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3,318,798
RETORTING OF OIL SHALE
Edward F. Kondis, Westville, and Fritz A. Smith, Cherry
Hill, N.J,, and Paul W. Snyder, Jr., Rifle, Colo., as-
signors to Mobii Gl Company, a corporation of New

York
Filed Aug, 21, 1964, Ser. No. 381,114
10 Claims, (CL 208—11)

This invention relates to the methed and means for
producing shale oil by retorting of oil shale material.
In one aspect, the invention relates to the method of im-
proving the conditions maintained in an oil shale retorting
operation to maximize the recovery of desired hydro-
carbon products, More particularly, the present inven-
tion is related to defining the operating conditions for
relatively high shale throughput rates and the method of
maintaining the defined conditions which will permit sub-
stantially optimum recovery of desired product.

Shale oil technology as we know it today has not
reached an advanced commercially attractive stage and
considerable work is yet to be done in developing a sys-
tem of commercial acceptance for the economic recovery
of valuable ol product. Oil shale is a sedimentary rock
which contains a sclid organic material known as kerogen,
When this oil shale is heated to an elevated temperature,
the kercgen is decomposed by pyrolysis to shale oil, gas
and a carbonaceous residual.

One of the simplest systems for processing oil shale
known today is a gas-combustion retort comprising four
sections known as (1) a shale preheating section forming
the upper part of the retort wherein the shale of a de.
sired size is introduced and brought up to retorting tem-
peratures by direct heat exchange with a heat yielding
fluid, (2) a retorting section wherein the kerogen com-
ponent of the shale is decomposed to shale oil vapors
and shale gas, (3) a combustion section wherein con-
trolled combustion of available combustible material is
effected to provide at least a portion of the heat energy
Tequired in the retorting operation, and (4) a shale cool-
ing section wherein the spent shale particles are cooled
to a desired low temperature suitable for handling while
preheating at least a portion of recycled gases obtained
from the shale oil product of the retorting operation.
In the system of the gas-combustion type herein discussed,
crushed shale material of a desired size and hereinafter
referred to as granular particle material is passed down-
wardly through the zones comprising the retort as a rela-
tively dense moving bed of granular material of a particle
sizé which substantially avoids heat diffusion limitations
for a given capacity unit while recycle gases passed thereto
move generally upwardly through the retort and counter-
current to the downwardly moving shale.

Some advantages of the above discussed system are
attributable to its simplicity, potential large capacity and
relatively efficient utilization of heat made available there-
to. Accordingly, in an acceptable operation, the spent
shale particles are cooled sufficiently in the retort to leave
the retort at a relatively low temperature suitable for
bandling - without resorting to expensive heat resistant
equipment, . This heat exchange in the lower portion of
the retort between the recyeled gas and spent shale gran-
ules when properly effected contributes measurably to the
thermal efficiency of the process for the reasons more
apparent from the following discussion.

It is an object of this invention to improve the opera-
tion of a gas-combustion oil shale retort.

Another object of this invention is to effectively utilize
the heat available and supplied to a shale oil retort to
optimize kerogen decomposition and recovery of decom-
position products therefrom for shale throughout rates
above 350 ibs./hr. ({t.2).
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A further object of this invention is to control the
temperature profile of a gas combustion retort in a direc-
tion tending to maximize recovery of oil shale decom-
position products.

Other objects and advantages of this invention will be-
come more apparent to those skilled in the art from the
following discussion.

The present invention relates to identifying the area
of operability of a gas-combustion oil shale retort which
can be considered commercially competitive and corre-
lating the operating conditions required to be maintained
for desired kerogen decomposistion therein in a relation-
ship tending to optimize those condtions permitting rela-
tively high cil shale throughput rates. More particular-
ly, the present invention relates to defining a preferred
region of operability of a gas-combustion retort and
identifying a correlation of operating conditions which
will permit one to operate in a preferred region of oil
shale throughput rates and maximum recovery of de-
sired kerogen decomposition products.

