$32 5 F1M WA 5 IR S 4R Vol.32 No. 1
2010 £ 3 A Journal of Earth Sciences and Environment Mar. 2010

O B Beiseyev', A 4£°, A O Beiseyev', A M Zayed'

(1. Kazakh National Technical University Named After K I Satpayew Almaty 050013, Kazak hstan;
2. s s 710054)

, 2010 2012 s

ER H H

TD98S5 : A : 1672:6561(2010)01-0073-08

Past, Present and Future of Quartz-universal Material for
Solar Energy and Other High-tech Industries in
Kazakhstan and Egypt

. 1 2 . 1 1
O B Beiseyev , LI You-zhu', A O Beiseyev ; A M Zayed
(1. Kazakh N ational Technical University Named After K I Satpayevs Almaty 050013, Kazakhstan;

2. School of Earth Sciences and R esources. Chang an University, Xi an 710054, S haanxi, China)
Abstract This paper presents the results of theoretical generalization and analysis of materials in terms of
occurrences and using of quariz raw materials and its varieties from prehistoric times to the present and gives the
scope of quartz exploitation in the manufacturing of jewelry, technical medical, bio- and echo-defense destination.

Particular attention of studying the problem of using quartz as a raw material base for the production of
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polycrystalline and monocrystalline silicon and creating a cluster of solar energy and microelectronics in

Kazakhstan and Egypt, which have huge reserves of highrpurity quartz and favorable climatic conditions for the

development of solar energy with presence of more than 300 sunny days in their territories. It was also noted that,

in connection with the forthcoming depletion of traditional energy, mainly oil and gas, solar photovoltaic market

will steadily grow and become a very promising not only technically but also in commercial terms. The quartz

resources data of Kazakhstan and Egypt and the ways of their rational utilization are given.
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0 Introduction

Quartz is one of the most common minerals
and belongs to silicate varieties, which is the most
widespread mineral group in the earth crust, occu-
pying 75%. The volume content of quartz in sili-
cate tetrahedron is about 12 % of this percentage.
Quartz is the main source of silicon and the second
most common element in the crust of earth. Ac-
cording to the degree of crystallinity, quartz raw
material is divided into holocrystalline, cry ptocrys-
talline and amorphous'" .

The first jewelry group includes the varieties
of quartz, such as quartz crystal (colorless), ame-
thyst Cpurple), citrine (yellow ), rose quartz aven-
turine (white with a strong green reflections),
praseolith Conion green); morion (black ), Perun
(blue, no natural analogs'’ ) Rauchtopaz (smoky
quartz). In weathering zones, crocidolites deposits
also occur hypergeneticcmetasomatic variety of
quartzs which is referred to “tiger s eye” (yellow
lamellae and brown aggregates), finely germinated
with ventilated crocidolite fibers (asbestos) and “a
falcon eye” also lamellar, but germinated from in-
tact aggregates of fibers crocidolite-asbestos. In
addition, the Alpine-type veins are frequent so-
called “hair-worm” (quartz crystals), fine-germina-
ted with actinolite-asbestos fibers or bissolite, and
in metamorphites and metasomatites with acicular
aggregates of rutile.

Chalcedony and their variety refer to the crypto-
crystalline quartz raw materials, w hile opals and their
variety refer to amorphous. The sources of silica mate-
rials include quartzte, jasper, organic and meta-bioge-

nic siliceous raw material, such as diatomite, radiolar-

ite: rotten stone flask (silica clay ), novokulite, mar-
shallite and slicified wood' .

1 Historical Aspects

Silica in its various forms is used by humans
from ancient times. According to M elnikova' ?
from the early period, it could be as early as the
Stone Age, jasper and rock crystals in the Urals in
the era of the Middle Paleolithic. In the Neolithic
flint, rock crystal, jasper and quartz were used as
scraper, knives, needles, arrow heads, jewelry. This
is proved by the archaeological discoveries during
excavations saki burial grounds and parking lots in
Pre-Urals 93 000 a BC.

