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OIL SHALE RETORTING AND COMBUSTION SYSTEM 

Background of the Invention· 

The present invention relates generally to the extraction of 

energy values from oil shale and, more particularly, to a method for 

5 sequentially retorting and com~usting oil shale containing calcium car­

bonate to effect efficient extraction of heat values from the oil shale. 

With the increasing energy demands of the world and the decreasing 

reserves of conventionally recovered petroleum, alternative sources of 

. energy are being extensively investigated as substitutes for energy 

10 extracted from petroleum. For example, oil shale contains a con­

siderable concentration of volatile hydrocarbons which are recoverable 

from the shale by subjecting the shale to a sufficient temperature to 

drive off the volatile hydrocarbons contained therein. These volatile 

hydrocarbons may then be used in a combustion system as the primary 

15 fuel source. A significant problem 'lklich detracts from the efficiency 

of using oil shale for supplying volatile hydrocarbons for combustion 

purposes is that most oil shales contain a considerable concentration 

of calcium carbonate (limestone). Common of such oil shales are those 

found in v~st quantities in areas ·such as Colorado, Israel, and 

20 Moroccp. When oil shales containing considerable concentrations of 

calcium carbonate are burned in a direct combustion process, the 
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calcium carbonate tends to undergo calcination which is an extensive 

heat-consuming reaction during which calcium carbonate is converted to 

lime. For each pound of calcium carbonate that is calcined as much as 

600 to 700 BTU's of the available heat energy fs consumed. This exten-

5 sive heat consumption represents greater than about 30% of the total 

heat energy available in each pound of the Israeli oil shale and as 

much as about 24% of the heat energy available in each pound of the 

Colorado oil shale. Inasmuch as the limestone content in most oil shales 

such as mentioned above amounts to more than about 50% of the total 

10 oil shale composition, it becomes of increasing importance from the 

efficiency standpoint to effect the retorting or the separation of the 

hydrocarbons from the oil shale without simultaneously undergoing the 

calcination reaction to avoid the extensive loss of available heat· 

energy suffered during concurrent calcination and combustion of the oil 

15 shale. 

Summary of the Invention 

It is a primary aim or objective of the present invention to 

provide a fluidized bed system in which oil shale containing calcium 

carbonate is subjected to sequentially occuring (two-stage) retorting 

20 and combustion steps whereby volatile hydrocarbons representing maximum 

heat value may be extracted from the oil shale prior to the occurence 

of any calcination reaction so as to extensively increase the effi­

ciency of the energy extraction processes relating to oil shale. 

This aim or goal of the present invention is achieved by a method which 

25 comprises the steps of heating the oil shale in a first zone of a 

fluivhed bed. in the presence of a gaseous bedsfluidizing menium (air) 
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having a sufficient oxygen concentration to provide a temperature ade­

quate to thermally decompose the organic hydrocarbons in the oil shale 

into combustable volatiles and insufficient to provide the temperature 

necessary to effect substantial combust i.on of the extracted vo 1 at i 1 es. 

5 The oxygen concentration is also insufficient to support combustion and 

the temperature is inadequate to effect the calcination of the calcium 

carbonate in the oil shale in the first zone. The volatiles released 

from the oil shale in the first zone and the particles of calcium car­

bonate flow into a second zone_where they are contacted with excess air 

10 having a sufficient oxygen concentration to effect combustion of the 

combustable volatiles and the calcination of the calcium carbonate. 

The heat values released from the combustion are extracted from the 

resulting combustion gases by using conventional heat exchange 

mechanisms. By employing the staged retorting and combustion operation 

15 of.the present invention, the heat energy previously utilized for the 

calcination during retorting is significantly reduced. 

Other and further objects of the invention will be obvious upon an 

understanding of the illustrative method about to be described or wi 11 

be indicated in the ~ppended claims, and various advantages not 

20 referred to herein will occur to one skilled in the art upon employment 

of the invention in practice. 

