
except along limited areas where there is consequent
overheating. Such fines, which are typically particles
less than oae-halfl inch diameter and wherein the aver-
age fines size ii about anc-quarter inch, may ropresent
about 10% of the oil shale. Tne inability to ¢fTectively
utilize such fines wastes an appreciable portion of the
mined oil shale, and also constitutes a waste that mzy be
difficult to dispose of. Among the many reasons for the
difficulty in disposal are the lcrge quantities involved.
Also disposal presents problems because of the presence
of organic material that may seep into the environment
when the waste is buried, and because the dust nresant
in the fines may increase the cost of handling it.

OBJECTS OF THE INVENTION

One object of the present invention is to provide a
method and apparatus utilizing fines of carbonaceous
materials such as oil shale, to obtain oil or other energy
sources therefrom.

Another object 18 to provide a system for extracting
fuel or energv from fines of carbonac:ous material
while forming a waste product that is easily handled
end disnosed of.

Another object is to provide a system for utilizing
fines of carboaaceous material, which extracts il chere-
from utilizing equipment that operates at high efficiency
in the utilization of energy and in the avoidance of
breakdawns.

SUMMARY OF THE INVENTIONM

In accordance with ane embodiment of the present
itvention, a system is provided for productively uiiliz-
ing fines of carbonaceous material. The system includes
a retort for pyrolyzing the fines to produce at leas:
vapors (i.e. typically gas, vapors and liquid) that can be
condensed into oil, as well as to produce spent shale.
The system also includes a burner for burning the spent
shale in air, to produce hot gaseous combustion prod-
ucts that are rzturred to the retort to provide a hot
substantially non-oxydizing medium in which the fines
are pyrolyzed. In short, the combustion of spent shale
provides at least part of the heat for the pyrolysic
tarough heat exchange of the hot gaseous products with
th= fresh fines.

The retort can include a cyclone chamber with an
inlet through which fines and the gaseous combastion
products are delivered. The chamber has a periphery
which is of circular cross section, and the inlet extends
largely tangential to the chamber to circulate the in-
coming fines and hot gas (i.e. fividized fines) along the
chamber.

The burner in wiich the spent shale 1s burned to
prov.de gaseous combustion praducts for the pyrolyzer,
can heat the spent shale so that the ash exits the burner
in a molten state. The maiten ash is quenched in water

2
to granujize 1t. The resulting granules are relatively
nert and provide a form of waste that is easy to handle.
The novel features of the invention are set forth with
particularity in the appended claims. The invertion will
be best understood from the following description when
read in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view of a system for utiliz-
ing fines, which is in accordznce with the present inven-
tion.

FIG. 2 is a partial perspective view of the cyclone
retort of the system of FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention relates to a system for utilizing
fines such as those of oil shale, which are the small
particles that result from various mining and crushing
operations that are performed on oil shale. The larger
particles, of a size such as about one-half inch to 3}
inches, may be processed as in a column retort wherein
the shale particles are -opped into the top of an er-
closed oil shale column while a limited amount of air
and recvcled product gas flows through the column to
heat the oil shale and convert most of the kerogen
therein 0 o1l and gas. Some converting processes avoid
the use of fines, which are small particles less than about
one-half inch diameter, or about one centimeter, and
which have an average size (by weight, i.c. fines under
about one-quarter inch comprise half the total weight of
fines; of perhaps one-quarter inch, or about one-half
centimeter. In some systems, the fines if used can fuse
together and hamper the retorting process. However,
about 109 of oil shale obtained after the crushing pro-
cess is in the form of fines, and the wasting of the fines
results in the wastage of substantial oil aad energy, and
also results in a_disposal problem.

FIG. 1 illustrates a system for utilizing carbonaceous
fines such as those of ot shale, to produce additional oil
and other fossil derived products, to provide energy
that can be utilized at the site. For example, the fines
produce energy which can be used to produce electrical
power, and also ihe fines produce an essentially inert
and uniforn size waste that can be easily disposed of
cither in the grcund or utilized in industry. The system
includes a shale feeder 12 having a hopper 14 for receiv-
ing the fines and a screw feeder 16 for advancing the
fines into an inlet 18 of a retort system 20. The retort
system includes another inlet 22 for receiving hot sub-
stantially nonoxidizing gases that provide the heat to
2nable operation «! the retort. By substantially nonoxi-
dizing gas is meant gases having very little and prefera-
bly no free oxygen present to oxidize oil shale products
in the cyclone r:tort. The particular gases 24 received
through the inlet 22 are flue gases which are combus-
tion products. As contemplated here, some oxygen (air)
enters the retort, however, most of the gases are nonoxi-
dizing. The shale oil fines 26 and hot gases 24 enter a
cyclone retort chamber 28 of the retort system, where
the heat of the gases 24 heat the fines to pyrolyze them.
The reaction releases a gas-oil mist as well as some shale
dust, all of which exit the chamber through an outlet 30.
The iarger pyrolyzed fines drop to the bottom of the
cyclone chamber and are removed through an outlet 32.

