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ABSTRACT

The material composition of the sublimates from dust chambers in titanium chlorinators has been
studied by chemical, X-ray and microprobe analysis methods. Studies of the phase composition of
dust chamber sublimates have shown that the object consists of aqueous and anhydrous chloride
phases to a greater extent. Two forms of niobium present, such as oxychloride and oxide niobium
were found. The presence of zirconium in sublimates has a chloride and oxychloride nature.
Experiments for the aqueous leaching of dust chamber sublimates were conducted to determine
the optimal process conditions: S:L ratio = 1:8, leaching time = 1 hour, temperature = 25°C. Studies
were conducted to choose an acidic reagent for cake leaching followed by the conversion of
niobium and zirconium into a solution. A solution consisting of HF+H,SO4 was selected as an acidic
reagent for cake leaching. Optimal conditions for the extraction of niobium and zirconium into
solution were established, such as 25% [18M HF] +75% [7M H,S04], S:L ratio = 1:3, temperature =
90 °C, duration of the leaching process = 120 minutes. Under these leaching conditions, the
extraction of niobium, zirconium, and titanium into solution was 94.06%, 84.95% and 32.35%,
respectively. The elemental and phase composition of the residue from acid leaching of cake were
determined.
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Introduction

In general, rare

metals

waste abundant in rare metals can contribute to
solving this problem [41. Niobium and zirconium are
a common satellite of titanium: therefore. thev are

determine the  found in titanium concentrates obtained from ores

development of such important fields as
semiconductor electronics, nuclear power, aviation
and rocket engineering, electro-vacuum technology,
as well as the production of special steels and hard,
heat-resistant and anticorrosive alloys. Rare
refractory transition metals which form alloys of
intermetallic compounds and solid solutions
characterized by high intermolecular adhesion of
atoms in crystals may be considered particularly in
demand. The high rates of development of these
technology branches determine the continuous
increase in demand for rare metals which provides
for further expansion of their production [[1], [2],
[3]]. The use of titanium-magnesium production

of ilmenite deposits. At Ust-Kamenogorsk Titanium
and Magnesium Plant (UKTMP) JSC. during the
processing of titanium-containing raw materials. the
largest part of niobium and zirconium enters and
concentrates in production waste.

When titanium tetrachloride is produced, a large
amount of spent melt and pulps of chlorinators,
sublimates and sludge of dust chambers is formed.
An analysis of the distribution of niobium in solid
waste from the chlorination process for titanium
slags of the Ust-Kamenogorsk Titanium and
Magnesium Plant shows that the highest content of
niobium is found in dust chamber sublimates.
Depending on the volume of titanium tetrachloride
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production, up to 3.2 t/day of DC sublimates are
formed and contain such valuable components as
KCI, NaCl, FeCl,, FeCls, MnCl,, CrCls, TiCls, NbCls,
ZrCls, ThCls, A1C1;, ScCls, TaCls. At the plant, DC
distillates are washed with water, the resulting
chloride pulp is discharged into an acidic sewer and
then neutralized with lime milk. Here, all valuable
components in the sublimates accumulate in sludge
accumulators [[5], [6]].

Niobium is resistant to many acids and salt
solutions. Orthophosphoric, diluted sulfuric and
nitric acids have practically no effect on niobium.
Only concentrated solutions of hydrochloric, sulfuric
and hydrofluoric acid or their mixtures can be
effectively used as reagents [[7], [8]].

There are well-known methods of hydrochloric
acid opening for natural and secondary titanium,
niobium and tantalum raw materials [[9], [10], [11]].
The work [12] studies the kinetics of niobium
leaching with hydrochloric acid from titanium-
magnesium production waste. The experiments
determine the effect of the parameters of the
leaching temperature (25-90 °C), HCI concentration
(0.5 - 4 M), stirring rate (100-500 rpm) and the solid-
liguid ratio. The maximum niobium extraction
degree of more than 90% was achieved in 60
minutes by leaching residues in 4 M HCl at 70°C.

