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HIGH-TECH PRODUCTION OF PHOTO-ENERGY  
IN KAZAKHSTAN BASED ON THE SARYKOL QUARTZ DEPOSIT 
 
Abstract. The technology of silicon purification to solar grade silicon for metallurgical silicon obtained from 

the Sarykol quartz deposit by carbothermic reduction is presented. This technology is based on metallurgical 
methods of purification, namely gas-slag refining and directional crystallization. Silicon ingots are grown from the 
solar grade silicon using "monolike" technology. Photovoltaic converters are manufactured and investigated. Solar 
cells from "monolike" silicon have a higher efficiency of 17-18.4%, in comparison with solar cells made from 
multicrystalline silicon. Converters with high efficiency were tested for the light-induced degradation effect. 

Key words: solar grade silicon, silicon purification, monolike technology, solar cell. 
 
Introduction. Kazakhstan is implementing the KazPV Project - “Creating of the production of 

photovoltaic modules based on Kazakhstan silicon”, that includes the production of metallurgical grade 
silicon (MG-Si) and solar grade silicon (SoG-Si), the production of solar cells and photovoltaic modules. 
The cluster for the production of photovoltaic modules includes three domestic enterprises: MC 
KazSilicon LLP, Kazakhstan Solar Silicon LLP and Astana Solar LLP.  

MG-Si was obtained at the enterprise KazSilicon by the carbothermal method by reduction of high-
purity Sarykol quartz by carbon. The MG-silicon purification technology has been developed. SoG-Si was 
obtained using the developed technology, from which silicon ingots were grown using the "monolike" 
technology (ML-Si). Solar cells with an efficiency of 17-18.4 % were manufactured based on ML-Si. The 
solar cell panels were used in the first Kazakhstan Power Plant AstanaSolar with capacity of 250 kW. 
This technology is the basis for the creation of the industrial production of materials, solar cells, 
photovoltaic modules and photovoltaic stations. 

Methods 
MG-Si production and purification up to SoG-Si. The raw materials used for the experiments were 

studied before melting for the production of metallurgical silicon. Analysis of the quartz of the Sarykol 
deposit showed that the phosphorus content is the lowest in the world (compared to Australian quartz, 
considered one of the best in the world, the phosphorus content is 2-6 times lower), the boron content is 
similar to the Australian deposit and ranges from 1 ppm to 3-4 ppmw. It was found that a distinctive 
feature of the Sarykol deposit, compared with other global deposits of quartz, is that the impurities of 
boron, phosphorus and other chemical elements are outside the crystal lattice of the main component of 
mineral raw materials. This allows, based on the principles of condensed matter physics and materials 
science, to develop a highly efficient technology for silicon purification to “solar quality” and ensure its 
use in industrial environments with less financial and resource costs compared to the technologies used in 
practice. The silicon coming from the furnace needs additional cleaning. One of the options for the 
purification of metallurgical silicon may be gas-slag refining, i.e. purging of liquid silicon with a special 
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composition of gases in combination with the addition of fluxes. The article by A. Istratov and others[1] 
reports on purging the silicon melt with such gases as Cl2, SiCl4, CO2, water vapor, or their combinations. 
These gases react with dissolved impurities in silicon and form volatile compounds that evaporate from 
the melt. For example, the chlorides of many metals are volatile compounds. According to the authors, 
this method is effective in Al, Ca, C, Mg, Fe, B, P, and Ti removing. 

