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(COMPLETE SPECIFICATION

Improvements in or relating to Changing the Composition
of Coke Oven Gas

We, Koppars Coupany Ixc., a Corpora-
tion organized under the laws of the State
of Delaware, one of the Unpited States of
America, of Koppers Building, City of

b Pittsburgh, State of Pennsylvania, United

States of America; Assignees of Grueerr

Vvcent MeGuer, a Citizen of the United

States of Amerioa, of 140, Roseville

Avenue, City of Newark, State of New

10 Jersey, Unifted States -of America, do
hereby declare the nature of fhis Inven-
tion and in what manner the same is o be
performed, to be particularly deseribed
and ascertained in and by the following

& statement:— o

This invention relates to gas diffusion
for rearranging the composition of fuel
gases. More particularly the invention
relates to the revision of the composition
of coke oven gas by diffusion when wsing
producer gas as a sweep gas and thereby
revising both the coke oven gas and the
producer gas. )

The carbonization of coal in byproduct
coke ovens produces a qompa.ratlvely wni-
form guality of gas which, when the aro-
matic hydrocarbons are removed, has a
heating value of 530 to 580 B.Th.n. and a
comparatively low specific gravity. This
gas is being widely used in cities for heat-
Ing purposes. The construction of a coke
oven baftery requires that all of the ovens
be operated simultaneously sothat the total
or average output of gas is quite wniform
and cannot be conveniently and ecenomie-
ally varied io follow the daily or seasonal
_demand cycle, - .

To take care of this variation’ in gas
demand, it is customary tosupplement the
coke oven batiery with water ges gener-
ators and then to mix the waler gas with
the coke oven gas to meet the demand.
Some mixes of coke oven gas and water
ans are not satisfactory becaumse the

45 B.Th.u, values may vary considerably and
the gravity of the gas will also vary quite
widely. The gas burning appliances do
not operate satisfactorily with these vari-
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able types of gas so that it is important to
deliver & comparatively uniform gquality of 80
gas for city distribufion. It has been
found that when the specific gravity of the
domestic gas is quite uniform, then the
appliances will properly burn such gas.

The most desirable method of ehanging b5
the eomposition-of coke oven gas is to vary .
the hydrogen content. "When hydrogen is
removed from the gas, the specifie gravity
and the B.Th.u, value are increased
therefore coke oven gas may be revised o 60
obtain the desired healing value and speci-
fie gravity more advaentageously by dif-

ion 10 rearrange the constituents par-
#ienlarly the hydrogen content rather than
atternpting to obbain the desired gas by @b
blending two or more different fypes of -
gases, i h

The primay object of the present inven-
tion is t¢ provide a method of changing
the composition of coke oven gas by selec- 1
tiye separation of the hydrogen therefrom.

Another object of the invention is to
provide a method of separating hydrogen
from coke oven gas by diffusion. In the
diffusion methed of hydrogen separation 76
from coke over gas, the hydrogen passes . -
through a porous boundary as the gas -~
flows 1n 3 conidinuous gtream across one
face of the boundary, The diffusion is
substantially aided if another gay com- 80
monly termed ° 2 .sweep gas >’ is moved
across the face of the boundary opposite
the face across which the coke oven gas is
flowing. The sweep gas is used to control
the pressure distribution of the two gages 85
on opposite sides of the boundary, The .
sweep gas hag a flow through the houndary
into the feed gas and also acts to sweep
from the face of the boundary the hydro-
gen and other gases thet have peneirated 90
through the boundary from the feed gas
side by diffusion. .

The * pressure distribution * of the
feed and sweep gases on opposite sides of
a houndary involves several factors;—

First, the size of the pores which defer-
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inine the porosity of the boundary or dia-

phragm. For the revising of fuel gas, -

the boundary should have a pore size
which is many times larger than the mean

B free path of the gas molecules. This
mean free path of ﬁ:te molecules is the
average distanee which a molecule travels
before collidin%with another or an adja-
ceni molecule, Depending npon the Jength

0 and the desired resistance to flow of the gas
theough the pore, the width or diameter
of the pore may be from 1 fo 10000 times
and preferably from I o 100 iimes the
menn fres path of the molecule, *

15 ° Second, the pressure of the gas streams
at opposite sides of the boundary or the
average pressure differential across the

-pores of the boundary, or across the
"~ boundary,

20  Third, the ares of the boundary, which
takes into consideration the pressure dif-
ferentials at the inlets or outlets of the
houndary, or the average pressure differen-
tial over the entire area of the boundary.

