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A sy tem i. provided for utiliz .ng lines of carbonaceous 
materials uch as parllcle or pIeces of oil shale of about 
one-half Inch or less diameter which are rejected for use 
in some conventional or prior surface retonin3 process, 
whIch obtains ma.;;;imum ulllization of the energy con
tent of the lines and which pr _ uces a waste which is 
relatively inert and of a siLe to facilitate disposal. The 
system includes a cyclone retort (20) which pyrolyzes 
the lines in the presence of heated gaseou combustion 
products. the cyclone reton having a lirst outlet (30) 
through which vapors can exit that can be cooled to 
provide OIl, and having a second outlet (32) through 
which pent hale lines arc removed. A burner (36) 
connected to the spent shale outlet of the cyclone re
ton, bums the pent shale with air, to provide hot com
bustion products (24) that are carried back to the cy
clone relon to supply gaseous combustion products 
utilizer! therein. The burner heats the spent shale to a 
temperature which forms a molten slag, and the molten 
slag is remo ed from the burner into a quencher \48) 
that suddenly cools :re molten slag to form granules 
that are relallvely inen and of a size that is convenient 
to handle for di posal in the ground or in industrial 
processes. 

11 Qaims, 2 Drawing Filllll'et' 
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SYSTEM r-OR lTIlLlZING OIL SHALE FINES 

BACKGROUND OF THE INVENTION 

Processes for recovering 011 from carbonaceous ma
terial uch as oil shale. typica!ly utilize particles of a size 

2 
to granulize it . The resulting granules are relatively 
mert 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 inver.tion will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 

of about one-half inch to 31 inches diameter. Particles of 
a~ut ooe-half inch diameter and less. which are com
monly relerred to as fines. are removed from the feed 10 
stoc' since they can cause channeling in the retort 
wherein the fines fuse and hlock the retorting gas flow 
except along limited areas where there is consequent 
overheating. Such lines. which are typically particles 
less than o:Je-hAlf inch diameter and wherein the aver- U 
age fines size iJ about one-quarter inch. may T'.:present 

BRIEF DESCRIPTION OF THE ORA WINGS 

FIG. 1 is a diagrammatic view of a system for utiliz
ing fIDes. which is in accordwce with the present inven
tion. 

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

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

about 10% of the oil shale. Tne inability to effectively The present invention relates to a system for utilizing 
utilize such fines wast~s an appreciable portion of the fIDes such as those of oil shale. which are the small 
mined oil shale. :\Ild also constitutes a waste that ml:y be particles that result from various mining and crushing 
difficult to dispo of. Among the many reasons for the 20 operat ons that are performed on oil shale. The larger 
difficulty in disposal are the lr.rge quantities involved. particles. of a size such as about one-half inch to 36 
Also disposal presents problems because o'-the presence inches. may be processed as in a column retort wherein 
of organic material that may seep into the environment the shale particles art. 'opped into the top of an en-
when the W8$te is buried, and because the dust I)resent closed oil shale column while a limited amount of air 
in the fIDes may increASe the cost of h"lndJing it. 2S and recycled product gas flows through the column to 

heat the oil shale and convert most of the kerogen 
therein :0 oil 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.e. fIDes under 
about one-quartLr inch comprise half the total weight of 
fIDes) of perhaps one-quarter inch, or about one-half 
centimeter. In some systems. the fIDes if used can fuse 
together and hamp: r the retorting process. However. 
about 10% of oil shale obtained after the crushing pro
ces.; 1$ in the form of fines. and the wasting of the fines 
results in the wastage of sub tantial oil a.,d energy. and 
also results in a,.d isposal problem. 

OBJECTS OF THE INVENTION 

One object of the present invention is to provide a 
method and apparatus utilizing fin~ of carbonaceous 
materials such as oil shale, to obtain oil or other energy 30 
llOurces therefrom. 

Another objcct 1$ to provide a system for extracting 
fuel or energy from fines of carbonaceollS material 
while fOrming a waste product that is easily handled 
Rnd disoo~ of. 3S 

Another objec is to provide a system for utilizing 
fines of carbo:ta~us material. which e tracts oillhere
from utiliziltg equipment that operates at high efficiency 
in tl".e utilization of energy and in the avoidance of 40 
breakdown~. 

