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A NN New words and expressions Unit 14

e reddish stones n £l &k

» malleable ['meliobl] adj. BT #AY, T Z
e casting ['keestin] n$51E

* bronze [bronz] n &%

e brass [braes] n &4

e trough [tro:f] n 7K1&

e Chalcocite [ 'keelkosart]/ n. JESFH

e covellite [kouv'velart] n.5F1% EXSHH

e chalcopyrite [ keelko'parrait] n. 2577
e Bornite [ 'bo:nart | n.BE5EH

e Cuprite [ 'kju:prart | n. 75554

e Tenorite [ 'tenorart]/ n. B5A#




A NN New words and expressions Unit 14

e malachite ['mealokart] n.¥L#H

e comminution [ koma'nju:fan] n. $%%

e pulverization/ palverar'zerfon/ n. #3#; 34k

e boulder ['bouldar] n. BEf%; Efk, KRGk

e Jaw[d3o:] n. §1; SN

e Gyratory['dzamra toori] adj. 58y, [EHERY
 Cone [koun] n. &5

 Repellent [ro'pelant] adj. Bf...... 1
 Hydrophobic [ haidra'foubik] adj. Bi7/KBY; & 7K 89

e Taphole ['teephoul] n. H&EO, ZFEFL




A NN New words and expressions

Unit 14

e Siliceous [s1'lifos] flux 7% A

e Granulate [ 'grenjo le

it] v. {5 B} A RDR

 Pneumatically [nu:'meatikali] adv. =S 1EMH

e billetif
* ingot%E

-
wm

- sheer®lgt, BERT
» tough-pitch coppers

[J

1, #) 36

e Poling ['pouvlig] n. R R, B&H

e cement copperyi e, Y (JUEEMAYEE) |

« leachate ['li:tfert] n. JHE=4), =RITIR

e settling tank & 751

o



m outline Unit 14

e Copper ore

* Pyrometallurgy process
e Smelting: the aim is to get matte(50-75% Copper)
* Flash furnace
 Converting : to get blister copper(98.5% copper)
» Anode refining and casting
* 0 get anode (99.5% copper)
o Electrorefining cathode 99.99% copper

e Hydrometallurgy



T \Y Smelting process Unit 14

E: Ausmelt
ISA

T
shting -

Outotec




n\ Smelting process Unit 14

« Noranda/Teniente smelting processig =& /435 & B 4d ik
* Ausmelt/ISA smelting process BB Z 45/ X =
e Flash smelting process|A]iE

 Mitsubishi process = %=

« Oxygen bottom blowing/SKS process& = JE W&



T \¥ Smelting principle Unit 14

Flash Smelting technology

Concentrate Chalcopyrite
| (CuFeS,)

Matte Cu,S=FeS

CuFeS,+0,+ SIO, —
[Cu,S=FeS]+(2 FeO = Si0,) +S0O,

Sulfur-oxygen potential diagram for Matte Slag
the system Cu-Fe-S-0O-SiO2 at 1300°C



Unit 14

n\ Smelting principle

SULPHUR DIOXIDE

FUME EXTRACTION COPPER ORE, LIME

TO ACID PLANT & SANDFINES MIX
HOPPER

OXYGEN SUPPLY

OXYGEN, ORE MIX
INJECTED TO HOT
FURMNACE AND
FLASHING OFF

i.
==l ;

MOLTEN COPPER ]
DROPLETS FALL TO
BASE OF FURNACE

(-]

BELISTERCOFPFER POINT
TAP POINT
MOLTEN COPPER

TYPICAL FLASH SMELTING FURNACE { PREHEATING BURNERS OMITTEDFOR
CLARITY)



A\ Smelting furnace Unit 14

2 -+ Flash Smelting

I.oss in weight
feeding system

Electrostatic
precipitator

Flash smelting furnace



n\ Smelting furnace Unit 14

Outotec Flash smelting furnace

<300 mesh
<0.3%
80%
70%



n\ converting process principle Unit 14

Converting Matte

ﬂ

Blister copper
(Cu 98.5~99.3%)

