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THE SPECTRUM OF FLUID FERTILIZERS

Early Developments

-Until abgu l9h0, little had been done to develop liquid fertilizers.
But from then to 1950, liquids became popular on the West Coast. The
first standard liquid grade used was 8-24-0 or 9-28-0. During the last
15 years liquid fertilizer productioﬁ has spread to practically every
state énd ‘as become a rapidly expanding industry. The greatest pro-

'ductiOnrco centration is in the North Central states.;/
The growth |of liquid mixed fertilizer has been rapid but not as fast as
for nitrogen solptions and ammonia. Figure 1 shows the trend in liquid

g/ . _
mixed fertilizers. Solutions and ammonia, for example, now supply

.Gh percent of the total straight ﬁitrogen used; liquid mixed fertilizer
supplies only about 6 percent of the mixed fertilizer demand. Together,
they supply about one-fifth of the total nutrient consumption, a major

accomplishment for an industry in only 20 years.ﬂ/

Growth in nitrogen solution consumption has been particularly rapid in

the Southeast; percentage increase since 1961 is 145 percent for the South

"Atlantic and 230 percent for the East South Central states, as compared

2/

with 100 percent for the Uhited States. Since the use of liquid mixes
normally follows that of nitrogen solutions (the same storage, handling,
3 .

and application equipme;%'Can be used), it is not surprising that use of

liqQuid mixes is rapidly increasing in the Southeast.




Supefphospharic acid made from elemenﬁal P), was initiated by TVA in 1956.
This acid will sequester (essentialiy dissolve) impurities precipitated
when wet-process phosphoric acid is ammoniated.é/ghe use of superphosphoric
acid sfimulated an already rapidly growing industry. In 1957, the industry
was geared almost entirely to the supply of surplus furnace acid not used
in detergents and other relatively high-priced.products. 'The less pure
wet-process |phosphoric acid, which is not as expensive to produce as furnace

5/

acid, found |little use in liquid fertilizers.

TVA's researc£ has shown that when wet-process acid is ammoniated in con-

- Junction with superphosphoric acid or ammoniated superphosphoric acid
(10-34-0 solutioh), the precipitatioh of impurities in the wet-process acid
“is greatly reduced or eliminated. 'Liquid fertilizers, almost free of
solids, coulld be produced from wet-process acid because the polyphosphéric
acids present in superphosphoric acid would sequgster the impuritieé and
»retain them [in solution. Formulations with 15 to 50 percent of the P205
from superphosphoric acid usually gives satisfactory sequestration depending
upon the grade of the fertilizer produced and the purity of the wet-process
acid. Grades‘high ;n potash usually require a greater‘pr0portion of

superphosphoric acid.

Superphosphoric acid is also extensively used to produce base solutions such
--as5-30-34-0 and 11-37—05::Th§se solutions are used for direct application

and to mix with nitrogen solution (32-0-0) and potash to produce N:P:K mixtures.

b
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developed a process (which industry has accepted) for the
I superphosphoric acid from wet-process acid. ALarge amounts
ss superphosphoric acid have been used in the last few years

ase solution 10-34-0. Small amounts have been used to

1e¢ impurities in wet-process phosphoric acids.

lizer-mix plants are generally of two types: 1liquid hot-mix
ld-mix. In a liquid hot-mix plant, phosphoric acid is
with aqua ammonia or anhydrous ammonia and chemical heat is

n a ligquid cold-mix plant, the raw materials used do not

1ical heat wheﬁ mixed.

[ix Plants

Ligquid Hot-M

A typical 11

quid hot-mix plant is sﬁbwn in Figure 2. In this plant, the

1liquid raw materials /phosphoric acid, aqua .ammonia, urea-ammonium nitrate
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type, and of
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The mix fank
““scale; solid
pumped from
are mixed,

nurse tanks.

! liquid bése solution (lO-3h-O)7 are stored in tanks with
hat usually range from 10,000 to 20,00Q gailons. These tanks
carbon steel; however, the acid storage tank has a rubber or
ng. Solid raw materials (potash and uréa) are stored in the
t housqs the mix tank. The mik tank is uéuall& of the batch
5- to 20-ton capacity. Iﬁ is usually made of carbon steel

plants is made of stainless steel, or has a plastic liner.

is usually equipped with a portable agitator and mounted on a
raw materiéls-&re weighed in it. The liquid raw materials are
storage through meters to the mix tank. After the materials

he finished product is pumped from the mix fank to storage or .




