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RESISTANCE MANAGEMENT AND STRUCTURAL-RHEOLOGICAL PROPERTIES
OF THE SUSPENDED LIQUID COMPLEX FERTILIZERS BASED
ON ACTIVATED GROUND PHOSPHATE ROCK

At flotation Belarusian phosphate, along with high-quality flotation concentrate, the high-stable
suspension with good structural and rheological properties formed in dewatering process of the fine
fractions. The results of obtaining of different brands suspended liquid complex fertilizes with a broad
content of useful substances on the basis of phosphate slurry and monoammonium phosphate, potash
and nitrogen fertilizers are presented. The ways of regulating the physicochemical and structural and
rheological properties of their suspensions are investigated.

Introduction. With the creation and devel-
opment of the agro-industrial complex the prob-
lem of a rational cost-saving production and use
of fertilizers is becoming increasingly sharp, as
fertilizer industry refers to large-tonnage and cap-
ital-intensive industries. In this connection ex-
tremely important is to address the matter effi-
cient use of fertilizers. The main source of the
solid mineral fertilizer losses, except mechanical
losses during transport and land application, is
extremely low and inefficient use of nutrients in-
troduced by plants [1].

Existing assortment of solid fertilizers allows
us to solve the problem of supplying plants with
nutrients, but not fully satisfies the growing needs
of agriculture. Moreover, the solid fertilizer appli-
cation does not allow achieving mixture homo-
geneity and its uniform application to the soil,
which in turn, leads to a substantial overexpendi-
ture of fertilizer, reduction of productivity and en-
vironmental pollution.

According to leading foreign and domestic ex-
perts, the basic requirements for fertilizers, espe-
cially when foliar application, can only be met by
using the liquid forms of fertilizers. Agricultural
science and practice of the last three decades of the
previous century show clearly that the place of tra-
ditional solid fertilizers is increasingly taken by
liquid ones, in other words, the future belongs to
the liquid complex highly concentrated mineral
fertilizers. Their rapid spread is considered as a
"revolution" of liquid fertilizers. Among them sus-
pended liquid complex fertilizers (SLCF) are quite
promising [2, 3].

Suspensions of liquid complex fertilizers are
brines in which fine crystals (particles) of insoluble
salts, stabilizing agents and other substances are
dispersed. Suspensions combine the advantages of
both traditional complex two-, three-component
solid fertilizers, namely high ~40% concentration
of nutrients and liquid complex fertilizers (LCF).

The main advantages of SLCF over solid fertiliz-
ers are full mechanization and reduction of losses
on the preparation, transportation, storage and
application; more qualitative (uniform) distribu-
tion at the surface broadcast application, the abili-
ty to combine the application with other agricul-
tural practices of tillage, planting, watering, and
bringing in growth stimulants, pesticides, trace
elements.

Since the component solubility in the suspen-
sions does not play such an important role, as in
the LCF solutions, the SLCF advantage is also the
possibility of using cheaper poorly soluble mate-
rials, in our case, ground phosphate rock, as one of
cheaper and additional nutrient sources, in particu-
lar P,Os. Thereby SLCF obtaining can extend the
fertilizer blending resource base.

The suspended liquid fertilizers have high vis-
cosity, which varies during storage, i.e. thixotropy
phenomenon is observed. Therefore, they should be
mixed assisted by powerful pumps, pipelines. The
presence of solid particles in the mixtures increases
the abrasive properties of the suspensions as com-
pared to solutions, which leads to deterioration of
the pumps and other equipment during production
and introduction. Despite the difficulties, it does not
prevent the suspensions to be the most promising
type of fertilizer. It is the high concentration of nu-
trients suspended in fertilizers that compensate all
these shortcomings, and these fertilizers are becom-
ing more common in foreign practice.

The largest suspension manufacturer in foreign
countries is currently the United States. SLCF in
significant volumes is used in Western European
countries such as England, France, Denmark, Italy,
Belgium, the Czech Republic and Hungary.

As noted previously [4, 5], at the development
of technology of Belarusian rock phosphate flota-
tion, along with high flotation concentrate, in the
dewatering process of fine-dispersed fractions,
highly stable suspension is formed. Drying of this
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suspension even in the most efficient spray dryers
is associated with high energy expenditure. In con-
sideration of their high stability and good structural-
rheological and technological properties, it was pro-
posed to use them as suspended liquid compound
fertilizers, in giving them the required amount of
potassium chloride and nitrogen fertilizers.

