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Present study reports the isothermal experiments conducted at 30 °C to ascertain the solubility of copper, zinc and cobalt sulfates in
phosphoric acid. The solubility diagram of CuSO4-H;PO4-H,O system is shown to have one branch, this is equivalent to the discharge of
copper sulfate pentahydrate into the equilibrium solid phase. The solubility diagrams of zinc and cobalt sulfates have two branches of salt

saturated solutions in the ZnSO,-H;PO4-H,O and CoSO4-H;PO,4-H,O systems become more viscous and denser, reaching a maximum at

the transition point, while these indicators in the CuSO,-H3;PO,-H,O system only increase.
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| crystallization, corresponding to the release of hexahydrates and monohydrates of zinc and cobalt with increasing phosphoric acid content, |

INTRODUCTION

For normal growth and development of plants, various
nutrients are needed. Based on contemporary data, it has been
shown that around 70 elements are essential for plants to succ-
essfully undergo their developmental cycle and these elements
are irreplaceable by alternative substances [1,2]. Copper sulfate
pentahydrate is widely recognized as the foremost industrial
copper compound, with diverse applications encompassing
fungicides, soil additives and the manufacturing of copper
compounds in bulk for commercial purposes [3].

In addition to the main macronutrients, namely nitrogen,
phosphorous, potassium, calcium, magnesium and sulfur, micro-
elements are also essential for the optimal growth and develop-
ment of plants. The essential significance of fourteen trace
elements has been firmly established. These include copper,
zinc, cobalt, nickel, manganese, molybdenum, boron, efc., which
part of enzymes, vitamins, hormones, segments and other com-
pounds that affect life processes. An increase in the application
rates of the main nutrients-nitrogen, phosphorus and potassium
has practically no effect on increasing the yield [4], in particular,

of cotton [5,6]. The global demand for microelements contain-
ing fertilizers is on the rise, leading to an expansion in their
production and consumption worldwide [7]. Trace elements
are commonly employed in traditional agricultural practices,
specifically through pre-sowing treatment of seeds and foliar
feeding of plants at different stages of their growth [8,9].
There is an established data, which supports the claim that
microelement use in agriculture is highly effective. More and
more attention is being paid to the issue of making and using
fertilizers with trace elements. Many variables, including the
widespread adoption of innovative farming practices including
rock irrigation, hydronomics and foliar feeding of plants, are
responsible for this uptick in quality and output [10]. One of
the most promising, agrochemicals and economically viable
ways of using microelements is their introduction into the comp-
osition of mineral fertilizers [ 11-13]. At the same time, the quality
indicators of raw cotton are improved and productivity is incre-
ased. The costs associated with their production, transportation,
storage, and use are minimized and a uniform distribution of
micro-components across the entire sown area is achieved. Hence-
forth, this work has focused on incorporating the sulfate salts of
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trace elements like copper, zinc and cobalt into the phos-phoric
acid to create phosphate fertilizers with these nutrients. In order
to achieve the intended objective, a comprehensive inves-tigation
was conducted on various systems, which comprises copper
sulfate, cobalt sulfate, zinc sulfate and phosphoric acid at 30
°C.

EXPERIMENTAL

In order to conduct an analysis of the mineral composition
of zinc, a quantity of 200 mg of suspension was measured
using an analytical balance (FA220 4N). The mineralization
process was performed using a mineralization machine (MILE-
STONE Ethos Easy, Italy). In test tube, 200 mg of sample, 2
mL of H,O, and 6 mL of HNO; were thoroughly mixed, which
acted as an oxidizing agent and the whole mixture underwent
mineralization within 40 min. After the mineralization process,
the solution was subsequently transferred into an Erlenmeyer
flask and diluted with 40 mL of distilled water.

Finally, the flask with the sample mixture was transferred
to a separate tube in a automation section and analyzed using
inductively coupled techniques. Determination of Zn was per-
formed by using the X-ray fluorescence analysis method [14,15].
This approach can be repeated with high precision and minimal
impact on the environment in order to ascertain the Zn concen-
tration.

Solid phases were identified by chemical, X-ray phase, IR
spectroscopic, X-ray fluorescence, atomic absorption and micro-
scopic methods of analysis. All the X-ray samples were processed
on Jindao XRD-6100, which can perform X-ray intensity
analysis, crystallization analysis, stress analysis and retained
austenite analysis. The utilization of the diffractometer XRD-
6100, in conjunction with the vertical goniometer theta-20,
has been designated as the primary approach for resolving a
the peaks in the studied systems.

RESULTS AND DISCUSSION

At 30 °C, copper sulfate-phosphoric acid-water system
was investigated using the isothermal solubility method. The
fist phase of crystallization in the system’s solubility diagram
at 30 °C represents the release of copper sulfate pentahydrate
into the equilibrium solid phase (Fig. 1). The solubility of copper
sulfate reduces from 20 wt.% to 7.77 wt.% when phosphoric
acid was introduced to the saturated solutions (Table-1). How-
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Fig. 1. Solubility isotherm of CuSO,-H;PO,-H,O system at 30 °C

ever, the solubility of copper sulfate does not change even when
the concentration of phosphoric acid is increased to 31.40%
or higher in terms of phosphoric anhydride.

