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PROCESSES FOR PRODUCING MIXED
FERTILIZERS

James E. Seymour, Collinsville, Ill., assignor, by mesne
_ assignments, to Ceniral Farmers Fertilizer Company,
Chicago, Hl1., a corporation of Hinois

Application March 29, 1955, Serial No. 497,785
9 Claims. (Cl. 71—64)

This invention relates to an improved process for manu-
facturing mixed fertilizers and is a continuation-in-part of
my copending application, Serial Number 267,833, filed
January 23, 1952, now abandoned.

According to present commercial practice, N-P and
N-P—K fertilizers are usually produced by ammoniating
superphosphate with or without the addition of a potassic
ingredient. In some processes, the ammoniation step is
integrated into the well known process for producing
calcium superphosphate by acidulation of phosphate rock.
In others, superphosphate which has been cured is am-
moniated in a separate process. In either case, the com-
mon commercial practice requires the production of cal-
cium superphosphate from phosphate rock by acidulation.

Such processes have several severe disadvantages. In
general, the conventional acidulation of phosphate rock
is not a very desirable commercial process since it re-
quires a cumbersome and expensive plant, employs large
quantities of acid relative to the available phosphorous
content of the product, and is not very flexible insofar
as production of the various different grades of fertilizers
required by the trade is concerned. The product of the
acidulation process usually must be cured for prolonged
periods in order to assure completion of the Teactions
between the acid and phosphate rock, and such curing
results in the formation of substantially solid masses of
superphosphate which must be broken up, often by dyna-
miting. This creates an undue delay in time, and usually
results in a severe dust problem which endangers the
health of the workers and decreases efficiency of the plant.
Conventional processes for ammoniating the superphos-
phates from such procedures have not been entirely suc-
cessful. It has been difficult to carry out the ammoni-
ation Teaction and mno completely satisfactory process
equipment for this has apparently yet been devised. Fur-
ther, and ammoniated product is not of satisfactory con-
dition and requires a separate treatment for granula-
tion.

A general object of the present invention is provision
of an improved process for producing mixed fertilizers
whereby the disadvantages just discussed are largely over-
come. :

Another object is the production of novel mixed ferti-
lizer products of greatly improved physical condition.

A further object is to devise a relatively simple process
for producing mixed fertilizers, either in batch or as a
continuous procedure, in such a manner that the product
is substantially dry, completely reacted and fully gramu-
lated so that no separate granulating or curing steps are
required. Tn this connection, my process provides for
the manufacture of complete mixed fertilizers in such a

manner that the procedure need not be interrupted from’

the time the raw materials are combined until the com-
pleted product is charged into packages for sale.
- Yet another object is to provide a fertilizer process
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requiring less acid per unit of available fertilizer material
in the product and capable of producing products of un-
usually higher analysis. :

Still another object is provision of a process for pro-
ducing fertilizers containing available nitrogen and phos-
phoerous in relatively high proportion with accurate pre-
determination of the N:P ratio of the product. In this
connection, my improved process may be said to be very
flexible in that it is adapted to produce the widely vary-
ing grades of mixed fertilizers now in demand.

A further object of the invention is to provide such
a process including a novel ammoniation procedure
whereby the temperature rise in the reaction mixture
during ammoniation is reduced.

In general, T accomplish these results by employing a
metaphosphate selected from the group consisting of
calcium - metaphosphate, potassium metaphosphate and
sodium metaphosphate, hydrolyzing the metaphosphate
in the presence of a strong mineral acid as a hydrolyzing
agent or catalyst, so that the metaphosphate is converted
o the corresponding primary orthophosphate, which in
turn may be partially or completely acidulated by the
acid, and substantially completely neutralizing the result-
ing reaction mixture by means of an ammoniating agent.

The metaphosphates themselves are well known as fer-
tilizer materials for direct application to the soil, and
it is recognized that when so applied the metaphosphates
will gradually hydrolyze. It has also long been known
that the metaphosphates may be hydrolyzed by boiling in
water for prolonged periods, or by contacting with water
and phosphoric acid at high temperatures in the molten
state, in which latter case hydrolysis proceeds rapidly.
Hydrolysis by such methods is not, however, suitable
for commercial production of fertilizers because, on the
one hand, of the time invelved and, on the other hand,
of the excessively high starting temperatures and adverse

' process conditions.

