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1. 
This invention relates to the utilization of coke 

oven gas and waste pickle liquor for the produc 
tion of annonium sulfate and more particularly 
to the production of ammonium sulfate, the re 
moval of ammonia, and other constituents from 

: coke oven gas and the recovery of iron values from 
pickle liquor. Copending application Serial 
Number 672,895, filed. May 28, 1946, relates to a 
Similar process. 
In the manufacture and processing of steel, a 

serious waste: problem exists in disposing of the 
pickle. liquor produced in the cleaning of steel 
with sulfuric acid. The annual production of 
waste-pickle, liquor amounts to about 800,000,000 
gallons. Even if it cannot be utilized in the pro 
duction of useful products, the pickle liquor, con 
taining as it does free sulfuric. acid, presents a 
serious problem of disposal. In fact, many com 
munities prohibit the disposal of this liquor in 
streams or rivers unless it... has been previously 
neutralized. At the present time a great portion 
of the pickle-liquor is normally, neutralized with 
line before it flows into streams or rivers. 

Frequently, steel manufacturing plants- are lo 
cated in close proximity to coke-ovens. The coke 
oven gas contains ammonia, and processes have 
been suggested for utilizing the ammonia in the 
coke oven gas for neutralizing the ferrous sulfate 
and residual. Sulfuric acid in the pickle liquor. 
Since coke oven: gas contains in addition other 
impurities such as cyanides and Sulfides which 
also react with the ferrous sulfate in-pickle-liquor, 
one such proposed method involves-initially sepa 
rating the ammonia, from the other constituents 
of the coke oven gas and then reacting the re 
sulting annonia. With the pickle liquor. This 
procedure, however, involves operating difficul 
ties which render it impractical for commercial 
practice - and fUrther involves an additional rela 
tively expensive step. Many similar processes for 
he utilization of pickle liquor and coke oven gas 
which have been proposed are not economically 
feasible, and many steel manufacturers. dispose 
of the pickle liquor without utilizing it...for con 
version into useful products. 

in accordance. With this invention, a Cyclic 
process is provided which is economical in opera 
tion and which removes both the sulfate and iron 
salues from the pickie liquor and ammonia and 
other constituents from unpurified, coke oven gas. 
The utilization of the urapurified coke oven gas 
and the removal of ammonia from it is especially 
advantageous to steel manufacturers. Which are 
not infrequently adjacent, the coke ovens which 
recover ammonia in the coke-oven: gas-with pur 
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2 
chased sulfuric acid. For such situations, in ad 
dition to utilizing both the pickle liquor and the 
ammonia in the coke gas for the production of a 
useful product, this process reduces the hazards 
of pickle liquor waste disposal. 
An object of this invention is to remove sub 

stantially completely or materially reduce the 
annonia, contained in unpurified coke oven gas. 
Another object of this invention is to utilize 

unpurified coke oven gas for the recovery of iron 
values from waste pickling solution and simul 
taneously to remove ammonia and other consti. 
tuents from coke oven gas. 
Another object of this invention is to provide 

an economic cyclic process for the production of 
annonium sulfate by the utilization of unpuri 
fied coke oven gas and pickling liquor whereby 
the ammonia is removed substantially completely 
from the coke oven gas and iron values are re 
covered from the pickling liquor. 
Another object of this invention is to increase 

markedly the ease of removal of the precipitated 
iron compounds produced by the reaction of waste 
pickle liquor and coke oven gas. 

In the process of this invention, unpurified coke 
oven gas is contacted intimately with a feed 
liquor comprising pickle liquor containing free 
sulfuric acid and ferrous sulfate and a liquor 
containing ammonium sulfate. The unpurified 
coke oven gas contains ammonia, cyanide and 
hydrogen sulfide and is ordinarily utilized without 
any prior removal of the ammonia, cyanide or hy 
drogen sulfide, although some partial removal of 
one or all of these constituents may have been 
renade nrior to contact with the feed liquor. In 
the contact between the unpurified coke oven gas 
and the feed liquor, soluble ammonium sulfate 
and insoluble ferrous hydroxide, ferrous sulfide 
and ammonium ferroferrocyanide are formed. 
The insoluble ferrous hydroxide, ferrous sulfide 
and ammonium ferroferrocyanide are separated 
from the liquor by any suitable means, such as 
filtration, decantation or centrifugation. After 
Separation of the insoluble materials, a portion of 
the liquor is recycled with additional pickle liquor 
to cgntact the unpurified coke oven gas. Desir 
ably, from 60 to 90%, and preferably from 70 
to 80%, of the liquor is recycled to form the feed 
liquor in the process. The remaining portion of 
the separated liquor is oxidized by aeration, for 
example, to remove any residual ferrous sulfate 
in that portion of the clear liquor. The free am 
monia, content of this portion of the liquor should 
be in excess of that necessary to react with the 
sulfate radicals present to form ammonium Sul 

  



2,511,807 
3 

fate. For this purpose, the ammonia, content 
of this portion of the liquor is adjusted, if neces 
sary, by addition of ammonia to the liquor prior 
to oxidation; thus the free ammonia content of 
the liquor should be at least 0.5 gram per liter, 
and when the ferrous Sulfate content of the liquor 
is 2 to 4 grams per liter, the free ammonia, Con 
tent of the liquor should be about 0.8 gram per 
liter or higher. The resulting iron hydrate 
formed in the oxidation step is removed by any 
suitable means, such as decantation, filtration or 
centrifugation, and the ammonium sulfate, after 
such separation, is recovered from the clear liquor 
by any conventional means. 
The ferrous sulfate content of the feed liquor 