Mixtures of SiO2, CaO, CaCO3, Na2O, Na2CO3, Al2O3, MgO, BaO, B2O3 and CaF2, and other oxides 
and fluorides are used as fluxes. During the purification process, at high temperatures, the fluxes react and 
create a complex glass phase - slag phase, that can react with impurities in the MG-Si melt and create a 
combination of oxides. These oxides can be solid, liquid or gaseous and can be caught in the slag phase or 
released in the gas phase from the MG-Si melt. Elements such as Al, Ca and Mg are oxidized and the 
degree of purification is determined by the Eq. (1), (2), (3): 

 

4Al + 3SiO2 = 3Si + 2Al2O3          (1) 
 

2Ca + SiO2 = Si + 2CaO          (2) 
 

2Mg + SiO2 = Si + 2MgO          (3) 

Theoretically, this allows you to remove Al, Ca and Mg to very low levels, but in practice this is 
hampered by large heat losses occurring during this operation. In order to avoid crystallization of the melt, 
oxygen is purged, as a result of which an exothermic oxidation of silicon to a dioxide occurs.  

After completion of the oxidative refining in the ladle, the slag, that contains some of the impurities, 
is removed mechanically or settles to the bottom, and the liquid silicon is poured into a special mold. The 
separation of slag from silicon is due to the difference in density and viscosity of the slag and silicon 
itself, so that separation is possible. Consequently, a high CaO content will lead to a low viscosity of the 
slag, which will sink to the bottom of the ladle, while the CaF2 viscosity will increase, which will cause 
it’s floating up in the molten silicon. Thus, the condition of the difference of properties in density and 
viscosity for slag-forming additives is necessary to achieve a good separation [2]. 

When using silicon in photovoltaic applications, special attention is paid to such impurities as boron 
and phosphorus, since these elements are the main alloying elements in p-type and n-type silicon. These 
impurities are contained in concentrations of 1st-2nd orders of magnitude higher than the required level in 
metallurgical silicon. 

The slag purification of metallurgical silicon, carried out at MK KazSilicon LLP, is based on a flux 
containing SiO2. Carrying out slag purification experiments consisted of adding several components of the 
corresponding fluxes to the MG-Si melt to remove impurities from the MG-Si melt by selecting of the 
composition of the slag mixture.  

Boron removal process. The boron removal process occurs due to the oxidation of boron elements in 
the MG-Si melt according to three chemical reactions (4), (5), (6): 

1 - Boron oxidation: 

[B] + (3/4) O2 → (1/2)B2O3          (4) 

2 - Boron oxide absorption, that appeared as a result of the first reaction: 

(1/2)B2O3 + (3/2)O2- → BO3
3-          (5) 

3 -Final expected boron removal result: 

[B] + (3/2)O2- + (3/4)O2 → BO3
3-          (6) 

Phosphorus removal reaction process. As for phosphorus, it is possible to purify the MG-Si melt 
due to the transfer of phosphorus into the slag according to the following two reactions (7) and (8): 

[P] + (3/4)O2-  → P3- + (3/4)O2 (7) 

or 

[P] + (3/2)O2- + (5/4)O2 → PO4
3-          (8) 

The oxygen ions required for the oxidation reaction will be supplied into the slag phase due to the 
decomposition of simple oxides, the slag components that are used for purification. For example, for the 
SiO2-CaO slag, oxygen will be supplied according to the following reactions (9), (10): 
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1 - CaO Flux Disintegration:  

CaO → Ca2+ + O2- (9) 

2 - SiO2 flux Disintegration: 

SiO2 → [Si] + O2 (10) 
As for the other slags mentioned above, such as BaO, Na2O, Na2CO3, etc., the same decay reactions 

will occur during the purification process. For example, for Na2O, the following reaction(11) occurs: 

Na2O → 2Na+ + O2-        (11) 

When conducting experiments at MC KazSilicon LLP, the flux mixture was added directly during the 
process of pouring liquid silicon from the furnace into the metallurgical ladle. The average weight of the 
pouring was about 1 ton.  

After the end of the pouring, the ladle was distilled off into a sump to continue refining, the time of 
which was about 60 minutes. Due to the fact that during this time there was the possibility of 
crystallization of the molten silicon, the ladle was driven under a special heater designed for this purpose. 

The slag resulting from the refining forms creates slag crust on the surface of the liquid metal, which 
is removed mechanically after the draining of refined liquid silicon into the mold. 

