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1

The present invention relates to the regenera-
tion of spent pickle liguor which has been em-
ployed in the cleaning or pickling of iron or steel
or like metal arvicles, and which constitutes sub-
stantially a mild sulfuric acid solution of ferrous
sulfate. .

The enormous quantities of spent pickle liquor
which are proauced in industry and the magni-
tude of the problem of its aisposal or utuiza-
tion are well known. To meet the propblem of
disposal of these corrosive and aciaie liguors many
proceaures have been aeveloped for reciamation
of the waste liquors, the extraction ol the 1ron
content, and the recyclng of regenerated liguor.
Suen processes, although furnisning partial solu-
tions for this consiaerable proplem, have not
swept the inaustry because each of them is sub-
ject to one or more disaavantages, parsicularly
one oi the foliowing: the costly need 1or evapo-
rating large guantities of water often under the
gisagvantageous condition of precipitating a dif-
ficuitly manageable slurry, the necessity o1 hand~
ling and circuiating sulruric acid soiution of high-
1y corrosive concentrations, and the circumstance
of precipitating g large proportion, if not ail, of
the iron in the waste liquors .as COpPEras,
FeS04.7H20, a salt which can. be treated onily
with difficulty for recovery of its suliur in the
regeneration of the acid for recycling to the pick-
ling baths.

it is a primary object of the present invention
to provide a process for the regeneration of waste
pickle liguor that is simple and easy to operate,
in which evaporation costs are kept at a mini-
mum, and in which the recovered iron is obtained
as ferrous sulfate monohydrate from which sul-
furic acid can be readily regenerated.

It is another object of the present invention to.

provice a novel process for regeneration oi waste
pickle Iiquors in which ail of the above-mentioned
objects are obtained and in which, in aadition,
the acid concensrations are so regulated that the
acidic solutions can be handled; without danger
of corrosion in commonly used stainless alioy
metals used for handling sulfuric acid solutions.

Another object of the present invention'is the
provision of a process wherein both the free and
compined sulfuric acid content of spent ligquor is
recovered in sufficiently pure form that it can be
used not only in further pickling operation but
can also be used in other associated processes,
in particular, in the ammonia saturator of a by-
product coke plant. :

The invention has for further- objects such

other improvements and such other operative ad-
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vantages or results ag may be found to obtain in
the processes or apparatus hereinafter described
or claimed.

Briefly stated, the present invention compre~
h!ands an jmproved process of regenerating spent
pickle liquor wherein the pickle liquor is, after
removal from the pickling baths, evaporated to
a point at which the salts therein predominantly

- ferrous sulfate, are just short of the saturation

point, then adding strong sulifuric acid to the
hot concentrated hquor and permitting the mix~
ture to cool to thereby precipitate all but traces
of the ferrous suiufaie monohydrate which can be
readily smelted for recovery of sulfur oxygen
gases thererrom. The filtrate from the filtration
of the monohydrate can be concentrated, in whole
or in part, and a concentrated portion returned
tg the regeneration process or all can be returned
directly to the pickiing bathg or other uses. In
case it is observed that some accumulation of ex-
traneous impurities exists therein, the filtrate
can be treated with an organic solvent such as
benzene wherepy the nltrate is clarified and puri-
nied. In those instances where it is found de~
sirable to aad fresh acid to the pickling process,
the regenerated acid can be utilized in the am-
monia saturator of a by-product coke plant, which
plants are usually, for obvious purposes, found
ciosely adjacent pickiing operations.  The regen-
eraved acld optauned by tne process provides in
saturator operation an ammonium suliate of good
qua.uwy. 1v has in tne past been recognized that
1t 18 aavantageous to aad suliuric acid to waste
pickle liquor betore removal of the salt there-
irom but as such previous additions have been
berrormed witaout itermediate evaporation of
tie soution, tne precipitatlon of large quantities
of copperas has resuited ag otherwise in ieasibly
large voiuwuses or acia would have been acquired
ana proauceu. Separavion of salt by evapora-
tion aione has resusted aiso in precipitation of
copperas.

