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Introduction

The popularity of monoammonium phosphate (MAP) is growing repidly
because of its versatility. The granular product is becoming a|popular
bulk blend material and the powderéd product is finding use as.a replace—
ment for superphosphates in granulation plants. Interest in producing
suspension fertilizers from granular and powdered MAP is widespread because
of its low delivered cost compared with other ammonium ph‘sphate bases.

MAP production is also becoming popular with basic p;oducers of
ammonium phosphate products. As the BPL content of rock declines in some
of the major phosphate deposits in the United States, it is becoming more
difficult for diammonium phosphate producers to reach the established
analysis for diammonium phosphate (18-L6-0). Some diammonium phosphate pro-
ducers are reaching the accepted analysis by removing‘soi'ds from the phos-
Phoric acid to increase its concentration. This presents a problem of disposal
of the solids. There is no such problem in the production of monoammonium
phosphate. So far, no single grade has been established for monoammonium
Phosphate. Several grades ranging from 10-50-0 are being produced. The grade

produced depends upon the purity of the feed acid.
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Processes for Production of MAP

1
Several processes are being used to produce MAP, Bas&cally

are:

1. Ammoniating acid to NHz:HsPO, mole ratio of 1.3 in a
preneutralizer and adding acid in a TVA ammoniator-
granulator or a blunger to return the mole ratio to 1.

2. Two-step neutralization under pressure followed by flas
ejection of hot concentrated slurry into a receivi;g to

3. Direct reaction of ammonia and phosphoric acid followed
flash ejection into a receiving tower.

I, Reaction of phosphoric acid and ammonia in a pipe-cross

reactor in the presence of a small amount of sulfuric a
with subsequent flash ejection onto a rolling bediof 50
in a TVA ammoniator-granulator.

Since all these processes were covered in previous Round Table m

they will not be covered in detail here.

Use of MAP in Bulk Blending

A major use of granular MAP is expected to be in bulk blend;

Monoammonium phosphate has the advantage over diammonium phospha;
that all the popular ratios, even Ll:4:X and 1:3:X, can be blende
the need for an additional phosphate material., If ratios below
are blended from 18—&6-0, granular triple or some othér phosphat
must be avallable. More nitrogen is required with monoammonium ]

(except in the 1:5:X ratio), but plants must usually have the ni;

available anyway to produce higher nitrogen ratios, This glimin.

need to store and ship one more material.
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All ratios, even a 1:5:X, can be blended from triple superphosphate

and nitrogen; however, monoammonium phosphate has an ad
materials in that it contains from 60 to 66 units of plant
rather than the usual 45 for triple. This results in lowef frei
and less required storage space. The higher nitrogen ratios (ab

can be blended from diammonium phosphate without a second phosph

however, some nitrogen source other than that supplied by the DA

In these grades diammonium phosphate requires less supplem%ntary

than MAP, but nitrogen frequently can be obtained more ecohomica

local suppliers than from either diammonium or monoammonium phos
this is the case, the less nitrogen shipped with the phosphate't
Several formulas for common grades blended from MAP and DAP are

table 1.

A 12-48-0 mixture of monoammonium phosphate and ammo@iUm su

|
has been produced by the TVA pipe-cross reactor process especial

blending the popular 1:4:X ratios. This cuts down the number ofl
required in these ratios and helps alleviate segregation problen
st111 plague blenders. A l:4:4 ratio using this product is alsa

in table 1.

.MAP in Granulation
Monocammonium phosphate, especially.the powdered vari;ty, sh

a popular matérial in granulation plants. It 1s expected to rep
superphosphate and sometimes triple superphosphate in the granul
Because of the increasing cost of shipping phosphate rock and th

difficulties encountered in producing normal superphosphate, NSE
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now essentially unavailable to the independent granulator. The

replacement for normal superphosphate is triple superphosphate;

many granulators prefer monocammonium phosphate because of its hi
centration and comparatively low storage and shipping cost. MAF
preferred over phosphoric acid because it is more conveni: t to

especially by water., Also, it can usually be stored and used wi
changes in the existing equipment.

Monoammonium phosphate is especially useful in granulating
nitrogen grades. The amount of ammonia that can be used as a ni
source in these grades is limited because of the increased heat
liquid phase generated when the ammonia reacts with acids jand su
Usually as much nitrogen as possible is obtained from ammqnia an
is obtained from ammonium nitrate or ammonium sulfate. Bath of
- materials, if used in any quantity, degrade storage and handling
of the product. Also, use of ammonium nitrate and ammonium sulf
sometimes increase raw material cost of the product, If monoamm
phate is used as a phosphate source, the requirement for oniu
and ammonium sulfate is reduced because of additional nitjj:;n i
monoammonium phosphate.