The history of mining in the territory of
Kazakhstan is also related to the ancient man of
the Stone A ge who used siliceous axes, knives, ar-
rowheads. Belgian archaeologists have discovered
the most ancient dilapidated flint mines around the
world in Egypt about 50 km south of the city of
A ssuit. According to the isotope analysis, the age
of these mines is 33 000 a old and the working out
of the crystal veins is dated about 9 000 a BC in
average, necklaces, cups, talismans and other sub-
jects of everyday life, a cult and a toilet from ag-
ate, chalcedony, cornelian and other varieties of sil-
ica found in the tombs M esapotomii (3 000 a BC),
burials bikerov in England, the pharaohs in Egypt
(2 000 a BC), early Nomads Lower Urals and
Kazakhstan(1 000 a BC) and in other regions of
Europe, Asia and North Africa.

2 Application in the Technical Purposes

The next period in the history of the use of

silica is connected with the use of veined quartz as
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araw material in glass industry and as a flux in
metallurgical manufacture. The discovery of the
phenomenon of the piezoelectric effect of quartz
crystals by the brothers Pierre and Jacques Curie
in 1 880 marks the beginning of the third opera-
tional stage of silica.

In the 20 century, the intensive use of silica in
the form of quartz and agate, rock crystal is fur-
ther enhanced its role as an important strategic
raw materials. At present, quartz is widely used in
many fields of technics and high technologies, for
example, radio engineering, silica plates are used in
the manufacture of resonators and filters of radio
frequencies, telephony and telegraphs, micro-
phones, in ultrasonic hydroacoustics, defectoscopy,
frequency stabilizers in high-speed computing de-
vices, and high-frequency devices for electrotechni-
cal and electronic industry, in studying the proper
ties of gases, liquids and solids, in piezometer for
pressure measurement, definition of vibrations (in-
cluding vibrations of bridges), for manufacturing
of lenses and plates for the purpose of reception of
ultrasonic waves, in sound receivers, loudspeakers,
accelerographs, manometer, beam echo sounding
and other devices. Optical quartz is used in the
manufacture of spectrographical prisms, glasses
and the lenses transmitting ultra-violet rays, plates
and wedges for polarizing microscopess Fresnel
prisms, saccharimeter, polarimeter and other prod-
ucts and devices for semiconductor products and
solar panels, plates for photo-electric stations. The
detection of new properties and application of
quartz and assortment of products continues to
grow.Quartz is one of rare species of raw materi-
als, from which jeweller are produceds construc-
tional and decorative building materials(the quartz
“carpets”, self-leveled floors and walls, the ladder
marches, illuminated traffic signs and other mate-
rials ) working in high temperatures and pres-
sures, in intensive radiation, in chemically active
environments, without losing their bioprotective,
extracorporal fertilization protection and medical

properties”™ . It is enough to tell that 90 % of all

semi-conductors and other high-tech materials are

13.68
produced from quartz now' .

3  Application for the Bioprotective
and M edical Purposes

Silica glass is an irreplaceable material for
the protective and security purposes: equipment
of artificial satellites and piloted spaceships, the
panoramic reactive glass for jet planes, for the
manufacture of nasal fairing and monitored rock-
ets, shells, night-vision equipment optical locator
systems, systems of interception and fiber-opti-
cal communication, intensive and special light
sources, in designs of nuclear, laser and radar
systems, sensors for the prevention of fire condi-
tions etc.

Particularly and intensive applications of
quartz glass in medicine for the manufacture of
quartz infrared lamp generators and quartz ultra-
violet radiators, optical devices of different pur-
pose, hydrogen, microbicides and actinic bulbs,
have been developed. For phammacological purpo-
ses, they are also used carnelian, amethyst, mor-
ion, citrine, prasiolite and other colored varieties,
which contain radioactive substances in small and

. L5,
permissible doses' "> .