In one aspect of this invention it has been found that
the preferred region of operability of a gas combustion
retort is confined by (1) a low oil shale flow rate of
about 300 1bs./hr.-ft.2; (2) an upper shale flow rate of
the order of about 1000 Ibs./hr.-ft.2 Hmit which begins
to impose an undesired high pressure drop across the
retort thereby requiring usage of expensive compressor
equipment to provide adequate gas flow rates; and (3)
an upper gas temperature boundary of about 1800° F.
selected to avoid creating excessive costs in structural and
material problems, and (4) an upper shale temperature
boundary of about 1500° F. selected to avoid excessive
thermal cracking and undesirable high carbonate decom-
position temperatures. In addition, it has been found
that employing air rates in excess of about 7000 s.c.f./t.
of air falls outside a' reascnable operating range since
above this air rate the pressure drop in a retort of about
12 feet high would be in excess of about 1 atmosphere,
the shale outlet temperature would exceed a desired upper
limit of about 500° F. and peak shale temperatures would
exceed about 1500° F. leading to excessive thermal crack-
ing and undesired high carbonate decomposition.

Furthermore, the method of operation herein described
permits a preferred gas phase burning to the exclusion
of substantial coke burning and little, if any, kerogen
burning; a better temperature control within the retort;

more kerogen can be decomposed above the combustion
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zone; a high B.t.u. content off-gas may be obtained and
recovered from the retort and more rigid spent shale par-
ticles will be present thereby significantly reducing the dust
carry over from the retort,

In addition, by maintaining a shale temperature profile
in the retort in accordance with this invention, the formed
shale oil vapors are condensed into a relatively fine mist
which can pass upwardly through the shale particles for
outside the retort.

Although it is possible to operate a gas-combustion re-
tort outside the preferred limits defined by FIGURE 1
attached hereto, it is substantially less desirable for many
reasons and generally outside the scope of this invention
for the reasons herein expressed. That is, if shale rates
below about 300 1bs./hr.-ft.2 are used, large number of
retorts are required. On the other hand, employing shale
rates above about 1000 and as high as up to about 2000
Ibs./hr.-ft.2 although possible, cause a condition of ex-
cessive or large pressure drop in the retort requiring ad-
ditional compressor equipment and generally undesirable
operating conditions leading to inefficient decomposition
and recovery of decomposed kerogen.

Accordingly, in one aspect the present invention relates
to identifying the preferred operating areas of a gas-com-
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bustion retort and defining the method of operation in-
cluding operating conditions employed therein to permit
efficient operation of the retort within the defined pre-
ferred areas.

In another aspect and perhaps more importantly, the
present invention is related to maintaining a temperature
profile within the gas-combustion retort for preferred shale
throughput rates within the range of above 300 to about
1000 1bs./hr.-ft.2 which will permit decomposition and re-
covery of desired kerogen product in amounts that may
be considered substantially optimum without encounter-
ing undesired retorting temperature conditions due to in-
sufficient or uncontrolled burning of available combustible
materials in the retort.

Accordingly, in the method of this invention, a portion
of uncondensible shale gas recovered from the retort and
separated from desired kerogen decomposition liquid prod-
uct is recycled to the retort. A substantial portion of the
separated and recycled gas is passed to the lower or
bottom portion of the retort for flow upwardly there-
through under conditions to preheat the recycle gas by
countercurrent contact with downwardly moving hot shale
particles, The remaining recycled portion of recovered
shale gas herein referred to as dilution gas is employed
when combined with air as a heat carrying gaseous mate-
rial to the combustion section of the retort. That is, the
portion of dilution gas and air mixture passed to ihe
combustion section of the retort is preheated either di-
rectly or indirectly, by combustion, for example, or
other suitable means to a desired elevated temperature.
The minimum extent of gas heating effected by the
methods herein described is determined in accordance
with the formula relationship hereinafter provided so that
upon introduction to the retort the temperature profile
of the recycled gaseous material having entered the bottom
and passed upwardly through the retort under heat ex-
change conditions countercurrent to the hot shale par-
ticles will not be reduced any substantial amount at the
air inlet of the retort combustion section and will be of
a heat carrying capacity and combustible material con-
tent to substantially limit undesired burning and unde-
sired temperature profiles within the retort.

More particularly, the recycled shale gas herein re-
ferred to as dilution gas desirably contains combustible
components therein for the reasons herein described.