SUMMARY OF THE INVENTION 

In accordance 'vith O:1e embodiment of the present 
inve tion. a ~ystem is provided for productively utiliz- 45 
ing fines of carbonaceous material. The system includes 
a retort for pyrolyzing the fines to produce at least 
vapors (i .e. typically gas. vapon and liquid) that can be 
condensed into oil. as well as to produce spent shale. 
The system alM> includes a bumer for burning the spent SO 
shale in air, 10 produce hot gaseous combustion prod
ucts that are returned to the retort to provid" a hot 
sub tanti:llly non-(lxydizing medium in which the fines 
are pyrolyzed. In short. the combu tion of spent shale 
provides at least part of the heat for the pyrolysis ss 
t~ro\Jgh beat ex hange of the hot gaseous products with 
tho:: frCc'lh fines. 

The retort can include a cyclone ch mber with all 
inlet through which fines and the gaseous combustion 
products are delivered. TIle chamber has a periphery 60 
which is of drcular cross section. and he iJ let extends 
largely tangential to the chamber to circulate the in
coming fines and hot gas (i.e: fluidized fines) along the 
chamber. 

The burner in w:lich the spent shale 1$ burned to 6S 
pmv;de gnseou. combustion products for the pyrolyzer. 
ca!l heat the spent !Ihale so that the ash exits the burner 
in a molten state. The molten ash is quenched in water 

FIG. 1 illustrates a system for utilizing carbonaceous 
fines such as those of oi! hale. to produce additional oil 
and other fossil derived products. to provide energy 
that can be uttlized t the site. For example. the fIDes 
produce energy which can be used to produce electrical 
power. and also he fines produce an essel1tially inert 
and uniform size wask that can be easily disposed of 
either in the ground or utilized In industry. The systerr. 
includes a shale feeder U having a hopper 14 for receiv
ing the fIDes and a screw feeder 16 for advancing the 
flD into an inlet 18 of a retort system ZO. The retort 
system includes another inlet 22 for receiving hot sub
stantially nonoxidizing gases that provide tlte heat to 
enable operation f 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 tbe cyclone Iy!tort. The partiCUlar gases 24 received 
through the inlet 22 are flue gases which are combus
tion products. As con tempi ted here, some oxygen (air) 
enters the retort, however. most of the gases are nonoxi
dizing. The shale oil fIDes .16 and hot gases 14 enter a 
cyclone retort chamber 28 of the retort system. where 
the heat of the gases ].4 heat the fines to pyrolyze them. 
The reaction releases 8 gas-oil mist as well as some shale 
dust, all of which exit the chamber u,rough an outlet lO. 
The ..rger pyrolyzed f,"~ drop to the bottom of the 
cyclone chamber Dnd are removed through an outlet 32. 

The spent shale t 34 which plUSeS through the relort 
outlet 32. en ten a cyclone furnace or burner 36 where 
it is burned with air delivered through inlets 38 and 40' 
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of the burner. The burner operates at a relatively high 
temperature such as about 2,400· F., which substantially 
completely oxidizes organic material .:>n the spent shale. 
The gaseous combustion products, or flue gases 24, 
leav.: the burner through an outlet 40. A portion of the 5 
hot gases 24 are carned 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 fmes 26. 

As a result of burning the spent shale (and supple men- 10 
tary fuel), ash 44 is generated which is at a temperature 
sufficiently high that it is molten. The mollen ash 44 
leaves the burner through an outlet 46 and immediately 
enters a quencher 48, where the. molten ash is dropped 
into water. The quenching operation granulizes the ash. 15 
Accordingly, relatively inert ash particles 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 20 
products Thus, the heat ge.lerated by the burner 36 not 
only produces the hot non-oxidizing gases utilized in the 
retort, but also ensbles 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 25 
outlet 50 where it can be tnnsported away. 

A product of the cyclone retort 20 is the gas-oil mist, 
together with some shale 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- 30 
curs fltst 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 
pa!--.es through another heat exchanger 58 where it is 
cooled to a much lower temperature by cooling water, 35 
and entel's 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 oelivers oil 66 that can be 
stored for later use as fuel, and has another outlet 68 40 
which delivers the separated water. 

The entrainment separator 60 has another outlet 70 
through which volatile components of the product ob
tained from the retort are recovered, which are compo
nents that do not condense at the moderate tempera- 45 
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 gL' to the cy- 50 
clone burner 36 so 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 burner ,·ithout consid
erable preheating ofthe gas. Additional fuel for increas
ing the temperature in the burner 36 to assure a molten 55 
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, thM are required for 60 
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 
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gas-oil mist from the retort. Finally, the he-a ted air is 
delivered thnugh the inlet 38 to help carry the spent 
shale particles and supplemental 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 lIot been utilized in 
some retorts because a static or slow moving column 
o::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 fmes 
such as those left in the obtaining of oil from oil shale, 
are of about l 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 moderatel y small particles of up to about i inch 
diameter, are effectively pyrolyzed by the use of the 
cyclone retort system 20 and the spent shale more easi!y 
handled and disposed of. 