1t has been found in the development of the
bresenv process that, while the character of the
1€ITOUS Suilate monohydrave precipltation ig pri-
Inarily governeda by tne acid strength and the
Sait concenvration of the mother liguor, a delay
1s usualiy peneucial in removing the last traces
of tne salt. Munute traces of the salt continue to
czjystauize out of the mother hiquor over a period
of many days yieiaing an improved regenerated
ajcld, probapiy in accoraance with obscure and
little understood laws of crystallization. A delay
period of three hours will be long enough to pro-
duce a recovered acid of sufficient purity for mosi
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purposes, but where necessary the acid can be
allowed to stand a longer time to achieve more
rigid standards of purity.

The evaporation of the waste pickle liquor
down to only its saturation concentration and
the combination therewith of subsequent regen-
eration steps are so arranged that only about
859% of the water of the waste pickle liquor need
be evaporated.

As is well known, the acid strength of waste
pickle liquor is low. After the liquor has been
concentrated in the present process, a sufficient
quantity of strong acid is added thereto that
the acid concentration of the admixture is im-
mediately raised above the range at which sul-
furic acid is most corrosive. The present proc-
ess employs solutions of acid concentration be-
low 10% and above about 60%. Consequently,
at no time need solutions of highly corrosive
strength be transported in the system, and ap-
paratus embodying the present process do not
require the use of the more highly expensive
alloys.

In the accompanying drawing forming a part
of the specification the single figure is a sche~
matic flow diagram of apparatus in which the
process may be carried out.

In operation according to the present inven-
tion and as illustrated by the aforesaid flow dia-
gram, 1,000 gallons of spent pickle liquor is
flowed through valved pipe 10 into a step-wise
evaporator 12 wherein water of approximately
50% to 60% by volume of the pickle liquor is
evaporated therefrom. Substantially no precip-
itation of salts occurs in the said evaporator {2
because evaporation is not carried beyond the
concentration at which saturation is reached.
The approximately 400 gallons of concentrate is
flowed without substantial cooling through a
valved pipe i4 into mixing tank (6 having agi-
tator means i8. Substantially an equal volume
of 959, sulfuric acid is added to the concentrate
from a storage tank 20 through valved pipe 22.
The concentrate, which has been brought to an
acid concentration of 63% to 70% by weight, is
flowed from the mixing tank 16 through a valved
pipe 24 into a cooling and mixing tank 26 hav-
ing agitator means 28 and cooling coils 30. The
acidified solution is cooled therein for a period
of three hours, during which period the solution
is brought to a temperature of about 25° C.
During said cooling a considerable mass of crys-
tals is precipitated therefrom. After cooling
the so-formed slurry is flowed through a valved
pipe 32 into a centrifuge 34 by which means salt,
constituting ferrous sulfate monohydrate is sep-
arated, which salt contains about 28 gallons of
water as water of constitution. The salt also
retains approximately 40% of its own weight of
mother liquor.

The monohydrate is carried on the belt con-
veyor means 36 to storage or to smelting equip-
ment whereby the monohydrate can be readily
converted into iron oxide suitable for the blast
furnace. The iron oxide is in easily pulverizable
form so that it may be also used for many other
purposes. Liberated sulfur dioxide from said
ferrous sulfate smelting can be converted by
the well known sulfuric acid processes to 100%
sulfuric acid, of which in this example 84 gallons
can be obtained. The so-obtained sulfuric acid
can be returned to storage tank 20 for use in
regeneration of further quantities of spent pickle
liguor or it can be otherwise used.

Mother liguor obtained from the separation in
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centrifuge 34 is flowed from a pipe 38 and by
operation of valves 40 in pipe 42, valve 44 in
pipe 46 or valve 48 in pipe 50 can be flowed
either exclusively or partly through one or more
of three apparatus for its further treatment.
Mother liquor flowing through pipe 46 flows into
an evaporator 52. In the example above de-
scribed a mother liquor of 630 gallons is ob-
tained. The mother liquor has a sulfuric acid
concentration of 63% to 70% and contained
only about 0.040% iron by weight. By evapora-
tion in the said evaporator 52, 223 gallons of
water may be removed to raise the acid strength
to about 95%. The 95% sulfuric acid is pumped
through line 54 by the pump 56 into the said
storage tank 20 wherein it is stored for use in
regenerating further quantities of spent pickle
liquor.

