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[57] ABSTRACT

Fertilizer materials, especially potassium dihydrogen
phosphate, are produced by the reaction of phosphate
rock or a solubilized form thereof, such as mono cal-
cium phosphate, dicalcium phosphate, etc., concen-
trated sulfuric acid, potassium hydrogen sulfate and,
optionally fresh or recycle phosphoric acid, the resuit-
ing mixture is filtered to remove the calcium sulfate
precipitate and the potassium dihydrogen phosphate s
recovered from the filtrate, either by concentration and
filtration or by extraction with an organic solvent.

11 Claims, 1 Drawing Figure
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POTASSIUM PHOSPHATE MANUFACTURE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

CROSS-REFERENCES TO RELATED
APPLICATION

This application is related to application Ser. No.
755,699, filed Aug. 27, 1968 and now U.S. Pat. No.

3,600,152.

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to a process for the production
of potassium dihydrogen phosphate from phosphate
rock or a solubilized form, sulfuric acid and potassium
hydrogen sulfate wherein the reaction may be carried
out in either a batch or a continuous manner.

Description of the Prior Art

In our application above-identified, there are dis-
closed and claimed potassium polyphosphate products,
processes for preparation of mixtures of potassium dihy-
drogen phosphate and potassium monohydrogen phos-
phate and the treatment of these mixtures by heating at
an elevated temperature to produce a novel reaction
product mixture having variable water solubility and
variable molecular weight, which mixture is eminently
suitable as a fertilizer material. In our prior application,
there are also disclosed procedures for the preparation

of these mixtures which generally comprise reaction of

an acid such as phosphoric acid and/or sulfuric acid or
mixtures thereof with phosphate rock or a solubilized
form in the presence of potassium sulfate or potassium
hydrogen sulfate at temperatures in the range of about
40° to 90° C. The present invention provides an im-
proved and refined process for the preparation of the
desired potassium dihydrogen phosphate and the potas-
sium monohydrogen phosphate in a purity suitable for
use as a fertilizer or for further conversion to potassium
polyphosphate products.

Various processes are known in the prior art for the
reaction of phosphate rock or solubilized forms and an
acid such as sulfuric acid or phosphoric acid or mixtures
thereof, processes of these types being generally re-
ferred to as phosphate rock acidulation. Quite often
potassium sulfate, and in some cases, potassium hydro-
gen sulfate, may be added to precipitate the calcium
present in the mixture as calcium sulfate. These patents
are for example, U.S. 1,866,657, 2,046,829, 1,747,588,
744,128, 1,037,837, 1,447,544, 2,046,841, 2,046,842 and
1,961,127.

The processes in these patents do not, however, pro-
vide a sufficiently pure. product for commercial use.
Moreover this prior art does not disclose a procedure
by which potassium dihydrogen phosphate can be eas-
ily recovered. The process of the present invention
overcomes these disadvantages.

SUMMARY OF THE INVENTION

It is accordingly one object of this invention to pro-
vide procedures for the preparation of potassium dihy-
drogen phosphate in good yields and high purities.
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A further object of this invention is to provide a pro-
cedure whereby this material is prepared by the reac-
tion of phosphate rock or a solubilized form thereof,
sulfuric acid and optionally phosphoric acid, and potas-
sium hydrogen sulfate by a batch or continuous proce-
dure.

Other objects and advantages of the present invention
will become apparent as the description thereof pro-
ceeds.

In satisfaction of the foregoing objects and advan-
tages, there is provided by this invention a process for
the preparation of potassium dihydrogen phosphate
which comprises reacting phosphate rock, or a solubi-
lized form thereof such as monocalcium phosphate or
dicalcium phosphate, sulfuric acid, optionally, fresh or
recycle phosphoric acid and preferably the phosphoric
acid formed in the reaction, and potassium hydrogen
sulfate, at a temperature of about 40°-90" C.

BRIEF DESCRIPTION OF THE DRAWING

Reference is now made to the drawing accompanying
the application which sets forth a schematic outline of a
continuous process for practicing the process of the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As indicated above, the process of this invention 1s
concerned with the preparation of potassium dihydro-
gen phosphate by the reaction of phosphate rock or a
solubilized form thereof, sulfuric acid, optionally phos-
phoric acid, and potassium hydrogen sulfate. When
using phosphate rock per se, which is preferred for
purposes of economics, this reaction may be generally
described by the following equation:

Phﬂsphate rock + KHSO4 + H 1804 -+ HJPOq,—-bKHZ P04 + Ca504

Obviously, in this equation, different molar ratios of
products are produced using different molar amounts of
starting materials. The final product, potassium dihy-
drogen phosphate is of course eminently useful as a
fertilizer since it provides both potassium and phospho-
rus nutrients in solid form for the soil.

The phosphate rock feed employed in the process
may be phosphate rock per se of any desired mesh or
size but is preferably about 200 mesh. Any solubilized
form of phosphate rock may be used however such as
monocalcium phosphate, dicalcium phosphate and tri-
calcium phosphate. All of these materials are well
known in the art. Procedures for their formation from
phosphate rock are also well known.

The sulfuric acid employed in conducting the reac-
tion is preferably commercial concentrated sulfuric acid
(about 97% concentration) but it is also feasible to em-
ploy aqueous sulfuric acid having a concentration of
about 60-98%. Commercial concentrated sulfuric acid
is preferred however because of its ready availability.
The sulfuric acid is generally utilized in an excess of
about 3 to 10 weight percent which as the effect of
forming phosphoric acid in situ by reaction with the
phosphate rock. A portion of the excess sulfuric acid
may be replaced by a different mineral acid to provide
hydrogen ions.

Any source of potassium hydrogen sulfate reactant
can be employed. This material is preferably added as

“an aqueous solution of about 10-50% strength. It is
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highly preferable however to employ as a source of
potassium hydrogen sulfate (KHSQO,) the reaction prod-
uct of potash (KCl) and sulfuric acid as the KHSO,
resulting from this reaction has been found to be emi-
nently suitable for use in the invention as it contains
very low quantities of chloride. The reaction between
the potassium chloride and sulfuric acid in formation of
the KHSO, is generally conducted at a temperature
from 250 to 300" C. and the dry HCI evolved may be
processed as desired such as recovery and use in the
conversion of phosphate rock to a solubilized form. The
resulting KHSO, product is then preferabiy dissolved in
water or one of the dilute recycle streams to the desired
concentration suitable for use in the process.

