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n\ New words and expressions Unit 6

 Calcination [ kelsi'neifon] n. &5, ML

o calcine ['keelsain] z#b

e Decomposition [ dizkompa'zifn]n. 738, ZE

e Metal hydrate ['haidrert] € BES S
o Carbonate [ka:boneit] n. BREREL

« Basic sulphate ['salfeit] ¥ HES £h

o Rotary Kiln ['rout(o)ri] [Kiln] ElZEZE

o Shaft furnace B4, =P

e Dead roasting JEkE

o Sulphating roasting FRER (LI

e Reduction roasting [ri'dakfon] I B4
e equillibrium constant 1 1




PR\ New words and expressions

Unit 6

kellog diagram &S MHE
predominance [pri'dommons] n. ft#, Lk

predominance area fL#E#X

partial roasting ['pa:[(9)l] B k1L

selective roasting %3 Mzt

chloridizing roasting [k'lo:ridaizin | S ¢ 5 15

smelt n.v. &k

noble metal BME€E, B&E

hypothetical adj. lREHY, B BIIERY [ haipa'Oetik]]
fume n. W=

halide n. x{t#[helaid]

Pyrohydrolysis [parorovhar'drplisis] #4v7K fi#

criterion [krar'tirion] R/
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volatilizing roasting ['volotol aizim] % & k515
magnetizing roasting ['meegnitarzin |8t K& 15
magnetite ['megno tart] n. FEERH

flash roaster  [RJ3R KZ 1564, B 2 S R AP

. inject v. BESY, BEA

e fluidize v. HR7ZS4L ['fluiadaiz]

o fluidized bed roaster 7 754k, JZ L 4P

e burner n. MElg

e suspend [sa'spend ] v. &%, Z%
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» fluosolids roaster 7 7S4LKZ e tP

matte n. 7K, i

reverberatory furnace &t4F [r1'vs:baratori]
hematite ['hematait |Fe,O,

chlorination [ klo:ri'mer/n]& 1k

e phase diagramtg &




R\ New words and expressions Unit 6
1 | chloridizing roast FMRERE 2 | fume M=
3 | volatilizing roasts YRR R % 4 | calcination Je ke
5 | constant temperature ERI 6 | hydrate IKED)
7 | fluidized bed furnaces i 8 | multihearth unit | £ 2"
9 | shaft furnaces I 10 | rotary kilns ] & 75
11 | sulfating roast Fi R S 6 12 | dead roast R
13 | reduction roast I SRR e 14 | bag filters R Qb 43
15 | flash roasters IR TH R e b 16 | Ore fines e
17 | reverberatory furnace SEiny A 18 | criterion itk
19 | equilibrium constant 1T BT 20 | diagonal line X Ff 2%
21 | fluo—solids roaster AR RS BEr | 22 | phase diagram | AH&]
23 | vertical reaction line 3 H RV 24 | magnetite AR
25 | magnetizing roast faAL S I8 26 | hematite IR
27 | preferentially oxidize (=R 28 | partial roasting | #/>k5ke
29 | differential [ :0)) 30 | halide 1Y)




B \W Language study

Unit 6

> Stylistic features of EST (#:

NFIBR X ERR)

O Attributive clause ( B2 T )

(B tmanaI g se4Td” )

AfeEiEtINE, BEESMREHE— N5

$E A : who(EiE),whom (i) whose (FiE)

(NAISHRITAXEES ) £ ERH

@ B
E-S

(NaSRITAARTRAREY, JEEHER )

#547 : which (. ®iF)

8 ATEY : that,

_ XZEBIiE when (Bf[E) where (#:4) why
( that T LL3| SEBMAA )

who, whom which whose as when ,where why

- The boy who answered the question was Tom.

(S&fTiAboy, #EA, who3|SEBME, 1EEE )

(£. ®) as (. B)

BRI 1 EEMM A 5 IERR
Hl M E TR M AR 3 -

@ AR
@ MHERF
® BEFH
@ BYFF
® SATAFE
©® XHATE

(EH)




01\ Introduction Unit 6

>What can we learn?

»What are “Calcination” and “Roasting”?
»How are different kinds of “roasting” categorized?

» The relationship between “Kollog diagram” and “roasting”
conditions.

»The development of “roasting” furnaces.



I\ syntax Unit 6

> Preposition(4113))
»Chemical equation

» Definition of a process



n\outline Unit 6

C1Calcination

ORoasting
v'Roasting principle: phase diagram
v'Partial roasting: partial removal of sulfur
v'Dead roasting : completely oxidized
v'sulfating roasting: conversion to sulfate
v other roasting :chloridizing roasting, volatilizing roasting,
v magnetizing roasting

ORoasting development



02 \ Basic concept Unit 6

» Calcination

Chemical decomposition of the mineral, mainly used to remove water,
CO, and other gases which are chemically bound in metal hydrate and
carbonates.

> Roasting

Roasting consists of thermal gas-solid reactions, which can include
oxidation, reduction, chlorination, sulfation, and pyrohydrolysis
[paiorouhai‘drolisis 747K &

Categories: Dead roasting, Partial roasting, Preferential roasting, Reduction roasting,

Chloridizing roasting, Volatilizing roasting, Magnetizing roasting



02 \ Basic concept Unit 6

> Dead Roasting

O The most common example of roasting Is the oxidation of metal
sulfide ores. The metal sulfide is heated in the presence of air to a
temperature that allows the oxygen in the air to react with the
sulfide to form sulfur dioxide gas and solid metal oxide. The
solid product from roasting is often called "calcine."

