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Abstract

The article presents the results of physico-chemical research of waste from the phosphorus industry - phosphorus sludge and cottrell

dust. The reliability of the experimental results was ensured by the use of generally recognized research methods, as well as reliable

physico-chemical and instrumental methods of analysis. The results of the experiment prove the suitability of these types of waste for

the production of mineral fertilizers. This, in turn, will make it possible to improve the environmental situation in the southern region

of Kazakhstan.
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1 Introduction
The development of the industry around the world has made
the problem of complex processing of technogenic waste
and attracting substandard mineral resources to production
urgent. An example is the production of phosphorus, which
is widely in demand both in Kazakhstan and abroad. Its pro-
duction is due to the formation of large technogenic waste
in the form of slag, ferrophosphorus, phosphorus sludge and
cottrell dust. Only in the Zhambyl region, more than 30 mil-
lion tons of these wastes have been accumulated [1, 2].
According to the Statistics Committee [3], the country
has accumulated more than 30 billion tons of technogenic
waste, a significant part of which is toxic. Now techno-
genic waste should be considered as an independent raw
material base. Today, as a result of the reduction of elec-
tric smelting of phosphorite raw materials at the Novo-
Dzhambul phosphorus plant alone, about 140—-160 kg of
cottrell dust is formed per 1 ton of production yellow phos-
phorus, which is discharged into evaporation basins in
the form of a suspension - cottrell milk [4]. In addition, on
the territory of the former phosphorus plant in Shymkent
has accumulated more than 500 thousand tons of phospho-
rous sludge, which in its chemical and granulometric com-
position is characterized by complex inclusions of mineral
components of the charge and processed products [5, 6].

Research by scientists and manufacturers, as well as lab-
oratory experiments show that these technogenic wastes
are quite valuable secondary raw materials for the pro-
duction of composite building materials. The authors used
phosphorous sludge of Kazphosphate Limited Liability
Partnership (LLP), ferrochrome slag of the Aktobe fer-
rochrome plant of Transnational Company (TNK)
"Kazchrome" and shell rock of the Mangystau region.
Compounded bitumen based on tar and BND 60/90 (Bitum
Neftjanoj Dorozhnyj - Oil Road Bitumen), processed by
us by the method of microwave radiation, was used as a
binding material. As a result of experimental work, the
optimal composition of two types of asphalt concrete
was found: fine-grained and crushed-mastic asphalt con-
crete [7, 8]. The authors claim that there is a wide possibil-
ity of using such asphalt-concrete mixtures for the use of
both the lower and upper layers of the bases for road sur-
faces. The resulting asphalt concretes are not inferior to
expensive analogues both in price and quality.

There are known methods and technologies for the
extraction of phosphorus [9-16], production of phosphorous
and complex phosphorus-potassium-containing mixed fer-
tilizers, potassium ammo-phosogypsum meliorant, super-
phosphate, double superphosphate, urea-ammonia fertilizer,
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monoammonium phosphate (MAF), and ammophos based
on phosphorus-containing technogenic waste [17-19].
Production modes were worked out and the main character-
istics of the final product were determined.

Thus, to date, there are no fully justified technologies
for processing phosphorus-containing waste into market-
able phosphorus-, nitrogen-, and potassium-containing
products. The problem of integrated waste management
is not solved. The proposed technologies are imperfect,
which explains the presence of a non-decreasing volume
of waste. Therefore, the known technological solutions
have not found a full-scale practical application. In this
regard, the search for new opportunities for the utilization
of multi-tonnage phosphorus-containing secondary raw
materials is still relevant.

Taking into account the above, the scientific novelty of
this research work is to conduct a comprehensive study of
the structure and composition of phosphorus-containing
waste for further use as a raw material in the production of
mineral fertilizers and other chemical industries.

2 Materials and methods

The objects of the study were phosphorus sludge from the
sludge storage facility of Kainar LLP (former phosphorus
plant in Shymkent, South Kazakhstan) and cottrell dust from
the dumps of Kazphosphate LLP (Taraz). In appearance,
the samples are grayish-black in color and finely divided.

