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ams invention relates to changing the com-
position of fuel gas by diffusion. More partic-
ularly the invention relates to revising the com-
position of coke oven -gas by diffusion in which
a combination of producer gas and steam is used
a8 a sweep gas. :

In a copending application of Gilbert V. Mec-
Gurl, Serial No. 710,327, a method of revising
the composition of coke oven gas by diffusion
has been described in which producer gas is
used as a sweep gas. This revising operation
is carried out particularly for the purpose of
adjusting the specific gravity and B. t. u. heating
value to adapt the coke oven gas for use in
domestic heating appliances.

The use of producer. gas for revising coke oven
gas is very desirable because the transfer of hy-
drogen from the coke oven gas to the producer
gas acts to increase both the gravity and B. t. u.
value of the coke oven gas. At the same time
the B. t. u. value of the producer gas is increased.
The diffusion treatment permits a transfer of
constituents between the coke oven gas and the
producer gas that will provide a wide variation
in the composition of both of the gases. For
example, a coke oven gas can be revised to have
a heating value of 530 B. t. u.’s per cubic foot
and a gravity of 0.55 to 0.7. The producer gas
will have its heating value raised from 135 to
as much as 175 B. t. u.’s per cubic foot and the
molecular volumes of hydrogen and carbon
monoxide in the gas may be rearranged to have
g ratio of 1:1 to 2:1. A gas having such a con-
tent of hydrogen and carbon monoxide is well
adapted as a synthesis gas for the hydrogena-
tion of carbon monoxide by the Fischer-Tropsch
DrOCEss.

Typical analyses of & coke oven gas and pro-
ducer gas are shown in the following table:

TABLE I
Producer | Coke Oven
Proparty e Gas
Specific gravity. 0.9 0.4
Ehg.] u./Cu. Ft . 130 536
Carbon dloxide 3.5 1.8
glumi.nanm s . (3);
xygen . 3

Carbon monoxide. 30 6.3
Methans 1.5 3L.6
Hydrogen. 10.0 53.0
Ng:mgen 54.5 3.4

It will be seen from the table that producer
- 8as Is a heavy gas, 4 e, higher molegular weight
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than coke oven gas, so that its rate of diffusion
through a porous boundary is not as rapid as
the diffusion rate of hydrogen and some of the
lighter hydrocarbons in the coke oven gas. I
have found that if steam is used with the pro-
ducer gas, as a sweep gas, the control of transfer
of constituents between the gases on the opposite
sides of the porous boundary may be greatly in-
creased. Further the composition of the revised
gases on opposite sides of the boundary may
be much more widely varied than when producer
gas is used alone as a sweep gas. Also the steam
may be readily condensed and separated from
the gases so that this provides another means
of varying the composition of the gas being
treated because the volume of steam as a dry
vapor will function as a gas in diffusing through
the boundary in the same way that the pro-
ducer gas diffuses through the boundary and
thus when the steam is extracted from the re-
vised gas the chemical composition will be varied.

Tests  have shown that the above-mentioned
coke oven gas having a specific gravity of 0.4
may be revised by the method of the present
invention to raise the specific gravity from 37 5%
to 75% to have a specific gravity from 0.55 to 0.7
as mentioned above.

The primary object of the present invention
is to provide a method of changing the com-
position of coke oven gas by diffusion in which
2 combination of a high gravity gas with a con-
densible vapor may be used as a sweep gas,

Another object of the invention is to provide
a method of revising coke oven gas by diffusion
in which steam with a high gravity gas such
as producer gas or blast furnace gas may be
used as a sweep gas.

A further object of the invention is to provide
a method of revising coke oven gas by diffusion
in which a high molecular weight gas is used
in combination with a low molecular weight vapor
as a sweep gas.

With these and other ob;ects in view the in-
vention consists in the method of revising coke
oven gas by diffusion in which steam is used
with a high specific gravity gas as a sweep gas.