In some ligq
the mix tén
weighed, on
in volumetr
~types ﬁsuai

used.

Liquid Cold

e e i

uid hot-mix plants,‘flow meters are not used. In.such plants,

k is mounted on a séale, and both liquids and éolids are

e at a time, in the tank. In other plants, liquids are measured
ic'measuring tanks. A plant of either of these latter two
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ly has production rates lower than a plant in which meters are
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pld-mix plants, a high phosphate liquid base solution, such as
11-37-0,'15 usually mixed with urea-ammonium nitrate solution
32 percent nitrogen) and potash or a potash solution. A
d-mix plant is shown in Figure 3. In this plant, the liquids

and mixed in a batch mix tank (usually 5-ton capacity) similar
d in the hot-mix plant. Cooling equipment, acid storage tanks,

ndling facilities are not required. Therefore, the investment

is plant is considerably less than that for the hot-mix plant.

ical liquid cold-mix plant is shown in Figure 4. This plant

e that it is usuvally referred to as a cold-blending station.
ion,usua;l& Eas four storage tanks. Base solutions (10-34-0)
monium nitrate solutions are stored in two of the tanks, while
solutions, such as 3-9-9 and 4-10-10, are stored in the other
tanks. These potash solutions are usually produced in a
hot-mix pliyt and transported to the blending stations. The

‘urea-ammonium nitrate solutions are shipped direct from the .

ducer. The liquids are removed from storage using a pump. The
ntity of each liquid is pumped through a meter into nurse tanks

e mix is transported to the field.




Interest in suspension type fertilizers has increased mostly because of

their potentiél use in the production of higher analysis liqu

id fertil-

izers and because suspensions serve as a carrier for secondary nutrients

and micronutrients.

Suspension PFertilizers

4 common definition of a suspension is that it is a‘fluid fer
containiﬁg solids, either soluble salts in a saturated soluti
insoluble materials such as.impurities from phosphoric acid a
rock. Rapid settling of solids can be delayed by the additio
inexpensive suspending agent. The suspending agents TVA uses
extensivély-are gelling type Attapuagite clays mined in the s

*

United States. When this clay geis, it increases the viscosi

prevents the settling of crystals from the system. Crystals
composing the suspension should be less than 0;03 of an inch
(size of the openings in a standard 20-mesh screen) and suspe
_storage should be periodically air sparged to prevent the foqy
compacted layer. TVAlis now using in prdbess and prgduct-im@
a base suspénsion produced from superphosphoric acid and ammo
This base su

containing 3 percent by weight of gelling clay.'
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Typical Analysis of Clear quuld
Suspen51on, and Solld Fertilizers

Ratio Clear Susgension* Solid
3:1:0 24-8-0 27-9-0 30-10-0
2:1:0 22-11-0 26-13-0 28-14-0
1:1:0 19-19-0 21-21-0 25-25-0
1:1:1 8-8-8 15-15-15 15-15-15
l:2:2 5-10-10 10-20-20 10-20-20
1:3:1 T-21-7 10-30-10 10-30-10
1:3:2 5-15-10 9-27-18 10-30-20
1:3:3 3-9-9 T-21-21 8-2h-2L

¥Suspension fertilizers made with TVA 12-40-0 base
suspension, 32-0-0, and 0-0-62.

The suspension fertilizers shown in this slide were produced from a base

suspension 12-40-0, and they contain 11 to 133 percent more plant nutrients

than clear liquids of corresponding’ ratlos

usually in the high potash ratios.’

fertilizers
percentage ¢

pyrophosphat

additives suych as potassium chloride.

produced by
solution, an

‘such as the

Most liquid
trace quanti
suspension,

viscosity of

Table 1 show

The greatest increase 1s»

The attainment of high-analysis fluigd

is possible by using a base suspension which contains a high

£ its PgOs'as condensed phosphates, primarily the highly soluble
es and & suspending agent such as Attapulgite clay to support
These suspension mixtures were

cold mixing TVA 12-40-0 base suspension, urea-ammonium nitrate

d potaeh.