On the basis of ground phosphate rock, ammo-
nium phosphate, urea, potassium chloride, ammo-
nium sulfate, produced by the chemical industry of
the Republic of Belarus, we have developed compo-
sitions SLCF NPK-fertilizers of various brands with
abroad content of useful substances. To achieve
high suspension quality and high concentration of
nitrogen and P,Os we used ammophos as a base so-
lution instead of currently applicated for these pur-
poses costly and energy-intensive ammoniated po-
lyphosphoric acids. The technological properties of
the suspended compositions are studied.

Since suspensions contain, except dissolved
salts, part of the salts in the form of particulate
matter (nitrogen and potassium salts, phosphate
powder), then the question arises of keeping the
particles in suspension, preventing their precipita-
tion and crystal growth from supersaturated solu-
tions during suspension storage. In other words, it's
about getting dispersion system which is stable
enough. It is shown that the initial suspensions
based on ground phosphate rock, nitrogen salts and
fine-grained potassium chloride are semistructured
systems with high water yield values and the pro-
portion of the clarified layer, with low values of
thixotropy and stability.

Experiment results to determine the stability of
the phosphorite-salt dispersion of ground phos-
phate rock, urea, potassium chloride composition
12.4-6.3-0 u 10.6-5.2-11.5 (N : P,Os : K,0),
a liquid phase of which are concentrated salt solu-
tions shown in Fig. 1.

These data indicate that the suspension on the
basis of ground phosphate rock are unstable sys-
tems with a high proportion of clarified layer in
a short time. Thus, the clarified layer proportion of
the indicated compositions within an hour is 38
and 30 wt. % respectively (curves 1, 2). Introduction
of the stabilizer — bentonitic clay in an amount of
2.3 wt. % reduces the delamination degree sharply,
the clarified layer is about 12%, at a flow rate of
greater than (4 wt. %) — only 2% at the same time of
the suspension sedimentation (curves 3 and 4).

The mineral fertilizer suspensions are inherent-
ly coarse systems, so to make them homogeneous
throughout the volume and resistant to delamina-
tion, the stabilizers, increasing the system viscosity
to the required level and slowing the clarification
rate must be given to their composition.

Clays used as stabilizers must have certain
properties, the chief of which is their ability to

swell. bentonitic clays were used for studies. For
these clays is specific not only capillary suction,
but also inside crystallization of water causing high
swelling degree. When observed in the electronic
microscope the fine particles of montmorillonite
give characteristic lamellar, foliaceous crystals.
The smallest thickness of the montmorillonite par-
ticles, like of a lot of clays, is 0.001 mm, the spe-
cific weight 2.5-2.6 g/sm’. Bentonitic clays have
a high ability to cation exchange. Exchange capaci-
ty essentially determines the physical and chemical
properties of clays. Clays containing alkali metals,
mainly sodium, swell more than clays whose com-
position includes calcium.
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Fig. 1. Dependence of the clarifying degree (o)
of phosphorite-salt dispersions on the duration:

1 —suspensionof 12.4:6.3:0;2—-10.6:5.2:11.5;
3, 4 — bentonitic clay 2 and 4 wt. % respectively

For the preparation of the starting clay sus-
pension the clay was preliminarily pulverized to
a particle size of 0.071 mm, was mixed with hot
water at vigorous stirring, a weight ratio of 1 : 6;
1:10; 1 : 15 and a temperature of 70°C. Sodium
and calcium bentonitic clay forms were used for
studies. It was found that bentonitic clay, consist-
ing of Na-montmorillonite, swells very rapidly,
and even at normal temperature is converted into
a gel, which is a very viscous structured system
stable for several months. For improving the Ca-
form swelling and obtaining sufficiently viscous
and gelatinous clay the alkaline component (soda)
was added thereto in an amount up to 5 wt. %
from the clay weight, which facilitated the transi-
tion to Na-form, simultaneously fine-dispersed
calcium carbonate was formed, which is an addi-
tional suspending agent.

