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n\ New words and expressions Unit 5

* sulphur dioxide SO,

e agueous solutions [‘elkwios] 7K ;% %
* kilopascals [k1lav'pa:kl] T 15

e alchemist ['aelkemist] f& 4 A

e environmental pollution Ff1iE 754

[

flowsheets [flovfi:t] ;7iF%
e Pyroprocesses['palraprovses| /i iE T 2
 Sodium carbonate i[5

leaching ['litfin] /5

extracting [1ks'treektIn] 72 EY

ion exchange = A

crushing ['krAf1n] A7




n\ New words and expressions Unit 2

e membrane (film) separation['membrein] /i /)

e grinding ['graindiy] /)&%

e pregnant solution [‘pregnont] £} %

e lixiviate [lik‘sivieit] j£if&

e dilute sulfuric acid [dar‘1(j)u:t; di-] #ifni [t
e bauxite ['bo:ksart] 7 1/

» sulfide mattesfi 1, /K 4

e pickle liquors/ 7/ i

e sludge [slad3z] /it

e reagent [ri'erd3ant] 77

 complementary [ ka:mplr'mentri] 4001, #7011




R\ New words and expressions Unit 2

e vacuum['vekjuom] = ==
Vacuum pump & 7= 42
applicability [ eplik'bilati]iE 1V 14
Roasting /% /%
smelting /% /&
converting "/ /4
refining5 /4
imminent threats of depletion /359 & [}
burgeoning ['bs:d3zonig] 1B 1FIE BY
. Secondary materials — X 5 )
lag;&
. M$

* speiss [spais] &= 74




01\ Introduction Unit 2

>What can we learn?

el

The definition and history of hydrometallurgy.

The features of hydrometallurgy.

Raw material of hydrometallurgy

The difference between hydrometallurgy and pyrometallurgy and
furthermore, the role of hydrometallurgy in modern metallurgy

The advantages and disadvantages of hydrometallurgy.

EXRRE



Text A Hydrometallurgy

1 Introduction

The extraction of metals from ores and/or concentrates is carried out either by pyrometallurgy
or by hydrometallurgy. Pyrometallurgy encompasses the traditional high-temperature processes of
roasting, smelting, converting, and refining. Hydrometallurgy is a relatively recent development
compared with pyrometallurgy, the ancient art of metal production. Thousands of years ago, as
history records, people learned to construct furnaces and use fire to melt rocks and extract metals.
Much later came the use of water and aqueous solutions in place of dry, high-temperature methods
for processing ores. Modern hydrometallurgy, in fact, can be traced back only to the end of the
19th century. Hydrometallurgy is essentially concerned with methods whereby metals, metal salts
or other metal compounds are produced by means of chemical reactions involving aqueous and
organic solutions. Hydrometallurgy covers a large variety of processes ranging from leaching,
concentration/purification,  separation to recovery by electrolysis or  precipitation.
Hydrometallurgical processes normally operate in the temperature range of 25 to 250°C. The
processes can operate at pressures of only a few kilopascals ( vacuum) to as high as 5000 kPa.

The late 1960s and early 1970s witnessed a greacscarch and development of
hydrometallurgical alternatives to conventional pyrometallurgical processes used to produce the
bulk of nonferrous metals in the world. The strong points of hydrometallurgical processing lie in
the wide and varied techniques and combinations of techniques that can be used to separate metals
once they have been extracted into aqueous solutions. In principle, all the techniques of classic
inorganic analytical chemistry are available to the hydrometallurgists and can be adapted to use in
industrial processes. It is, indeed, true that it is the hydrometallurgists of recent times who are the
main users of the vast amount of chemical knowledge built up by the classic inorganic chemists of

the late 19th and early 20th centuries. Hydrometallurgists may aptly call themselves modern