For experiments on the removal of boron and phosphorus impurities, several mixtures of flux 
components were used, representing 2, 3 or 4 component systems, such as, for example, SiO2-Na2CO3, 
SiO2-CaO-Al2O3, CaO-CaF2-BaCO3, etc.  

Based on the fact that the tests were carried out directly on an industrial scale and given the economic 
factor, the mass content of the mixture of flux components to the mass of liquid silicon was taken 
approximately equal to 10%. During the pouring of metallurgical silicon into the ladle from the furnace 
and refining, the oxygen-air mixture was supplied. The range of consumption of oxygen and air was 1.43 
- 2.18 m3/s and 5.18 - 9.83 m3/s, respectively.  

To determine the effectiveness of slag purification, several tests were carried out, where the time for 
refining was the same as for cleaning with only one gas-air mixture. Table 1 shows the average value for 
the removal of Al and Ca in percent, for several issues both with and without fluxes. 

 
Table 1 - Effect of fluxes on the removal of Al and Ca impurities 

 

Name of impurities Aluminum removal,% Calcium removal,% 
Without fluxes 77,73 91,82 

With flux (SiO2-Na2CO3) 94,75 94,63 

 
In the project implementation, an optimized slag purification technology using various fluxes, as well 

as purification by the crystallization method, was developed [3]. After conducting pilot tests, the SoG-Si 
obtained by the carbothermic method from the quartz of the Sarykol field after all stages of purification, 
as well as solar cells created from the material obtained, was investigated.  

Table 2 presents the results of analyzes of quartz used to obtain silicon and silicon itself. 
 

Table 2 - Concentrations of impurities after various stages of purification 
 

Material type 
Impurities concentration, ppm wt 

Boron Phosphorus Metals 
Quartzite 1,3 0,32 125 
MG-Si 15,4 68 400 
Purified MG-Si (UMG-Si) <5 8 2500 
SoG-Si 0,2 0,57 <3 
The analyzes were carried out in certified laboratories Schmid Pilot Production (SPP, Germany) and the National Renewable 
Energy Laboratory, NREL, USA. 

 
Growing and investigation of ML-Si ingots.In order to increase the efficiency of solar cells and 

reduce production costs, a process of silicon ingots production, using the so-called monolike technology 
has been developed. The aim of this work was to study the effect of a higher concentration of impurities 
in SoG-Si on the formation of crystalline defects (mainly dislocations) in single-crystal structures. Single-
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crystal structure visualization, mapping of the lifetime of minority carriers and photoluminescence were 
used for studying the properties of a monolike ingot obtained on an industrial scale from Kazakhstan's 
SoG-Si.  

ML-Si ingots of p-type conductivity were manufactured using ECM technology in a PV 600 furnace 
[4] and weighed about 450 kg. The process of growing ML-Si ingots consists of four stages and takes 78 
hours. Silicon is heated to a melting point of 1423°C. Crystallization occurs from the bottom to the top 
part of the ingot using thermal dissipation, which is carried out under conditions of a homogenized 
furnace temperature to limit thermal deformations.  

Silicon ingots were cut into bricks after the crystallization process. Then ingots were cut into wafers 
of size 156x156 mm and 180 microns thick. The lifetime of minority charge carriers (electrons) was 
measured immediately after cutting without additional processing. The measurements were carried out 
using Microwave Photoconductive Decay (μ-PCD) technology by Semilab WT2000 equipment. This 
technique does not allow to measure the real lifetime, however, mapping by the obtained values allows to 
qualitatively evaluate the uniformity of the distribution of the lifetime of the ingot and to identify areas 
with defects that limit the lifetime. Resistivity was also measured on bricks, using Semilab WT2000 
equipment. The uncalibrated photoluminescence (PL) image was obtained on a BT LIS-R2 equipment 
with laser illumination (915 nm), equivalent to 1 solar constant; the illumination time was 1 s. In addition, 
the ingots were investigated using infrared Fourier transform spectrometry (IFTS).  