The work [13] studies the conditions for the
niobium and tantalum leaching from the columbite
concentrate of the Zashikhinskiy deposit with a
solution of hydrofluoric and sulfuric acids. We can
see that the concentration of acids and the
temperature of the solution have a decisive effect on
the extraction degree of both elements. In contrast,
the dispersion of the concentrate and the duration
of phase contact have a lesser effect. Under
conditions ensuring the production of solutions with
a total content of niobium and tantalum of at least
110-130 g/L. Large-scale laboratory tests of the
process for the extraction of niobium 97.6% and
tantalum 93.7% were performed. The separation of
niobium and tantalum using 1-octanol as an
extractant for the production of experimental
samples of niobium oxide and tantalum oxide was
studied under the conditions of a continuous
extraction cascade.

Zirconium is also chemically resistant in many
aggressive environments. Zirconium interacts with
acids only when there are conditions for the
oxidation of acids and the formation of anionic
complexes. It reacts neither with hydrochloric and
sulfuric acids (up to 50%) nor with alkali solutions. It
interacts with nitric acid and Aqua regia at above 100

°C. It is soluble in hydrofluoric and hot concentrated
(above 50%) sulfuric acids [14].

The work studies the effect of nitric, sulfuric and
hydrochloric acids on the morphology, elemental
composition, structural and chemical
transformations of the mineral surface and the
leaching efficiency of zirconium (eudialyte)
concentrate with the use of a complex of modern
analytical methods [15]. Specific features in the
eudialyte destruction nature and the degree of the
effect of various acids have been found.

The analysis of the scientific and technical
literature shows that acidic methods of
decomposition followed by selective extraction of
the target components are used to a greater extent
to open rare metal raw materials. Moreover, most
studies in the literature are devoted to qualified
sources of rare metal raw materials, and there are
very few studies on the extraction of niobium and
zirconium from titanium production waste. The
main purpose of this research is to conduct
experimental studies to leach dust chamber
sublimates, followed by the extraction of niobium
and zirconium into an acidic solution.

Materials and methods

Materials. Mineral acids are high-purity
hydrofluoric acid, chemically pure sulfuric acid, and
chemically pure hydrochloric acid. A sample of the
sublimates from dust chambers in titanium
chlorinators was provided by UKTMP JSC. Content of
the main components of dust chamber sublimates,
wt. %: 7.44 Ti; 6.5 Fe; 5.025 K; 4.899 Al; 2.539 Zr;
1.105 Na; 0.797 Nb; 0.359 Si; 0.214 Mg; 44.35 Cl;
24.053 0.

Equipment. Shimadzu TW423L analytical
balance (Japan); Velp Scientifica LS top-drive
agitator (Italy); IV-6 vibration damper (Russia); LT-
111a circulation thermostat (Russia); SNOL drying
cabinet (Lithuania).

Experiment method. Agitation leaching of DC
sublimates with water was performed with the use
of a weight of 50 g, at different ratios of S:L,
temperature, time and at a stirring rate of 300 rpm.
After filtration, the resulting cakes were dried to a
constant weight and tested. Subsequent acid
leaching of the niobium-containing cake was
performed similarly, using a wide range of process
parameters. The liquid phase was filtered at the end
of the process. The precipitate was washed with
warm water to remove residual acid. The resulting
solutions and cakes were analyzed for the content of
niobium, zirconium, titanium, aluminum, and iron.
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Analysis methods. X-ray phase analysis was
performed with the BRUKER D8 ADVANCE device
(Germany). X-ray fluorescence analysis was
performed with Venus 200 PANalytical B.V. wave
dispersion spectrometer (Holland). Chemical
analysis of samples was performed with Optima
2000 DV, an optical emission spectrometer with
inductively coupled plasma (United States). Electron
probe analysis was performed with JEOL JXA 8230
microanalyzer (Japan).

Results and discussion

Physical and chemical study of dust chamber
sublimates and their treatment with the removal of
water-soluble components. The results of the X-ray
phase analysis are shown in Figure 1. For the most
part, the object of study consists of aqueous and
anhydrous chloride phases:  Erythrosiderite
Kz(FeCls(H20)), aqueous chloraluminite AICI3(H,0)s,
rokihnite FeCly(H,0),, sodium chloride NaCl,
zirconium chloride ZrCl,, niobium oxychloride
NbOCl;.The oxide components of the sublimate
include the phases of rutile Tig9240,, titanium oxide
TigO11, and niobium-aluminium-titanium oxide
Tio.sAlo.1Nbo.102.
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Figure 1 — Diffractogram of DC sublimates

Figure 2 — COMPO image of DC sublimate. A particle of
niobium and zirconium oxychlorides

A detailed study of the mineral structure of the
DC sublimate sample was performed with the use of
an electron probe microscope in the mode of
backscattered electrons (COMPO). Several mineral
points were analyzed using the electron probe
microscope. Figure 2 shows particles of niobium
(x2500) and zirconium (x1200) oxychlorides with a
spectrum of various impurities.