Other gaseous materials such as steam or flue gas
which are considered relatively inert in the process herein
described may be combined with the air and/or dilution
gas in desired quantities. In addition, the volume of
heat carrying gas comprising air and dilution gas passed
to the combustion section may be varied considerably
depending upon the method of heating employed and
within the range of from about 30600 to about 7000 s.c.f./t.
of shale. That is, when employing indirect heat exchange
means for heating the combustion supporting gas passed
to the retort combustion section, use of air volumes less
than about 3500 s.cf./t. and as low as about 3000
s.c.f./t. is sufficient to provide the oxygen combustion
supporting requirements of the retort. On the other
hand, when partial combustion means are employed for
directly heating the air either with or without the pres-
ence of dilution gas, a greater volume of air is generally
required which will be at least about 3500 s.c.f./t. and
more usually at least about 4000 s.c.f./t. to provide the
oxygen combustion supporting requirements within the
retort. Accordingly, it is important whether direct or
indirect heat exchange means are employed to limit the
oxygen available for combustion within the retort to
substantial combustion of gaseous material while pro-
viding kerogen decomposition heat within the retort
within the range of from about 300,000 B.t.u./ton up
to about 70,000 B.t.u./ton. Therefore, the total heat
in the retort is the direct or indirect preheat of the
combustion supporting gases referred to as the sensible
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4
heat plus the potential heat from consuming the oxygen
therein and this combined heat input should be controlled
within the range of from about 300,000 to about 700,000
B.t.u./ton of shale.

Thus, by heating the gas streams in the manner here-
in provided, the amount of air employed may vary over
a considerable range of from about 2000 to about 7000
s.c.f./ton of shale so that a higher and desired mix gas
temperature is thereby obtained when the gas streams
in the retort are combined at substantiaily the gas inlet
of the combustion section. Having a higher gas mix tem-
perature means that the gases have a shorter distance to
travel before the oxygen available in the gases is utilized
to effect desired limited burning of available combustible
materials. Accordingly, more of the heat of retorting
is supplied by sensible heat in the gases rather than
by heat of combustion on the surface of the shale par-
ticles. Thus, by operating in accordance with the method
of this invention, significantly more kerogen can be de-
composed above the combusticn zone and thermal crack-
ing and oxidation of the desired shale oil as it passes
out through the surface of the shale particle can be
eliminated.

Tables I and II, presented below, shows an order of
magnitude of the following improvements which may be
effected when operating a gas-combustion oil shale re-
tort in accordance with this invention.

For example:

(1) A greater portion of the kerogen is decomposed
before the shale particles enter the combustion zone.

(2) Operation at much higher shale rates is possible.

(3) Higher gas cooling rates are obtained in the mist
forming zone which result in a more desirable mist
and less refluxing of the shale oil.

(4) Greater overall heat efficiency, producing lower spent
shale temperatures.

(5) High heat value gas is obtained for recycle to the
retort.

TABLE I—THE EFFTECT OF PREHEATING THE AIR-DILU-
TION GAS ON THE PERFORMANCE OF THE GAS-COM-
BUSTION RETORT FOR 1I-INCH PARTICLES

Retort Length=12 Feet

Total Recycle Gas Rate=16,000 s.c.f./ton
Brine=15 Ibs./ton

Shale Richness=30 Gal./ton

Dilution Gas-to-Air Ratio=0.4 v./v.

Type of Operation
No Preheat With Preheat
Range of Shale Rate
Low | High Low High
Type of Preheat. oo oeoooom - None | None | Indirect | Indirect
Operation Conditions:
Shale Rate, lbs./hr.-ft.2 ___.._ 300 750 300 750
Air Rate, s.ef/to____. 4,000 | 4,000 3,200 3,200
Air-Dilution Gas Tem
ture, ° Fo o ——— 133 140 927 1,132
Performance Temperature, ° F.:
[ T T 133 ® 133 137
Spent Shale.. 285 (1) 248 279
Peak Gas.__. 1,175 (1) 1,335 1,390
Peak Shale 1,140 O] 1,201 1, 246
Decomposition, Percent:
Kerogen. - .o 100 (O] 100 100
Carbonates_ _ ... 9 1) 14 14
Kerogen Decomposed Above
Combustion Zone, Percent. 5 ® 95 84
Products Burned, Percent:
17 o 8 6
12 (1) 21 23
Shale - 0.5 ] 0.1 0.1
Gas Cooling Rate in Mist Form-
ing Zone, ° F./seC. .o oaeo_- 1,245 ©) 1,430 2, 600
Heating Value of Dry Gas Make,
Boa/s.Cuf e 139 ) 172 172

1 Inoperable.
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TABLE IL.—THE EFFECT OF PREHEATING THE AIR-DILU-
TION GAS ON THE PERFORMANCE OF THE GAS-COM-
BUSTION RETORT FOR 3-INCH PARTICLES

Retort Length=16 Feet

Total Recycle Gas Rate=16,000 s.c.f./ton
Brine=90 1bs./ton

Shale Richness=30 gal./ton

Dilution Gas-To-Air Ratio=0.4 v.fv.