25 When the feed and sweep gas streams
flow concurreinly or in the same direetion
aeross the opposite faces of the boundary,
the pressure differenfial at the enfrance
end iz dependent on the pressure dif-

80 ferential of the two inlet gas streams, and
there will beagradual decresse orincrease
of the pressure differential as the streams
advance across the boundary area, depend-
ing upon whether the pressure drop due to

86 flow resistance in the sweep stream is more
or less than the pressure drop in the feed
stream. Tf the feed and sweep gas streams
flow in counter-current direction along the
faces of the boundary, then the pressure

40 differential scross the boundary at tife
entrance end of the sweep gas is at iis
maximum because the resistance to flow
and the diffusion of the feed gas through
the boundary has altered and lowered the

45 pressure of the feed gas while the pressure
of the sweep gas 1s at its masimum.
Therefore, . with counter-current flow the
diffusion rate will be the highest at the
entrance snd of the sweep gas, and lowest

§0 at the entrance end of the feed gas.

Fourth, the hydrodynamic flow of the
sweep gas thromgh the pores of the
boundary. This hydrodynamic flow is the
free flow of sweep gas through the bound-

55 ary poresnsi due to diffusion but due to the
pressure differential across the boundary,

_oven gas,

“We have found that a low B, Th.u. pro-
ducer or blast furnace gas which has a
radically different composition than the
composition. of coke oven gas is an exel- 60
lent sweep gas for facilitating the separa-
tion or redistribution of hydrogen in eoke
Producer and blast furnaces
gases have comparatively high specific
gravities so that there is relatively small 65
amount of diffusion of these gases through
the boundary into the coke oven gas. On
the other hand, the low specific gravity
hydrogen readily passes throug?h the
boundary and is swept away from the
boundary by the high specific gravity gas.

bydrogen is passed through the
boandary from coke oven gas intc pro-
dacer or hlast furnace gas, the addi-
tion of hydrogen fo these gases is very
advantageous in that it lowers the
specific gravity of the gases and gub-
stanbially increases the B.Th.u. heat
values,

‘Accordingly, a further object of the 80
invention is to utilize producer or blast
furnace gas as a sweep gas in the diffu-
sion separation of hydrogen from egke
oven gas,

- I accordance with the relative volumes 8B
of sweep gas and feed gas being revised, it
iz desirable to maintain a fixed differen-
tal pressure on opposite sides of the
boundary, this differential pressure across
the boundary being high if the boundary
is quite porous. The temperature of the
gases flowing across the boundary should
be-mainéained above the dew points of any
congtituents in the gases and the velocity
of the sweep zag should be such that it wil] 94
sweep away from the face of the boundary
the consiituents diffwsing through the
boundary,

The pressure distibution of the sweep
and feed gases with reference to the porous 1006
boundary of a diffusion apparatus depends
upon the specific gravity of the gases, the
pressure differential across the boundary,
the velocity of movement of the gases :
across the face of the boundary and the 105
area of the boundary., It is possible by
the conire] of these varions features to
obtain a selective separation of hydrogen
from coke oven gas,

Typical compositions of ecke gven, pro- 110
dueer and blast furnace gases are shown
iz the following Table,

70

76

L1



632,281 - 8

Tagrm 1.

Property

, Producer Gas
Specific Gravity 0.9

b B.ThujCuFt 130
Analysis

Carbon diozide 3.5
gluminan'hs. O-E

en .
10 C:E'rfon monoxide 30.0
Hydrogen 10.0
Nitrogen 64.6
Methane 1.5

My tests have shown that at the same
1§ time that the coke oven gas is_being
revised, the sweep gas may also be
revised so that alarge number of diffevent
types of gas may be produced.
revised producer or blast furnace gas
90 which is enriched with the hydrogen and
hydrocarbons of the coke oven gas I &
cood heating gas for coke ovens. Further,
the revision of the sweep gas may be con-
trolled to distribuwte the hydrogen and car-
26 hon monoxide in the ratio of molecular
volumes of 1:1 or 2:1 to provide en excel-
lent synthesis gas for the hydrogenation
of carbon monoxide in the Fischer-Tropsch
reaction. ) o