The concentration of dopants in the initial SoG-Si needs to be adjusted to achieve the required boron 
and phosphorus values. As shown in [5]and[6], doping of silicon with gallium allows compensation of 
phosphorus, despite phosphorus high concentration. Schmidt et al. [7] showed that doping of silicon with 
gallium does not reduce the carrier lifetime and does not increase the concentration of structural defects in 
crystalline silicon. 

Comparison of the calculated and measured resistivity along ingot height, represented in Fig. 1, 
shows that doping with gallium can lead to a resistance of the order of 1.5 Ω cm, while the stability of the 
resistance is maintained until the crystallization fraction reaches 95% without changing the conductivity 
type of silicon. The carrier mobility (μ) was calculated using the obtained concentrations of boron, 
phosphorus and gallium, as well as the Arora model [8]. The resistivity (ρ) was calculated from the 
obtained values of mobility and concentrations of dopants, using Eq. (12):  

ρ = 1/μqp        (12) 

where μ is the mobility of charge carriers, q is the electron charge, p is the effective concentration of 
charge carriers equal to the difference between the concentrations of acceptor and donor impurities (NB + 
NGa-NP). 

 
 

Figure1 - Comparison of the resistivity change dependency along the ingot height, calculated (points) and measured (squares) 
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Grown ingots contain impurities that lead to the formation of defects that impair the electrical and 
physical properties of silicon. Namely, oxygen and carbon are the main impurities in standard mc-Si and 
ML-Si, and are often found in the form of sediment due to the processes occurring during the growth of 
crystals. Various types of SiO2 and SiC precipitates and oxygen-containing defects can be observed 
depending on the temperature conditions and the initial concentration of oxygen and carbon. They can be 
deposited on the boundaries of the grains and dislocations and, thus, change their electrical characteristics. 
Therefore, they can affect the recombination in the volume of silicon and the properties of the p – n 
junction if they penetrate into the space charge region. In addition, it is also known that oxygen forms 
complexes with boron (B-O), which can significantly reduce the lifetime.  

 

 
 

Figuer 2 - The concentration of Oi (points) and Cs (squares) obtained by IFTS measurements along the ingot height.  
The shaded rectangles highlight the cut off areas on the top and bottom of the ingot, the shaded area shows 

the maximum solubility of Cs in silicon 
 
Fig. 2 shows the changes in the concentration of interstitial oxygen [Oi] and carbon substitution atoms 

[Cs] with an increase of the crystallization fraction obtained by IFTS measurements along ingot monolike 
height. There is a high concentration of oxygen at the bottom of the ingot due to contact with a quartz 
crucible. The high concentration of carbon in the top of the ingot is due to its low segregation coefficient. 
From the analysis of grown monolike ingots, it can be seen that the useful part of the ingot contains a 
rather low concentration of Oi and Cs (<3•1017 cm-3). At such concentrations, the formation of SiC 
inclusions is unlikely, and the probability of formation of B – O complexes is significantly reduced.  

Damage to the seed with raw materials multiplies and spreads dislocations towards the top of the 
ingot. A sufficiently high source of stress (3 MPa at the melting point [9]) can occur at high temperatures, 
and plastic deformation of the seed, which leads to the creation of dislocations. The source of stress can 
be silicon raw materials loaded on the seed or silicides (SiC, Si3N4, SiO2) formed on the surface of the 
seed. With the concentration of stresses caused by microscopic points of contact, the dislocation creation 
threshold is easily exceeded. These mechanisms mainly depend on the flatness and surface state at the 
seed/crucible and seed/seed boundaries.  