Most hydrochloric acid salts are known to be
freely soluble in water. Erythrosiderite contained in
DC sublimates is a crystallohydrate of a complex salt
of iron, potassium and hydrochloric acid
FeCl3-:2KCI-H,O. It is vyellowish-red in color,
hygroscopic, and soluble in water [16]. Hydrates of
aluminum and iron chlorides are also hygroscopic
crystalline substances that are easily soluble in
water [[17], [18]]. Sodium chloride is the sodium salt
of hydrochloric acid. It is moderately soluble in
water and has a solubility that is slightly dependent
on temperature. It is significantly reduced in the
presence of chlorides of other metals. Pure sodium
chloride is non-hygroscopic [19]. Zirconium oxide-
dichloride has good solubility in cold water and is
hydrolyzed in aqueous solution at above 70°C [20].
Niobium chloride and niobium oxychloride
decompose with water, resulting in the formation of
hydrated niobium pentoxide [21].

Experiments were conducted on its aqueous
leaching taking into account the water-solubility of
the chloride phases in DC sublimates. Table 1 shows
the effect of the S:L ratio on the extraction degree of
the main components of sublimating into the cake.
Leaching experiments were performed at room
temperature for 4 hours.

When the S:L ratio increases during the leaching
of DC sublimates, a gradual decrease in cake yield is
observed. The obtained pulps were filtered at a
leisurely pace. At S: L = 1:10, the weight of the cake
decreased 4 times while a slight decrease in the
degree of niobium extraction into the cake was
reported. When sublimates were leached at S: L=
1:8, the extraction of niobium into the cake was
83.85%. Ferric chloride showed high solubility in an
aqueous medium and a relatively insignificant
transition into cake. When the S:L ratio changes
from 1:4 to 1:10, the extraction of aluminum and
zirconium into the cake gradually decreases. At the
same time, titanium showed low solubility and
accumulation in the cake.

Table 2 shows the results of experiments on the
effect of the leaching duration on the extraction
degree of the main components of sublimating into
the cake. The experiments were performed at
process durations of 1,2,4,6 hours, temperature of
25°C, and S: L ratio of 1: 8.
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Table 1 - Effect of the S:L ratio on the extraction degree of the main components of sublimating into the cake

SiL Cake Content in cake, % Extraction into cake, %

ratio | yield, % |7 Fe Al Zr | Nb Ti Fe Al Zr Nb
1:4 28.00 24.23 7.45 19.67 4.14 2.25 91.19 32.08 62.72 45.63 79.15
1:6 27.60 24.34 5.45 16.71 4.13 2.29 90.31 23.13 52.51 44.87 79.41
1:8 27.00 25.74 3.59 13.42 3.93 2.48 93.42 14.92 41.26 41.76 83.85
1:10 22.72 30.17 | 344 | 1137 | 393 | 253 | 9213 | 12.01 | 29.43 | 35.17 | 72.24
AM

Table 2 - Effect of leaching duration on the extraction degree of the main components of sublimate into the cake

. Cake Content in cake, % Extraction into cake, %
Time, h . - -
yield, % Ti Fe Al Zr Nb Ti Fe Al Zr Nb
1 32.80 20.96 2.72 11.80 3.91 2.06 92.40 13.70 44.09 50.45 84.57
2 35.00 19.60 2.53 10.98 3.73 1.91 | 92.22 13.64 43.77 51.38 83.70
4 27.00 25.74 3.59 13.42 3.93 2.48 93.42 14.92 41.26 41.76 83.85
6 29.00 24.23 3.23 10.65 3.53 2.09 94.44 14.39 35.17 40.30 75.87

Table 3 - Effect of temperature on the extraction degree of the main components of sublimate into the cake

