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Abstract. The smelting of off-grade ilmenite concentrates from the Obukhovskoye deposit results in the generation of sig-
nificant quantities of reduced iron, which presents an opportunity for its utilization in the production of iron oxide pigments.
The transformation of industrial waste into value-added materials aligns with contemporary trends in sustainable materials
science. This study investigates the precipitation of divalent iron from sulfuric and hydrochloric acid solutions using ammonia
to form goethite, focusing on the influence of magnesium impurities on the precipitation process. The presence of magnesium
was found to inhibit the formation of goethite, leading to a significant reduction in pigment yield and quality. A ferriferous
solution was prepared by dissolving finely divided reduced iron in sulfuric acid, followed by the precipitation of iron oxides
using a 25% ammonia solution. The synthesized iron oxide pigment was further refined through hydrogen peroxide treatment,
ensuring a more uniform pigment composition and improved color stability. This approach offers a viable method for the recy-
cling of industrial by-products while simultaneously addressing environmental concerns related to waste disposal. The findings
contribute to the advancement of resource-efficient pigment synthesis techniques, demonstrating the potential for utilizing

metallurgical waste as a precursor for high-quality iron oxide pigments suitable for various industrial applications.
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1. Introduction

Iron oxide-based pigments play a crucial role across vari-
ous industries and scientific fields due to their unique physi-
cochemical properties, high stability, and broad color spec-
trum, which can be derived from both natural and synthetic
sources. However, synthetic pigments, particularly those
based on iron oxides, offer several advantages that signifi-
cantly expand their applications while ensuring consistent
product quality [1,2].

Yellow iron oxide (a-FeOOH), also known as goethite, is
one of the most significant pigments in industrial applications.
Its distinctive properties provide a stable yellow color, making
it highly sought after in the production of paints, coatings,
plastics, and even cosmetics [3]. An essential aspect of goe-
thite’s application is its thermal stability and chemical inert-
ness, which render it preferable for use in environments ex-
posed to external factors such as ultraviolet radiation and at-
mospheric conditions. In the construction industry, yellow iron
oxide is extensively used for coloring concrete and bricks,
owing to its superior resistance to fading and color stability
under aggressive environmental conditions [4].

Red iron oxide (a-Fe20s), commonly known as hematite,
is one of the most widespread and in-demand pigments due
to its vibrant red hue. In industrial applications, hematite
serves not only as a pigment but also as a catalyst in chemi-
cal reactions and an active material in energy storage sys-

tems, including lithium-ion batteries and supercapacitors.
From a chemical standpoint, a-Fe.Os exhibits exceptional
chemical stability, making it indispensable in the production
of durable coatings and construction materials [5,6]. Fur-
thermore, its use in cosmetics and pharmaceuticals is at-
tributed to its non-toxicity and safety, which is particularly
critical when developing products that come into direct con-
tact with human skin.

Black iron oxide (FesO4), commonly known as magnetite,
stands out among iron oxide-based pigments due to its intrin-
sic magnetic properties. This characteristic expands its poten-
tial applications in high-tech industries, including the pro-
duction of magnetic data storage devices, such as magnetic
tapes and hard drives [7-10]. Additionally, FesO. is widely
used in the manufacturing of toners for printing devices,
attributed to its ability to achieve uniform pigment particle
distribution on surfaces.

Magnetite has also found extensive applications in medi-
cine, particularly in magnetic resonance imaging (MRI),
where it serves as a contrast agent. Moreover, it is utilized in
targeted drug delivery systems, where its high biocompatibil-
ity and surface functionalization capabilities enable its inte-
gration into nanomedicine, opening new prospects for diag-
nostics and therapy [11-13].

Synthetic iron oxide pigments offer distinct advantages
over their natural counterparts [14]. Firstly, they ensure color
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purity and stable, reproducible quality, which is particularly
crucial for manufacturing processes requiring precise color
control. Secondly, the ability to fine-tune the physicochemi-
cal properties of synthetic pigments allows for the develop-
ment of materials with tailored characteristics, including
high-temperature stability, chemical resistance, and fade
resistance. This makes synthetic pigments highly preferable
in industries such as high-performance paint and coating
production, especially for applications under extreme operat-
ing conditions [15-18].

The incorporation of iron oxides into construction mate-
rials is driven by their high resistance to atmospheric factors
and ultraviolet radiation. Concrete, bricks, and building mor-
tars pigmented with iron oxides exhibit long-lasting durabil-
ity and color retention over extended periods. This aspect is
particularly important in architectural projects and urban
infrastructure development, where both longevity and aes-
thetic appeal are critical factors [19].

