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VYROBA ZINKU V MINULOSTI A DNES
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ZINC PF

UCTION IN THE PAST AND TODAY

Jarmila Trpéevslkad, Martina Laubertova, Jana Piroskova, Katarina Blagkovd
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Zinok je v si¢asnosti §tvrtym najpouzivanejiim kovom |

na svete, po Zeleze, hliniku a medi. Na za&iatku dvadsiate-
ho storocia sa ho vyrobilo vo svete menej ako 1 milién ton.

V roku 2017 svetova vyroba dosiahla 13,6 mil. ton. Naj- |
. million tons. The largest producer of primary zinc is China.

vd&sim vyrobcom primarneho zinku je Cina.

Najvicsie zdsoby zinkovych rdd na svete ma Austrilia .

(odhad je 63 miliénov ton). Daldimi krajinami s vyznam- |
nymi zésobami zinku st Cina, Peru a Mexiko. Hlavnym |

zdrojom vyroby primdrneho zinku je ruda s obsahom mi-
neralu sfalerit, ZnS. Druhou najvyznamnejiou rudou zin-

ku je ruda obsahujiica mineral smithsonit ZnCO, (kala-
min), ¢ ktorej sa vsak ziskava iba mald ast svetovej |
. zinc production.

produkcie zinku.

Pre dosiahnutie mechanickej separicie zinok obsahujt-

cich mineralov od hlusiny sa zinkové rudy sa drvia a melt.
Niésledne sa vyuzivaju zloZité flotatné postupy s ciefom

maximdlnej separdcie mineralov olova od mineralov zin- |
ku. Produktom tfchto postupov je koncentrat, ktory obsa-
huje typicky 60 % Zn alebo viac v pripade ak sa spracova-
vajii rudy neobsahujiice olovo, alebo 55-60 % Zn, ak sa |
spracovavaji Pb-Zn rudy. Priemernd analyza ziskand
z tidajov pochadzajucich od 22 vyrobcov koncentritov -

bola nasledovna: 52 % Zn, 32 % S, 7.5 % Fe, 2,5 % Pb, |

0,22 % Cd a 0,57 % Cu. Koncentrdt tiez obsahujec malé
mnoZstvo zlata, striebra, galia, germdnia, india a télia.
Proces tazby zinkovych rid prebicha prevazne (80 %)

>

pod zemou. Priblizne 8 % zinkovych rad sa fazi povrcho-

vo a zvydnych 12 % oboma metédami. Najvicsie mnoz-
stvo zinkovej rudy v roku 2017 bolo vyfazené v Indii -

(Rampura Agucha mine v Rajasthane). Druhé miesto
v tazbe zinkovej rudy patri USA (Red Dog mine, Aljaska).
Tretic miesto patri Australii (Mount Isa operation, spoloé-
nosti Glencore). Zinok sa dalej taZi vo viac ako 50 kraji-

ndch na svete. Okrem uvedenych krajin tazba prebieha |
. Peru, Mexico, China, Canada, Chile and other countries. The

v Peru, Mexiku, Cine, Kanade, Cile a dal$ich krajinich

Najvyznamnej$imi faZzobnymi spoloénosfami si Xstrata, .

Nyrstar, Boliden AB, Teck Resources.

1. STRUCNY PREHLAD
VYROBY ZINKU V MINULOSTI

Ako uz bolo uvedené, hlavnym zdrojom zinku v rudach

je minerdl sfalerit, ZnS, Sulfid zino¢naty sa praii s ciclom
premeny sulfidického mineralu na ZnO, ktory moZno fah-
ko redukoval na kov oxidom uholnatym pri teplote pri-

Zine is currently the fourth most widely used metal in the
world after iron, aluminum and copper. At the beginning of
the twentieth century, zinc production was less than 1 mil-
lion tons. In 2017, world production of zinc reached 13.6

The largest reserves of zine ores in the world can be found in
Australia (estimated at 63 million tons). Other countries with
significant zinc reserves include China, Peru and Mexico. The
main source of primary zinc is represented by ore containing
mineral sphalerite, ZnS, The second most important zinc ore
is represented by ore containing smithsonite ZnCQ; (cala-
mine); however, this covers only a small part of the worlds

To achieve mechanical separation of the zinc-containing
minerals from the tailings, the zinc ores are crushed and
mitled, Subsequently, complicated flotation pracedures
are used to maximize separation of lead minerals from
zinc mincrals. These processes produce concentrate that
typically contains 60 % of Zn or more in the case of lead-
free ores or 5560 % of Zn when Lreating Ph-7n ores. An
average analysis obtained from data from 22 concentrate
manufacturers was as follows: 52 % Zn, 32 % S, 7.5 % Fe,
2.5 % Pb, 0.22 % Cd and 0.57 % Cu. The concentrate also
contains a small amount of gold, silver, gallium, germani-

um, indium and thalivm.