As indicated above, an optional reactant for use in the
process 1s phosphoric acid. In a batch process this
would ordinarily be the phosphoric acid formed in the
reaction. However in the preferred continuous process,
recycle phosphoric acid is used, to which may be added
fresh concentrated phosphoric acid if desired. Obvi-
ously H;PO,is formed in the reaction between the rock
or solubilized form and the sulfuric acid and this is
recycled in the continuous process.

The reaction is conducted at an elevated temperature,
preferably a temperature of about 40°-90° C. with a
highly preferred temperature range being 55°-70° C. To
this extent the temperature range is critical as conver-
sions may suffer outside the indicated ranges. The resi-
dence or hold-up time in the continuous process is vari-
able but may range from about 2 to 12 hours and prefer-
ably 1s about 6 hours for optimum results.

In practicing this reaction according to the present
invention a number of critical criteria are observed in
order to obtain optimum results. Thus, in the process,
the phosphate rock or solubilized form thereof, is con-
tacted with recycle streams at an elevated temperature
and the potassium hydrogen sulfate and sulfuric acid are
added thereto. In a preferred manner of operation an
agitated solution of the phosphate rock and the recycle
solution 1s maintained at a temperature of about 40°-90°
C. and an aqueous 10 to 50% solution of the potassium
hydrogen sulfate and sulfuric acid, preferably about 4%
H,S0, and 42% KHSQO, solution, is added slowly, 1.e.,
portionwise or dropwise, over a predetermined period
of time. The slow addition of the potassium hydrogen
sulfate and acid aids the process in minimizing forma-
tion of the insoluble double salts KHSO,CaSQ, and/or
SKHS0,CaS0,, as these double salts inhibit complete
tormation of the desired products and the potassium in
this double salt is difficult to recover from the by-pro-
duct cake. Accordingly, the slow addition of the potas-
sium hydrogen sulfate in solution form to the other
reactants represents an important aspect of the present
invention.

In the reaction, it is also desirable that the concentra-
tion of dissolved solids not exceed about 60% and pref-
erably lie in a range of 10-40%, as a higher concentra-
tion of dissolved solids, which is often found in phos-
phoric acid plants, is not optimum because of the differ-
ences in solubilities of the salts present. Therefore, a
maximum of about 40% by weight of the dissolved
solids 1s desirable in conducting the reaction.

As pointed out above, phosphate rock per se may be
employed as the main reactant mineral in the process.
However, solubilized mineral forms of the rock, includ-
ing monocalcium phosphate, dicalcium phosphate, tri-
calctum phosphate, etc. may also be employed and these
are especlally desirable in some cases. It is well known,
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of course, that these solubilized forms may be prepared
from the phosphate rock per se and from less solubilized
forms. In one convenient procedure for effecting con-
version to a more solubilized form, there may be used
aqueous hydrochloric acid with the phosphate starting
material to produce a reaction mixture containing phos-
phoric acid, a calcium phosphate and calcium chloride.
Reaction of this mixture with additional quantities of
the starting phosphate then will precipitate dicalcium
phosphate and thereafter, by adding limestone or lime,
a suspension containing insoluble dicalcium phosphate
and unreacted starting phosphate material can be ob-
tained in a solution of calcium chloride. The solids may
be separated and washed until the chloride is removed
and thereafter employed in the process of the invention.
To improve the economics of this process, the aqueous
hydrochloric acid employed may be that obtained as a
result of the formation of the KHSO, by the reaction of
KCl and H:SO.;.

In conducting the primary reaction of this invention,
the phosphate rock or corresponding starting material is
contacted with the sulfuric acid and the potassium hy-
drogen sulfate slowly added thereto. Reaction of the
phosphate starting material and sulfuric acid forms
phosphoric acid in situ and additional phosphoric acid
recovered subsequently in the process may be recycled
back into the attack tank. From this reaction there is
formed tons of the desired potassium dihydrogen phos-
phate contained in phosphoric acid solution with a crys-
talline calcium sulfate precipitate. Generally, the crys-
talline calcium sulfate precipitate is eliminated from the
mixture by filtration and thereafter the potassium dihy-
drogen phosphate is recovered from the mother liquor.

After removal of the calcium sulfate by filtration, it is
then preferable to separate the potassium dihydrogen
phosphate from the phosphoric acid solution and it has
been found that a convenient procedure for effecting
this separation is by extraction thereof with an organic
solvent.

Typical organic solvents which may be used include
those which are miscible with water such as the lower
alkyl alcohols including methyl alcohol, ethyl alcohol,
isopropanol, etc. as well as lower alkyl ketones such as
acetone. Treatment of the phosphoric acid solution
with the organic solvent provides a means whereby the
potassium dihydrogen phosphate is caused to precipi-
tate by addition of the organic solvent with the phos-
phoric acid ions remaining in the solution. The organic
solvent also extracts some of the impurities present in
the solution. Thus addition of the organic solvent to the
acid solution causes the potassium dihydrogen phos-
phate, along with any potassium sulfate present, to pre-
cipitate and it may thereafter be recovered, preferably
after washing and subsequent filtration to produce crys-
tals which are thereafter dried. The mother liquor con-
taining the water, phosphoric acid, residual potassium
phosphate, K,S0, and organic solvent from the precipi-
tation step may then be distilled for recovery of the
organic solvent and the phosphoric acid and potassium
phosphate and K,SO,separated therefrom may be recy-
cled to the attack tank in a continuous process.

In an alternative embodiment, rather than use an or-
ganic solvent extractant, the suspension of product in
the phosphoric acid may be processed by separation of
the calcium sulfate, washing the filter cake with water,
and a mother liquor containing the phosphoric acid,
potassium sulfate and potassium dihydrogen phosphate
is concentrated and cooled to crystallize the KH,PO,
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and K,SOQ, which is then filtered, washed and dried.

