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The present invention relates to the liguid puri-
fication of by-product, coke-oven gas, and par-
ticularly to an improved process in which the
coke-oven gas is scrubbed -with an aqueous ab-
sorbent which is actified or regenerated by heat-
ing under subatmospheric pressure.

An object of the invention is to provide an
improved process of the type described. which
provides for the separation and recovery of am-
monia, hydrogen sulfide, and hydrogen cyanide.

A further object of the invention is to provide
an improved process of the type described which
can be carried out economically.

Another object of the invention is to provide
an improved process of the type describéd which
is arranged so -that the heat required for the
process is redueced to a minimum, ‘

A further object of the invention is to provide
an improved process of the type described which
is arranged so that the heat required in actifica-
tion or regeneration of- the washing solution is
supplied from g source of heat which is normally
wasted, as, for example; by the liquor which is
employed to. cool the gas in the collecting main.

Another object of the invention is to provide
an improved process of the type deseribed which
is arranged so that the:subatmospheric condi-
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tions for the actification of the fouled absorbent. -

are provided with a-minimum of expense.

A further object of the invention is to provide
an improved process of the type described which
is arranged so that a vacuum pump of minimum
size and operating cost. is required to maintain
the subatmospherie conditions in the chamber in
which the fouled absorbent is actified.

Another object of the invention is to provide
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an improved process of the type described in -

which the gases given off during actification of

the fouled solution are washed with ammoniacal -

liquor to thereby reduce the volume of these
gases, both by cooling of the gas and by chemi-
cal reaction or combination of constituents of
the gas with the washing. solution, so that the
volume. of gas remaining to be handled by the
vacuum pump is relatively small.

A further object of the invention is to provide
an improved process of the type described in
which all traces of ammonis are removed from
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the gas supplied to the vacuum pump to thereby -

eliminate formation of objectionable deposits as

a result of reactions initiated by the heat of com~ *

pression of the gas passing through the vacuum
pump. o

Another object of the invention is to provide
an improved process for removing ammonia from

coke-oven gas-and for forming ammomum sulfate °

therefrom ina saturator
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A further object of the invention is to provide -
an improved process of the type described and
in which the saturator is of relatively small size
so that it can be constructed at low cost and so
that it can be fabricated in a shop as a complete
unit.

- Another object of the invention is to provide
an improved process of the type described which
eliminates the necessity for passing the entire
body. of the coke-oven gas through the saturator
angd thus eliminates the attendant cost of com-
pressing the gas.

A further object of the invention is to provide
an improved process of the type described and
in which the fiushing liquor is employed as the
ammoniacal liquid or secondary washing solution
for ‘washing the gas given off by the primary
washing solution so that the supply of the second-
ary washing solution to the ammonia still does
not increase the load on the ammonia still.

Another object of the invention is to provide
an improved process of the type described which
includes means for supplying to the actifier from
the flushing liquor water in an amount substan-
tially equal involume to that present in the gas
leaving the actifier to thereby prevent any in-
crease in the volume of liquid to be handled by
the ammonia still.

A further object of this invention is to provide
an-improved process of the type described and -
which incorporates means to recover the naph-
thalene present in the gas and does so in such
manner as to insure that the naphthalene will
not interfere with the operation of the appara-
tus for carrying out the process.

Another object of the invention is to provide
an improved process of the type described which -
eliminates the -need for the final coolers which
are usually employed in gas purification processes.

A-further object of the invention ig to provide
an improved gas purification process of the type
shown in U. 8. Patent No. 1,654,782, issued Jan.
3, 1928, to &. H. Bird.

Other ‘objects -of the invention and features of
novelty will be apparent from the following de-
scription taken in connection with the accom-
panying drawing, the single figure of which is
an slevational view of apparatus for treating
coke-oven gas with the process provided by this
invention.

The apparatus shown in the drawing includes
various units ordinarily employed in coke plants.
Gases from a coke oven 18 pass through an as-
cension pipe i to the collecting main 12 which
is provided with sprays 14 for spraying the gases
with ammoniacal or flushing liquor which serves
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as a medium to cool the gases. The gas leaving
the coliecting main is at a temperature on the
order of 75° C. (167° F.).

The tar and moisture condensed out of the
gas collect in the bottom of the collecting main
12 and, together with the flushing ligucr, flow
through a downcomer {5 to a flushing liguor de-
canter or hot drain tank {6. A substantial por-

tion, on the order of twenty percent, of the-
smmonia in the gas from the coke cven is ab=-

sorbed in the flushing liquor and remains in this
liguor when this liguor flows from the collecting:
main to the decanter or drain tank 8.

The gas passes through the suction main {7 to

the primary ccoler 18 which is preferably of the:

indirect type in which the gas flows over tubss

through which cooling water is circulated. Tar-

and liquid condensing out of the gas in the pri-
mary-cooler flows to-the tank {8 through a pipe

i3; " In the primary cooler the gases are. cooled:

to-a-temperature -on. the order of 35° C. (85° ¥')).

The-cooled gases are withdrawn from the pri-:
i8 by the exhauster 2§ and arve:
pumped through the tar separator 2, from which-

mary- cooler -

condensates and collected ligquids flow through
pipe 22-to the tank 16.