If desired, the mother liquor, which contains
only about 0.040% iron by weight and has a 63%
acid concentration, can be pumped by pump 58
through lines 50 and 60 directly to the pickling
baths (not shown). The accumulation of im-
purities, such for example, as inhibitors em-
ployed in the pickling process and organic com-
pounds released by the action of acid on steel, is
indicated by the coloring of the mother liquor
leaving the centrifuge 34. Such colored mother
liquor is flowed through valved pipe 42 into the
upper end of a scrubbing column 68 wherein the
acid is scrubbed with a countercurrent flow of
benzol introduced from a storage tank 10 through
a pipe 72 into the said column near the bottom
thereof. Washed mother liquor settles to the
bottom of the column, is drained through a line
14 having a valve 16 into pipe 50, and is pumped
by the said pump 58 through the line 60 to the
pickling baths (not shown). After treatment
of the mother liquor, benzol is decanted from the
tower 68 through a pipe 18 and is pumped
through a pipe 80 by pump 82 into a caustic
cleaning tank 84 within which the benzol is
caused to pass through a static column of caustic
soda solution. At intervals caustic soda solution
is renewed from storage 86 through a pipe 88
and used caustic solution is drained through
pipe 80 by operation of valve 92 and can be
directed to such use, for example, as neutraliz-~
ing wash water used after the pickling operation.
Washed benzol is pumped from the tank 84
through a pipe 94 to the storage tank 10. A sec-
ond washing tank can be disposed in parallel
to tank 84 for use during replenishment of the
latter tank.

The foregoing procedure provides substan-
tially complete regeneration of spent pickle
liquor so that, aside from make-up for losses,
no addition of fresh sulfuric acid is required.

The following examples are presented for the
purpose of illustrating the present invention.

Example 1

A waste pickle liquor having an analysis as
follows:

Sp. Gr. 25°/25° Coecce e 1.179
FeSO4 o 143 grams per liter
Free HoSOduee oo, 70 grams per liter

Ferric sulfate . _.. 5.3 grams per liter

was distilled and approximately 316 parts by
weight of water were removed from an original
quantity of 699.2 parts by weight of the pickle
liquor. 380.3 parts by weight of 95% sulfuric
acid were added to the hot distillation residue.
This mixture was cooled and allowed to stand
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and thereafter was filtered. The filter cake con-.

stituted ferrous suliate monohydrate plus a
small amount of mother liquor. The filtrate
contained only 0.074% total iron and constituted
68.4% sulfuric acid and therefore was effectively
regenerated.

Example 2

Another portion, in this instance 585 parts by
weight, of the aforesaid spent pickle liquor, was
evaporated to the extent that 325 parts by weight
of water were removed. 192 parts by weight of
95 % sulfuric acid were added to the hot evapora-
tion residue. The mixture was allowed to cool
and was subsequently filtered.  'The filtrate com-
prised regenerated acid containing 58.66% sul-
furic acid and contained only 0.082% iron. The
filter cake consisted of ferrous sulfate mono-
hydrate and a small amount of mother liquor.

Example 3

A spent pickle liquor having the following
analysis:

Sp. Gr. 25°/25°C___..._.. 1.237.

Ferrous sulfate_________ 230 grams per liter
Ferricsulfate_ .o ____ 7.8 grams per liter
MNSCE e e trace

oS08 o 36 grams per liter

was evaporated so as to remove 121 parts by
weight of water from an original sample of 247.4
parts by weight. 118.8 parts by weight of 96.5%
sulfuric acid were added to the hot residue.
The mixture was allowed to stand and was sub-
sequently fillered. The filtrate comprised regen-
eratad sulfuric acid containing 62.66% sulfuric
seid and only 6.057% total iron. Again the fil~
tered cake constituted substantially only ferrous
sulfate monohydrate and some mother liguor.

Ezxample 4

A further quantity of the spent pickle liguor
employed in the preceding example was evapo-
rated, so that 122 parts of water were removed
by distillation from 247.4 parts by weight of the
pickle liquor. 102 parts by weight of 96.5% sul-
furic acid were added. The mixture was coocled
and allowed to stand and was then filtered. The
filtrate comprised regenerated acid of 59.22%
strength and contained only 0.112% total iron.
The filter cake was ferrous sulfate monohydrate
plus a small amount of mother liquor.

