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This invention relates to the manufacture of

gas of a predetermined composition. More par-
ticularly the invention relates to the production
of synthesis gas to be used as the charging
stock for the Fischer-Tropsch synthetic produc-
tion of liquid hydrocarbons.

The charging stock for the Fisher-Tropsch
process is composed of hydrogen and carbon mon-
oxide. The relative proportion of hydrogen and
carbon monoxide in the charging stock has a
definite influence on the final products that may
be made. In accordance with the present inven-
tion the most desirable proportion of carbon
monoxide to molecular hydrogen is in the ratio
of 1:2.

The kind of raw material available for the
manufacture of synthesis gas will modify the gas
manufacturing operations and therefore it is.im-
portant to use an apparatus and process that
may be readily changed to utilize the different
kinds of available raw material.

Raw materials commonly available for the
manufacture of synthesis gases are coal and
natural gas. In the use of coal for making syn-
thesis gas the following chemical reactions ap-
pear to play an important part. These reactions
occur in both primary and secondary reactions

3C+3H:0=3C0O+3H>
CO+H:0=CO2}Hz2 -
C+402=CO02
C-+C0O2=2C0

By a proper distribution of the air or oxysgen,
steam, carbon dioxide and the temperature of
the fuel bed a synthesis gas having a CO:H;
ratio of 1:2 may be made. The natural gas which
is available for making synthesis gas is com-
posed principally of CHs. By proper temperature
of reaction and distribution of steam and carbon
dioxide a synthesis gas having a CO to H: ratio
of 1:2 may bhe made in accordance with the
formula

3CH¢-2H20-+CO2=8H2+4CO

The reactions by which the Hz and CO are formed
are all endothermic reactions for which heat must
be supplied. It is important that synthesis gas
reactions should be carried out at the highest
thermal efficiency to reduce the cost of produc-

ing synthesis gas.

The primary object of the present invention
is to provide a process and apparatus for making
synthesis gas by which the composition of the
gas may be accurately controlled. )
., Another object of the invention is to provide
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a process and apparatus for making synthesis
gas while maintaining a high thermal. efficiency
in the process. .

One feature of the present invention is the
use of a traveling body of refractory granules for
carrying out the endothermic gas making reac-
tions. This refractory granular material may
have a catalytic composition in order to promote
the gas making reactions at a lower temperature.
The synthesis gas as made leaves the reaction
zone at a comparatively high temperature and
the heat in the gases may be utilized in generat-
ing the steam required in the gas making proc-
ess. The moving refractory granules leave the
gas making zone at a comparatively high temper-
ature and this heat may be recovered in generat-
ing steam and in superheating steam and car-
hon dioxide to be used in the gas making process.

Accordingly another object of the invention is
to utilize a continuously moving body of re-
fractory granules for controlling the tempera-

ture in the gas making process.

A further object of the invention is to utilize
a continuously moving heated body of refractory
granules for controlling the gas conversion and
recovering the unused heat in the refractory
body for preheating products used in the gas
making process.

With these and other objects and features in
view, the invention consists in the gas making

process and apparatus hereinafter described and

particularly defined in the claims.

The apparatus illustrated in the drawings is
adapted for a Fischer-Tropsch synthesis gas when
using either a coal gas or a natural gas as a raw "
charging stock. The apparatus will first be
described to illustrate the process by which nat-
ural gas may he converted to synthesis gas.

Natural gas is introduced through a line 10 and
passed in series through absorbers {2 and. i4.
The absorbers preferably utilize a suitable al-
kaline solution such as sodium hydroxide for the
purpose of absorbing all sulphur constituents in
the natural gas, because the sulphur in the gas
is poisonous to the catalyst used in the Fischer-
Tropsch synthesis. The sulphur-free gas leav-
ing absorber 14 passes through a line (8, in which
it is mixed with steam introduced through a line
20. Carbon dioxide which is produced in the op-
eration as hereinafter deseribed is introduced in-
to the line 18 through a line 22. The mixture of

-natural gas, steam and carkon dioxide then flows

into a hustle pipe 24 and through tuyéres 26 into
the base of a conversion zone 28 which constitutes
the mid-section of a refractory lined furnace 30.
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The gas making constituents pass up through a
bed of refractory granules which continuously
move in a stream through the conversion zone,
these refractory granules being heated to a suf-
ficiently high temperature for carrying out the
conversion of the gas making constituents while
the gas is passing through the zone 28. The con-
verted gas thus manufactured passes out through
pipes 32 into a bustle pipe 34 and then flows
through a control valve 35 through a waste heat
boiler 38 wherein the heat of the gas is absorhed
in generating steam.