4 Application as a Raw-material
Base for the Creation of a Renew able

Energy Source and Other High-tech

M aterials

Now in the public consciousness growing be-
lief, the future energy must be based, on large-
scale, on the solar energy. The sun, which is a
huge, inexhaustible, absolutely safe source of ener-
gys equally ow ned by all and accessible to all. The
focus on solar photo-energy should be considered
as a safe and uncontested choice for mankind. A c-
cording to Russian researchers calculations, the
power energy of sunlight beams falling on Earth is
practically inexhaustible source of heat and light,

where the quantity of a solar energy arriving to the
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Earth ¥ essentially exceeds the energy received from
all world s reserves of oil, gas, coal uranium and other

power resources(Tab .1).
Tab. 1 World Energy Types and Quantity

Number Types of energy sources Quantity / 10"
1 Coals oil, gas, thousands of standard fuel 11
2 Uranium, thousands of standard fuel 8
3 Solar energy, thousands of standard fuel/ year 131
4 Wind energy thousands of standard fuel/year 2
5 Hydropower thousands of standard fuel/ year 7
6 Biomass thousands of s tandard fuel/ year 0.1

The world energy consumption thousands of
7 0.01

standard fuel/ year

One of the new directions for the use of
quartz glass is the production of poly- and mono-
crystal silicon for solar energy and micro-electro-
nic. The basic requirement for all kinds of quartz
raw materials is their high chemical purity, the
maintenance of harmful impurity in quantity from
1000 to 10 ° depending on the appointment of the
synthesized products. Therefore, for manufactur-
ing of such products there was a necessity directed
by special experimental works on synthesis of
monocrystals of the quartz raw materials, different
from the natural analogues by high degree of
chemical purity (natural quartz type of Melni-
kov'?).

The modern world photovoltaic market is
quite complicated, fast-developing segment of the
global economy with an increasing growth rate.
The reason is firstly the practical orientation of
national programs of the highly developed coun-
tries: 100 000 solar roofs in Germany, more than
200 000 solar roofs in Japan, 1 000 000 solar roofs
in USA;it is allocated with 3 0X 10’ euro for de-
velopment of photopower till 2010 in EU. Poly-
crystalline silicon, which is a necessary resource
for the manufacture, is not only solar batteries, but
also the computer semiconductors. Cost of this
kind of silicon in the world markets is currently
300 000 /t.

According to the forecasts in 2008 consump-

tion of technical silicon will grow to 1 4X 10° t.

The main exporters of these raw materials are
Brazil, China, USA and Norway; together they
have more than 75% of the world market.

The increasing market of solar photo-energy,
which is commercially very perspective market,
characterized by the following factors; (Dby the
middle of 21 century, oil and gas reserves will be
close to depletion and the solar electricity should
compensate their decreasing extraction'” ; @in-
creasing emission of carbon dioxide in atmosphere
should lead to the accelerated development of eco-
logically pure solar photo-energy to reduce pollu-
tion of environment and global warming; @the so-
lar electricity will be a dominating energy source
with the ratio of approximately 60% by the end of
the century due to practically not exhausted re-
source of energy (the sun). Beside these factors,
concerning energys, there are also the social factors
that stimulate the development of solar photo-en-
ergy.

At summit EU in Brussels on 9 March 2007,
the leaders of European Union agreed about the
substantial growth of the use of an alternative
energy sources(such as sun and wind). By 2020 in
the European Union, these alternative sources
should make the fifth part(20%) all volume of the
electric power. T he decision is obligatory for each
of 27 EU countries.

Leaders of EU have agreed about the mea-
sures of reduction of emissions of the gases crea-
ting the so-called “greenhouse effect”. By 2020,
emission is planned to be reduce to 20% in com-
parison with 1990. Kazakhstan could become the
next country after Russia which will be intro-
duced legislation supporting the development of
renew able energy sources (RES).

For Kazakhstan and Egypt with favorable
weather conditions, which is the presence of more
than 300 sunny days during the year, the wide use
of photo-energy has great value because a lot of
citizens of Kazakhstan, especially in Southern and
other remote regions, live without the centralized

electro-maintenance. Creation for these citizens the
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necessary civilized conditions is the major govern-
ment problem. One of the optimum decisions is the
use of photo-energy.