Example 5

A portion of the waste pickle liquor employed
in Example 3 and coustituting 741 parts by weight
was evaporated so as to remove 368 parts by
weight of water. 355.8 parts by weight of 96.5%
sulfuric acid were added to the hot residue. The
mixture was cooled, allowed to stand and then
filtered. The filtrate constituted regenerated acid
containing 63.48% sulfuric acid and only 0.054
total iron. 'The filter cake comprised ferrous sul-
fate monohydrate plus a small amount of mother
liguor, the acid of which is, of course, made avail-
able for recycling to the pickling operation when
the acid is recovered from the ferrous sulfate
monohydrate.

The ferrous sulfate monohydrate obtained in
the foregoing examples can bhe readily roasted
for recovery of its sulfur in the form of strong
sulfuric acid. The ferrous sulfate slurry obtained
in the foregoing example filtered readily and
comprised a heavy grey solid of sandy texture
which did not melt upon roasting,
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6.

Pickle liquors described above which contain
less than 10% concentration by weight of sul-
furic acid or liquors which contain more than
63% and preferably more than 65% concentra-
tion by weight of sulfuric acid may bhe safely
handled in the commonly used stainless steel alloy
equipment. Such pickle liquors of maximum and
minimum acid strengths respectively are substan-
tially non-corrosive to the less expensive stainless
alloys such as the austentitic stainless steels.. The
stainless steel which contains 18% chromium and
8% nickel is the least expensive of a group of
other austenitic’ stainless steels which contain
more than 18% chromium and §% nickel. These
latter alloys also generally contain other metals,
such as molybdenum and vanadium. The corro-
siveness of pickle liquor to 18 and § stainless steel
gradually increases as the acid strength inereases
from 0 to 10% strength, is very corrosive for acid
strengths between 10% and 60% sulfuric acid
concentration, and decreases rapidly as the acid
strength increases above 65% sulfuric acid. )

The corrosiveness of pickle liquors having sul-
furic acid strengths between 10% and 60% is
less to austenitic stainless steels which contain
more than 18% chromium and 8% nickel. A
stainless alloy which is composed of roughly 88 %
cast iron and 129% silica (known as Duriron) is
corrosive-resistant to a pickle ligquor of substan-
tially any strength of sulfuric acid. Ancther
stainless alloy composed roughly of one-third
copper and two-thirds nickel (known as Monel
metal) is corrosive-resistant to pickle liquor hav-
ing a sulfuric acid strength from 0 to 70%. The
ordinary 18 and 8 stainless steel, Monel metal
and Duriron are relatively inexpensive and pref-
erably may be used with the pickle liquor of the
present invention.

This application is a continuation in part of
my application Serial No. 779,108, filed October
10, 1947, for Regeneration of Spent Pickle Liguor,
now abandoned. )

The invention as hereinakove set forth is em-
bodied in particular form and manner but may
be variously embodied within the scope of the
claims hereinafter made.

I claim: '

1. The method of separating into ferrous sul-
fate and concentrated sulfuric acid pickle liguor
that contains less than 10% by weight of sulfuric
acid and has been produced by treating ferrous
metal with sulfuric acid, said method compris~
ing in combination the steps of: concentrating
said pickle liguor in the absence of copperas to
substantially 50% to 60% of its volume by evap-
oration and without substantial precipitation of
ferrous sulfate monochydrate therefrom; there-
after adding concentrated sulfuric acid to said
evaporated liquor to produce an agueous mixture
containing at least 63% to 70% by weight of sul~
furic -acid; cooling ‘said aqueous mixture to ap-
proximately 25° C. to precipitate substantially
all of the iron in the solution as ferrous sulfate
monohydrate; separating the so-precipitated
monohydrate of ferrous sulfate from said acid
liquor and evaporating water from so-separated
liquor in a vessel of acid-resisting alloy to a con-
centration of sulfuric acid suitable for use in
pickling liguor for ferrous ietal.