The furnace 30 is a tall vertical structure made
up of three sections or zones. The upper zone 49
is a heating zone wherein gas is burned to heat
a bed of refractory granules that is continuously
passing through the zone. The granules heated
in the zone 46 pass downwardly through a throat
42 into the conversion zone 28. The heating of
the granules in the zone 40 is carried out by
means of gas which is introduced through a bustle
pipe 44 and is mixed with air introduced through
a bustle pipe 45. The mixture of air and gas
burns within a tunnel 48 to produce a high tem-
perature body of gas which then passes out-
wardly through the bed of refractory granules in
zone 80, and exhausts through an outlet pipe 50.
The pressure of the combustion gases within the
zone 49 is controlled by a regulating valve §2
which maintains a balanced pressure within the
zone 40 so that the combustion gases do not pass
downwardly through the throat 42 to mix with
the gas being manufactured in the zone 28. The
products of combustion flowing through the valve
52 pass through a line 54 and flow through ab-
sorbers 56 and B8 in series. The absorbers are
preferably continuously supplied with a sodium
carbonate or other alkaline absorbing solution
for the purpose of absorbing carbon dioxide. The
serubbed combustion gases passing through ab-
sorber 58 are exhausted to the atmosphere or
through some outlet stack. The absorption solu-
tion from the absorbers 3§ and 58 flows to an
actifier 60 where the carbon dicxide is released
from the absorption solution and the revivified
absorption solution is then returned to the ab-
sorbers. The carbon dioxide released in the acti-
fler 60 flows through the line 22 to the line 18
for mixture with the gas making constituents.

When the gas making constituents are treated
thermaliy in making the Fischer-Tropsch syn-
thesis gases the refractory granules in the lower
portion of the heating zone 4§ are heated to a
temperature of from 2000° to 3000° ¥. By the
time the combustion gases pass upwardly through
the zone 40 they are cooled so that they exhaust
from the zone 43 at a temperature of approxi-
mately 600° to 700° F. The granules which are
supplied to the upper end of the heating cham-
ber are preferably cooled in order to reduce the
temperature of the exhaust gases the maximum
amount.

In the treatment of natural gas for making
the synthesis gases practically all of the chemical
reactions involved are endothermic reactions.
The steam is decompesed in the presence of car-
bon to make hydrogen and carbon moncxide.

" Furthermore, the mwethane is decomposed in the

presence of steam fo form hydrogen and carbon
monoxide. Carbon monoxide in the presence of
steam and methane will form carbon monoxide
and-hydrogen. The relative amounts of steam,
carbon dioxide and methane are therein accurate-
ly controlled so that the end products produced
will consist of CO and H: in the volumetric ratio
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4

of 1:2. Furthermore the temperature must be
sufficiently high in order to accomplish this re-
sult. In breaking up the methane, steam and
carbon dioxide to form hydrogen and carbon
monoxide it is desirable to gradually heat the
mixture as it rises upwardly through the granular
bed countercurrent to the flow of the granular
bed. The granular bed has a temperature of
1000° to 1200° F. at the bottom and has the tem-
perature of 2000° to 3000° Fahrenheit at the top.
Therefore the gas made in the conversion zone
is at a high temperature and carries away a large
amount of heat from the furnace. This heat is
recovered in the waste heat boiler 38 by con-
verting water to steam and in superheatbing the
steam.