To solve the tasks of the research work, experimental,
physico-chemical and analytical methods of research were
used: sieve analysis, IR spectroscopic analysis, analysis on
the X-ray energy-dispersive microanalyzer INCAEnergy
(Oxford INSTRUMENTS), mounted on a scanning elec-
tron microscope ISM-6490LV (IED).

For the separation and sorting of raw materials by par-
ticle size, sieving was performed on a vibrating screen
screen "Analizette 3". The dry sieving ranges are from
100 microns to 24 mm.

Microstructural and elemental-weight studies were
performed with the use of modern equipment of the SEM
(scanning electron microscope JEOI, brand JSM6490 LV).
During the study, a special, double-sided adhesive tape
with a length of 6 mm is applied to the samples. Blow
the table with the test material with a jet of clean air and
install it in the working chamber of the microscope. Then
the electron microscope is pumped out to a high vacuum,
checking the operation of the vacuum system nodes. After
that, an image of the object under study in secondary elec-
trons is obtained by selecting a pre-accelerating voltage
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of 20 kV, the diameter of the electron probe of 40 nm, and
the inclination of the eucentric table of 0 degrees. [20].

IR spectral analysis of phosphorus sludge and cottrell
dust was carried out on the apparatus FT-IR spectrometer
Shimadzu IR Prestige-21 with the prefix frustrated total
internal reflection (FTIR) Miracle firms PikeTechnologies.
To obtain the spectra of the original samples, the spectrum is
recorded in the transmitted IR radiation, having previously
fixed the samples in a special holder. It is a plate with a rect-
angular hole, to which the sample is pressed, covered on top
with a magnetic plate with a hole in the center [21]. The data
obtained was decoded using the LabSolutions IR software.

X-ray phase analysis was performed on the DRON-3
device, and the radiographs were decoded using the ASTM
card file and the Mikheev X-ray detector [22]. The samples
were prepared by pressing into tablets of the same density
without the use of an additional binding component.

3 Results and discussion
A representative sample of phosphorous sludge from Kainar
LLP was obtained for the research. Fig. 1 shows the results
of the sieve analysis of the phosphorus sludge under study.
From the data of Fig. 1, it follows that about 1/3 of the
phosphorus sludge is accounted for by a small fraction with
particle sizes of 0.100-0.315 mm, about 5 % are large frac-
tions with sizes of more than 1.4 mm. The share of dust-like
particles is about 18 %. The bulk of the phosphorus sludge is
made up of fractions with sizes: 1.0-1.4 mm; 0.71-1.0 mm,;
0.50—0.71 mm; 0.315-0.500 mm, the mass fraction of these
fractions is approximately the same and averages 13 %.

Fig. 1 Results of the sieve analysis of phosphorous sludge sample from
Kainar LLP
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Fig. 2 shows the results of the sieve analysis of the
investigated cottrell dust of "NDFZ" Kazphosphate LLP.

From the data in Fig. 2, it follows that about 1/3 of the
cottrell dust is accounted for by a small fraction with par-
ticle sizes of 0.100—0.315 mm, about 14 % are large frac-
tions with sizes of more than 7.1 mm. The share of pulver-
ized particles of cottrell dust is approximately 4 %.

The main mass of cottrell dust is made up of fractions
with dimensions: 7.1-5.0 mm; 3.15-2.00 mm; 2.0—1.4 mm;
1.4-1.0 mm; 1.0-0.71 mm; 0.710-0.500 mm; the mass
fraction of these fractions is approximately the same and
in the total mass is about 50 %.

The microstructure observed at a 40-fold magnification
of the studied sample of the sludge sample is shown in Fig. 3.

From the data in Fig. 3, it follows that the total compo-
sition of the analyzed sample is characterized by the pres-
ence of inclusions of large particles of calcium silicate
minerals in the form of irregularly shaped fragmentary
hexagonal crystals of 2CaO - SiO, and rounded small
grains of CaO - SiO, vollostonite.