Description of the Drawing 

The figure is a schematic representation of a fluidized bed reac­

tor wherein staged retorting and combustion of oil shale containing 

25 calcium carbonate may be practiced in accordance with the teachings of 

the present invention. 
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A somewhat schematic view of a fluidized bed reactor has been cho­

sen for the purpose of illustration and description of the subject 

method. The embodiment illustrated is not intended to be exhaustive or 

to limit the invention to the precise form of fluidized bed disclosed. 

5 It is chosen and described in order to best explain the principles of 

the invention and their application in practical use to thereby enable 

others skilled in the art to best utilize the invention in various 

embodiments and modifications as are best adapted to the particular use 

contemplated. 

10 . Detailed Description of the Invention 

With reference to the accompanying drawing, a vertically oriented 

fluidized bed reactor is generally shown at 10. Within the fluidized 

bed 10 there is a retorting or devolatilization zone 12 where oil 

shale, introduced through conduit 13 in particulate form in a size 

15 range of about 0 to 12 mesh, is subjected to decomposition or the 

ther·mal cracking of the kerogen or organic hydrocarbons in the oil 

shale to release combustable volatile hydrocarbons from the oil shale. 

To provide this retorting step~ fluidizing air from a suitable source 

(not shown) is fed through conduit 14 into the retorting zone 12. A 

20 suitable grid 16 is disposed in the fluidized bed 10.below zone 12 for 

distributing the primary air flow into zone 12 for maintaining the oil 

shale particulates therein in a fluidized state. W1thin the retorting 

zone 12, the fluidized oft shale particulates are heated to a tem­

perature sufficient to release the volatile hydrocarbons contained 

25 therein. In accordance with the present invention only minimal calci­

nation of the available calcium carbonate occurs during the retorting 
~.: 
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step.by maintaining the air utilized for the fluidizing of the bed at 

or slightly above stoichiometric. This lack of excess oxygen assures 

that the temperature within the retorting zone 12, will be maintained 

at a value less than that required for the calcination of the available 

5 calcium carbonate and also assures that only a small percent of the 

released volatile hydrocarbons are combusted in this retorting zone. 

The gaseous volatile hydrocarbons released from the oil shale 

together with small particles of calcium carbonate and other gaseous 

and particulate material rise vertically from the retorting zone 12 in 

10 the form of a·"dust" cloud generally shown at 18. This cloud of 

gaseous and solid material rises into a freeboard combustion zone 

generally shown at 20 •. Excess secondary air is introduced through con­

duit 21 into the freeboard combustion zone 18 to effect the combustion 

of the volatile hydrocarbons released from the oil shale. The tem-

15 perature of combustion in this zone of the fluidized bed is sufficient 

to effect calcination of the calcium carbonate. · 

By utilizing the staged retorting and combustion zones of the pre­

sent invention, the heat energy needed for the calcination is con­

siderably less than that previously required if retorting~ combu~tion 

20 and calcination of the oil shale took place in the same bed. In the 

freeboard combustion zone 18 the temperature and residence time are 

sufficient to provide almost instantaneous combustion of the combustibles 

so as to minimize the volume requirements for the combustion zone 18. 

The volume of excess air introduced into the canbustion ·zone should be 

25 sufficient to provide an oxygen level in the range ·of· about 10 to 85 

percent greater than stoichoimetric. Some heat values from the com­

bustion of the volatiles in the F-reeboard combustion zor1e 18 ar·e 



OIL SHALE RETORTING AND COMBUSTION SYSTEM 

Abstract of the Disclosure 

The present invention is directed to the extraction of energy 

values from oil shale containing considerable concentrations of calcium 

5 carbonate in an efficient manner. The volatiles are separated from the 

oil shale in a retorting zone of a fluidized bed where the temperature 

and the concentration of oxygen are maintained at sufficiently low 

levels so that the volatiles are extracted from the oil shale with 

minimal combustion of the volatiles and with minimal calcination of the 

10 calcium carbonate. These gaseous volatiles and the calcium carbonate 

flow from the retorting zone into a freeboard combustion zone where the 

volatiles are burned in the presence of excess air. In this zone the 

calcination of the calcium carbonate occurs but at the expense of less 

BTU's than would be required by the calcination reaction in the event 

15 both the retorting and combustion steps took place simultaneously. 