A comparatively large amount of heat is stored
in the refractory granules passing through the
conversion zone. It is desirable that this heat
should be recovered in order to cbhtain a high
thermal efficiency. To accomplish this the re-
fractory which enters the top of a cooling zone
62 which forms the bottom section of the furnace
30 is a continuously moving stream which has'a
temperature of 1000° to 1200° F. as it enters and
is cooled to a temperature of 300° to 500° I'. by
the time it has passed through the cooling zone.
To accomplish this eooling, a portion of the
synthesis gas which has passed through the
waste heat boiler 28 is withdrawn through & line
64 and control valve §6 by means of a blower 68.
The blower forces the gas through a heat inter-
changer 10 by which the gas is cooled to a tem-
perature sufficiently low, from 150° to 300° F', to
cool the refractory granules. The cooled gas
leaves the heat interchanger through a line 72
and enters a bustle pipe 14 at the base of the
cooling zone 62. The cooling gases pass up
through the outlet pipe 75 which connects with
a bustle pipe 78. The gas flowing through the
bustle pipe passes through g line 88 to a pressure
control valve 84 and then returns through the
waste heat boiler 38. To supplement the cooling
gas to reduce the temperature of the refractory
granules sufficiently low, saturated steam from
the boiler 38 may be introduced into bustle pipe
88 through tuyéres 88 into the base of the cool-
ing zone 62. Steam from the hoiler 38 may be
conducted through a line 85 to a turbine for op-
erating blower 88 and the turbine exhaust steam
may go into line 20 for gas making.

The refractory granules which pass in a con-
tinuous stream downward through the furnace
act as a heat transfer medium for controlling
the gas making operation. As the cold granules
reach the base of the cooling zone 62, they pass
into a conveyor tube 98 through a star-wheel
82 which acts to seal the bottom part of the
cooling zone 62. The control valve 84 controls
the pressure in the cooling zone so that the
cooling gases do not tend to pass upwardly from
the zone 62 into the conversion zone 28. The
pressure of the gases in the conversion zone
28 is controlled by the valve 36 to confine the
gases within the zone 28.

The synthesis gases which have passed through
the waste heat boiler 38 and which are in ex-
cess of the amount of gas required ‘for carrying
on the cooling action in the zone 62, pass through
a valve 84 to a line 96 from which they may
be conducted, for example, directly to a Fischer-
Tropsch synthesis unit. )

The refractory granules which may be alu-
mina, or fireclay, or mullite, or any suitable
refractory, are preferably granules less than one
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inch in diameter and more than one-eighth of
an inch in diameter. The cooled granules flow
from the. tube 94 into cups 98 of a conveyor
£00 by which they are lifted to the top of the
conveyor and emptied into a spout 102 -at the
top of the conveyor. The spout passes through
the wall of the furnace 30 into the upper por-
tion of the heating chamber 40 to return the
refractory granules to the bed of material in
the zone 40. The movement of the granules is
in a continuous stream in a closed cycle through
the ‘furnace and conveyor. The rate of move-
ment ‘of -the granules through the furnace is
controlled by the rate of rotation of the star-
wheel 92 and the speed of the elevator 100.

In order to supply the necessary heat which
is required to secure the completion of the
endothermic gas making reactions- seventy-five
percent of the heat required must be supplied
at the highest temperature level. Accordingly
this heat requirement demands that a large vol-
ume of heat carrying granules must be passed
through the conversion zone in order to supply
the high temperature level heat. The granules
leaving the heating zone and passing into the
upper part of the conversion zone are at the
highest temperature level. The thermal ca-
pacity of- the heating granules is very much
higher than the thermal capacity of the gases
being converted so that the gasses passing
through the conversion zone do not absorb all
of the heat in the refractory granules. There-
fore the granules leaving the conversion zone
are still heated to a comparatively high tem-
perature and carry away from the conversion
zone a large amout of heat. The use of the
cooling zone 62 is very important, therefore,
to recover the heat carried out of the conver-
sion zone by refractory granules. When the
heating granules are cooled in the cooling zone
by the cooling gases circulated therethrough
and the heat stored in the gases is then trans-
ferred to the waste heat boiler and heat in-
terchangers, the thermal efficiency of the over-
all process is increased. It can be seen, further-
more, that if the hot granules leaving the con-
version zone were returned to the top of the
heating zone, then the gases of combustion in
the heating zone would pass out of the heating
zone at a very hish temperature and thus a
large amount of heat would be lost.