alchemists. % Y El‘] % %



2 Raw materials for hydrometallurgy

There 1s a general awareness of the finite resources of nature around us. High-grade,
traditional ore reserves face imminent threats of depletion. The need has arisen to devise ways and
means to develop economical methods of processing the lean and complex ores that defy
conventional processing. Apart from land-based resources, other unconventional resources such as
those on the seabed ( for example, manganese nodules) will be increasingly important as a source
of a number of nonferrous metals. Secondary materials arising from industrial processes have
received a great deal of attention. Secondary resources include complex materials discarded from
pyrometallurgical processes, such as slags, dusts, sulfide mattes, and speiss, complex alloy scrap
from fabrication processes, pickle liguors, sludges, electronic wastes and other industrial wastes.
As far as such different materials are concerned, mention should also be made of the burgeoning
new energy automobiles, which produce a great number of spent batteries. Recycling these
materials seems to be a growing prospect. Similar is the situation regarding a number of other
strategic materials. The extractive metallurgical industry is one of the prime targets for new laws
introduced to combat environmental pollution. This is the overall picture against which the role of

hydrometallurgy and its relative importance in extractive metallurgy must be assessed.
3 Position of hydrometallurgy in extractive metallurgy

While it is true that technically successful hydrometallurgical processes can be designed, they
cannot compete commercially with the pyrometallurgical processes. The hydrometallurgy of copper
typically illustrates this situation. In order to alleviate the sulfur dioxide problem associated with
copper smelting technology , a number of elegant hyvdro-based flowsheets displaving the masterly
capability of hydrometallurgy appeared on the scene for the treatment of relatively high-grade
copper concentrates. Such processes, however, have failed to replace the pyroprocesses. In facrt,
pyrometallurgical processes themselves have been the subject of considerable development in
response to the emission problem arising from the traditional smelting operation of copper. Intense
smelting techniques developed by INCO, Noranda, and Mitsubishi have made significant inroads
in copper metallurgy. The techniques hawve relegated copper hydrometallurgy to the treatment of
secondary materials and low-grade ores. Hydrometallurgy is mnot the panacea for exitractive
metallurgy. It should be allowed to play a complementary role, not a competitive role, in
operation of mineral beneficiation and pyrometallurgy. ﬁjﬂl\]%%

Y

4 Characteristics of hydrometallurgy

Hydrometallurgy offers a number of significant advantages. There are also some
disadvantages associated with hydrometallurgical operation. The limitations and advantages,
however, need assessment for each individual application of hydrometallurgy.

(1) Advantages



production of a variety of by-product metals. Complex ores and concentrates in which a variety of
recoverable metals are present can be effectively processed by hydrometallurgical routes. High
overall revenues from by-products may have significant influence on overall process economics
which would make the hydrometallurgical approach highly attractive.

(2) Hydrometallurgical methods have successfully separated closely related metals, such as
individual rare earths ( zirconium from hafnium, and niobium from tantalum) , from their ores.

(3) Hydrometallurgy can be less energy-consuming when applied to low-grade ores or to ores
at the mine site. Moreover, it operates at relatively low, often ambient, temperatures, compared
with temperatures as high as 1500C that are typical in pyrometallurgical furnaces. Much of the
heat evolved in pyrometallurgy is difficult or impossible to recover.

(4) Hydrometallurgy has been suggested, too, as an alternative to traditional pyrometallurgical
processes to reduce pollution, especially air pollution caused by smelter emissions of sulfur dioxide.

(2) Disadvantages

(D From the point of view of consumption of process materials, fuel, and electric power,
hydrometallurgical processes are much more demanding than the pyrometallurgical ones because
the latter use mostly atmospheric oxygen as a reagent and sulfur present in the ore as a source of
heat.

(2) Hydrometallurgical processes can often generate significant an%mnxls Eﬁf i%';—iid or selid

3K B R

waste that may pose serious disposal problems.



I\ Introduction of Hydrometallurgy Unit 2

Hydrometallurgy

[0 The extraction of metals from ores and /or concentrates is carried out either
by pyrometallurgy or by hydrometallurgy.

OO0 Pyrometallurgy encompasses the traditional high-temperature processes of
roasting, smelting, converting, and refining.

O Hydrometallurgy i1s a relatively recent development compared with

pyrometallurgy, the ancient art of metal production.

compared with: 514 LU smiAANE, A5 A
compared to: Lb#g, LE#L, smiEAHIE S



IE)\ Historical Development Unit 2

0 Thousands of years ago, as history records, people learned to construct
furnaces and use fire to melt rocks and extract metals. Much later came
the use of water and agueous solutions in place of dry, high-temperature

methods for processing ores.