The H.PO, mixture is then recycled to the attack tank
which contains the starting material, and additional
KHSO, and sulfuric acid.

[t is pointed out with regard to the use of phosphate
rock per se in the reaction, that there must be present an
excess of sulfuric acid or replaced in part by other min-
eral acids (e.g. HNO;, H;PO,, etc.) in order to provide
the additional hydrogen ions necessary to drive the
reaction to completion and provide excess sulfate 1on to
form filterable gypsum crystals. Because of the presence
of the excess sulfate ion, the final product will usually
contain about 2.0 up to 5.0 weight percent of SO,=.
Depending on the purity of the final product destred, it
is sometimes desired and/or required that the sulfate 1on
content be lowered and the present invention provides
some alternative or optional procedures by which the
sulfate ion content can be lowered.

After completion of the reaction, a slurry is obtained
which contains the desired potassium phosphate com-
pounds in solution with the calcium sulfate salt precipi-
tate. This mixture is then separated as described at about
‘the reaction temperature of the system to provide the
resulting solid or filter cake of insoluble calcium sulfate
and a filtrate. The filtrate resulting from the filtration
step prior to precipitation of the KH,PO,, contains the
desired potassium phosphate ions in acidic agueous
solution, the filtrate having a pH of about 1.4 to 1.7.
This filtrate contains H,PO,, HSO,-, H,PO,—, H+,
Ca++, K+ and SO,= 1ons with traces of Fe, Al and Si

ions and with the HSQO,- and SO,= content being of

about 2.0 to 5.0 weight percent. By neutralization of this
filtrate with, e.g. CaO, the potassium monohydrogen
phosphate 1s formed. The formation of this material has
been found to be a function of the pH of the mixture and
by this procedure the amount of K;HPO, and KH,PO,
to be obtained from the filtrate can be regulated and
predicted in accordance with the teachings of our par-
ent application.

As mentioned above, it 1s sometimes desired that a
substantial amount of the sulfate ion be removed as it
decreases the purity of the final product for use [is} in
some areas. The sulfate 1on is present of course because
of the requirement that during acidulation, excess sul-
fate is required. Thus it is often desirable to minimize
the amount of SO4= and partially neutralize the filtrate
product without precipitating an excess amount of
PO,= and K+ as the potassium sulfate-calcium sulfate
double salt.

A number of optional and alternative procedures are
presented by this invention for removal of the excess
sulfate 1on and partial neutralization of the product.
According to this invention, treatment of the filtrate by
the addition of a calcium bearing material such as fresh
phosphate rock, caicium oxide, tricalcium phosphate,
dicalcium phosphate or calcium phosphate alternatively
or successively, has been found sufficient to remove a
substantial quantity of the sulfate ion. Also, continuous
countercurrent processing improves sulfate ion removal
efficiency.

The treatment of the excess sulfate with the phos-
phate rock or other source of calcium ion such as CaO
1§ carried out at a temperature of about 40° to 90° C.
with separation of the resulting solids as by filtration
also conducted at about 40° to 90° C. It has been found
that a single treatment of these reagents is sufficient to
remove at least about 50% of the sulfate ion present and
1s also sufficient to increase the pH of the solution. The
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ability to remove excess sulfate ion was determined by
the addition of each of these materials in single pass
batch reactors with a residence time of about six hours
at a temperature of about 60° to 80° C. From these
determinations the following criteria were arrived at for
sulfate ion removal.

It was found that at levels greater than about 4 weight
percent and preferably about 4 to 10 weight percent,
based on the weight of the filtrate, of tricalcium phos-
phate and/or dicalcium phosphate, about 70 to 73
weight percent of the SO,= was removed. Under the
same conditions about 12 to 16 weight percent of mono-
calcium phosphate was required to reduce the SO4=
content 70-75 weight percent. Similarly at levels
greater than about 2 weight percent of phosphate rock
and preferably of about 2 to 6 weight percent, based on
the weight of the filtrate, 50 to 55 weight percent of the
SO, = was removed. Therefore, use of any of these mate-
rials in the amounts indicated serves to substantially
reduce the sulfate 1on content.

During these determinations, it was noted that the
amount of K+ and PO,= precipitated from the filtrate
varied in a complicated manner with the amount of
each reagent added. Also, the highest pH for the solu-
tion that could be obtained using the phosphate rock,
tricalcium phosphate, dicalcium phosphate and mono-
calcium phosphate was about 2.2, 3.0, 2.5 and 1.75,
respectively. Thus, while these reagents can be used to
substantially reduce the SO4= in the filtrate, they are not
sufficient to neutralize to a high pH value which is
desirable.

It was discovered however that by treating the fil-
trate substantially calcium oxide (CaO) under the same
conditions in amounts up to phosphate 2 weight per-
cent, the weight percent of the SO4= in the filtrate de-
creased about 73 weight percent. At this point the pH of
the filtrate was about 2.6. As the CaO was further in-
creased however, the pH increased and the amount of
SO, = remaining in solution increased due to the prefer-
ential precipitation of basic calcium phosphates at high
pH values leaving the SO,= in solution. For example, at
10 grams of CaO per 100 grams of filtrate, the pH of the
resulting mixture was 6.4, about 98 weight percent of
the SO4= remained in solution and about 75 weight
percent of the PO,= was removed. Thus, the CaQ can
be used to neutralize as well as to remove SO, = from the
filtrate but the amount added in each successive treat-
ment 1s critical. Also, the weight ratio of K+/PO,;= in
the filtrate can be controlled by the amount of CaO
added. As pointed out above, neutralization of the fil-
trate with CaO or other base is also a convenient proce-
dure for formation of the desired amount of K,-HPO,.

Treatment of the filtrate or product solution with
fresh phosphate rock also provides an advantageous
procedure, particularly in a continuous operation as it
provides a means of lowering the sulfate ion content of
the solution to a satisfactory level by allowing the sul-
fate to react with the calcium content of the rock and
the rock residue can be recovered and recycled to the
main reaction system. To improve the efficiency of this
rock treatment step and make the solution more recep-
tive to sulfate ion removal, additional hydrogen ion
such as derived from a mineral acid, e.g. nitric acid,
phosphoric acid, etc. can be added. Therefore, use of
fresh rock with the subsequent addition of calcium
oxide is particularly beneficial in the system.