In the:tank 16 the:tar and ammonia liguov
separate--into layers, and the ammonia liquor,
which-forms- the- upper layer, passes from- the

tank {6 into a circulating tank 23 from: which.

it “is pumped:-by & pump 28§ and thence o the
sprays 14 over a path hereinafter described. In

addition, as-hereinafter explained, a portion of -
the ammonia liquor is-supplied to the ammonia:
stili-and-another portion-is- employed in the acti--

fication, or regeneration, of the solution which is

employed tor wash the- gas, while waler vapor is-

taken from the-flushing liquor and added to the
gases -given off during regeneration of the wash-
ing solution.

The cooled gas; free-from tar, is supplied from
the tar-separator 21 to the lower part.of the upper
section- of -the- absorber- 28- in which the gas is
brought' into contact with an- aqueous: atkaline
primary- absorbent solution, such as a. solution
of sodium carbonate, which is pumped by a pump
28-from the bottom of ‘an actifier 38 through a
line-31{ ‘which-has-'a cooler 32 interposed therein.:
Cooling water is supplied by suitable means from
any-appropriate souree to the cooler 32, and also

to-the other coolers employed in-this process. The-

upper section- of the absorber 2% is preferably in

the form of a packed tower through which the-

gas passes” upwardly in- countercurrent to the
downwardly flowing liquid. The absorber 23 is
of-such size and- the rate of circulation of the
primary absorbent solution and the concenira-
tion of the absorbent solution are such that the
solution absorbs substantially all of the hydrogen
sulfide, hydrogen cyanide, and- ammonia present
in the gas.
the: gas combine chemically with . the alkaline
washing:solution,.thereby reducing. the alkalinity
of- the. solution so: that ammonia from the gas
dissolves.in the solution and reacts with the acid-
forming. constituents of the gas. In addition, the

gasis cooled by the washing. solution, and the.

various parts of the equipment are proportioned
so-that.the gas leaving the absorber is at a tem-
perature of about-25° C. (77° F.). The gas, sub-
stantially free of the constituents listed above,
leaves the absorber 28 through the outlet or dis-
charge. pipe -35¢. and may be subjected to any

desired. further ' treatment for. the.recovery of. .

by-products present therein.
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The hottom of the upper section of the absorber
26 is conical and has a centrally located dis-
charge pipe 29 which exfends downwardly to a
point adjacent the bottom of the lower section of
thie absorber. The pipe 28 exiends through a
plurality of horizontal baffles &3, alternate ones
of which extend from opposite sides of the ab-
sorber. The baffles 33 are spaced apart vertical-
1y a short distance and cooperate to form a tor-
tuous: or circuitous path through -which liguid
flowing downwardly through the pipe 28 must
pass- to reach: the top-of the body of liguid-in
the lower. section: of the absorber.

Liquid tar from the tank 1§ is pumped through
5: pipe 34 by the pump 3% to the upper part of the

lower section of the absorber 28, while tar from
the-bottem of the lower section of the absorber
26 is pumped by the pump 38 through the pipe
37 to the tank 18. Accordingly; there is.a con-
tinuous downward flow-of tar through the lower
section:of the: absorber 28.

The primary -absorbent solution which collects
in-the-bettom of the:upper section of the absorber
is of lower specific gravity than the tar so it
flows - downwardly through the pipe 29 and
thence - upwardly through the tar and forms a
pool: or layer of liquid’ on top of the tar.

The -cool "absorbent solution sprayed on. the
gas in the absorber 286 condenses naphthalene
from the- gas:and this naphthalene is carried: by
the absorbent solution down - through the pipe
29: s0 that the naphthalene is discharged into
The tar is an absorbent for the naph-
thaléene, and because  of the ‘circuitous path
through which the  absorbent solution: must
travel in reaching the top of the tar, the naph-
thalene is almost completely absorbed from the
absorbent solution before the absorbent solution
reaches the top of the tar.. The naphthalene
absorbed by the tar is carried by the tar to the
tank 15, and is removed from: the tar during the
refining of the-tar by the methods customarily
employed.

The pumps 35 and 36 and the associated-pipes
mgy be' governed in any' suitable manner well
known:in the art to maintain:the tar in the lower
section of -the-absorber 28-at a substantially con-

‘stant level.

In addition, the absorber 26 may have asso-
ciated therewith means: for preparing alkaline
absorbent solution and for supplying solution to
the: circulating system- for the: absorber.
equipment has not been-shown, but may be ar-
ranged substantially as shown in  my Patent
2,464,805; granted March 27, 1849.

Fouled primary: absorbent solution which col—
lects in the- bottom section of the absorber 2%
is pumped: therefrom through the pipe 38 by the
pump 38 to sprays £8 in the actifier 36, 'The pipe
38 communicates with the lower section of the
absorber 26 at a point above the level of the tar
therein so that only washing solution is with-
drawn through the pipe 38.°

The actifier 38 is in the form of a packed tower
and the nozzles 48 are located at an intermediate
point in the tower.