Slagstr;‘agi”g 2FeS+30,=2Fe0+S0,
g 2 FeO+ Si0,=2 FeO = SiO,
copper 2Cu,5+30,=2Cu,0+250,

making stage Cu,S+ 2Cu,0=6Cu+S0O,



n\ Part one :copper ore introduction Unit 14

e Copper ore

e Copper is one of the most important nonferrous metals. Its
usefulness iIs accounted for by its combination of chemical,
physical, electrical and mechanical properties and is fairly
abundant supply. Copper is one of the first metals to have been

used by man.



n\ Part one :copper ore introduction Unit 14

e Natural occurrence

e sulfide ores: chalcocite#% 474, Cu,S; covellite#f 1, CuS;
chalcopyrite % 485, CuFeS,; and bornite 3 45 %", CuFeS,;

» Oxidized ores: cuprite 77 4@ %, Cu,O; tenorite & 44, CuO;
and malachite¥. % A, CuCO,Cu(OH), Native copper, once
widespread in the United States, is now mined in quantity only
In Michigan,

e The grade of ore used for copper production has been going
steadily downward as the richer ores have become exhausted and
the demand for copper has grown.



n\ Part one :copper ore introduction Unit 14
Copper ore grade

* The average ore in the United States contains less than
1% copper, but the average Is higher in other countries.

* There are vast amounts of copper in the ground,
available for future use if ores of still lower grades are
utilized, and there is no prospect of exhaustion for a
long time to come. At the same time, the use of lower-
grade ore increases production costs.



n\ Part two :production process Unit 14

Current production status

* About 80% of the world’s copper from ore is produced by
pyrometallurgy of sulfide ores. The other 20% is produced by
heap leaching / solvent extraction /electrowinning of ‘oxide’ and
chalcocite ores. There are many variations in the production
processes and improvements are constantly being made. The main
process of copper production is shown in (Fig. 14-1)

» Pyrometallurgical processes employ high temperature chemical
reactions to extract copper from its ores and concentrates. These
processes generally are used with copper sulfides and, in some
cases, high-grade oxides.

80% of the world’s copper:, the other 20%....



Pyrometallurgical
Sulfide ores
(0.5%2% Cu)

l

Comminution

]

Flotation

Concentrate
(209%-30% Cu) ‘

Hydrometallurgical
Oxide and sulfide ores
(0.3%-2.0% Cu)

Leaching

Pregnant leachate
(20%-50% Cu)

Solvent

Precipitation .
extraction

Smelting =

Matte
(509%-75% Cu) ‘

Converting

Blister copper
(98.5% Cu) 1

Anode refining
and casting

Anodes
(99.5% Cu) '

Electrorefining

'

Cathode (99.99% Cu)
Fig. 14-1

Cement copper Copper electrolyte
(85%-90% Cu) (25%~35% Cu)

Electrowinning

Cathode (99.99% Cu)

Flowsheets for copper production



m Part two :production process Unit 14

smelting

* The basis of the process Is that reactions between copper,
oxide and iron sulfide in the molten charge have negative free-
energy changes, forming copper sulfide and iron oxide.

« With excess iron sulfide, the copper sulfide forms a molten
solution called copper matte. The iron oxide formed in the
reactions, together with that added as flux, unites with silica in

the ore to form a slag. |
Concentrate Chalcopyrite

CuFeS,+0,+ SiO, — (CuFesS,)
[Cu,S=FeS]+(2 FeO = Si0,) +S0,
Matte Slag M;tte Cu,S=FeS




The reactions that take place in the smelting process can be divided into
four categories:

(a) Decomposition of sulfide ores

2FeS,— FeS+S, (14-1)
I
2CuFeS,— CuES+2FcS+ESE (14-2)
(b) Oxidation of sulfides
5
2CuFeSZ+?02: Cu,S - Fe§+Fe0+2S0, (14-3)
11
2FeS,+—0,== Fe,0,+4S80, (14-4)
i 2 i i u &
3FeS,+80,— Fe,0,+6S0, (14-5)
2CuS+0,— (Cu,S5+S0, (14-6)
2FeS+30,—= 2Fe0+250, (14-T7)
2Cu,S+30,—= 2Cu,0+280, (14-8)
(c) Matte smelting
FeS+Cu,0 == FeO+Cu,S (14-9)

(d) Slag-making reaction
2Fe0+510,== 2Fe0 - 510, (14-10)



m Part two :production process Unit 14

smelting
 To accelerate the chemical reaction rate, flash smelting
technology are developed in recent decades.

e In flash furnaces, concentrates are blown, together with
oxygen or an air/oxygen mixture, into a hot furnace. The
sulfide particles In the concentrates react quickly with the
oxygen and combustion is extremely rapid.