In pharmaceutical and cosmetic industries, iron oxide
pigments are employed due to their non-toxicity and safety
for human health. These pigments are widely used in decora-
tive cosmetics, such as eyeshadows, blushes, and lipsticks,
where high purity and color stability are essential. In phar-
maceuticals, iron oxides are used for tablet and capsule col-
oring, facilitating medication identification and enhancing
consumer appeal [20-24].

Particular attention should be given to the use of iron ox-
ides in specialized fields, such as ceramics, magnetic coat-
ings, and toners. In ceramic manufacturing, iron oxide pig-
ments are employed to create durable-colored glazes and
enamels that retain their hues even after high-temperature
firing [25,26]. In the production of magnetic coatings, iron
oxides play a key role due to their ferromagnetic properties,
making them indispensable for hard drives and magnetic
tapes. Furthermore, in toner production for laser printers and
copiers, iron oxides are utilized for their uniform distribution
properties and strong adhesion to paper surfaces.

In summary, iron oxide-based pigments, both natural and
synthetic, have a vast range of applications across multiple
industries, including construction, chemical, pharmaceutical,
and cosmetic sectors [27]. However, synthetic pigments, due
to their high purity, stability, and reproducibility, open new
avenues for the development of high-performance materials.
Future research on iron oxide pigments will focus on the
development of novel functional materials with enhanced
properties, ensuring even broader applications in science and
technology [28,29].

Investigating and developing new methods for obtaining
iron-containing pigments from chemical and metallurgical
waste is a highly relevant and pressing challenge for modern
science and industry. In recent years, significant attention has
been given to utilizing industrial waste as raw materials for
the synthesis of high-quality pigments, which not only re-
duces production costs but also addresses waste disposal and
recycling issues, contributing to environmental sustainability.
Iron-containing pigments, such as hematite (a-Fe:0s) and
other iron oxides, exhibit high stability, corrosion resistance,
and a broad spectrum of applications, making them indispen-
sable across multiple industrial sectors [30].

The utilization of ferrous sulfate (FeSO.) waste, accumu-
lated during chemical and metallurgical processes, for the
synthesis of iron-containing pigments is a promising research
direction. It is well established that the two-stage synthesis

method for iron red pigment from long-term stored ferrous
sulfate waste involves the stages of purification and precipita-
tion [31]. The first stage-purification of ferrous sulfate waste is
a crucial procedure to obtain high-quality raw materials suita-
ble for further use. Modern purification methods, including the
application of microwave reactors, significantly accelerate and
enhance the efficiency of iron salt purification, representing a
key step in achieving high-purity final products.

The use of a microwave reactor for the synthesis of iron
oxide-based pigments allows for a substantial reduction in
the phase transition temperature of goethite (a-FeOOH) to
hematite (a-Fe.0s). While traditional methods require tem-
peratures of approximately 500°C, the microwave method
reduces this threshold to 170°C, thereby eliminating the need
for additional thermal processing or calcination. This repre-
sents a significant breakthrough not only in terms of energy
efficiency but also in improving the physicochemical proper-
ties of the synthesized materials. Lowering the synthesis
temperature reduces the formation of pigment agglomerates,
directly influencing its quality and coloration ability. As a
result, the synthesized materials exhibit more stable and
homogeneous characteristics compared to commercial ana-
logs, as confirmed by several studies [32].

The synthesis of pigments from ferrous sulfate waste has
proven to be highly efficient and serves as an effective solu-
tion for industrial waste recycling. This approach offers
broad prospects for the industrial-scale production of iron-
based pigments, which can be applied in construction materi-
als, paint and coating industries, and several other sectors.
Laboratory studies indicate that synthesized pigments exhibit
notable advantages over commercial products, making their
utilization highly attractive from both technological and
economic standpoints [33].

Another important development is the production of anti-
corrosion pigments based on hematite derived from steel
industry waste. A specific method has been developed for
obtaining pigments from powdered residues formed during
the rolling of reinforcement steel, including the use of rust
and mill scale [34]. These waste materials typically contain a
high percentage of iron oxides, primarily Fe.Os, along with
other oxide impurities such as SiOz, CaO, Al:Os, and MnO,
which may influence the final pigment properties. Notably,
the initial waste material contains various crystalline phases
of iron oxides, including magnetite, maghemite, lepido-
crocite, wiistite, goethite, and hematite. The presence of these
phases highlights the complex structure and rich composition
of the raw materials, necessitating precise control over tem-
perature conditions and retention time during calcination to
produce a homogeneous pigment with high hematite content.

