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This inventlon relates to the production of am-
monium sulfate, and more particularly to the
production of ammonium sulfate by means of the
saturation process involving the interaction of
ammonig and sulfuric acid.

It 1s an object of this invention to produce a
coarse-grained ammonium sulfate having Im-
proved characteristics in a simpler and more eco-
nomical manner than has been possible in the
past.

Other objects, and the manner In which the
same are attained, will appear from the follow-
ing description.

The well known saturation process of producing
ammonium sulfate proceeds by interacting am-
monia and sulfuric acld, and crystallizing am-
monium sulfate from the saturation liquor thus
obtalned. The commercial sulfurie acid intro-
duces into this process the usual metallic fm-
purities such as iron, aluminium and chromium
which tend to have a detrimental Influence on the
ammonium sulfate crystals ultimately obtained.

In the prior art the aforenoted drawback
was not removed until one of my co-workers, G.
Berkhoff, in his U, 8. Patent 2,102,107, suggested
to eliminate these impurities by the addition, to
the saturation liquor, of a soluble phosphatic
compound while simultaneously meintaining a
content of free sulfuric acld in the saturation lig-
uor below 1.5%.

As to the Influence of arsenic, Berkhoff stated,
that unless sufficient phosphoric acid or phos-
phates are present, the arsenic compounds react
with iron to yield a brown flocculent precipitate
or colloldal complex which 13 evenn more a hin-
drance for good crystallization of ammonium sul-
fate than are soluble {ron compounds,

Contrary to all expectations however, I have
discovered that the arsenic present in the sulfuric
acid or the saturation liquor alone or with addi-
tional arsenic, may be utilized to eliminate these
impurities provided several condlflons are ob-
served.

The basic concept of the present invention In-
volves malntaining in the saturation liquor a con-
tent of free sulfuric acld not exceeding about 3%,
maintaining in this liquor a content of pentaval-
ent arsenic sufficlent to precipltate the metallic
impurities, precipitating these impurities to the
point where thelr total content in the saturation
Hquor is at most 0.03% and preferably only at
most 0.006%, crystallizing ammonlum sulfate
from this liquor and recovering the coarse-
grained crystals thus produced.

According to the preferred embodiment of the
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invention all the Impurities that are precipitated
are precipitated in the form of arsenjc com-
pounds, the content of pentavalent arsenic In the
saturation liquor belng maintalned sufiicient to
reduce the content of the metallic impurities re-
malning in solution to a maximum of about 0.03%,
and preferably only at most 0.006%. Unless a
special sort of sulfuric acid is employed in the
process which has the requlred high content of
arsenic, and more particularly of pentavalent ar-
senic, this must be supplied, either to the sulfurjc
acid or to the saturation linuor, before the crystal-
lization process may begin.

According to a modification of the Invention,
arsenic as well as phosphates or phosphoric acld
are added; In that case the sum of the emounts
of pentavalent arsenic and phosphatic compounds
is maintained gufficient to precipitate the metallic
impurities in the manner es outlined above.

Accordingly, the first condition that has to be
met In my new process is the maintenance, in the
saturation liquor, of a content of free sulfurie
acid not exceeding about 3%. ‘The process of in-
teraction between sulfuric acid and ammonia
must be so conducted, and the relative quantities
of the reactants introduced into the saturator
vessel must be so conirolled that the amount of
free acid present in the saturation liquor will al-
ways remain below about 3%.

The second condition that has to be observed
In accordance with the invention involves the
malntenance in the saturation liquor of a content
of pentavalent arsenic sufficlent to precipitate the
impurities such as iron, aluminium and ehromium,
and effecting precipltation of these impurities to
& point where their content In the saturation
liquor is et most 0.03%, and preferably only at
most 0,006%. According to the preferred em-
bodiment of the Invention where all the impuri-
tles that are precepitated are precipitated in the
form of arsenic compounds, this condition evi-
dently involves the maintenance, in the satura-
tlon liquor, of a content of pentavalent arsenic
gufficient to precipitate impurities to a point where
thelr content in the saturation liquor is at most
0.03%, and preferably only at most 0.006%. Ac-
cording to the aforenoted modification of the in-
vention, this second condition involves the addi-
tlon to the saturation liquor, of an amount of
Pentavalent arsenic and an amount of phosphorie
acid or phosphates, together sufficlent to precipl-
tate the impurities to the point where their con-
tent In the saturation liquor is at most 0.03%,
and preferably only at most 0.0069%,

I have found that observance of the two con-
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ditions outlined above resulis In the precipitation,
from the saturation liquor, of the metallic im-
purities in the form of arsenic compounds, nota-
bly ferric arsenate at times accompanied by other
iron-arseni¢ compounds, and aluminium-~ and
chromium-arsenate compounds, the precipitation
eliminating the impurities from the solution to an
extent sufficlent for permitiing the growth of ex-
ceedingly well-shaped large crystals of ammonium
sulfate which are then recovered in the usual
manner. It is important to note that the pre-
cipltate has no detrimental influence on the erys-
tallization of the ammonium sulfate and that from
a solution containing even a very material quan-
tity of such precipitate exceedingly well-gshaped
large crystals may be recovered, with the result
that there is no need for separating the precip-
itate from the saturation liquor, e. g. hy centri-
fuging or in any other manner.