SLCF NPK-fertilizer compositions of different
brands were obtained on the basis of ammophos,
phosphate rock, phosphate urea, potassium chloride.
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Tab. 1 shows the characteristics of the major
brands of triple fertilizers prepared by mixing the
base solution of ammophos, bentonitic clay, phos-
phate rock, dry urea and potassium chloride. The
amount of nutrients depending on the brand ranges
from 23.0 to 29.9 wt. %. The share of P,Os
from phosphate fertilizer in suspension ranges
from 1.78-2.38 wt. %, from ammophos -
12.69-14.31 wt. %. The density of the solution is
in the range 1.267-1.430 g/cm’, the ratio of T : L
from 0.86 to 1.16, the dynamic minimum viscosity
is 80—-1200 mPas.

Tab. 1 shows the ternary SLCF characteris-
tics obtained using a concentrated solution con-
taining 40 wt. % of urea, in which ammonium
phosphate was dissolved by heating to 70°C
and at vigorous stirring, the gelatinous bentonit-
ic clay, phosphate rock and ammonium sulfate
powder were introduced here. The resulting sus-
pensions have the same characteristics as in the
first case, the density at 20°C 1.35-1.43 g/cm’,
the viscosity is somewhat higher 180-370 mPa-s,
the ratio of solid to liquid is within 1.0-2.2 .The
kinetic stability of the obtained composite
structures has been established. The results are
shown in Fig. 2.

The obtained data show that the use of ammo-
phos as basic solutions due to the fluorophosphate
sludge contained in them contributes to the stabili-
zation of suspended fertilizers even in the absence
of bentonitic clay. The proportion of clarified sus-

pension layer, for example of 7.5-9.3-6.9, for
24 hours is 2.5% and for four days only 6.5%
(curve 2, Fig. 2).
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Fig. 2. Dependence of the clarified layer fraction (o)
on the duration of suspension maturation:
1 —No. 4 (Table 1); 2—No. 9 (Table 1);
3 —No. 6 (Table 1); 4 — No. 5 (Table 1)

P,0s content in a fertilizer due to ammophos is
7.52 wt. %. Suspensions containing large quanti-
ties of ammophos (25-31 wt. %) in the presence of
phosphate rock represent stable high strength struc-
tured systems with high thixotropy gelled at lower
temperatures to a pasty state, necessitating their
periodic mixing.

Table 1

Characteristics and technological properties of ternary (SLCF NPK) compositions on solution basis:
ammophos (1-9), urea (10-12) and solid fertilizers
(phosphate rock, urea, potassium chloride) (No. 8-9 — introduced Na-CMC)

Salt composition, wt. %
No.|N: P,0s: K0, ” = Nmin, P, Px2, . pH
sp. wt. % ammo= -\ ea | P hosphate KCl bentonitic H,O |mPa's|g/em’| Pa T:zh value
phos rock clay
1 | 54:155:4 27.75 4.54 12.61 6.3 2.10 46.67| 100 | 1.354| 166 | 1.16 | 7.1
2 162:19.1:4.6 31.8 5.19 14.43 7.4 — 41.38| - — — 143 | 73
3 148:148:3.5| 24.64 |4.03 11.2 5.6 1.12 5339 80 [1.340| 30 | 0.86 | 7.2
4 | 54:16.7:4 27.75 4.54 12.61 6.3 — 48.78| 200 | 1.408 | 50 1.04 | 7.1
5(152:16.0:3.8| 26.63 4.35 12.10 6.1 1.21 49.63| 170 | 1.267 | 180 | 1.00 | 74
6 [54:16.7:40| 27.87 4.56 12.66 6.3 0.92 47.63| - — — 1.10 | 7.3
7 |87:138:7.6 | 26.12 11.9 — 11.9 2.37 47.66| 500 |1.430] 105 | 1.10 | 7.1
*
8 [81:10.1:74 16.82 9.25 10.93 12.6 - 42.05| - - - 1.60 | 7.2
7.56
sk
91 75:93:69 14.49 76'9572 9.42 10.9 - 50.72| 1200 | 1.350 | 280 | 1.00 | 7.2
10 58:10.6:74 13.3 10.66| 26.6 13.3 3.0 39.3 — — — 2.0 7.3
sk
11]6.7:10.0:7.0 12.5 6'922 25.0 12.5 2.8 312 | - - - 2.2 7.1
1219.1:11.8:9.6 15.2 16.2 20.3 15.2 14 39.6 | - — — 2.2 7.2
131 7.0:9.5:6.6 11.8 14.1 23.5 11.8 2.6 36.3 | 500 |1.430] 265 1.8 7.4
ES
14| 7.8:9.0:6.3 11.1 ?'352 222 11.1 2.5 341 | 180 |[1.420| 190 | 2.0 7.1