The pigment synthesis process involves calcining the raw
material at different temperatures, allowing for the regulation
of hematite content in the final product. The highest hematite
concentration (0-Fe20s) is achieved by calcination at 850°C
for 1 hour, emphasizing the need to optimize processing
conditions to obtain the highest-quality pigment. This meth-
od is highly efficient, enabling the production of anticorro-
sion pigments with enhanced properties. This is particularly
critical for applications in aggressive environments where
corrosion resistance is essential.

Thus, modern methods for producing iron-containing pig-
ments from industrial waste represent a critical advancement
in the development of recycling technologies and the utiliza-
tion of secondary resources. These methods not only address
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waste disposal issues but also contribute to the creation of new
materials with superior performance characteristics, making
them highly valuable across various scientific and industrial
fields. The implementation of such methods can significantly
reduce production costs, improve product quality, and mini-
mize environmental impact, making these innovations highly
promising for future industrial applications.

2. Materials and methods

2.1. Precipitation of pure components from iron-
containing acidic solutions

Currently, the processing of titanium-containing concen-
trates (titanomagnetite, ilmenite, rutile) with high chromium,
vanadium, and manganese content is gaining increasing
relevance in global industrial practice [14].

The object of this study was model iron-containing acidic
solutions.

Analysis Methods: X-ray phase analysis of the sludge
was performed using a D8 Advance diffractometer
(BRUKER) with Cu-Ko radiation. The obtained diffraction
data were processed and interplanar spacing calculations
were carried out using EVA software. Sample decoding and
phase identification were performed using the Search/Match
program with the ASTM Card Database.

X-ray fluorescence analysis was conducted using a wave-
length-dispersive spectrometer Venus 200 (PANalytical
B.V., Netherlands).

The chemical composition of the samples was determined
by optical emission spectrometry with inductively coupled
plasma (ICP-OES) using an Optima 2000 DV spectrometer
(Perkin Elmer, USA).

Experimental Procedure: The following equipment was
used for the experiments: pH meter Mark 901 (Russia), La-
boratory hot plate Arec Velp (Italy), Magnetic stirrer Stirer
ES Velp (Italy). Model solutions of 0.1N hydrochloric acid
(pH 1.2) and 0.1N sulfuric acid (pH 1.34) were prepared.
Ferrous sulfate heptahydrate (FeSO+x7H20) was added to the
solutions in the required quantity to achieve an iron concen-
tration of 50 g/L. After the addition of ferrous sulfate hep-
tahydrate, the pH of the hydrochloric acid solution increased
to 1.61, while the sulfuric acid solution reached 1.7. The
hydrochloric acid solution was acidified to pH -1.0 using
10% HCI, and the sulfuric acid solution was adjusted to pH -
1.0 with 10% H2SOa.

The precipitation of iron oxides from these solutions was
carried out by the gradual addition of a 25% ammonia solu-
tion at temperatures ranging from 25°C to 55°C. A 250 mL
heat-resistant beaker containing the prepared model solution
was heated to the required temperature using a laboratory hot
plate, while stirring at 200 rpm. Ammonia was added drop-
wise using a glass pipette until the pH reached 3. The result-
ing solution with the precipitate was filtered, and the solid
residue (cake) was dried at 105°C for 2 hours.

3. Results and discussion

The results of precipitation experiments from hydrochloric
acid solutions are presented in Table 1. Fe**O(OH). When the
temperature was increased to 55°C, somalnokite (syn. e-
Fe:0s, iron (II) oxide) was formed. Similar precipitation
experiments were conducted using sulfuric acid solutions,
adjusting the pH to 4.5. The results of iron oxide precipitation
using a 25% ammonia solution from sulfuric acid solutions in
the temperature range of 25-55°C are presented in Table 2.

According to the X-ray phase analysis results, the pre-
cipitates obtained over the entire temperature range were
identified as bernallite Fe**(OH)s.

The third series of experiments involved the precipitation
of iron oxides from an iron-hydrochloric acid solution, in
which MgCl. was added to obtain a magnesium concentra-
tion of 10.1 g/dm?, with an initial solution pH of -1. The
precipitation process was conducted at temperatures ranging
from 25 to 55°C, with the addition of a 25% ammonia solu-
tion to adjust the pH to 4.5. The experiment lasted for 4
hours. The solution containing the precipitate was filtered,
and the precipitate was dried at 105°C for 2 hours. The re-
sults of these experiments are presented in Table 3.