The necessary amount of arsenic, and more
especially pentavalent arsenic, may either be
present In the sulfuric acid employed In the proc-
ess or 1t may be added to the sulfuric acid prior
to the Introduction thereof into the process, or else
it may be added to the saturation liquor. When
once the content of the metallic impurities In the
saturation lHquor is sufficiently low, this favorable
clrcumstance 1s maintained if only in the sulfuric
acid to be added in the course of the process, pen-
tavalent arsenic 1s in slight excess with respect to
the metallic impurities. Preferably a sulfuric
acid is prepared which contalns at least 1 gram
atom of pentavalent arsenic to 1 gram atom of
iron, chromium or aluminium. Commerclal sul-

furic acld often contains too little arsenic to meet .,

this condition. In this case the necessary amount
of pentavalent arsenic has to be added. It isalso
possible to employ a specially produced sulfuric
acld having the desired high content of arsenic,

In case the sulfuric acid or the saturation liquor
contains a sufficlent quantity of arsenic com-
pounds, however, too little of these in the penta-
valent form, it is hecessary to convert part or all
of the trivalent arsenic into pentavalent arsenic,
the amount to be converted depending to a cer-
taln extent on the form of the crystals which is
to be ultimately obtained. This conversion may
be effected e. g. with the aid of nitric acid, ac-
cording to Mellor’s Comprehensive Treatise etc.
Vol 9, page 105,

The fact that the critical percentage of free
acidity is In the neighborhood of 3% is shown by
the following observations. With an almost con-
stant arsenic content of about 2.1%, the content
of iron in solution in the saturation liguor varies
in proportion to the free acid as follows:

Tofreencid. . . 7.7 as 51 4.5 3.5 213 1.2 09
%iron . . ___ 0,153 0.118 0.00 0.00 0.10 0.028 0.006 0.005

The schedule clearly shows that there is a
crifical point In the neighborhood of about 3% of
free acid. About this degree of acidity the grad-
ual decrease of the iron content becomes suddenly
very steep. In correspondence with this sudden
decrease & noticeable improvement in the am-
monfum sulfate according to the sleve analysis is
obsgerved.

Reduction of the iron content to allowable
values at degrees of acldity higher than 3% would
involve the addition of very large amounts of pen-
tavalent arsenic. At 3.5% of free acld and 2.1%
of pentavalent arsenic the iron content is still
more than 3 times too high. To reduce the iron
content In this case to 0.039% at a constant de-
gree of acidity of 3.5% 1t would be necessary to
raise the content of pentavalent arsenic to about
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7%. Bo high a content of pentavalent arsenic
however s In i{self undesirable,

In order to show that if the above two condi-
tions with respect to free acidity and content of
metallic impurities are not fulfllled an entirely in~
ferior product results, I have tested the saturation
process for the following conditions:

A saturation liquor was prepared containing
0.23% of pentavalent arsenic, 0.18% of iron and
6.5% of free sulfuric acid. The resulting prod-
uct was an ammonium sulfate consisting, accord-
Ing to the sleve analysls, of crystels of which 1%
wag larger than 2 mms., 40.5% between 2 and 0.5
mms., 44.5% between 0.5 and 0.2 mms. and 14%
The declded inferiority
of this product is apparent from a comparison
with the followlng examples according to the pres-
ent Invention.

Erample 1

By mixing sulfuric acid and ammonia & satura-
tion liquor containing 0.8 % free sulfuric acld was
prepared. The sulfuric acid used contalned
0.015% of pentavalent arsenic and 0.020% of iron.
Though this iron content is pretty low it was to
be expected that in the course of the process the
iron content of the saturation liquor would soon
rise, Therefore ammonium arsenate was added
unt!l the iron content of the liquor had dropped
to 0.0039%. The content of pentavalent arsenic
by this time had risen to 0.19%. After this prep-
aration of the saturation liquor the ammonium
sulfate contained according to the sieve analysls,
3.0% of crystals larger than 2 mms., 90.0% bhe-
tween 2 and 0.5 mms., 4.5% between 0.5 and 0.2
mms. and 2.5 % smaller than 0.2 mms.

The favorable circumstances were maintained
by using In the course of the process a sulfuric
acld containing 0.045% of pentavalent arsenic
and 0.020% of iron.