The various features of the invention are illus-
trated in the accompanying drawing which is a
diagrammatic illustration of an apparatus in
which the preferred form of the diffusion method

‘may be carried out,

Referring to the drawing, coke oven gas may
be revised as follows:
Coke oven gas is introduced through a line

{8 and passes through a flow regulating valve
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12 into a meter 4. The metered gas passes

through heater 16 into a chamber I8 at the

bottom of & diffusion apparatus. The coke oven
gas then passes upwardly through & series of
tubes 20 which have cylindrical continuations
22 that are porous boundaries through which
constituents of the gas may diffuse. From the
porous boundary tubes 22 the gas flows through
tubes 24 into an outlet chamber 26.

Producer gas for ths diffusion operation is in-
troduced into the system through a line 28 and
flows through & flow regulating valve 30. The
valve 80 is used for carefully adjusting the flow
volume of the producer gas so that the desired
volume of sweep gas will be provided for the
diffusion revising of the coke oven gas. Steam
for mixture with the producer gas is introduced
through a line 32 and flow regulating valve 34
to mix with the producer gas and the mixture
then flows through & meter 36. The metered
mixture of steem and producer gas then flows
through & heater 38 where it is heated to &
temperature 10° C. above the dew point of the
mixture, and then flows through a line 40 to a
line 42 and enters a distributing chamber &4.
The mixture of steam and producer gas acts
as & sweep gas for controlling the diffusion
operation. The gas is distributed into a series
of tubes 46 and passes downwardly through the
tubes around the diffusion bounderies 22 which
are located within the tubes #46. The mixture
of steam and producer gas passes in a parallel
stream to the coke oven gas with countercur-
rent flow. After passing through the tubes 48
the revised producer gas enters a chamber 48
and then flows through a valved line 80 into
a line 52. From the line 52 the mixture of revised

" producer gas and steam flows through a cooler
and temperature conditioner 54 into & measuring
column 56, and then into a water separator 58.
The producer gas flows from the separator 58

through a line 60 to a meter 62. By this means .

the volume of revised producer gas is measured
and the volume of water or condensed steam
is measured. .

The revised coke oven gas leaves the chamber
28 through o line 84 and passes through & con-
denser, cooler and temperature conditioner 68 into
& measuring column 8. The condensed steam
then flows through a line 70 and the gas through
a line 92 into a receiver 12 which acts as a sepa-
rator. The water flows out through & line 14
and the revised coke oven gas passes through a
line 76 and then through a meter 18. By this
means the volume of the revised coke oven gas is
measured and the volume of water separated is
measured.

The temperature in the diffusion apparatus is
maintained as n2arly uniform as possible
throughout the diffusion zone. This temperature.
1s approximately 115° to 120° C. for coke oven gas
but will be about 10° above the dew point of the
gas and steain mixture, and is controlled by means
of steam which is introduced through a line 80
into s chamber 82 of the diffusion apparatus that
surrounds the tubes 46. Condensate steam may
leave the chamber 82 through an outlet pipe $4.
Both the coke oven gas being fed to the diffusion
apparatus and the sweep gas are heated to a tem-
perature at least 10° above the dew point of the
gas and steam mixture in the heaters 16 and 38§
respectively to prepare them for the diffusion op-
eration. The temperature must be above the dew
point of the gases being treated in the apparatus

4
so that no liquid is present in the boundary
tubes 22,

The flow regulator i2 controls the volume of
coke oven gas which is the feed gas to the diffu-
gion apparatus to be revised. The flow regulating
valves 30 and 34 control the volumes of producer
gas and steam respectively, which acts as a sweep
gas in the diffusion operation. The pressures of
the feed and sweep gas on the opposite sides of
the porous diaphragm or boundary tubes 22 are
very important in controiling the diffusion of the
gases through the boundaries from one stream to
the other. The pressure of the coke oven gas in-
side of the boundary tubes is controlled by a pres-
sure regulating valve 88 and the pressure of the
sweeDp gas on the outside of the boundary tubes
is confrolled by a pressure regulating valve 88.
These valves are carefully regulated to maintain
the pressure distribution for the diffusion opera-
tion. The pressure distribution of the feed and
sweeD gases involves several factors:

First, the pressure of the sweep gas is sufil-
clently higher than fhe pressure of the feed gas
so that there is a hydrodynamic flow of sweep gas
through the pores of the boundary. This hydro-
dynamic flow is the flow of sweep gas through the
boundary pores which is not due to diffusion but
is due to the pressure differential across the
boundary.