Type of Operation
No Preheat With Preheat
Range of Shale Rate
Low | High Low High
Type of Preheat ... ... None | None | Direct | Direct
Operating Conditions:
Shale Rate, Ibs./hr.-ft.2______ 300 | 750 300 750
Air Rate,s.ef /b .. 4,000 | 4,000 4,000 4, 000
Air-Dilution Gas Tempera-
ture, ¥ 150 150 1,370 1,800
Performance Temperature, ° F.:
Ofi-Gi 160 210
Spent Shale 410 500
Peak Gas 1,238 1,340
Peak Shale._ 1,083 1,134
Decomposition, Percent:
Kerogen 100 100
Carbonates 6] ® 8 7
Kerogen Decon posed Above
Combustion Zone, Percent._..{ (1) ] 67 66
Products Burned, Percent:
Coke . oo ) O] 4 3
GaS e - (1; 1) 31 32
Shale Oil ___.__ oo ¢ @ 0.2 0.1
Gas Cooling Rate in Mist
Forming Zone, ° F.fsece occaee | (1) O] 740 1, 560
Heating Value of Dry Gas .
Make, Bbaujs.efococoi it () ® 139 139

1 Inoperable.

Accordingly, by the method of this invention, the gas-
combustion retort temperature profile throughout the
height for a shale flow rate within the range of from
about 300 to about 1000 Ibs./hr.-ft.2 for air flow rates in
the range of from about 3000 s.c.f./t. to about 7000
s.c.f./t. is very carefully controlled and regulated by pre-
heating of the air-dilution gas mixture passed to the com-
bustion section of the gas-combustion retort in an amount
‘which will permit operating within the profile of FIGURE
1 defined by EFG and H and the curves lying within the
limits of the area EHILM.

Within these limits, it has been found that the minimum
preheat temperature of the air-dilution gas mixture or pre-
heated gas passed to the combustion section of the retort
for air rates in the range of from about 3000 to about
7000 s.c.f./t. may be determined by the following equa-
tion:

T=38.82—0.1144-1.875—2.59 % 10445
+1.63X10-5424-2.09 ¢ 10—452 )
where: i

T is the temperature in ° F.,
S is the shale flow rate in Ibs./hr.-ft.2,

and
A is the air rate in s.c.f./t. entering the combustion zone.

On the other hand, the maximum preheat temperature
employed when operating at shale flow rates in the range
of 300 to about 1000 Ibs./hr.-ft.2 will be a function of the
‘decomposed shale outlet temperature set not to exceed
about 500° F., an upper shale temperature limit of about
1500° F., and an upper gas temperature of about 1800° F.
-set for the reasons hereinbefore described.

Having thus provided a general description of the im-
proved method of this invention and more specific exam-
ples in connection therewith, reference is now had to
FIGURES 1 and 2 presented herewith for a clear under-
standing of that to which this invention is directed.

Referring now to FIGURE 1, by way of example, the
preferred operating parameters defining the limits within
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6

which it is preferred to operate by the method of this in-
vention are confined within the envelope defined by the
bounds of EFGH. The envelope EFGH is defined on
its vertical axis by the air dilution Gas Temperature
(°F.) which defines the temperature of the preheated
mix gas temperature introduced to the combustion sec-
tion of the retort when employing shale flow rates within
the range of 300 to about 1000 lbs./hr.-ft.2 defining the
horizontal axis of the envelope. Within the envelope
EFGH curves LM, EJ, EX, and EH define the operating
conditions for air rates of 3000, 4000, 5000 and 7000
s.c.f./t. respectively required when operating according
to the method herein perferred and defined by the limits
of EFGH.