"The zinc ore mining process is predominantly (80 %) under-
ground. Approximately 8 % of zinc ores are mined on the sur-
face and the remaining 12 % by both methods. 'The largest
amount of zinc ore in 2017 was extracted in India (Rampura
Agucha mine in Rajasthan). The second place in the mining
of zinc ores belongs to the USA (Red Dog mine, Alaska). The
third place belongs to Australia (Mount Isa operation, Glen-
core). Zing is further mined in more than 50 countries workd-
wide. In addition to these countries, mining takes place in

mosl important mining companies are Xstrata, Nyrstar, Bo-

. liden AB, Teck Resources,

1. A BRIEF OVERVIEW

- OF ZINCPRODUCTION IN THE PAST

As already mentioned, the major source of zinc in ores is
sphalerite, ZnS. Zinc sulfide is roasted to comvert the
sulfide mineral into “nO, which can easily be reduced to
carbon wilh carbon monoxide at about 1,100 °C. Since

114
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bliZzne 1 100 °C. Pretoze bod varu zinku je 907 °C, vznika-

juci zinok je vo forme par a musf sa thned kondenzovat, |
aby nedoslo k jeho opitovnej oxidécii. 7Z dévodu technic- |

kych tazkosti nebol kovovy zinok vo vieobecnosti dostup-
ny az do stredoveku. Mosadz (zliatina medi so zinkom)

viak moZno vyrobit bez pouzitia kovového zinku, a to
ohrevom kalaminu, uhlika a medi v uzatvorenom tégliku -
[ 1,000 °C: the zinc vapors released by the reduclion of the

pri teplote priblizne 1 000 °C: zinkové pary, ktoré sa uvol-
fiuji redukcion kalaminu sa ihned rozpastaji v medi. To
je dévod preco ludia na celom svele hodne pouzivali mo-
sadz edte pred vyrobou samotného zinku.

Dostupnost samoin¢ho kovového zinku zaéina zrejme

v 12. storoci v Indii. Indicki remeselnici v Zaware vytavili -
1 000 kt zinku v obdobi od 12. do 16. storotia. V Zaware -
sa z lohto obdobia naslo mnoistvo vyradenych retort
a kondenzétorov spolu so zvyskami po taveni. V Cine bolo |
objavenych takmer 20 micst, kde prebiehala vyroba zinku |
- was produced during the Ming Dynasty (1368 - 1664)

v obdobi dynastie Ming (1368 - 1664) pozdl# rieky Yan-

gtze vo Fengdu v juhozdpadnej Cine. Ticto objavy prispeli
k rekon§trukcii technolégie destilicie zinku. Na ziklade |
stidia zostatkov z minulosti bolo objavend, e Ciflania na
tomto uzemi pouzivali keramické retorty, chudobnejsie -
oxidické zinkové rudy so zna¢nym obsahom Zeleza a niz§i -

podiel redukénych ¢inidiel, ¢o malo 7a ndsledok vidsie
straty zinku.

V Eurépe sa Iudia dozvedeli o kovovom zinku na za&iatku |
17. storocia, aviak az v 18. storo¢i doslo k rozvoju nezavis- -

I¢ho priemyslu zinku. Anglicki remeselnici vyrobili kovovy
zinok redukciou uhlikom v retortach v roku 1738. Belgicky

proces pouzitim horizentdlnych retort bol vyvinuty pribliz-

ne v roku 1838 a stal sa Standardnou metédou vyroby zinku
az do roku 1951. Blo o diskontinualnu vyrobu. Pri tomto
spdsobe bol na redukciu zinkovej rudy na kovovy zinok po-

kondenzédtoroch. V polovici 20. storocia metalurgovia zaca-

zinok v malej prevadzke v New Jersey (vertikdlna retorta).

Hydrometalurgicky spdsob vyroby zinku zaéal nadobi-
dat vjznam na konci 20. storocia a vo vyznamnej miere |
' nificant extent replaced the pyrometallurgical production
- method where carbon was used for reduction.

nahradil pyrometalurgicky sp6sob vyroby, kedy sa na re-
dukeju pouzival uhlik.

Tab. 1 zobrazuje podiel vyroby jednotlivymi postupmi
na zdklade dostupnych tidajov v priebehu 20. storotia a7
- present.

po sticasnost.