1 have discovered that the metaphosphates referred to
may be hydrolyzed to the corresponding primary ortho-
phosphate rapidly, in a period of from a few seconds to
a few minutes, by a procedure ideally adapted for com-
mercial fertilizer plant operation. To accomplish this, I
contact the metaphosphate with water and strong mineral
acid to form a slorry in which the proportion of water
is sufficient for substantial hydrolysis of the metaphos-
phate but does not exceed about five times the stoichio-
metric amount necessary for complete hydrolysis, and in
which the acid-to-metaphosphate weight ratio is in the
range of 0.1-1.5. The hydrolysis reaction, once initiated,
is exothermic and proceeds rapidly in accordance with
the fcllowing equation:

(1)

When the stcichiometric proportion of water necessary
for complete hydrolysis is present, the reaction will go
rapidly to completion once it is initated, so that substan-
tially all of the metaphosphate is converted quickly to the
corresponding primary orthophosphate. Though prior:
work with the metaphosphates had indicated that the -
hydrolysis must be either slow or at high initial temper-
ature, 1 have discovered that the use of a strong mineral.
acid in the proportions herein stated allows my. process
to start at low temperatures and yet obtain a satisfactory
reaction rate. Thus, when sulfuric acid is employed in
accordance with the invention, substantially complete hy-
drolysis of the metaphosphate is effected in a mixing
period of from 15 seconds to about 5 minutes. When
calcium metaphosphate is employed with the other strong -

Ca(PO3)51-3H,0-> CaHy(PO,) 2. HoO
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mineral acids (hydrochloric, nitric or phesphoric), the
hydrolysis reaction is materially slower. Even here,
however, the mixing time just mentioned is effective to
initiate hydrolysis and carry the same on to a VEIY ma-
terial extent, the reaction then being very rapidly com-
pleted when the temperature of the reaction mixiure is
raised during ammoniation. Potassium metaphosphate
and sodium metaphosphate hydrolyze rapidly with sul-
furic, hydrochloric, nitric or phosphoric acid under the
conditions of the process and the hydrolysis can be car-
ried substantially to completion before ammsniation
simply by mixing for the relatively short period above
mentioned.

It is not necessary to carry hydrolysis to completion
before ammoniation, since the hydrolysis will be effected
during ammoniation so long as the proportion of acid
and water specified above are employed. In all events,
however, it is necessary to carry out a preliminary mixing
step not only to initiate hydrolysis but also to assure
intimate contact between the metaphosphate, water and
acid.

The strong mineral acid does not itself enter into the
hydrolysis reaction. When sulfuric, hydrochloric or
nitric acid is employed, the original acid reacts with the
primary orthophosphate resulting from hydrolysis, pro-
ducing phosphoric acid. Thus, either the original acid, or
the phosphoric acid produced by acidulation, or both, is
available for reaction with the ammeniating agent em-
ployed to neutralize the reaction mixture. Further, if
sulfuric acid is emoloyed as the hydrolyzing agent, two
moles of phosphoric acid will be produced for each mole
of sulfuric acid employed.

(2) CaH4(PO4) H20+H2S04") CaSO4+2H3PO4

It will thus be noted that the hydrolysis and acidulation
reactions run concurrently. While the original acid is
progressively destroyed, I have discovered that this has
no material disadvantageous effect on the hydrolysis reac-
tion. It should also be noted that it is possible to employ
‘either more or less than the stoichiometric proportion of
sulfuric, hydrochloric or nitric acid required for reaction
with the primary orthophosphate which results from com-
plete hydrolysis of the metaphosphate. Therefore, I am
able to convert either all or only a portion of the primary
orthophosphate to phosphoric acid.

Accordingly, by the concurrent hydrolysis and acidu-
latien reactions with sulfuric, hydrochloric or nitric acid
as a starting material, I am able to (1) produce the pri-
mary orthophosphate without using up acid, and (2) pro-
duce from the orthophosphate a desired amount, within
a wide range, of phosphoric acid, using for this purpose
the same acid employed as the catalyst for hydrolysis
and gaining a yield of two moles of phosphoric acid for
each mole of suifuric acid employed when the latter is the
hydrolyzing agent used. '