The fouled primary absorbant solution in the

"actifier 390 .is heated by the reboiler £§ mounted
in. the base of the actifier and having coils.

through which relatively hot flushing liquor. is
circulated by the pump. 25. The pressure in the
actifier 30-is, maintained substantially below. at-~

mospheric - pressure. by means: hereinafter de-

scribed so the liquid therein boils.or. vaporize

at a relatively low temperature. Hence the heat

‘This-
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supplied from a source 'of heat which is normally
wasted is adequate to cause the desired boiling
or vaporizing .of ‘this solution. . For.example, the
heat required in. the actifier 30 may be supplied
by circulating flushing: liquor through the re-
hoiler 41, or it.may be supplied to-the actifier
from any other source such:as directly from the
hot gas in the collecting main 12. :

The flushing - liquor is heated by the hot gas
supplied from the ovens 10 to the collecting main
2. Hence, the flushing liquor circulated through
the reboiler 41 in the actifier 39 provides means
for transferring- heat from the coke oven gas to
the solution in the actifier.: - ‘

~As a result of the “heating. of the primary
absorbent solution and of the upward flow of
vapors through the packing countercurrent to the
descending .primary-absorbent solution; the am-

monia, hydrogen:sulfide and hydrogen cyanide.

present therein are largely expelled, and are car-
ried out the top of the actifier together with the
water. which. is vaporized from the absorbent
liquor.  'The regenerated primary solution which
collects .in - the bottom: of the actifier 20 is .re-
circulated by the pumyp 28 and is returned through
the cooler 32 to-the absorber 26. . The pump 28,
or the pipe 31, may be governed by appropriate
means. to maintain the liquid. in the bottom of
actifier. 30 at a suitable level. . .

:The gases emitted: from the fouled primary
absorbent solution. in.the actifier 33 leave the
actifier through the pipe 42 and pass through the
cooler or dephlegmator 43 which condenses a
major portion of the water present in these gases.

The condensate. from the dephlegmator 43 is 2

pumped by a pump. 44 through a pipe 45 to sprays
46-in the top of the actifier 30.

The' flushing liquor  leaving. the.reboiler 41.

flows to a flash tank 59, the upper part of which is
connected by a pipe 51 with the actifier.39 at an

intermedaite level in the . actifier. .. As. stated:
above, the actifier is at less than atmospheric.

pressure so the space in the flash tank 53 -above

the level of the liquid therein is also below.atmos- .

pheric pressure, and there is rapid evaporation of

water from the surface of. the relatively hot:
liquid in.this tank. In addition, there is rapid.

escape of vapors, such as ammonia and hydrogen
sulfide, from the liquid in the tank 50, - These
vapors pass through the pipe 5! to. the actifier 30
and add to the vapors therein. . :

:As stated above, the dephlegmator 43 cools the
gases. leaving . the actifier 30 and condenses a
major portion.of the water vapor.therefrom, this
condensate being returned to the. actifier .30
through the sprays 46. . However, the gas leaving
the dephlegmator 43 contains some water vapor,
andif the:water represented by this water vapor
were not. returned to the system, the absorbent
solution would soon be consumed.

~The flash tank 50 provides means for supplying
moisture to the actifier 30 to compensate for the
moisture taken from the actifier by the gas dis-
charged .therefrom.. The surface area of the
tank: 83, the size of the pipe 51, and the amount
of cooling in-dephlegmator 43 are selected and
proportioned so that moisture supplied from the

tank 50 to the actifier 30 is substantially equal in -

quantity to the moisture carried out of the acti-
fier 3¢ by the gas leaving the dephlegmator 43.
Hence, the volume of the washing solution is not
diminished by evaporation in the actifier. -

-As hereinafter.explained, the water carried by
the gas leaving the dephlegmator is supplied to
anammonia still. . As this water is .taken from
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the flushing liquor, there is less flushifig lguor:
to be supplied to the ammonia still than would
be the case if the water were supplied from a
different source, and the total volume of liquid
supplied to the ammonia still remains substan-
tially unchanged.

As previously stated, the dephlegmator cools
the gases leaving the actifier 30, while condensate -
from the gases is returned to the actifier. . The
cooling ‘of the gases reduces their volume, which
is - helpful in: maintaining the subatmospherie
pressure conditions in the actifier 89; but it also
Increases the gases ‘absorbed by the condensate -
returned o the actifier from the dephlegmator -
43.  Accordingly, the apparatus is arranged and .
broportioned: so that the gases leaving the de-:
phlegmator 43 are at a temperature on the order:-
of 45° C. This effects & substantial reduction in
the volume of these gases without objectionably -
increasing the concentration of the absorbed
gases in the condensate returned to the actifier.

Liquid from'the Aash tank 58 is puraped by the
pump 57 through pipe 58 to the sprays 4 in the.
collecting main {2, while a branch of the pipe 58
connects with the circulating system for the sec-
ondary absorber 60 and provides means for add- .
ing flushing liguor to the absorber §6. The pump
51, or the pipes associated therewith, may be
governed in any appropriate manner to maintain .
the liquid in the tank 56 at a substantially con-
stant level. :

Although most of the naphthalene is removed
from the washing solution in the bottom of the .
vapor absorber 2§, a small quantity of naphtha-
lene may be carried by the washing solution to
the actifier 38 and be driven off with the gases
leaving the actifier. If permitted to remain in -
the gas, the naphthalene might solidify in the .
pipes and interfere with operation of the equip-
ment, and means is provided to remove from the
gas leaving the actifier any traces of naphtha-
lene present therein. .

