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ABSTRACT

The material composition of sludge deposits from titanium-magnesium production was studied by
chemical, X-ray, and microprobe analysis methods. Studies of the phase composition of the
collector sludge showed that niobium is mainly bound with aluminum and titanium in oxide
compounds. The particles of these compounds are very small and surrounded by the clay and
carbonate component of the sludge collector. The chemical and mechanical activation processes
of the sludge from the titanium-magnesium production sludge collector were executed based on
the data obtained on the material composition. Alkaline leaching of sludge from sludge collector
after preliminary activation was executed. The optimum conditions for the niobium extraction
from the sludge of the sludge dump from the titanium-magnesium production were determined:
sodium hydroxide concentration of 200 g/dm?3, glycerol 5 g/dm3, S:L = 1:10, temperature 95 °C,
leaching process duration - 4 hours. The addition of glycerol during alkaline leaching of sludge
inhibits the transition of hexaniobate into insoluble sodium metaniobate enabling to increase the
niobium extraction by 1.3 times with transfer into the solution of up to 80% of the extracted metal.
Keywords: sludge from the sludge collector, niobium, activation, leaching, sodium hydroxide.
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Introduction

Niobium (Nb) is a rare metal used in high-quality

What sets niobium apart is that it combines a
high level of corrosion resistance with a low weight.

The material is used in coin inserts of all colors,

steel production [1]. It is used in the production of
ferroniobium which accounts for more than 90% of
niobium production. The largest consumers of
niobium are China, North America, and Europe. The
substantial economic growth in emerging markets,
especially the BRIC's economies, and increased use
of niobium in steel production boosted prices for the
metal up to US$32.63/kg in 2007 and further up to
the US $60.00 per kg in 2012. Niobium is expected
by analysts to be in demand in the near term, and
prices for the metal will remain high.

corrosion-resistant evaporation bowls for use in
coating methods, and mold-resistant crucibles for
growing diamonds. Due to its high biocompatibility
level, niobium is also used as an implant material.
The high transition temperature also makes niobium
an ideal material for superconducting cables and
magnets [2].

Niobium belongs to the group of refractory
metals. Refractory metals are metals whose melting
point exceeds the melting point of platinum (1772
°C). The energy that binds individual atoms is
extremely high in refractory metals. Refractory
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metals are characterized by high melting points
combined with low vapor pressure, high elasticity
modulus, and high thermal stability. Besides,
refractory metals have a low thermal expansion
coefficient. Compared to other refractory metals,
niobium has a relatively low density of only 8.57
g/cm? [3].

High-tech production of tantalum and niobium
implants is planned in East Kazakhstan. Implants
made of tantalum and niobium are considered an
advanced technology in modern dentistry and
orthopedics because of their high biocompatibility.
One of the first enterprises in Kazakhstan that
produced tantalum and niobium is Irtysh Chemical
and Metallurgical Plant. The production is located in
Pervomaisky settlement, Shemonaikha district of
East Kazakhstan region. Irtysh Chemical and
Metallurgical Plant was built in 1956 and it was the
main enterprise in Kazakhstan for the production of
niobium, tantalum, and rare-earth metals [4].

In Ust-Kamenogorsk, East Kazakhstan, Ulba
Metallurgical Plant JSC produces ingots, rolled
products, powders, and niobium pentoxide, as well
as NbTi, and NbZr ingots. However, on export sales
of rare metals, the volume of sales of niobium
products has been decreasing in recent years for
2016 was 52.1 tons, for 2017. - 23.7 tons, for 2018 -
22.9 tons, for 6 months of 2019 - 0.1 tons [5]. It is

most likely due to the shortage of niobium
concentrates, both foreign and domestically
produced.

Chlorination methods for niobium-containing
mineral raw materials are known [[6], [7], [8], [9]].
Ore concentrate is chlorinated with chlorine gas in
the presence of a reducing agent - charcoal or
petcoke. Either briquette charge or ore concentrate
is chlorinated in a salt melt. Besides, ore raw
materials are chlorinated in autoclaves with liquid
carbon tetrachloride or silicon tetrachloride.
However, all of them have a number of
disadvantages inherent to traditional chlorination;
carbon monoxide, phosgene, hydrogen chloride,
and chlorohydrocarbons are still produced.