» This produces enough heat to provide a large proportion of
the thermal energy needed for smelting. As a result, flash
furnaces have relatively low fuel costs.

together with: #83%F and



m Part two :production process Unit 14

smelting

 Their production rates also are high due to the rapid rate at
which the mineral particles are heated, and the matte Is
relatively rich (50% to 75% copper).

 Further, their waste gases are rich in SO,, permitting
economic pollution control. The principal disadvantage of
flash furnaces is the high copper content of the slag (around
0.7% to 1.0% copper).

* This means that the furnaces cannot be used efficiently to
recover copper from converter slag, and in some cases, the
smelter slag must be recycled through the comminution and
beneficiation plants.
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smelting
» Outokumpu flash smelting accounts for Concentrate
more than half of Cu matte ¢ burner
smelting( Fig.14-2). It is also used in two . ' Uptake
locations for direct-to-copper smelting " §

and in one location for continuous Retion
converting. It blows oxygen, air, dried
concentrate, flux and particulate recycle
materials as a well-dispersed mixture N \ | Off-gas
Into a hot reaction shaft. =

» Smelting reactions are extremely fast Settler

under these conditions. Outokumpu flash
furnaces smelt up to 3000 tons of new
concentrate per day.
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smelting

« Modern Outokumpu flash furnaces operate with high oxygen blast and very
little hydrocarbon fuel. Most of the energy for heating and melting comes from
FeS,. Outokumpu flash furnaces are operated under automatic control to give
constant temperature, constant composition products at a rapid rate, and with
minimum energy consumption. Wide adoption of Outokumpu flash smelting is
due to its efficient capture of SO,, its rapid production rate and its small
energy requirement. |Its only limitation is its inability to smelt scrap. 7

&

‘a)8Y: Furnaces are operated under --control -~ and with --.consumption
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Converting

 The matte is taken to a converter, in which air is blown through the
molten matte to oxidize the iron chiefly to FeO, which is slagged by
addition of a siliceous flux.

« The sulfur in the matte is oxidized to SO, and passes off in the gases,
leaving copper in the converter.

 When cast, the copper forms cakes with a surface roughened and
blistered by the escape of gases during freezing, and hence is called
blister copper with 98-99%Cu. The most common device is the P-S
converter and flash converting.
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Converting

 The Kennecott—Outokumpu flash converting process was
commissioned during late 1995 at the Utah copper smelter.

e Matte is granulated i& % with high-pressure water and then
conveyed to storage. After granulation the solidified matte has the
appearance of sand particles ranging from 0.2 to 2 mm in size and
with 4~8% moisture. The ground matte is pneumatically conveyed
to the flash converting furnace which is fitted with more extensive
water and air cooling than the first stage of flash smelting.

e The customized unit continuously converts the matte into a low
sulfur blister copper upon employing a lime-based flux to form
slag.



m Part two :production process Unit 14

Fire refining

 The blister copper is next partly refined in a furnace and cast into
anodes. It may be poured in molten form into the anode furnace,
or it may be cast into cake which is charged to the furnace and
remelted.

 An oxidation refining takes place in the furnace, assisted by
Introduction of a small amount of air below the surface of the
molten copper.

o Little or no flux is required. Impurities whose oxides have a more
negative free energy of formation than copper are oxidized and
removed as slag or in the gases. The copper Is cast into anodes
containing about 99.0-99.3% Cu.






W\ Language points Unit 14
Occur, happen, take place

« ZHMET KET , BHET R,
o happenty “BHRA L™ B, £iEH “F ; YFER AT H, BN @y

e occur g R AT BEF¥ 5 happen 3% F|, {H 5 #:to sb,sthit, B & U F
happentosh,“sth 38 F4F By FEH K £ & E A (1) & L occur tosb,“sth 45
EHERAEEATEAN BT F

- Take place &7~ “&k 4~ , 7 & happen stoccurd i, {EH 5w — A 8 tosb,/

sthig Ay ; e oA R ENFFE, % A take place; it 4htake place 4 ¥ & 7x
RS e

He happened to know the place. ol 75 o3 A/ H .
When did the earthquake occur ~happen? i & & 1+ 4 BHE % 4 #?
Didn’t it occur to you to phone them about it?{7 % 1& %t 3% 831 4 147/ 1 3E?
Has anything happened to him? . 1 f+ 2 = 7 "5?
In 1919, the May 4th Movement took place in China. —/L.—LEFE, "B XA T L
MY 35 3.
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electrorefining