Second, the size of the pores which determine
the porosity of the boundary or dlaphragm should
be many times larger than the mean free path of
the molecules of the feed gas. The mean free
path of the molecules is the average distance
which g molecule travels before colliding with an
adjacent molecule. Depending upon the length
and the resistance to flow of the pore, the average
length and width or diameter of the pore may be
from 1 to 10,000 times the mean free path of the
40 molecule.

Third, the pressure of the gas streams at oppo-
site sides of the boundary or the average pressure
differential across the pores of the boundary.

Fourth, the area of the boundary. ‘This area

45 takes into consideration the pressure differentials
at the inlet and outlet ends of the boundary or
the average pressure differential over the area of
the boundary. When the feed and sweep gas
streams flow concurrently or in the same direc-

60 tion, the pressure differential at the entrance end
is dependent upon the difference in pressure of
the two gas streams. With such a flow there
will be & gradual lowering of the pressure differ-
ential as the two streams advance across the

856 boundary area. If the feed and sweep gas
streams flow countercurrently along the bound-
ary, then the pressure differential across the
boundary at the entrance end of the sweep gas
is at its maximum because the resistance of fiow

60 and the diffusion of the feed gas through the
boundary has lowered its pressure and the pres-
sure of the sweep gas Is at its maximum. Ae-
cordingly with countercurrent flow the diffusion
rate will be lowest at the entrance end of the

68 sweep gas and highest at the exit end of the sweep
gas from the boundary area. -

‘When carrying out the diffusion operation with
8 porous boundary to provide a hydrodynamic
flow of the sweep gas there will always be a pas-

70 sage of sweep gas into the coke oven gas as well
as the diffusion of some constituents of the sweep
gas through the boundary into the coke oven gas.
At the same time there will be a passage of con-
stituents of the coke oven gas into the sweep gas,

76 particularly those constituents which have a low
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molecular welght (hydrogen and low boiling point
hydrocarbons). The rate of diffusion of various
gases through a porous boundary is roughly in.
versely proportional to the square root of the
molecular weight of the gas passing through the
porous openings. Therefore, those lower molec-
ular weight gases have a higher velocity or rate
of passage through the boundary than the heavy
molecular weight constituents. In some cases
the movement of sweep gas in one direction will
entirely oppose the movement of heavy constitu-
ents from the coke oven gas in the oppcsite di-
rection. By this means a selective separation of
the gases may take place. The greater the re-
sistance to flow through the boundary or the
smaller the porosity the more concentrated will
be the hydrogen gas passing through the bound-
ary. This same principle applies to all of the
gases and the higher the molecular welght the
less the diffusion of such gases through the
boundary.

The porous boundary tubes 22 which are illus-
trated in the drawings are of a material which is
known on the market as “Lektromesh” which is
a copper screen coated with nickel to make it cor-
rosion resistant. Many other types of boundaries
may be used for this purpose, the effectiveness of
the boundary depending upon the size and uni-
formity of the porous openings in the boundary
through which the gases may diffuse.

In Tables II and III below are shown examples
of the revision of coke oven gas with a mixture
of producer gas and steam as a sweep gas when
using seven Lektromesh tubes, 114 inches inside
diameter and 24 inches in effective length. The
Lektromesh barrier has 6400 openings per square
inch, each opening being substantially square,
the length of a side of the opening being 0.0035
inch. The flow rates of feed and sweep gases
are corrected to 30 inches of mercury at a tem-
perature of 60° ¥.