A stil] further object of the invention 1s
to provide a method of changing the com-
position. of coke oven gas with a producer
sweep gas to simultancously upgrade the
8 producer gas inte. a predetermined type of

5 mas, .
®"Vith these and other cbjects in view,
the invention comsists in the method of
changing the composition of coke oven gas
comprising feeding the coke oven gas as
g stream along one side of a porous
boundary passing a high specific gravity
fuel gas, such as producer gas in a siream
i sweep the other side of the boundary
and controlling the pressure distribution
of the gases on opposite sides of the
boundary to control the movement of con-
stituents through the houndary from one
stream to the other. .

The various features of the invention are
{llustrated in the accompanying drawing
which is a diagrammatic flow sheet of an
apparatus in which the preferred method
of Tevising ooke oven gas by diffusion may
be carried out.

Coke oven and pioducer gases ate gener-
ally maintained, at a comparatively low
pressure (6 to 12 inches of water pressure}.
Accordingly the diffusion process for
revising coke oven ges is carried out ab
80 substantially atmospheric pressure, that

is, these gases will have a sufficient pres-

sure to condrol their fow through the dif-

fusion apparatus. . o
Referring to the drawing, the diffgsion

50

40

60

5

The-

Blast
Coke gven Gas Fumz(t)ce Gas

586 85

1.8 11.6

3.7 —

0.2 —

6.3 27.5
53.0 1.0

3.4 60.0
31.6 —

revision of coke oven gas may be carried 65

out as follows :—

Coke oven. gas Is introduced through a
line 10 and flow regulator 12 into a meter
14 to establish a definite flow rate. The
gas passes through s heater 16 which is 70
preferably heated by steam to a tempera-
fure above the condensation. temperature
or dew point of any of the constituents in
the ges at the boundary. From the heater
16 the gas passes through a line 18 into T8
8. chamber 20 of a diffusion apparatus.
This gas i1s then distributed throughout
the arean of the chamber 20 and passes
through tubes 22 which conneet with
porous diffusion boundaries 24 thai form
a continuation of the tubes 22, The
streamg of coke oven gas pass through the
diffusion boundary tubes, then through
tubes 26 into a chamber 28 and thence flow
through 2 line 30 inio a cooler 32. The
coiler 32 is préferably cooled by water or
other cooling medium in order to standard-
ize the temperature of the gas so thai it
may flow through a line 34 {hrough a
meter 36 to measure iis volume. - 90
_ The producer sweep gas is_introduced
into the apparaius through a line 38 and
flow regulator 40 to establish a definite
predetermined flow rate of producer geas.
The producer gas then passes through a 95
ieter 42 into a heater 44 where i is heated
by steam to raise it to substantially the
same temperature as the coke oven gas as
maintained by the heater 16. This pre-
heated gas then passes through a line 46 100
tc a line 48 or a iine 50 in accordance with
the manner in which the sweep gas is cir-
culated through the diffusion apparatus. Tf
the. gweep gas is fo pass through the dif-
fusion apparatus in a parallel concurrent 105
stream with the feed gas then the sweep
gas will enter a chamber 52 of the
giffusion apparatus through the line
48. The sweep gas will then be dis-
tributed throughout the chamber 52 110

85

"and pass upwardly through the fubes

54 around the porous boundary tubes
24, Affer . passing. across the porous
boundaries, the sweep gas eniers a cham-
ber 56 and then flows out through a line 115
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58 through g cooler 60 to be conditioned
for passing throngh g line 63 into a meter
64. If the sweep gas is to pass across the
porous boundaries in a sivesm. parallel to
5 the coke oven gas giream but connter-cur-
" rent to the fow of the ecoke oven gas, then
the sweep gas will pass through the line
506 to the line 58, thenece into the chambe:
£6, then down across the porous boundary

10 tubes 24 into the chamber 52, and out
through the live 48. From the line 48
the gas will pass through the line 66 to the
Hne 68 and thence through the cooler 60
and meter 64. To assists in oblaining =

15 good temperature condition for diffusion,
the tubes 54 are smrrounded by a heating
jacket 68 into which steam is infroduced
through an inlet 70 and water of condensa-
tion taken out through a line 72.