Usually, fume evolution is decreased because there is no ne
exceed the optimm amount of ammonia in a high nitrogen grade.
amount of dust in the plant is reduced because there is less ove

One plant-in the South has used monoammonium phosphate for

be crushed and, hence, less dusting.

year 1n its granulation process. Many of the reasons for adopti:
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ammonium phosphate were those given above; however, the main consideration

in this case is economics., After a year's experience, the plant

fairly good success with the monoammonium phosphate; however, al
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anticipated advantages have not developed. Specifications of th

|
used in this plant are listed in table 2. The general conklusio
year's operation was that MAP handles and granulates about?like
phosphate, although in most cases the MAP, as recelved, is dusti
triple and has more of a tendency to cake in storage.

When the plant began using monocammonium phosphate, it was a
MAP could be aﬁmoniated from about L4,7 pounds of ammonia per uni
(the amount in MAP) to 7.2 pounds of ammonia per unit of PEOS, e
of about 2.5 pounds of ammonia per unit of Ps0Os5. Up to Q.ﬁ poun
per unit of Pz0s had been successfully added in the TVA pilot pll

(11-55-0) made from a relatively pure wet-process acid. It was

the plant operation that this amount of ammonia could not be add

powdered MAP made with less pure acid. Through trial and error

found that the maximum ammoniation wag 1.9 pounds of ammon%a per
|

P05 and that best results were obtained if the ammoniation rate

limited to about 1.5 pounds of ammonia per unit of P=0s.

Difficulty was also encountered in making the pellets as la

prpduced when all of the P05 was obtained from normal and tripl

~§hate. In grades where all the P-0s could not be obtained| from ]

was used as the supplementary phosphate source because it cost 1
. |

normal superphosphate. Experimentally it was found that larger

could be produced if some normal superphosphate was used as the

source,

A problem also developed with filler. Because of the high
of the monoammonium phosphate filler was required in established
which had previously been formilated without filler. A suitable

filler could not be obtained, and a fine dolomitic limestone was
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filler during the first trials with monoeammonium phosphate. Iafi
satisfactory granular filler was obtained that appeared to imprg
granulation characteristics of the mixtures. Successful formula
are shown in table 3. ZEighty-three percent ammonium nitr{te liq
available and was used as supplementary nitrogen in a numﬁer of
formalations. Products containing less than 2 percent moisture
fairly well and seemed to be similar to products produced withou
ammonium phosphate. Hardness of the pellets was about the same
of what materials were mixed,

TVA uses granulation factors to determine how much a Laterl

contribute to granulation.

phosphate in this plant was 0.2 as compared to 0.5 for anhydrous

1.0 for ammonia-ammonium nitrate solutions, 0.10 for ammonium su

for normal superphosphate,

reference for explanation of granulation factors).

A Brazilian company reported results with monoammonidm phos

produced by two Eurcpean companies. These results are similar t

feported above except that one of the products handled in bulk w

as dusty and did not cake as badly as the powdered material desc

’

earlier.

obtained with well-cured and disintegrated run-of-pile triple su

Ammoniation rates were not given., However, it is believed}that
similar to those obtained in the U.S. granulation plant be;ause
‘of that paper reported that some sulfuric acid had to be added ©
heat and to hold ammonia., It is of interest that this company a

acid at the feed end of the ammoniator-granulator so that the mo

The granulation factor used for mono

and 0.2 for triple superphosphate (se
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It has been reported in previous Round Table proceedings th
excellent granulation has been obtained with a monosmmonium phos]
produced in Europe which contains 6+ percent water. The proceed
state that further drying of the product could impair granulatio:
ties of the product because amorphous gels formed by impurities

used to manufacture the MAP became dehydrated. All granulation

reported in this paper have been made with MAP containing 3 perc
less of water. Further tests with monoammonium phosphates conta

more water seem warranted.

Use of MAP in Fluid Fertilizers

As mentioned previously, there is considerable variatgon in
content of monoammonium phosphate produced in the United States.
satisfactory 11-33-0 base suspensions have been produced from 11
grades of monoammonium phosphate which contain fairly low quanti
of impurities. However, as impurity content of the monoammonium
phate increases, the grade produced from it must be reduce} beca
thickening (or gelling) properties of the impurities. GraEes as

O0-27-0 must be produced from monoammonium phosphate made from sl

Most of the grades produced contain about 1 percent clay. It ha

at
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s been

found inadvisable to store any of the products except those prodiced from

very pure monoammonium phosphate.