2. In a method of regenerating spent pickle
liquor remaining from the sulfuric acid treat-
ment of ferrous metal so as to recover from said
liquor ferrous sulfate in the form of a mono-
hydrate and to recover from said liquor, in the
form of acid substantially free of ferrous sulfate,
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the sulfuric acid present in said liquor, the com-
bination of steps which comprises: removing by
evaporation in the absence of copperas from a
quantity of spent liquor of as much water as
can be removed without precipitation of solids
to thereby reduce the volume of said quantity of
liquor on the order of at least 50%, adding a suf-
ficient quantity of concentrated sulfuric acid to
the evaporated liguor to precipitate upon cooling
the ferrous sulfate therein as an easily filtrable
monohydrate, the concentration and quantity of
acid added heing such as to produce a solution
having an acid concentration of 63% to 70%
H:S0: to thereby precipitate from said solution
substantially all of the ferrous suifate present
therein in the presence of sulfuric acid of such
high acid concentration as to be above the range
in which it is highly corrosive to commonly used
stainless alloys, sevarating the ferrous sulfate
monohydrate from the solution by filtration and
evaporating at least a portion of the resuiting
filtrate to remove water in such quantity as to
provide a concentrated sulfuric acid and almost
completely free of iron salts for recycling back
to the step of precipitation of the ferrous sulfate
monochydrate.

3. In a method of regenerating spent pickle
liquor remaining from the sulfuric acid treatment
of ferrous metal so as to recover from said liquor
ferrous sulfate in the form of a monohydrate and
to recover sulfuric acid present in the liguor in
2 concentration which is not highly corrosive to
commonly used stainless alloys the combination
of steps which comprises: removal by evapora-
tion in the absence of copperas from a quantity
of the spent liquor of as much water as can he
reraoved without precipitation of ferrous sulfate,
adding a substantially equal volume of concen-
trated sulfuric acid to the evaporated liquor to
produce an acid concentration of 63% to 70%
sulfuric acid, slowly cooling the solution to as-
sist in the precipitation of ferrous sulfate mono-
hydrate, filtering the solution to separate ferrous
sulfate monohydrate from a regenerated pickle
liguor filtrate having an acid concentration ahove
60% sulfuric acid which is not corrosive to com-~
monly used stainless alloys, evaporating a por-
tion of the filtrate to form concentrated sulfuric
acid (at least 95% concentration) fres of iron
salts, and recycling the concentrated acid portion
back to the process for precipitating ferrous sul-
fate monohydrate.

4. In a method of regenerating spent pickie
liquor remaining from the sulfuric acid treatment
of ferrous metal so as to recover from said liquor
ferrous sulfate in the forin of a monohydrate
substantizlly free of copperas and to recover sul-
furic acid present in the liguor in a concentra-
tion which is not highly corrosive to commeonly
used stainless alloys the combination of steps
which comprises: removal by evaporation at at-
mospheric pressure from a quantity of the spent
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8
liquor of as much water as can be removed with-
out precipitation of ferrous sulfate, adding con-
centrated sulfuric acid to the evaporated liquor
to produce an acid concentration of 63% to
709 sulfuric acid, slowly cooling the solution tc
approximately 25° C. to assist in the precipita-
tion of ferrous sulfate monohydrate, filtering the
solution to separate ferrous sulfate monohydrate
from a regenerated pickle liquor fiitrate having a
sulfuric acid concentration above 605 which is
not corrosive to commoniy used stainless alloys,
evaporating a portion of the filtrate to form con-
centrated sulfuric acid (at least 99% concenira-
tion) free of iron salts, recycling the concentrated
acid portion back to the process for precipitat-
ing ferrous sulfate monohydrate, and washing
the regenerated pickle liquor with benzol to re-
move organic compound impurities therefrom be-
fore refurning the pickle liguor to a pickling bath.

5. The method of separating into ferrous sul-
phate and sulphuric acid, pickie liguor that has
been produced by treating ferrous metal witn
sulphuric acid, said method comprising in com-
bination the steps oi evaporating said pickle
liquor until the same is saturated with respect to
said ferrous sulphate but without any substantial
crystallization of ferrous sulphate therefrom,
thereafter adding sufficient concentrated sul-
vhuric acid to said evaporated liquor fo precipi-
tate the iron in the solution as ferrous sulphate
monohydrate and finally separating the so-pre-
cipitated monohydrate from said acid liguor.

6. The method of claim 5 wherein sufficient
concentrated sulphuric acid is added to said
liquor to produce a solution having an acidity in
excess of about 50%.

7. The method of claim 6 wherein the evapo-
rated liquor, after the addition of concentrated
sulphuric acid thereto, is cooled to about 25° C.
to aid in the precipitation of the monohydrate
therefrom.

JOSEPH A. SHAW.
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