It 1s also feasible, and sometimes desired, to neutralize
the excess sulfate ion with a material which would add
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additional fertilizer nutrients to the solution. Hence,
neutralization of the sulfate ion with ammonia will form
ammonium sulfate valuable fertilizer ingredient, which
would yield an N-P-K fertilizer. Further, the mixture or
a portion thereof can be neutralized with other maten-
als such as magnesium oxide, or salts of zinc, copper,
iron, etc. or any other material useful to provide valu-
able minor micronutrients to the soil.

After treatment with any of these matenals, the solids
are removed and preferably cycled to the attack tank.
The resulting solution is combined with any other fil-
trates present and processed as described to provide the
products.

As pointed out above, the process of this invention is
eminently suitable for use in a continuous operation and
in the drawing accompanying this invention, there 1s
provided such a continuous procedure which provides
a workable and economically feasible continuous sys-
tem for practicing the process of the invention. In the
drawing, it will be seen that a schematic outline of a
continuous process encompassing a preferred proce-
dure for conducting the reaction is illustrated. It 1s to be
understood that the various stirrers, pumps, fuel
sources, etc. used in conducting the process, are to be
included in the operation as they are obvious to one
skilled 1n the art.

Referring now to the drawing where one embodi-
ment of the invention is illustrated, it will be seen ini-
tially that KHSO, is formed by the addition of potash
and sulfuric acid through lines 1 and 2 to reactor 3
maintained at a temperature of about 250° to 300" C.
wherein the two materials interact to form potassium
hydrogen sulfate for use in this reaction. The dry hydro-
gen chloride formed is removed by line 4 from the
reactor for disposal or use as desired, e.g. in conversion
of phosphate rock to a solubilized form.

The resulting potassium hydrogen sulfate 1s passed
through line §, after mixing with water from line 6, to
tank 7 to form an aqueous solution of about 10-50% by
weight of KHSQO,. This aqueous solution is then fed
through line 8 at a controlled rate into the reactor 9,
which may of course be a series of reactors with slurry
recycle. The reactors are maintained at a temperature of
about 40°-90° C. and provided with means for agitation.
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Concentrated sulfuric acid 1s introduced into reac- 45

tor(s) 9 through line 10, while simultaneously, fresh
phosphate rock, or one of the solubilized forms, s intro-
duced through line 11 for reaction with the sulfuric acid
and KHSO.,.

In the reactor 9 the reactants are intimately contacted
at the temperature of about 40°-90° C. In the continuous
system using a series of reactors, a slurry of the reacting
mixture is generally continuously recycled from the last
reactors to the first or intermediate reactors via line 37
to obtain complete reaction.

The reacting slurry is then removed from the reactors
by line 12 and passed to filter 13, or analogous separator
such as a centrifuge where the calcium sulfate crystals
are filtered off and removed through line 17. The filter
cake is continuously washed with wash water intro-
duced through line 14 and the wash water 1s recycled to
the reactor 9 through line 16 for contact with the react-
ing slurry.

The filtrate removed from filter 13 by line 1§ is usu-
ally too high in sulfate ion content if rock is employed
as the feedstock as discussed above and is further pro-
cessed by any of the several described procedures to
lower the sulfate ion content to a level desired in the
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final product. The sulfate removal treatment steps are
generally designated as 18 in the drawing but the spe-
cific procedures are not further illustrated.

In one embodiment, the filtrate 1s passed to a treat-
ment tank where it is treated with fresh phosphate rock
at a temperature of about 40°-90° C. with agitation of
the mixture. If desired, a source of hydrogen 10ons such
as from phosphoric acid, nitric acid, etc. can be added
to the mixture or these matenals can be added with the
rock. After contact with the phosphate rock the mixture
is separated and the solids are recycled to the reactor
for acidulation of the rock remaining in the mixture and
disposal of the additional CaSQ, formed. Also monocal-
cium or dicalcium phosphate can be used in place of
phosphate rock to precipitate CaSQ,.

Other highly efficient procedures for lowering the
sulfate ion content of the filtrate involve a countercur-
rent extraction system with phosphate rock and filtrate
as feeds, or a co-current system with small amounts of
fresh rock added to each successive stage in the filtrate
system.

In the preferred aspect the filtrate from the rock treat-
ment step Is passed to a second sulfate removal system
at a temperature of about 40°-90° C. where calcium
oxide is introduced in the required amount to decrease
the sulfate ion content while also partially neutralizing
the mixture. If desired there may also be added other
reagents which will further neutralize the mixture or
provide traces of micronutrients needed by the soil. For
example ammonia or one of the trace metals or salts
thereof may be added to the mixture at this point. This
mixture is then passed to a separator from which any
solids are recycled back to main reactor 9 for further
treatment and conversion. This filtrate, now low In
sulfate ion, is then removed and passed to the evapora-
tor for product recovery as described below.

The resulting product solution after the sulfate re-
moval steps, is then transferred via line 19 to an evapo-
rator 20 where volatiles are removed to the atmosphere
and the solution is concentrated to a solution of about
30-60 wt. percent (preferably 40%) by line 21 followed
by transfer of the concentrated solution by line 22 to a
precipitator 23 to which is added an organic liquid for
precipitation of the product by line 34. The organic
ligmd/product mixture i1s then sent to a filter and wash
station 25 and 26 via line 24 where the product 1s re-
moved by filtration followed by an organic liquid wash
via line 34’. The wash liquid 1s recycled by line 27 to the
precipitator 23. The resulting mother liquor is removed
from the filter/wash station by line 31 and distilled at 32
to recover the organic solvent and return it to storage
vessel 33 via line 36. The remaining bottoms are recy-
cled to the main reactor by line 35. The product crystals
are taken from wash station 26 by line 28, dried in drier
29, and the final product recovered through line 30.