T oC Cake Content in cake, % Extraction into cake, %
’ yield, % Ti Fe Al Zr Nb Ti Fe Al Zr Nb
25 32.80 20.96 2.72 11.80 3.91 2.06 92.40 13.70 44.09 50.45 | 84.57
45 36.46 18.77 7.04 10.50 3.22 1.79 91.99 39.49 43.62 46.25 | 81.84
65 37.24 17.99 9.02 9.93 4.22 1.75 90.07 51.69 42.13 61.85 | 81.77
90 37.40 17.61 11.87 10.69 5.10 1.80 88.53 68.32 45,54 75.12 | 84.47

At a leaching duration of 1 hour, the extraction
of niobium and zirconium into the cake was 84.57%
and 50.45%, respectively. The table of the
dependence of the extraction of sublimate
components into cake on the duration of the
experiment shows that when the duration increases,
there is a decrease in the extraction of niobium and
zirconium into cake, niobium and zirconium are
leached into the solution. Therefore, the optimal
leaching duration should be considered 1 hour for
maximum extraction of the target components into
the cake.

Table 3 shows the results of experiments on the
effect of temperature on the extraction degree of
the main components of sublimating into the cake.
The study was performed at leaching temperatures
of 25, 45, 65 and 90°C, and the following process
parameters were kept constant: S: L ratio = 1: 8,
duration =4 hours, stirring rate = 300 rpm.

The results of the study presented in Table 3
show that increased leaching temperature leads to a
slight increase in cake yield. At 90°C, the cake yield
was 37.40%. There was a slight increase in the
extraction of iron, aluminum, and zirconium into the
cake, including chlorine cake, by 19.71%. It is worth

noting that an increase in temperature forms a gel-
like, viscous pulp which is difficult to filter. It has
been established that an increase in the
temperature of the leaching process has a negative
effect in terms of the conversion of chlorides into
solution.

Therefore, the optimal conditions for the
aqueous leaching of DC sublimates are S: L ratio = 1:
8, leaching time = 1 hour, and temperature = 25°C.
At the same time, the extraction of niobium,
titanium, aluminum, iron and zirconium into the
cake was 84.57%, 92.40%, 44.09%, 13.70%, and
50.45%, respectively.

Choice of an acidic reagent for the conversion
of niobium and zirconium into solution. The choice
of solvents depends on many factors, including the
corrosive effect on equipment, regenerability, and
cost but not limited to the chemical and physical
nature of the starting material. Besides, the state of
rare refractory metals in acidic solutions is
characterized by an extraordinary complexity and
variety of forms. They can exist in the form of
cationic and anionic mono- and polynuclear complex
particles. Consequently, the subsequent extraction
depends largely on the form of their existence in
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Table 4 — Content of Nb, Zr, Ti, Al, Fe in solution

Acidic reagent Cake yield, % Content in solution, g/L
Nb Zr Ti Al Fe

8M HCI 75.18 1.09 3.41 0.51 6.81 8.38
11M HCI 81.62 1.59 4.35 0.88 7.77 9.43
13M HF 55.60 6.75 9.47 22.37 20.47 16.38
18M HF 33.42 6.74 9.49 36.69 18.41 17.54
50%[13M HF]+50%[7M H2S04] 70.68 5.10 7.01 25.12 17.31 16.70
50%[18M HF]+50%[7M H2S04] 59.92 7.62 7.18 45.60 23.06 15.41

aqueous solutions which, in turn, are determined by
their concentration of metal, and mineral acid, as
well as the nature and concentration of other
components.

To conduct experiments on acid leaching, 2 kg of
cake was accumulated under the established
optimal conditions of aqueous leaching of DC
sublimates. Chemical composition of cake, wt.%:
28.33 Ti; 9.53 Al; 4.89 Zr; 3.66 Fe; 2.34 Nb; 1.5 Si;
33.28 O; 6.83 Cl; 0.46 Mn, etc. To compare the
effectiveness of different acids concerning the
conversion of the maximum amount of niobium and
zirconium into filtrate, the niobium-containing cake
was leached with solutions of HCI, HF and a mixture
of acids with the composition of 50%HF+ 50%H,S04.
Considering that the completeness of the solubility
of niobium and zirconium is achieved only in
concentrated acids, agitation leaching of the cake
was performed with the following solutions: 8M HCl,
11M HCI, 13M HF, 18M HF, 7M H,S04. The cake
suspension was processed for 2 hours at 25 °C and
S:L ratio = 1:3. At the end of the process, the liquid
phase was filtered. The precipitate was washed with
warm water to remove residual acid. The resulting
solutions were analyzed for the content of niobium,
zirconium, titanium, aluminum, and iron. The results
are shown in Table 4.