Fig. 3 presents the results of photoluminescent analysis performed on the wafers along the height of 
the marginal and central bricks. The results show that the multiplication of dislocations is higher with a 
higher curvature of the crystallization front. Thus, temperature conditions and equipment influence on the 
multiplication of dislocations. The results of the analysis show a clear advantage of monolike ingots 
compared to standard multicrystalline ingots. 
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Figure  3 - The uncalibrated image of the photo luminescent analysis of the wafers along the height 
of the central ML-Si brick (upper row of cells) in comparison with a standard multicrystalline ingot (lower row of cells).  

The images indicate percent crystallization fraction 
 
Results  
 
Manufacturing and investigation of solar cells. For the study of the possibility of using monolike 

silicon for the production of high-efficiency solar cells, wafers were chosen along the height of the central 
ingot. Solar cells were manufactured using the standard Al-BSF architecture [2], according to which the 
solar cell has a uniform n-type phosphoric emitter on the top part, and is electrically-passivated with 
SiNx:H layer function also as an anti-reflective coating. The back side of the solar cell is passivated by the 
p + area, called BSF (back surface field), as a result of screen printing and burning of the back contact 
from aluminum paste. The charge carriers are assembled on a solid aluminum rear contact and on an H-
shaped silver front contact made in the form of a grid.  

IV parameters were measured on ready-made solar cells under standard testing conditions (STC). The 
measured parameters of the solar cells, such as the open-circuit voltage (Voc), short-circuit current (Jsc), 
fill factor (FF) and efficiency (η), were obtained from the measured IV characteristics. In addition, the 
current-voltage characteristics were measured on solar cells after the degradation test under illumination. 
The solar cells with the highest efficiency were used to study the effect of degradation of solar cells under 
lighting (LID). LID measurements were carried out on a device fixing a change in Voc, at a constant 
temperature (65°C) and illumination (43 mV≈1.1 Sun), every second. Full results are presented in [10].  

 
The influence of gettering effect on the lifetime of charge carriers. 
Fig. 4 shows the measurement results of τeff for silicon wafers before and after gettering. Samples 

after phosphorus diffusion showed a significant increase in τeff, regardless of the type of material used. It 
is known that metallic impurities are one of the main factors reducing τeff in silicon. Metal impurities can 
create precipitates in crystallographic defects or can be dissolved in the bulk of silicon, which in turn 
forms deep energy levels in the forbidden zone, such as interstitial iron atoms (Fei), which increases the 
recombination activity and lowers τeff. Impurities with a fairly high diffusion coefficient in the process of 
diffusion of phosphorus diffuse into the n-type layer and form electrically inactive clusters - the gettering 
process due to the difference in dissolution coefficients at high temperatures. However, it can be seen that 
the measured τeff is higher for ML-Si, due to the higher initial (before gettering) τeff (τ0) value (Fig. 4). The 
higher τ0 for ML-Si is explained by the better crystal structure of this sample and the smaller amount of 
metallic impurities in the bulk of the wafer.  
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The measured values of τeff and τ0 decrease with an increase in the crystallization fraction, which is 
explained by an increase in the density of crystallographic defects and an increase in the concentration of 
impurities due to the effect of segregation during growth. This is confirmed by lower values of τeffand τ0 
for wafers from the marginal brick of the ingot, due to the higher concentration of defects. It should be 
noted that the increase in τeff after the gettering process is lower for the last crystallized fraction (Figure 
4). The absence of an increase in τeff after the gettering process shows that in this case τeff is more limited 
by crystallographic defects than by the concentration of impurities. 

 

 
 

Figure 4 - Comparison of the effective lifetime (with an excessive concentration of charge carriers, 
 Δn = 1•1015 cm-3) on the ML-Si wafers of the central brick and mc-Si, depending on the height of the ingot: 

1 - ML-Si wafers before gettering, 1'- ML-Si wafers after gettering, 2 - mc-Si wafers before gettering, 
2' - mc-Si wafers after gettering 

 
Based on the data obtained, we can conclude that the use of moonlike technology for growing silicon 

ingots is more promising; silicon grown using this technology has better electrical characteristics. 
Therefore, solar cells made of ML-Si should have a higher efficiency.  