after contact with the coke oven gas may fluc 
tuate from 0 to 10 grams per liter; the contact 
of the coke oven gas with the feed liquor is regul 
lated So that the liquor after contact contains not 
more than 10 grams of ferrous sulfate per liter 
and is preferably regulated so that the ferrous 
sulfate content of the liquor after contact with 
the gas is ordinarily within the range of 2 to 4 
grams per liter. A concentration of at east 2 
grams per liter of ferrous sulfate insures substan 
tially that the insoluble ammonium ferroferrocy 
anide formed is not converted to soluble annoni 
Um ferrocyanide. When the ferrous Sulfate con 
tent of the liquor after contact with the gas is sub 
stantially 0 gram per liter, the free ammonia, 
content of the liquor should not exceed 1.5 grams 
per liter in order to avoid formation of soluble 
ammonium ferrocyanide. The amount of ammo 
nium sulfate in the feed liquor prior to contact 
with the gas is at least 100 grams per liter and 
is preferably at least 200 grams per liter. The 
ammonium sulfate content of the liquor increases 
during contact with the gas, the increase ordi 
tnarily being 35 to 40 grams per liter. Within 
limits, the concentration of the ammonium sul 
fate in the Solution after contact with the In 
purified coke oven gas may be controlled by regul 
lating the proportion of recycled liquor to the 
pickle liquor forming the feed liquor. With a 
pickle liquor of known concentration of ferrous 
Sulfate and sulfuric acid, this proportion can 
readily be determined. 
The practice of the cyclic process of this in 

vention involves material economic and engi 
neering advantages. The recycling of anno 
nium sulfate solution provides a flexible means of 
controlling the volume of feed liquor relative to 
the gas, the dilution of the ferrous Stilfate and sul 
furic acid to be reacted With the Unpurified coke 
oven gas and the concentration of the annonium 
sulfate in the feed liquor. The addition of large 
quantities of ammonium sulfate solutions to 
pickle liquor promotes more efficient contact be 
tween the liquor and gas, whereby greater reac 
tivity is achieved with the unpurified coke oven 
gas, by virtue of the increased volume of liquor 
affording more intimate contact with the gas as 
well as a greater dispersion of precipitate in the 
liquor, thereby minimizing entrapment of unre 
acted ferrous Sulfate and Sulfuric acid in aggloil 
erates of precipitate. Further, the dilution of the 
liquor with respect to iron precipitated and the 
concentration of the ammonium sulfate is con 
trolled by means of recycling liquor separated 
from the precipitate so that the absorption and 
reactor units operate without plugging and With 
minimum back pressure, producing a concentrat 
ed ammonium sulfate Solution which can be eCO 
nomically evaporated for the production of an 
monium sulfate. Another advantage of the di 
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4. 
lution of the pickle liquor with ammonium sul 
fate solution is that a Smaller quantity of pre 
cipitate is formed per unit volume of liquor 
treated whereby separation of such precipitate 
is facilitated. And, as will be described in detail 
later, the resulting precipitate may be separated 
by filtration markedly more effectively than the 
precipitate formed when pickle liquor is treated 
with purified coke oven gas. In addition, Only 
a portion of the total iron in the pickle liquor 
is oxidized. In fact, it has been found in the 
practice of One specific embodiment of this in 
vention that about 8 to 10% of the ferrous Sull 
fate content of the original pickle liquor was 
oxidized, the other 90 to 92% having been re 
moved as a result of contact with the unpurified 
coke oven gas. 

Desirably in the practice of this invention, the 
unpurified coke oven gas is contacted with the 
feed liquor in a plurality of chambers, such as by 
passing the coke oven gas through two chambers 
in sequence and contacting the colke oven gas 
passing through these chambers counter 
currently with the feed liquor. If two chambers 
are employed, the coke Owen gas flows from a 
first chamber to a second chamber, while the feed 
liquor flows in countercurrent direction from the 
second chamber to the first chamber. In the 
second chamber in which the feed liquor is first 
introduced, the ammonia, in the coke oven gas 
reacts primarily with the free sulfuric acid to 
remove the ammonia, substantially completely. 
The feed to the second chamber is desirably ad 
justed So that complete removal of the annonia, 
from the coke oven gas is effected. In the first 
chamber in which the feed liquor is directed 
after passage through the second chamber and 
in which the coke oven gas is first introduced, the 
reactions which take place are primarily among 
the ammonia, hydrogen sulfide and cyanides of 
the coke oven gas and the iron Sulfate contained 
in the feed liquor. Desirably the liquor after 
contact in the second chamber contains from 0 
to 10 and preferably from 2 to 4 grams of ferrous 
sulfate per liter. The precipitated iron com 
pounds in the feed liquor, after passage through 
the first chamber, may be removed by any suit 
able means Such as decantation, filtration or 
centrifugation. After the liquor has been sep 
arated from the solid material, from 60 to 90% of 
the liquor, for example about 80%, is recycled 
with raw pickle liquor, which is introduced into 
the second chamber to provide continuous opera 
tion. The remainder of the separated liquor, for 
example about 20%, is contacted with air or 
oxygen to oxidize the ferrous Sulfate dissolved in 
this portion of the liquor. Prior to contact with 
the air or oxygen, sufficient ammonia, is intro 
duced into the liquor to convert substantially 
completely the ferric sulfate produced in the 
oxidation step to ferric hydrate. A minimum of 
0.5 gram per liter of ammonia, has been found 
Satisfactory for this purpose when the ferrous 
sulfate content of the liquor is 2-3 grams per 
liter. Any Unused ammonia, in this oxidation step 
is absorbed by fresh pickle liquor; and the liquor, 
after reacting with the unused ammonia, may 
he used as a component of the feed liquor intro 
diced into the Second chamber for contact With 
the coke oven gas. The ferric hydrate precipi 
tated in the oxidation step is separated from the 
liquor and the ammonium sulfate recovered in 
the usual manner from the resulting liquor. Con 
ventional concentrators or evaporators may be 
used for this purpose. 
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A more comprehensive understanding: of this 
invention is obtained by reference to the accom 
panying drawing. 
In the drawing, pickle liquor (which: Ordinarily 

