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THE PRODUCTION OF ZINC OXIDE
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Summary: This study presents the characteristics of the raw, intermediate, and final
products involved in the production of zinc oxide (ZnO). Particular attention is given to the
chemical composition, physical properties, and functions of each component at various stages of
the technological process. The raw materials considered include zinc concentrate, hydrochloric
acid, zinc hydroxide, urea, and redox reagents such as calcium oxide and calcium hypochlorite. The
intermediate compounds include zinc chloride, zinc hydroxide, and zinc carbonate formed during
the reaction. The final product is high-purity zinc oxide with a ZnO content of not less than 99.62%,
used in various industrial sectors. This characterization provides a deeper understanding of the
synthesis stages and allows for better control of the final product quality.

Key words: zinc concentrate, polymetallic ores, sphalerite, beneficiation technology,
physicochemical analysis, inorganic, zinc oxide.

Introduction: In various sectors of modern industry, zinc (Zn) and its compounds are
gaining increasing importance. The demand for zinc continues to grow steadily across multiple
fields such as chemical manufacturing, electrical engineering, pharmaceuticals, metallurgy, and
many others. This rising demand underscores the scientific and practical necessity of thoroughly
studying zinc-bearing raw materials, optimizing their processing, and obtaining high value-added
products.

Uzbekistan possesses significant natural reserves rich in zinc, notably the Khandiza deposit
located in the southwestern foothills of the Hisor mountain range in Surkhandarya region.
Recognized as one of the major sources of polymetallic ores in Central Asia, the Khandiza deposit
contains not only zinc, but also a wide range of valuable and rare metals, including lead, copper,
iron, silver, gold, indium, and cadmium [1]. According to available data, the proven reserves of this
deposit include approximately 1.5 million tons of zinc, 700 thousand tons of lead, and 180 thousand
tons of copper. Additionally, each ton of ore from the deposit contains, on average, 134 grams of
silver, 7.24 grams of zinc, 3.5 grams of lead, and 0.86 grams of copper [2].

Currently, zinc concentrates extracted from the Khandiza deposit are processed by the
Almalyk Mining and Metallurgical Complex. However, the existing technological processes are
unable to recover other valuable elements present in the concentrate, such as copper, silver, gold,
indium, and cadmium. Therefore, improving the comprehensive processing of sphalerite-based
(ZnS) zinc concentrates has become a matter of critical importance. This improvement requires an
in-depth study of the chemical and mineral composition of the concentrates, as well as the
implementation of methods to efficiently extract the maximum amount of useful components.

In this study, zinc concentrates obtained from the Khandiza deposit were thoroughly
examined. A range of advanced analytical techniques were employed to determine their
physicochemical properties. For instance, the zinc content was determined using X-ray fluorescence
spectroscopy [3,4], a highly accurate, reproducible, and environmentally friendly non-destructive
method that enables the detection of a broad spectrum of elements (from beryllium to uranium) in
samples of various physical states [5,6].
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In addition, the presence and quantities of elements such as potassium, sodium, chlorine,
calcium, magnesium, and sulfates, as well as the water content in solid phases, were analyzed. The
quantitative and qualitative analyses were conducted using various classical and instrumental
methods, including potassium perchlorate precipitation in ethanol, flame photometry, mercurimetric
titration, complexometric and gravimetric methods, and thermal drying. For identifying solid
phases, techniques such as chemical analysis, X-ray phase and X-ray fluorescence spectroscopy,
infrared (IR) spectroscopy, and microscopic analysis were extensively utilized [7].

These analyses were carried out using advanced instruments such as the Shimadzu XRD-
6100 X-ray diffractometer, IRAffinity-1 IR spectrometer, Zetium X-ray fluorescence spectrometer
[8], Leica DM500 microscope, and the ICPE-9000 inductively coupled plasma atomic emission
spectrometer [9,10].

The results of the research provide a strong scientific foundation for the comprehensive
processing of Khandiza concentrates. Not only does this enable the efficient recovery of high-purity
zinc, but it also opens the possibility of extracting other valuable elements contained in the ore.
Consequently, this work considers the Khandiza zinc concentrate as a strategic raw material for the
development of zinc oxide production technology [11].

Object and Methods of Research: Polymetallic ores containing zinc (Zn) from the
Khandiza deposit, located in the southwestern foothills of the Hisor mountain range in
Surkhandarya region, Central Asia, were selected as the subject of this study.

This research focused on the zinc concentrates obtained through the processing of ores
extracted from the Khandiza deposit. In Uzbekistan, these polymetallic ores are processed at the
Almalyk Mining and Metallurgical Complex, resulting in the production of zinc concentrates.