2.VYROBA =
PRIMARNEHO ZINKU V SUCASNOSTI

Zinok sa vyrdba v sticasnosli z primdrnych surovin hydro-
metalurgicky a pyrometalurgicky. Pyrometalurgicka vyroba -
je zalozend na vyuziti tzv. Imperial Smelting Procesu (ISP).
Pyrometalurgicky spdsob vyroby zinku vyuZitim retort sa |
' duction using retorts is not used anymore, except for small

v sti¢asnosti, aZ na malé vynimky pouZitia v Cine viac nevy-

uziva. Ako uz bolo uvedené vicsina zinku vo svete sa vyra-
ba zo sulfidickych rad. Ked#e olovo a zinok sa vyskytujii .
v rudéch stcasne, velky vplyv na vyrobu zinku mé prave

the zinc boiling point is 907 °C, the resulting zinc is in the
form of a vapor and must be condensed immediately in
arder not to re-oxidize. Due to technical difficulties, met-
al zinc was generally not available until the Middle Ages.

i However, brass (copper zinc alloy) can be made without

the use of metal zinc by heating calamine, carbon and
copper in a closed crucible al a temperature of about

calamine are immediately dissolved in copper, This is why
people around the world had been using brass before us-
ng zinc itself.

The availability of metal zinc itsell starts in the 12% cen-
tury in India. Indian craftsmen in Zaware produced 1,000
kt of zinc between the 12% and the 16% century. In Za-
ware, a number of discarded retorts and condensers,
along with post-melt residues, were found during this pe-
riod. In China, nearly 20 sites were discovered where zinc

along the Yangtze River in Fengdu, southwest China.
These discoveries have contributed to the reconstruction
of the technology of zinc distillation. Based on a study of
past remnants, it has been discovered that the Chinese
used ceramic retorts, relatively poor oxide zinc ores with
a high iron content and a low proportion of reducing
agents, resulting in greater losses of zinc.

In Europe, people learned about metal zinc at the beginning
of the 17* century, but the development of an independent
zinc industry occurred in the 18 century. English craftsmen
produced the first metal zinc by carbon-reduclion in retorts
in 1738. 'The Belgian process using horizontal retorts was de-
veloped around 1838 and became a standard zinc production
roethod until 1951, It was a discontinuous production pro-

' cess. In this method, carbon was used to reduce zinc ore to
uzity uhlik. Zinkov¢ pary boli zachytévané v keramickych
ers, In the mid-20" century, metallurgists began to favor
li uprednostriovat kontinudlny postup. Ameri¢ania vyrobili |
. asmall operation plant in New Jersey {vertical retort).

melal zinc. Zinc vapors were collected in ceramic condens-
a continuous process, The Americans produced zinc in
The hydrometallurgical pracess of zinc preduction began to

acquire significance at the end of the 20" century and to a sig-

Table 1 shows the share of production by individual proce-
dures based on available data during the 20 century to the

2.PRODUCTION
| OF PRIMARY ZINC AT PRESENT

Zinc s currently produced frem primary raw materials by
hydrometallurgy and pyrometallurgy. Pyrometallurgical
production is based on the use of the Tmperial Smelting
Process (ISP). The pyrometallurgical process of zinc pro-

exceptions in China. As already mentioned, most zinc in
the world is made from sulfide ores. Since lead and zinc are
present in ores at the same time, lead has a major impact on

115
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Tab. 1 - Podiel vyroby zinku jednotlivymi spésobmi v percentdch

<1916 > 90
1929 28
1937 33
1960 34,5 11 S 2 45
1970 15 10 0,5 12,5 56
1980 3 7 6 10 74
2008 10 86
2016 90-585

olovo. Zinkové rudy sa drvia, meli a nasledne sa z nich vy-

rdba koncentrat procesom floticie. Zinkovy koncentrt sa
spracuje bud hydrometalurgicky, alebo pyrometalurgicky |

procesom ISP. Vyrobeny zinok ma Cistotu 99,995 %. Kedze
rudy s obsahom zinku a koncentraty obsahuji sulfidy, vyro-
ba zinku ma podobné problémy z hladiska Zivotného pros-
tredia ako ma priemysel vyroby kyseliny sirovej, t.j. emisie
zvyskového SO, NOx a kyslé odpadoveé vody, uvolfiovanie
kovov ako je arzén, ortuf a kadmium.

2.1 Pyrometalurgicky sposob vyroby zinku

Najprv sa sulfidické koncentraty prazia v zariadeni urce-
nom na spekanie (aglomeraciu). Produkt po aglomerac-
nom praZeni obsahujici oxid zino¢naty a malé mnozstvo
siranov (ZnQ . 2 ZnSO, a ZnS0,) sa nasledne redukuje
oxidom uholnatym v Sachtovej peci. Kovovy zinok odché-
dza z pece v plynnej forme a kondenzuje sa pri kontakte

s roztavenym olovom v kondenzatore. Surovy zinok sa nd- |
. fining process to obtain zinc with a purity of 99.995 %.

sledne podrobuje procesu rafindcie s ciefom ziskania zinku
s istotou 99,995 %. Pyrometalurgicky ISP proces je uréeny
pre zmesové Zn-Pb koncentraty a druhotné materialy (Srot
zo zinkovych zliatin, zinkové stery a pod.)