In the modern hydrometallurgical industry
extraction and sorption are widely used to improve
the quality of raw materials and products and deep
purification of technological solutions [[10],[11]].

Niobium is often a companion of titanium along
with vanadium, zirconium, and hafnium; therefore,
it is present in titanium concentrates obtained from
ilmenite placer and ores [12].

Titanium and magnesium production generates
thousands of tons of solid waste annually. Reserves

of wastes in sludge collectors at Ust-Kamenogorsk
Titanium-Magnesium Plant JSC (UK TMP JSC) alone
amount to 1270 thousand tons. These wastes
contain 0.4 to 2 % of niobium, which is almost
comparable with the content of niobium in industrial
ores of pyrochlore carbonatites [13].

The accumulation of niobium occurs in the
waste of titanium production during titanium-
containing slag chlorination to produce titanium
tetrachloride. It is established that 40-45 % of
niobium from its content in the initial slag goes to
the technical titanium tetrachloride, 50-55 % - into
solid chloride sublimations, and 4-5 % into the
drained melt of the chlorination unit [14].

The niobium content analysis in solid waste of
titanium slag chlorination process for 2005-2007 at
UK TMP JSC showed that the niobium content in the
pulverized slag of the titanium chlorination unit was
from 0.26 to 0.6 %. The subsoil is diluted with water,
the resulting chloride sludge is discharged into the
acid drain and then neutralized with lime milk under
the existing technology.

Analysis of the available scientific and technical
and patent literature shows that most of the studies
have been performed for conditioned niobium-
containing raw materials, while very few studies on
niobium extraction from titanium production waste
have been performed [[15], [16], [17], and there is
no rational technology intended to produce
intermediate products containing and concentrating
niobium compounds in the amounts suitable for
further use for titanium-magnesium production.
Niobium extraction from the collector sludge into
marketable concentrate will enable to extract the
valuable component and dispose multitonnage
waste.

Materials and methods

Materials and equipment are sodium hydrogen
carbonate, purity grade "chemically pure (C.P.)";
sodium hydroxide, purity grade "chemically pure
(C.P.)"; glycerol, laboratory grade; sludge from the
sludge collector of titanium-magnesium production
provided by UK TMP JSC. Contents of the main
sludge components of the titanium production
sludge collector, mass in %: 12.70 TiO; 0.73 Nb,Os;
32.90 Ca0; 2.00 MgO; 3.40 Al;0s; 4.10 SiO; 2.70
Fe,0s; 0.26 MnO; 0.29 V,0s.

IV-6 Vibro distiller (Russia), reactor equipped
with a reflux condenser, ES VELP stirrer (Velp
Scientifica), IKA RW16 stirrer (Germany), Shimadzu
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scales (Japan), SNOL drying cabinet (Lithuania),
distiller (Russia).

Experimental method. The necessary amount of
leaching solution was put in the reactor, heated up
to 95 °C, the specified quantity of sludge was
brought in, and stirring was started up. Duration of
pulp activation was 4 hours. The sludge was filtered
at the end of the experiment. The sludge was
washed with hot water to remove sodium
hydroxide, glycerol, and soluble salts. The products
were analyzed for the content of niobium,
vanadium, aluminum, and silicon, the solubility of
which in alkaline solutions is high enough.

Analysis methods: X-ray experimental data were
obtained with the BRUKER D8 ADVANCE device with
copper radiation at an accelerating voltage of 36 kV,
and a current of 25 mA. X-ray fluorescence analysis
was performed with a Venus 200 PANalytical B.V.
(PANalytycal B.V., Holland) spectrometer with wave
dispersion. Chemical analysis of the samples was
performed with an optical emission spectrometer
with inductively coupled plasma Optima 2000 DV
(USA, Perkin Elmer). Mapping of elemental and
phase composition of the samples was executed on
a JXA-8230 electron-probe microanalyzer by JEOL
(Japan). Thermal analysis of the provided sample
was executed using the device of synchronous
thermal analysis - STA 449 F3 Jupiter (Germany).

