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ABSTRACT

Due to limited reserves of bauxite, nepheline can be used in the industrial production of alumina
in Kazakhstan. The most promising deposit is the nepheline syenites of the Kubasadyr deposit.
Currently, there is no effective technology for processing nepheline ores. High energy intensity,
capital intensity, and significant emissions into the atmosphere are the main drawbacks of the
conventional technology of nepheline ore processing by the sintering method. Efficient
hydrochemical processing of nepheline requires pre-enrichment with the separation of a part of
silica. According to the existing technology of chemical enrichment in an alkaline solution at a
temperature of 280°C, the silica extraction degree is no more than 36%. A pre-roasting at 500°C is
used to increase the extraction rate of silica and this process permits an increase in the extraction
rate to 65%. The paper presents the results of the chemical activation of nepheline syenites in a
solution of sodium hydrogen carbonate. The optimum conditions of activation are determined.
Activation at a temperature of 280 °C resulted in a change in the phase composition of the
feedstock and increases the degree of silica extraction up to 65.5%. The results obtained showed
the possibility in principle of using hydrochemical enrichment technology for the resulting high-
quality nepheline concentrate and replacing the energy-intensive roasting process.
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Introduction

The global aluminium

industry is growing

Nepheline is processed in the world only in
Russia, Canada, and Norway [11].

Large accumulations of non-bauxite aluminium
raw materials have been identified in Kazakhstan.

dynamically and is one of the leaders in the
production of construction materials [[1]], [[2]].
The traditional source of aluminium is bauxite.
However, their quality reserves are limited and the
currently known reserves will be exhausted within
the next 20 years and the reserve base will be
adequate for not more than 25 years [3]. This has
led to a search for alternative sources.
Aluminosilicate minerals such as kaolins or
nepheline and others can be considered as such

[[411, [5], [6], [7], (8], [9], [[10]].

These are high alumina minerals: nepheline of
alkaline, ultrabasic and granitoid rocks. There are
three main varieties of rocks rich in nepheline:
nepheline rocks of alkaline or ultrabasic massifs,
nepheline-leucite rocks of alkaline-basic massifs,
and nepheline syenites of massifs of alkaline
granitoids [12].

Several dozens of nepheline rock massifs are
known in different regions of Kazakhstan:

- Kosistek in Western Kazakhstan;
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- Yesil, Kentassk, Derzhavinsk, Karsakpai, and
Shynsai in Central Kazakhstan;

- lrisu, Mashat, Badam, Kulandinsk in
Southern Kazakhstan;

- Semeytausk in Eastern Kazakhstan.

The geological reserves of alumina raw materials
at the above deposits are huge and counted in
billions of tonnes of complex ores, by category C2 -
over 500 million tonnes. At the present stage of
exploration, the largest, well-studied is the Yesilsk
massif of the Kubasadyr nepheline-leucite syenite
deposit, which is represented by two sections:
Ashchilisai and Taskuduk. The intrusive is located in
a large deeply eroded caldera of an Early Devonian
stratovolcano, confined to the intersection of two
deep faults of northwest and northeast directions.
The host rocks are metasomatically reworked
nepheline syenites [12].

Reserves of alumina raw materials in category
C2 total 239 million tons in two areas, but there is no
production of their processing. To organize the
production of nepheline processing in Kazakhstan, it
is necessary to develop an effective technology that
takes into account the peculiarities of the mineral
composition of raw materials.

The information used to define industrial
mineral quality relates to consumer specifications:
minimum SiO,;, maximum Fe,0s, or whiteness,
among others [13].

Sintering or hydrochemical methods can be used
for nepheline processing. Sintering nepheline with
limestone at 1200 °C decomposes it to form sodium
and potassium aluminates and a two-calcium
silicate. However, this process is very energy and
capital-intensive.

Potentially, the processing of 1 million tons of
ore could produce 150 thousand tons of alumina on
existing technologies, by the way, to get 1,7 million
tons of cement, 70 thousand tons of soda, and 100
thousand tons of sulphuric potash. The production
requires 2.5M tonnes of limestone, with capital
costs of about S1bn.