0 Modern hydrometallurgy, in fact, can be traced back only to the end of the
19th century.



IE)\ Historical Development Unit 2

O Hydrometallurgy is essentially concerned with methods whereby metals,
metal salts, or other metal compounds are produced by means of chemical
reactions involving aqueous and organic solutions.

RAJEEDL: WRIAIA E e B A K I WO A DLV R R A I B R AR ik

&, EBMEEREREY.

O Hydrometallurgical processes normally operate in the temperature range of
25 to 250°C.The processes can operate at pressures of only a few

kilopascals(vacuum) to as high as 5000 kPa.

mlE , ENTRFRE



[F)\ Historical Development Unit 2

O The late 1960s and early 1970s witnessed a great spurt in research and
development of hydrometallurgical alternatives to  conventional
pyrometallurgical processes used to produce the bulk of nonferrous metals in
the world.

ARAJFE: 60 FAORA 70 AT, 5 FE [ N FEAUK e iiia < DL

RiegHKizaeE A temfa 1 ERP R

O The strong points of hydrometallurgical processing lie in the wide and varied
techniques and combinations of techniques that can be used to separate metals

once they have been extracted into aqueous solutions.



[F)\ Historical Development Unit 2

O In principle, all the techniques of classic inorganic analytical chemistry
the hydrometallurgists and can use in

Industrial processes.

O It is, indeed, true that the hydro-metallurgists of recent times
are the main users of chemical knowledge built up by
the classic inorganic chemists of the late 19th and early 20th centuries.
Hydrometallurgists may aptly call themselves modern alchemists.
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I\ Raw Materials of Hydrometallurgy Unit 2

O There is a general awareness of the finite nature of resources around
us. High-grade, traditional ore reserves face imminent threats of
depletion. The need has arisen to devise ways and means to develop
economic methods of processing the lean and complex ores that defy
conventional processing.

O Apart from land-based resources, other unconventional resources such
as those on the seabed (for example, manganese nodules) will be

Increasingly important as a source of a number of nonferrous metals.
HaEE

Apart from &, . . =%

lean and complex ores #3 4 A2 214



I\ Raw Materials of Hydrometallurgy Unit 2

0 Secondary materials arising from industrial processes have received a
great deal of attention. Secondary resources include complex materials
discarded from pyrometallurgical processes, such as slags, dusts, sulfide
mattes, and speisses; complex alloy scrap from fabrication processes;
pickle liquors, sludges and other industrial wastes.

O As far as such different materials are concerned, mention should also be
made of the burgeoning electronics industry which, as we know today, is

using increasingly rarer metals and semimetals.

(resulting from)



I\ Raw Materials of Hydrometallurgy Unit 2

O Recycling these materials be a growing prospectgi=/ [&. Similar
IS the situation a number of other strategic materials. The extractive

metallurgical industry is one of the prime targets for new laws introduced to

combat environmental pollution.

O This is the overall picture which the role of hydrometallurgy and its
relative importance in extractive metallurgy must be assessed.

RAJFE: PHSIBIAIG S HU1E A AR BB DA 205 [8 R B A B 1 5

This is the overall picture against which the role ... must be assessed. Against’y
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L\ Complementary Role Unit 2

O  While it is true that technically successful hydrometallurgical processes
can be designed, they cannot compete commercially with the
pyrometallurgical processes.

O The hydrometallurgy of copper typically illustrates this situation. In order to
alleviate the sulfur dioxide problem associated with copper smelting
technology, a number of elegant hydrobased flowsheets displaying masterly
exposition of the capability of hydrometallurgy appeared on the scene for

the treatment of relatively high-grade copper concentrates.



L\ Complementary Role Unit 2

O Such processes, however, have failed to replace the pyroprocesses. In
fact, pyrometallurgical processes themselves have been the subject of
considerable development in response to the emission problem arising
from the traditional smelting operation of copper.