If a coal gas is used as the raw make gas
this gas will be introduced through a line i03
which connects with the line 18. A gas made
from coal, such as that produced in retorts, and
a coke oven gas, which contfain hydrocarbons
such as methane and ethane, would be circu-
lated through the gas conversion zone 28 in the
same manner that natural gas is circulated
through the conversion zone. With these coal
gases would be introduced steam and carbon
dioxide, in the same manner as described with
reference to natural gas. 'The amount of steam
and carbon dioxide may vary quite widely in
accordance with the composition of the coal gas,
but the steam and carbon dioxide would be in-
troduced in the proper proportions for making
carbon monoxide and hydrogen in the ratio of
1:2 if a synthesis gas is to be produced. .

Some gases made from coal, such as producer
gases, that may contain a large amount of tar
of tar vapors, would preferably be circulated

‘through the gas conversion zone so as to move

through- the zone concurrently with the move-
ment of the refractory granules. These tar va-

6

pors and heavier hydrocarbons decompose at

- lower temperatures and tend to deposit carbon

10

on the granules. If the gas containing these
hydrocarbons, however, is introduced into the
upper portion of the conversion zone in contact
with the high temperature granules, such hydro-
carbons while in contact with steam and carbon
dioxide will be completely decomposed to form
carbon monoxide and hydrogen which is suitable
for a synthesis gas. Therefore a gas containing
the heavy hydrocarbons would be introduced into
the conversion zone through the bustle pipe 34

- and tubes 32, then passed downwardly through
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the conversion zone 28 and exhaust through. the
pipes 26 and bustle pipe 24, and flow from the
bustle pipe through a pressure control valve {06
and line 108 to pass through the waste heat
boiler 38.

If the furnace 38 is to be used for the produc-
tion of hydrogen, then a gas, such as water gas,
would be introduced through the line 18 and
would enter the top of the conversion zone 28
through the bustle pipe 34 and tubes 32. The
water gas is made up of hydrogen and carbon
monoXide and steam from line 20 would be in-
troduced into this mixture for the purpose of
converting the carbon monoxide into carbon di-
oxide and for producing additional hydrogen.
The steam entering the high temperature gran-
ules at the top of the conversion zone would
be decomposed to form oxygen and hydrogen, the
oxygen combining with the carbon monoxide to
form carbon dioxide and releasing hydrogen into
the gas being made. If carbon dioxide is not
needed in the gas making operation the exhaust
gas from the top of the heating .zone would pass
from the line 84 through a by-pass line around
the carbon dioxide absorbers 56 and 58.

The preferred form of the invention having
been thus described, what is claimed as new is:

1. In a process for manufacturing a gaseous
mixture of carbon monoxide and hydrogen in
which a stream of refractory granules passes in
succession downwardly through a heating zone
wherein the temperature of the granules is raised
to conversion temperature by passing hot prod-
ucts of combustion of carbonaceous fuel through
said granules, a conversion zone wherein the heat
of the granules is utilized to supply endothermic
heat for converting gas making constituents com-
prising hydrocarbon containing gas and steam
into said gaseous mixture by contacting said gas
making constituents with said granules, a cool-
ing zone and back to the heating zone in a closed
cycle, the steps which comprise removing said
gaseous mixture from the conversion zone, cool-
ing at least a portion of said gaseous mixture by
indirect heat exchange, and cooling the granules
passing through the cooling zone so that they
discharge at a temperature below 500° F. by pass-~
ing the gaseous mixture cooled by indirect heat
exchange countercurrently therethrough.

2. In a process for manufacturing a gaseous
mixture of carbon monoxide and hydrogen in
which a stream of refractory granules passes in
succession downwardly through a heating zone
wherein the temperature of the granules is raised
to conversion temperature by passing hot prod-
ucts of combustion of carbonaceous fuel through
said granules, a conversion zone wherein the heat
of the granules is utilized to supply endothermic
heat for converting gas making constituents com-
prising hydrocarbon containing gas and steam
into said gaseous mixture by contacting said gas
making constituents with said granules, a cooling
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zone and back to the heating zone in a closed
cycle, the steps which comprise removing said
gaseous mixture from the conversion zone, pro-
ducing superheated steam by.indirect heat ex-
change with at least a portion of said gaseous
mixture, cooling the granules passing through the
cooling zone by passing the gaseous mixture
cooled by indirect heat exchange countercurrent-
ly therethrough, and introducing said super-
heated steam to the conversion zone.
WILLIAM O. KEELING.
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