The speat shale at 34 which paises through the retort
outlet 32, enters a cyclone furnace or burner 36 where
it is burned with air delivered through inlets 38 and 40’




RETTIR

4,340,463

3

of the burner. The burner operates at a relatively high
temperature such as about 2,400° F., which substantially
completely oxidizes organic material on the spent shale.
The gaseous combustion products, or flue gases 24,
leave the burner through an outlet 40. A portion of the
hot gases 24 are carried by a conduit 42 from the burner
outlet 40 to the retort inlet 22. Accordingly, the non-
oxidizing hot gases are utilized in the retort chamber 28
to fluidize and pyrolyze the fresh fines 26.

As a result of burning the spent shale (and supplemen-
tary fuel), ash 44 is generated which is at a temperature
sufficiently high that it is molten. The molien ash 44
leaves the burner through an outlet 46 and immediately
enters a quencher 48, where the molten ash 1s dropped
into water. The quenching operation granulizes th= ash.
Accordingly, relatively inert ash panicles are gener-
ated, which are of a uniform size which is large enough
to avoid dust problems. Such granules can be readily
disposed of, either by using them as land fill, or in indus-
trial processes such as to form lightweight aggregate
products Thus, the heat geierated by the burner 36 not
only produces the hot non-oxidizing gases utilized in the
retort, but also enables the ash waste product to be
readily converted to a f \rm that facilitates disposal. The
granulated ash or slag exits the quencher 48 through an
outlet 50 where it can be transported away.

A product of the cyclone retort 20 is the gas-oil mist,
together with some shaie dust, shown at 52, which
leaves the retort through the outlet 30, and which must
be cooled to recover the oil therein. Some cooling oc-
curs first along a heat exchanger 54, where heat in the
gas-oil mist is delivered to the incoming air 56 that is
utilized in the burner. The partially cooled gas-oil mist
paszes through another heat exchanger 58 where it is
cooled to a much lower temperature by cooling water,
and enteis an entrainment separator 60. The separator
60 has an outlet 62, where the oil, together with water
mixed therein, is recovered. This mixture can be passed
through a separator 64 which delivers oil 66 that can be
stored for later use as fuel, and has another outlet 68
which delivers the separated water.

The entrainment separator 60 has another outlet 70
through which volatile components cf the product ob-
tained from the retort are recovered, which are compo-
nents that do not condense at the moderate tempera-
tures to which the gas from the retort has been finally
cooled. This gas in outlet 70 is a relatively low btu gas,
but still contains substantial amounts of energy. It can
be employed to operate a turbine to produce electricity.
I is also possible to deliver the low btu gas to the cy-
clone burner 36 3o as to aid in the burning of the spent
shale, except that a low btu gas may not produce the
required high temperature in the bumer without consid-
erable preheating of the gas. Additional fuel for increas-
ing the temperature in the burner 36 to assure a molten
ash or slag, can be delivered thereto through a feeder 74
that can feed a high btu fuel such as coal into the burner.
The high temperatures in the burner that assure a mol-
ten slag, result in the production of more flue gases
exiting through the outlet 40, than are required for
operation of the retort system 20. Excess flue gases can
be removed through a conduit 76 for other uses, such as
steam production for electrical generation.

The air utilized in the burner 36, is initially blown in
by a blower 80 through the waser bath of the quencher
48, 10 cool the water so as to minimize its use and to heat
the air. The somewhat heated air passes through the
heat exchanger 54 to additionally heat it and cool the
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gas-oil mist from the retort. Finally, the heated air is
delivered through the inlet 38 to help carry the spent
shale particles and supplementnal coal or other fuel into
the burner, as well as through an inlet 40 to supply
additional air for burning the material in the burner.
Additional heat exchangers can be utilized in the sys-
tem, such as at 82 to preheat the oil shale fines as by
utilizing the gas-oil mist from the retort or the hot flue
gases such as at 76.