It is common practice to add enough ammonia to the monoammonium

phosphate to bring the mixture to a mole ratio of 1.7 (about 8.1
of ammonia per unit of Po0Os or 1l:3 N:PsOs ratio). Maximum solub
for mixtures of mono- and diammonium phosphate is obtained at mo
1.45 amd more salts are in solution than at any other mole ratio

that precipitate at 1.45 mole ratio are usually monoammonium pho

pounds
ility

le ratio

, but salts

sphate,
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At mole ratio 1.7, salts precipitate as diammonium phosphate; Diammonium
phosphate crystals are smaller and suspend better than monoammonium phos-
phate crystals. The reaction between ammonia and MAP als provides heat
for disintegrating granular monocammonium phosphate (when granules are used) .
High intensity mixing equipment is usually required to produce suspension
fertilizers from monoammonium phosphate, especially wherejgranulated material
must be disintegrated, High shear mixers driven at 1800 rpm's by 60-hp motors
are common in the industry. Investment in this kind of mixing equipment is
high; however, savings in uéing monoammonium phosphate over other phosphate
sources available to the fluid fertilizer industry usually makes . purchasing
“this - equipment profitable. It is expected that more and more \monoammonium
phosphate will be used for this purpose because it is about the only way

that fluid fertilizers can be produced at prices competitive with bulk blends.

Ammonium Polyphosphate

TVA started producing solid ammonium polyphosphate iﬂ 1966 |from
electric furnace phosphoric acid. In the early 1970's thé cost |of energy
for producing electric furnace phosphoric acid rose sharply meking the
production of ammonium polyphosphate from this acid economically infeasible.

In 1974, TVA introduced ammonium polyphosphate (12-54-0) made from
merchant grade wet-process phosphoric acid. The product is granular and
contains ammohium ortho- and polyphosphates. The polyphos#hate content
varies from 15 to 25 percent of the total PzOs. The orthobhosphate is
mainly monoammonium phosphate.

Ammonia and wet-process orthophosphoric acid are reacted in a pipe
reactor to produce an anhydrous ammonium phosphate melt. Heat of reaction
converts part of the phosphate to polyphosphate. In this Fespect, the

operation is similar to that in the production of powdered| monoarmonium
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phosphate. Gaseous ammonia is charged to the reactor. The acid

usually is not heated since this will produce a product with high

polyphosphate content. It is desirable to limit polyphosphate content

of the product to less than 30 percent to facilitate granulation

high-polyphosphate melt will not solidify and granulate w‘ll.

because

TVA granular ammonium polyphosphate has excellent storage and

handling characteristics., It is believed that the polyphosphats
the product contributes to these characteristics. Specification

the product are shown in table Uk,

in

s for

The product has been used in bulk blending and for production of

suspension fertilizers. It is especially suited to producing suspension

grades since the polyphosphates are more soluble than ortJophosphate

and will sequester a portion of the impurities from the wet process

phosphoric acid used to produce the ammonium polyphosphate. The

product

is ammoniated to the 1.7 mole ratio for the same reasons the monoammonium

phosphate is ammoniated to that ratio. Granules tend to disintegrate

rapidly in water because polyphosphate in the product goes| quicklly into

golution helping to disintegrate the granules so that the prthophosphate

portion suspends easily. An 11-33-0 base suspension that will store well

for up to 60 days can be produced from this material.

Ammonium polyphosphate can be blended in the same manner as

monoammonium

phosphate. Tts higher analysis is of some benefit in producing higher grade

blends. Also, it has been reported that zinc oxide coatedLonto the surface

of the granules reacts with the polyphosphate and is seque

tered

avallable form,

into a more
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Surmary

‘Monoammonium phosphate is a versatile product which can be

every phase of fertilizer production. Its N:P-Os ratio is more

used in

suitable

to bulk blending than that of diammonium phosphate. It serves well in

granulation as a replacement for some of the more familiar phosphate forms.

It is economical to ship and store because of its high analysis

It is

easily made and granulated from impure phosphoric acid. This will be an

important factor in future decisions to produce monoammonium phosphates

rather than diammonium as the BPL content of phosphate rock deca

Take a good look at monoammonium phosphate, We can expect to se

of it in the future.

reases,

2 more
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Grade

Ratio

Raw Material

MAP (11-55-0)8
MAP sle -48- og
DAP (18-46-0
Triple super (0-46-0)
Urea (46-0-0)

Ammonium sulfate (21-0-0)
Potash (0~0-60)

Filler

b

Grade

Ratio

Raw Materials

Bulk Blend Formula Using

5-25-25
1:5:5

Nb./Ton Prod,

556
551
834
79
6-2l-2Y
1:hih

‘Nb./Ton Prod.