Employing adequate water for substantially complete
hydrolysis of the metaphosphate, and preferably a slight
€xcess to assure complete hydrolysis, the combination of
water, metaphosphate and acid is a relatively thick slurry
which may be readily handled in conventional propeiler
type mixers, pug mills, etc. As the hydrolysis and acidu-
lation reactions proceed to completion, the slurry is con-
verted to a somewhat stiffer pasty mass which is still
readily handled by such devices. T have discovered that
if this reaction product is neutralized with an agent pro-
viding neutralizing ammonia, and if the reaction mixture
is continually mixed during such neutralization, the mix-
ture is quickly converted to a fully granular, substantially
dry fertilizer product. I may employ for this purpose
any suitable ammoniating agent providing neutralizing
ammonia, of which I prefer anhydrous ammonia, am-
monium hydroxide solution, ammonium nitrate-anhy-
drous ammonia solution, urea-ammonium hydroxide solu-
tions or urea formaldehyde-ammonium hydroxide solu-
tions. It will be noted that, aside from the sulfate result-
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ing from the acidulation reaétion, all of the products of
the hydrolysis and acidulation reactions are ammoniat-
able, as indicated by the following typical reactions:

(3) H,S0,+2NHz—> (NH,),S0,

(4) H3PO4+NH3—) NH4H2PO4

(5) H3P04+21\JH3'—> (NI‘I4)2HPO4

(6) HCI4+NH,;—» NH,Cl1

(7) HN03 +NH3—> NH4N03

(8) CaHy(PO4)y H,O+NH;~>
NHH,PO,+H;0+CaHPO,

(NHé)zHPO4+CaHPO4+H20

As has been pointed out, the amount of phosphoric acid
produced as a result of acidulation of the orthophosphate
can be predetermined by proper choice of the proportion
of sulfuric acid within the range stated. Thus, if a prod-
uct having a higher proportion of nitrogen is desired, I
employ more sulfuric, hydrochloric or nitric acid so as
to produce a greater amount of phosphoric acid to react
with the ammoniating agent. If phosphoric acid is em-
ployed as the hydrolyzing agent, the proportion of this
acid used may be increased above that amount necessary
to promote hydrolysis, s providing for greater ammonia-
tion and a higher propertion of nitrogen in the product.
On the other hand, if a product having less available
nitrogen in proportion to the available phosphorous is
desired, I may employ less acid, so that there is less
phosphoric acid -available for ammoniation. In either
event, it is desirable to employ adequate ammoniating
agent to substantially completely neutralize the acid con-
stituents of the reaction mixture. While a slight excess
of ammeoniating agent will ordinarily be employed, a
slightly acidic product is sometimes permissible.

Conversion of the reaction mixture to a granular fin-
ished product is surprisingly abrupt in comparison to.
conventional processes. Thus, as will be hereinafter
explained, the conversion from slurry or paste form at
the ammoniation point to a granular product occurs
within as little as 6" of travel of the reaction mixture
through a pug mill. It appears that such action is due
at least in part to the fact that, at the time of ammonia-
tion, the reaction mixture has a relatively high, uniformly
distributed, liquid content, with the result that the prod-
ucts of ammoniatica tend to form as a crystalline mass
which is broken up into granules and agglomerated by
the mixing or stirring action. The reactions involved in
my process are rapid and exothermic, and go quickly to
completion, so that curing is unnecessary. The heat
generated, when the proportions specified are employed,
is adequate to drive off the excess water present, except
when the higher proportions of water are employed.
Accordingly, I am able to cool the product directly after
ammoniation and charge it into packages without inter-
rupting the operation. )

The neutralization of a reaction mixture comprising
acid fertilizer materials by means of ammoniation agents
providing free or neutralizing ammonia results in the
evolution of considerable heat. This is undesirable be-
cause the other reactions involved in my process are
strongly exothermic, because it is more convenient if the
product can be quickly cooled, and because at high tem-

- peratures’ there may be some tendency for the phos-

phorous content of the product to revert to the unavail-

able form. In order to reduce the reaction temperature -
at the time of ammoniation, I prefer to employ, substan-

tiaily simultansously with ammoniation, an additional

incrganic fertilizer salt which has a negative heat of
solution in the reaction mixture. Thus, I may employ
as the additional salt potassium chloride, potassium sul-
fate, ammenium nitrate or ammonium sulfate. Since
the reaction mixture obtained in my process prior to
ammoniation has a considerable liquid content, the addi-
tional fertilizer salt is dissolved with the absorption of
considerable heat. Therefore, if the additional fertilizer
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salt is incorporated in the reaction mixture with agitation
shoitly before, or at the same time as, or immediately
after ammoniation, a materizl portion of the heat gen-
erated by the ammoniation reactions will be absorbed by
reason of the negative heat of solution of such additional
ingredient.