The structure of the analyzed surface contains: single
205
sium aluminosilicates, which are small inclusions of col-

oval-shaped minerals CaO - Al compounds of potas-
orless isometric tabular mineral structures with grain
sizes of 610 microns. Transparent gray film-like and bor-
der-like formations are characteristic of minerals: calcium
phosphate 3CaO - P,O; and calcium fluoride CaF, [20].
As follows from Fig. 3, the studied surface of cottrell dust
is characterized by imperfect soldering of minerals with
the formation of cracks and chips. The main mineralogical

Fig. 2 Results of the sieve analysis of cottrell dust from Kazphosphate LLP
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Fig. 3 Microstructure of phosphorous sludge and cottrell dust obtained
at 40-fold magnification; (a) Phosphorous sludge; (b) Cottrell dust

phases of the sample are silicophosphates and silicofluoro-
phosphates, which have colorless plate-like crystal struc-
tures. Intermediate crystals of calcium phosphates are char-
acterized by bluish short irregular prisms. Small inclusions
of potassium phosphates are characterized by soldered crys-
tals of small elongated plates of irregular shape.

The accumulation of fine-grained chain structures of
calcium silicate crystals is observed around the phosphate
minerals. The intermediate spaces and cracks are filled
with the carbon phase [17].

IR spectral analysis of phosphorous sludge and cottrell
dust was carried out on the device of the Shimadzu IR
Prestige-21 Fourier-IR spectrometer with the prefix of the



disturbed total internal reflection detecting parity viola-
tion Miracle of PikeTechnologies.

The results of the IR spectral analysis of phosphorus
sludge are shown in Fig. 4. Table 1 show the main peaks
based on the results of the IR spectral analysis of phos-
phorus sludge.

According to the data in Fig. 4 and Table 1, the wave-
numbers of 952-906 cm™ are characteristic of P-F and
phosphates, and in the range of 1020-1090 cm™ indicate the
presence of silicate compounds [21].

Table 2 and Fig. 5 show the main peaks based on the
results of IR spectral analysis of cottrell dust.

From Fig.e 5 and the data in Table 2, it follows:

* 1049-1060 cm™ absorption spectra with wave-

lengths are characteristic of phosphorus compounds
P=0 (with hydrogen bonding);
* 952-906 cm™ characteristic of P-F and phosphates;
» absorption spectra with wavelengths of 1020-—
1090 cm™ characterize the presence of silicate com-
pounds with Si-O-Si valence bonds in cottrell dust;
* absorption spectra in the region of 800-802 cm™ are
characteristic of silicate compounds of charge mate-
rials in the valence state of Si-O-Ca and Si-O-Al;
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Less intense absorption spectra of 1454—-1399 cm™ are
typical for phosphorus and free P=O compounds.

Fig. 6 shows the X-ray phase analysis of phosphorous
sludge. As follows from the data in Fig. 6, the heat-treated
phosphorus sludge is characterized by an amorphous
phase state and this is confirmed by the low intensity of
the differential maxima of its phase components.

The presence of calcium monosilicates is character-
ized by diffraction maxima with d = 2.553; 2.334; 1.75 A.
The aluminosilicate phases of 2Ca0O - Al,O, - SiO, are char-
acterized by similar maxima with d = 3.42; 2.72; 2.53 A.
The phosphorus-containing phases of 2CaO - P,O, - with
d = 3.00; 3.22; 3.07 A. There are also minor peaks char-
acteristic of CaO - MgO - SiO, with d = 4.19; 3.67; 2.93 A.

Fig. 7 shows the results of X-ray phase analysis of cot-
trell dust.

Fig. 7 shows that cottrell dust is characterized by an
amorphous structure. This is quite convincingly evi-
denced by the very low intensity of the diffraction max-
ima of its phase components.