Referring now particularly to FIGURE 2, a diagram-
matic arrangement of processing steps is presented which
represents one arrangement of steps for practicing the
method and essence of the invention herein described.
In this arrangement, a shale retort 2 is provided having a
shale inlet 4 and a shale outlet 6. Recycle gas obtained
as more fully described hereinafter is introduced to the
Iower portion of the retort by conduit 8 and withdrawn
in part with gasiform products formed in the retort from
the upper portion thereof by conduit 1€. An inlet con-
duit 12 discharging intc a gas distributor 14 diagram-
matically represented as a conical distributor means is
provided in the combustion section of the retort for in-
troducing combustion supporting gaseous material thereto
under the condition herein described. In the operation
of the retort raw crushed shale is introduced by conduit 4
for flow downwardly through the retort as a dense mov-
ing bed of material. The raw crushed shale preferably
is of a particle size which will avoid heat diffusion limita-
tions during the particles time of travel downwardly
through the retort to the combustion section thereof. In
this connection, it is preferred that the crushed shale par-
ticles be not substantially greater than about S inches
through at least one plane of the particle and preferably
not greater than about 3 inches through zt least one plane
of the particle. The raw crushed shale granular particles
move downward through the retort; first through a shale
prebeat section and then the retorting section wherein
a major portion and preferably substantially all of the
desired kerogen decomposition is accomplished prior to
the shale particles moving through the combustion sec-
tion of the retort. From the combustion section, the
shale granules combine to' move downwardly as a rela-
tively dense mass of granular material through the shale
cooling section and countercurrent to recycle gas passed
upwardly therethrough. As indicated above, the shale
cooling is effected by directly heating the recycled gas
moving upwardly therethrough to the combustion section
of the retort. It can be seen, therefore, that beneath the
combustion section, the shale particles are generally at
a higher temperature than the gaseous material passing
countercurrent thereto and that above the combustion
section the gasiform material is generally at a higher tem-
perature than the shale particles. Accordingly, opera-
tion -of a gas-combustion retort is a thermally balanced
operation controlled to optimize the temperature profile
and efficiency in a manner which will maximize the de-
composition of kerogen and recovery of shale oil thereof.
To effect and control the thermally balanced operation
within the operating ranges herein contemplated and de-
sired, product gas of the kerogen decomposition is sep-
arated and recovered for recycle to the shale retort. A
iportion of the recycle gas in conduit 16 is passed to the
lower portion of the retort by conduit 8. Another por-
tion of the recycle gas is passed to the combustion sec-
tion of the retort by one of two routes specifically de-
scribed ‘below. That is, a portion of the recycle gas in
conduit 16 may be passed by conduit 18 to a direct fired
combustion zone 20 in admixture with air introduced by
conduit 22. The minimum proportion of recycle gas to
air passed to the burner 20 to achieve the desired preheat-
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ing of the gaseous material and oxygen content thereof
passed to the retort combustion section is determined by
the extent of minimum preheat required in accordance
with the formula relationship herein provided and dis-
cussed. Therefore, for different shale and air rates em-
ployed, the extent of preheat will be varied as provided
herein to permit a stable and efficient retorting operation.
The thus preheated air in combustion zone 20 is thereafter
passed by conduit 24 communicating with conduit 12 to
the gas distributor 14 in the combustion section of the
retort. In another embodiment of the method of effecting
desired preheating of the gas introduced to the combus-
tion section, a portion of the recycle gas in conduit 16 may
be passed by conduit 26 to conduit 24 wherein it is com-
bined with ambient or indirectly preheated air introduced
by conduit 28. A heater 30 may be provided for indi-
rectly preheating the air prior to mixing with the recycle
gas in conduit 26. The thus formed mixture may be
passed directly to conduit 12 and then to the combustion
section or additional heat may be added to the gaseous
mixture passed to the combustion section by way of an
indirect heat exchanger 32. In any of these arrangements,
whether used alone or in combination with one another,
the air and recycle gas introduced to the retort combus-
tion section is preheated to a desired amount as herein
provided to maintain a temperature profile in the retort
above the gas inlet to the combustion section which will
preferentially increase the ratio of gas burning to coke
burning thereby avoiding undesired peak shale tempera-
tures and maximize decomposition of kerogen to desired
product without substantially thermally cracking it. In
addition, by maintaining a temperature profile within the
retort as herein provided, significant reduction in car-
bonate decomposition is possible since less severe shale
temperature peaks are encountered in the retort.

Accordingly, by the method of this invention a heat
balanced operation within relatively narrow limits for
substantially any shale rates in excess of about 300
Ibs./hr.-ft.2 may be controlled as desired to assure maxi-
mum kerogen decomposition above the combustion sec-
tion and, therefore, maximum recovery of desired kero-
gen product.