A typical illustrative flow sheet, based on calcium meta-
phosphate as the starting material, is given in Fig. L.
Here, it will be noted that the product is classified before
cooling and bagging, the fines being recirculated to the
process substantially at the point of ammoniation to
increase the surface area of the solids at this point.

If desired, the process may be carried out “in batch”
in any suitable batch type mixer. But, I find it advan-
tageous to employ a continucus procedure in which the
raw materials are continuously introduced into- an
elongated mixing zone and the granular product is con-
tinually delivered from the discharge end of the zome.
With such a method, I may employ part of the mixing
zone to cool the product, so that the cooled product
may be delivered directly to bags.
continuous embodiment of my process may be under-
stood in more detail, an illustrative apparatus is shown
diagrammatically in Figs. 2-4, of which:

Fig. 2 is a diagram of the apparatus in side elevation;

Fig. 3 is a vertical sectional view taken on line 3—3,
Fig. 2, and

Fig. 4 is a vertical sectional view taken on line 4—4,
Fig. 2.

As seen in Fig. 2, the apparatus employed is in the
nature of a 3-tiered double pug mill having an upper
tier 1, an intermediate tier 2 and a lower tier 3. As seen
in Fig. 3, each tier of the mill is provided with two parallel
shafts 4 carrying longitudinally spaced pug mill blades S.
Each tier of the pug is provided with a sealed cover 6.
The shafts 4 are counter-rotated by any suitable means,
as by gears 7. The tiers 1-3 are connected by vertical

sections 8 and 9 which, as seen in Fig. 4, are equipped.

with rotary agitators 10.

- A reaction slurry is. established at the start of tier 1
by. feeding in the metaphosphate, acid and water con-
tinuously in the proper proportions.. The rates of feed
are selected so that the reaction mixture bed being handled
by the pug mill is of considerable depth, as indicated in
Fig. 3. The counter-rotating pug mill blades 5 advance
the slurry continuously along the tiers with continuous,
vigorous agitation. .

At a point immediately after delivery of the reaction
mixture to the intermediate tier 2, potassium chloride
or other suitable fertilizer salt having a negative heat
of solution in the reaction mixture, is added. An am-
moniating fluid spray pipe 11 is situated in the bottom
of the tier 2 at this point, as shown in Figs. 2 and 3.
The spray pipe 11 is aligned with the direction of travel
of the reaction mixture and is positioned with its spray
apertures or mozzles, which are longitudinally spaced
on the pipe, directed upwardly, so that fluid ammoniating
agent supplied to the pipe 11 under pressure is injected
from below upwardly into the bed of reaction mixture.
A second spray pipe 1 is provided, the second pipe
being located at a point in tier 2 downsiream irom
- pipe 1i by a distance (usually 18-24 inches) ‘sufficient

to allow-complete neutralization and granulation of the

initial product. Positioned beside pipe 11* is-a third
spray pipe 110 connected to a suitable supply of strong
mineral acid.

Fumes are taken off via flues 12 and 13, one located
at the end of the preliminary mixing zone and the other
at the end of the ammoniation zone.

Figs. 2-4 illustrate diagrammatically the essential
features of a pilot plant in which the present invention
has been carried out and will be referred to in certain
of the examples hereinafter.

‘As has been indicated, mixing of the metaphosphate,
acid and water in the proportions defined provides a

In order that the
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slurry and mixing of the slurry effects hydrolysis, With
tiers 1-3 each approximately 4 feet Jong and with rotary
blades 5 operating to-advance the reaction mixture at
2-8 feet per minute, hydrolysis of the metaphosphate will
always be carried to a considerable extent in tier 1.
If sulfuric acid and calcium metaphosphate are employed,
and the water is not more than twice the amount required
for hydrolysis, the hydrolysis will be complete in tier 1.
If calcium metaphosphate is employed with phosphoric,
hydrochloric or nitric acid, the hydrolysis will be cor-
respondingly slower in tier 1, but will be completed in
the ammoniation zone of tier 2. Hydrolysis of potassium
and sodium metaphosphate can readily be made complete
in tier 1 with any of the four acids.

Assuming the use of “cold” acid, the reaction mixture
at the end of tier 1 will ordinarily be in the range of
100-350° F., assuming that ambient temperature is room
temperature. The hydrolysis reaction temperature de-
pends upen the particular acid employed, the amount of
water, the particle size of the metaphosphate and the
acid-to-metaphosphate ratio.