Fig. 5 shows the distribution of Jsc and Voc of solar cells from central ingots of ML-Si and mc-Si, 
depending on the crystallization fraction. The values of Jsc and Voc directly depend on the τeff and the 
diffusion length of the electrons and correlate well with the measured values of τeff. It can also be seen that 
the values of Jsc and Voc are higher for solar cells made of ML-Si, that was expected due to a higher τeff.  

 
 

Figure 5 - Comparison of changes in Voc (left) and Jsc (right) along the height  
of ingots for solar cells made of ML-Si and mc-Si: 1 - mc-Si, 2 - ML-Si 
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Fig. 6 shows the distribution of the efficiency of Al-BSF solar cells based on silicon wafers along the 
height of the bricks. As expected, after measuring τeff, solar cells made from ML-Si have higher efficiency 
values due to better performance. The maximum value of the efficiency for solar cells made of ML-Si was 
18.4%. In[11], a significant decrease in the efficiency along the height of the ML-Si ingot was reported, 
which was explained by an increase in the density of dislocations. In contrast to our case, very precise 
control of the crystallization process is not capable of limiting the crystallographic defects formation in 
the bulk of the crystal. As a result, solar cells produced from a material of this level are less limited in 
efficiency due to recombination losses, and this explains the presence of a wide area with a very slight 
decrease in efficiency. These results show that controlled multiplication of dislocations has a significant 
impact on the production process of solar cells by not only increasing the efficiency limits, but also 
narrowing the distribution area.  

 

 
 

Figure 6 - Comparison of changes in efficiency (left) and fill factor (right) along  
the height of ingots for solar cells made of ML-Si and mc-Si: 1 - mc-Si, 2 - ML-Si 

 
On the other hand, solar cells made of ML-Si have a fill factor lower than mc-Si solar cells (Fig. 6). 

These results can be explained by the incomplete refinement of the process and technological regimes for 
creating solar cells. Since the fill factor depends on the quality of the process of metallization and 
diffusion of phosphorus (the creation of the n-layer). However, even with smaller values of the fill factor, 
solar cells made of ML-Si have a higher efficiency. What shows a further opportunity for increasing the 
efficiency of solar cells by adjustment of technological processes and modes. 

At the end of the investigation, solar cells with high efficiency were tested for light degradation to 
obtain more complete results. These tests are important because of the formation of boron-oxygen 
complexes (B-O) as a result of exposure to light. These complexes, in turn, are electrically active 
recombination centers and can significantly reduce the efficiency of solar cells[12].  

It was found that the average value of the relative degradation of efficiency is about 1%. The obtained 
results show an insignificant effect of LID on the efficiency of solar cells produced from ML-Si, that well 
correlates with theoretical data on the formation of B-O complexes with oxygen concentrations above 
3•1017 cm-3. According to measurements the concentration of interstitial oxygen [Oi] in the ML-Si does 
not exceed 3•1017 cm-3 for the regions of the ingot used in the creation of solar cells.  Unlike silicon grown 
by Czochralski technology, in which [Oi] reaches about 8•1017 cm-3, silicon grown by monolike 
technology is less susceptible to the formation of B-O complexes and consequently the degradation of the 
efficiency of solar cells when exposed to sunlight.  

On the other hand, on the researched solar cells, the LID effect increases with an increase in the 
crystallization fraction and therefore with decreasing [Oi] and it can be concluded that in this case the LID 
effect is more associated with other processes and mechanisms than the formation of B-O complexes. A 
recent paper [13-15]reported that metal impurities such as copper form electrically active precipitates in 
the bulk of silicon when exposed to light and can cause degradation of the electrical characteristics of 
solar cells. In addition, [16]reported on the influence of the architecture of solar cells on the effect of 
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degradation during illumination; it was shown that solar cells with a passivated surface are more sensitive 
to degradation. 