The anodes are hung In electrolytic tanks, spaced
alternately with cathodes, In an electrolyte of copper
sulfate and free sulfuric acid, contaminated with soluble
Impurities.

e Insoluble impurities, in the main those below copper In
the electrochemical series of metals, fall to the bottom
of the tank; these include gold, silver, selenium, and
tellurium.



anode

Cast-in support
lug (knife edge
/ on bottom)

Copper anode
~99.5% Cu

Lug:BR4



cathode

A=
'- | Copper hanger bar
w | _
LT T | 4 = -

1 P 1 i I 316L stainless

r' B steel cathode

i \ 'blank’

|
=i

i1 Polymer
| | edge strip

Strip: %%



Electrolytic tank X7

Electrode arrangement

Copper
bar

cell

Copper
bar

I_:
Adjacent I Adjacent

cell

T [ — Anode T— ‘_

a-/"'/ff
Insulator

“\\
Insulator
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electrorefining

e Soluble impurities, In the main those above copper in the
electrochemical series, enter the electrolyte and do not plate out at
the cathode.

 These are chiefly nickel and arsenic, together with smaller
amounts of other elements.

e« Some of the impurities form insoluble compounds. Thus the
copper is free of nearly all impurities, whereas a furnace-refining
process can remove only those more easily oxidized than copper.

» The cathodes are usually remelted for casting into shapes such as
wire, bars, cakes, billets or ingots.

« Some of the cathodes are sold without remelting, but the shapes
are required for fabrication into such forms as rods, wire, sheet
and tubes.



A\ Language points Unit 14
Together with BY 7%

e together with ¥ X: 1, =z, #AF, EF,; together
with G B EmEE, HAwvith&—ME, BEFER RS-
e together with2 — M 1EEE, £ TFLIABMmNIER,
1BIE B R S 1B AN S H R — 2
e Ui T FiEE W HF Fas well as5:+—F, more thanfit
, together with# &V FEE —1@4N, BEHEAES &
B E R EIERF— 2. BNATIEWN “RTEN”
Oeg: He, as well as me, gets some letters from
parents. A KA R T — LK H .
O1, together with Jack, want to go to the zoo. FFI
A AN,
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Hydrometallurgical process

A considerable amount of copper Is produced by
hydrometallurgy. The ore Is leached without being
concentrated, dilute sulfuric acid as the solvent is most often
used. The process is applied chiefly to oxidize ores. A further
limitation of leaching Is that the solvents employed do not
dissolve gold or silver.

o After leaching, it Is necessary to recover the copper from the
leaching solution.
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Cementation, solvent extraction

«One method of precipitating the copper from the
leaching solution Is to pass it over scrap iron or sponge
iron. Copper Is replaced in the solution by iron and
precipitates as so-called cement copper. In this case, the
precipitated copper is not pure and must be refined.

* Another method 1s solvent extraction, an organic
chemical that dissolves copper but not impurity metals is
mixed with the pregnant leachate from the leaching
solution.
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Solvent extraction

* The copper-loaded organic solution Is separated from the
leachate in a settling tank. Sulfuric acid is then added to the
pregnant organic mixture, which strips the copper into an
electrolytic solution for electrowinning. Solvent extraction is
advantageous in that the electrolyte has almost no impurities and
few environmental problems. Solvent extraction also makes
relatively efficient use of the various solutions: the spent leachate
IS returned to the leaching operation, the barren solvent is
recycled to the pregnant leachate, and the spent electrolyte to the
loaded solvent. BB T is recycled



process | flowshest ore

pyrometallurgy  Smelting—converting—fire Sulfide ore,
refining—electrorefining—copper cathode high-grade

ore
hydrometallurgy 1)Leaching—cementation—smelting Oxide ore,

2)leaching—solvent extraction—electrowinning |low-grade

ore



2B\ Homework Unit 14

* Write a summary of the text

e Compare with different smelting processes



End

@ lecturer: Xiyun Yang
@ School of Metallurgy and Environment
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