It will be understood. that, depending upon the grade
of product desired, it is not mecessary that hydroylsis
be predominantly completed prior to ammoniation.
The fact that the extent of hydrolysis can be readily
controlled in the mixing zoms prior ‘o ammoniation
enables me to select the physical condition of the reac-
tion mixture and the temperature thereof as the reaction
mixture enters the ammoniation zone. Such control
is highly desirable.

In actual practice, I find it is advantageous to effect
extensive hydrolysis of the metaphosphate in the mixing
zone of tier 1, the reaction temperatures before ammonia-
tion therefore being relatively high. While such high
temperatures are a favorable condition in hydrolysis,
it is not desirable to commence ammoniation at excessive
temperatures. I therefore lower the temperature of the
reaction mixture by adding the potassium chloride, or
other fertilizer sait having a negative heat of solution,
substantially at the point of ammoniation. If desired,
some of the water employed may be sprayed in at this
point. ' '

Ammoniation can also be improved by recirculating
product fines tc the process at the ammoniation point
so as to increase the surface areas.of the solids.

Ammoniation has always been a difficult step in the
fertilizer industry because of the high ammonia losses
normally encountered. I find that ammoniation in my
process can be greatly improved because of the physical
condition of the reaction mixture and because the
ammoniation reactions are completed in an unusually
short time. Because the reaction mixture is'in the form
of a thick sturry or a pasty mass at the time ammonia
is added, I am able to inject ammonia into the reaction
mixture from below, so that the tendency for the
ammonia to escape is greatly reduced. As ammoniation
occurs, the mixing and shearing action of the pug mill
blades immediately granulates the product.

- The following examples are illustrative:

Example 1
- . SR Parts by weight
Calcium metaphosphate ——C oo 59.4
26.6

Sulfuric-acid (95.5%) - --—-= e e e .
Water A L D A e n e 14.0

The réactants were combined in a bowl type mixer at
réom tempérdture and continuously mixed for 30 seconds.
In that period the reaction mixture changed to a pasty
mass and a reaction temperature of approximately 320°
F. was obtained. While mixing continued, ammonium
hydroxide solution (28% NHj) was added in slight excess
of the amount which would react with the acid constitu-
ents of the slurry, this being accomplished by injecting
the ammoniation solution into the lower portion of the
reaction. mixture. -Mixing was then continued for an
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additional two minutes, at the end of which time the
product was fully granular. One day after manufacture,
the product analyzed 18.5% nitrogen, 26.35% total
P;0; and 26.15% available P,05  Basicity to methyl
orange as NaOH was 4.8. The acid-to-metaphosphate
weight ratio in the initial slurry was 0.42.

Example 2

Parts by weight

Potassium metaphosphate_..___________________ 63.7
Sulfuric acid (95.5% ) - 26.5
Water 9.8

The procedure was the same as in Example 1, except
that urea-ammonia solution (45.5% N) was employed as
the ammoniating agent. Maximum reaction temperature
was 200° F. Four days after manufacture, the product
analyzed 17.98% nitrogen, 29.6% available P,O5; and
18.95% potash as Xy0. The pH was 7.2. The product
was dry in appearance, fully granular, and water soluble.
The acid-to-metaphosphate weight ratio was .397 in the
original slurry.

Example 3
Parts by weight

Sedium metaphosphate___________. __._____ " 50.2
Sulfuric acid (95.5%) e ____ 25.3
Water ___ 1.7

The procedure is the same as in Example 1, using 16.8
parts by weight anhydrous ammonia as the ammoniating
agent. The product is dry, fully granulated, and analyses
14% nitrogen and 35% available Py0; The acid-to-
metaphosphate’ weight ratio in the original slurry is 0.48
and the maximum reaction temperature 210° F.

Example 4

In order to illustrate the process broadly when a
potassic ingredient is employed to produce a 1-1-1
product, a slurry was prepared in a bowl mixer by com-
bining:

Parts by weight
Calcium metaphosphate______________________ 21.80
Sulfuric acid (60° Bé.) o __ 15.28
Water 2.70

The acid-to-metaphosphate weight ratic was 0.544. The
slurry was mixed for 30 seconds, in which time a reaction
temperature of about 280° F. was attained and the reac-
tion mixture changed to a pasty mass. To this mass was
then added 22.47 parts by weight potassium chloride
(62% Kg0) with continual mixing for an additional 30
seconds. The reaction mixture was then fully ammoni-
ated by injecting into the mixture 37.75 parts by weight