The hedt values in the products of combustion are satisfactorily reco­

vered in a suitable heat exchange system. 
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radiated back down into the retorting zone 12 of the fluidized bed so 

as to facilitate the extraction of the volatile hydrocarbons from the 

oil shale. The spent shale is.removed from the fluidized bed 10 by a 

suitable conduit as shown at 22. 

Calcination takes place in the freeboard combustion zone 18 at a 

temperature of about 1550°C which is the normal operating temperature in 

a fluidized bed for maximum sulfur retention. At this temperature the 

calcination reaction can achieve approximately 90% completion. The 

high temperature combustion products, resulting from the combustion of 

10 the volatile hydrocarbons released from the oil shale, vertically rise 

or flow from the freeboard combustion zone 18 through suitable heat 

exchange means where the sensible heat in combustion products may be 

extracted for use in selected heat energy operated mechanisms. As 

shown in the drawing, the flow direction of the combustion products 

15 rising from the combustion zone 18 is reversed in conduit 24 and 

directed downwardly in a heat-exchange relationship with a plurality of 

heat exchangers generally shown ~t 26 wherein the sensible heat may be 

extracted from the combustion products for external use. The majority 

of the particulate material (fines) .contained in the gases emanating 

20 released from the freeboard combustion zone 18 are discharged from the 

fluidized bed and heat-exchanger arrangement through conduit 28 located 

below the heat exchangers 26 \'lhile the remaining gases and fines are 

sent through a conduit 30 into a bag house or cyclone 34 for extraction 

of remaining solid material prior to the gases being discharged into 

25 the atmosphere through a suitable stack. 
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By directing the flow of combustion products downwardly through 

the "bent" conduit 24 by height of the reactor 10 may be significantly 

reduced over that which \'IOuld be required without this redirection of 

flow. This bend in the combustion-products flow path forms a radiation 

5 arch to pro vi de a temperature window (about 800 to 900°C) for effecting 

reduction and relaxation of nitrogen oxides. Also, the downward flow 

of combustion products reduces or minimizes .the size of an "ash crown" 

formed on horizontal surfaces of the heat exchangers 26. 

The nitrogen compounds contained in the oil shale are converted 

.10 into NOx compounds during retorting. In the oil shale retorting step, 

the vol a.til e hydrocarbons tend to act as reducing compounds which react 

with the nitrogen oxide to form nitrogen and water or oxygen. The 

emission of NOx compounds remaining in the gases discharging from the 

stack into the atmosphere is well within EPA regulations. Sulfur 

15 dioxide (502), on the other hand, is also present in the oil shale, 

since sulfur present in the oil shale is converted into sulfur dioxide. 

The sulfur dioxide is elutrified into fines in the freeboard combustion 

zone 18 where calcination of the elutriate limestone fines is occuring. 

The 11me formed during the calcination reacts with the sulfur dioxide 

20 to form calcium sulphate for effectively and significantly reducing the 

level of sulfur dioxtde anission in the stack gases. The·quantity of 

sulfur dioxide discharging through the stack is considerably below the 

national standard of 1.2 pounds sulfur dioxide/106 GTU. 

In order to provide a more facile understanding of the present 

25 invention, examples set forth below are directed to the staged 

retorting and combustion of oil shale obtained from Israel, Morocco, 

and Colorado in accordance with the present invention. 

!.-Ji .. 



- 8 -

EXAMPLE I 

The Israeli oil shale, which has a heat value of about 1914. BTU's 

per pound, in a particulate size of -12 +30 mesh, was introduced into 

the retorting zone 12 of the fluidized bed 10. The bed temperature was 

5 .1300°F with a velocity of the fluidizing air at 2·.68 ft./sec and a bed 

depth of 6 inches (static). In the retorting zone, stoichoimetric air 

was utilized for fluidization and retorting purposes while in the 

freeboard combustion zone 44% excess air was used for combustion and 

calcination. The combustion efficiency was 99.86% based on solid ana-

10 lysis and the calcification of the calcium carbonate was 97.9% 

15 

complete. The heat loss through calcination was 11.05% of the 

available heat energy in the oi 1 shale as calculated by the heat loss 

over the total heat input times 100. The analyses of the flue gas of 

Examples I-III are set forth in the table following Example III below. 