contains from 2, to 8% of free sulfuric acid and . 
from 10 to 22% of ferrous sulfate, but which may 
contain more or less of these components) is col 
lected in a suitable tank and is pumped 
through pump 2 from the tank il through con 
duits or pipes 3 and 4: tosa feed tank -5. As de 
Scribed in detail later, the pickle liquor is inter 
mixed in the feed tank 5 with partially-neutral 
ized pickle liquor from an ammonia recovery 
tank.38 and recycled liquor. obtained after con 
tact With'unpurifled cokeºovenigas. From the 
..feed tank 5:the feed liquor which comprises the 
recycled liquor, the fresh pickle liquor and the 
partially neutralized pickle liquor flows through 
conduits 6 and 7 to an absorber 8. From the ab 
sorber 8 the feed liquor is pumped through a 
conduit 9 by a pump : 0 through conduits dit and 
2 to a reactor 3. The absorber and reactor may 

ibe, any suitable equipment for effecting intimate 
contact between the coke oven gas and feedilig 
iluor. Thus, for example, these elements maybe 
1Substantially empty shells equipped at the top 
With a distributor for liquor and at the bases with 
a distributor for the gas, or either or both may 
be towers packed with any suitable packing, e.g. 
refractory tile. From the reactor 3 the feed 
liquorispumped througha conduit 4 byla pump 
5 through conduits 6 and 7 to a decanter 8 

which operates in a conventional manner to 
... 'Separate supernatant liquor from precipitated 
material. The clarified liquor flows through-con- ;5 
duit 45” into filtrate tank 20. If desired, a filter 
9 into which liquor from conduit .46;enters, 

imay, also be provided for effecting a more com 
plete separation of the liquor from the precipi 
tated material. 
filtrate tank. 20. From the filtrate tank the clear 
liquoris pumped by a pump 2 through a con 
rduit 22. A : portion, for example about 80%, I of 
the total volume of the liquor passing through 
the conduit 22, is recycled through the absorber. 
and reactor through a conduit 23, the outlet of 
the conduit 23 being directed into the feed-tank 
5. The remaining portion, for example about 
20%, of the total volume of the liquor:passing 
through the conduit 22 is passed through a con 
dit 29 to an: oxidizer 30. 

Unpurified coke oven gas is passed in counter 
current relation with the flow of the feed liquor 
through the reactor f3, and the absorber 8. Pref 
erably, the unpurified coke-oven gas is processed 
initially by passage through a Cottrell or tar re 

... moval unit 24. The unpurified coke oven gas 
foWs from the Cottrell unit 24 through as conduit 
25 to the reactor 3. The outlet of the conduit 
25 in the reactor 3 is located desirably near the 
bottom thereof, to ensure the countercurrent re 
lationship between the coke oven gas and the feed 
liquor. The 'coke oven gas flows upwardly 
through the reactor through a conduit 26: to the 
absorber 8. The conduit 26 may be provided 
With a preheater 27 to raise the temperature of 
the gas prior to introduction into the absorber. 
Jin the absorbertheresidual ammonia, in the coke 
oven gas is reacted with the feed liquor which 
flows countercurrently to the coke oven gas. 
The coke oven gas with substantially all of the 

- ammonia, removed therefrom passes through an 
outlet 28 in the absorber 8. The feed liquor is 
repeatedly recycled by pump : 0 through the: ab 
:Sorber 8, and conduits 7 and 9 and by pump. 5; 

The clear liquor is stored in a 
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through reactor 3 and conduits 22nd 4 to 
maintain the necessary rates of flow of liquor 
through the reactor and absorber to effect the 
desired intimate contact between the gas and 
liquor. Liquor is fed from the absorber through 

: conduit if to the recycling system for the re 
is actor and from the reactor through conduit 17:to 
decanter, 8 at substantially the rate at which 
liquor is fed through conduit 6 to the absorber. 
As heretofore described, a portion of the liquor 

from the conduit 22, for example about 20% of 
the total volume of liquor passing through the 
conduit 22, is directed through a conduit 29 to 
an oxidizer 39. Prior to the introduction of the 
liquor into the oxidizer 30, the ammonia, content 
thereof; is raised to preferably within the range 
'offrom 7 to 1.5 grams per liter of free amnagnia. 
This ammonia may be introduced into the liquor 
through a pipe 3. The ammonia for this pur 
pose..is substantially free from cyanides and may 
be obtained from any suitable source such as a 
fixed ammonia still. The liquor in the tank 30 
is oxidized by means of air provided throught:a, 
"pipe:32. The solution in the oxidizer is blown 
with sufficient air, either continuously or inter 
smittently, to remove substantially completely 
any ferrous sulfate remaining in the liquor and 
to convert the iron: values contained: therein to 
in Soluble ferric hydrate. After treatment in the 
oxidizer, the liquor containing the precipitated 
ferric hydrate is passed through a conduit 33;to 
a decanter 34 or filter to remove the ferrichy 

... drate therefrom. The decanted liquor is then 
collected in a suitable collecting tank 35, from 
which it may be removed by means of a pump 36 
to a conduit 37 connected to any suitable tap 
paratus for the recovery of ammonium sulfate 
in crystalline form. 
To remove the Small amount of ammonia, 

evolved from the oxidizer, the air after passage 
through the oxidizer is brought in contact 
through a conduit or pipe 42 with pickle liquor 

I in an ammonia recovery vessel 38, the pickle lig 
uor being supplied to the vessel 38 from the con 