Table 1

5-25-25
1:5:5

Nb./Ton Prod,

910

834
256

6-2k-2L
L:hsk

Nb./Ton Prod.

MAP & DAP

8-24.-2L
1:3:3

Nb./Ton Prod,

873
140
800
187
6-pli-oh
lebek

No./Ton Prod.,

8-2h-2k
1:3:3

Nb./Ton Prod,

889
155
800
156
6-24-24
Lehel

Nb./Ton Prod,

8-24-24
1:3:3

Nb./Ton Prod,

8713

305
800
22

gll-g g - 873 - 873

12.48 1000 - -

DAP (18-k6-0)¢ - S - 667 R B
Triple super (0-46-0) - - 377 -

Urea (46-0-0) - 53 - _

Ammonium sulfate ( 21—0—0) - - 115

Potash (0—0—60) 800 800 800 800

Filler 200 | 27& 156 212

a Monoammonium phosphate

b Monoammonium phosphate-sulfate made by pipe-cross process

¢ Diammonium phosphate



Table 2

Specifications of Powdered Monoammonium,

Phosphate (MAP)

Moisture

P=0s

2-3%
50-51%
10%




Table 3

Granulation Formulas Using MAP

a b c d e f
Grade 5-10-15 5-10-15 5-10-15 8-16-2k 8-16-2k 8-16-2k
Ratio 1:2:3 1:2:3 1:2:3 1:2:3 1:2:3 1:2:3
Raw Material Nb./Ton Prod. Nb./Ton Prod. Nb./Ton Prod. No./Ton Prod. No./Ton Prod. No./Ton Prod.,

NHs (82,2-0-0) 61 ko 80 80 70 80
NH4NOs (1liquor) (29-0-0) 104 104 87 135 182 135
Ammonium sulfate (21-0-0) - - - - - -
Normal super (0-18-0) 53k 245 823 267 397 190
Triple super (0-46-0) - - - - - -
Monoammonium phosphate (10-52-0) 200 312 100 54l Lot 590
Sulfate of potash-magnesia | . - - - 100 - -
Potash (0-0-60) Loo Lop Lop 751 787 87
HoS804 (93%) | 100 15 125 120 13k 125
Filler 614 694 370 - - 153
Micronutrient mix - - - 50 - -
Steam - 116 100 68 ——37 - — -
Ammoniation rate of MAP

(No. NHaz/unit P-Os) 0.2 0 o 1.9 0.5 1.9

Granulated well with granular filler; recycle build up with fine filler

Granulated well with granular filler
Granulated well; some trouble holding ammonia
Granulated well

Granulated well; some trouble holding ammonia

H O Q0o

Amount of NH3 increased over original ampunt formulated; granulated well with granular filler



Table 3

(Continued)
g h i J k
Grade 5-15-30 5-15-30 8-24-24 8-2k-24 1h-1k-1k
Ratio 1:3:6 1:3:6 1:3:3% 1:3:3 1:1:1
Raw Material No./Ton Prod. No./Ton Prod. Nb./Ton Prod. No./Ton Prod. Nb./Ton Prod.
NHs (82.2-0-0) 60 70 T0 89 63
NH4NOs (liquor) (29-0-0) 55 - 75 - 166
Ammonium sulfate (21-0-0) - - - - 501
Normal super (0-18-0) - ka2 - 150 -
Triple super (0-46-0) 275 - 169 - -
Monoammonium phosphate (10-52-0) | 350 448 - 809 871 560
Sulfate of potash-magnesia - - - - -
Potash (0-0-60) | 9Bl L8h 787 787 460
HsS04 (93%) 100 111 125 130 130
Filler 207 - - - 65
~ Micronutrient mix - - - - - . o
Steam - 95 - - -
Ammoniation rate of MAP
(No. NHg/unit PsOs) 0.4 1.1 0.7 1.7 1.8

Granulated well with granular filler °

Did not granulate well

Some over granulation

Would not hold ammonia

Granulated well; some oversize; product hygroscopic; MAP only source of Ps0sg

. = B



Table L

Specifications of Granular Ammonium
Polyphosphate (APP)

Moisture 2.0%
P-0s 54%
Polyphosphate, % of

total Ps0s 15-25%

N 129