Results and discussion

The titanium production sludge was crushed,
averaged, and dried before the physical and
chemical studies. The result of the X-ray phase
analysis is presented in Table 1 and Figure 1, where
it is seen that the basis of the sludge is calcium
carbonate, niobium is bound to calcium and
embedded along with titanium in the lattice of
aluminum oxide.

The main feature of thermal analysis is the
possibility to determine small impurities on the
background of the thermal inertness of the main
components. It is seen on the derivatogram of the
sludge sample from the sludge collector (Fig. 2) that
endothermic effects of varying intensity are
manifested on a rather long temperature segment
of 100 - 900 °C on the DTA curve. They developed
against the background of reducing the mass of the
sample. Most likely, the manifestation of
decomposition of various carbonates takes place
here. Pyroaurite (MgeFez(OH)16C03x4H,0), chantite

CaMgs(COs)s, and calcite. For example, the
combination of endothermic effects with extremes
at 203.3 °C, 427 °C, and 820 °C is characteristic of
the manifestation of lamellar pyroaurite with calcite.
MgeFe,[CO3](OH)16x4H,0 is pyroaurite.
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Figure 1 - Sludge diffractogram

Table 1 - Results of X-ray phase analysis of sludge

Phase Cont
number ent,
in Compound Formula %,
Figure name relati
1 ve.
1 Calcite Ca(CO03) 79.7
Aluminum
2 Niobium Alo.12Nbo.38Tio.s0 6.5
Titanium
3 Aragonite Ca(C0s) 3.9
4 Calcite, . (Mgo.129Cao.871) 31
magnesian (CO3)
5 Fersmite CaNb20s 2.4
Iron(l11)
aluminium
6 titanium oxide FeAlTiOs 2.3
Iron Aluminum
Titanium Oxide
7 Wollastonite-2M CaSiOs 2.1
The weak endothermic effect with the

extremum at 307 °C on the DDTA curve shows
melting of the FeClsimpurity or sublimation of the
HfCl, impurity. The endothermic effect with
extremum at 674.3 °C on the DTA curve shows the
enantiotropic  polymorphic  transformation of
2Ca0si0,. It is mentioned in [18] that "peritectic
equilibrium" is observed in the Al - Nb system at
661.4 °C. The endothermic effect with extremum at
765.8 °C characterizes the melting of CaCl,, KCl,
NdClsimpurities.




Complex Use of Mineral Resources 2023; 325(2):53-61

ISSN-L 2616-6445, ISSN 2224-5243

Endothermic effect with extremum at 918.7 °C
shows polymorphic transformation of strontium
carbonate. The weak endothermic effect with
extremum at 1219.4 °C shows the phase transition
of Nb,OsAl,03 impurity. The kink at 1270.4 °C may
show the melting of the sample.
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Figure 2 - Derivatogram of the sludge sample from the
sludge collector (sample size of 0.2 g)

Endothermic effect with extremum at 918.7 °C
manifests the polymorphic transformation of
strontium carbonate. The weak endothermic effect
with extremum at 1219.4 °C shows the phase
transition of Nb,OsAl,Osimpurity. The kink at 1270.4
°C may show the melting of the sample. Thus, the
thermal analysis data confirm the presence of a
niobium-aluminum bond.

Next, the sludge deposit was studied on an
electron-probe microanalyzer. The electron-probe
study was executed in COMPO mode - backscattered
electron imaging of minerals. A peculiarity of the
COMPO image is an increased resolution enabling to
register images of particles with small sizes. Thus,
bright small particles including niobium compounds
became visible at image magnification of 1000 times
(Fig. 3).

Countsfx1 €43

MoK

Figure 3 - COMPO image of the sludge from the sludge
collector and its particle spectrum

Thus, the physicochemical studies of the phase
composition of the sludge collector have shown that
niobium is mainly bound to aluminum and titanium
in oxide compounds. The particles of these
compounds are very small and surrounded by clay
and carbonate component of the sludge collector.

Activation of the sludge from sludge collector
before leaching. The main task of sludge activation
is to release the surface of niobium-containing
particles. It will ensure effective access of the
leaching agent and increase the niobium extraction
degree into the solution.