... duit 3 through a conduit :39. After the pickle 
liquor has contacted the air containing the am 
monia in the ammonia recovery tank 38, it is 
pumped by means of a pump 40through a con 
duit 4 to the feed tank 5. 
The precipitated product obtained from the 

filter 9 or the decanter f3, and which contains 
primarily iron hydrate and iron sulfide. may, if 
desired, be converted substantially completely to 
iron oxide. From the decanter or filter the 
precipitate may be pumped to a continuous vacu 
um filter in which it is washed free from tam 
monium Sulfate and subsequently delivered to a 
drier or heat treating oven 43. In the oven the 
filter cake may be heated in the presence of air. 
The resulting precipitate contains from 45 to 
'69% of iron, depending upon the amount of iron 
hydroxides or iron oxide, present. The presence 
of iron sulfide in the precipitate materially as 
sistS in reducing the heat required to dry or heat 
treat the precipitate. 
The advantage of utilizing unpurified coke 

oven: gas, containing as it does hydrogen sulfide 
and resulting in the inclusion of iron sulfide. in 
the precipitate, was demonstrated by a com 
"parison of the filtration rates of the precipitate 
'obtained from the neutralization of pickle, liquor 
in the apparatus shown in the drawing with puri 
fied andunpurified :cokeoven igas. Thepurified 
coke oven gas Was Substantially freed of cyanides 

...and Sulfides, but contained annonia prior to 
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introduction through conduit 25 to the reactor 
** 3. i iThe feed liquor introduced into the absorber 
8 through the conduit had the identical com 
position. Whether neutralized with the purified 
or Unpurified coke oven gas and contained 51 
grams per liter of ferrous sulfate and 2 grains 

. . per liter of sulfuric acid. When purified gas 
WaS employed for the neutralization of the feed 
liquor, the rate of filtration Cf the precipitate 
contained in the liquor passing from the reactor 
is through the conduit 4 was 7.2 pounds of dry 
filtration cake per hour, per square foot of filter 
Surface, whereas when unpurified coke oven gas 
was used, tine filtration rate under the same con 
ditions was 48 pounds of dry cake per hour per 
square foot of filter surface. With the purified 
coke oven gas, the filter cake Was 48 inch in 
thickness, and the composition of the cake sub 
Stantially all ferrous hydrate; wžnile with the un 
purified coke oven gas the thickness of the cake 

it was %, ’’ and the composition about 80% ferrous 
* SUilíidie and the remailinder ferro US hydrate and 
SOM le i SoUbie aminonium ferroferrocyanide. 
Accordingly, a substantial increase in efficiency 
in the renoval of the precipitate Was achieved 
by utilizing unpuirified instead of purified coke 
over gas. When unpurified coke oven gas is 
used in accordance with this invention in the apparatus shown in the drawing, the composition 
of the wet filter cake from a 100% ammonia, re 
niloval or a 93% annonia, reiin oval from the coke 
Oven gas is a inixture primarily of iron Sulfide, 
ion hydrate and insoluble aimmonium ferro 
ferrocyanide. The iron sulfide content of the 
filter cake (dry basis) Inay Vary from 35 to 95% 
and preferably should be between 75 and 95%, 
depending upon the proportions of hydrogen 
Sulfide, 32itionia and cyanides in the gas treated. 

* in te practice Cf the process of this inven 
tion in the apparatus illustrated in the drawing, 
the ungurified coke oven gas leeving the con 
weational Cottreil precipitator and reheater ap 
parats 23 and 33' flows upwardly through the 
reactor 3 and absorber 8 and then to suitabie 
recovery apparatus trough the conduit 28. 
heater & may be utilized to reheat the gas 
to teiperatures conventionally employed in re 
covery of anniiioilia, from coke oven gas. If der 
Sired, the gas may be heated between the re 

A W. 

- actor and absorber by preheater 22, for exampie, 
to avoid naphthalene deposits in the equipment. 
Addition of heat to the system may be accom 
plished by heating the feed liquor solution be 
fore entering the absorber to a temperature such 
that, the temperature of the coke oven gas leaving. 
the absorber 8 is maintained at or above the 
temperature of the gas entering the reactor 3, 
instead of by adding heat to the gas by means 
of reheaters als' and 2. 
The feed liquor leaving the tank 5 through 

the conduit 6 is a blend of pickle liquor supplied 
through conduit 4, partially neutralized pickle 
liquor supplied through conduit 4 and recycled 
liquor Sipplied tihrough conduit 23. This mix 
ture of recycled liquor and pickle liquor, which 
may contain a maximum of 100 granas per liter 
of ferro LS Sulfate and 50 grains per liter of sul 
furic acid, and preferably contains at least 20 
grams of ferous Sulfate and at least .2 gram 
of sulfuric acid per liter, passes first through 
the absorber 8 and then through the reactor 
3. The composition of the feed liquor is so 

controlled that the amount of Sulfate radicals 
in the feed liquor is approximately equivalent 
to the desired a mount of Sulfate radicals in the: 
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: recycled liquor and the feed liquor is ordinarily 
So controlled that it contains sulfate radicals 
equivalent to more than 100, preferably more 
than 200, grams of ammonium sulfate per liter 
of recycled liquor. The flow of the feed liquor 
through the absorber and reactor is counter 
current to that of the coke oven gas passing 
through these chambers. The primary function 
of the absorber 8 is to remove Substantially all 
of the ammonia, from the coke oven gas leaving 

he reaction in the absorber 8 
is primarily the neutralization with ammonia, 
of the free sulfuric acid in the feed liquor Sup 
plied through the conduit . In the absorber 8, 
the Sulfuric acid is preferably substantially com 
pletely neutralized. In the drawing, the reactor 
3 and the absorber 8 are two distinct pieces of 
apparatus. It is possibie to design the equip 
ment to incorporate the two units in one, but 
it has been found that better control is obtained 
when the reactor is separated from the absorber. 
Desirably, the rate of flow of feed liquor to the 
absorber 8 is adjusted So that Substantially Com 
plete removal of ammonia, from the coke oven 
gas is effected. If the removal of a lesser quan 
tity of ammonia, from the coke Owen gas is de 
sired, for example a 90% ammonia removal, the 
rate of flow of the feed liquor and coke oven gas 
to the reactor 3 and absorber 8 is regulated to 
effect this requirement. This regulation can 
be obtained by any suitable means such as Valves 
(not shown) in the conduit and 25. The free 
sulfuric acid content of the liquor leaving the 
absorber is ordinarily below .3 gram per liter 
of sulfuric acid although it may attain a ma Xi 
mum of 2 grams per liter or higher of free sul 