As mentioned earlier, fines with an average size on
the order of one-quarter inch have not been utilized in
some retorts because a static or slow moving column
~ontaining such fines tends to become plugged at least
in part due to the fines fusing together. It may be noted
that it has been suggested that very fine particles can be
pyrolyzed by injecting them through a nozzle into a
chamber containing a largely nonoxidizing gas. How-
ever, the problem presented in the utilization of fines
such as those left in the obtaining of oil from oil shale,
are of about ) inch size and less and additional effort
would be required to crush those particles to a small
size and handle the resulting dust. In the present inven-
tion, the moderately small particles of up to about } inch
diameter, are effectively pyrolyzed by the use of the
cyclone retort system 20 and the spent shale morc easily
handled and disposed of.

As shown 1n FIG. 2, the cyclone retort 20 iucludes a
combined inlet 90 through which the oil shale fines and
flue gases are delivered to the retort chamber 28. The
retort chamber 28 has a periphery of circular cross
section, which is substantially uniform along the upper
portion of the chamber and which is of decreasing di-
ameter along the lower portion. The combined inlet 90
is directed tangentially to the chamber 28, to form a
cyclone, vortex, or a spiral movement of the fines and
hot gases. The cyclone action provides & long path-
length indicated at 92, along which the fines and hot
gases move, relatively rapidly to maintain the fines in
suspension or fluidized within the chamber 28 for a
period of several seconds which is required to pyrolyze
the larger of the fines. The cyclone action also tends to
maintain the larger and heavier particulates near the
periphery of the retort chamber, while allowing gases,
oil vapors and oil mist, or droplets recovered frcm the
pyrolyzed {ines to {low towards the middle of the cham-
ber to find their way irto the outlet 30. The combined
inlet 90 is located near the top of the vertically-extend-
ing chamber 28, so that the larger fines move in & down-
ward helix until they reach the bottom of the chamber
where they collect and can be removed. The gas outlet
30 is near the top of the chamber. Thus, the use of a
cyclone to keep particles of a size such as up to perhaps
one-nalf inch diameter in contact with the hot gases,
while avoiding the fusing together of the fines that
could cause their joining together, facilitates the pyro-
lyzing of the fines.

One system has been designed, as shown in the fig-
ures, for processing shale oil fines of a size of one-hslf
inch diameter and less, and with an average size of
ore-quarter inch. The properties of the oil shale charge
are as listed in the following table:

PROPERTIES OF SHALE CHARGE

Fischer Assay 21.7 gpt
Shale Density 138 Ib/cu ft.
Buik Density approximatcly 81 Ib/cu ft
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-continued

PROPERTIES OF SHALE CHARGE
0.5 inch

Parucle Size less than

Raw Shale Dried Az 221" F. for 1 Hour

Minerai CO;
Carbon (total)
Carbon (organic)
Hydrogen

Nitrogen

Sulfur

Ash

Gross Heating Value

Weight %

18.%0
17.59
12.43
1.77
041
0.63
65.68
2,590 Bru/lb

The shale is supplied to the hopper 14 at neaily room
temperature and is heated in the heat exchanger 82 to
about 600" F. Th:e flue gas entering the retort at inlet 22
is at approximately 2,400° F. The fines are heated to
approximately 1,000° F. in the retort chamber 28. The
retort chamber 28 is of a diameter of about 9 feet and a
height of about 37 feet, to permit the processing of
about 1,000 tons of oil shale fines per day. The residence
time of the oi! shale fines in the retort environment of
about 1,000° F. 1s about six seconds. The linear veloci-
ties through the retort are about 18 feet per second.

The spent shale particles exiting the retort, together
with coal particles supplied from the hopper 74 and
primary air supplied through the inlet 38, a-e intro-
duced tangentially to the cyclone burner 36. Small f.ar-
ticles of solid fuel burn upon entering the burner, while
iarger particles are thrown outwardly by centrifugal
force and stick in the molten slag lining the circumfer-
ence of the bumer where they are burned The cyclone
burner has a diameter of about 8 feet and a length of
about 11 feet, which is more than sufficient to hand'e
1,000 tons of oil shale per day. The temperature in the
burner is about 2,400° F. The 1nain temperature require-
ment of the burner is to assure that spent shale is pro-
vided as a molten slag that can be quenched to produce
a granulated waste product in the quencher 48. More
flue gas exiting from the burner at the outlet 40 is gener-
ated than is needed to heat the shale fines in the retort
chamber 28 to the processing temperature therein. As
discnssed above, the excess is delivered over a conduit
76 to other apparatus such as for generation of electric-
ity.