Table 4 shows the changes in X-ray phase analysis as the
temperature of iron oxide precipitation increases.

Due to the high content of the amorphous component, X-
ray fluorescence analysis could not be performed on the
precipitates obtained at 25°C and 35°C. In the precipitate
obtained at 45°C, goethite Fe**O(OH) and magnesium sulfate
hydrate MgS0.x2H.O were identified. The precipitate ob-
tained at 55°C contained goethite Fe**O(OH) and iron oxide
Fe20s;, with traces of MgS0O.x1.25H.0 also detected. The
presence of magnesium sulfate hydrate is attributed to insuf-
ficient washing of the precipitate and the presence of an
amorphous phase.

Table 1. Results of iron oxide precipitation from hydrochloric acid solutions

Cake
weight, g

Name Temperature,
°C

Initial Solution

25% Ammonia Solution

Obtained

Precipitate

Solution

25% Ammonia Solution

Obtained

Precipitate

Solution

25% Ammonia Solution

Obtained

Precipitate

Solution

25% Ammonia Solution

Obtained

Precipitate

Solution

25

3.28

35

3.48

45

3.24

55

3.2

10

Volume, Fe Mg
ml g/dm? wt.% g/dm? wt.%
1000 50 100 0.11 100
36
36.1 2.4 0.03 0.9
1000 48.8 97.6 0.107 99.1
36
42.12 2.9 0.028 0.9
1000 48.53 97.1 1.07 99.1
36
40.8 2.6 0.019 0.6
1000 48.68 97.4 0.1073 99.4
36
43.83 2.8 0.014 0.4
1000 48.6 97.2 1.075 99.6
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Table 2. Results of iron oxide precipitation from sulfuric acid solutions

Tempera- Cake Fe Mg

Name turer,J °C weight, g Volume, mi g/dm? wt.% g/dm? wt.%
Initial solution 1000 50 100 0.128 100
25% ammonia solution 25 30
Obtained
Precipitate 3.72 32.94 2.5 0.018 0.5
Solution 1000 48.8 97.5 0.128 99.5
25% ammonia solution 35 30
Obtained
Precipitate 3.44 34.7 24 0.023 0.6
Solution 1000 48.8 97.6 0.131 99.4
25% ammonia solution 45 30
Obtained
Precipitate 6.64 33.22 4.4 0.014 0.12
Solution 1000 47.8 95.6 0.192 99.88
25% ammonia solution 55 30
Obtained
Precipitate 4.44 31.6 2.81 0.142 0.7
Solution 1000 48.6 97.19 0.054 99.3

Table 3. Results of iron oxide precipitation from hydrochloric acid solutions in the presence of magnesium chloride

Name Precipitation, Prec_ipitate Volume, Fe Mg
temperature, °C weight g ml g/dm? wt.% g/dm? wt.%

Initial solution 10000 50 100 10.1 100

25% ammonia solution 25 14 - - - - -

MgClz 40 - - - - - -

Obtained - - - - - - -

Precipitate - 3.28 - 27.35 19 2.60 0.9

Solution - 10000 - 49.0 97.1 10.3 99.1

25% ammonia solution 35 14 - - - - -

MgClz 40 - - - - - -

Obtained - - - - - - -

Precipitate - 3.48 - 34.3 2.7 2.96 12

Solution - 10000 - 48.6 97.3 10.08 98.8

25% Ammonia solution 45 14 - - - - -

MgClz 40 - - - - - -

Obtained - - - - - - -

Precipitate - 3.24 - 25.9 1.3 3.87 2.25

Solution - 10000 - 48.5 96.9 9.89 97.75

Initial solution - - 10000 50.0 100% 10.1 100%

25% ammonia solution 25 14 - - - - -

MgClz 40 - - - - - -

Obtained - - - - - - -

Precipitate (wt.%) - 3.28 - 27.35 19 2.60 0.9

The precipitation process was carried out within the tem- Table 4. Results of X-ray phase analysis of precipitates in the

perature range of 25-55°C, with the addition of ammonia to presence of magnesium chloride in the temperature range of 25-55°C
adjust the solution pH to 4.5. The duration of the experiment Precipitation tempera- Amorphous phase Crystalline phase
was 4 hours. The solution containing the precipitate was ture, °C content, % content, %
filtered by gravity, and the precipitate was dried at 100°C for gg ;ig gég
two hours. The results of these experiments are presented in 45 509 491
Table 5. 55 58.8 412