TABLE IT
Diffusion pilot plant

Producer gas + steam countercurrent to coke
oven gas flow.
Boundary: 80 x 80 x 0.0035’’ Lektromesh—7 tubes
135’* in diameter x 24*’
Effective length—547.9
Flow rates at 30’” Hg--60° F.:
Feed coke oven gas in=390 cu. ft./hr.
Peed coke oven gas out=>517 cu. ft./hr.+24.4
1bs./hr. steam
Sweep (prod. gas) in—482 cu. ft./hr.4-65.9
1bs./hr. steam '
Sweep (prod. gas) out=355 cu. ft./hr.}41.5
1bs./hr. steam

8weep Prod.
s - Feed
In Out In Out
Per- Per- Per~ | Per-
[ cent cent ce
1.6 26.0 54.3 3.7
4.9 3.5 1.7 4.9
0.0 -0.0 2.8 1.7
0.2 0.1 0.7 0.7
12.4 26,2 54.9 36.9
28.5 24.3 6.3 14,1
1.4 0.2 24.6 17.3
. 1.2 2.3 0.6 1,1
N, by difference..__..__..__.. 5l.4 43.4 8,6 23.3
Specific gravity . .ooco ... 0.880 ] 0.751 | 0.3%4 | 0.595
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TABLE IX
Diffusion pllot plant

Producer gas - steam countercurrent to coke
oven gas fiow.
Boundary: 80 x 80 x 0.0035’’ Lektromesh—7 tubes
135’ in dlameter x 24’/
Effective length——547.9
Flow rates at 30" Hg$+60° F.:
Feed coke oven gas in=380 cu. ft./hr.
Feed coke oven gas out—=495 cu. ft./hr.4+9.1

Ibs./hr, steam
Sweep (prod. gas) In=473 cu. ft./hr.4+-245
1bs./hr. steam L
Sweep (prod. gas) out=368 cu. ft./hr.}-15.4
1bs./hr. steam :
Sweep Prod.
as Feed
In Out In Out
Per- Per- FPer- | Per-
cent cent cent cend
H: b{ Conductivity Cell___._____. 1.6 29.8 54.3 37.3
rsat:
CO2e e 4.9 3.6 1.7 3.1
Unsats. ooveeeo oo 0.0 0.2 2.6 2,0
Os.. 0.2 0.2 0.7 0.5
H, 124 | 285 |[549 |36.3
CO. 28.5 |23.4 8.3 |14.8
CH;. 1.4 0.6 |20.6 |18.9
C;H; 1.2 1.1 0.6 0.8
N3 by difference________...... 51.4 42.4 8.6 13.6.
Speeific gravity.......____________ 0.8%9 | 0.727] 0.394 | 0.480

Similar runs have been made with the same
coke oven gas and sweep gas wherein the flow
through the diffusion apparatus is in concurrent
paths as distinguished from the flow in counter-
current paths as shown in Tables @I and III.
When the gas flows in concurrent paths the sweep
gas flows from the line 40 through a valved line
86 into the chamber 48, then up through the tubes
46 into the chamber 44, then out through the
lines 42 and 52 into the cooler 54. The passage
from the eocoler is then through the measuring
column 56, separator 58 and meter 62.

It will be understood that valves are placed
in the lines 40, 42 and 50 to direct the flow of
sweep gases through the diffusion apparatus in
either concurrent or countercurrent directions of
flow with reference to the direction of flow of the
coke oven gas.

By this means a selective removal or separa-
tion of predetermined constituents in the vari-
ous gas streams may be made to get practically
any desired revision of the gas. The hydrogen
passing most rapidly from the coke oven gas to
the producer gas acts to increase the B. t. u. value
of the producer gas and at the same time in-
creases the B. t. u value of the coke oven gas.