* of an ammoniating solution consisting of 16.6% anhy-
drous ammonia, 16.6% water and 66.8% ammonium
nitrate. Mixing was continued for 2 minutes after intro-
duction of the ammoniating solution, the product being
converted to fully granular form. Two days after manu-
facture, the product analyzed:

Percent
Moisture _.___________ - - - 230
Total nitrogen.___________ —— -~ 14.68
Total PyOs_ o ___. - 15.10
Citrate insoluble PyOgoe_________________ 15
Available PyO5___ ————e _— 14.95
Potash as KeOooem______ 14.42
Basicity to Methyl Orange as NaOH____________ 2.20

‘For purposes of simplicity; additional examples are
tabulated in Fig. 5 to illustrate the operability of the
process with other metaphosphates and acids, All ex-
amples in Fig. 5 are based upon laboratory ‘scale, bowl-
mixer operations, as in Examples 1-4.

The following examples are taken from pilot plant
operation with apparatus essentially as in Figs, 2-4;

Example 18
A 13-13-13 product was produced in apparatus having

2,837,418
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the characteristic features illustrated in Figs. 2-4. Cal-
cium metaphosphate, sulfuric acid and water were fed
continuously to the upstream end of the first tier of the
pug mill at rates providing the following proportions:

Parts by weight

Calcium ‘metaphosphate___._________________ 100.0
Sulfuric acid (60° Bé.) oo 63.9
Water _ 12.0

The mixture advanced along the first tier of the pug mill
as a thickening ‘slurry, passing to the second tier as a
pasty mass. Temperature of the reaction mixture in the
latter stage of the first tier was 270-300° F. Time of
travel was approximately one minute.

An intimate mixture of potassium chloride and am-
monium sulfate was incorporated in the reaction mixture
by feeding continucusly to the entrance end of the second
tier at a rate providing:

Parts by weigh
Potassium chloride____ . _______________ 105.0
Ammonium sulfate_______________________ 120.0

At a point in the second tier immediately downstream
from the point of addition of the potassium chloride-
ammonium sulfate mixture, a liquid ammoniating agent
was injected into the reaction mixture from below by a
spray pipe arranged as illustrated at 11, Figs. 2 and 3.
The ammoniating agent was fed at a rate providing a
propertion of 79.5 parts by weight ammoniating solution.
The ammeoniating solution consisted of 34% anhydrous
ammonia, 60% ammonium nitrate and 6% water, Tem-
perature of the reaction mixture in the ammoniating zone
was 180-220° F. The product was fully granular within
12 of travel after the first introduction of ammoniating
agent. The product delivered directly from the pug mill
was substantially dust free, with 85% of the granules
being less than 4 mesh. Analysis of the product 2 days
after manufacture was:

Percent
Moisture ________ .76
Total nitrogen_____ - - 13.05
NHj nitrogen_—o_____________________ " 11.10
NO; nitrogen.._ -— - 1.95
Total P205 _____ - 13.75
Citrate insoluble PO _______________ 20
Available P,0O, —— —~- 13.55
Potash as KpO_ oo _____________ ——— 13.07
Basicity to Methyl Orange as NaOH____________ 30

The formulation was for a 13-13~13 product. The
analysis indicates that hydrolysis of the metaphosphate,
acidulation of the monocalciim orthophosphate, and neu-
tralization of the product, were all substantially complete.

The product consisted of very hard, peach colored
granules which were homogeneous as to constituency.
The 85% which passed through a 4 mesh screen was
predominately larger than 20 mesh and smaller than 6
mesh. The product was of such condition that it could
be bagged immediately after screening and cooling,

Example 19

] A 20-20-20 product is prepared by continuously feed-
ing potassium metaphosphate, nitric acid and water to
the entrance end of the first ter of the pug mill at rates
sufficient to provide:

Parts by weight

Potassium metaphosphate...__________________ 33.33
Nitric acid (70%)__ooe_.______________ " 25.41
Water T 10.00

While mixing of the resulting slurry in the first tier re-
sults in at least as rapid a hydrolysis as in Example 18,
the temperature of the reaction mixture delivered to the
second tier is somewhat lower. :

An intimate blend of potassium chloride and solid

urea is fed to the entrance end of the second tier of the
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pug mill at a rate incorporating these ingredients in the
reaction mixture in the following proportions:

Parts by weight
Potassium  chloride_ — 11.12
Urea i 22.02

Immediately downstream of such addition, 7.47 parts by
weight of anhydrous ammonia is injected into the re-
action mixture in the same manner described in Example
18. The reaction mixture again becomes fully granular
within 12—18"* of travel after ammoniation.