There have been studies of nepheline sintering
at lower temperatures, e.g. sintering with an excess
5-10 % of sodium carbonate at 760-880 °C for 1.0-
1.5 h. Such processes would provide high Al
extraction, and the high energy consumption and
CO, footprint that derive from the thermal
treatment step are of great concern [14].

Given the negative attitudes in the world
towards the sintering process due to high carbonate
emissions into the atmosphere, hydrochemical
technologies are preferable.

In the hydrochemical process, the nepheline is
decomposed by an alkaline solution in the presence
of lime in autoclaves at a temperature of 280°C.
Under these conditions, sodium and potassium
aluminates pass into the solution and silica remains
in precipitation in the form of sodium-calcium hydro
silicate. High aluminium recovery is achieved at
Na,O content in the solution of 400-500 g/dm?3.

The hydrochemical method is characterized by a
high alkali turnover, which predetermines a
considerable heat consumption for solvent
evaporation. However, in contrast to the sintering
process specific material losses of solutions and heat
consumption per tonne of Al,Os; do not depend
much on the solid phase (SiO, + Ca0), i.e. on the
silicon ratio of raw materials (SiO2: Al,O3). During
sintering, the specific fuel consumption per tonne of
Al,Os is almost proportional to the silicon ratio. This
implies that the hydrochemical process is of interest
for processing alkaline silica-rich aluminosilicate
rocks and the profitability of production should
increase as the quality of aluminosilicate raw
materials deteriorates.

Nepheline syenite is also processed by acid
treatment [15].

There are also technologies of combining the
hydrochemical method with chemical enrichment,
roasting, and others [[16], [17]].

Chemical enrichment of nepheline is used to
reduce its silica content, leading to a reduction in the
flow of raw materials for further processing in
alumina production.

Chemical enrichment is carried out in an alkaline
solution containing 240 g/dm® Na,O at a
temperature of 280°C and a duration of 40 minutes
[16]. Under these conditions, the degree of silica
extraction into the solution of 38.6% was obtained.
To increase of efficiency of chemical enrichment
offered to carry out preliminary activation of
nepheline by roasting with the steam-air mixture at
a temperature of 500°C [17]. As a result, the degree
of silica extraction is increased to 60.0-65.0%.
However, roasting is an energy-intensive process.

In the conducted research to increase the
efficiency of the enrichment process, the possibility
of pre-chemical activation of nepheline syenites of
the Kubasadyr deposit in a solution of sodium
hydrogen carbonate has been studied.

Preliminary chemical activation of raw materials
in a solution of sodium hydrogen carbonate leads to
a change in the phase composition, which will allow
for obtaining higher values for further processing
[[18]], [19], [20].
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Preliminary chemical activation was tested in
the processing of low-quality gibbsite-kaolinite
[18], waste products [19], and semi-products of
ferrochrome production [20], and ash and showed
high results.

Experimental part

X-ray fluorescence analysis of the chemical
composition was carried out on a Venus 200-wave
dispersion spectrometer (PANalytical B.V., Holland).

Chemical analysis was performed on an optical
emission spectrometer with inductively coupled
plasma Optima 2000 DV (USA, Perkin Elmer).

Semi-quantitative X-ray phase analysis was
carried out on the D8 Advance diffractometer
(BRUKER) using Cu-K radiation at an accelerating
voltage of 36 kV, current 25 mA.

Chemical activation of nepheline syenites was
carried out in a solution containing 120 g/dm?3
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NaHCOs; at an L: S ratio of 3 and a temperature range
of 120 - 280 ° using a thermostatically controlled unit
with 6 autoclaves rotating through the head, with a
working volume of 250 cm?® and activation time 90
minutes. The maximum sodium hydrogen carbonate
content in the solution was 120 g/dm?3, taking into
account its solubility limit.

Chemical enrichment was carried out in an
alkaline solution containing 240 g/dm3 Na,O at a
temperature of 280°C and a duration of 40 minutes.

Results and discussion

Physical and chemical studies of the material
composition of nepheline syenites of the Kubasadyr
deposit were carried out.

Chemical composition of the initial sample, mass
%: Al,Os — 17,77; SiO, — 48,37; Fe;03 — 3,18; CaO —
2,89; Na,0 —4,24; K,0 -5,34; MgO - 0,34; C| - 0,3.