Table 5. Results of iron oxide precipitation from sulfuric acid solutions in the presence of magnesium sulfate

Name Precipitation temper- = Precipitate Volume, Fe Mg
ature, °C weight, g ml g/dm? wt.% g/dm®  wt%
Initial solution 10000 50.0 100 10.0 100
25% ammonia solution 25 50 - - - - -
MgSOs 50 - - - - - -
Obtained - - - - - - -
Precipitate - 3.24 - 30.7 2.0 1.27 0.9
Solution - 10000 - 48.08 96.2 9.89 98.1
25% ammonia solution 35 50 - - - - -
MgSOs 50 - - - - - -
Obtained - - - - - - -
Precipitate - 3.08 - 345 23 0.97 0.7
Solution - 10000 - 479 97.8 9.86 99.3
25% ammonia solution 45 50 - - - - -
MgSOs 50 - - - - - -
Obtained - - - - - - -
Precipitate - 3.24 - 28.6 2.0 1.27 0.9
Solution - 10000 - 47.90 97.3 9.99 99.2
25% ammonia solution 55 50 - - - - -
MgSOs 50 - - - - - -
Obtained - - - - - - -
Precipitate - 4.32 - 30.6 22 0.95 0.6
Solution - 10000 - 477 97.3 9.94 99.8

11
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Table 6 shows the changes in X-ray phase analysis as the
temperature of iron oxide precipitation increases. The precip-
itates obtained within the temperature range of 25-55°C
contain goethite Fe**O(OH) with an admixture of magnesium
sulfate hydrate MgSQOax1.25H-0.

Table 6. Results of X-ray phase analysis of precipitates in the
presence of magnesium sulfate in the temperature range of 25-55°C

Precipitation tempera- = Amorphous phase Crystalline phase con-

ture, °C content, % tent, %
25 64.5 35.4
35 63.0 37.0
45 52.2 47.8
55 50.5 49.5

Thus, from pure model acidic iron-containing solutions,
within the temperature range of 25-55°C, crystalline goethite
and iron oxide is precipitated. However, in the presence of
magnesium ions, the precipitation process results in a signifi-
cant portion of amorphous precipitate, while the crystalline
fraction consists of goethite and iron oxide.

3.1. Production of iron oxide pigment from the magnetic
fraction of roasted titanium-containing product

To investigate the possibility of obtaining pigment, a
batch of reduced iron obtained through the pyrometallurgical
processing of ilmenite concentrate was selected. Table 7
presents the X-ray fluorescence composition of the metal.
The material consisted of variously shaped droplet-like iron
ingots, which were crushed and sieved through four meshes
with apertures of 2 mm, 1 mm, 0.5 mm, and 0.1 mm. The
results of the fractional analysis are shown in Table 8.

Table 7. X-ray fluorescence composition of reduced iron

Element Content, % Error Margin, +36

Fe 95.74 0.14

Cr 0.17 0.086

P 0.329 0.043

Si 0.192 0.063
Mn 0.162 0.071
Cu 0.064 0.021

\Y 0.039 0.023
Nb 0.024 0.004

Sn 0.021 0.02

Table 8. Fractional analysis of crushed metal

Class Content, %
+2 mm 3.6
-2+1 mm 4.9
-1+0,5 mm 18.0
-0,5+0,1 mm 735
Total: 100.0

The fine fraction was retained for pH adjustment, while
the coarse fraction (+1-0.5 mm, 20 g) was placed in a beak-
er, and 200 mL of 15% sulfuric acid solution was added. The
mixture was leached at room temperature until the complete
dissolution of metallic iron. Throughout the mixing process,
pH measurements were conducted and maintained at 1. If the
pH increased, sulfuric acid was added dropwise, whereas if
the pH dropped to 0, fine iron fraction was supplemented.

The total sulfuric acid consumption amounted to 12 mL.
The solution was filtered, yielding 2.52 g of solid residue
(cake) and 250 mL of solution with an iron content of 67.3
g/L. From this solution, 3.12 g of iron was precipitated using
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6 mL of ammonia. A light brown goethite was obtained with
impurities, and the composition of its main components is
provided in Table 9. Figure 1 presents a photograph of hema-
tite derived from the dried goethite.