A comparison of this product with the product
obtalned when working at a free acldity of 6.5%
and 0.18% of iron illustrates the importance of
the reduction of both percentages, which reduc-
tlon results in ylelding more than twice the

* amount of crystals in the fraction larger than

0.5 mms. It is noted In this connection that the
sulfuric acid used according to this example had
the same iron content as the one employed In
the test in which an inferior product was ob-
talned.

Erxample 2

A mother Hquor was prepared which contained
3.9% of pentavalent arsenic, 0.03% of iron and
2.8% of free sulfuric acid. The resulting product
were ammonium sulfate crystals 91% of which
were between 2 and 0.5 mms.

It is noted that the iron content of 0.03% is
about the critical imit permissible for the con-
tent in impurities of the saturation liquor. The
content of free sulfuric acid too is near the criti-
cal upper limit.

Erample 3

A mother liquor was prepbared which contalned
0.1% of pentavalent arsenic, 0.006% If iron and
0.6% of free sulfurlc acld. The resulting am-
monium sulfate crystals were analyzed ag fol-
lows: 3.5% were larger than 2 mms., 89.5% were
between 2 and 0.5 mms., 6.0% were between 0.5
and 0.2 mms. and 1.0% was smaller than 0.2 mms.

It {s noted that while the content In the
saturation liquor of pentavalent arsenic, In ac-
cordance with this invention, 1s limited solely to
an amount sufficient to precipitate the impurities,
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to the point where their content In the saturation
liquor Is at most 0.03%, preferably at least an
amount of 0.1% of pentavalent arsenic as stated
in this example should be present in the satura-
tion liquor.

According to the aforencted modification of the
invention, a fraction of the impurities present in
the saturation liquor may be precipitated by
means of a soluble phosphatic compound, the rest
of the Impurities that are precipitated, however,
being agaln preclpitated in the form of arsenic
compounds. These conditions are 1llustrated by
the following example.

Example 4
Crystallization was effected in a saturation
liquer which contalned 0.6% free sulfuric acid,

0.25% of pentavalent arsenic, 0.185% of P2Qs and
0.0029% of trivalent iron. This saturaticn lquor

was obtained by adding phosphoric acid and am-

monium arsenate to the contents of the satu-
rator. The sulfuric acld used contained 0.032%
of pentavalent arsenic and 0.039% of trivalent
ifron. In the course of the process the favorable

circumstances were maintained by adding exira o

phosphoric acid to the saturation liquor. To this
end with 75 tons of sulfuric acid 72 liters of a
60% phosphoric acld were added. The resulting
c¢rystals analyzed 0.5% larger than 2 mms,, 89.0%

between 2 and 0.5 mms., 8% between 0.5 and 0.2 -

mms, and 2.5% smaller than 0.2 mms.

Thus with 0.6% of free sulfuric acid, arsenic
and phosphorie acld together were able to pre-
cipltate the iron brought in by the sulfuric aeid,
until not more than 0.002% if iron remalned in
the saturaticn liquor.

It is also possible to start with the saturation
lquor prepared according to the process de-
scribed in the aforenoted patent No. 2,102,107 and
to add pentavalent arsenic in the course of the
process.
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When starting with a saturation liquor con-
taining 0.23% of pentavalent arsenic, 0.18% of
iron and 6.5% of free sulfuric acid, which liquor
was referred to on page 7 of this specification as
not ylelding an ammonium sulfate having the
desired crystallized form, this liguor may be con-
verted Into a starting liquor of the desired com-
position by lowering its content in free sulfuric
acid by the addition of ammonia followed by the
addition of an arsenic compound. When the
acidity is reduced there s precipitated an iron
arsenic compound in colleidal form resulting in
8 slimy ammonium sulfate preduct of very un-
desirable crystalline form, part of which is re-
moved with the ammonium sulfate.

In order to obtain the desired low content of
iron a further quantity of arsenic Is added to the
solution. In this example to 25 cms. of satura-
tion liquor 80 kgs., of pentavalent arsenic are
added at a content of free sulfuric acid of 0.5%.
It is to be noted that the saturation liquor fre-
quently does not obtain the desired composition
befcre the lapse of some days (e, g. four or flve
days) Inasmuch as the slimy nature of the con-
tent of the saturator vessel tends to impede any
progress toward the desired composition of the
saturation liquor. The fact that in this way at
first a slimy ammonium sulfate-product of ob-
jectionable crystalline form is cbtained, accounts
for the reason why a low acldity as presently dis-
closed has never been practiced in the prior art
with the exception ¢f patent No. 2,102,107.

Varlous changes may be made in the detalls
disclosed In the foregeing specification without
departing from the Invention or sacrificing the
advantages thereof.

JOHANNES STEPHANUS ANTONIUS
JOSEPH MARIA vaN AKEN.