Aragonite turns into calcite as a result of sludge
activation with sodium hydrogen carbonate solution
at elevated temperature. Chloride ion passes into
the solution and calcite with magnesium forms a
solid solution of (Mgo.03Cao.97)CO5 (Figure 4, Table 2).
The duration of the experiments was 0.5 h, 2 h, 4 h,
and 6 h at 120 °C. The disadvantages of this method
shall be referred to the accumulation of chlorine ion
in the sodium bicarbonate solution during solution
turnover.

Figure 4 - Diffractogram of activated sludge from the
sludge collector
(6 h, 120 °C, 60 g/dm* NaHCO3)

Table 2 - Results of X-ray phase analysis of activated
sludge from sludge collector

Phase Cont
number ents

. Compound
in the name Formula conte
figure 4 nt, %,
t.r.f.

Calcite,
1 magnesian, (Mgo.3Caos?) 50.3
(CO3)
syn

2 Calcite, syn Ca(C0s) 49.7

After activation of sludge from the sludge
collector with sodium bicarbonate solution, the test
object was mechanically activated on a vibrating
scrubber. The effect of the mechanical activation
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duration on the disperse composition of the sludge
from the sludge collector is shown in Table 3. Studies
were executed during 0,5 - 5 min [19].

The crystal lattice deformation of the main
components of the sludge from the sludge collector
was estimated by means of X-ray diffraction analysis.
Diffractograms of the initial and 5 min activated
sludge from the sludge collector in the superposition
are shown in Figure 5. A comparison of
diffractograms showed distortion of the crystal
lattice of calcite and aragonite in the activated
sludge sample from the sludge collector.

Table 3 - Effect of mechanical activation duration on the
disperse composition of sludge

Fraction, mm Los
Activation time

: ’ 0315 | -0.1 | -0.064 | ses,

min *0315 1 01 | 0064 | +0.056 | o

0 26.7 50.5 18.2 3.6 1.0

0.5 17.7 69.1 11.5 0.8 0.9

1.0 17.7 72.1 8.8 0.9 0.5

2.0 16.0 76.2 6.0 0.9 0.9

3.0 13.5 80.1 49.0 0.5 1.0

5.0 7.0 89.3 2.2 0.5 1.0

As follows from the data in Table 3, the share of
large +0.315 and small - 0.1+0.056 mm particles
significantly decrease with an increase in mechanical
activation duration. Probably, the fine particles are
mutually attracted to the formation of agglomerates
during the abrasion of sludge from the sludge
collector. From Fig. 6, it can be seen that there are
also larger particles in the image of the sludge
activated for 5 min besides the fine particles. Note
that the presence of small particles in the image of
activated sludge is a reflection of particles
containing niobium absent in the image of the
original product. Thus, mechanoactivation of sludge
from the sludge collector provides a contact of the
reagent with the surface of niobium-containing
particles which will increase the leaching process
efficiency.

s 0
‘oupled TwoTheta/ Theta) WL=1.540602Theta

3 0
Coupled TwoTheta/ Theta 2Theta (C

Figure 5 - Diffractograms of the initial and activated
sludge from the sludge collector in overlay
(red - original, blue - activated)

Figure 6 - Images of the initial (a) and activated (b)
sludge from the sludge collector

Study of the sludge leaching process with an
alkali solution. It is known [20] that niobium
compounds are soluble not only in strong acids but
also in strong alkali solutions indicating the presence
of marked signs of amphotericity. The niobium
extraction in solution occurs in solutions of caustic
alkalis, due to the formation of water-soluble
niobates with a Na,O/Nb,Os ratio greater than one
[21].

It was found in [22] that the solubility of niobium
oxide increases tens of times in alkaline solutions
containing the five-atom alcohol xylite. It was noted
that the solubility was 3.9 mg/dm3 Nb,Osin a pure
alkaline solution with a sodium hydroxide
concentration of 160 g/dm?3.

It should be noted that preliminary experiments
showed that the use of alkaline solution with sodium
hydroxide content of more than 200 g/dm? in the
presence of glycerol results in the formation of
poorly filterable pulp and requires a large amount of
water to wash the sludge. In this regard, studies on
the niobium extraction in solution were executed

with solutions of 100 and 200 g/dm? NaOH.