Table 9. Chemical composition of goethite, wt.%

C‘r’]';“npto' Fe Mg Al 'Si Mn V Cr Co Ga As O
Wt% |43.4/0.033 0.013 0.06 0.05 0.13/0.1 0.083 0.012 0.007 56.11

Figure 1. Light brown hematite

Thus, goethite with impurities was obtained, serving as a
precursor for pigment production.

The practical synthesis procedure for yellow iron oxyhy-
droxide pigment from hematite using hydrogen peroxide
involves several critical stages. First, 30 g of hematite pow-
der is suspended in 600 mL of distilled water and heated to
35-40°C. Maintaining a precise temperature range is crucial
for optimal reaction kinetics. Subsequently, 60 mL of 30%
hydrogen peroxide is slowly added over 10-15 minutes under
continuous stirring to ensure uniform oxidation and prevent
rapid gas evolution. The mixture is then held at the target
temperature for 30-60 minutes, allowing for the formation of
iron oxyhydroxide, indicated by the gradual yellowing of the
suspension. Upon completion of the reaction, the mixture is
slightly cooled, and the solid pigment is separated from the
liquid phase by filtration. The collected yellow pigment is
dried at 120°C for two hours to remove residual moisture and
stabilize its structure. This controlled drying process is essen-
tial to achieve the desired crystalline and chemical stability
of the final product.

To ensure the scientific validity of the procedure, the
dried pigment undergoes X-ray diffraction (XRD) analysis to
confirm its crystalline phases, verifying the successful for-
mation of iron oxyhydroxide. The results of the X-ray struc-
tural analysis of the iron oxide pigment are presented in
Figure 2, while Figure 3 provides a photograph of the ob-
tained pigment.

PDF 01-076-4579 Hematite, syn Fe203 - 100%

Intensity, (a.u.)

10 20 40 50 60 70 80 9%

2Theta(degree)

Figure 2. X-ray diffraction pattern of hemtite pigment
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Currently, the primary consumers of iron oxide pigments
are the construction materials industry. Established produc-
tion processes include bulk-colored paving tiles manufac-
tured using the «Besser» technology, colored wall blocks,
colored bricks, colored chalk, gypsum, plasters, and other
related products.

Figure 3. Yellow iron oxide pigment

Considering that classical methods of pigment production
are energy-intensive due to the high cost of reagents and the
complex processing schemes for iron oxides, there is an
increasing demand for simplified technologies. These alter-
native methods facilitate the production of pigments with a
diverse color palette by utilizing various industrial waste
streams as raw materials, making them highly relevant in the
current industrial landscape.

4, Conclusions

The results of X-ray fluorescence analysis of the precipi-
tates obtained during iron oxide precipitation from hydro-
chloric acid solutions in the temperature range of 25-45°C
indicate that the precipitate consists of goethite Fe**O(OH).
With an increase in temperature to 55°C, somalnokite (g-
Fe:0s, iron(Ill) oxide) is formed.

According to the X-ray phase analysis of the precipitates
obtained from sulfuric acid solutions, bernallite Fe**(OH)s was
the dominant phase throughout the entire temperature range.

During iron oxide precipitation from hydrochloric acid
solutions in the presence of magnesium chloride, an increase
in temperature led to a decrease in the amorphous fraction
and an increase in the crystalline phase content.

Due to the high amorphous content, X-ray fluorescence
analysis could not be performed on precipitates obtained at
25°C and 35°C. The precipitate obtained at 45°C was identi-
fied as goethite Fe**O(OH) and magnesium sulfate hydrate
MgS04x2H20. The precipitate obtained at 55°C contained
goethite Fe**O(OH) and iron oxide Fe:0s, with traces of
MgS04x1.25H-0 also detected. The presence of magnesium
sulfate hydrate is attributed to insufficient washing of the
precipitate and the presence of an amorphous phase.

In iron oxide precipitation from sulfuric acid solutions in
the presence of magnesium sulfate, a temperature increases
also led to a decrease in the amorphous fraction and an in-
crease in the crystalline phase content. The precipitates ob-
tained in the temperature range of 25-55°C contained goe-
thite Fe**O(OH) with an admixture of magnesium sulfate
hydrate MgSOax1.25H20.
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From pure model acidic iron-containing solutions in the
temperature range of 25-55°C, crystalline goethite and iron
oxide was precipitated. However, in the presence of magne-
sium ions, a significant portion of the precipitate was amor-
phous, while the crystalline fraction consisted of goethite and
iron oxide.