 
Discussion 
Potential production of photovoltaic cells from Kazakhstan p-type silicon purified by metallurgical 

using the advantages of monolike technology investigated. 
It is shown that the content of oxygen and carbon impurities is very low, which prevents the 

formation of SiO2 and SiC precipitates. In addition, it has been shown that monolike-grown ingots are 
practically free of microcrystalline regions, and that a limitation of the dislocation density can be achieved 
in industrial technology. The optimization of the technology was based on precise control of the curvature 
of the crystallization front in the process of directional solidification, since the curvature of the front is a 
key factor in the quality of crystallization. 

It is shown that silicon ingots grown using the monolike technology have a higher carrier lifetime 
compared to standard mc-Si. In addition, it is shown that in the process of creating solar cells, the lifetime 
of charge carriers increases due to the effect of gettering, without additional purification processes. The 
advantages of the developed technology were observed at the level of solar cells, by increasing the 
efficiency and reducing the distribution of efficiency along the ingot height. It is shown that solar cells 
made of ML-Si have a rather low degradation of efficiency when exposed to light.  

The maximum efficiency for solar cells made of ML-Si was 18.4%. In addition, according to the 
results of recent work, an increase in the efficiency of solar cells up to 20% and higher is expected due to 
the adjustment of the production process of solar cells to ML-Si wafers.  

In conclusion, ML-Si grown from silicon of solar grade in the near future may be a breakthrough in 
PV industry, due to the high potential for the production of solar cells with high efficiency and significant 
reduction in production costs.  
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САРЫКӨЛ КВАРЦ КЕН ОРНЫ НЕГІЗІНДЕ ҚАЗАҚСТАНДА 

ФОТОЭНЕРГЕТИКА ҚҰРУДЫҢ ЖОҒАРЫ ТЕХНОЛОГИЯЛЫ ӨНДІРІСІ 
 
Аннотация. Сарыкөл кен орнынан карботермиялық қалпына келтіру арқылы алынған кварцтан 

металлургиялық кремнийді күн сапалы кремнийге дейін тазалау технологиясы ұсынылады.  Берілген 
технология тазалаудың металлургиялық əдістеріне – газды қожбен тазарту жəне бағытталған кристалдануға 
негізделген.  Алынған күндік кремнийден “monolike” технологиясымен құймалар дайындалды. Мульти-
кристалданған кремнийден алынған түрлендіргіштермен салыстырғанда өте тиімді – 17-18,4% болатын 
фотоэлектрлік түрлендіргіштер дайындалып, зерттелді. Өте тиімді түрлендіргіштер жарықтық деградация-
ның тестінен өткізілді.  

Түйін сөздер: күн сапалы кремний, кремнийді тазарту, “monolike” технологиясы, күндік элемент. 
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ВЫСОКОТЕХНОЛОГИЧНОЕ ПРОИЗВОДСТВО ПО СОЗДАНИЮ ФОТОЭНЕРГЕТИКИ 

В КАЗАХСТАНЕ НА ОСНОВЕ КВАРЦЕВОГО МЕСТОРОЖДЕНИЯ САРЫКOЛЬ 
 
Аннотация. Представлена технология очистки металлургического кремния до кремния солнечного 

качества, полученного из кварца Сарыкoльского месторождения карботермическим восстановлением. 
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Данная технология основана на металлургических методах очистки – газошлаковым рафинированием и 
направленной кристаллизацией. Из полученного солнечного кремния выращены слитки по технологии 
“monolike”. Изготовлены и исследованы фотоэлектрические преобразователи, которые имеют более 
высокую эффективность – 17-18,4%, по сравнению с преобразователями из мультикристаллического 
кремния. Преобразователи с высокой эффективностью были подвергнуты тестам на световую деградацию. 

Ключевые слова: кремний солнечного качества, очистка кремния, технология “monolike”, солнечный 
элемент. 
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