From the data in Table 4, it can be seen that
increase in the concentration of alkali in the solution
containing 2 g/dm? of glycerol from 100 to 200
g/dm? has practically no effect on the concentration
of soluble aluminum compounds. At the same time,
the aluminum extraction degree into the solution is
68.7 and 62.4 rel. %, respectively. An increase in the
glycerol content up to 5 g/dm? has little effect on the
extraction degree of aluminum compounds in the
solution (Figure 7).

The concentration of sodium hydroxide and
glycerol has no noticeable effect on the content of
sodium metasilicate in the solution under the

studied conditions of sludge leaching (Table 4).
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Table 4 - Effect of glycerol on the transition of niobium,
vanadium, aluminum, and silicon in alkaline solution
under hydrothermal conditions (S: L = 1:10, 95 °C, 240
min)

Concentrati

onjn Cake Content in the cake. wt. % Concentration in solution,
solution, output, ' mg/dm?
g/dm3 %

NaOH  glycerir| Nb2Os| V20s| AlOs| SiOz | NbOs| V20s| AlOs| SiO;

100 2 64.6 0.375 | 0.126| 1.626 | 2.880| 282 179 1.353 | 1.094

100 5 71.0 0.380 | 0.048| 2.275( 2.230| 301 235 1.157| 1.039

200 2 61.2 0.254 | 0.144| 2.065| 3.567| 378 199 1391 1177

200 5 63.0 0.222 | 0.032| 2.069| 3.180| 386 244 1.187| 1.164

It is known [23] that the solubility of iron oxide
(IT) in sodium hydroxide solution (200-240 g/dm3)
even at 120-220 °C is ~ 0.1 g/dm?. Therefore, the
behavior of iron was not controlled.

100 y Vi
% Nb
X \V N
= 80 by
o
S o | NoflA! Al
E] Nb{ Al Al
2 60
£
§ 50 Si si
g Si
S
g 40 Si
(5]
5 30
&
o> 20
(]
(a)
10
0
1 2 3 4
Solution

1-NaOH 100, glycerin 2; 2 - NaOH 100, glycerin 5; 3 -
NaOH 200, glycerin 2; 4 - NaOH 200, glycerin 5 (95 °C, 4 h,
S:L=1:10)

Figure 7 - Dependence of niobium, vanadium,
aluminum, and silicon extraction rates on leaching
solution composition, g/dm?3

The degree of niobium extraction in the solution
is greatly influenced by the concentration of alkali -
by increasing the concentration of caustic soda from
100 to 200 g/dm? the degree of extraction increases
by 1.2-1.3 times. The maximum concentration of
niobium in the solution is 380 mg/dm?3. Glycerol in
this case restrains the transition of hexaniobate
formed during the interaction of alkali with sludge
into insoluble sodium metaniobate.

It is of interest to study the behavior of another
valuable component of sludge - vanadium. Since the
acid properties of vanadium are higher than those of

niobium, the extraction degree into the solution
under the studied conditions reaches 91-95%. The
effect of the solid-to-liquid ratio was studied in the
range 1:(4+12).

Figure 8 shows that an increase in the S: L ratio
and, accordingly, the alkali consumption rate results
in an increase in the degree of niobium transfer into
the solution up to S: L = 1: 10, and with a further
increase in the ratio that becomes practically
constant. Vanadium extraction into the alkaline
solution also increases with the increase of the S: L
ratio. At the same time the vanadium transfer
degree into the solution is higher than niobium.

100
95
90
85
80
75

» Nb

70
65
60

Degree of extraction, %

1:4 1:6 1:8 1:10 1:12
S:L
Figure 8 - The dependence of the niobium and

vanadium extraction degree on the ratio S: L (NaOH 100
g/dm?3, glycerol 2 g/dm?3, 95 °C, 4 h)

Thus, experimentally it was found that the
optimum conditions for niobium extraction in the
solution of sludge from the sludge collector of
titanium-magnesium production - sodium hydroxide
concentration of 200 g/dm?, glycerol 5 g/dm3, S: L =
1:10, temperature 95 °C, the duration of the
leaching process 4 h.