They are produced in a conventional cold-mix plant

plant shown in Figure 5.

fertilizers are limited by their solubilities, and generally only v

ties of seCOnd nutrlents or mlcronutrlents can be added.

With

nlcronut;lents, or secondary nutrients, can be added until the

the final product limits further additions.

5 the quantltles of mlcronutrlents added to a 15~ 15 15 suspen31on

Q

made by using TVA base suspen51on 12 Lo~ O urea-ammonlum nltrate solutlon, and
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hloride. Micronutrients used in these suspensions are usually

ively inexpensive source.

oric acid base suspensions contain more salts in solution; there-

uspending load for the gelling clay is less for them than for

of suspensions. For this reason, these base suspensions should
rable than suspensions produced from other materials of lower

rs have studied the production of suspension'fertilizers from
orthophosphoric acid, triple superphosphate, nitric acid and

1/

¢k, superphosphoric acid, urea and ammonium nitrate.

madé using wet-processiphosphoric acid -involves continued
of the acid at a pH of 7.5 to 8.5 and on completion of
the pH is reduced by the addition of phosphoric acid. During
the temperature is maintained below 160° F. and then dropped
ess before'the suppleméntal nitrogen and potash are added.
urity level in the acid fluctuates, the viscosity varies; there-
duce a more stable suspension, a gelling clay is added. This
ocedure has not been tested on commercial scale and was

imed at suspending impurities precipitated from ammoniated wet-

ophosphoric acid.

phosphate suspensions involve the cold-mixing of superphosphate

LIS

rea~ammoniuﬁ‘51%rate solutions and potash. The superphosphates
iated to use a relatively low-cost ammoniacal nitrogen and to

PH to reduce corrosion. TVA research showed the degree of

of the superphosphate and the order in which the ingredients were

mix tank had an important effect on the stability and viscosify
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of the suspension. Another producer, manufacturing a superp
uses urea, potasgium chloride, hot waﬁer, and a Bentonite cl
gelled clay is added to the hot.water in the miiing tank. T
added and the endothermic reactién‘reduces the temperature;

phosphate is added. The temperature of the slurry is 80° F.

the potassium chloride is added.

Nitric phosphate suspensiOns, common in the Southwest and Mi
produced by reacting phosphate rock with nitric acid which f
and phosphoric acid. A big problem in making nitric phospha
ammoniation without losing citrate solubility of the phosphaj
is added, the calcium nitrate is converted to ammonium nitraj
phosphoric acid forms dicalcium phoéphate. When the pH is ail
availability-is good but as the pﬁ is raised more phosphoric

is required to avoid formation of fluorapatite CalOFE(POh)6'

P

2O from 11-]

have shown that by supplying 24 percent of the

[

availability was obtained when the pH was raised to neutral.|

Nitrogen suspension (37—0—0) is a suspension fertilizer conte

nitrogen than solid ammonium nitrate. This suspension is pr¢

.urea, ammonium nitrate, and water at elevated temperature. When cooled, the

urea crystallizes in a very finely divided form as the solid

One percent éelling clay is added to the suspension. This st

»

used for direct field éppliga%ion or in combination with TVA

suspension. The 37-0-0 is available in limited quantities or
producers have used 37-0-O0 to manufacture such grades és 30-]
113-26-13, 16-16-16, 13-13-26, and 18-18-9. These formulatior

in excess of 1 percent by combination of Eiay from the 12-40-

ay.
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Another recent development is use of free-ammonia suspensions. In early

vork at TVA

(1957) phosphoric acid was reacted with ammoniating solution

to give high-nitrogen suspensions containing free ammonia. Under the test

conditions,

btypical product was 34-7.5-0.

solid form,

T.5 to 10 percent P205 was the maximum for good fluidity and a

as triammonium phosphate.

In such products, all the P205 is in the

More recently, free ammonia sus-

pensions made from anhydrous ammonia have been produced commercially. A

typical grade'of this type is 18-9-0. The main advantage i1s the low

formulation

applicaticn |i

2/

soil surfacs

A typical ay
6.