The polymetallic ores from the Khandiza deposit are characterized by a complex
composition, containing not only zinc but also valuable metals such as lead, copper, iron, and silver.
Over 100 minerals have been identified in the ores from this deposit. The main inorganic mineral is
quartz, which constitutes approximately 80-90% of the total inorganic content. The amount of
aluminosilicates ranges from 2-10%. Depending on the sulfide content, the ores are classified into
three types: massive (containing 50-95% sulfides), vein-disseminated (10-20%), and mixed (less
than 50%).

Given the volume of zinc concentrate production, there is an urgent need to improve the
technology for comprehensive processing of sphalerite-based concentrates. This is particularly
important because the currently produced zinc concentrate contains other valuable metals—such as
gold, silver, indium, cadmium, and copper—which are not being recovered under the existing
processes.

The proven reserves of the Khandiza deposit include approximately 1.5 million tons of zinc,
700 thousand tons of lead, and 180 thousand tons of copper. According to international ore
classification standards, the total ore reserves of the deposit amount to 14.4 million tons, with each
ton containing, on average, 134 g of silver, 7.24 g of zinc, 3.5 g of lead, and 0.86 g of copper.
Additionally, the ores contain elements such as selenium, indium, cadmium, and gold. Based on
current global market prices, the estimated economic value of the deposit is approximately 4.5
billion USD.

For experimental work, a zinc concentrate was selected, as it is the most suitable raw
material for obtaining zinc chloride. During the ore enrichment process, associated minerals are
removed, making the concentrate more chemically suitable.

Results and Discussion: According to physicochemical analysis, the Khandiza zinc
concentrate contains at least 39.45% zinc, up to 3.06% lead, up to 0.80% copper, and up to 13.5%
silicon. The chemical composition of the Khandiza concentrate used in this study is as follows (in
mass %): Zn — 39.45-40.50, Si —13.00-13.50, K — 0.95-0.96, Ca — 0.56-0.59, Fe — 1.60-1.65, Cu —
0.78-0.82, Cd — 0.40-0.42, and Pb — 3.00-3.06.
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To conduct research on the development of a zinc oxide production technology from the
Khandiza concentrate, 10 kilograms of sample materials with varying chemical compositions were
selected. The results of the X-ray fluorescence analysis are presented in Table 1.

Table 1
Table 1. Chemical composition of zinc-containing ore and concentrate from the
Khandiza deposit
Chemical composition, wt.%

No| Nameofraw | oo\l co | i | Mn | Fe| Co | cul zn | Mo | cd| Pb
material

1 Raw ore 250/34]11| 0,08 | 0,033,39| 0,01 |0,70| 5,03 | <0,003|0,08|2,27
2 | Concentrate |13,0/0,96|0,58|<0,01|<0,01|1,60|<0,01|{0,78|39,45| 0,034 |0,40| 3,00

3 | Concentrate |13,5/0,96|0,57|<0,01|<0,01/1,60|<0,01|0,80|40,50| 0,033 {0,41|3,06

Conclusion: This scientific study conducted an in-depth investigation of the zinc-bearing
polymetallic ores of the Khondiza deposit, located in the mineral-rich southern region of
Uzbekistan. Situated in the southwestern foothills of the Hisar range, this deposit was once again
confirmed as a natural treasure trove, enriched not only with zinc but also with valuable metals such
as lead, copper, silver, cadmium, and indium.

In conclusion, this research provided a significant scientific foundation for a detailed study
of the unique geological structure of the Khondiza deposit, the development of new technologies
based on zinc concentrates, and the enhancement of economic efficiency. It serves not only as a
thorough analysis of Uzbekistan’s mineral raw material base but also as a solid cornerstone for the
future sustainable development of a modern metallurgical industry.

References
1. Kammpoa 3.U., Paxmonoa [A.C. XuMHYecKHMiA W MHHEPAJOTHYECCKHHA COCTaB CQaIepUTOBOTO
KOHIIEHTpaTa MectopoxnaeHus Xanmmsa // VII Bcepoccuiickas MoionekHass HayYHas KOH(EpEHIIHS
«MuHepasl: CTPOSHHE, CBOMCTBA, METOJIbI HccienoBanus», 2015, C. 55-58.

2. Pesenko A.I'. PeHTreHocnekTpaibHbIi (DIyOpeCHEHTHbI aHanu3 NPUPOJHBIX MaTepuanoB //
Hosocubupck: Hayka, 1994. 264 c. 2.

3. Masanos JI.H. PentrenoBckue cnekTpbl 1 xumudeckas cBsizb // HoBocubupck: Hayka, 1982. 111 c.

4. TOCT 20851.3-93. YnoOpeHus: MuHepaibHbie. METO/IbI ONpeAeNeHUs] MACCOBOU OJIH Kaus. - M.:
UIIK U3parenscTBO ctanaapTos, 1995. - 41c.