100
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50%(13M HF]+50%[7M H.SO,] 52.63 34.65 20.97
W 50%[18M HF]+50%[7M H,SO.] 78.37 35.93 38.10

Extraction into solution, %

Figure 3 — Dependence of the extraction degree of
niobium, zirconium and titanium on the concentration
and composition of the leaching solution

The graph of the dependence of the extraction
degree of niobium, zirconium and titanium on the
concentration and composition of the leaching
solution was constructed. It is shown in Figure 3.

Studies on the identification of the effect of HCI,
HF, HF+H,S0,4 on the degree of niobium extraction
into the solution at a temperature of 25°C, the S:L
ratio=1:3 and the agitation time of 2 hours showed
the advantage of hydrofluoric acid and a HF+H,SO,4
mixture. When using hydrochloric acid under similar
leaching conditions, the extraction of niobium and
zirconium is 15.95% and 19.8%, respectively.
Accordingly, about the conversion of niobium and
zirconium into solution, concentrated hydrochloric
acid turned out to be ineffective. The use of a
mixture of hydrofluoric and sulfuric acids for cake
leaching made it possible to achieve a relatively high
extraction of the target components into the
solution. The use of this mixture also helps to save
on relatively expensive hydrofluoric acid. Therefore,
a mixture of 50% [18M HF] + 50% [7M H,SO4] was
chosen as the acidic reagent for cake leaching.

Study of the effect of various parameters on
acid leaching of cake. Experiments on the effect of
the ratio of a mixture of hydrofluoric and sulfuric
acids were performed under the following
conditions: S:L ratio=1:3, temperature = 25°C,
duration = 240 minutes, stirring intensity = 300 rpm
and acid ratios of 10% [18M HF] + 90% [5M H,S0,],
25% [18MHF] + 75% [5M H,S04], 35% [18M HF] +
65% [7M H,S04], 50% [18M HF] + 50% [7M HS0s].

Figure 4 shows a histogram of the extraction of
Nb, Zr, and Ti into solution at different ratios of
hydrofluoric and sulfuric acids.

The figure shows that, in general, when the
proportion of hydrofluoric acid in the mixture
increases from 10% to 50%, the extraction of
controlled elements into solution increases from
48.57 to 78.37% for niobium, from 27.67 to 35.93%
for zirconium, and from 11.86 to 38.10% for
titanium. The cake yield varies from 59.92% to
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72.74%. At ratios of 35% [18M HF] +65% [7M H,S04],
50% [18M HF] + 50% [7M H,S04], the contamination
of the solution with titanium and other impurities
was higher; consequently, 25% [18M HF] +75% [7M
H,SO4] was accepted as the optimal ratio of a
mixture of hydrofluoric and sulfuric acids for the
studied raw materials, at which the extraction of
niobium and zirconium into solution is 75.75% and
30.3%, respectively. Further experiments on the
effect of various parameters on the process of
leaching niobium-containing cake were performed
at the above ratio of hydrofluoric and sulfuric acids.

70
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5(

40

30 | \
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0

50%[18MHF]+50%(7M H,SO.] ~ 35%[1BMHF]+65%(7M H,SO] | 25% [wmurms pmnsol 10%[18MHF]+90% [mnsox
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= Nb

mTi

Figure 4 — Histogram of the extraction of Nb, Zr, and Ti
into solution at different ratios of hydrofluoric and
sulfuric acids

Studies to leach niobium-containing cake at
different ratios of solid and liquid phases were
performed using solutions of a mixture of 25% [18M
HF] +75% [7M H,S04], temperature = 25°C, duration
= 240 minutes, mixing intensity = 300 rpm. The
results of the research are shown in Figure 5.