The saturated solutions of copper sulfate, phosphoric acid,
and water at 30 °C show that the density (Fig. 2a) and viscosity
(Fig. 2b) of these solutions increase with increasing phosphoric
acid content. The first curve in the graph depicts the process
of crystallization of zinc sulfate hexahydrate, while the second
branch corresponds to the introduction of zinc sulfate mono-
hydrate into the solid phase. The conversion of zinc sulfate
hexahydrate to zinc sulfate monohydrate occurs upon the
addition of phosphoric acid to a saturated solution of zinc sulfate
in its solid state (Table-2). The solubility of zinc sulfate reduces
as the concentration of phosphoric acid increases. The conver-
sion of zinc sulfate from hexahydrate to monohydrate occurs
when the ratio of ZnSO4:P,Os was 22.39%:26.60% [16].

Moreover, in ZnSO,-H;PO,-H,O and the CoSO4-H3PO,-
H,O ternary systems also have two curves of crystallization
on their isotherms at 30 °C (Fig. 3). The cobalt sulfate hexa-
hydrate was released into the solid phase along the first cruve
and the cobalt sulfate monohydrate crystallization is repres-

TABLE-1
SOLUBILITY DATA OF CuSO,-H;PO,-H,0 SYSTEM AT 30 °C
Comppsition Liquid phase’s composition (wt.%) Solid’s “residue” composition (wt.%) o (efem’) 1 (eS) Salbcl s
points P,0; CuSO, P,0O; CuSO,
1 5.61 16.87 0.75 57.24 1.2704 - CuSO,-5H,0
2 9.55 14.60 1.32 55.39 1.2837 - CuSO,-5H,0
3 14.29 12.36 3.62 50.42 1.3139 2.9790 CuSO,-5H,0
4 18.51 10.53 6.35 46.03 - - CuSO,-5H,0
5 24.40 8.89 8.22 44.85 1.3647 3.6840 CuSO,-5H,0
6 28.92 8.18 8.38 47.84 1.4097 3.8910 CuSO,-5H,0
7 31.40 7.79 8.12 49.20 1.4248 4.3571 CuSO,-5H,0
8 34.70 7.77 7.75 51.00 1.4598 4.9108 CuSO,-5H,0
9 37.99 7.77 10.09 48.53 - 5.7003 CuSO,-5H,0
10 42.60 7.77 9.07 52.18 1.5598 8.0986 CuSO,-5H,0
11 60.05 7.77 18.51 46.50 — — CuSO,-5H,0
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Fig. 2. Change in (a) viscosity and (b) density of the saturated solutions in the ZnSO.-H;PO.-H>O (1), CoSO,-H3PO4-H>O (2) and CuSO.-
H;PO,-H,O (3) systems at 30 °C

TABLE-2
SOLUBILITY DATA OF ZnSO,-H;PO,-H,0 SYSTEM AT 30 °C
.. Liquid phase’s Solid’s “residue”
Comp.o stmon composition (wt.%) composition (wt.%) P (g/cm®) u (cSt) Solid phase
potnts P.0. ZnSO, P.0. ZnS0,
1 2.32 37.70 0.70 52.96 1.5335 7.969 ZnSO,-6H,0O
2 6.55 35.04 2.40 49.97 1.5496 - ZnSO,-6H,0
3 11.25 32.95 3.18 51.06 1.5678 9.739 ZnSO,-6H,0
4 15.83 30.36 3.99 52.31 1.5865 11.359 ZnSO,-6H,0O
5 22.39 26.60 2.25 67.86 1.6211 13.778 ZnS0,-6H,0 + ZnSO,-H,0
6 22.98 24.51 6.13 72.63 1.5900 - ZnSO,H,O
7 25.07 22.04 6.13 74.09 1.5972 12.709 ZnSO,-H,0
8 27.41 19.19 6.69 73.19 1.5812 - ZnSO,-H,0
9 30.57 17.05 6.68 73.53 1.5702 10.319 ZnSO,H,O
10 36.95 12.21 11.46 65.88 - - ZnSO,H,O
11 43.40 8.39 15.09 61.08 - 9.134 ZnSO,H,O
12 54.40 4.67 17.59 62.07 - - ZnSO,-H,0
13 59.40 3.44 17.86 63.63 - - ZnSO,-H,0
TABLE-3
SOLUBILITY DATA OF CoSO,-H;PO,-H,0 SYSTEM AT 30 °C
.. Liquid phase’s Solid’s “residue”
Comp.o stmon composition (wt.%) composition (wt.%) D (g/cm®) u (cSt) Solid phase
potnts P,0. CoSO, P,0. CoSO,

1 3.71 24.98 0.63 52.50 1.3 693 3.6733 CoSO,-6H,0
2 9.38 22.44 2.79 49.67 1.3705 3.9785 Co0SO,-6H,0
3 15.62 18.85 3.95 48.63 1.3867 4.2481 Co0SO,-6H,0
4 22.14 15.49 6.03 47.30 1.4213 4.9900 Co0SO,-6H,0
5 30.73 13.04 2.89 54.83 1.5618 6.7340 Co0SO,-6H,0
6 36.24 12.50 14.034 8.19 1.6886 8.3385 Co0S0,-:6H,0 + CoSO,-H,0
7 38.63 8.85 10,04 67.48 1.6482 6.6923 CoSO,-H,0O
8 42.58 5.07 11.85 65.93 1.5908 5.1495 CoSO,-H,0
9 46.69 3.27 15.60 60.62 - - CoSO,-H,O
10 51.84 2.15 15.01 63.98 - - CoSO,-H,0
11 63.82 2.13 19.45 62.57 - - CoS0O,-H,0
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Fig. 3. Solubility isotherm of the (a) ZnSO.-H;PO,-H,O and (b) CoSO,-H;PO,-H,0 system at 30 °C
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