In the composition of cottrell dust, the phosphorus-con-
taining components of charge materials are characterized
by the following compounds:

Table 1 The main peaks based on the results of IR-spectral analysis of phosphorus sludge

Peak (cm™) Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
551.64 70.397 1.450 567.07 54778 2.895 0.183
594.08 71.895 3.159 601.79 582.50 2.628 0.171
798.53 72.926 6.141 844.82 675.09 18.336 1.924
910.40 69.549 0.622 914.26 848.68 8.734 0.156
1037.70 43.498 33.231 1330.88 956.69 58.967 29.642
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Fig. 4 IR spectral analysis of phosphorous sludge
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Table 2 The main peaks based on the results of IR-spectral analysis of cottrell dust

Peak cm™ Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area
802.39 55.531 2.873 837.11 698.23 32.552 1.483
906.54 53.253 1.879 929.69 40.96 23.297 0.730
952.84 53.666 1.542 975.98 933.55 11.214 0.265
1049.28 45.046 16.969 1330.88 979.84 68.973 14.459
1396.46 86.841 0.117 1404.18 1384.89 1.174 0.005
1454.33 86.599 0.269 1462.04 1442.75 1.190 0.011
1635.64 86.070 0.169 1639.49 1597.06 2721 0.025
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Fig. 5 IR spectral analysis of cottrell dust
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Fig. 6 X-ray diagram of phosphorous sludge
* 3Ca0 - P,0, with d = 3.22; 3.07; 3.00 A; There are also compounds of the type CaHPO, - 3.5H,0
* Ca/(PO,),F with d =3.06; 2.76 A; withd=2.24;1.96 A; and Ca [PO, - SiO, - SO,]CL(OH),0

with d = 1.95; 2.795; 2.83 A.
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Fig. 7 X-ray diagram of cottrell dust

The main amorphous phases of cottrell dust are calcium
silicate compounds CaO - SiO, with d = 7.7; 3.09; 2.01 A
and calcium aluminosilicates 2CaO - AL O, - SiO, with
d=3.44;2.53;2.19 A [22].

The generalized data on the chemical composition of
phosphorus sludge and cottrell dust obtained on the basis
of processing the results of SEM, XRD, and IR analyses
are given in Figs. 8 and 9.

The data from Figs. 8 and 9 clearly demonstrate the pres-
ence of basic and impurity compounds in the composition

Cl;0.11 i

CaS,; 1.02
Na,O; 0.94

K,O; 3.06

of the samples under study. The content of the main com-
ponent-phosphorus pentoxide in the composition of cot-
trell dust is an order of magnitude higher than that of phos-
phorus sludge. The presence of impurity compounds such
as MnO, ZnO, Na,O, Fe,0O,, CaS,, Al,O, in both samples

273
indicates the fertilizing value of these types of phosphorus

production waste. These types of waste can be used for the
production of NPK and PK fertilizers, since the composi-
tion has a sufficiently high content of K,O. Similar studies
provide data on the structural and chemical composition

mCa,(PO,)F
mCal
= MgO
= ALO,
uSio,
BK,0
B Na,0
mCaS,
» Fe,O,
MnO
uC
MgO; 2.96 Rl

= H,0
ALO,; 1.55

Fig. 8 Chemical composition of phosphorus sludge from Kainar LLP
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Zn0; 0.31_—
Fe,0,; 0.88
cas,; 0.56
Na,O; 0.55

m Ca,(PO,),F
= CaO
= MgO
ALO,
Sio,
K,O
Na,0
CaS,
Fe,O,
ZnO
= MnO
MgO; 1.29 mC

ALO,; 2.66

Fig. 9 Chemical composition of cottrell dust from Kazphosphate LLP

of phosphorus sludge. The results of these studies indi-
cate the presence of radioactive elements in the samples.
However, the content of these substances is within the
maximum permissible limits [23].

4 Conclusion

The results of the conducted research allow us to con-
clude that phosphorus sludge and cottrell dust are valuable
secondary phosphate raw materials, which are quite suit-
able for processing them into phosphorus, potassium-con-
taining complex mineral fertilizer. Moreover, as follows
from the analysis of X-ray diagram, phosphorus sludge
and cottrell dust have an amorphous structure. This fact
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