The decomposed kerogen material in combination with
gasiform material introduced and formed within the re-
tort is removed as a fog or mist from the upper portion
of the retort by conduit 10  and passed to a separation
zone 34 wherein an initial separation is effected to recover
recycle gaseous material from substantially a liquid prod-
uct. The separated and recovered recycle gas is removed
from the upper portion of zone 34 and passed by conduit
36 to gas pump or blower 38. From pump 38 a portion
of the recycle gas is passed by conduit 49 to conduit 16
for recycle to the process as hereinbefore discussed. Con-
duit 42 is provided for removing gas product above that
required for recycle to the process.

Having thus provided a general description together
with specific examples and embodiments of the invention,
it is to be understood that no undue restrictions are to be
‘imposed by reason thereof and many modifications may
be made thereto without departing from the spirit
thereof.

We claim:

1. A method for thermally distilling oil shale at a shale
Tate above about 300 1bs./hr.-ft.2 which comprises passing
crushed oil shale material downwardly through a gas-
combustion retort as a relatively dense moving mass of
material through a shale preheat zone, a retorting zone,
a combustion zone and a shale cooling zone, passing re-
cycled shale gases upwardly through the retort in direct
heat exchange relationship with the downwardly moving
shale, introducing a combustion supporting gas to the
retort combustion zone and controlling gas tempera-
tures within the retort to.not exceed above -about 1800° F.
by supplying a major portion of the heat of retorting
through preheating of the introduced combustion sup-
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8

porting gas external to the retort by at least the amount
determined from the relationship:

T=38.82—0.11441.875—2.59 X 104458
+1.63 % 10-542-4-2.09 X 10452

wherein:

T is the temperature in ° F.
S is the shale flow rate in 1bs./hr.-ft.2

and

A is the combustion supporting gas rate in s.c.f. of
equivalent air/t.

2. A method for effecting the destructive distillation of
oil shale at shale rates above 300 Ibs./hr.-ft.2 and air rates
below about 7000 s.c.f./t. which comprises passing a mass
of crushed shale particles in counter current relationship
with a gaseous material passing upwardly through an oil
shale retort and controlling the shale-gas temperature
profile within the retort above the combustion zcne gas
inlet under conditions to increase the ratio of gas burning
to coke burning by supplying a major portion cf the heat
of retorting by preheating the combustion supporting gas
introduced to the combustion zone external to the retort
by at least the amount determined from the relationship
defined by:

T=38.82—0.114-+1.878—2.59 1048
4-1.63X10-5424-2.09 X 10—452
wherein:

T is the temperature in ° F.
S is the shale flow rate in 1bs./hr.-ft.2

and

A is the combustion supporting gas rate in s.c.f. of
equivalent air/t.

3. A method for effecting kerogen decomposition of oil
shale substantially completely above the combustion zone
of a gas-combustion retort when retorting oil shale at a
rate in the range of from about 300 to about 1000
Ibs./hr.-ft.2 employing air rates in the range of from about
3000 to about 7000 s.c.f./t. which comprises limiting peak
temperatures encountered in the retort by supplying a ma-
jor portion of the heat of retorting through preheating the
air and diluticn gas introduced to the combustion zone of
the retort outside of the retort by at least the amount de-
termined in accordance with the formula:

T=38.82—0.11441.878—2.59x 10—%4S
1 1.63X 10-54242.09 X 10—482
wherein:

T is the temperature in ° F.
S is the shale flow rate in lbs./hr.-ft.2

and
A is the air rate in s.c.f./t.

4. A method for increasing the combustion ratio of gas
burning to coke burning within a gas-combustion oil shale
retort with a concomitant gas temperature limitation of
about 1800° F. which comprises establishing an oil shale
flow rate within the range of 300 to about 1000
Ibs./hr.-ft.2 and an air rate below about 7000 s.c.f./t. to the
retort, burning a portion of recovered oil shale gaseous
material in heat exchange relationship with the air ex-
ternal to the retort to form a heated air containing dilu-
tion gas suitable for introduction to the retort combustion
zone under condition to elevate the temperature of the
air containing dilution gas by at least an amount deter-
mined from the relationship:

T=38.82—0.1144-1.875—2.59 X 10245
+1.63X10-5424+2.09X 10~452
wherein: ’

T is the temperature in ° F.
S is the shale flow rate in 1bs./hr.-ft.2
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and
A is the air rate in s.c.f./t.

and introucting the thus preheated air containing dilution
gas as the major heat source to the retort combustion
zone.

