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THERMOTRIBOCHEMICAL TREATMENT OF LOW GRADE NATURAL
PHOSPHATES
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Stability of mineral mixed fertilizers processed by effective mixing and compaction, using extrusion technology, is a subject of this
study. As new products there is a need to learn the possible changes in the phase ratios and caking processes during long term storage.
7 samples with different nutrient components ratios are investigated after one year kept in a storage facility without conditioning.
Applying TG-DTA, electron microscopy and X-ray diffraction methods samples are studied, recording thermal effects and
mass losses, type of crystal structures and phase content in the sample. On the base of the results obtained the relationships are dis-
cussed and conclusions made about the possibility to safety storage and visible application of the new products as fertilizers in the
agriculture for nut ratio of different plant. It is confirmed that the investigated samples, produced on the base of low grade phos-
phates are stable during long term storage and they could be successfully recommended for practical use in agriculture, using tradi-

tional or individual method of fertilization.

Keywords: extruded mixed fertilizers, SEM, TG-DTA, thermal stability, X-ray diffraction studies

Introduction

Stability of mineral mixed fertilizers by using non
acidic methods became attractive direction for utiliza-
tion and processing of low grade phosphate ores, be-
cause they are not suitable for traditional technolo-
gies. Positive results for obtaining new fertilizer
environmentally friendly products based on waste
have been reported by different authors [1-10].
Thermo-tribo-chemical method for treatment of the
low grade raw materials became a new promising way
for obtaining complex mixed fertilizers, containing
available but not obligatory water soluble solid
phases of phosphorous compounds. Structure defects,
created during activation of solids increases the reac-
tivity of the systems and makes the efficiency higher
[1-5]. Energy accumulated during activation process
often is released by the time and temperature rises
[2, 3, 11]. Relocation process has a topochemical
character and it is depending on the number of param-
eters. No relationships are derived up to now. This is
the reason that such systems should be studied indi-
vidually. Different authors find out those low grade
phosphates-ammonium sulphate mixtures as good
bases for fertilizer production, applying non tradi-
tional ways of processing [3, 6—13]. The ratio be-
tween water and citric soluble forms could easily con-
trolled by using the initial acidic and alkaline reaction
components. It was reported that partially acidulated
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phosphates and ammonium sulphate as a by product
from E-beam cleaning technology are amount the
suitable components and the products obtained have a
high agriculture efficiency [14—-16]. Such type of
fertilizers may supply plants with the main nutrients —
nitrogen, phosphorous, sulfur and calcium/so called
NPKS fertilizers/ and also needed microelements.
The aim of this paper is to report the results from
the stability studies of such new fertilizers, after one
year storage under covered, but not conditioned facil-
ity, where during the year humidity was between
55-95% and the temperature varied from 253 to 313 K.

Experimental
Raw materials

The new fertilizers, obtained in an industrial scale in-
stallation, have been produced; using mixtures with
water content 11.6 mass%. Final mixing and compac-
tion by extrusion have been realized under pressure of
0.8 MPa. Obtained tablets (July 2005 in the KIT
AGRO JSC) have cylindrical shape, length of 0.05 m
and diameter — 0.01, 0.02 and 0.03 m. After compac-
tion the products have been dried at 333 K for reduc-
tion of free water to less than 0.6 mass%. Ratio be-
tween nutrients and tablets size have been adjusted
for individual fertilization of different greens, fruit
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trees etc. As a raw materials milled and partially acid-
ulated Tunisia phosphorite; industrial phosphorous
containing solid waste, ammonium sulphate by prod-
uct from E-beam installation in Maritsa-East-2 ther-
mal power station, technical grade potassium chloride
and carbonate were used as a supplier of the main nu-
trients. Ammonium Sulphate contains 98.1 mass%
(NH4),SO,. As an impurities in mass% are as follows:
1.12 NH4NO;, 0.38 H,0, 0.13 H,SO4, 0.0004 CT,
0.0006 PO; ", 0.012 Fe and 0.0002% others. Sulphates
of zinc, iron and copper, ammonium molybdate and
boron acid have been added as microelements in
quantities less then 0.1 mass%. Tunisia
phosphorite/used  for sample d-VP-4/contains
29.58 mass% P,0s, 48.40 mass% CaO, 6.48 mass%
CO,, 3.58 mass% SOs, 2.74 mass% F, 1.88 mass%
Si0,, 1.38 mass% Na,O, 1.07 mass% R,Os,
0.07 mass% K,0, 0.056 mass% CI and traces of Cd,
Pb, Cr, Ni. Partially acidulated Tunisia
phosphorite/used for samples e-VP-05 and
f-VP-06/contains 36.07 mass% P,Os as a total, half of
the phosphorous phases are as water and citric soluble
compounds. Industrial waste/used for samples
a-VP-4; b-VP-4; c-VP-4/contains in mass%: 24.91
P>Os,, 14.13 P,Os; citric soluble, 37.97 Ca0, 6.31 S as
gypsum and 3.83 CaF,. Total content of the main nu-
trients and microelements in the samples used are
shown in Table 1.

Methods

Stanton Redcroft thermal analyzer in temperature range
2881373 K is used for thermal analysis. Heating rate is
10 K min" and sample’s mass 10.00+0.04 mg and air
flow rate 8.3- 10 °m’ s'. TUR M 62 X-ray analyzer with
CoK,, radiation and Philips PM SEM 515 are also used.