20 The pressure distribution across the
porous boundary tubes 24 is maintained by
means of & regulating valve 74 in the
sweep gas line 58 and a regulating valve 76
in the feed gas line 80. The flow regu-

25 lators 12 and 40 in the coke oven and pro-
ducer gas lines respectively control the flow
raie of coke over gas and producer gas,
The pressure of the gas flowing across the
opposite sides of the porous barrier of the

80 diffusion tubes is controlled by the valves
74 and 76, The valve 74 is controlled to
maintain & pressure of the sweep gas on the
outside of the tubes 24 slightly higher than
the pressure of the feed gas within the

85 tubes 24. This pressure differential then
controls the hydrodynamice flow of sweep
gas through the porous tubes and the dif-
fusion of comstitaents from one gas stream
inte the other gas stream. The pressure

40 differential is small but is sufficient fo
maintain 4 hydrodynamic flow and definite
diffusion through the diaphragm.

From Table 1 it will be seen that the
hydrogen content of coke oven gas is much

45 higher than the hydrogen content of pro-
ducer gas or blast furnace gas. Hydrogen
has a very much lower specific gravity than
carbon dioxide, carbon monoxide, mitro-
gen or the hydrocarbons in coke oven gas.

50 Since the rate of diffusion through a porous
diaphragm is roughly inversely propor-
tionai to the sguare root of the molecular
weights of the gases, the hydrogen will

have the highest veloeity of any of the con-
stituents in the feed and sweep gases. 55
Therefore, the revision of coke oven gas
when using producer gas as 4 sweep gas
will consist prineipally in the redisivibu-
ton of hydrogen by diffusion through the
poreus  boundary. By maintaimng a §0
higher pressure on the sweep gas side of
the boundary, than on the feed gas side

of the boundary, the free flow will be from
the sweep gas indo the feed gas. On the -
oiber hand, the coke oven gas constitaents 65
tend fo set up a counter-diffusion through
the boundary which is opposed by the free
flow and diffusion of the constituents of
the producer gas through the porous
boundary, The net result is an exchange of 70
constituents passing through the boundary
from each stream into the other. However,
the higher diffusion velocities of the
lighter eonstituents in the coke oven gas,
parteularly hydrogen, will resulf in a net
addition of hydrogen to the producer pas
from-the coke oven gas and a small
redistribution of other constituents
hetween the two gas streams.

By controlling the boundary area and 80
the volume ratio of the gases on oppesite
sides of the boundary a decrease of the
specifie gravity of the producer gas in the
range of 12 to 20% may be ocbiained.
Simultaneously, while decreasing the BB
specific gravity of the producer gas 12 to
30%, the specific gravity of the coke oven
gas may he inereased in the renge of 42
to 50%. _

In Tables IT to VII inclusive are shown B0
data of the revision of a coke oven gas, of
substantially the composition eited above,
through a porous beundary in which
tubes are used which have a porosiiy of
(400 openings per square inch, the open- 95
ings being substaniially square with a
dimension of 0.0035 inches on each side.
These boundary tubes are made of =
copper sereen coated with | corrosion
resistant nickel. The data of Tables IT o 100
VII was obtained by using seven porous
boundary tubes 1} inches ingide diameter
with an effective length of 24 inches, In
all cases the gas was corrected {o 30 inches
of mercury pressure and 60° F, for the 105
meier readings.