Example 20

A 1-4-4 product was prepared in the following man-
ner: Calcium metaphosphate, sulfuric acid and water
were fed to the intake of the first pug mill tier at rates
providing:

Parts by weight

Calcium metaphosphate. 35.50
Sulfuric acid (60° Bé.) - 10.00
Water oo -~ 525

The slurry was passed through the first tier in about. one
minute, increased materially in thickness, and attained
a temperature of 250-270° F.

Potassium chloride was continuously fed to the intake
of the second tier at a rate providing 37.5 parts by
weight in the reaction mixture. At a point immediately
following such addition, a liquid ammoniating solution
was added, in the manner described in Example 18, at
a rate providing 11.75 parts by weight in the reaction
mixture. The ammoniation solution consisted of 34%
anhydrous ammonia, 60% ammonium nitrate and 6%
water. The temperature in the ammoniation zone was
180-220° F. ,

The. product was fully granulated in 18" of travel
beyond the ammoniation point. One day after manu-
facture, the product analyzed:

Percent
Moisture —— ——- - 335
Total nitrogen —e. 6.05
NH; DitrOgen o oo m e oo 4.23
Total P50s —— 23.90
Citrate insoluble P2Os A5
Available PoOge e 23.45
Potash as KoOo oo 22.94
Basicity to Methyl Orange as NaOHo o o__ 20

In referring to Figs. 2-4, it was pointed out that a
secondary ammoniation step could be carried out, in-
jecting the additional ammoniating agent via pipe 11®
and employing additional acid at this point. The follow-
ing example is typical:

Example 21
Calcium metaphosphate, sulfuric acid and water are
supplied continuously to the intake of the first tier of
the pug mill to provide:
Parts by weight

Calcium metaphosphate o 22.25
Sulfuric acid (60° Bé.) e 14.25
Water = - - 3.00

With a time of travel of one minute in the first tier,
the metaphosphate hydrolysis and acidulation of the
monocalcium orthophosphate are substantially complete
when the reaction material enters the second . tier.
Potassium chloride is fed continuously to the intake of
the second tier to provide 23.50 parts by weight in the
reaction mixture. The same ammoniating solution em-
ployed in Example 20 is injected immediately after addi-
tion of the potassium chloride (as by pipe 11, Fig. 2).
In 18" of travel, the product is completely granular.
At a down-stream point in the second tier (as by pipes
112 and 11P), additional quantities of sulfuric acid and
the ammoniating solution are continuously injected simul-
taneously into the agitated flowing bed of granular prod-
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uct to provide 15.45 parts by weight additional 60° Bé.
sulfuric acid and 12.00 parts by weight additional am-
moniating solution. The additional acid and ammoniat-
ing solution react to form ammonium sulfate which,
along with the ammonium nitrate of the solution, deposit
as a coating upon the granules of the product. The re-
sulting product analyzes approximately 14-14-14.

In the foregoing examples, the metaphosphate em-
ployed is particulate, not exceeding 8 mesh. Rapidity of
hydrolysis increases with decreasing particle size, and
excellent results are obtained with a metaphosphate of
predominantly 35 mesh.

For simplicity, the examples have each employed only
a single acid and a single metaphosphate. It will - be
understood that combinations of the metaphosphates may
be employed and that combinations of the acids may
be employed. Thus, if a given potash content is de-
sired in the finished product, calcuim metaphosphate may
be supplemented with potassium metaphosphate. ‘While
it it usually desirable to depend upon the heat of am-

- moniation to complete hydrolysis in cases where un-
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hydrolyzed calcium metaphosphate. remains at the end
of the preliminary mixing step, it will be understood that
heat may be supplied to the initiated shurry if desired. In
some cases, heat may be supplied by using warm acid,
hot water or steam. I have found that, when sulfuric
acid is employed, it is desirable to employ an aqueous
acid solution and separately added water, keeping the
added water in the range of 20-60% of the combined
weight of the aqueous acid and added water. When this
is done, the greatest possible heat of solution of the
sulfuric acid is obtained during initial mixing of the
slurry, and the rate of hydrolysis is correspondingly in-
creased. This is characteristic of sulfuric examples given
hereinbefore.