The phase composition of the initial sample is
shown in figure 1 and table 1.

| N318
| 1 PDF 00-019-0932 Microcline, intermediate KAISi308 43,2%
| 2 PDF 01-070-3752 Albite (Na0.98Ca0.02)(Al1.025i2.9808) 15,4%
| 3 PDF 01-072-7390 Nepheline K1.6Na6(Al7 49Si8 51032) 12,0%

4 PDF 00-058-2035 Muscovite-2M1 KAI2(Si A4O10(0H)2 7.1%

5 PDF 01-082-8676 Andradite luminian Ca3(Fe1.42A10.56)(SiO4)3 6,8%
| 6 PDF 00-020-0734 Ferro-fen ramite Na2CaFeS5AI2Si6022(0OH)2 5.9%
1 7 PDF 00-010-0173 Corundum, syn Al203 5,7%
| 8 PDF 01-073-6448 Analcime-1Q NaAl(Si206) 3,8%
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Figure 1 - X-ray diffraction pattern of nepheline

Table 1 — Phase composition of nepheline

Composition
Components Components %
Microcline KAISizOs 43.2
Albite (Nao.98Cao0.02)(Al1.02Si2.980s) 15.4
Nepheline K1.6Nae(Al7.49Sis.51032) 12.0
Muscovite- KAI2(Si,Al)a010(OH)2 7.1
Andradite, Cas(Fe1.42Al0.56)(Si04)3 6.8
Ferro-ferri-taramite NazCaFesAl2Sis022(0H)2 5.9
Corundum, Al,O3 5.7
Analcime-1Q NaAl(Si20e) 3.8
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Table 2 - Phase composition of nepheline syenite samples depending on the temperature of chemical activation

Activation Composition
temperature, °C
Components Formula %
120 Microcline, intermediate KAISizOs 40.1
Albite (Nao.9sCao.02)(Al1.02Si2.9808) 17.5
Nepheline K1.6Nae(Al7.49Sis.51032) 13.1
Corundum, syn Al20s 7.7
Andradite, aluminian Cas(Fe1.42Al0.56)(Si04)3 3.8
Ferro-ferri-taramite NazCaFesAl2Sis022(0H)2 6.9
Muscovite-2M1 KAI2(Si,Al)4010(OH)2 6.6
Analcime-1Q NaAlI(Si20e) 4.4
150 Microcline, intermediate KAISi3Os 34.6
Albite (Nao.9sCao.02)(Al1.02Si2.9808) 18.8
Nepheline K1.6Nae(Al7.49Sis.51032) 16.3
Ferro-ferri-taramite NazCaFesAl2Sis022(0H)2 7.0
Corundum, syn Al20s 6.9
Muscovite-2M1 KAIz(Si,Al)4010(OH)2 6.4
Analcime-1Q NaAlI(Si20e) 6.3
Andradite, aluminian Cas(Fe1.42Al0.56)(Si04)3 3.8
200 Microcline, intermediate KAISi3Os 33.4
Albite (Nao.9sCao.02)(Al1.025i2.980s) 18.2
Nepheline K1.6Nas(Al7.495i8.51032) 15.7
Andradite, aluminian Cas(Fe1.42Al0.56)(S5i04)3 4.2
Ferro-ferri-taramite NazCaFesAl2Sis022(0H)2 6.8
Corundum, syn Al203 6.7
Muscovite-2M1 KAI2(Si,Al)4010(OH)2 6.1
Analcime-1Q NaAl(Si20¢) 6.1
280 Albite Nao.o86Al1.005Si2.99508 31.5
Microcline, intermediate KAISizOs 15.3
Nepheline NaAISiOs 14.1
Calcium iron(ll) Aluminum oxide CasFe1sAl17.67032 13.1
hydrosodalite, hexasodium Nas(AlSiOs)s(H20)s 9.8
Calcium Iron Oxide CazFe20s.12 7.3
Ferro-tschermakite CazFesAl2(SisAl2)022(OH)2 6.6
Analcime-1Q NaAlI(Si206) 2.3

The phase composition of nepheline syenite
samples depending on the temperature of chemical
activation is presented in table 2.