The tank

cost resulting from use of anhydrous ammonia, but the cost of

°

higher because the suspensions must be injected under the

plication truck for broédcasting suspensions is shown in Figure

is equipped with a transfer pump, bypass recirculation line,

pressure gauge, and a boom with several flooding nozzles. The application

rate is cont

depends on t

Field tests
these nozzle
broadcast ap
supply compr
pressuré to
rate is cont
of the nozzi
is routed to

is shown in

rolled by the pressure of the liquid to the nozzles. The pressure

he amount of liquid recirculated to the application tank.

have shown that there are much fewer plugging problems with

s (Figure 6) than with other types. Recently, TVA tested the

plication of suspension fertilizers using an air compressor to

essed air for sparging the suspension fertilizer and to provide

broadcast the suspension over a LO-foot swath. The application

rolled by fheigir pressure in the tank and the height and size

e. Agitation by air sparging is continuous. The excess pressure

atmosphere through a hand-controlled val#el

This applicator

Figure 7.




Field tests

have shown also that row-application equipment that uses a

positive displacement pump such as a squeeze pump or a piston-type metering

pump can apj

Figure 8 is
squeeze pumj
iests with t

~ with little

For the past
fully used s
with sugar ¢
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'Crystal groy
may be key 1
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second;ry ny
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fertilizers

bly suspensions with little or no difficulty.

a sketch of this type of row application equipment with a
b. Some suspension fertilizer manufacturers have made extensive
this type of pump and have found that it applies suspensions

or no difficulty.

. three years one suspension fertilizer producer has success-
in aqua ammonia pump to row apply superphosphate suspension
ran seedlings (cﬁt sections). Some manufacturers use slinger-
Ltion equipment in bfoadcasting suspension fertilizers. An
nufacturer has recently designed more reliable and simplified

> equipment. Figure 9 is a cut-away sketch of fhis type of

John Blue Company sliﬂger—type equipmént). An agitator in the
weeping baffle is used’to agitate the liquid in the application
linger mechanism is designed so that as it rotates, it also
naterial to be pumped from the tank of the applicator. This type

r willgapply even the most difficult-to-handle suspensions.

7th and settling during prolonged storage are still problems and
factors in determining the future of suspensions. However, the

1 toward larger, more mechanized farms, the incorporation of

T oa

ttrients and micronutrients and selected herbicides and insecticides,
> of transferring and field applying suspension fertilizers with

1t described above, should increase the demand for suspension
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Table 1

Addition of Micronutrients to Suspension Fertilizers

Properties of Products at 75° F.

Apparent After aging 1 day
Pounds Percent of viscosity of Apparent ‘
added/ton element fresh product, viscosity, Percent
Micronutrient compound ' of 15-15=15 ' in product centipoises centipoises® Settled Pourabile
No micronutrient - - 256 , 500 0 95
Sodium borate (NazBsO7+S5Hz0; 14.3% B 50 0. 35 228 380 0 96
all 20-mesh, 1k.6% 100-mesh) 75 0.52 248 -b 0 0
Copper sulfate (CuSO,-5H.0; -~ 100 1.2 20k s 280 2 97
25.2% Cu;- all 20-mesh) 150 1.8 200 -b 0 0
Iron sulfate [Fep(S04)a:9Ho0; . 125 1.2 200 380 0 96
20.4% Fe; all 35-mesh/ : ' 150 o L.k , 268 - 0 o
Manganese sulfate (MNSO,-xHo0; 25 0.3k T 236 360 0 98
27.25% Mn; all 35-mesh) 50 0.67 236 b 0 0
‘Zinc sulfate (ZnSO.; 369 Zn; . 150 2.5 | 236 510 0 95
97% 100-mesh) 200 3.6 308 1100 ; 0 93
0.1 B . | ot '

N . 0.2 Cu ' ;

Mixture of above salts . 150 0.6 Fe 200 . k70 0 96
0.3 Zn

&. After pouring twice. - _ : ‘ ' ' 5
b. Too viscous to pour.
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