As shown in FIG. 2, the cyclone retort 20 wcludes a 
combined inlet 90 through which the oil shale fines and 
flue gases are delivered to the retort chamber 28. The 
retort cha;nber 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 fmes and 
hot gases. 'The cyclone action provides a long path
length indicated at 92, along which the fmes md hot 
gases move, relatively rapidly to maintain the fmes in 
su~pension or fluidized within the chamber 18 for a 
period of several seconds which is required to pyrolyze 
the larger of the fines. The cyclone action also tends to 
maintaJn the larger and heavier particulates near the 
periphery of the retort chamber, while allowing gases, 
oil vapors and oil mist, or droplets recovered from the 
pyrolyzed fmes to flvw towards the middle of the cham
ber to fmd their way wto 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 a 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 Iceep particles of a size such as up to perhaps 
one-half inch diameter in contact with the hot gases, 
while avoiding the fusing together of the fmes that 
could cause their joining together, facilitates the pyro
Iyzmg of the fines. 

One ~y5tem has been designed, as shown in the fig
ures, for processing shale oil fmes of a size of one-h&lf 
mch diameter and less, and with an average size of 
one-quarter inch. The properties of the oil shale charge 
are as listed in the following table: 

by a blower 80 through the water bath :>f th Cjuencher 65 PROPERTIES OF SHALE CHARGE 
48, to cool the water so as to minimize its use and to heat ---F-joc-he-, -A-"'- y ";;""';"';---";;""~;';';;;17';".7"";"1PI~----
the air. The somewhat heated air passes through the Shale lX",uy lJ' lb/cu n. 
heat exch.tnger 54 to additionally heat it and cool the Bulk IXn uy approximately II Ib/cu n. 

t · 
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practice of the invention. For an input to the cyclone 
retort chamber 28 of one ton shale fines of the proper
ties hsted above at 600· F ., and S70 po;:'''Ids of flue gas 
combustion products at 2,tWO· F ., the output of the 

, retort includes the following produC1ts that u: all at 
I,M· F .: 162 pounc!s oil, 10 pounds water, 80 pounds 
gas, 17"8 pounds spent shale, and S70 pounds comb us-

Raw Shale Dn.d AI 221·.,:F.,.;.· . ..;;fo:.:,r.,:I.,:H..;;o;.;,u_r ___ W......;..,.::,gh;,;.;t.,:9fo..;...._ tion prod.lcts (the designation oil or water indicates the 
Mln.ral CCh 18.90 slate when cooled to room temperature). The input to 
Carbon (total) 17. ~9 10 the cyclone furnace includes 1748 pounds spent shale at 
Carbon (org&nlC) 12.43 1,000· F., 262S pounds of air at 1,000· F . and 261 pounds 
Hydrog.n 01.~1 of coal at 77· F . The output of the furnace (all at 2,800· N,trog.n ~ 
Sulrur 0.63 F .) includes 3~2S pounds of gaseous combustion prod-
Ash 65.63 ucts, and 1310 pounds ofsiag. The amount fcoal sup-

__ G~rosa::...;H...:.ea=tJn;;:g:...V,;..al=uc;....-_______ ;;.;2,.;,;~90..:..:B;.;,tu/l:.:..;.;b;....-_ U plied to the furnace can be reduced by operllting it at a 

The shale is supplied to the hopper 14 at neady room 
temperature and is heated in the heat exchanger 82 to 
about 600· F. l11e flue gas entering the retort at inlet 22 
i at approximately 2,400· F. The fines are heated to 20 
approximately 1,000· F . in the retort cham~r 28. The 
retort chamber 28 is of a dl!t!neter of about 9 feet and a 
height of about 37 feet, to permit the processing of 
about 1,000 tons of oil shale fmes per day. The relidence 
time of the oil shale fmes in the retort environment of 2' 
about 1,000· F . IS 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- 30 
duced tangentially to the cyclone burner 36. Small par
ticles of solid fuel bum upon entering the burner, while 
larger particles are thrown outwardly by centrifugal 
force and stick in the molten slag lining the circumfer
ence of the burner where they are burned. The cyclone H 
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 ,Iule per day. The temperature in the 
burner is about 2,400· F. The main temperature rr.quire
ment of the burner is to assure that spent shale is pro- 40 
vided as a molten slag that C8'l be quenched to produce 
a granulated waste product in the quencher 48. MorC' 
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 ., 
discussed 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 ~ 
liquid hydrocarbons (after cooling to near room tem
perature) in reasonable reaction times. Such yield can 
be obtained at retorting temperatures above about 900· 
F .. and a 1000· F. temperature assures s<lch 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, although higher tem
peratuft.s provide better assurance of rapid and com- 60 
plete melting of all slag but require more supplementary 
fuel and produce somewhat greater energy losses from 
the burner. . 