The temperature in the retort chamber 28 of about
1,000 F. is chosen to provide relatively high yields of
liguid hydrocarbons (after cooling to near room tem-
perature) in reasonable reaction times. Such yields can
be obtained at retorting temperatures above abou: 900°
F., and & 1000° F. temperature assures such reaction.
Temperatures much above 1,000° F. yield decreasing
amounts of liquid in favor of gases, and the liquids tend
to contain higher proportions of aromatic compounds.
The temperature of about 2,400° F. in the cyclone fur-
nace can generate a molten slag, althovgh higher tem-
peratures provide better assurance of rapid and com-
plete melting of all slag but require more supplementary
fuel and produce somewhat greater energy losses from
the burner.

The system can be operated as described above, but
with the burner 36 operating at 2,800° F. to assure that
all ash, or slag is molten. For such a case illustrative
inputs and outputs of various components of the system
and other parameters are described hereafter to aid
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practice of the invention. For an input to the cyclone
retort chamber 28 of one top shale fines of the proper-
ties listed above at 600° F., and 570 pounds of flue gas
combustion products at 2,800° F., the output of the
retort includes the following products that ars all at
1,000° F.: 162 pounds oil, 1G pounds water, 80 pounds
gas, 1748 pounds spent chale, and 570 pounds combus-
tion products (the designation oil or water indicates the
state when cooled to room temperature). The input to
the cyclone furnace includes 1748 pounds spent shale at
1,000° F., 2625 pounds of air at 1,000° F. and 261 pounds
of coal at 77* F. The output of the furnace (all at 2,800°
F.) includes 3325 pounds of gaseous combustion prod-
ucts, and 1310 pounds of siag. The amount of coal sup-
plied to the furnace can be reduced by operating it at a
somewhat lower temperature such as 2,400 F., but the
exact temperature must be controlled to assure that
molten slag is produced. In the slag quenching appara-
tus 48, the input is 1310 pounds of slag at 2,800° F., 2628
ponnds of air at 77° F., and 1398 pounds of cooling
waier at 77° F. The output includes 2625 pounds of air
at 212° F.,, 1310 pounds of slag at 212° F., and 1398
pounds of water and steam at 212° F.

Thus, the invention provides a system for utilizing
fines of carbonaceous material such as oil shale, not only
to derive energy therefrom in the form of oil and gas
that can be burned and hot combustion products that
can be utilized as to operate an electrical generator at
the site, but which also facilitates disposal by forming
the solid waste as substantially inert granules. This is
accomplished by pyrolyzing the fines in hot flue gases,
in a retort, and utilizing the spent shale which exits the
retort to supply much of the fuel in a burner that gener-
ates the hot flue gas. The burner is operated at a high
enough temperature, which is greater than required to
produce molten slag from the burner. The molten slag
can be immediately quenched to produce relatively
inert granulated slag that is easily disposed of. The
retort operates on a cyclone principal, wherein the fines
and hot flue gases enter tangentially to move in a spiral
through the retort, to keep the fines suspended in the
hot flue gases. This cyclone process helps avoid the
formation of clinkers which can occur in other retorts
as a result of the fusing together of small particles. Fur-
thermore, according to the present invention, a retort
chamber which is relatively small in size is adequate
because the pyrolysis occurs rapidly. The cyclone re-
tort enables such pyrolyzing to be performed with rela-
tively smali pzrticles that can be suspended in a rapidly
moving gas stream, including relatively large particles
of up to about one-half inch size as well as very smail
particles.

Although particular embodiments of the invention
have been described and illustrated herein, it is recog-
nized that modifications and variations may readily
occur to those skilled in the art and consequently, it is
intended that the claims be interpreted to cover such
modifications and equivalents.

What is claimed is:

1. Apparatus for utilizing fines of carbonaceous mate-
rizl, of a size on the order of magnitude of one-ha!f inch
and less, comprising;:

a cyclone retort chamber having an inlet {or receiv-
ing said fines and hot gases, and having means for
circulating fines around said chamber whereby said
fines are maintained in a fluidized state with hot
gases in said chamber, a gas outlet for removing at
least gas from said chamber, and a spent fine outlet
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for removing spent fine material from said cham-
ber; and

a burner having an inlet coupled to said spent fine
outlet of said retort, for burning said spent fine
malterial to generate substantially oxygen-free gase-
ous combustion products, said burner having an
outlet connected to said inlet of said retort f~-
supplying hot gas thereto which is formed of sub-
stantially oxygen-free combustion products.