Quite obviously, this process may be varied in many
respects. For example, there may be included in this
process the procedure for conversion of the phosphate
rock to one of its solubilized forms by the reaction with
hydrochloric acid as described hereinabove. In addi-
tion, if it 1s desired not to employ the organic solvent
treatment step, working up of the final product may
merely comprise concentration and crystallization of
the filtrate solution in a crystallizer followed by a sepa-
ration as in a filter and washing and drying the final
product with recycle of the mother liquor which is
primarily phosphoric acid.
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The following examples are presented to illustrate the
process of the invention but are not to be considered as
limitative thereon.

In the examples, the system set forth on the drawing
accompanying this application was employed 1n prac-
ticing the process in a continuous manner. In the exam-
ples, separate runs were made with two and three reac-
tors in series employed in order to show these embodi-
ments. In these initial experiments, however, the result-
ing filtrates were not subject to treatment to lower the
sulfate ion content.

In the reaction sufficient excess phosphate rock and
sulfuric acid were used to provide 3 moles of H;PO, in
the reaction. In these runs, both the slurry and circu-
lated filter wash water were recycled except where
noted.

The results of the experiments are set forth in the
following Table I, which table states the feed rates of
starting materials, reaction conditions and analyses of
the products obtained.

From the data given in Table I, it will be seen that
PO,=conversions for these runs are consistently at 90%
and above thus demonstrating the efficiency of the reac-
tion. It will also be noted however that SO;= content in
the filtrate is rather high, a factor attributable to the size
of the run. This would not be expected to be significant
in a larger scale run,

In these runs the product was recovered by concen-
tration of the resulting filtrate to a weight percent of
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precipitated by the addition of an equal volume of or-
ganic solvent. In Examples I-V the organic solvent was
methyl alcohol whereas in Examples VI-XI, the precip-
itation solvent was acetone. As will be observed, prod-
uct recovery was excellent in all runs.

As discussed hereinabove, the product filtrate from
the continuous reactor is acidic (pH about 1.4) and
contains about 3.5-5.0 weight percent of SO,=. Thus
when producing the polyphosphates it is preferable to
minimize the amount of SO4= in the product and also
partially neutralize the filtrate product. Both of these
aims can be partially accomplished by treating the fil-
trate with fresh phosphate rock, monocalcium or dical-
cium phosphate, calcium oxide or a combination thereof
or any of the other materials discussed above. The fol-
lowing examples illustrate the reaction using phosphate
rock and calcium oxide for this purpose.

To illustrate this, successive batch runs were con-
ducted using a synthetic filtrate of known SO,= content
phoshate rock and calcium oxide in the amounts set
forth in Table II below. These batch runs were carried
out at a temperature of about 60° C. with a residence
time of six hours with agitation of the reactor. After the
run was completed the slurry was filtered and the fil-
trate used for the next successive treatment. Thus, these
filtrates are labeled as Filtrates A’, A’ and A'".

It wll be noted from the results of Table II below that
a final product (filtrate) solution is obtained which has a
pH of 3.5 to 3.8, a weight ratio of SO,=/total

TABLE I
Rock Initial H
feed Ion content,
rate, Rock! Wt KH;SO Wt KHSO,/ wt. H+/ Moles SO,/ Reactor temperature (* C.)
Example Number gm/min. used wt. rock wt.rock wt. rock moles Ca | I 111
I 10.18 A 0.441 0.703 0.0143 1.124 33 77 80
I1 10.18 A 0.442 0.720 0.0145 1.084 32 73 79
11K 10.18 A 0.442 0.0146 [.155 33 58 58
v 10.18 A 0.456 0.631 0.0139 1.073 33 90 %0
\"4 10.18 B 0.426 0.688 0.0137 1.078 80 80 30
VI? 10.18 B 0.428 0.725 0.0139 1.099 78 8C 80
VI 10.18 B 0.396 0.713 0.0131] 1.046 62 63 64
VIII 10.18 B 0.346 (.6%0 0.0119 0.969 64 67 67
1X3 10.18 B 0.503 0.846 0.0163 1.288 60 77 83
X 10.18 C 0.373 0.600 0.0128 1.071 60 60 63
X1 10.18 B 0.410 0.717 0.374 1.102 40 44 45
Space velocity, gm./hr. ccC. PO, con-
With Without version Wt. per- Wi. per-
filtrate filtrate (based on  cent of cent of K Overall W1t. per-
recycle recycle filter SOy in recovered wt. cent H
using 3 using 2 cake filtrate in filtrate loss on in
Example number reactors reactors analysis) product product (percent) filtrate
i 0.249 0.178 94.0 4.94 93.6 6.2 0.0896
I 0.247 0.180 94 .4 5.13 94 .4 4.80 0.0888
I1] 0.227 0.182 97.8 5.15 93.6 3.13 0.0904
v 0.249 0.175 91.9 5.20 92.1 8.88 0.0968
\% 0.205 0.180 94.2 5.26 92.7 6.42 0.096
V2 0.22] - 0.183 88.7 4.81 91.9 6.59 0.0784
VIl 0.205 0.176 97.1 5.38 97.1 6.04 0.0928
VII 0.198 0.170 92.9 3.96 88.8 6.46 0.0728
X’ 0.176 0.142 96.3 5.13 66.0 9.62 0.169
X 0.197 0.162 92.3 4.35 93.7 4.13 0.0770
XI 0.200 0.175 97.0 3.86 91.4 5.78 0.084

"Rocks-(A) Size 60% through 200 mesh-analysis, Ca 34.54 wt. percent, PO, 43.07 wt. percent. {B) Size, 60% through 200 mesh-analysis, Ca 34.7% wt. percent, PO,, 43,24

wt. percent. (C) Size, 30-90% through 200 mesh-analysis, Ca 33.21 wt, percent, PO,, 41.48 wt. percent.
*H,S0, fed into Reactor #1 instesd of #11 for this run.
‘W1, percent ions in Filtrate was 20-22, except for Run IX which was about 27 wt. percent.

product of about 40%. Thereafter the product was

TABLE 11
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-continued

Start

2.02 Rock 2.0g Rock
100g Filt. 100g Filt. A’

—> ] —_—>
2.4g CaO
[00g Filt. A" I
3.2g CaQ
100g Filt. A’
P
K, Wt.%
SO, Wt.%
PO,, Wt.%
SO,/ Total
ions of 0.055 to 0.07 and a weight ratio of K+/PQO,= of Analysis of the synthetic filtrate was:
0.413 to 0.499. These runs therefore illustrate how suc-
cessive treatments with phosphate rock and calcium = - weight (percenD) 2T
oxide will substantially reduce the SO,= content while 25 gg - P 510
substantially raising the pH of the mixture. Pgr " 1%.3:2
| To further illustrate this aspect, two succegive con- {’W ratio K+/PO,™ 0.504
tinuous filtrate treatment runs were made using a syn- Wt. ratio SO,=/total 0.217

thetic filtrate (analysis below) and phosphate rock. The
resulting Filtrate A’ from the second run was continu- 30
ously treated with CaQ. For each run three vessels
were used. Table III contains the conditions and results
for these runs.