* (1-9) — NH,NO; ; (10-15) — (NH,),SO,.
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We have defined structurally rheological
properties of developed by us suspended fertiliz-
ers with various compositions using bentonitic
clay as stabilizer. Structurally rheological proper-
ties were studied on a rotary viscometer “Reotest 2.
The resulting flow curves are shown in Fig. 3, 4.
They indicate that the suspensions are structured
liquid-like systems related to non-Newtonian
fluids. It had been found that with increasing of
solid content in the suspensions the strength of
their structure significantly increases, as evi-
denced by an increase in the rheological proper-
ties of py, and 1.
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Fig. 3. The rheological flow curves
of suspended fertilizers with various compositions:
D, — the velocity gradient,

C'; 1, — shear stress in Pa (similar to Fig. 4):
1—No. 5 (Table 1); 2—No. 6 (Table 1); 3—No. 9 (Table 2)

0 100 200 300 400

RS TG
500 600
Fig. 4. The rheological flow curves

of suspended fertilizers:
1,3-6 —No. 1 (Table 1); 2 —No. 4 (Table 2)

For example, ataratioof S: L=1-1.5and S: L=
= 2 the limit stress in the first case is 50-100 Ila,
a Mmin = 0,1-3,0 Pa - s, and in the second it increas-
es to 200-300 Pa and the viscosity — to 1 Pa - s or
more.

Comparing the rheological data for the suspen-
sion stability it was found that systems with high

solids are stable for several days. Suspensions with
low solids stratified within three days by 26-30%.
Analyzing the data, we can see that by changing of
the original component content, the suspension
structure can be changed. Thus, the introduction of
a solution containing 40 wt. % of urea the SLCF
stability is considerably higher than when using
urea as a solid.

To stabilize the phosphorus-salt suspensions
instead of expensive and scarce bentonitic clays,
we proposed to use clay-carbonate slurries and
available for agriculture calcium compounds. It
was shown that the suspensions obtained both on
base solution 10-34—-0 and assisted by phosphate
rock, ammophos, soluble nitrogen-containing salts
of potassium chloride in the presence of CaO, Ca-
CO;, CaS0O, - 2H,0 have good physical-chemical
properties. The quality of obtained suspended ferti-
lizers is not inferior to those using bentonitic clay
(Table 2).

Stable, for a long time (a week or more) non-
stratifying binary and ternary compositions
SLCF were obtained with the amount of nutrients
26-30 wt. % in binary and 23-35 wt. % in ternary
NPK-fertilizers. The density of fertilizers dependin,
on their composition ranges from 1.31-1.61 g/cm’,
viscosity — 0.97-4.40 Pa - s. The P,Os content in
suspensions due to phosphate ground rock is 3.4—
5.7 wt. %, the amount of suspending agent (GSSH) —
0.7-4.0 wt. %.

Using clay slurry with chalk or lime helps to
increase the stability of the obtained suspensions
while maintaining sufficiently high flow ability. To
determine the flow ability the methodology was
used which is based on the ability of the suspen-
sion to flow under its own weight. It was deter-
mined by the spreading of the suspension flowing
from a standard cone.

To increase the fluidity of various kinds of
suspended systems in practice, both inorganic
and organic compounds are used as reagents-
diluents. Inorganic diluents most widely used in
the industry are salts of weak and medium acids,
giving a strongly pronounced alkaline reaction
(Na,CO;, NaHCOs;, Na,SiO;, NayP3;0,0). The
soda ash was used as inorganic diluent of sus-
pended fertilizers. Application of soda together
with suspending stabilizers (chalk, lime, clay
slimes) provides stable and mobile suspensions,
moreover, contributes to the pH value, which
plays an important role in their usage. For exam-
ple, the use of chalk (1 wt. %) in combination
with sodium (1 wt. %) increases the fluidity of
the suspension from 91 to 95 mm, the pH value
from 4.2 to 5.0, and also the stability of the sus-
pension compared with the case when only chalk
is used. A similar pattern is observed when using
clay slurry together with soda.
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Table 2
The influence of various reagents-stabilizers on physicochemical properties SLCF
on the basis of phosphate rock from Polpinski deposit, ammophos and soluble fertilizers
(1-3 mark 1: 1.1: 1; 4-10 — mark 1: 0.6: 0.9)
Salt composition, wt. % Stabilizing Viscosity Stability
agent, wt. % Pa-s .
Density | Value