—-Zr
—tTi

Extraction into solution,%

S:L

Figure 5 — Dependence of the extraction of Nb, Zr, Ti into
solution on the S:L ratio at 25%HF+75% H2S0a4

The figure shows that the extraction of niobium
into solution increases dynamically in the range of
S:L ratios from 1:2 to 1:4. At the same time, the
extraction of niobium into solution is comparatively
lower at S:L ratios of 1:1 and 1:2. The extraction of
zirconium and titanium into solution with a change
in the S:L ratio increases in the range from ~ 11 to ~
41% and from ~ 6 to ~ 22%, respectively. For that
matter, these mineral forms of zirconium and
titanium were moderately dissolved in solution
under experimental conditions and remained mostly
in the cake. Therefore, taking into account the
consumption of the reagent during leaching, the S:L
ratio = 1:3 can be considered the best option.

Further, the studies were performed at leaching
temperatures of 25, 45, 65, 90°C and while
maintaining constant the following process
parameters: 25%HF + 75%H,S04, S:L ratio =1:3,
holding time = 240 minutes, and pulp stirring rate =
300 rpm. The results of the research are shown in
Figure 6.

When the temperature of the leaching process
increases, an increase in the extraction of Nb and Zr
into the solution is reported. At the same time, there
is a slight increase in the extraction of titanium into
solution. In general, the increase in temperature had
a positive effect on the intensification of the
leaching process. At a leaching temperature of 90°C,
the extraction into solution reached 94.73% for
niobium, 33.67% for titanium, and 83.53% for
zirconium. The cake yield varied between ~ 22 and
29%.

Extraction into solution,%

Figure 6 — Dependence of the extraction of Nb, Zr, Ti into
solution on the temperature at 25%HF+75% H2S04

Experiments on the duration of leaching were
performed while maintaining the duration of the
process of 30, 60, 120 and 240 minutes, a
temperature of 90°C, a ratio of S:L = 1:3 and a pulp
stirring rate of 300 rpm. The experimental results are
shown in Figure 7.
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Extraction into solution,%

T, min

Figure 7 — Dependence of the extraction of Nb, Zr, Ti into
solution on duration at 25%HF+75% H2S04

The extraction of niobium into the solution was
94.06% at a leaching duration of 120 minutes. Then,
in the interval of the leaching duration of 120-240
minutes, it was kept at the level of ~ 93-95%. Over
the entire period, the extraction of zirconium into
solution was also consistently high, on average
fluctuating in the range of ~80-85%. Titanium
extraction is kept almost at the same level in the
range of ~32-34%. The equilibrium in the system is
established after 120 minutes of holding of pulp;
therefore; there is no need to carry out the leaching
process for more than 120 minutes. X-ray
fluorescence analysis of the leaching residue was
performed, wt. %: 55.22 Ti; 4.47 Fe; 1.04 Al; 0.75 Zr;
0.26 Nb; 0.21 Mg; 23.27 O; 7.5 Cl, etc.

| N143

1 PDF 01-070-4500 Titanium Oxide TiI6O11 45.8%
| 2 POF 01-089-0555 Rutile, syn Ti0.92402 36,3%
| 3 PDF 00-021-1272 Anatase, syn TIO2 17,9%
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Figure 8 — X-ray phase analysis of residual cake

According to the results of the XRF analysis (see
Figure 8), the cake consists of titanium oxides of
various natures, wt. %: 45,8 Ti¢O11; 36,3 Tio.92402;
17,9 TiO,.

Thus, as a result of the experimental work on
acid leaching of cake, the optimal conditions for the
extraction of niobium and zirconium into solution
were determined and are 25%HF +75%H,S0,, S:L
ratio = 1:3, temperature = 90°C, duration of the
leaching process = 120 minutes. At the same time,

the extraction of niobium into solution reached
94.06%, and the extraction of zirconium and
titanium into solution amounted to 84.95% and
32.35%, respectively.

Conclusions

We studied the material composition of the
sublimates from dust chambers in titanium
chlorinators. Chemical and X-ray fluorescence
analyses determined the content of the main
components, wt. %: 7.44 Ti; 6.5 Fe; 5.025 K; 4.899 Al,
2.539 Zr; 1.105 Na; 0.797 Nb; 0.359 Si; 0.214 Mg;
44.35 Cl; 24.053 O.

X-ray phase analysis found the presence of the
following phases: erythrosiderite K; (FeCls(H20)),
aqueous chloraluminite AICl3(H,0)s, rokihnite
FeCly(H20),, sodium chloride NaCl, rutile Tig9240,,
iron titanate FesTiz01o, zirconium chloride ZrCl, and
niobium oxychloride NbOCls.

