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rific value gas by the water-gas shift reaction for the op-
timum formation of carbon monoxide and hydrogen
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ide and steam into an injection well in order to shift the
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IN SITU COAL GASIFICATION PROCESS

'BACKGROUND OF THE INVENTION

This invention relates to. the in situ combustion of a
coal seam for the recovery of volatile hydrocarbons
and a synthetic calorific value gas. More particularly,
the present invention is a method for production of vol-
atile hydrocarbons and calorific value gas through opti-
mization of the water-gas shift reaction by introduction
of carbon dioxide in combination with steam mto asub-
terranean coal deposit. -

Production of coal energy by the use of the wells
through underground mining has been a continuous
subject. of interest to the field of energy production.
Coal gasification by use of above ground retorting is an
old art, one of the better known methods being the
Lurgi process developed in Germany prior to World
War II. By this method, oxygen and steam are simulta-
neously injected into a field retort and combusted with
an energy content gas, having value sufficient for com-
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‘mercial usage, and coal tar liquids being produced. Un- -

derground in situ gasification of coal deposits generally

involves utilization of a fracture network formed within
the coal deposit with air injection followed by steam in-
jection for the subsequent production of a water-gas
shift product gas.

The water-gas shift reaction involves the interming-
ling of steam with carbon contained within the coal at
temperatures above 1,000°C for the production of a gas
containing carbon monoxide and hydrogen. Generalily,
the water-gas shift reaction is preferred with a competi-
tive reaction for the formation of carbon dioxide and
hydrogen, from the contacting of the carbon monoxide
with steam, being a less preferred reaction as a lower
calorific ‘value gas is then formed. Therefore, what is

required is a means for shifting the reaction kinetics.

within the in situ gasification process so that the more
preferred reaction of the water-gas shift process will be
favored so as to obtain a maximum calorific value gas
from the subterranean coal deposit.

It is an object of the present invention to provnde a
method for the combustion of underground coal beds.

It is another object of the present invention to pro-
vide a method by which the calorific value of the gas
produced by in situ coal gasification may be maxi-
mized.

It is still a further object of the present invention to
utilize the introduction of carbon dioxide simulta-
neously with that of steam in order to shift the reaction
kinetics of an in situ coal gasification process so that

- the more preferred water-gas shift reaction is favored.

With these and other objects in mind, the present in--

vention may be more fully understood through referral
to the following discussion and description.

SUMMARY OF THE INVENTION

The objects of the present invention are accom-
plished through utilization of a process for the in situ
recovery of a synthetic gas, having a high calorific en-
ergy value, from a subterranean coal deposit. In the
process a coal deposit is burned to raise the tempera-
ture therein above about 1,000°C. as steam is injected
therein to produce a water-gas shift reaction product
gas. The lmprovement of the process of the present in-
vention comprlses introducing carbon dioxide in the
coal deposit in order to favor the reaction kinetics to
the water-gas shift reaction. The combustion and steam
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injection steps may be accomplished simultaneously or
in separate phases wherein the temperature of the res-
ervoir is maintained at/or above about 1,000°C. The
carbon dioxide introduced is generally obtained from
the gas produced from the coal deposit. The steam in-
troduced may be contacted with the produced gas from
the coal deposit to regain the waste heat content so as
to further expedite the energy balance of the system.

BRIEF DESCRIPTION OF THE DRAWING

The present invention may be more readily under-
stood by referral to the accompanying FIGURE in
which a subterranean coal deposit is depicted in combi-
nation with the apparatus utilized in practicing the pro-
cess of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Disclosed herein is a method for distilling coal in situ
to recover a synthetic gas having a high calorific energy
content. In the process of the present invention, the in
situ recovery of a synthetic gas is obtained through the

. introduction of the combustion supporting gas into the

subterranean coal deposit. The temperature of the coal
deposit is raised to above about 1,000°C and steam is
introduced for the production of a water-gas shift reac-
tion product gas. The improvement of the process of
the present invention comprises shifting the reaction
kinetics within the reservoir so as to favor the water-gas
shift reaction. Generally, synthetic -gas formed by the
water-gas shift reaction product is described by the fol-
lowing chemical equations:

C +H;0 = H, +CO

wherein a less frequently competing reaction may
occur described by the following chemical equation.

2C + 2H,0 = CH, + CO,

Although at temperatures above 1,000°C the water-gas
shift reaction is favored, a still further reaction may
occur with the carbon monoxide contained in the for-
mation formed by the water-gas shift reaction recom-
bining with the steam injected according to the follow-
ing competing chemical reaction:

CO +H; = CO, + H,
It can be shown that above 1,000°C the reaction for the

" formation of carbon monoxide and hydrogen domi-
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nates with the introduction of carbon dioxide into the
injection well. The carbon dioxide injection suppresses
the further formation of carbon dioxide through the
contacting of carbon monoxide and water or steam so
that the reaction formula favor the formation of carbon
monoxide and hydrogen. When the formation tempera-
ture drops below about 1,000°C, the combustion step
must be reinitiated. Therefore, simultaneous combus-
tion and water-gas production is favored.

In general, the product gas formed will consist of
steam, carbon dioxide, carbon monoxide and hydro-
gen. The heat content of the product gas may be uti-
lized to preheat the steam production by contacting the
fresh water with the gaseous reaction products in a
waste heat exchanger and condenser. Carbon dioxide
is absorbed from the product gas with an absorbent or
carbon dioxide solvent, for example an aqueous car-
bonate solution or monoethanolamine. The carbon di-
oxide recovered is recompressed and combined with
the injection steam either in liquid or gaseous form in
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order to achieve the more preferred reaction equilib-
rium characteristics of the present invention. Of
course, the reaction conditions of the coal deposit de-
termine the optimum quantity of carbon dioxide to be
introduced in order to gain the maximum calorific
value and total gas product volume. Therefore, a ki-
netic design is conducted for each subterranean project
to determine the optimum quantities of carbon dioxide
to be recycled.