5. Byppuens — Maptu @., Pamupec — Myrpoc X. @otomerpust mramenun. M., Mup, 1972. - 520 c.

6. TOCT 13686-84. Coms moBapenHas. Metons! ucmbsitanus. — M.: UIIK U3natenpcTBO CTaHIApTOB,
1984. - C. 8-10.

7. Meroap! aHanu3a KOMIUIEKCHBIX ynoOpenuit / Bunauk M.M., Epbanosa JL.H. u ap. — M.: Xumus.
1975.-218 c.

8. TOCT 24596.4-81. ®ocdarsr kopMoBsie. Meton onpenenenus kaiapuus. - M.: UIIK M3marenscTBO
cranaapTos, 2004. - 3 c.

9. TOCT 24024.12-81. Heopranuueckue coequHeHne. MeToa onpeneneHus cyiabdaros. - M.: UIIK
MN3narenscTBO cTanmapTos, 1981. —4 c.

10.T'OCT 20851.4-75. Y nobpenusi MmunepanbHbie. Mertos onpenenenus Boasl. - M.: UTTK NU3patenscTBo
cranaapTos, 2000. - 5 c.

11. Agarwal B.K. X-ray spectroscopy. — Berlin, Heidelberg, New York: Springer; 1991. - 419 p.

Rezyume: Ushbu tadgiqot rux oksidi (ZnO) ishlab chigarishda qo ‘llaniladigan xomashyo,
oralig va yakuniy mahsulotlarning xususiyatlarini tagdim etadi. Texnologik jarayonning turli
bosgichlarida har bir tarkibiy gismning kimyoviy tarkibi, fizik xossalari va vazifalariga alohida
e’tibor qaratilgan. Ko rib chigilgan xom ashyolarga rux konsentrati, xlorid kislotasi, rux
gidroksidi, mochevina hamda kalsiy oksidi va kalsiy gipoxlorit kabi oksidlanish-qaytarilish
reagentlari kiradi. Oraliq birikmalar sifatida reaksiya davomida hosil bo ‘lgan rux xlorid, rux
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gidroksid va rux karbonat ko ‘rsatilgan. Yakuniy mahsulot esa ZnO migdori 99,62% dan kam
bo ‘Imagan yuqori tozalikdagi rux oksidi bo ‘lib, u sanoatning turli sohalarida qo ‘llaniladi. Ushbu
tavsif sintez bosgichlarini chuqurroq tushunish imkonini beradi va tayyor mahsulot sifatini
yaxshiroq nazorat gilishga yordam beradi.

Pe3rome: B dannoii pabome npedcmasiena Xapakmepucmuka UCXoOHbLX, HPOMENCYMOYHBLX
U KOHEYHbIX NPOOYKMO8, YUACMEYIOWUX 8 npoyecce noayueHus okcuoa yuuxka (ZnQO). OcHosHoe
BHUMAHUE YOeNeHO XUMUYEeCKOMY COCmasy, Quaudyeckum Cce80UCMBaAM U QYHKYUAM KAAHCO020
KOMNOHEHMA HA PA3IUYHBIX IMANAX MEXHOI02UYeCcKo20 npoyecca. B kauecmee ucxoouvix eewecms
paccmMompensbl YUHKOBbIU KOHYEHMPAam, COJISIHASA KUCIOMA, 2UOPOKCUO YUHKA, KapOaAMUuo, a makice
OKUCTUMENbHO-60CCMAHOBUMENbHbIE peazeHmbl, Mmakue KaK Kauibyulli OKCUO U 2UNOXAOPUM
kanoyus. Ilpomescymounvle coeOunenus: KIIOYAIOM XA0PUO YUHKA, SUOPOKCUO YUHKA U KapOOHam
yuHKa, obpasyrowuecs 6 xooe peakyuu. Koneunvim npooykmom s61aemcs 8blCOKOUUCTbIUL OKCUO
yunka c cooepoicanuem ZnO He menee 99,62%, ucnonvzyemvlil 8 pa3IUUHBIX OMPACIAX
npomvluieHHocmu. Jlannas xapaxmepucmuxa nosgoasem oonee 21y00Ko NOHAMb dMansvl CUHmMe3a
U KOHMPOIUPOBAmMb Kauecmsao noiyiaemozo npooyKkma.

Kalit so‘zlar: rux konsentrati, polimetall rudalar, sfalerit, boyitish texnologiyasi, fizik-
kimyoviy tahlil, noorganik, rux oksidi.

Knrouesvie cnosa: yunkoswili KOHYeHmpam, NOIUMemaiiuieckue pyovl, cganepum,
MmMexXHoI02UA 050261W€Huﬂ, qbu3ul<0-xwwuuec1<u12 AHAIU3, HeopeaHuquKuﬁ, oKCcuo UYUHKA.

243