.furic acid. 
After the feed liquor has passed through the 

absorber 8, it is contacted. With the Coke oven 
gas in the reactor 3. The primary function 
of the reactor 3 is to precipitate the greater 
amount of the ferrous sulfate from the feed 
liquor Solution after it has left the absorber, 
and the contact time of the liquor with the gaS 
is controlled so that the Solution. Withdrawn from 
the reactor i3 through the conduit 4 has no 
Soluble ammonium ferrocyanides and from 2 to 
10 and preferably from 3 to 4 grains of ferrous 
sulfate per liter. One method of controlling the 
contact time of the gas and liquor in the reactor 
f3 is by regulating, for example by means of 
valves (not shown) in conduits 6 or 2, the 
amount of liquor and gas passing through the 
absorber 8 and reactor 3. 
The principal reactions which take place in the 

reactor 3 are among the annonia, hydrogen 
sulfide and cyanides in the gas and the ferrous 
sulfate in the feed liquor. The ferrous Sulfate 
reacts with the sulfide and ammonia in the gas 
to produce respectively iron Sulfide, ferrous hy 
droxide and ammonium sulfate. Some of the 
ferrous sulfate reacts with the cyanides in the 
gas to produce insoluble ammonium ferroferro 
cyanide. In the use of the apparatus shown in 
the drawing, it has been found that no soluble 
ammonium ferrocyanide is formed in operating 

- under conditions such that the Solution leaving 
the reactor 3 contains about 3 grams per liter 
of ferrous sulfate. Complete or substantial elimi 
nation of the ferrous sulfate from the pickle liquor 
in the reactor is desirably avoided since with re 
duced feed to the reactor 3 and substantially 
complete elimination of the ferrous sulfate from 
the pickle liquor, a considerable amount of solu 
bie. ammonium ferrocyanide may beformed When 
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the free ammonia content of the Solution leav 
ing the reactor 3 is in excess of 1.5 grams per 
liter. 
The solution leaving the reactor at normal 

gas temperatures is pumped by means of a pump 
A5 to the decanter 8, and the solution may be 
filtered through the filter 9 to assure Substan 
tially complete removal of the precipitated iron 
compounds. The supernatant liquor from the 
filtration is stored in the filter tank 2 and is re 
cycled and blended with raw pickle liquor in the 
feed tank 5 to produce a feed liquor of such con 
centrations that (1) the resulting feed liquor con 
tains at least 100 grains of anmonium sulfate per 
liter and preferably at least 200 grams of am 
monium sulfate per liter and (2) the volune and 
consistency of the precipitated iron hydrate and 
iron Sufide is controlled so that no blocking or 
high pressure differential exists in the absorber 3 
or reactor 3. 
The liquid withdrawn from the tank 2 which 

is not recycled and which ordinarily comprises 
a minor portion, for example about 20% of the 
liquor, is subjected to oxidation conditions to 
convert the remaining ferous Sulfate to insolu 
ble iron hydrate by passage *through the oxidizer 
30. The ammonia content of the solution leaving 
the absorber 8 or the reactor 3 desirably Varies 
from 0.1 to 1.0 gram per liter. If necessary, there 
fore, prior to passage through the oxidizer 3), 
the ammonium content of the supernatant liquid 
is increased to contain at least 0.5 gram per liter 
of free ammonia. The primary purpose of the 
oxidizer is to eliminate the remaining ferrous 
Sulfate in the solution leaving the reactor 3 so 
that ammonium sulfate substantially free from 
iron can be obtained in the crystallization step. 
The reaction which takes places is among free 
ammonia, oxygen and ferrous Sulfate at atmos 
pheric temperatures. The ferrous sulfate is oxi 
dized and the ammonia precipitates as ferric hy 
droxide, while the sulfate radical is converted to 
ammonium sulfate. Substantially complete re 
moval of the ferrous sulfate is effected when the 
ammonia in the feed liquor contains or is 
strengthened to 0.8 gram per liter and the origi 
nal solution fed to the oxidizer contains from 3 
to 4 grams per liter of ferrous sulfate. The solu 
tion in the oxidizer is blown with air, after which 
substantially no ferrous sulfate exists in the so 
lution and all of the iron has been converted to 
insoluble iron hydrate. The liquor containing 
the precipitated iron hydrate is transferred to a 
decanter 34 and the iron hydrate removed from 
the liquor. The clear liquor is then collected in 
a tank 35 from which the ammonium sulfate may 
be recovered by any well known means. If de 
sired, a filter may be installed between the oxi 
dizer 39 and the decanter 34 or between the de 
canter 34 and collector tank 35 to remove any 
suspended iron hydrate carried in the super 
natant liquor. 
To recover the Small amount of unused am 

monia from the Oxidizer 39, the air released from 
the oxidizer is contacted with fresh pickle liquor 
in the ammonia, recovery tank 33, and the free 
Sulfuric acid in the pickle liquor readily absorbs 
this ammonia. The pickle liquor, after absorp 
tion of the ammonia, passes through conduit A 
to the feed tank 5. 
The oxidation step may be omitted, if the pres 

ence of a Small amount of iron in the aminonium 
sulfate recovered by the method is not objection 
able. In that procedure, the separated liquor 
passing through the pipe 29 is directly processed 
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10 
to recover the ammonium sulfate from it by any 
conventional means, such-as-evaporation. How 
ever, substantially iron-free. ammonium sulfate 
is ordinarily required, and the method desirably 
includes the oxidation step; 
The rates of flow. Of the coke oven gas and 

pickle liquor, together with other data of two 
typical runs in the apparatus-shown in the draw 
ing are as follows: 