EXAMPLE II 

Morocan shale of an Example II particle size of 12 x 0 mesh was 

introduced into the retorting zone of the fluidized bed and subjected 

to a bed temperature of about 1400°F at a fluidization velocity of 2.84 

ft./sec to provide a 6 inch bed depth. Stoichoimetric air was used in 

20 the retorting zone while 47.73% excess air was used in the freeboard 

combustion zone. The combustion efficiency of this shale which has a 

heat value of about 2378 BTU's per pound was 99.24% and the-level of 

calcium carbonate calcination at 77.62%. The heat loss through calci­

n at i on wa s on 1 y 3 • 5% • 

' . 
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Example III 

Colorado oil shale which has a heating value of about 2950 BTU's 

per pound, was introduced into the retorting zone of the fluidized bed 

in a particle size of 30 X 0 mesh. A bed temperature of 1550°F was uti-

5 lized with a fluidization velocity of 3.68 feet per second to provide a 

6 inch bed depth. Stoichoimetric air was used in the retorting zone 

while 33.46% excess air was used in the freeboard combustion zone. The 

combustion efficiency for the Colorado oil shale was 99.54%, the calci­

nation of the calcium carbonate was 93.78%, and the heat loss through 

10 calcination was 2.83%. 

Table 

Flue Gas Israeli Moroccan Colorado 
Analysis Oi 1 Shale Oil Shale Oil Shale 

15 C02 Vol.% 14.00 12.50 17.60 

cu Vol.% 0.02 0.05 0.07 

02 Vol.% 6.63 7.00 5.50 

so2' ppm 100 100 100 

so2 , 1. b ./106 Btu 0.26 0.27 0.16 

20 NO/NOx, ppm 772 800 200 

NOx 1 b ./106 Btu 1.0 1.09 0.16 

THC, ppin 20 100 4000 

It will be seen that the present invention provides a relatively 

25 simple and highly efficient method for recovering heat values from oil 

shale containing considerable concenirations of limestone. 

. -·. 

'·~·.: 

. ' .. __. 



I 

. P.IJTE.!VTS-- ()S - A 2 9730J 

EDB [2j" 
ERA m' 
EPA 0 
WOAD 

INS D 
RIP D 

GAP D 
CRF D 

AUGMENTATION: ~ 
J.-10 '£ Ttt-1-e 11 f l+fPI,. ctr-h () n 

SPLIT DESCRIPTORS 

-~{ .<J~tt.-&{1._ 

~ 
- tl. 

--?ec.IA~d..l/1_'_, "'-~ 
(/ .v 

-c.c~~ 

·v-~~ 

~7;--1-R~ 
v 

~~ 

~. (/~_A'"~..nAA/AJ?/'v.l 
u 

--c.-eve~ . 

........... -- ....... 

Form Tl-70 (EOB)(S-81) 

TTR D 
DOE~ 

D 
D 

FLAGS 

i?ffl 

CATEGORIES 

u<t./OLfOZ-1. ______ _ 

2. ______ _ 

3. ______ _ 

4. ______ _ 

5. ______ _ 

a; 

'· 

--



OIL SHALE RETORTING AND COMBUSTION SYSTEM 

Abstract of the Disclosure 

The present invention is directed to the extraction of energy 

values from oil shale containing considerable concentrations of calcium 

5 carbonate in an efficient manner. The volatiles are sepa.rated from the. 

oil shale in a retorting zone of a fluidized bed where the temperature 

and the concentration of oxygen are maintained at sufficiently low 

levels so that the volatiles are extracted from the oil shale with 

minimal combustion of the volatiles and with minimal calcination of the 

10 calcium carbonate. These gaseous volatile~ and the calcium carbonate 

flow frorn the retorting zone into a freeboard combustion zone where the 

vnlntiles are burne9 in the presence of exce~s air. In this zone the 

calcination of the calcium carbonate occurs but at the expense of less 

BTu•s than would be required by the calcination reaction in the event 
·: 

15 both the retorting and combustion steps took place simultaneously. 

The heat values in the products of combustion are satisfactorily reco­

vered in a suitable heat exchange system. 
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