O Intense smelting techniques developed by INCO, Noranda, and
Mitsubishis have made significant inroads in copper metallurgy. The
techniques have relegated copper hydrometallurgy to the treatment of
secondary materials and low-grade ores.

O Hydrometallurgy is not the panacea for extractive metallurgy. It should
be allowed to play a complementary role, not a competitive role, in

operation of mineral beneficiation and pyrometallurgy.

in response to: &+
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I\ Advantages of Hydrometallurgy Unit 2

Hydrometallurgy offer a number of significant advantages. There are
also some disadvantages associated with hydrometallurgical operation. The
limitation and advantages, however, need assessment for each individual

application of hydrometallurgy.



[\ Advantages of Hydrometallurgy Unit 2

[. Hydrometallurgical processes have the flexibility for treatment of complex

ores and for production of a variety of by-product metals.

II. Hydrometallurgical methods have successfully separated closely related metals,
such as individual rare earths (zirconium from hafnium, and niobium from

tantalum), from their ores.

Anode mud: gold. silver,
selenium. tellurium

rare earth



I\ Advantages of Hydrometallurgy Unit 2

III. Hydrometallurgy can be less energy consuming when applied to low-grade

ores or to ores at the mine site.

IV. Hydrometallurgy has been suggested as an alternative to traditional
pyrometallurgical processes to reduce pollution, especially air pollution

caused by smelter emissions of sulfur dioxide.




[73\ Disadvantages of hydrometallurgy Unit 2

I. From the point of view of
consumption of process materials, fuel,
and electric power, hydrometallurgical
processes are much more demanding

than the pyrometallurgical ones.

Copper oxide ore sulfuric acid

Leaching residue leaching

Leaching solution extractant

Solvent extraction

lﬁ agueous phase

organic phase

l

stripping

organic phase ¢

l

agueous phase

electrowinning +—> electrolyte

electrodeposited copper




[73\ Disadvantages of hydrometallurgy Unit 2

II. Hydrometallurgical processes can
often generate significant amounts of
liquid or solid wastes that may pose

serious disposal problems.

Copper oxide ore sulfuric acid

Leaching residue leaching

Leaching solution extractant

Solvent extraction

lﬁ agueous phase

organic phase

l

organic phase 4= | stripping

l

agueous phase

electrowinning +—> electrolyte

electrodeposited copper




I[T)\ syntax Unit 2

assoclated with/related to
[ 5 ;. related to £ associated with#l 2 Fl.. AH<H =B, —
RGO N R LLE A
o Xl
»>associated with{] CHER BN 5% —£%, associated ) < EXA] LA
S R)PE EFECR, SRS KEET S SX R RIR
%, related toll] 35 A R 5 5 HI K &R
>associated with 2 B 7E U B — Ml ) 45 AN AN JR R 22
[A] RO 2R

e Reaction kinetics describes both the rate and mechanism
assoclated with dynamic chemical systems.




[T\ syntax Unit 2

Difference between slurry and residue

« Sludge is a semi-solid slurry and can be produced as sewage
sludge from wastewater treatment processes or as a settled
suspension obtained from conventional drinking water treatment
and numerous other industrial processes.

« Residue may be the material remaining after a process of
preparation, separation, or purification, such as distillation,
evaporation, or filtration. It may also denote the undesired by-
products of a chemical reaction.

25


https://en.wikipedia.org/wiki/Slurry
https://en.wikipedia.org/wiki/Sewage_sludge
https://en.wikipedia.org/wiki/Water_treatment
https://en.wikipedia.org/wiki/Distillation
https://en.wikipedia.org/wiki/Evaporation
https://en.wikipedia.org/wiki/Filtration
https://en.wikipedia.org/wiki/By-product
https://en.wikipedia.org/wiki/Chemical_reaction

I[T)\ syntax Unit 2

e N Ot sl s SN vy O

3548 4 chalcopyriteiz & iXJe & — /= 0 ey iR F 317, ARI

100 %, 3% 49 4 chalcopyritezx N =1 B, A2 A5 mol/LAER ,
1= %% B rkliquid/solid ratio»5: 1, #Muikdit+F:& B mechanical

stirring rate 300rpm, 60 °Ciz 4i1h, = H T A Jjs, diEfilter,
Zodkwash, BTdrylgis, o mEFMa=E.