N Ammo- Phosphat Cla fem® H 24 Percentage

Urea| mo- OSphale | g K,S0, | CaCO;4 Y | max | min & p of clarifi-
rock sludge hours .

phos cation

1 1200]| 174 21.8 17.5 - 1.7 - 86.02| 0.23 | 1.51 4.5 1 0
2 186 | 162 20.2 16.2 - 0.8 - 2271 04 1.48 42 1 2
31174 15.1 18.9 15.1 - 0.75 - 140 | 0.25 | 145 42 1 4
4 1293 11.7 17.4 21.3 - 0.5 1.0 |26.7]0.64| 149 4.3 2 0
51273 8.3 23.1 19.8 - - 1.8 17.1 | 0.31 1.47 4.7 1 0
6 | 262 8.0 22.1 19.0 - 1.8 - 226 | 0.1 1.48 53 - -
7 272 8.3 23.0 - 23.0 1.8 - 996 | 1.7 1.50 4.7 2 0
8 | 24.7 7.5 20.9 - 20.9 1.6 - 2391 0.2 1.51 4.5 2 2
9 | 25.8 7.8 21.8 - 21.8 - - 214 1 027 | 1.46 5.2 1 0
10 | 26.2 8.0 22.1 - 22.1 1.8 - 80.0 | 0.67 | 1.49 4.6 2 0

It is shown that the use of Na-CMC additives
as asuspending agent of clay-salt slurry has
an additional stabilizing effect on SLCF. Within
7 days and even more the suspensions are prac-
tically not stratified, the proportion of the clari-
fied layer is almost zero. Good results have
been achieved when using small additions of
Na-CMC (0.1-0.5 wt. %) in combination with
soda. In this case, the fluidity of the slurry is
increased to 95 mm at alower viscosity and
maintaining the same stability.

From a large number of raw sludge diluents or
clay mud viscosity reducers for dilution high-
strength structures it was proposed to use lignosul-
fonates (LS) and alkaline waste of caprolactam
production (AWCP), as well as other by-products
of the industrial enterprises of the Republic of
Belarus LS introduction in 2-5 wt. % on solid
contributes to SLCF dilution, lowers the viscosi-
ty to 1.25-2.50 Pa - s, increases the fluidity up to
98 x 98 mm, while maintaining good stability.

With further increase in the LS concentration
the fluidity decreases and the viscosity increases,
which is consistent with the data of the LS effect
on the rheological properties of clay-salt disper-
sions and is associated with increased structure
formation in the system.

It is shown that in the case of AWCP applica-
tion in small concentrations it has a stabilizing
effect on the system, thereby increasing the stabil-
ity of the suspension (1.2-1.4% clarification in-
stead of 25% without it), decreasing the fluidity,
raising the viscosity and then with increasing
concentration the gradual viscosity reduction of

the suspension and as a result the fluidity increase
are observed. When using binary compositions of
proposed SLCF diluents based on AWCP and LS
with concentration increasing the slurry fluidity
increases and their viscosity decreases at some
loss of stability.

Conclusion. It has been established that the pro-
posed suspended fertilizers containing 30.3 wt. %
useful components have a strong structure that
growths with the stabilizer increase in it — bento-
nitic clay in one form or another. With increasing
of the aqueous phase concentration in the suspen-
sions their stability and strength of the overall
structure decrease.

It is proposed to use the mixture of LS and
AWCP for structure dilution (viscosity reduc-
tion). The introduction of the reactants, the vis-
cosity reducers in an amount of 2—5 wt. % contri-
butes to SLCF dilution, to fluidity increase up to
98 x 98 mm (MChTI), to the viscosity reduction to
1.25-2.50 Pa - s, while maintaining stability. The
differences in the diluent action on SLCF in the
presence of urea and ammonium sulfate has been
established.

To stabilize the phosphorus-salt suspensions
instead of expensive and scarce natural clays, it is
proposed to use along with clay-carbonate slurry
calcium compounds available for agriculture. It
was shown that the obtained suspensions both as
on base solution 10-34—0 and assisted by phos-
phate rock, ammophos, soluble nitrogen-
containing salts of potassium chloride in the pres-
ence of CaO, CaCO;, CaSO, - 2H,0 have good
physicochemical properties. The quality of the
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obtained suspended fertilizers is not inferior to
those using bentonitic clay.
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