V EU, resp. v Eurdpe sa tento proces v terajiej dobe vy-
kondva uz iba v Polsku v Miasteczku Sliaskom.

2.2 Hydrometalurgicky spésob vyroby zinku
Hydrometalurgicky sposob vyroby zinku sa pouZiva pre

koncentraty vyrobené z sulfidu zinoc¢natého, uhli¢itanov

alebo kremititanov zinku a tiez pre urcité sckunddrne ma-

teridly ako je Waelzov oxid. Tymto sposobom sa vo svete |
vyrobi priblizne 90 % zinku. Vac§ina eurdpskych preva-
dzok uplatiiuje tento postup, ktory je zndmy pod anglic-
. leach-electrowin). This abbreviation refers to three major

kou skratkou ,RLE“ (roast-leach-electrowin). Tato skrat-

ka znamend tri hlavné kroky vyroby, t.j. prazenie-lithovanie |
. ning of zinc from solution after leaching.

a elektrolytické vylucovanie zinku z roztoku po hihovani.

Hydrometalurgické spracovanie koncentritov na béze
sulfidov zinku st spojené s problémom oddelenia zinku od |
seleza. Stivisi to so skutoénosfou, Ze¢ vicéina zinkovych
koncentratov obsahuje Zelezo, nickloré vo vyznamnych
mnoistvich (5-12 %). Pred hydrometalurgickym spraco-

vanim zinkovych koncentratov je zvyCajne nutné uplatnit
krok praZenia. Koncentrity sa mie$aji, aby sa dosiahlo
takmer konitantné zlozenie vstupného materidlu. Vico-

- zinc production, Zinc ores are crushed, milled, and subse-

quently ¥inc concentrate is produced by the pracess of flota-
tion. The zinc concentrate is processed either by hydromet-
allurgical or pyrometallurgical process of ISP, 'The produced
zine is 99.995 % pure. Since zinc-containing ores and con-
centzates contain sulfides, zinc production has similar envi-
renmental problems as the sulfuric acid industry, Le., emis-
sions of residual SO,, NOx and acid waste water, releases of
metals such as arsenic, mercury and cadmium.

2.1 Pyrometallurgical process of zinc production
First, the sulfide concentrates are roasted in a sintering
plant. The product after sintering roasting containing
zinc oxide and a small amount of sulfates ({(ZnQ . 2 ZnS50,
and ZnS80,) is then reduced with carbon monoxide in
a shaft furnace. The metal zinc leaves the furnace in gas
form and condenses upon contact with molten lead in
the condenser. The crude zinc is then subjected to a re-

The pyrometallurgical ISP process is designed for mixed
Zn-Pb concentrates and secondary materials (zinc alloy
scrap, zinc scrap, etc.)

In the BU, or we could say in Burops, this process is cur-
rently used only in Poland in Miasteczko Slgskie.

2.2 Hydrometallurgical process of zint production
The hydrometallurgical process of zine production is used
for concentrates made from zinc sulfide, zinc carbonates or
silicates and also for certain secondary materials such as Wa-
¢lz oxide, In this way approximately 90 % of zinc is produced
in the world. Mast Eutopean operations apply this procedure,
which is known under the English abbreviation “RLE” (roast-

manufacturing steps, i.e., roasting-leaching and ¢lectrowin-

Hydrometallurgical processing of concentrates based on
yine sulfides is associated with the problem of separating zinc
from iron. This is related to the fact that most zinc concen-
trates contain iron, some of them in significant amounts
{5— 12 %). Prior {o hydrometallurgical processing of zinc con-
centrates, it is usually necessary o apply the roasting step.
Concentrates are mixed to achieve a nearly constant compo-
sition of the feed material. General practice includes sam-
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Obr. 1. - Schéma vyroby zinku hydrometalurgickym spésobom [8],
Fig. 1 - Scheme of hydrometaliurgical zinc production is shown [8],

becnou praxou je vzorkovanie, analyza a kategorizdcia
koncentritov. Jednotlivé koncentraty sa skladujii oddelene,

Pred prazenim sa pripravuje najvyhovujicejiia zmes. Po

priprave vstupnej zmesi, hlavnymi vyrobnymi krokmi s
+ praZenie,

» Spracovanie praZenca,

s luhovanie,

+ rafinicia,

+ clektrolyza.

Jednoduchd schéma hydrometalurgického postupu vy-

roby zinku je zobrazend na obr. 1.
Podakovanie:
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. pling, analysis and categorization of concentrates, Individual
 concentrates are stored separately. Before roasting, the most
suitable mix is prepared. After preparing the feed mix, the
. main production steps arc as follows:

|« roasting,

i » processing of the roasted ore,

'« leaching,

. » refining,

o electrolysis.

A simple scheme of hydrometallurgical zinc production is
" shown in Figure 1,
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