The most important documents, in our opi-
nion, which can serve for the revelation and deve-
lopment of the Socio-political aspects and legisla-
tive framework of the renewable energy sources
and their raw materials base in Kazakhstan are the
Decree of the President of the Republic of Kazakh-
stan “ Concept of transition of the Republic of
Kazakhstan to Sustainable Development for the
period 2007-2024”, in which the RSE are consi-
dered as a means of improving the environment
and reducing greenhouse gas emissions, the eco-
nomic arguments in favor of renewable energy is
also gaining momentum in the forthcoming ex-
haustion of fossil fuel reserves and the edition of
the Law No. 144-1V of 26 M arch 2009, “O n Ratifi-
cation of the Kyoto protocol to the U nited Nations

Framework Convention on Climate Change”,

signed in New York on 12 March 1999.

The Law of the Republic of Kazakhstan “On
the support of renewable energy”, N o. 165-1V 3RK
of 4 July 2009 and Law of the Republic of Kazakh-
stan “On introducing amendments and additions to
some legislative acts of the Republic of Kazakh-
stan Support for renewable energy”, No. 166-IV
3RK of 4 July 2009.

All these documents support the production
of more efficient and ecologically clean energy, in-
cluding renewable energy. The adopted documents
will create favorable conditions for conducting scien-
tific research, R &D, skilled-ex perimental work on
the search, evaluation of high-purity quartz, the
development of ecologically clean technologies of
enrichment and processing of quartz raw material,
construction and operation of facilities for the pro-
duction and use of silicon as a renewable energy
sources, government support to entrepreneurs in
the solar energy sector and protection of their
rights. Renewable energy sources currently make
about 0. 1% of the reduction of traditional sources
of electricity . It is expected that this figure in 2024

will rise to 5%.

Potential production of polycrystalline silicon
in the Republic of Kazakhstan is very important
because there are all necessary prerequisites and
conditions for the production of polycrystalline si-
licon: the infrastructure and legislative bases, a
source of raw materials of production of (Kazakh-
stan occupies the 3rd place in the world of stocks
of raw materials of quartz for the production of si-
licon, after Madagascar and Brazil), relatively cheap
energy, profitable geographer-economic conditions
of the territory, the neighborhood countries, which
are the world leader in the production of microe-
lectronics and photo galvanizer and poly crystalline
silicon donors, China India, Russia, South Korea
and etc., a sufficient reserve of qualified enginee-
ring personnel and labor.

Research of scientists of the Semiconductor
Physics Institute of the Siberian Branch of the
Russian Academy of Science concluded that low-
cost technologies of photoconverters for solar bat-
teries can be received from the amorphous, poly-
crystalline and multicrystal silicon, taken of high-
purity quartz. As evidenced by scientists resear-
ches of several countries to find deposits of high-
purity quartz requires a very careful study of al-
most all genetic types of deposits and the develop-
ment of a set of diagnostic criteria of selection. In
particular the problem of availability of solar ener-
gy and microelectronics industry with high quality
and relatively cheaper raw materials can be solved
by the following way. First of all, it is necessary to
pay more attention to high-quality raw materials
than the quartzite contaminated by various impuri-
ty and, in the second turn, to try to adapt techno-
logy of clearing of technical silicon'™® .

The requirements of today for the industry of
high-purity quartz materials for semiconductor
purposes(tubes, crucibles, reactors, equipment) re-
sult in another problem, identifying innovative
sources of quartz. T his is particularly the crust of
weathering of granite massifs, quartz sand, some

types of sandstone and quartzite. This area of re-
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search requires new approaches; revolutionize our
understanding of the traditional sources of raw
materials for the quartz fusion, the involvement in
the exploration of new regions. Special attention
should be paid on silica(glass) sand and qurtz kao-
lin crusts weathered from granitoids.

In this connection, based on the experience of
the users of quartz for solar energy and microelec-
tronics of the developed countries, performed ef-
fort to prognoses and establish of non-traditional
and new fields of high-purity silica for solar energy
and microelectronics in the territories of Kazakh-
stan has an important theoretical and practical sig-
nificance.