This ftltrate was subjected to continuous processing
as outlined above with each successively recovered
filtrate being labeled Filtrate A’, Filtrate A" and Fil-

trate
TABLE III

Run 1 Run 2 Run 3
First rock Second rock CaQ
Conditions treatment treatment treatment
Gms. additive per 100 gms. filtrate 2.0 2.0 2.4
Filt. feed rate (cc./min.) 50.25 50.47 50.24
Solid feed rate (g./min.) }.22 1.19 1.42
Temp. vessels 1/2/3 C C)) 60/60/90 60/60/90 60/60/90
Residence time of vessels 1/2/3 (hrs.) 1.3/2.1/73.5 1.3/2.1/3.5 1.3/2.1/3.5
Filtrate A'"
Results Filtrate A’ Filtrate A" {product)
1. SO, reduction (wt. percent) 30.9 17.4 53.9

2. PO, conv. of rock (wt. percent) 85.6 67.8 —
3. Wi. K/wt. PO, of filtrate 0.411 0.372 0.414
4. Wt. SO,/wt. total of filtrate 0.151 0.113 0.06
5. Wt, percent of K recovered in filtrate 99.3 100.4 106.0
6. Wt. percent of SO, recovered in filtrate 69.1 B2.6 46.0
7. Wi, percent of PO, recovered 1n filtrate 99.0 98.1 85.9
8. pH of filtrate 1.75 2.00 3.55

TABLE IV
Start
Synthetic
Filtrate 6.0g Rock 1.0g CaO 1.0g CaO

+ KHSO, 100g Fiit, 100g Filt. A | Filtrate A” | 100g Filt. A™ Product

v v v

PO, Wt.% —_— —_— —_—>

SO, Total
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-continued

<

(2) adding thereto a 10-50% aqueous solution of po-
tassium hydrogen sulfate in sufficient amount to
form a reaction mixture containing ions of potas-
stum dihydrogen phosphate and at a rate so as to

minimize the formulation of insoluble salts of 60

KHSO, and CaSO, and under such conditions that
the concentration of dissolved solids in the reaction

mixture does not exceed about 60%;

(3) maintaining the reaction mixture under these con-
ditions for formation of an easily filterable calcium
sulfate precipitate;

(4) removing the solid calcium sulfate from the reac-
tion mixture to provide a filtrate; and

635

1.6g CaO
100g Filt. A’

Product

—>
{}.4{}/‘\3(3 a0
100g Filt. A"
(5) recovering the gold potassium dihydrogen phos-
A'’, the latter of course being the filtrate from which 15 phate from the filtrates and provide a phosphoric
the final product is recovered. acid mother liquor. }

From the Table III, it will be observed that Filtrate [ 2. A process according to claim 1 wherein the potas-
A"’ of Run 3 has the most desirable characteristics, 1.e. sium hydrogen sulfate solution 1s prepared by the reac-
a pH of 3.55, percent of SO,= (on a dry solid basis) of  tion of potassium chloride and sulfuric acid at a temper-
6%, and a weight ratio of K+/PO,= of 0.414. Actually 20 ature of about 250°-300° C., the hydrogen chloride is
in Run 3, the K+/PO,= ratio could have been increased removed and the resulting potassium hydrogen sulfate
by increasing the amount of calcium oxide added. Of  is dissolved in water to form an aqueous solution of
course, the more CaQ that is added, the more CaHPO, about 10-50%.}
that will be precipitated which would have to be recy- [ 3. A process according to claim 2 wherein the sulfu-
cled to the acidulation reactor. Obviously therefore, the 25 ric acid has a concentration of about 60 to 98% and is
K +/PO,= ratio can also be adjusted by the amount of employed to provide an excess of about 5 to 10 weight
CaO added. percent excess sulfate ion in the reacting mixture.}

Below, in Table IV are block diagrams of results from I 4. A process according to claim 2 wherein the potas-
various batch runs, using phosphate rock and CaQ. For sium hydrogen sulfate solution contains about 4%
these runs the temperature and residence time were 60° 30 H,SO, and about 42% KHSO,.]

C. and 6 hours, respectively. In operation, the synthetic 5. A process according to claim 1 wherein the fil-
filtrate and the solid additive were put into the vessels trate, from step (4), after removal of the calcium sulfate,
initially. Then a 30% aqueous KHSQO, solution was fed iIs treated with a calcium-bearing material selected from
into the vessel over a period of 3 hours to minimize the group consisting of phosphate rock, tricalcium
double salt formation. As previously explained, the 35 phosphate, dicalcium phosphate, calcium phosphate,
addition of more CaO 1in either scheme would have calcium oxide and mixtures thereof, alternatively or
resulted in a higher K+/PO4= weight ratio. successively, at a temperature of 40°-90° C., to precipi-

From Table 1V, it will be observed that the product tate additional sulfate ion and partially neutralize the
(Filtrate A”’) provides desirable characteristics as the mixture, and removing the solids to provide a lower-sul-
pH if above 3.0, the SO,= content is below 2.0, and the 40 fate filtrate containing the potassium dihydrogen phos-
K+/PO,= ratio i1s above 0.40. Therefore, these runs phate.}
illustrate preferred procedures for conducting the reac- [6. A process according to claim 1 wherein the fil-
tion. trate from step (4), after removal of calcium sulfate, is