The dissolution of the +1-0.5 mm fraction of reduced
iron in a 15% sulfuric acid solution at room temperature and
pH 1 was followed by iron oxide precipitation using a 25%
ammonia solution. The resulting product was goethite with
impurities, serving as a precursor for pigment production.

To obtain yellow iron oxide pigment, hematite powder
was suspended in distilled water and heated to 35-40°C.
Once the target temperature was reached, 30% hydrogen
peroxide was slowly added under constant stirring, followed
by a 30-60-minute reaction period. The precipitate was then
separated by filtration and dried at 120°C for two hours.
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NabMeHUT 0aJKBIMACBIHBIH METAJJI Kypamaac 0eJIirineH TeMip
OKCHU/ITI MUTMEHT aJIy

B.K. Kemxanues, A.A.Yisrapakosa’, H.I'. Jloxosa, K.K. Kaceivkanos, A.O. Mykanraniesa
Memannypeus scane Ken 6ativimy uncmumymol, Aimamvl, Kazaxcman
*Koppecnonoenyus ywin asmop: Ult.alma@mail.ru

Angarna. OOyXoB KEH OpHBIHBIH KOHIHWIMSIBIK €MeC HJIBMEHUT KOHIEHTPATTAphIH OAalKBITY KaJIbIHA KEeNTipireH
TemipaiH enoyip MemepiHiH maiiga 60IysIHA OKenei, Oy OHBI TeMip OKCHIlI MUTMEHTTEPiH OHIIpYyIe KOIAaHyFa MYMKIHIIK
Oepeni. OHEPKACINTIK KaJIABIKTApAbl KOCBIIFAH KYHBI Oap MaTepuaigapra alHaIABIpy TYpaKThl MaTepUalITaHy CallaChIHIAFHI
Ka3ipri TeHISHIMsJIapFa Coiikec Kelemi. by 3epTTey MarHwii KOCHaJapBIHBIH TYHABIPY TPOIECiHE ocepiHe epeKie Hazap
ayJgapa OTBIPBIN, TETHT TY3y YLIIH aMMHAKTHl KOJaHA OTBIPHIN, KYKIPT JKOHE TY3 KBIIIKBULAAPBIHBIH EpIiTIHAUIEpIHEH eKi
BaJIeHTTI TeMip/iH TYHABIPBUTYBIH 3epTTelal. MarHuiiaiy OOMybl TEeTUTTIH TY3UTyiH TEXEHTiHI aHBIKTaNAbL, OYJ NMUTMEHTTIH
OHIM/IITITT MEH CamachIHBIH aiTapibIKTall ToMeHaeyine okeneai. Kypambinaa temip 6ap epiTiHai KYKIPT KBIIIKBUIBIHAA YCAK
YHTaKTajFaH KallblHAa KEJITIPUIreH TeMIpAi epiTy apKbUIbl, COojaH KeiiH 25% aMMHuak epiTiHAICIH NMaijanaHbll TeMmip
OKCUATEPIH TYHIBIPY apKbUIbl AaiibiHaanabl. CHHTE3/IeIreH TeMip OKCUAl MUTMEHTI CYTeTi aCKbIH TOTBIFBIMEH OHJEY apKbLIbI
OJlaH 9pi Ta3apThUIABI, OYJl MUTMEHTTIH OIPTEKTI KypaMbIH JKOHE TYC TYPaKTHUIBIFBIH XKaKcapTThl. ByJl ToCiin KalAbIKTap. bl
JKOIOFa KATBICTHI JKOJIOTHSJIBIK MOceseliepli IIelie OTHIPBII, OHEePKACINTIK jkaHama eHIMIEepZl KakTa eHAeyIiH eMiplieH
omiciH ychiHampl. HaTmkenep MeTaUTyprHsUIbIK KalIbIKTApAbl SPTYPJIl ©HEPKACINTIK KoJaHOanapra »KapaMIbl JKOFaphl
carmanbl TeMip OKCHIII MUTMEHTTEP YIIiH IPEKypCcop peTiH/e MaiganaHy dJIeyeTiH KOPCETe OTHIPHIM, MUTMECHTTI CHHTE3ICYAiH
pecypc THIMII 9iCTEepiH JaMBITYFa BIKIAT eTeIl.

Hezizzi co30ep: memip Kocnacwl, KyKipm KbluKblLIbl, MeMip KYROPOCHl, MYHObIPY, 2eMmum, RUSMEeH.