1st Run || 2rid Rum“ 

Gas rate of coke ovengas, cuft.per hr------- 10,000 - 10,000 
Ns content of gas, Lb. per 10,000 cu. ft.------. 6 6? 
Pickie liquor used: - Composition 

Fe394, per cen------------------- 16.7 88 ,18 || ||?? ??? ??? 
H2SO4, per cent----- 2.64 8.5 

Volume per hour, Percent of 
or reactor (Remaining 78-80-percent is recy- -w 
cled liqtilor)---------------------------------- 20-22 23.6 

Feed to absorber: Composition--- 
FeSO4, G. p. 1.-- 50.0. 49.0, 
H2SO4, G. p. 1.---- 7? 25?0 

Rate, Gallons per hour 52. 36.8 
Feed to reactor, Gal. per hi - - 52. 36.8 
Feedi to thickener, or decanter, ..Gal. per hour -- 52 36.8 
Volume of filtrate..plus clarified liquor, from 
decanter or thickener plus Water washing of . 
cake, Gal. perhour-------------------------- 55: 39.3. 

Volune returned to. System for blending with- - - - 
fresh pickleliquor, Galperhour------------ 4.i. 28. 

Volumetooxidizer, Gal. per hour------------- 14 c. 11.2 
Volune to collector tankfor amuonium-sulfate: 
recovery unit, Gal. per hour----------- 14 11.2 

Composition, G. p. l. (NIB)2SO4--- 220. 300: 
Filter cake produced from filtration. . -- ̀ 
ened slurry from decanter, Pounds.------- 48. 88?2 

Composition of wet washed cake (dry basis): - 
.89 89 ”1 ??????? ??- ?-------------------------r'eS, lpercent? 

Insoluble ammonium ferroferrocyanide, 
percent------------"7 ?|72 - ?????? 

Iron hydrate, percent--- 4 
Moisture content of filterc 65 65 
Weight of cake dried at 105°C., Pounds -- 13.7 9.5 
Ammonia recovery, percent (approx.)---------- 100 

It Will be obvious from: the above description: 
that various, cihanges may be made without idea 
parting from the scope of the invention. Thus, 
for example, While for the purpose: of economy. 
We prefer to blend recycled liquor containing 
annonium Sulfate with the pickle liquor to form 
the feed liquor employed in the process, the 
pickle liquor may be blended, with ammonium. 
Sulfate solution from other sources to form the 
feed liquor. Further, the liquor from the re 
actor (after Separation of precipitate) may be: 
continuously introduced both into the feed tank 
and'. Oxidizer, or may be alternately fed to... the 
tank and oxidizer for time periods such that the 
desired proportions of the liquor are recycled' and: 
oxidized. Biending of the pickle liquor and re 
cycled liquor may be accomplished in the pres 
ence of the coke. Oven gas, for example, by sepa 
rately Spraying the liquors into the top of the 
absorber. Ammonia from any desired source, 
e. g. the conventional ammonia still, may be "uti 
lized at any point in the process, for example, 
Such ammonia may be mixed With the coke: Owen. 
gas before it enters the reactor or the absorber, 
or may be introduced into the feed tank to neu 
tralize partially the pickle liquor before entry. 
of the liquor into the absorber. 

Further, it is unnecessary to pass the coke oven. 
gas through the absorber in contact with pickle. 
iiquor. Thus, pickie liquor may be blended with 
recycled liquor to obtain feed liquor containing. 
preferably not more than 25 grams of free sui 
furic acid per liter and this feed liquor may be: 
introduced directly into the reactor or the equiva 
lent. In order to obtain feed liquor of desired. 
low free sulfuric acid content for introduction 
directly into the reactor, it may be desirable to 
neutralize partially the pickle, liquor before in . 
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troduction into the reactor with extraneous am 
monia, or scrap iron before or after blending the 
pickle liquor with the recycled ammonium sul 
fate Solution. When the feed liquor is intro 
duced directly into the reactor, it is desirable to 
remove residual ammonia from the gas leaving 
the reactor by reaction with a mineral acid, e. g. 
in a Saturator or Scrubber. 
As hereinabove described, contact between the 

coke oven gas and the liquor is preferably effected 
in countercurrent manner in suitable towers. 
However, the gas may be intimately contacted 
with the liquor in other types of apparatus, for 
example, the gas may be passed through satu 
rator-type chambers containing bodies of pickle 
liquor diluted with recycled liquor containing 
ammonium sulfate while maintaining the precip 
itate suspended in the liquor by agitation. Re 
cycled liquor and pickle liquor may be added to 
the saturators as required and reacted liquor 
drawn off and filtered or decanted for oxidation 
and recycling to the chambers. 
In carrying out the invention, it is important 

that the coke oven gas contain hydrogen sulfide 
and ammonia, but it is not essential that other 
constituents which are capable of being removed 
by conventional coke oven gas purification proc 
esses be present in the gas. Further, other inert 
gases containing ammonia, and hydrogen sulfide 
may be utilized in accordance with the invention. 
The invention may be carried out attemperatures 
ordinarily employed in conventional processes for 
recovery of ammonia from coke oven gas, for ex 
ample from 35° to 70° C. 
The terms and expressions which we have en 

ployed are used as terms of description and not 
of limitation, and We have no intention, in the 
use of such terms and expressions, of excluding 
any equivalents of the features shown and de 
scribed or portions thereof, but recognize that 
various modifications are possible Within the Scope 
of the invention claimed. 
What is claimed is: 
1. A cyclic process for producing ammonium 

sulfate comprising contacting unpurified coke a 
oven gas With a feed liquor comprising pickle 
liquor containing ferrous sulfate and free sul 
furic acid and a recycled liquor containing ann 
monium Sulfate, separating liquor from the re 
Sulting precipitate formed, recycling a portion : 
of the separated liquor for blending with the 
pickle liquor to form said feed liquor for con 
tact with the unpurified coke oven gas and oxidiz 
ing the remaining portion of the Separated liquor. 