The invention has been illustrated herein by reference concentrated and then cooled to precipitate the potas-
to certain preferred embodiments. However, it is to be 45 sium dihydrogen phosphate.]}
understood that the invention is not to be limited L7. A process according to claim 1 wherein the prod-
thereto as obvious variations thereon will become ap- uct 18 recovered by adding a water-miscible organic
parent to those skilled in the art. solvent to the filtrate from step (4), allowing the solid

What i1s claimed is: potassium dihydrogen phosphate to precipitate and

[ 1. A process for the preparation of potassium dihy- 50 separating the solid product.]
drogen phosphate which comprises: [8. A process according to claim 7 wherein the or-

(1) contacting phosphate rock or a solubilized form ganic solvent is a lower alkyl alcohol, a lower alkyl

thereof with a sufficient excess of sulfuric acid to ketone or mixture thereof.}
drive the reaction to completion at a temperature of 9. A process for the precipitation of potassium dihy-
about 40° to 90° C; 55 drogen phoshate which comprises:

(1) contacting phosphate rock or a solubilized form
thereof with a sufficient excess of sulfuric acid to
drive the reaction to completion at a temperature of
about 40° to 90° C. in a main reactor;

(2) reacting potassium chloride and sulfuric acid in a
separate reactor at a temperature of 250° to 300° C.
with removal of the dry hydrogen chloride evolved
and dissolving the resulting potassium hydrogen
sulfate with water to form a 10-50% aqueous solu-
tion;

(3) adding said 10-50% aqueous solution of potassium
hydrogen sulfate to said main reactor in sufficient
amount to form a reaction mixture containing ions
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of potassium dihydrogen phosphate and at a rate so
as to minimize the formation of insoluble salts of

KHSQO, and CaSO, and under such conditions that
the concentration of dissolved solids in the reaction

16

(1) contacting phosphate rock or a solubilized form
thereof with a sufficient excess of sulfuric acid to
drive the reaction to completion at a temperature of
about 40° to 90° C. in a main reactor;

mixture does not exceed about 60%: 3 (2) ad_ding thereto a 10-50% _aqueous* solution of po-
. (4) maintaining the reaction mixture under these con- tassium hydrogen sulfate in sufficient amount to
ditions for formation of an easily filterable solid, form a reaction mixture containing ions of potas-
ca]cium Sulfate pre-cipitate; Sil}l‘[} l'.lydr(}gen phOSphate aﬂd at a rate SO as to
(5) removing the solid calcium sulfate from the reac- minimize the formation of 1“301‘1]_31_3 salts of KHSO,
(6) contacting said filtrate with a calcium-bearing centr;tlon of d:ssol;edbsohcéf};l the reaction mix-
material selected from the group consisting of phos- ture does not exceed about HU%;
phate rock, tricalcium phgs;:hste, dicalcium phos- (3) _n'!aintaining the rieaction mixtu.re under these con-
phate, calcium oxide and mixtures thereof, alterna- ditions for formation of an easily filterable, solid,
tively or successively, at a temperature of 40°-90° 13 calcium sulfate precipitate;
C. to precipitate additional sulfate ion and partially (41,25“‘0?’1:’5 ﬂ;e S"'éd _‘;alc“;_‘ﬁ Sa‘ilfate from the reac-
neutralize the mixture and removing the precipi- Ion mixture tO provide a tirate; _ |
tated solids to provide a filtrate lower in sulfatejon (%) contacting said fitrate gngp lﬁ::f&ﬁ?ff;ﬂff
and containing potassium dihydrogen phosphate: . . . \ ]
. . : : 20 hate rock, tricalcium phosphate, dicalcium phos-
(7) recovering the solid potassium dlhydrogen‘ pho*s- Ehate calcium phosphal:e cI;lcium oxide andpmix-
phate from the filt:l'ate to provide a phosphoric acid tures | thereof, alternativély or successively, and
mother ligquor; an : ’ - . . ’
) “ . : removing the precipitate solids to provide a resul-
(8) recycling the motl_xer llquor‘to the main reactor. tant solu%ion lcl:werf d in sulfate ionP
10. A process according to claim 9 wher:em Fhe fil- 25  (6) contacting said resultant solution with a substan-
trate from step (6), after removal N f the solids, 13 con- tial equal volume of a water-miscible organic sol-
centrated and then cooled to precipitate the potassium vent, allowing the potassium dihydrogen phoso-
dihydrogen phosphate. _ . phate to precipitate and form solid potassium dihy-
11. A process according to claim 9 wherein the fil- drogen phosphate;
tr?tﬂ' from step (6), after I'Ell'l'ﬂ\fal of the solids -IS mixed 30 (7) rﬁmﬂ‘b"iﬂg the S(;lld potassium dihydrogen PhOS-
with a water-miscible organlc_ solvent, the solid Pgtas- phate to pl'OVidC a phOSphoric acid mother liquor;
sium dihydrogen phosphate is allowed to precipitate (8) removing the organic solvent; and
and then the solid product is recovered by filtration. (9) recycling the phosphoric acid mother liquor to the
12. A process for the preparation of potassium dihy- main reactor.
drogen phosphate which comprises: 35 [14. A continuous process for the preparation and

(1) contacting phosphate rock or a solubilized form  recovery of potassium dihydrogen phosphate from the
thereof with a sufficient excess of sulfuric acid o reaction of phosphate rock or more solubilized form
drive the reaction to.comple_,tmn at a temperature of  (hareof, sulfuric acid and potassium hydrogen sulfate,
about 40° to 90° C. in a main reactor; the improved steps which comprise:

(2) adding thereto a 10-50% aqueous solution of pO- 49 (1) contacting phosphate rock or more solubilized
tassium hydrogen sulfate in sufficient amount to form thereof with a sufficient excess of sulfuric acid
form a reaction mixture containing ions of potas- to drive the reaction to completion to form a react-
sium dihydrogen phosphate and at a rate so as to ing slurry at a temperature of about 40° to 90° C. in
minimize the formation of iﬂmlupllﬁ salts of K.HSO4 3 main reactor comprising a series of reactors with
and CaSO,and under such conditions that the con- 45 continuous recycle of a portion of the reacting
centration of dissolved solids in the reaction mix- S]U[Ty from the last reactors to the first or interme-
ture does not exceed about 60%; diate reactors:

(3) maintaining the reaction mixture under these con- (2) adding thereto a 10-50% aqueous solution of po-
ditions for formation of an easﬂy filterable, solid, tassium hydrogen sulfate in sufficient amount to
calcium sulfate precipitate; 50 form a reaction mixture containing ion of potassium

(4) removing the solid calcium sulfate from the reac- hydrogen phosphate and at a rate so as to minimize
tion mixture to provide a filtrate; the formation of insoluble salts of KHSO, and Ca-

(5) contacting said filtrate with a calcium-bearing SO, and under such conditions that the concentra-
material selected from the group consisting of phos- tion of dissolved solids in the reaction mixture does
phate rock, tricalcium phosphate, dicalcium phos- 55 not exceed about 60%:
phate, calcium phosphate, calcium oxide and mix- (3) maintaining the reaction mixture under these con-
tures thereof, alternatively or successively, and ditions for formation of an easily filterable, solid,
removing the precipitated solids to provide a resul- calcium sulfate precipitate;
tant solution lower in sulfate ion content; (4) continuously removing a portion of the reacting

(6) concentrating said resultant solution and cooling 60 slurry;
to crystallize the solid potassium dihydrogen phos- (5) separating the solid calcium sulfate from the react-
phate; ing slurry to provide a solid calcium sulfate cake

(7) removing the solid potassium dihydrogen phos- and a filtrate;
phate to provide a phosphoric acid mother hquor; (6) washing the solid calcium sulfate cake with water
and _ 65 and recycling the wash water to the main reactor;

(8) recycling the mother liquor to the main reactor.
13. A process for the preparation of potassium dihy-
drogen phosphate which comprises:

(7) recovering the solid potassium dihydrogen phos-
phate from the filtrate to provide a phosphoric acid
mother hiquor; and
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(8) recycling the mother liquor to the main reaction. J
[15. A continuous process according to claim 14
wherein the filtrate from step (5), after removal of the
solid calcium sulfate cake, is contacted with a calcium-

bearing material selected from the group consisting of )

phosphate rock, tricalcium phosphate, dicalcium phos-
phate, calcium oxide and mixtures thereof, alternatively
or successively, at a temperature of 40° to 90" C. to
precipitate additional sulfate ion and partially neutralize
the mixture and removing the precipitated solids to
provide a low-sulfate filtrate containing potassium dihy-
drogen phosphate, recovering the solid potassium dihy-
drogen phosphate from the low-sulfate filtrate to pro-
vide a phosphoric acid mother liquor, and recycling the
mother liquor to the main reactor. }

[16. A process according to claim 14 wherein the
low-sulfate filtrate containing the potassium dihydro-
gen phosphate is mixed with a substantially equal vol-
ume of a water-miscible organic solvent, the solid potas-
sium dihydrogen phosphate is allowed to precipitate
and is separated from a phosphoric acid mother liquor,
the organic solvent is recovered from the mother liquor
and cycled to storage for reuse in precipitating addi-
tional potassium dihydrogen phosphate, and the phos-
phoric acid mother liquor is recycled to the main reac-
tor.}

[17. A process according to claim 15 wherein cal-
cium oxide is added to the phosphoric acid aqueous
solution from step (5) in sufficient amount to raise the
pH of the solution and form potassium monohydrogen
phosphate. }

18. In a process for the preparation of potassium dihydro-
gen phosphate by the reaction of phosphate rock or a solubi-
lized form thereof with a reaction medium containing
sulfuric acid and potassium hydrogen sulfate at a tempera-
ture of about 40° to 90° C., removing solid calcium sulfate

10
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(1) forming said reacting medium by initially forming a
mixture of phosphate rock or a solubilized form and
an excess of sulfuric acid,

(2) adding thereto a 10-50% aqueous solution of potas-
sium hydrogen sulfate in sufficient amount to form a
reaction mixture containing ions of potassium dihy-
drogen phosphate and at a rate so as to minimize the
formation of insoluble salts of KHSO,and CaSO,and
under such conditions that the concentration of dis-
solved solids in the reaction mixture does not exceed
about 60%, and

(3) maintaining the reaction mixture under these condi-
tions for formation of an easily filterable calcium
sulfate precipitate.

19. A process according to claim 18 wherein the potas-
sium hydrogen sulfate solution is prepared by the reaction
of potassium chloride and sulfuric acid at a temperature of
about 250°-300° C., the hydrogen chloride is removed and
the resulting potassium hydrogen sulfate is dissolved in
water to form an aqueous solution of about 10-50%.

20. A process according to claim 19 wherein the sulfuric
acid has a concentration of about 60 to 98% and is em-

ployed to provide an excess of about 5 to 10 weight percent

excess sulfate ion in the reacting mixture.

21. A process according to claim 19 wherein the potas-
sium hydrogen sulfate solution contains about 4% H,S50,
and about 42% KHSO,

22. A process according to claim 20 wherein the phospho-
ric acid filtrate containing potassium dihydrogen phos-

30 phate, after removal of the calcium sulfate, is treated with

35

a calcium-bearing material selected from the group con-
sisting of phosphate rock, tricalcium phosphate, dicalcium

phosphate, calcium phosphate, calcium oxide and mixtures

thereof alternatively or successively, at a temperature of
40°-90° C., to precipitate additional sulfate ion and par-
tially neutralize the mixture, and removing the solids to

provide a lower sulfate filtrate containing the potassium

dihydrogen phosphate.
23. A process according to claim 18 wherein after re-

fmm the ?'E.S'Hfﬁﬂg reaction mixiure fOPrﬂVl-dEﬂSGluﬁﬂﬂ ﬂf 40 moval af calcium gulﬁgfe fmm the ﬁkrg[e’ it IS concen-

potassium dihydrogen phosphate in phosphoric acid, and
recovering solid potassium dihydrogen phosphate from the
phosphoric acid solution, the improved steps comprising:

45
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trated and then cooled to precipitate solid potassium dihy-
drogen phosphate.

® * % % &
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