2. The apparatus described in claim 1 wherein: said
means for circulating fines includes said inlet being
constructed to extund largely tangential to said cyclone
chamber to circulate incoming material in a fluidized
state around the chamber.

3. Apparat_s for utilizing carbonaceous fines, com-
prising:

a retort having a first inlet for receiving fines, a sec-
ond inlet for receivirg hot substantially nonoxidiz-
ing gas, a first outlet for removing gas, and a sec-
ond outlet for removing spent fines;

cooling means coupled to said first outlet for cooling
hot gas to recover oil therein;

a burner having a first inlet coupled to said second
retort outlet for receiving spent fines, a second inlet
for receiving air to burn the spent fines, a first
outlet for removing flue gas, and a second outlet
for removing molten ash;

means coupling said first burner outlet to said second
retort inlet for delivering flue gas from said burner
to said retort; and

means for quenching molten ash, connected to said
second burner outlel, to provide a granular waste.

4. The apparatus described in claim 3 including:

means for applying supplementary fuel to said burner,
to heat the spent fines to a temperature at which
substantially the coal ash is molten.

5. The apparatus described in claim 3 wherein:

said retort includes a retort chamber with a periphery
of circular cross-section, and said retort inlets are
coupled to said chamber to introducc said fines and
nonoxidizing gas substantially tangentially to said
chamber to fluidize and move in largely a helix
therein.

6. Apparatus for utilizing fines of carbonaceous mate-
rial, of a size on the order of magnitude of one-half inch
and less, comprising:

a cyclone retort chamber having an inlet for receiv-
ing said fines and hot gases, and having means for
circulating fines around said chamber whereby said
fines are maintained in a fluidized state with hot
gases in said chamber, a gas outlet for removing at
least gas from said chamber, ard a spent fine outlet
for removing spent fine material from said cham-
ber; and

a purner having an inlet coupled to said spent fine
outlet of said retort, for burning said spent fine
material to generate substantially oxygen-free gase-
ous combustion products, said burner having an
outlet connected to said inlet of said retort for

8

supplying hot gas thereto which is formed of sub-
stantially oxygen-free combustion products;

means coupled to said burner to supply supplemen-
tary fuel to heat the inside of the burner to supply
supplementary fuel to heat the inside of the burner
to a temperature at which the ash therein is melten,
said burner having an ash outlet for eliminating said
ash heated to a fluid state; and

quenching means connected to said ash outlet for
quenching the molten ash thereby to form granules
and simultaneously generate hot gases for the re-
tort.

7. A process for utilizing and disposing of carbona-

ceous fines, comprising:

pyrolyzing said fines with hot substantially nonoxi-
dizing gases in a retort having a cyclone chamber,
by maintaining said fines circulating around the
chamber in a fluidized state with hot substantially
non-oxidizing gas, removing gas from the retort,
and removing spent fines from the retort;

cooling the gas removed from the retort to recover
oil therefrom;

burning the removed spent fines in a burner to gener-
ate hot flue gases and heat said spent fines to a
temperature at which the resulting ash is molten;
and

carrying at least part of the hot flue gas from the
burner to the cyclone chamber of said retort to
supply hot nonoxidizing gas utilized therein.

removing the molten ash from the burner and
quenching it to form a granular waste.

8. The method described in claim 7 wherein:

said step of burning includes applying high energy
supplementary fuel to said burner, to raise the 1»:m-
perature therein to a level at which the asi: is mol-
ten.

9. The method described in claim 7 including:

carrying at least some of the volatile components,
that remain after said cooling of gas removed from
the retort, to said burner to burn said volatile com-
ponents.

10. The method described in claim 7 wherein:

said fines inciudes particles up to about one-half inch
diameter, and said step of retorting includes passing
said fines and hot non-oxidizing gases in a substan-
tially tangential direction int~ a retort chamber
having a periphery of circular cross-section,
whereby said fines are maintained in a fluidized
state in said chamber, and moving fluidized fines
and gas in a largely helical path along said cham-
ber.

11. The method described in claim 7 wherein:

said step of burning spent fines includes burning them
with supplementary fuel in an amount to generate a
temperature of at least about 2,400° F. to assure
that the ash is molten, even though excess flue gas
needed in said cyclone retort is generated thereby,
and

quencning the molten ash.
» . ] . »
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