TIle system can be operated as described above, but 
with the burner 36 operating at 2,800· F. to assure that 6' 
all ash, or slag is molten. For such a case illustrative 
inputs and outputs of various components of the system 
<lIld other parameters are described hereafter to aid 

ItOmewhat 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 
pounds of air at 77· F., and 1398 pounds of cooling 
wai:c:r 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 
fmes of carbonaceous material such as oil shale, not only 
to derive energy therefrom in the form of oil and gas 
that can ~ burned and hot combustion products that 
can be utilized as to operate an electrical generator at 
the site, but which also facilitates cti3posal by forming 
the solid waste as substantially inert granules. This is 
accomplished by pyrolyzing the fmes 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 temp.!rature, 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 fmes suspended in the 
hot flue gases. This cyclone process helps avoid the 
formatior. 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 small particles 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 small 
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 fmes of carbonaceous mate

rial, of a size on the order of magnitude of one-h3 finch 
and less, comprising: 

a cyclone retort chamber having an inlet for receiv
ing said fmes and hot gases, and having means lor 
circulating fmes around said chamber whereby said 
fines are maintained in a flu idized 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 coupl~ to said spent fine 
outlet of said retort, for burning said spent fine 
material to generate sub tantially oxygen-free gnse- S 
ous combustion products, said burner having an 
outll"t connected to said inlet of said retort f,.... 
supplying hot gas thereto which is formed of sub
stantially oxygen-free combus:ion products. 

2. Thr: apparatus described in claim 1 wherein: said 10 
means for circulating fines includes said inlet being 
constructed to extl..nd largely tangential to said cyclone 
chamber to circulate incoming material in a fluidized 
state around the chamber. 

3. Apparal:.JS for utilizing carbonacoous fines, com- I~ 
prising: 

a retort having a first inlet for receiving fines, a sec
ond inlet for receivir.fl hot substantially nonoxidiz
ing gas, a first outlet for removing gas, and a sec-
ond outlet for removing spent fmes; 20 

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

a burner having a flfSt inlet coupled to said second 
retort outlet for receiving spent fines, a second inlet 2S 
for receiving air to bum the spent fines , a flfst 
outlet for removing flue gllS, and a second outlet 
for removing molten asb; 

means coupling said first humer outlet to said second 
retort inlet for delivering flue gas from said burner 30 
to said retort; and 

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

4. The apparatus described in claim 3 including: 
means for applying supplementary fuel to said burner, H 

to heat the spent fines teo a temperature at which 
substantially the coal ash is molten. 

S. 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 40 
coupled to said I.:hamber to introduce said fines and 
nonoxidizing gas substantially tangentially to said 
chamber to fluidize and move in largely a helix 
therein. 

6. Apparatus for utilizing fmes of carbonaceous mate- 4~ 
rial, of a size on the order of magnitude of one-half inch 
and less, comprising: 

a cyclone retort cbamber having an inlet for receiv
ing said fines and hot gases, and having means for 
circulating fines around said chamber whereby said SO 
fmes 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 
for removing spent fine material from said cham
ber; and 

a humer baving an inlet coupled to said spent fme 
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 60 

6S 
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supplying hot gas thereto which is formed of sub
stantially oxygen-free combustion products; 

mean coupled to said burner to supply supplemen
tary fuel to heat the inside of the burner to supply 
supplementary fuel to heat the in5ld~ of the burner 
to a temperature at which the ash therein is mt'lten, 
said burner baving 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 wd fines circulating around the 
chamber in a fluidized state with hot substantially 
non-oxidiziilg 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 whicb the resulting ash is molten; 
and 

carrying at least part of the bot 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 t m
perature therein to a level at which the as 1 is mol
ten. 

~. The method described in claim 7 including: 
carrying at least some of the volatile components, 

that remain after said cooling of gas ff:Uloved from 
the retort, to said burner to burn said volatile com
ponents. 

10. The method described in claim 7 wherein: 
said fmes indudes particles up to about one-half inch 

diameter, and said step of retorting includes passing 
said flOes and hot non-oxidizing gases in a substan
tially tangential direction int, a retort chamber 
baving a peripbery 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 fmes 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 exces.s flue gas 
needed in said cyclone retort is generated thereby, 
and 

quencning the molten ash. 
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