7
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Tapr® fI

Feed (Coke Oven (Gag) in=643-C. F. H. -
Coke Oven Gasy out=T08 C. ¥+ H.
Sweep (Pmducer Gas) in=520 C. ¥. H., -
- oube=4bd C. T, H.
Swee
In ut
% %
H, as determined by Conductivity Cell 0.5  28.5-
Orsai Analysis ‘
4.9 3.2
I]lum;_nants 0.9 0.6
A 0.5 0.2
H, W08 205
CO 285 219
CH, 1.2 5.7
C.H, — —
N, (By differencs) 53.2 389
Specific Gravity 0.870  0.697
Taznrm IIY
Feed (COLe Oven (as) in=643 C. F. H.
(Coke Oven (tas) cub=816 G . H.
Sweep (Producer Gas)  in=>530 C. H.
oub=357_C. I‘ H.
SBweep
I/n 011.;.1:
5] QO
H, as determmed by Conductivity Cell 165 28.3
Orsat Analysis )
4.9 3.7 ..
Illuml_nants 0.9 0.7
0, 0.5 1.0
H, 16.8 a0.1
co - . 28.6 211
CH, 1.2 4.5
N, (By difference) 53.2 389
Specific Gravity 0.87¢  0.609
Tasre IV
Feed (Coke Oven G‘rasg m=187 C. F. H.
‘ Coke Oven Gas) out=307 C. F. H.
Sweep (Producer Gas) in=476 ¢. ¥, H.
out= 356 C. F.H.-
: Sweep
In QOut
% %
H, as determined by Conductivity Cell ws 231
Orsab Analysis .
4.0 3.8
Illumj_nants 4.0 0.0
! 0.8 1.0
H, 11.8 22.1
0] 28.7 248
CH, 0.0- 20
C B, 15 1.8
(By d]ﬁerance) 53.2 447
Speﬁ.lﬁe G‘rra.wty } 0.874 0.788

[

Feed
In Out
% %
51.7 39.0
1.6.- 23
- 3.0 22
06 .- 05
5.6 - -40.1
5.5 i’.b
20.6 21.8
4.6 206 .
037 0.538
Yeed
in Qut
% o)
51.7 39.2
1.6. - 2.8
3.0 2.2
0.6 1.7
55.6 - 39.8
5.6 12.8
29.0 134
4.6 275
0.370 0.576
Feed
In - Ont
% %
54.3 3L.8
1.7 - 2.8
2.8 - 232
1.5 1.3
53.9 - 31.6
6.7 — 15.8
17.2  18.1
2.9 0.0
3.5 30.2
0.431 0.687

=



The data of Tables I, IT, IV and V
were taken at a time when the sweep gas
60 was passed through the diffusion apparatus
a8 illustrated in the drawiogs in & path
concurrent with the flow of feed gas.

6 632,281
Tasim V
Feed (Coke Oven (Gas) in=380 C. F. H
(Coke Oven Gas) out=>516 C. F. H.
Sweep (Producer Gas) . in=482 C. F¥. H.
b . out=356 C. F. H
Sweep Feed
In Qut in Oui’
% % % %
H, as determined by Conduetivity Cell 11.6 238 54.8  39.2
10 Orsat Analysis
Co, 4.9, 4,0 15 . ar
I]lumi,na.nts 0.0 (.0 267 19
A 02 01 0.7 _ 0.7
H, 134 240 54.9 - 39.7
15 00 28.5 23.7 6.3 131
CH, 14 4.1 24.6 - 174
C.H, 1.2 1.9 0.6 1.2
W, (By difference) al4 46.2 8.6  23.3
Specific Gravity 0.389 0.782 0.8394  0.560
20 Taprs VI
Feed {Coke Oven Gas) in=3586 C. F. H.
{Coke Oven Gas) out=533 C. I'. H.
Sweep (Producer G‘ras; in=241 C. ¥. H.
out=294 C. F. I
a5 Sweep Feed
In Out In Out
. % % % %
H, as determined by Conductivity Cell 11.8 34.7 55.7 48.1
Orsat Analysis
30 . 80, 4.9 3.8 1.7 2.3
THuminanis - 040 0.8 2.6 2.5
. 0.2 05 0.7 0.8
H, 24 349 545 ° 489
.. CO 28.5 184 6.3 8.8
38 - CH, 1.4 83 *° 246 230
C, H 1.2 0.4 0.6 0.6
N (BY difference} al.d4  32.9 8.6 13.1
Specific Grau’[:y 0.88% 0.642 0.894 (453
Tawzw VIT
40 Feed (Coke OQven Gas) in--584 C. F, H.
Colze: Oven Gas) out =484 C. F. H.
Sweep (Producer Gas) n-=400 C. ¥. H.
out=500 C. ¥, H,
Sweep Feed
455 I Oub In Qut
% % T % %
H, as determined by CGonduetivity Cell 1.9 322 55.Y 488
Orsai. Analysis
00, 49, 4.2 LT T 28
50 Iuminants 0.0 8 2.6 2.4
0, 0.2 0.2 6.7 0.8
H, 12.4 32.3 54.9. 7T 477
co 28.5 18.8 6.3 8.7
G]E[4 14 6.7 ‘4.6 228
85 C 1.2 0.8 0.6 - l.l
(By difference) 514 364 5.8
Speclﬁe vaityn 0.889 0.769 .394 0 466