The pipe 52 leading from the dephlegmator
43 is connected to the lower portion of a cham-
ber 54 in which wash oil is sprayed by sprays 59.
The wash oil employed in these sprays may be.
the same as is employed in the recovery of light -
oils from ccke-oven gas, while the oil which col--.
lects in the bottom of the chamber 54 may be
supplied to the stills forming part of the light
oil recovery apparatus.. The gas in passing.
through the chamber 54 moves in countercurrent :
to the oil sprays and any traces of naphthalene
presentin the gas are absorbed by the oil. Hence, -
the gas leaving the chamber 54 is substantially :

‘free of naphthalene, while the naphthalene re- -

moved from the gas is recovered during proc-
essing of the wash oil in the light oil stills.
From the chamber 54 the gas flows through.
bipe 56 to the upper part of the secondary vapor |
absorber 68 in which the gas is washed with a .
secondary absorbent solution in the form of am-
moniacal or flushing liguor circulated by a pump .
6i. The vapor absorber 60 is in the form of a
packed tower in which the absorbent liquid and -

‘the gas both flow dowawardly.  ‘The pump 6¢

receives liquor from the bottom of the absorber -
60 and circulates it through a cooler §2 which
reduces the liquid to a temperature on the order
of 32° C. From the cooler 62 the liquid flows
through pipe 63 to sprays 64 in the top of the
vapor agbsorber 60. g .
A portion of the liquor discharged by the purp *
61 is supplied over pipe 65 to the ammonia still
10:.while this liquor is replaced by makeup liquor -
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suppliad: front a branch: ef: the pipe. §8: through
which: flushing liquor: is: supplied to the:sprays
14 i the 'collecting main §2: HEenece, the liguor
supplied to-the sprays 64 in the top of the vapor
absorber 69 contains the makeup ligquor and
therefore has a substantially lower coneentration
of absorbed: gases than the liquor removed from
the bottom of the absorber by the pump §i.

It is to be understood that the pumps 5T and
61: may be regulated to control-the pressures de-
veloped: on the liguids discharged. therefrom. It
is to: be understood also that the bramch. of the
pipe: §8 'leading fo the cooler §2, and the pipes
leading from: the pump 81 to the cooler 62 and
to the still 70 have suitable control valves V and
check valves VCK therein to regulate the volume
and the direction of the flow of liguid there-
through. These valves may be arranged to per-
mit fow of liquid from the pipe 52 to the cooler
62 but: to prevent flow of liguid from the pipe
58 to the pipe 85 leading to the still 18, and to
also prevent flow of liquid from the pump 61
to the pipe 53.

The ammoniacal or fiushing liquor with which
the gas is contacted in the absorber 88 reduces
the volume of the gas not only by cooling the
gas and condensing water vapor present therein,
but also- by absorbing the constituents of the
gas. This liquor, when introduced into the ab-
sorber 60; has a relatively low concentration of
ammonia, and, therefore, will readily absorb am-
monia: from the gas in the absorber. Similarly,
this Iiquor, when introduced inio the absorver §3,
has a relatively low conceniration of hydrogen
suliide and hydrogen cyanide so these are readily
absorbed from the gas. The ammonia forms an
alkaline compound. when in soiution, while the
hydrogen sulfide and hydrogen cyanide have an
acid reaction when in solution. Hence, the am-~
monia combines with the hydrogen sulfide and
hydrogen. cyanide to form compounds which re-
main in solution and are removed with the liquor
which is withdrawn from the bhottom of the ab-
sorber 68 by the pump 61 and supplied to the
ammonia still 78, which is of conventional con=

struction and includes & free: ammonia section,
g fixed ammonia section, and a lime leg. The:

ammonia still 19 also includes: a - dephlegmator

through which passes the'gas driven off from the:

liquor processed in the still. The dephlegmator
condenses moisture from these gases, and this
moisture. is returned to the still.

The rate of circulation: of liquor of secondary
absorbent through the ahsorber 88, the temper-
ature of this liguor, the rate of withdrawal of

liquor for supply to the ammonia still 76, and:

the rate of supply of replacement fushing liguer

to the circulating system for the absorber 8%

are adjusted and proportioned so that at least a
large part of the ammonia, hydrogen sulfide, and

hydrogen cyanide present in the gas supplied to-
the absorber 69 are removed therefrom by the -

liguor. This absorption of gases by the liguor

greatly reduces the volume of the gas discharged"

from the absorber 66.

Gas discharged from the lower portion of the
vapor absorber 68 flows through the pipe 88-to
the knockdown tank &1 which alsc serves as.g

centrifugal separator for the removal of water:
entrained in the gas leaving the absorber 60:
The water removed from the gas in the tank 63

is returned by pipe 62 to the bottom. of the ab-
sorber 60,

The gas discharged from the tank §7 is sup-

plied to an acid washer T{ where the gas passes.
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thiougha: spray- of- weak . sulfuric - acid : which
serves to remove traces of ammonia present:in
the gas. The gas discharged from the acid wash-
et 71 is supplied to the inlet side of a vacuum
pump 72, the exhaust side-of which is connected
by pipe 18 to the gas outlet 14 -of the saturator
75. A pipe 76 leads- from the ammonia still
16 to the inlet of the saturator 15. The saturator
15 may be of any suitable construction well
known in‘the art, as, for example, in Patent No.
1,964;560; to:Fred Denig, but because of the rel-
atively small volume of the gas passing through
the saturator, the saturator can. be of much
smaller size than would otherwise be necessary.