The analysis of the developed situation in the
polysilicon market shows that by 2010—2012,
shortage of this kind of raw materials can be liqui-
dated and there will be a sharp competition for
quality and cost of silicon of “solar” quality as it is
observed active development of cheap technologies
of metallurgical refinement at laboratory-experi-
mental level. In this concern, intensive develop-
ment with participation of the countries with ad-
vanced technology, China and South Korea in the
next years expect occurrence of a new source of
manufacture of elite silicon, the refined metallurgi-
cal silicon of the “solar” quality, expected volumes

of production are shown in table 2.
Tab. 2 Volume of Manufactured Metallurgical Silicon

(Solar Silicon) by Different Companies Around the Warld

Type Com pany Silicow/ 10% t ~ Year
Trina Solar, China 10 2012
Sichuan Yongxiang P olysilicon, China 10
Siemens  LDK Solar Company, China 15 2009
Process  Dalu Polysilicon Company. China 18
Norsun As, Jubai SaudiA rabia 25
DC Chemical, South of Korea 10 2009
Dow Coming, USA 10 2010
E1Kem, N orway 10 2008
M etallurgical
Be ancour, Canada 15 2009
Refining
Soklr Value, Canada 10
Jaca Solar Si, China 5 2010

5 Prospects of Kazakhstan and Egypt

A's mentioned above, discovering the proper-
ties of semiconductor silicon and the extensive use
of high-purity, un-defected thin plates of poly- and
monocrystal silicon in the micro-electronic require
not only revision of traditional technologies of re-
ception and growing of crystals, but also make the
choice of the raw materials in our first priority. At
the first stage in connection with the requirements
of the electrotechnical and microelectronic indus-
try when silicon plates (wafers) of small diameter
were made, and the total amount of produced crys-
tals was insignificant, the requirement was com-
pletely meet with the continuously developed tech-
nology in the 60th year, multistage purification
technology of silicon, and recovery (reduction) ca-
pro-thermal ways of receiving from a variety of
genesis and cleaned quartzite.

In spite of the fact that silica is widely spread
in the earth crust and is known in all genetic types
of quartz raw materials from magmatogenic to

12.5.9 .
: ' Dplutono-genic and metamo-

me tabio genic
pho-genic quart veins; @ metamopho-genic-me ta-
somatic quartztes; 3 hypergenic-sedimentary sand-
stone arenite (quartzite-sand stone) and natural-
dispersed quartz-glass sand; @ metabiogenic: dia-
tomite, radiolarite, flask (silica clay ), rotten stone
novokulite, silicified wood; & nonconventional
quartz from the zone of wreathing of the granitic
crust, where only the high purity quartz varieties
are the basic raw material of silicon reception. It is
known that the use of piezoelectric properties of
quartz in the defense and space industry was ac-
companied with the classification of plant produc-
tion, results of geological estimation, geological
prospecting and scientific research works. This led
to significant reduction in turn in the number of
publications concerning quartz.

The most complete genetic and geological-in-
dustrial classification of quartz is developed by
M elnikova' ?, which agree with the elite produc-

tion, ie. free of impurities, and silicon from the
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most perspective quartz of hydrothermal origin,
quartzites and quartz sand of hydrous sedimentary
origin after additional enrichment and purification.
As an additional or new nonconventional source of
silica raw materials, kaolin core weathered from

.. 1
granitoids'" .

6 Large Quartz Provinces in Kazak-

hstan

In the territory of the republic, there are
large and widespread usable quartz raw material
deposits of high geological and genetical ty pe. Plu-
tonogenic-metamorphgenic quartz veins and meta-
somatic types (quartzites ) are most frequent in
Central Kazakhstan. Quartz pegmatites are in

East, Central, Southern and Western Kazakh-

stan! "1,

Deposits of rock crystal (source of piez-raw
materials) raw materials for optical glass fusion,
and reception of elite silicon are basically in the
southwestern part of the central-Kazakhstan re-

(112 14-15] .
.In this zone, extends

gion, Ulytausky zone
in the meridional direction for 400 km and a width
of 70 to 100 km recorded more than 1 6X 10" crys-
talline quartz veins emerging at the surface, most
of which are concentrated in 12 deposits of rock
crystal, these transparent and translucent, pre-
crystalline, milky white quartz veins. On separate
deposits, large crystalline pockets and sockets are
present (West Aschilysay, Kotra, Serek), but in the
majority of deposits stocks of rock crystal which
can be selected for extraction of milky-white
quartz veins are preserved ' .