The data of Tables VI and VII were
faken when the sweep gas ﬂowefl in a
counter-current path to the feed

From this data it will be seen 15 t the
composition of the coke oven gas has been

65



. 632,231 7

quite widely changed, particularly with
reference to its hydrogen. and carbon mon-
oxide contents. The specific gravity of the
revised gases shown in the Tables is very

5 acceptable for domestic purposes. Further
the B.Th.u. valus of the producer gas
hag been increased approximately 10%. It
will be seen also that the ratio of carbon
monexide to hydrogen in the reformed
sweep gas may be quite widel; varied, In
acoordance with the data of Tables IV and
V the molecular ratios of hydrogen to
carhon monoxids in the revised produeer
gas are approximately 1:1, while in
15 accordance with the data of Tables VI and
VII the molecular ratios of hydrogen to
carbon monoxide in the revised producer
gas are substantially 2:1, Such gases
are well suited as synthesis gases for the
90 Fischer-Tropsch process. Alt ough nifro-
gen is present in these gases, it has heen
found that a high percentage of nitrogen

it not detrimental to-the catalytic hydro-
genation of carbon monoxide with a

95 catalyst in the Fiseher-Tropsch reaction.
. Inthe apparatus jllustrated in the draw-
ing, seven porous boundary tubes have
been used. It is alzi;parent, however, that
the apparatus may be designed o use any

g0 desired number of tubes and the porous
area may be varied in accordance with the
gases treated in order to get the

10

being
desired diffusion separation of produets.
Ir the diffusion operation there is always
an exchange of gas from ome gide of the
boundary into the gas at the other side of
the boundary but the rates of diffusion of
the gaseous constituents may be controlled
and medified in order to get a compara-
40 tively selective separation of fhe desired
components,

Having now particularly desoribed and
ascertained the nature of our said inven-
Hon and in what manner the same is o be

45 performed, we declare that what we claim
15 2

1. A method of changing the eomposi-
tion of coke oven gas comprising feeding
the coke oven gas as a stream along one

50 gide of a porous boudary passing a high
specific gravity fuel gas, such as producer
gas in a stream to sweep the other gide of

35

the boundary and controlling the pressure
distribution of the gases on opposite sides

of $he boundary to control the movement 55
of constituenis throu%h the boundary from
one stream to the other.

9. Method according io Claim 1, which
comprises controlling the movement of
hydrogen through the boundary from the 60
coke oven gas to the producer gas.

3. Method according to Claim 1 in which
the control of the boundary area and the
volame ratio of the gases on opposite sides
of the boundary are such as to increase the 69
bydrogen content of the producer gas and
{he carbon monoxide and nitrogen conient
of the coke oven gag while decreasing the
specific gravity of the producer gas in the
range of 12 to 20%.

4 The method according to Claim 1 in
which the boundary area and the volume
ratio of gases on opposite sides of the .
boundary cause a movement of hydrogen
through the boundary to the producer gas 76
and nitrogen and cerbon monoxide to the
coke oven gas to such an extent thad the
specific gravity of the coke oven gas will
be increased in the range of 42 to 50%.

5. Msthod according to any of the pre-
ceding Claims, which comprises passing
producer gas iu concurrent How to the
coke gven gas.

6. Method aceording to any of the pre-
ceding Claims, which comprises passing 85
producer ges in counter-current flow to the
cole oven gas,

7 Method according to any of the pre-
ceding Claims, in which the pore size of
the boundary is from, 1 {o 100 times larger 90
than the mean free path of the coke oven
gas molecules. .

8. Method of changing the composifion
of coke oven gas substentially as described
with reference . fo fhe accompanying 95
drawings.

Dated the 21st day of April, 1047,
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{ SHEET

[This Drawing is a. reprodiuction of the Original on a reduced. scale]
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