As explained above, the gas leaving the: ab-

sorber- 69 is washed with weak sulfuric acid be--

fore being supplied to the vacuum pump: 12 so
that all traces of ammonia are removed from the

gas. This is advantageous because if ammonia :

is present in the gas supplied to the: vacuum
pump, the heat of compression will initiate re-
actions between the ammonia and other constit-
uents of the gas and will result in the formation
of complex, gummy substances which. will inter-
fere- with the operation of the vacuum pump.and

with other portions of the apparatus. 'The wash-. -

ing of the gas with weak sulfuric acid before the
gas is supplied to the vacuum pump removes the
ammonia from the gag and.eliminates this: diffi-
culty. The ammeoenia in the. gas supplied to. the
acid washer 7! combines with the sulfuric acid
to form ammonium sulfate, while the aeid ‘with
this sulfate in solution is supplied to the sat-
urator 79 as part of the makeup acid therefore.

Aspreviously stated, some of the liquor pumped.

by the pump 6§ from the absorber 60 is. sup-
plied through pipe 85 to the ammonia still 18.
This still operates in the usual manner. Steam
for operating the still is supplied from a suitable
source through a pipe 80, while spent ligquor is
removed from the bottom of the still through a
pipe §i.  As a result of heating in the still, the
ammonia, hydrogen sulfide and hydrogen cyanide
in the liguor supplied to the still are driven
off, while contact of the liquor with the lime in
the still decomposes the fixed ammonia. com~
pounds in the liquor so that the ammonia from’
these compounds is also driven off.

The gas.from the ammonia still 70 is supplied
through the pipe 76 to the saturator 75 where
the gas passes through the weak sulfuric acid
solution in the saturator 15 so that the ammonia
in the gas is converted to ammonium: sulfate
which may be removed from the saturator in the
ustal manner.

The hydrogen sulfide and hydrogen cyanide
present in the gas supplied to the saturator 15
pass through the sulfuric acid unchanged and
are discharged through the pibe 74 to which the

exhaust of the vacuum pump 72 is connected.

These gases may be separated by any desired
means and may then be employed in any desired
manner,

A part of the liguor supplied to the ammonia

-Still 70 is taken from. the absorber 60, but this

does not represent an increase in the volume of

liguor to be processed by the still 18 since the-

liquor taken from the absorber 69 is replaced by
flushing liquor, thereby reducing the volume of

flushing Hquor supplied to the ammonia still.

Hence, the steam requirements of the ammonia

still are not materially affécted. .
From. the foregoing, it will be seen that the

coke-oven gas, after cooling and after removal

:0f- the tar therefrom, is supplied to the first or

'\.
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" primary absorber 26 where it is serubbed sub-
stantially at atmospheric. pressure with an
aqueous alkaline primary washing solution in
the form of a solution of sodium  carbonate.
This solution cools the gas and removes substan-
tially all of the ammonia, hydrogen sulfide, and
hydrogen cyanide from the gas, while the fouled
solution is pumped to the actifier 30 where it is
regenerated or actified so that the solution may
be recirculated. ‘The regeneration of the solu-
- tion in the actifier is carried out under subat-
mospheric conditions so that heat which would
otherwise be wasted is effective for this purpose.

The pressure in the actifier 38 is on the order
. of 4.0 inches of mercury, absolute, so the solu-
tion in this absorber vaporizes readily when
heated to the relatively low temperature to which
it is heated by the flushing liquor circulated
- through the reboiler 41. )

This process is arranged so that the subatmos-
bheric conditions in the actifier 30 are main-
. tained with a vacuum pump of minimum size
--and minimum operating expense. The secondary
- vapor absorber 68 is interposed in the communi-
cation through which gas is supplied from the
~ actifier 30 to the vacuum pump 12, and the gas
" flowing from the actifier 30 to the vacuum pump

is washed with a secondary absorbent solution
in the form of cool ammoniacal liquor in the
- ‘Vapor -absorber-8§0..  The volume of the gas-is
reduced not only by cooling the gas-and con-
" densation of water vapor present therein, but
is also greatly reduced by absorption of the gas
in the washing solution and by chemical com-

bination of the constituents of the gas with the :

ammonia in the washing solution.

The gas given off by the washing solution dur-
ing its regeneration or actification in the actifier
30 is composed almost entirely of constituents

which will be absorbed by the secondary wash- -

ing: solution in the vapor absorber 60;

The compounds formed as a result of reaction
of the constituents of the gas with the ammonia~
cal washing solution in the secondary absorber

80 remain in solution so the volume of the gas

leaving the absorber through the pipe 66 is great-
ly diminished because: of elimination of these
-elements from the gas. Accordingly, the volume
of gas supplied to the vacuum pump 12 is rela-

tively small and is much less than the volume of

- the gas given off by.the absorbent solution being
regenerated or actified in the actifier 89. Asa
result, only a comparatively small volume of gas
must be handled by the vacuum pump 12 in order
to mainiain in the secondary absorber 60, and
thus in the actifier 28, a relatively low pressure
on the order of 4.0 inches of mercury, absolute.
Hence, the vacuum pump 12 may be of relatively
small size, and the.cost of operation of this pump
will be correspondingly. small; thus making the
rrocess - economically - attractive,

The solution employed to wash the gas in the
secondary vapor absorber is sent to the ammonia,
still where it is processed. in the same manner
that the flushing liquor is ordinarily treated.
As a result of this treatment of the solution from
the absorber, the ammonia and other constitu-
ents-are released. from the solution so that they

-may be recovered in-the usual-manner.