The study of the mineral structure of the DC
sublimate sample wusing an electron probe
microscope determined the presence of particles of
niobium and zirconium oxychlorides.

Taking into account the water-solubility of the
chloride phases in DC sublimates, experiments were
conducted on its aqueous leaching at various
parameters. The optimal conditions for aqueous
leaching are S:L ratio = 1:8, leaching time = 1 hour,
and temperature = 25°C. At the same time, the
extraction of niobium, titanium, aluminum, iron and
zirconium into the cake was 84.57%, 92.40%, 44.09
%, 13.70 %, and 50.45%, respectively.

We determined the quantitative elemental
composition of a sample of niobium-containing cake
obtained under optimal conditions of aqueous
leaching, wt. %: 20.96 Ti; 11.8 Al; 3.91 Zr; 2.72 Fe;
2.06 Nb; 1.5 Si; 0.94 Na; 0.33 K; 0.15 Mg; 45.68 O;
6.8 Cl, etc.

Studies on the identification of the effect of HCI,
HF, HF+H,SO4 on the degree of niobium extraction
into the solution at a temperature of 25°C, the S:L
ratio=1:3 and the agitation time of 2 hours showed
the advantage of hydrofluoric acid and a HF+H,SO4
mixture. A mixture of 50% [18M HF] +50% [7M
H.S04] was chosen as the acidic reagent for cake
leaching.

According to the results of the studies on the
Study of the effect of various parameters on acid
leaching of cake, optimal conditions for the
extraction of niobium and zirconium into solution
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were established: 25% [18M HF] +75% [7M H,S04],
S:L ratio = 1:3, temperature = 90 °C, duration of the
leaching process = 120 minutes. Under these
leaching conditions, the extraction of niobium,
zirconium, and titanium into solution was 94.06%,
84.95% and 32.35%, respectively. X-ray fluorescence
analysis of the residue, mass was performed, wt.%:
55.22 Ti; 4.47 Fe; 1.04 Al; 0.75 Zr; 0.26 Nb; 0.21 Mg;
23.27 O; 7.5 Cl, etc. Based on the results of the XRD

analysis, the phase composition of the residue,
mass, was determined; wt. %: 45,8 TigO11; 36,3
Tio.92402; 17,9 TiOz.
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Huno6buit meH LUMPKOHUIA epiTiHAire WbiFapblNaTbiH WAH KamepanapbiHbIH,
BO3roHAApPbIH Walmanay npoueciH 3eprrey

*EceHrasues A. M., Toliwbi6ek A. M., MykaHfanuesa A.8., A6abinpaes H.H., EpcaiibiHoBa A.A.

Memannypaus #aHe KeH 6alieimy uHcmumymel, Combaes YHugepcumemi, Aamamsi, Ka3akcmaH

Makana kengi: 7 kapawa 2023
CapantamagaH eTrTi: 4 KaHmap 2024
Kabbinganabl: 19 kaHmap 2023