Conclusions

Physical and chemical properties of sludge
collector wastes were studied. Chemical and X-ray
fluorescence analyses determined the content of
the main components, wt. %: 12.7 TiO; 0.73 Nb,Os;
32.9 Ca0; 2.0 MgO; 3.4 Al,O3; 4.1 SiOy; 2.7 Fey0s3;
0.26 MnO; 0.29 V,0s. X-ray phase analysis showed
the following phase composition: calcite 79.7 %,
aluminum-niobium-biotite-titanium oxide 6.5 %,
aragonite 3.9 %, magnesian calcite 3.1 %, fersmite
2.4 %, iron-aluminum-titanium oxide 2.3 %,
wollastonite 2.1 %. The base of the sludge deposit is
calcium carbonate, with niobium bound to calcium
and embedded along with titanium in the aluminum
oxide lattice.
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Thermal analysis confirmed the presence of
calcite, pyroaurite, calcium, potassium chlorides,
and niobium bond with aluminum.

It was found that aragonite transforms into
calcite when the sludge is activated with sodium
hydrocarbonate solution at elevated temperatures.
Chloride ion passes into the solution, and calcite
with  magnesium forms a solid solution of
(Mg0.03Ca0.97)CO0:s. It was determined that with an
increase in mechanical activation duration the
proportion of large +0.315 and small -0.1+0.056 mm
particles significantly decreases. Probably, the fine
particles are mutually attracted to the formation of
agglomerates during sludge abrasion.The process of
sludge leaching by alkali solution was studied. If
the caustic soda concentration is increased from

100 to 200 g/dm?3, the extraction degree of niobium
increases 1.2-1.3 times, and the

maximum  concentration of niobium in the
solution reaches 380 mg/dm3. Glycerol in this case
restrains the transition of hexaniobate formed
during the interaction of alkali with sludge into
insoluble sodium metaniobate. The extraction of
vanadium in the alkaline solution also increases with
the increase in the S: L ratio. At the same time, the
degree of vanadium transition into solution is higher
than that of niobium.

The optimum conditions for the niobium
extraction from the titanium-magnesium production
sludge - sodium hydroxide concentration 200 g/dm3,
glycerol 5 g/dm3, S: L = 1:10, temperature 95 °C,
leaching process duration 4 h.

Cite this article as: Ultarakova AA, Karshyga ZB, Lokhova NG, Yessengaziyev AM, Burns PC. Studies for hydrometallurgical
processing of titanium-magnesium production sludge with niobium extraction in solution. Kompleksnoe Ispolzovanie
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TYAIHAEME

XUMUANBIK, PEHTreHAIK KaHe MMKPO3OHATHbI Tanzay o4icTepiMmeH TUTaH-MarHuMin eHAIpICiHiH
LWAAMMXKMHAFbILW  WOTIHAINEPIHIH, 3aTTblK Kypambl 3epTrengi. LUnamxuHasbiw WeriHAICIHIH,
dasanblK  KypamblH 3epTTey HWMOBWUIA Heri3iHeH anlOMWHMIA  KBHEe TUTaHHbIH,  OKCUATI
KOCbI/IbICTapbIHA KOCbINATbIHAbIFbIH KOPCETTI. By KocblnbicTapablH, 6enwekTepi eTe KilwKeHTan
JKOHE LUNAMMKMHAFBILW LWeTiHAiCIHIH, ca3abl }KaHe KapbOoHATTbl KOMNOHEHTIMEH KopLanfaH. 3aTTbiK
Kypambl 6OMbIHIWA anblHFaH AepeKkTep HerisiHAe TUTaHOMArHWi eHAIPICIHIH, LWAaMXUHAFbIW
WeriHAINepiHiH, XUMUANBIK KIHE MEXaHWKanblk GenceHAipy npouecTepi Ky3ere acbipbingbl.
ANnpblH ana 6enceHAipyfeH KeMiH LWnaMKMHaFbIW LWeriHAICIH CinTini waimanay Kyprisingi.
TUTaHOMArHUIM eHAIPICIHIH, WAAMMKUHAFbIW WAAMbIHAH HUOBWUIAT anyablH, OHTaWAbI WapTTapbl
6enrineHai: HaTpUit rIMAPOKCUAIHIH, KoHUeHTpaumackl 200 r/am?, ranuepud 5 1/ am3, T:X = 1:10,
Temnepatypa 95 °c, walimanay NpoueciHiH, y3aKTbifbl 4 cafaT. Lnamabl cinTimeH wanmanay
Ke3iHAe MULEPUH KOCY FreKCaHMOBATTbIH, epiMENTIH HaTpMit MeTaHMOoBaTbiHa aybICybIH TEXenai,
6yn HMObUIAj any aspexkeciH 1,3 ecere apTTbipbin, anbiHaTbiH MeTanabl 80% - fa AeliH epiTiHaire
aybICTbIpyFa MYMKIHAIK bepeai.