Rock crystal is also found as lenses and soc-
kets in granite intrusions almost in all regions of

Kazakhstan.
found in N orth and South Kazakhstan regions. The

Large crystalline pegmatites are
greatest quantity of pegmatite bodies are found in
in Zerendinsky, Balkashinsky and Borovsk granite
massif (Northern), in granite massif of Kent, Bek-
tauata(Central), in the granite intrusions of Kaib,
Maykol, Geltau, Hantau, etc. (Southern) and in

the Akzhajljausky granite massive in the East of

Kazakhstan " .

In Kazakhstan, the resources of highly sili-
ceous quartz and quartzitic raw materials are huge
(one of the first places in the world). However,
Kazakhstan quartz veins and pegmatitic kemels
bodies of quartz that are suitable for industry are
not studied yet. None of the known quartz vein-
field regions, with the exception of some quartz
veins of the Ulytauskoy zone, have no data on the
chemical composition of their quartZ "' .

M ajor accumulations of granular quartz are
concentrated in the quartz—pegmatites[ . which
are formed from substantially silica residual melt
in magmatic stage of pegmatization process.
Monomineral hydrothermal quartz veins form a
group of high-concentration field” s vein or located
as isolated vein area with large stocks of metamor-
phogenic quartz'*" . Within the medium massive
of Kokshetau and Ulytau, quartzvein granulation
in the field is associated with the shear zones with
saturation in separate sites from 10 to 50 of the
vein body. Up to date, in the republic territories
there are more than 500 deposits and manifesta-
tions of quartz raw material of various genetic
types, but not all of them are evaluated and ex-
plored. The general reserves of prospected object
in detail are: plutonogenic-metamoprhogenic veins
6. 5X10° t), metasomatic(quartzites, 7 massifs)
about 2 65X 10° t, sediments (quartzite sandstone
natural, dispersed quartz sand) more than 1. 0X
107 1.

Resources of quartz and siliceous raw materi-
als of Egypt are also enormous. But they still have
not received proper industrial evaluation, although
preliminary data are well suited for use as a source
of metallurgical and solar silicon®. The main
quartz deposit located in the western regions of the
A rabian platform in the central and southern Eas-
tern Desert!®'” in the area of Wadi Fanat-Wadi
warabeit, Marwit Alimikan, Marwit Rod El
Leqah, etc.

Geochemical studies revealed that the studied

quartz deposits have high degree of purity ranging
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from 98 0% ~99 9%, mechanical resistance (1399 ~
2232 kg/cm3 ), and low water absorption weight
percent values (0. 02% ~ 0. 06%). These charac-
teristics are desirable for the silicon solar cell pro-
duction after minor upgrading, as well as in other
sectors of high technology, including ferrosilicon.
Currently, in accordance with modern require-
ments of quartz raw material for solar energy lota
standard ™", sorting (clustering ) of the Kazakh
and Egyptian deposits of quartz raw materials and
the degree of their suitability for high-tech indus-

tries will be carried out.

7 Conclusion

Quartz is one of the most common minerals in
the crust. Its Clarke content in the lithosphere is
27%.1t has unique physical and technical proper-
ties, through which it was exploited in many high-
tech industries and the national economy . Quartz,
mainly its high-pure varieties, as sources of the
elite silicon for solar energy, is becoming a com-
mercial product. In this regard, from year to year,
the price of the high-purity quartz and its retrieved
silicon are steadily increasing. Among the concen-
trators and converters of sunlight into electricity,
silicon alternatives are not found yet. Therefore,
the search, evaluation, exploration and develop-
ment of quartz raw materials are of great scienti-
fie, practical and economic importance.

Kazakhstan and Egypt are leading countries in
the world in the resources of quartz raw materials.
But their use for the development of solar photo-
voltaic, is still weak, but has good prospects. It is
important to put special thematic and experimental
work to assess their suitability as raw materials
for production of solar silicon and other high-tech

materials.
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