5. A method for improving the temperature profile of
a gas-combustion retort processing il shales at a rate in
excess of about 300 Ibs./hr.-ft.2 employing air rates in the
range of from about 2000 to about 7000 s.c.f./t. which
comprises passing crushed shale particles downwardly
through a gas-combustion retort under increasing tem-
perature profile conditions extending downwardly through
the retort to the combustion zone thereof, limiting peak
shale temperature encountered in the increasing tempera-
ture profile to about 1500° F. by supplying a major por-
tion of the retort heat as sensible heat in externally pre-
heated air containing gaseous material, and said air con-
taining gaseous material preheated by at least the amount
determined from the relationship:

T=38.82—0.1144-1.875—2.59 x 10—4A4S
+1.63X10-5424-2.09  10—452

wherein;

T is the temperature in ° F.

S is the shale flow rate in Ibs./hr.-ft.2
and

A is the air rate in s.c.f./t.

6. A method for effecting the destructive distillation
of oil shale in a gas combustion retort within the bounds
of an oil shale flow rate from about 300 to about 1000
Ibs./hr.-ft.2 and a maximum shale temperature of about
1500° F. within the retort which comprises establishing
an air flow rate in the range of 4000 to about 7000 s.c.f./t,
to the retort combustion zone and externally preheating
the thus established air stream in an amount sufficient to
provide a major portion of the heat of retorting by at
least the amount determined from the relationship:

T==38.82—0.114 +1.875—2.59x 10~44S
+1.63X 1075424209 ¢ 10—452

wherein;

T is the temperature in ° F.

S is the shale flow rate in 1bs./hr.-ft.2
and

A is the air rate in s.c.f./t.

7. A method for effecting the destructive distillation of
oil shale in a gas combustion retort within the envelope de-
fined by EFGJ of FIG. 1 when employing an air rate of
the order of about 4000 s.c.f./t. which comprises pro-

viding a major portion of the heat of retorting by exter- ¢

nally preheating the air passed to the combustion section
of the retort by at least the amount determined from the
relationship:

T=38.82—0.1141.875~—2.59 X 10—44§
+1.63X10-54212.09 X 10452

10

15

20

25

30

40

50

60

10
wherein;
T is the temperature in ° F.
S is the shale flow rate in 1bs./hr.-ft.2
and
A is the air rate in s.c.f./t.

8. A method for effecting the destructive distillation of
oil shale in a gas combustion retort within the envelope
defined by EFGK of FIG. 1 when employing an air rate
of the order of about 5000 s.c.f./t. which comprises pro-
viding a major portion of the heat of retorting by pre-
heating the air passed to the combustion section external
of the retort by at least an amount determined from the
relationship:

T==38.82—0.11441.875—2.59 X 10445
+1.63X10-5424-2.09 ¢ 10452
wherein;
T is the temperature in ° F.
S is the shale flow rate in Ibs./hr.-ft.2
and
A is the air rate in s.c.f./t.

9. A method for effecting the destructive distillation of
oil shale in a gas combustion retort within the envelope
defined by EFGH of FIG. 1 when employing an air rate
of the order of about 7000 s.c.f./t. which comprises pro-
viding a major portion of the heat of retorting by pre-
heating the air passed to the combustion section external
of the retort by at least an amount determined from the
relationship:

T=38.82—0.1144-1.875—2.59% 10445
+1.63X1075421-2.09 X 10452
wherein;
T is the temperature in ° F.
S is the shale flow rate in Ibs./hr.-ft.2
and
A is the air rate in s.c.f./t.

16. A method for thermally distilling oil shale in a gas-
combustion retort at shale flow rates in the range of from
about 300 to about 1000 Ibs./hr.-ft.2 which comprises pass-
ing retorted recycle shale gases upwardly through an oil
shale retort and counter current to downwardly moving
shale in an amount sufficient to reduce the retort shale out.
let temperature below about 400° F. when limiting the re-
tort upper shale temperature to about 1500° F. and pro-
viding a major portion of the heat of retorting by the
introduction of combustion supporting gas sufficiently pre-
heated external to the retort combustion zone and in an
amount selected from within the range of from about
4000 to about 7000 s.c.f./t.
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