- The ammoniacal solution employed in the va-
por ‘ahsorber. 89 is provided. from. the flushing
liguor, and as the flushing liquor is normally sent
to the ammonia still; the solution sent from the
vapor--apsorber fo the ammonia still -does: not
Increase the, total amount of -liquid sent- to the
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ammonia still, nor does it increase the heat re-
guired by the ammonia still.

In addition, water is extracted from the flush-
ing liquor and is supplied to the actifier 38 in
volume equivalent to water present in the gas
leaving the actifier. 'This prevents reduction in
the volume of the washing solution, and it also
prevents an increase in the volume of liquid to
be processed by. the ammonia still, While this
is the preferred arrangement, it is to be under-
stood that the invention is not limited to this
specific source of water vapor and that water
vapor may be supplied from any other suitable
source.

- Although it is preferred to employ flushing
liguor as the ammoniacal solution in the vapor
absorker 89, the invention is not limited to this

. arrangement and it is contemplated that solu-

tion for the vapor abscrber 69 may be provided
in other ways. For exarmple, condensate from the
dephlegmator which forms a part of the ammonia,
still may be employed as the solution in the
absorber 60 instead of being returned directly to
the ammonia still, or a special ammoniacal liguid
may be-provided for the purpose.

Although I have herein illustrated and de-
scribed in detail one form of gas purification
process embodying my invention, it should bke
understood that the invention is not limited to
these details and that numerous changes and
modifications may be made without departing
from the spirit and scope of the following claims.

Having thus deséribed my invention, what I
claim is:

‘1. A process for treating gas contasining am-
nionia, and acidic gases for the separation and

- recovery ‘'of ammonia and acidic gases therefrom

55

80

b1

comprising: - scrubbing the ‘gas in g primary
scrubbing step with an agueous sclution of an
alkaline-reacting metal compound to absorb the
acidic gases and ammonia, heating the fouled
alkaline sclution’in an sctifying zone under sub-
atmospheric pressure to drive off the absorbed
acidic gases, ammonia and water while regenerat-
ing the absorbent solution, thereafter passing the
acidic gases and ammonia under said subatmos-

" phetic pressure in a secondary serubbing step in-

to'contact with a separate agueous ammonia solu~
tion to absorb the acidic gases and ammonia un-

“der said subatmospherie pressure, whereby the
- volume of gas is reduced sufficiently so that it
- can ‘be practically handléd in. o vacuum pump

to establish the required subatmospheric pres-
sure. In the said actifying zone, passing the thus
treated gases through a vacuum pump to draw
the vacuuin necessary in said actifying zone, and

_distilling the rich aqueous ammonia sohition to

separate acidic- gases- and ammonia - therefrom

"in"which the acidic gases and ammonia driven
«out of the alkaline absorbent solutlon are passed

through s condenser to separate 2 major portion

‘of fhe water therein before the gases are brought

1n’co contact with the ammonia solutmn and re~

sorbent solutlon
2. A process for treating gas containing am-
monia, and acidic gases for the separation and

“recovery of ammonia and acidic gases therefrom
_comprising:

serubbing  the gas in a primary
scrubbing step with an agueous solution of an
alkaline-reacting metal compound to absorb the

-acidie gases and ammenia, heating the fouled al-

kaline solution in an -actifying zone under sub-
atmospheric. pressure to .drive -off the absorbed
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~gcidic -gases, ammonia and “water while :regen-
erating the absorbent solution, thereafter pass-
- ing the acidic gases and.ammonia ander said sub-
“atmospheric pressure in g secondary .scrubbing
‘.step into contact with a separate agueous ain-
“monia solution to absorb the acidic .gases and
“ammonia under said subatmospheric pressure,
“ whereby the volume of gas is reduced: sufficiently
50 that it can be practically handled in-g vacuum
“pump ‘to ‘establish the -required - subatmospheric
“'pressure in the said actifying zone, passing the
“thus treated gases through a vacuum pump to
draw the vacuum necessary in “said :actifying
zone, and distilling the -rich agueous ammonia
solution to separate acidic gases and ammonia
therefrom, in. which the gas initially  containhs
naphthalene and in which the acidic gases and
ammonia driven out of the alkaline absorbent
" solution and containing the naphthalene which
is absorbed in the alkaline absorbent solution-and
stripped ‘therefrom tin the ‘regeneration - of ‘that
solution are:scrubbed  with -oil to remove naph-
thalene “therefrom ‘beéfore ‘being ‘contacted ~with
“ammuonis, solution.

3. A process for treating gas -containing am-
monia, and-acidic gases for the separation and
recovery of ammonia and acidic gases therefrom
comprising: scrubbingthe:igasina primary scrub-
bing step with an aqueous solution of an alkaline-
reacting metal -compound ‘to absorb the -acidic

" gases.and ammonia, heating ‘the fouled alkaline
solution in an actifying zone under subatmos-
" pheric pressure to drive :off the absorbed aéidic
gases, ammonia and water while regenerating the
abeorbent solution, thereafter passing the acidic
gasesand ammonia under:said subatmospheric
- pressure in g ‘secondary:serubbing step into -con-
tact with a separate agueous-ammeonia solution to
absorb the acidic gases and-ammonia under said
subatmespheri¢ pressure,  whereby the volume of
gas is reduced sufficiently so:that it can be prac-
tically handled-in . vacuum pump to -establish
the required subatmospheric pressure-in-the said
actifying =zone, passing the thus treated gases
through a vacuum pump teo-draw the vacuum nec-
essary in said actifying zone, and distilling the
. rich agueous ammonia solution to-separate-acidic
gases and -ammonia therefrom, in which gases
leaving the second scrubbing step -are passed
through -2 sulfuric- . acid :scrubbing zone before
such gases-are. psssed through the vacuum pump.