2. A cyclic process for producing ammonium 
sulfate comprising contacting unpurified coke 
oven gas with a feed liquor comprising pickle 
liquor containing ferrous sulfate and free Sul 
furic acid and a recycled liquor containing am 
monium sulfate, separating liquor from the re 
sulting precipitate formed, recycling from 60 to 
90% of the separated liquor for blending With 
pickle liquor to form said feed liquor for Con 
tact with the unpurified coke oven gas and Oxidiz 
ing the remaining 40 to 10% of the separated 
liquor. 

3. A cyclic process for producing ammonium 
sulfate comprising contacting unpurified coke 
oven gas with a feed liquor comprising pickle 
liquor containing ferrous Sulfate and free Sul 
furic acid and a recycled liquor containing am 
monium sulfate, regulating the contact of the 
gas with the feed liquor so that the liquor, after 
contact, contains not more than 10 grams per 
liter of ferrous sulfate, separating liquor from 
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12 
the resulting precipitate formed, recycling a por= 
tion of the resulting clear liquor for blending 
with pickle liquor to form said feed liquor for 
contact with unpurified coke oven gas, adjusting 
the amnonia, content of the remaining portion 
of Said clear liquor to at least 0.5 gram of free 
ammonia, per liter and oxidizing said remaining 
portion. 

4. A cyclic process for producing ammonium 
sulfate comprising passing unpurified coke oven 
gas through a plurality of chambers in Seulence, 
passing through said chambers a feed liquor 
comprising pickle liquor and recycled liquor con 
taining ammoni Jim Sulfate, in countercurrent re 

is lation to the coke oven gas whereby the am 
monia in the coke oven gas initially reacts pri 
marily with the iron salts in the feed liquor, and 
the residual ammonia, in the coke oven gas after 
the initial reaction is removed substantially con 
pletely by reaction primarily with the sulfuric 
acid of the feed liquor, separating the liquor 
from the precipitated iron compounds formed, 
recycling a portion of the resulting clear liquor 
for blending with the pickle liquor to form said 
feed liquor and oxidizing the remaining portion 
of the resulting clear liquor. 

5. A cyclic process for producing ammonium 
sulfate comprising passing unpurified coke oven 
gas through a first chamber and a second cham 
ber in Sequence, passing a feed liquor comprising 
a blend of pickle liquor and recycled liquor con 
taining ammonium sulfate through said second 
chamber and said first chamber in sequence, in 
countercurrent relation to the flow of the coke 
oven gas for contact therewith, separating the 
liquor from the precipitated compounds formed 
in the feed liquor after passage through said 
chambers, recycling a sufficient portion of the 
separated liquor for blending with pickle liquor 
to form said feed liquor so that the feed liquor 
prior to contact with the coke oven gas contains 
at least 100 grams of annonium Sulfate per liter 
and oxidizing the remaining portion of said sepa 
rated liquor to convert the residual ferrous salts 
to the ferric compounds. 

6. A process for removing ammonia from un 
purified coke oven gas and recovering iron values 
from waste pickle liquor comprising intimately 
contacting unpurified coke oven gas with pickle 
liquor, separating the liquor from the precipi 
tated product formed, contacting a portion of 
the resulting separated liquor with unpurified 
coke oven gas, oxidizing the remaining portion 
of Said separated liquor and separating the pre 
cipitated product therefrom. 

7. In the process of removing ammonia, from 
unpurified coke oven gas and recovering iron 
values from pickle liquor, the steps comprising 
Substantially completely removing the sulfuric 
acid from the pickle liquor and reducing the 
ferrous sulfate content thereof to between 2 and 
10 grams per liter, separating the precipitated 
iron compounds formed, adjusting the ammonia, 
content of the resulting clear liquor to at least 
0.50 gram per liter of ammonia, and passing air. 
through the liquor to precipitate Substantially 
completely the residual iron salts in said liquor. 

8. In the process of removing ammonia, from 
unpurified Coke oven gas and recovering iron 
values from waste pickle liquor, the steps com 
prising Substantially completely removing the Sul 
furic acid from a pickle liquor and reducing the 
ferrous sulfate content thereof to between 2 and 
10 grams per liter, separating the precipitated 
iron compounds formed, adjusting the ammonia 
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content of the resulting clear liquor to at least 
.50 gram per liter of ammonia, passing air 
through the liquor to precipitate substantially 
completely the residual iron Salts in said liquor 
and recovering the excess annonia in the air 
after passage through said liquor by contacting 
with pickle liquor. • 

9. In the process of removing ammonia from 
coke oven gas and recovering-iron values from 
waste pickle liquor, the steps which comprise con 
tacting countercurrently coke oven gas with waste 
pickle liquor at a rate Sufficient to remove sub 
stantially completely the Sulfuric acid content 
thereof and reduce the iron Sulfate content to 2 
to 10 grams per liter, Separating the precipitated 
iron compounds, adjusting the ammonia, content 
of the resulting clear liquor to greater than 0.5 
gram per liter, and aerating the clear liquor. 

10. A proceSS for removing ammonia, from coke 
Oven gas and recovering iron values from pickie 
liquor comprising passing coke oven gas Suc 
cessively through a first and a Second chamber, 
passing a feed liquor comprising a pickle liquor 
and a recycled liquor containing ammonium Sul 
fate Successively through Said Second chamber 
and Said first chamber, contacting countercur 
rently in Said first chamber and said second 
chamber the coke oven gas with the feed liquor 
passing therethrough, the rate of flow of the 
coke oven gas through said first chamber and 
Said Second chamber being regulated So that 
the ammonia in the coke oven gas is Substantially 
completely removed after paSSage through Said 
Second chamber and the amount of ferrous Sul 
fate in the feed liquor after passage through said 
first chamber contains not leSS than 2.0 grams 
per liter, Separating the resulting precipitate 
from the feed liquor after passage through Said 
first chamber, recycling a portion of the resulting 
clear feed liquor Successively through Said Sec 
Ond chamber and said first chamber, increasing 
the ammonia, content of the remaining portion 
of Said clear feed liquor to contain at least .50 
gram of ammonia per liter, oxidizing Said re 
maining portion, separating the precipitated 
product, contacting any unused ammonia, op 
tained from the oxidation step with pickle liquor 
and adding the resulting partialiy neutralized 
pickie liquor to the feed liquor for contact with 
coke oven gas in Said second and Said first cham 
ber. 