During chemical activation depending on
the temperature, there were changes in the phase

composition of nepheline syenites: almost three
times less microcline content; two times more albite
content, hydro sodalite, calcium-iron oxide and
analcite phases were formed, and the andradite and
corundum phases disappeared (figure 2).
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Figure 2 - Dependence of the change in the phase composition of nepheline syenites on the temperature
of chemical activation

The influence of temperature of preliminary
chemical activation of nepheline syenites on the
degree of SiO, extraction at enrichment is
investigated. It was shown that with increasing
activation temperature the degree of extraction of
silica in the solution increases (figure 3).

At an activation temperature of 280°C, the SiO;
extraction rate during enrichment was 65.5 %. As a
result of enrichment, the nepheline concentrate is
received, composition wt.%: Al,0;3 — 28.6; SiO, —
50.293; Fe;03 —5.08; CaO —2.89; Na,0 - 6.79; K,0 -
4.74; MgO - 0.54.
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Figure 3 — SiO2 extraction rate

Conclusions

Studies on the chemical activation of nepheline
syenites of the Kubasadyr mine were conducted.

The obtained degree of enrichment of nepheline
after preliminary chemical activation in a solution of
sodium hydrogen carbonate is comparable with the
degree of enrichment obtained after activation by
pre-firing with the steam mixture at 500°C.

These results show the possibility in principle of
obtaining high-quality nepheline concentrate, but
require further research and refinement involving
other techniques.

At chemical enrichment of nepheline syenites,
the degree of extraction of silica is low (36%). As a
result of pre-activation, the degree of extraction of
silica in the solution reaches 65%.

During chemical activation depending on the
temperature, there were changes in the phase
composition of nepheline syenites: almost three
times less microcline content; two times more albite
content, hydro sodalite, calcium-iron oxide, and
analcite phases were formed, and the andradite
and corundum phases disappeared.

The results show the basic possibility
ofobtaining high-quality nepheline concentrate, but
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require further research and refine
other techniques.
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Hedenunpgi 6aibiTyra geninri angblH ana 6enceHpgipy
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TYAIHAEME

KasaKkcTaHaa antloMUHUI TOTbIFbIH ©HEPKACINTIK eHAipy canacbiHAafbl baliep GOKCUTTEpiHiH,
LIeKTeyNi KOPAAPbIHbIH, CangapblHaH BOKCUT emec WKKi3aT-HebennHaepai naaanaHyfa 6onagpl.
Hefyp/abim NepcrnekTUBanbl KeH OpHbl Kybacaaplp KEH OpHbIHbIH, HedbenuHai cneHuTTepi 60abin
Tabbinagpl. Kasipri yakbitta HebenuH keHaepiH eHaeyaiH, TUiMAI TeXHONOruAChl oK. Kofapbl
3HEprus CbIMbIMAbINbIFbI, KANUTan CbIMbIMAbINbIFbI XKaHe aTmochepara eneyni WbifapbiHAbIIAP
HebennH KeHaepiH nicipy TaciniMeH eHAeyAiH, *Kannbl KabbingaHFaH TEXHONOTMACBIHbIH, Heri3ri
KemLiniktepi 6onbin  Tabblnagbl. HedenuHpepai TMIMAI  TMAPOXMMUANBIK  ©HAEY  YLWiH
KpemHe3seMHiH, 6ip 6eniriH 6enin any apKblibl anabiH ana 6aibiTy KaxeT. KongaHbictasbl CinTini
epiTiHgige 280 °C TemnepaTypaga XMMMUANbIK 6aibITy TEXHONOMUACbIHA COKEC KpemHe3emai any
aspeskeci 36 %-gaH acnaigbl. KpeMHWIn TOTbIFbIH any AapexeciH apTTbipy ywid 500 °C
TemnepaTtypasa anfblH ana Kyiaipyre KongaHolnagpl, *KaHe O6yn aKcTpakuma aaperkeciH 65 %-fa
OeWiH apTTbipyFa MYMKiHAIK 6epeani. Makanaga HaTpuit ruapokapbOoHaTbiHbIH, epiTiHAiciHAer
HedeNnHAi CUEeHUTTEPAiH, anfblH ana XMMUANbIK BenceHainiriHiv, HatTwxkenepi 6epinreH.
BenceHaipyai, oHTalnbl WapTTapbl aHbiKTanasl. 280 °C TemnepaTypachl KesiHgeri 6enceHainik
6acTankbl WKKI3aTTbIH, $pa3anblk KypamblHbIH ©3repyiHe anbin Kengi XaHe 65,5 % 6aiibiTy KesiHae
KpemHesem any AapexeciHae angapl. ANbIHFaH HaTUXKelep aNblHFaH Kofapbl cananbl HepenuHai
KOHLLEHTPATbI YLWiH FMAPOXMMUANBIK 6albITy TEXHONOTUACBIH KONAAHYAbIH, YKOHE SHEPrUAHbI Ken
Ka)KeT eTeTiH Kyiaipy NpoueciH aybICTbIpyAblH Tybereini MyMKiHAIriH KepceTTi.