I claim: -

1. A self-granulating process for producing high
analysis mixed fertilizers comprising the steps of (1)
combining at least one particulate metaphosphate selected
from the group consisting of calcium metaphosphate,
potassium metaphosphate and sodium metaphosphate
with water and at least one strong mineral acid selected
from the group conmsisting of hydrochloric acid, nitric
acid, phosphoric acid and sulfuric acid to provide a re-
action mixture in the form of a slurry, (2) intimately
mixing said reaction mixture and thereby initiating hy-
drolysis of the metaphosphate with such hydrolysis pro-
gressing exothermically as mixing continues, (3) then
incorporating neutralizing ammonia in said reaction mix-
ture in proportion for substantially complete neutraliza-
tion of the acid constituents of the reaction mixture, and
(4) then further intimately mixing said reaction mixture
as said neutralizing ammonia reacts with said acid con-
stituents and, by such further mixing, causing the reac-
tion mixture to be converted to a substantially fully re-
acted fertilizer product in the form of solid gramules
which are substantially homogeneous as to chemical con-
stituency, the proportion of acid employed being in the
range of from 0.1 to 1.5 parts by weight per part by
weight of said metaphosphate, and the proportion of
water employed being 1-5 times the stoichiometric quan-
tity required for complete hydrolysis of the metaphos-
phate.

2. The process of claim 1 wherein the acid employed
is sulfuric acid, and intimate mixing of the reaction mix-
ture in step (2) effects not only initiation of hydrolysis
of the metaphosphate but also acidulation of the products
of hydrolysis with resultant formation of phosphoric acid
as a constituent of the reaction mixture.

3. A continuous, self-granulating process for produc-
ing high analysis mixed fertilizers comprising the steps
of (1) combining at least one particulate metaphosphate
selected from the group consisting of calcium metaphos-
phate, potassium metaphosphate and sodium metaphos-
phate with water and at least one strong mineral acid
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selected from the group consisting of hydrochloric acid,
nitric acid, phosphoric acid and sulfuric acid to provide
a reaction mixture in the form of a slurry, (2) advancing
said reaction mixture with continual agitation along an
elongated mixing zone and, by such agitation, initiating
hydrolysis of the metaphosphate with said hydrolysis pro-
gressing exothermically as said advance and agitation
continue, (3) incorporating in said reaction mixture dur-
ing its advance along said mixing zone neutralizing am-
monia in proportion for substantially complete neutraliza-
tion of the acid constituents of said reaction mixture, and
(4) then further advancing said reaction mixture along
said mixing zome with continual agitation as said neu-
tralizing ammonia reacts exothermically with said acid
constituents and, by such further advance and agitation,
causing the reaction mixture to be converted to a sub-
stantially fuily reacted fertilizer product in-the form of
solid granules which are substantially homogeneous as
to chemical constituency, the proportion of acid employed
being in the range of from 0.1 to 1.5 parts by weight per
part by weight of said metaphosphate, and the proportion
of water employed being 1-5 times the stoichiometric
quantity required for complete hydrolysis of the meta-
phosphate.

4. The process of claim 3, including the additional
step of incorporating in said reaction mixture, at a point
along said mixing zone which is adjacent the point of
addition of said neutralizing ammonia, a fertilizer salt
having a negative heat of solution and selected from the
group consisting of potassium chloride, potassium sulfate,
ammonium svlfate and ammonium nitrate.

5. The method of claim 3 wherein said reaction mix-
ture is advanced along said mixing zone as a continuously
moving bed of substantial depth and said step of incorpo-
rating neutralizing ammonia in said reaction mixture is
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accomplished by injecting a fluid ammoniating agent into
said bed along a line adjacent the boitom of the bed and
extending in the direction of travel thereof,

6. The method of claim 3 including the additional step
of continuing to advance said granular fertilizer product
along said zone, then incorporating in- said product an
additional quantity of fluid ammoniating agent and a
quantity of a strong mineral acid sufficient to completely
neutralize said additional quantity of ammoniating agent,
and further advancing said product with continual agi~
tation to effect reaction of said additional ammoniating
agent and acid on the surfaces of the granules of said
product.

7. The method of claim 3 including the additional steps
of recovering said product from said mixing zone, classi-
fying the product to desired size, returning fines contin-
uously to said reaction product, and packaging the re-
covered product without further treatment.

8. The process of claim 1 wherein the metaphosphate
employed is caicium metaphosphate and the acid em-
ployed is sulfuric acid.

9. The process of claim 3 wherein the metaphosphate
employed is calcium metaphosphate and the acid em-
ployed is sulfuric acid.
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