The present invention may be more fully understood
by referral to the accompanymg FIGURE in which a
subterranean coal deposit 11 is depicted having a calo-
rific value gas being produced through utilization of the
process of the present invention. An injection well 30
is completed from the earth’s surface 12 through over-
burden rock 13 into coal deposit 11 having fractured
zone 14 therein. The means for fracturing the coal de-
posit 11 may comprise various and sundry means not
disclosed nor pertinent to this discussion. Injection well
30 is provided with a wellhead having multiple injec-
tion means wherein air 15 and a mixture of steam and
carbon dioxide 16 may be introduced simultaneously.

A production well 40 connects the coal seam 11

through fracture system 14 with the earth’s surface 12
from which steam, carbon monoxide, carbon dioxide
and hydrogen 41 may be produced.

The produced gas mixture 41 is then introduced into
a heat exchanger and condenser system 42 in which
water 43 is countercurrently introduced so as to subject
the produced gas to a waste heat boiler for the reclama-
tion of energy while leaving a cooled produced gas 44,
having for example a temperature of 50°C and being at
atmospheric pressure. The water 45 is then condensed
and removed from the produced gas mixture 44. The
carbon monoxide, carbon dioxide and hydrogen 46 are
introduced into a carbon dioxide absorption unit 47
wherein solvent 48 is countercurrently introduced so as
to produce carbon dioxide and solvent 49. The carbon
dioxide 51 is reclaimed from the carbon dioxide solvent
49 in a carbon dioxide recovery unit 50. The solvent 48
is recycled to the carbon dioxide absorption unit 47.
Water-gas product 52 is produced from the carbon di-

- oxide absorption unit 47 as a high energy, hlgh calorific
value synthetic gas. The caibon dioxide 51 is recycled
through a compressor 52 to form compressed carbon
dioxide 54 which is introduced with steam 55 produced
from the heated water 56 exiting from the waste heat
exchanger and condenser 42 and cycled through a
boiler 57, 5o as to form heated or superheated steam 55
for introduction as steam and carbon dioxide mixture
16 into the injection well 3@ for sustenance of the pro-
cess of the present invention.

The process of the present invention may further be
understood through referral to the following example
in which the process to promote the formation of water
gas through reinjection of carbon dioxide to provide a
buffer against production of carbon dioxide in the sub-
terranean coal deposit at temperatures above 1,000°C
is illustrated.

EXAMPLE

A conventional in situ coal gasification process for
the production of a high calorific synthetic gas may be
initiated utilizing a starting mixture of 1.0 mole of
water to yield a product gas at 20 atmosphere and
1,800°F. A similar process may be initiated utilizing the
improved process of the present invention wherein a
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mixture of 0.05 moles of carbon dioxide and 0.95
moles of water are injected into the same coal deposit.
The results indicated in Table 1 may be expected as
based upon the reaction kinetics of the system depict-
ing the superior results achieved by utilization of the
process of the present invention.

TABLE 1
Mole Fraction of Gases Produced/Mole of Water In-

10 jected
Conventional Improved Process % Increase
CcO . 045 0.474 5.33
H.0 0.05 0.0015
CO, 0.05 0.0515
H, 0.45 0.474 5.33

15

Therefore, the present invention, as it applies to the

© art of in situ combustion of coal deposits, allows a sig-
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nificant process for the total recovery of energy value
from a coal deposit. The invention enhances the art of
in situ combustion of coal deposits by representing an
economic method for the combustion and reclamation
of energy from these deposits through the use of the op-
timum water-gas shift reaction conducted therein.
While the invention has been described above with
respect to certain embodiments thereof, it will be un-

- derstood by those skilled in the art that various changes

and modifications may be made without departing from
the scope and spirit of the invention as set forth.

Therefore, we claim:

1. In a process for the in situ recovery of a synthetic
gas, having a high calorific energy value, from a subter-
ranean coal deposit wherein the coal deposit is burned
to raise the temperature therein above about 1,000°C
and steam is subsequently injected therein to produce
water-gas by the water-gas shift reaction, the improve-
ment comprising introducing carbon dioxide into the
coal deposit in order to favor the reaction kinetics of
the water-gas shift reaction.

2. The process of claim 1 further comprising reinitia-
ting combustion of the coal depaosit when the tempera-
ture therein becomes less than about 1,000°C.

3. The process of claim 1 wherein the carbon dioxide
introduced is obtained from the produced gas from the
coal deposit.

4. The process of claim 3 wherein the carbon dioxide
is removed from the produced gas by absorption.

5. The process of claim 3 further comprising subject-

ing the steam introduced to contact with the produced
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gas from the coal deposit to regain the waste heat con-
tained in the produced gas.

6. In a process for the in situ recovery of a synthetic
gas having a high calorific energy value, from a subter-

“ranean coal deposit wherein a combustion supporting

gas and steam are simultaneously injected into the coal
deposit to maintain the temperature therein above
about 1,000°C and to produce a water-gas by the wa-
ter-gas shift reaction, the improvement comprising si-
multaneously introducing carbon dioxide into the coal
deposit in order to favor the reaction kinetics of the wa-
ter-gas shift reaction.

7. The process of claim 6 wherein the carbon dioxide
is removed from the produced gas by absorption.

8. The process of claim 6 further comprising subject-
ing the steam introduced to contact with the produced
gas from the coal deposit to regain the waste heat con-

tained in the produced gas.

* * * * *
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