TyliiH ce30ep: HedenuH, 6aibITy, anapiH ana 6enceHaipy, KpeMHUM TOTbIFbI, ANFOMUHWUIA TOTbIFbI
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AHHOTALUMUA

Bcneactsue orpaHuYeHHbIX 3anacoB  6HaliepoBckuMx 6GOKCUMTOB B chepy NPOMbILLAEHHOO
NpOu3BOACTBA rAMHO3emMa B Ka3axcTaHe BO3MOMKHO MCMO/b30BaHWe HEBOKCUTOBOrO ChbipbA —
HedenmHoB. Hanbonee mepcreKkTMBHLIM MECTOPOXAEHUEM ABASETCA HedennHOBble CUEeHUTbI
Kybacagblpckoro mecTopoxaeHua. B Hactoswee Bpems, He cywectByeT 3¢pdeKTUBHOM
TEXHONOTMU NepepaboTkn HedennHoBbIX PyA. BbiCOKas 3HEProeMKOoCTb, KanuTaNoeMKOCTb U
3HauMTeNbHble BbIBPOCHI B aTMochepy ABAAIOTCA OCHOBHbIMU HELOCTAaTKaMU OBLLEeNpPUHATOM

Moctynuna: 20 dekabps 2022 TEXHOMOTUW nepepaboTkn HedennHoBbIX pya cnocobom cnekaHua. [aa  sddeKkTuBHON
PeueHsupoBaHue: 22 sHeaps 2023 rMapoXMMmnyecko nepepaboTkm HedbenuHos TpebyeTca npepsaputensHoe oborauieHne c
MpuvHaTa B nevatb: 27 ¢pespana 2023 oTAeNeHMem YacTu KpemHesema. Mo cyliecTBytoLen TEXHONOMMM XMMUYeckoro oboralleHus B

Leno4HoM pactsope npu Temneparype 280°C cTeneHb W3BNEYEHUA KPEMHE3EMA COCTaBASIET He
6onee 36%. [lna NOBbIWEHUA CTENEHW U3BNEYEHUA KPEMHE3EMA UCNONb3YIOT NPEABapPUTENbHbIN
063kur npu 500°C, KOTOpbIA MO3BOAAET MOBLICUTb CTeneHb M3BiedeHMs 0 65%. B craTbe
npeAcTaBfeHbl pesynbTaTbl NpeABapUTEbHON XMMUYECKONM aKTUBaLMK HedeSIMHOBbIX CUEHUTOB
B pacTBope ruapokapboHaTta HaTpuAa. OnpepeneHbl ONTUMabHble YCNOBUA aKTUBALMW.
AkTuBaums npu Temnepatype 280 °C npusena K M3meHeHuto $pasoBoro cocTaBa MCXOLHOIO Cbipbs
1 NONYYUTb CTENEHb U3BJIEYEHNA KpeMHe3ema Npu oboraleHun 65,5%. MonyyeHHble pesynbTaTbl
NoKasanu NPUHUUNUANBHYIO BO3MOMKHOCTb MPUMEHEHUA TUAPOXMMUYECKOW TEXHONOTUU
oborawieHVa A8 NONYYEHHOTO KayecTBEHHOro HedesIMHOBOrO KOHLEHTpaTa W 3aMeHWUTb
3HeproemMKuii npouecc obura.

Kntouesbie cnosa: HedenvH, oboralieHne, npeasapuTeNbHan akTUBALMA, KpeMHe3eM, IIMHO3EeM.
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