26



I[T)\ syntax Unit 2

* The leaching experiment was carried out In a three-
necked flask. 100g chalcopyrite was weighted and put
In the flask, then 5 mol/L sulphuric acid was added.

The liqguid/solid ratio was held at 5:1.The solution was

mechanically stirred at 300 rom. After leaching (for) 1h
at 60 °C, the solution was filtered for the solid/liquid
separation. The solid phases/sludges were washed and

dried for analysis of the copper content.

27



108 \N Exercise Unit 2

L kb e 2 ARG & I —ASF R R,  JF521& EEALR 72 5.
2. [FKEREE RS, Wik R Al ERR AR T T .

3. VAR SR IR IR R YA

4. ERIBERN— D03 BINA S I A RBUR RN TS
gk

5. BEEEN BIAWIEFE, FRA &m0 i i A7 IEASBT AR

6. DAL, WA FUHT I T iR R AL AR G KR T 2N BE AL B AR S 2 A
IRH .

7. WIREEEERT, S UNEEY AR EAY . SBEREAE
Bl FE Y HH R

8. WikiA &Rl EFE - R A E NI AP IR E

9. IBIEIOE M REE S T AL B JRA A P & P 4 F 7 i

10. FKIRBE LR, kR 1 S02% KAHITT T



108 \N Exercise Unit 2

1. iwvkin e 2 AR BUG & — DGR, IS 3] E B
)73 3

T35 /B4: hydrometallurgy

SRR

Hydrometallurgy is one of the established and highly recognized

branches of extractive metallurgy today.

2. [FIRIEIE &SRR, BIAG &I r AR IR
FEN#EAT .

EIRERREE EbE::  compared with ---

ZHPEL

Compared with pyrometallurgical processes,
hydrometallurgical processes operates at relatively low

temperatures.



108 \N Exercise Unit 2

3AWIEIG & W HLIL SRR 2 HAL

IR B AL theoretical basis #)3E{k52: physical chemistry
R
The theoretical basis of hydrometallurgy is physical chemistry.
4N NBEN— N3, BIEIG & ORI A H7E S
BUA B AR BV 2 s

€489 Asabranch of -

e E

As a branch of metallurgy, hydrometallurgy has been
successfully used in numerous fields of extractive

metallurgy processes.



108 \N Exercise Unit 2

5. BEE =1 WIAWITEAE, FHRA &80 A 80O IEAN W
o

L grade =% high-grade ore

e DE

The grade of ores used to produce metals is decreasing with the

continuous consumption of high-grade ores.

6. Ktk 2RI FE T Y 7 VR AL AL G K T & AN e AL B AIS

DRI IE=E0
KA lean/low-grade ore
S

Hence, it’s necessary to devise new methods of processing the lean

and complex ores that defy conventional pyrometallurgical processing.



108 \N Exercise Unit 2

7. IRV HEIRT, B AR A 2 E A )R
JRHANG < R B A TR] 7

--BYSEE: the scope of--- £ E1EH : metal concentrate

£ REER: metal scrap 8] /= 5. intermediate product
SV

The scope of hydrometallurgy is quite broad and extends beyond the
processing ores to the treatment of metal concentrates,metal scrap and
intermediate products in metallurgical processes.

8. Iikin < A BT AR T R AN RN A T RS
TEHE . in aqueous solution

S

Hydrometallurgy is extraction metals from their ores by means of

chemical reaction in aqueous solution.



108 \N Exercise Unit 2

9. MVEIEE R BRI T AR 8 A AR P2 25 Pia &l =
& AT besuitable for &I/ &: by-product

e 3E

Hydrometallurgy has the advantage of being suitable for the treatment
of complex ores and the production of various metallurgical by-

products.

10. FKZIRE R iRAED T S02X KRS B
SO2: sulfur dioxide

SR

Hydrometallurgy reduces the air pollution by sulfur dioxide compared

with pyrometallurgy.



End

@ lecturer: Xiyun Yang
@ School of Metallurgy and Environment
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