TyiiiH ce30ep: WwnamxunHarbIW WeriHAici, HNobui, benceHaipy, Wanmanay, HaTPUN TMAPOKCHAI.
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UccnepgoBaHuAa No ruapomeTannypruieckoim nepepaborke ocagka
LWWAaMOHaKoNUTeNs TMTaHOMarHMeBoro NPou3BoOACTBA C U3B/IeYEHUEM
HMobusa B pacTesop

! Ynbrapakosa A.A., 'Kapwbifa 3.6., /loxosa H.I., 1 Ecenrasues A.M., 2BepHc N.C.

1AO «MHcmumym memannypeuu u ob6ozaweHus», Satbayev University, Aamamel, KazaxcmaH
2 YHusepcumem Homp-Aam, «LjeHmp ycmolivugoli sHepeemuku» CLUA, Caym-beHd, CLUA

AHHOTAUMA

M3yyeH BELLECTBEHHDBIN COCTaB OCAAKOB LWNAMOHAKOMUTENEN TUTAHOMArHMEBOrO NPOU3BOACTBA
MEeTOAaMM1 XMMUYECKOTO, PEHTTEHOBCKOrO M MMKPO30HA,0BOr0 aHanu3a. Mccnesosanus Gasosoro
COCTaBa OCafiKa WAAaMOHaKONUTENsA NOKa3asno, YTo HMOBMIi CBA3aH B OCHOBHOM C aJlOMUHUEM U
TUTAaHOM B OKCUAHbIE COeAMHeHMUA. YacTuupl 3TUX COeAMHEHUI OYEeHb MENKWUE U OKPYMKEHbI
TMMHUCTON UM KapbOHATHOW COCTaBAAOWEN OCajKa LNamoHakonutens. Ha ocHoBaHUM

Mocrynuna: 29 anpens 2022 MOMYYEHHbIX AaHHbIX MO BELLECTBEHHOMY COCTaBy, OCYLLECTBAEHEHbI MPOLLECChl XMMMUYECKOMN K

PeueHsnposaHue: 31 agzycma 2022

MeXaHW4ecKoM dKTMUBauun oOcCadKa WaAamMoOHaKonnuTena TUTAaHOMAarHueeoro npousBoACTBa.

MpuHATa B NeyaTb: 06 okmabps 2022

MpoBeaeH LWenoyHoe BbIWEeNAaYMBaAHME OCafKa LUIAMOHAKONWUTENA nocie npeaBapuTesbHoN
aKTMBaLMKW. YCTaHOB/IEHbI ONTUMa/IbHbIE YC0BUA U3BNEYEHUA HMODOMA 13 Waama WaamooTsana
TUTaHOMArHMeBoro NPOM3BOACTBA: KOHLEHTPaLMa ruapokemaa Hatpus 200 r/ams, ravuepuHa 5
r/om3, T:K = 1:10, temnepatypa 95 °C, NPOAO/IKUTENIBHOCTb MPOLECCa BbllLeaumBaHmna 4 y.
[obasBneHne ravuepuvHa nNpu  WENOYHOM BbIWENAYMBAHMKM WAAama WMHIMBUpyeT nepexops,
rekcaHnobata B HepacTBOPUMBIN MeTaHMObaT HaTpuA, YTO MO3BONAET YBENUYWUTb CTEneHb
n3BnevyeHuna HMobus B 1,3 pasa c nepeBoom B pacTeop f0 80 % n3Bnekaemoro meTanna.

Knioyeeble cn06a: 0CafoK LWNAMOHAKOMUTENA, HWOGWMIA, aKTMBaumsA, BbllesaunBaHus,
rMAPOKCHMAA HaTPUA.
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