60 Purthermore, this diffusion movement of constit-

65

uents through the boundary permits an increase
in the specific gravity in the coke oven gas and
& slight lowering of the specific gravity of the
producer gas. ’

A typical blast furnace gas has & specific grav-
ity of about 9.0 and g B. &. u. value of about 85.
Carbon dioxide is 11.5%, hydrcgen 1%, carbon
monoxide 27.5%, and nifrogen 60%. It will be
seen that with a blast furnace gas a comparatively

70 1arge amount of hydrogen may be transferred by

diffusion fo build up its B. t. u. value and change
its specific gravity. On the other hand, a typi-
cal producer gas which contains 10% of hydrogen
would not require the fransfer of as much hydre-

78 gen by diffusion in order fo increase its B. £ u.
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value and change its specific gravity. The use
of steam with these gases gives an excellent con-
trol for the modification of the composition of
the gases in that, when part of the sweep gas
flowing through the boundary is a condensable
vapor which is Jater removed from the revised
coke oven gas, the addition of produce: gas or
blast furnace gas to the coke oven gas stream
relative to the amount of hydrogen transferred
to the sweep gas side by diffusion is reduced.

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

1. A method of simultaneously changing the
composition and specific gravity of coke oven gas
and producer gas comprising: feeding coke oven
gas as a stream along one side of a porous bound-
ary, passing producer gas in mixture with steam
to sweep across the other side of the boundary,
controlling the area and length of the boundary
and the rate of flow of gas on each side of the
boundary to secure a diffusion of hydrogen from
the coke oven side to the producer side of the
boundary and to cause a flow of nitrogen, steam
and carbon monoxide from the producer gas to
the coke oven gas side of the boundary to in-
crease the specific gravity of the coke oven gas
from 37.5 to 15%, and removing steam from each
of the gas streams.

2. The method of changing th2 compogition of
fuel gases defined in claim 1 in which the gas
streams pass along the porous boundary in
countercurrent paths.

3. The method of revising fuel gases as defined
in claim 1 in which the steam passing across the
boundary is dry steam and in which the tempera-
ture of the gas streams at each side of the bound-
ary is maintained above the dew point of steam.

-4, The method of revising the composition of
fuel gases defined in claim 1 in which the gases
are circulated across the boundary in concurrent
paths,

5. The method defined in claim 1 in which a
slightly higher pressure is maintained on the
sweep gas side of the boundary than on the coke
oven gas slde of the boundary to cause a hydro-
dynamic flow of producer gas and steam through
the pores of the boundary to the coke oven gas
side of the boundary.

‘6. The method deflned in claim 1 in which the
volume of producer gas passing across the bound-
ary is at least 20% greater than the volume of
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8
coke oven gas passing across the boundary and
the volume of steam flowing with the producer
gas is from 3% to 25% by volume of the volume
of producer gas.

7. The method defined in claim 1 in which the
composition of the coke oven gas producer gases
are brought to a finished composition in a single
pass across the boundary.

8. A method of simultaneously changing the
composition and specific gravity of coke oven gas
and & fuel gas of high molecular weight com-
prising: feeding coke oven gas as a stream along
one side of a porous boundary, passing s high
molecular weight gas in admixture with steam to
sweep across the other side of the boundary, con-
trolling the area and length of the boundary and
the rate of flow of the gases on each side of the
boundary to secure g diffusion of hydrogen from
the coke oven gas to the high molecular weight
fuel gas stream and to cause a flow of nitrogen,
carbon monoxide and steam from the high
molecular weight gas side of the boundary to the
coke oven gas side of the boundary to increase the
specific gravity of the coke oven gas from 317.5 to
75%, and removing steam from each gas stream.

9. The method defined in claim 8 in which the
volume of high molecular weight fuel gas is
greater than the volume of coke oven gas.

10. The method defined in claim 8 in which the
volume of high molecular weight gas is greater
than the volume of coke oven gas and the volume
of steam is from 3% to 25% by voiume of the high
molecular weight gas.

11. The method defined in claim 8 in which the
high molecular weight gas is blast furnace gas.

EARL V. HARLOW.

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Number - Name
1,496757  Lewisetal ________ June 3, 1924
1,685759 Walter —_—_________ Sept. 25, 1828
2,255,060 Mafer ———————______ Sept. 9, 1941
FOREIGN PATENTS
Number Country Date
599,895 France ... Oct. 28, 1925