TYAIHAEME

XUMUANDBIK, PEHTTEHAIK }KaHe MUKPO3OHATLIK Tanaay aicTepimeH TUTaH X10PaTop/IapbiHbIH, LWaH,
KamepanapbiHblH, BO3roHAAPbIHbIH,  3aTTblK  Kypambl 3epTTengi. LaH KamepanapbiHbIH,
BO3roHAapbIHbIH, Ga3anblk KypamblH 3epTTey HITUMKECIHAE O0N1apAblH CY/ibl XKaHe CYCbI3 X10pPUATI
basanapaaH TypaTbiHbl aHbIKTaNAbl. Bo3roHaapaa HMOBMI eki TYpAe - OKCUXNOPUA, KIHEe OKCus,
TypiHae 6onagpl. LIMPKOHWI XNOpUATI KOHE OKCUXNopuaTi cunaTtka ue. LLaH Kamepanapbl
BO3rOHAAPbIH CyMeH wWaimanay 6olbiHWa Taxipnbenep »Kyprisinin, npouecTtiH OHTalNbI
»Kafgainapbl aHbikTanabl: K:C=1:8, waiimanay yakpiTbl 1 cafaT, Temnepatypa 25 °C. Huobuit men
LUMPKOHUIAT epiTiHAire avHangpipa OTbIPbIN, Cy3iHAIHI Waimanay YWiH peareHTTi TaHAaay
6oVibiHWA 3epTTeynep *Kyprisingi. PeareHT peTiHae HF + H2SO4 KbilWKbINAAPbIHbIH, KOCNACbIHAH
TypaTbiH epiTiHAi TaHAanabl. EpiTiHaire HUOBUIN MEH LMPKOHMIA] anyablH, OHTaWAbl WapTTapbl
6enrinenaj: 25%[18m HF] +75%[7M H,S04], K:C = 1: 3, Temnepatypa 90 °C, waimanay npoueciHiH,
y3aKTbifbl 120 MuH. Ocbl Wailmanay KafpailblHAa HWoObUNAiH epiTiHgire eTyi 94,06%,
LUMPKOHUIAIH, 84,95%, TUTaHHbIH, 32,35% 60napbl. Cy3iHAIHI KbILWKbIIMEH WamanayaaH KanfaH
KaNAbIKTbIH 3N1€MEHTTIK }KaHe $asanblk Kypambl aHbIKTaAabl.

TyiiiH ce30ep: HNO6WIA, LWaH KamepanapbiHblH, BO3roHAAPbI, Wamanay, KbilUKbl, epiTiHAi.
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AHHOTALUMUA

M3yyeH BeLLeCTBEHHbIW COCTaB BO3TOHOB Mbl/EBbIX KAaMep TUTAHOBbLIX X/10PAaTOPOB MeToAaMMU
XMMMUYECKOTO, PEHTFEHOBCKOrO M MWKPO30OHA40BOrO aHanu3a. MccneposaHua ¢$a3oBoro cocrasa
BO3rOHOB MblJIEBbIX KaMep MOKas3ano, YTo 06bekT B 60/bliei CTeneHW COCTOUT M3 BOAHbLIX U
6e3B0AHbIX XNopuaHbIX $as. BoisneHbl gse GOpMbl NPUCYTCTBUA HUOOUA - OKCUXTIOPUAHON U
Noctynuna: 7 Hoa6psa 2023 OKMCUAHOWN. HaxoXAeHUA UMPKOHWUA B BO3rOHaX MMEET X/I0PUAHYIO U OKCUXIOPUAHYIO NPUpoay.
PeueHsnposaHue: 4 aHeapsa 2024 MpoBeaeHbl ONbITbl MO BOAHOMY BbILLENA4YMBaAHUIO BO3rOHOB MbIJIEBbIX KAMep C onpeaeneHnem
MpuHATa B nevaTb: 19 AHeapa 2024 ONTMManbHbIX YCI0BMIA Npouecca: T:}K=1:8, Bpemsa BblwenaunsaHma 1 yaca, Temnepatypa 25 °C.
MpoBeaeHbl MccnefoBaHUA MO BbIBOPY KUCNOTHOrO peareHTa A4S BbllWenadmBaHUA KeKa C
nepesBogoM HMOBMSA W UMPKOHMA B pacTBOp. B KauecTBe KUCNOTHOrO peareHTa Ans
BbILLENIAYMBAHNA KeKa BblbpaH pactBop, cocToAwmin u3 cmecu HF+HSOas. YcTaHoBAEHbI
ONTUMAnbHbIE YCOBUA U3BNEYEHUA HUOOMA UM UMPKOHWMA B pacTBop: 25%[18M HF] +75%[7M
H2S0a4], T:}K = 1:3, TemnepaTtypa 90 °C, NpoAOIKUTENBHOCTb NpoLLecca BbllienaumsaHma 120 MuH.
Mpy AaHHbIX YCNOBUAX BbILWLENAYMBAHMA, M3BAEYEHME B pacTBOp HMo6MA 94,06%, UMPKOHUA
84,95%, TvTaHa 32,35%. OnpedeneH 3neMeHTHbI U $a3oBbIi COCTAaB OCTaTKa OT KUC/OTHOrO
BbILLE/IAYNBAHMA KEKa.

Kniouesble cnoea: HNO6WIA, BO3rOHbI MbINEBbIX Kamep, BbilenavymsaHune, KUCN0Ta, PacTBop.
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