IMosyueHue xkene300KCUIHOI0 MATMEHTA U3 METALJIHYECKOU
COCTABJAIONICH MJIABKH HJIBMEHHUTA

B.K. Kenxanues, A.A. Ynsrapakosa’, H.I'. JlJoxosa, K.K. Kacemvmkanos, A.O. Mykanranuiesa
HUnemumym memannypeuu u oboeawenus, Aimamei, Kazaxcman
*Aemop onsn koppecnonoenyuu: Ult.alma@mail.ru

AunHoranusi. [I1aBka HEKOHJIUIIMOHHBIX MJIBMEHUTOBBIX KOHIIEHTPaTOB OOYXOBCKOI0 MECTOPOXKICHUS IPHUBOAUT K 00pa-
30BAHUI0 3HAYUTEIBHBIX KOJIUYECTB BOCCTAHOBICHHOIO JKElle3a, YTO OTKPHIBAET BO3MOXHOCTh €r0 HCIOJIb30BAHUS B MPOH3-
BOJICTBE JKEJIE300KCH/IHBIX MUTMEHTOB. TpaHchopMaIys MPOMBIIUICHHBIX OTX0/I0B B MATEPHAIBI C JT00aBICHHOW CTOMMOCTHIO
COOTBETCTBYET COBPEMEHHBIM TEH/ICHIIMSAM B 00JIACTH YCTOHYUBOIO MarepualioBe/ieHus. B TaHHOM HCCIIeJOBAaHUN U3y4aeTcs
OCaXKJICHHUE JIByXBaJICHTHOTO JKelie3a U3 PACTBOPOB CEPHOM M COJISIHOW KHCJIOT C MCIOJIb30BAHUEM aMMuaka Juis 00pa3oBaHuUs
reTUTa, P 3TOM 0C000€ BHUMAHKE YAESIISICTCS BIMSHUIO MPUMECEH MarHus Ha MPOIECC OCaXKICHUsS. Bbto 00HApYKEeHO, UTO
MNPpUCYTCTBUEC MAarHusd I/IHFI/I6I/IpyeT 06pa3OBaHI/Ie reéTuTa, 4YTO MPUBOJAUT K 3HAYUTCIIBHOMY CHUIKCHHUIO BbIXO/Ja U KAa4Y€CTBA IUT-
MeHTa. JKenezocoaepikaliuii pacTBOp FOTOBHJIM IIyTEM PACTBOPEHUsSI TOHKOM3MENIbUEHHOTO BOCCTAHOBIIEHHOTO JKelie3a B cep-
HOHM KHCJIOTE C TOCJEIYIOIINM OCaX/ICHHEM OKCHJIOB Kejle3a C UCIOoJb30BaHueM 25%-Horo pacTBopa ammuaka. CHHTE3UpO-
BaHHBIA YKENIE300KCUIHBIA MUTMEHT JOMOJHUTEIHHO OYHINAIH IMyTeM 00pabOTKH MEPEeKUChI0 BOAOPO/A, YTO 0OecrednBaio
OoJiee OMHOPOMHBIA COCTAB IMMUTMEHTA W YIYYIICHHYIO CTAOMJIBHOCTH IIBETA. DTOT MOAXO]] MPEUIaraeT KU3HECIIOCOOHBIH Me-
TOJIl TepepabOTKH MPOMBIIIICHHBIX MOOOYHBIX MPOAYKTOB, OJHOBPEMEHHO peIlasi SKOJIOTHYECKUE MPOOJIEMBI, CBS3aHHBIC C
YTHIM3aHeH 0TX0J0B. Pe3yibTaThl CIOCOOCTBYIOT Pa3BUTHIO pecypco3((EeKTUBHBIX METOJOB CHHTE3a IMUTMEHTOB, JEMOH-
CTPUPYS TMOTCHIUAN UCTIOIB30BaHUS METAJLTYPTUIESCKUAX OTXOJIOB B KQUECTBE MPEKYPCOPa IS BEICOKOKAYECTBCHHBIX TUTMEH-
TOB OKCHJIA JKeJe3a, OAXOIAIINX JUTS PA3TUYHBIX IIPOMBINUICHHBIX TPUMEHECHHH.

Kﬂlo'leﬁble C106a’ cniae Jcenesd, cepHas Kucioma, JKcenesnblil Kynopoc, ocagfcz)eﬂue, cemum, nuemerm.
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