11. A process for the recovery of ammonia, as 
ammonium Sulfate from gases containing am 
monia and hydogen Sulfide, Which Compises in 
timately contacting the gas With pickle liquor 
containing free Sulfuric acid and iron Sulfate, 
whereby the major portion of the iron in the 
pickle liquor is precipitated and the ammonia, in 
the gas reactS With the Sulfate radicals of the 
liquor to form ammonium Sulfate, withdrawing 
liquor from the Zone of contact, separating with 
drawn liquor containing dissolved ammonium 
Sulfate and ferrous Sulfate from the precipitate, 
and oxidizing Separated liquor with air in the 
presence of free ammonia, to form additional am 
monium Sulfate. 

12. A cyclic process for recovering ammonia, 
from unpurified coke oven gas containing am 
monia, hydrogen sulfide and cyanogen com 
pounds and recovery of iron values from pickle 
liquor containing free Sulfuric acid and ferrous 
Sulfate, which comprises blending pickle liquor 
containing free Sulfuric acid and ferrous sul 
fate With recycled liquor containing ammonium 
Sulfate to produce feed liquor containing from .2 
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4. 
to:50 grams of free sulfuric acid, from:20 to:100 
grams of ferrous, sulfate and: at least 100 grams: 
of ammonium sulfate per liter of the feed liquor, 
passing said unpurified coke: Oven gas through 
reactor andliabsorber chamberSin Sequence, paSS 
ing said feed: liquor first through the absorber: . 
and then through the reactor. in countercurrent. 
relation to the coke oven gas, whereby the am 
monia, hydrogen Sulfide-and-cyanogen compounds 
present in the coke oven gas initially react in the 
reactor chamber primarily with; the: iroin. Salt.in 
the feed-liquor to form, ammonium Suifate and. 
to precipitate iron hydrate, iron Sulfide and sain 
monium ferroferrocyanide and the residuals an 
monia presentin the icoke-oven gas is removed 
substantially completelyi by reaction in the ab 
Sorber chamber primarily with the Sulfuric acid 
of the feed liquor, regulating the flow of feed 
liquor through said chambers So that the ferrous 
Sulfate content of the liquor leaving Said reactor 
chamber does not exceed 10 grams per liter and 
the free ammonia, content of the liquor leav 
ing the reactor chamber falls Within the range 
of .1 to 1 gram per liter, Separating the precipi 
tate from the liquor leaving the reactor cham 
ber, recycling from 60% to 90% of the Separated 
liquor to the absorber chamber with pickle liquor 
for contact with additional coke oven gas, paSS 
ing an oxygen-containing gas through the re 
mainder of Said Separated liquor in the presence 
of at least .5 gram per liter of free ammonia, 
Whereby Substantially all of the sulfate radical 
in Said oxidized liquor is reacted to form am 
monium sulfate and the iron values in the liquor 
are converted to iron hydrate, and separating the 
iron hydrate from the resultant ammonium sul 
fate Solution. 

13. A process as defined in claim 12 in which 
the ferrous Sulfate content of the liquor leav 
ing the reactor chamber is substantially main 
tained within the range of from 2 to 4 grains per 
liter and the ammonium sulfate content of the 
liquor introduced into the absorber chamber is 
at least 200 grams per liter. 

14. A process for recovery of ammonia, as am 
monium sulfate from gases containing ammonia 
and hydrogen sulfide and recovery of iron values 
from pickle liquor containing ferrous sulfate, 
Which comprises forming a feed liquor contain 
ing at least 100 grams of ammonium sulfate, not 
more than 25 grams of free sulfuric acid, and 
from 20 to 100 grams of ferrous sulfate per liter, 
by blending ammonium sulfate solution with 
pickle liquor containing ferrous sulfate, inti 
mately contacting said feed liquor with said gas, 
Whereby iron values of said liquor are precipi 
tated as iron hydrate and iron sulfide, separat 
ing the precipitate from the liquor, recycling a 
portion of the separated liquor together with 
pickle liquor into intimate contact with additional 
gas containing ammonia and hydrogen sulfide, 
and oxidizing the remainder of said liquor in the 
presence of free ammonia. 

15. A cyclic process for recovery of ammonia 
as ammonium sulfate from gases containing am 
monia and hydrogen sulfide, which comprises in 
timately contacting the gas with feed liquor 
comprising pickle liquor containing free sulfuric 
acid and iron Sulfate and recycled liquor contain 
ing ammonium sulfate, whereby iron in the feed 
liquor is precipitated and ammonia in the gas 
reacts with sulfate radicals of the liquor to form 
annonium Sulfate, Separating liquor contain 
ing dissolved ammonium sulfate from the pre 
cipitate, recycling a portion of the separated 
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liquor with additional pickle liquor into contact 
with additional coke oven gas and oxidizing the 
remaining portion of the separated liquor. 

16. A process for removing ammonia from un 
purified coke oven gas and recovering iron values 5 
from waste pickle liquor comprising intimately 
contacting unpurified coke oven gas with a fer 
rous sulfate liquor derived from pickle liquor, 
separating the said ferrous sulfate liquor from 
the precipitated product formed, contacting a 
portion of the resulting separated liquor with un 
purified coke oven gas, oxidizing the remaining 
portion of said separated liquor and separating 
the precipitated product therefrom. 
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