Results and discussion

Visual observation of the studied samples after 1 year
storage did not give any indication about shape
changes, start of caking process or recrystallization
modifications on the surface or inside of the tablets.

Table 1 Content of nutrients in the samples studied (mass%)

Figure 1 presents SEM photos of the samples.
Magnification scale is as follows: 3000 times for sam-
ples a, b, ¢ and 2000 for samples d and e. It can be
seen that in the samples a and b, where gypsum is in-
troduced with the raw material gypsum crystals are
compacted in different way. Sample b, where the con-
tent of gypsum is about 10 mass% needle shape gyp-
sum crystals like reinforced fibers are between the
other crystal phases, when in sample a, where gypsum
content is 50% less such needle crystals could not be
observed. It seems that part of gypsum is fixed with
some other component. Probably it is double salt with
ammonium sulphate. When the gypsum exceeds the
double salt ratio it exists in a single gypsum needle
shape phase. Crystal phases are with different shape
and the particles size is mostly between 10—100 p. So
during storage period of all the samples binding
forces kept tablets structure stable and kept the same
particles size of the components.

Thermal data represent dehydration of gypsum,
thermal decomposition of the ammonium sulphate (in
all samples) and remaining part of potassium carbon-
ate (only in samples e-VP-5 and f-VP-6) as single
phases in the products and polymerization and con-
densation reactions of some of the phosphate phases.
Ammonium nitrate decomposition is not clearly de-
termined, because of overlapping with the other reac-
tions and small quantity of this component. Tempera-
ture intervals and the registered mass losses are given
in Table 2. TG-DTG-DTA curves (Fig. 2) are very
close to the relationships of the products after drying
during processing and do not give any indication of
changing thermal stability or rate of dehydration or
decomposition processes. The main reactions, related
to the behavior of ammonium sulphate and phos-
phorite, are in a good agreement with the results from
the tribo-activation of such mixture [7-12].

Because during thermal studies no unusual phe-
nomena for indication of lower stability or high rate
decompositions was observed, it could be stated that
the new products are suitable for long term storage
without need of special precaution measures, related
to the safety. It was found very low adsorption of wa-

i%fxple N P K S Zn Cu Fe Mo B Gypsum
a-VP-1 8.0 8.0 12 9.1 0.1 0.1 0.1 - - 5.4
b-VP-2 8.1 8.1 5.1 10.3 0.12 0.12 0.12 - 0.06 10.2
c-VP-3 10 10 15 11.2 0.15 0.15 0.15 0.05 0.05 6.3
d-VP-4 12.5 6.0 5.4 12.3 0.1 0.1 0.1 - - 1.1
e-VP-5 12.5 12.5 5.4 12.5 0.1 0.1 0.1 - 0.1 2.3
£-VP-6 12.5 12.5 5.4 12.4 0.16 0.15 0.15 0.05 - 2.1
208 J. Therm. Anal. Cal., 88, 2007
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Fig. 1 SEM photos of the studied samples
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Fig. 2 TG, DTG and DTA curves of the studied samples
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Fig. 3 X-ray diffraction patterns of the studied samples

ter from the atmosphere and the registered free water
is in the range of production stage.

Stability of existing solid phases in the products
is also confirmed using X-ray diffraction analysis.
Diffraction intensities are shown on Fig. 3. As it is ex-
pected from the initial compositions of the samples
gypsum, ammonium sulphate, silicium dioxide, cal-
cium carbonate and fluorapatite are identified in all
samples and potassium carbonate and potassium chlo-
ride in samples a-VP-1, b-VP-1, ¢-VP-1, d-VP-1 and
C-VP-I, f-VP-1. Ca3(PO4)2, CaHPO4, CaH2P207,
NH4H2HPO4, (NH4)2H2P207, NH4KHPO4 and KzSO4
are registered in the samples as a new phases after
thermo-tribo-treatment and compaction process. In
samples e-VP-1 and f-VP-1 the presence of
[B-CaH,P,05 is confirmed. It is obvious that the regis-
tered solid phases are result of the proceeding of reac-
tions during treatment of composite fertilizer mix-
tures during processing. It means that the mechanical
and pressure energy introduced during mixing and
compaction in the extruder facilitate the chemical re-
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actions between components. As a result the soluble
forms of nutrients increase and they are available for
plant assimilation. The stability of crystal phases ob-
tained during storage make the products attractive fer-
tilizers and explain the agrochemical efficiency con-
firmed during some test experiments [13].

Conclusions

New data for structure and thermal stability of new
mixed NPKS with microelements fertilizer products
after one year storage are obtained. Thermal stability
and behavior up to 1273 K confirm that during pro-
cessing stage different reactions are taking place and
formation of new solid phases, like CaHPO,,
CaH,P,07, NH4H,HPO,, (NH4),H,P,07, NH,KHPO,,
KzSO4, B-C3H2P207, CaH2P207, (X-C32P207,
NH;4CaP;09 and Ca3(POy),, is a fact. That makes the
main part of phosphorous from the new products
available for plant assimilation. It was found that the
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crystal structure and thermal stability remain the same
after one year storage, without relocation or second-
ary reactions and it means that there is no need of spe-
cial precaution measures in the storage facilities, re-
lated to the safety working conditions or product
quality. The study made is a demonstration how use-
ful could be the thermal investigations in the process
of introduction of new chemical products to the mar-
ket, as it is required by the new chemical legislation.
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