4. A procsss.of treating coke .oven-gas for-the

-separation -and recovery -of -ammoenia, -hydrogen
sulfide - and hydrogen cyanide comprising: .col-
lecting coke.-oven gas from a plurality:of -coke
ovens' in .a ‘main, - serubbing -the gas - passing
through the main. in.a first scrubbing step with
an aqueous.: flushing liguor to.coel the.gas .and

absorb .ammonis; therefrom, -thereafter -passing - ¢
6o ‘b drive’ off ‘absorbed hydrogen 'sulfide, hydrogen
cyanids, ammonia and water while regenezatmg :

the gas .from . the main .through a body .of.an
agueous..solution: of .an alkaline metal compound
to' remove hydrogen: sulfide, hydrogen -cyanide,

_and ammonia,: heating the :fouled ‘alkaline ab-

~.sarbent- solution under subatmospheric pressure
to drive off absorbed hydrogen sulfide, hydrogen
cyanide, ammonia and water while regeneratmg
the “absorbent solution, thereafter passing the
acidic gases' and ammonia in a second s¢rubbing

“step into.contact with aqueous ammonia fush-
ing liquor from “the fiushing main to abscrb hy--

drogen ‘sulfide, hydrogen ‘cyanide and ammionia

under said subatmospheric pressure, Wnerehyj

“the volume-of ‘gas is reduced sufficiently so. that
- it-can be practically handled in & vacuum pump
< to -establish the ﬁ:equilfed =subatmospheric pres-
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- $ure-in the said actifying zone, passing the-thus
treated gases through a vacuum .pump o draw
the-vacuum necessary in said actifying zone,and
distilling the 'so-formed rich ammonia liquor o

5 - separate hydrogen sulfide, hydrogen cyanide and

ammonia therefrom, in which the flushing liquor
is-cooled :prior to ‘contacting therewith the hy-
drogen sulfide, hydrogen cyanide and ammonia
‘driven sout-of ‘the .alkaline absorbent to secure a

1 praxanume-absorption of the hydrogen sulfide, hy-

drogen .cyanide and:ammonia in the-cold. liquor.

5. A .process of treating coke oven gas.for:the
separation: and -recovery :of ammonia, hydrogen
sulfide .and “hydrogen cyanide comprising: . col-

15 Jecting:coke ‘oven gas from a plurality of coke

ovens ‘in "a main, ‘scrubbing the gas ‘passing
through:the mazin:in a first scrubbing step with
-an :agueous fHushing liquor “to cool the gas and
“absorb ammonia therefrom, :thereafter .passing

20 the gas ‘from the main through:a bedy . of an

aqueous sohition 6§ -an:alkaline ‘metal -compound
to- remove hydrogen ssulfide, hydrogen cyanide,
and -ammonia, heating the fouled alkaline -ab-
sorbent solution under-subatmospheric: pressure

23 -40-drive off absorbed hydrogen sulfide, hydrogen

cyanide, - ammonia and water while. regenerating
“the absorbent -solution, thereafter -passing ‘the
acidic gases and.ammonia-in a second scrubbing
step.into contaect with agueous. ammonia fush-

30-ing liguor from the flushing main ‘to-absorb hy-

drogen:sulfide, -hydrogen cyanide and ammonia
under said subatmosphieric pressure, . whereby
the volume-of gas is reduced sufficiently so that
it:can be practically handied in-a vacuum pump

Y

v3:t0 establish “the required subatmospherie pres-

sure in the said actifying zone, passing the:thus
treaved gases through @ vacuum pump to:draw
the vacuum necessary in said.actifying zone, and
distilling ‘the so-formed :rich -ammonia liquor to

40 separate hydrogen sulfide, hydrogen cyanide-and

ammonia therefrem, in which the hydrogen sul-

fide, hydrogen eyanide:and ammonia driven out .

of ithe: alkaline ‘gbsorbent :are scrubbed with -oil
to ‘remove naphthalene therefrom “before the

45 gases’‘and ammonia pass into contact with the

ammonia flushing liquor.
6. A process of treating coke oven gas for the

" separation. and recovery -of  ammonia, -hydrogen -

sulfide ‘and hydrogen cyanide comprising: col-

50 lecting coke oven gas from a plurglity ‘of :coke

‘ovens “in a main, scrubbing - the ~gas ~passing
through the main in @& first scrubbing step ‘with
-an waueous flushing liguor to cool the gas -and
absorb 'ammonia therefrom, thereafter -passing
the gas from the main through a body of an
~agueous solution .of an alkaline metal compound
o femove hydrogen sulfide, hydrogen cyanide,
Cand-ssmmonia, heating ‘the fouled : alkaline -ab-

Sorbent-solution under-subatmospheric pressure

“the . abs,orbent gelution, theredfter passing the

“acidic’ gases and ammonia in a second scrubbing:

-step into contact with ‘agueous- ammonia: flush-

¢5 Ing liquor from the flushing main to absorb hy-

drogen sulfide, hydrogen cyanide . angd ammonia
under . said “subatmospheric - pressure, whereby
the volume of gas is'reduced sufficiently so that
-1t can be practically handled in a vacuum pump

70 to ‘establish the required subaimospheric pres-

sure’in the said actifying zone, passing the thus
treated -gases through & vacuum pump to draw
the vaguum necessary, in said actifying zone, and
- distiing :the se-formed rich-ammonia liquor-to

5 »:séparaite"hydr.cgen:»fsulﬁ'd’e,-‘hydragen cyanide and
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ammonia therefrom, in which a vacuum is cre-
ated to draw vapors released from the alkaline
absorbent in the actifying zone through the sec-
ond scrubbing step, scrubbing any gases leaving
the second scrubbing step with sulfuric acid, and
then passing such gases through the vacuum-
creating means,

7. A process of treating coke oven gas for the
separation and recovery of ammonia, hydrogen
sulfide and hydrogen cyanide comprising: col-
lecting coke oven gas from a plurality of -coke
ovens -in a main, scrubbing the gas passing
through the main in a first scrubbing step. with
an aqueous flushing liquor to cool the gas and

absorb ammonia therefrom, thereafter passing 13

the gas from the main through a body of an
agueous solution of an alkaline metal compound
to remove hydrogen sulfide, hydrogen cyanide,
and ammonia, heating the fouled. alkaline ab-

sorbent solution under subatmospheric pressure p

to drive off absorbed hydrogen sulfide, hydrogen
cyanide, ammonis and water while regenerating
the absorbent solution, thereafter passing: the
acidic gases and ammonia in a second scrupbing
step into contact with agqueous ammonia flush-
ing liguor from the flushing main to absorb hy-
drogen sulfide, hydrogen cyanide and amimonia
under said subatmospheric pressure, whereby
the volume of gas is reduced sufficiently so that
it can be practically handled in a vacuum pump
to establish the required subatmospheric  pres-
sure in the said actifying zone, passing the thus
treated gases through a vacuum pump to draw
the vacuum necessary in said actifying zone, and
distilling the so-formed rich ammonia liquor to
separate hydrogen sulfide, hydrogen cyanide and
ammonia therefrom, in which water is separated
by condensation from the hydrogen sulfide, hy-
drogen cyanide and ammonia driven out of the
alkaline absorbent. solution before the hydrogen
sulfide, hydrogen cyanide and ammonia are
passed into confact with the ammonia liguor
absorbent and the condensed water is returned
to the alkaline absorbent solution in the absorb-
ent zone,

8. A process of treating coke oven gas for the
separation and recovery of ammonia, hydrogen
sulfide and hydrogen cyanide comprising: col-
lecting coke oven gas from a plurality of coke
ovens  in a main, scrubbing the gas passing
through the main in a first scrubbing step with
an aqueous flushing liquor to cool the gas and
absorb ‘ammonia therefrom, thereafter passing
the gas from the main through a body of an
aqueous solution of ‘an alkaline metal compound
to remove hydrogen sulfide, hydrogen cyanide,
and ammonia, heating the fouled alkaline ab-
sorbent- solution under subatmospheric pressure

to drive off absorbed hydrogen sulfide, hydrogen-

cyanide, ammonia and water while regenerating

“

60
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the ahsorbent solution, thereafter passing the
acidie gases and ammonia in a second scrubbing
step into contact with aqueous ammonia fiush-
ing liquor from the flushing main to absorb hy-
drogen sulfide, hydrogen cyanide and ammonia
under said subatmospheric pressure, whereby
the volume of gas is reduced sufficiently so that
it can be practically handled in g vacuum pump
to -establish the required subatmospheric pres-
sure in the said actifying zone, passing the thus
treated gases through a vacuum pump to draw
the vacuum necessary in said actifying zone, and
distilling the so-formed rich ammonia liquor to
separate hydrogen sulfide, hydrogen cyanide and
ammonia therefrom, in which acidic gases and
ammonia are driven overhead from the ammonia
distillation zone and then passed through sul-
furic acid to absorb ammonia while separating
the acidic gases from the ammonia.

9. The process defined in claim 7 in which
water is evaporated from the flushing liquor and
brought into contact with the alkaline solution
absorbent in the actifying zone to supply an
amount of water to the absorbent solution sub-
stantially equal to the amount of water carried
by the acidic gases and ammonia away from the
condensing zone.

10. In a process for the recovery of ammonia,
hydrogen sulfide and hydrogen cyanide from coke
oven gases, the steps of cooling the hot coke oven
gas, said cooling being:effected in part by scrub-
bing said coke oven gas with flushing liquor
whereby tar is condensed from said coke oven
gas and ammonia is absorbed into said flushing
liquor to provide a rich flushing liquor, separat-
ing the condensed tar from said rich flushing lig-
uor, scrubbing the cooled coke oven gas with an
aqueous alkaline absorbent solution to strip the
ammonia, hydrogen sulfide and hydrogen cya-
nide therefrom in which scrubbing naphthalene
is condensed and contaminates the rich absorb-
ent, scrubbing the rich absorbent containing
naphthalene with said condensed tar to scrub
naphthalene therefrom, and thereafter regener-

5 ating ammonia, hydrogen sulfide and hydrogen

cyanide from said rich absorbent.
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