O In sulfide roasting, If the temperature and gas conditions are such
that the sulfide feed is completely oxidized, the process is known
as "dead roasting."



02 \ Basic concept Unit 6

> Partial Roasting

O Sometimes, as in the case of pre-treating reverberatory or electric
smelting furnace feed, the roasting process is performed with
. In
this case, the process is called "partial roasting," because the
sulfur is only partially removed.

> sulfation Roasting

O if the temperature and gas conditions are controlled such that the
sulfides In the feed react to form metal sulfates instead of metal
oxides, the process is known as "sulfation roasting.*



02 \ Basic concept Unit 6

> Selective Roasting

0 Sometimes, temperature and gas conditions can be maintained
such that one metal forms an oxide, while another metal present
In the concentrate remains as the sulfide. The process is known as
"selective roasting".

> sulfation Roasting

O if the temperature and gas conditions are controlled such that the
sulfides in the feed react to form metal sulfates instead of metal
oxides, the process is known as "sulfation roasting.*



m\ Text A Calcination and Roasting Unit 6

1. Calcination Definition of

Calcination
> Calcination involves the chemical decomposition of the mineral and is

achieved by heating to above the mineral’s decomposition temperature (TD)
or by reducing the partial pressure of the gaseous product (P o, Pco,)

below that of its equilibrium partial pressure for a certain constant
temperature. For example,

..........................................................................................................................................................................................................................................................................................................................................................

CaCO; = CaO + CO, T5=900°C (under standard thermodynamic
conditions)
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...................................................................................................................................................................................................................................................................................

0O Calcination is mainly used to remove water, CO, and

~ other gases which are chemically bound in metal
hydrate and carbonates as these minerals have relatlvely
low decomposition temperatures.

...................................................................................................................................................................................................................................................................................

O Calcinations are conducted in rotary kilns, shaft Equipment for
furnaces, or fluidized bed furnaces. calcination

‘Main purpose
of calcination

rotary Kilns / kiln /:[B] 45 &
shaft furnaces : JH K JF
fluidized bed furnaces: &R
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2. Roasting of metal concentrates

» The most important roasting reactions are those concerning metal
sulfide concentrates and involve chemical combination with the
roasting atmosphere.

Possible reactions include:

MS + 30, = 2MO + 2S0, (dead roasting)
MS + 20, = MSO, (sulfating roasting)
MS + O, = M + SO, (reduction roasting)
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Other equilibria which need to be taken into account include:
(1/2)S, + O, = SO, and \

SOZ t (1/2)02 = SOB Attributive clause

O Thus, when Pgq, Is large and P, become Iarii?é when P,
and P, become large, P, become large which is the required
condition for sulfating roasting; the sequence of reactions being

MS + (3/2)O, = MO + SO,
SO, + (1/2)0, = SO,
MO + SO, = MSO,

giving the overall sulfating reaction:
MS + 20, = MSO,



m\ Text A Calcination and Roasting

Unit 6

O If the metal forms several sulfides, oxides, sulfates and basic sulfates, e.g.
M,S, M,0,, M,(SO,);, MSO,, XMO, further equilibria must be
considered. By examination of the equilibrium constant for each of these
roasting reactions it is possible to determine the values of P, and P, at
which each of the roasting products (calcine) is in equilibrium with the
metal sulfide at a constant temperature.

Example: PbSO, reduction roasting

T PbSO4+CO PbSO4+CO—Pb PbSO4+CO—

—PbS+C0O2  +CO+S0O2  PbO+CO+S0O2
1073.15 -310.49 -147.28 -70.09
1123.15 -309.78 -156.01 -78.28
1173.15 -308.45 -164.09 -86.14
1223.15 -306.78 -171.80 -94.45
1273.15 -305.02 -179.38 -102.66
1323.15 -303.16 -186.83 -110.77
1373.15 -301.23 -194.17 -118.79
1423.15 -300.52 -201.39 -126.72
1473.15 -299.39 -207.66 -133.72

logPg, (atm)

—8—PbSO4—PbS —8—ppS04—Pb(PSO2=0.01atm)
PbSO4—Pb(PSO2=0.1atm) PbSO4—Pb(PSO2=1atm)
—— PpHSO4—PbO(PSO2=0.01atm) == PbSO4—PbO(PSO2=0.1atm)
—— PpSO4—PbO(PSO2=1atm)
7.00

5.00 1273K
3.00 -y

1
1001 pho formation |
-1.00 P

300 | RTTTTT A i
500 | -
> 1

Pb formation

. |:
-13.00 'PbS formation Lt
1000 1100 1200 1300 1400 1500 1600 1700 1800

T(K)




[E)\ Text A Calcination and Roasting Unit 6

O Increasing or decreasing the P, or P<4, may produce other
roasting reactions. Kellog has used this criterion to construct
thermodynamic phase diagrams for the roasting reactions at a

constant temperature (Flg' 12-1)' Reactions involve both SO, and O,

O Reactions which involve both
SO, and O, are seen to have a
diagonal  line  since the
equilibrium phases produced
will depend on the partial
pressure of both gases. The
roasting of a metal sulfide to
sulfate will produce a vertical !
reaction line since only O, will log P, —=
take part in the reaction. / '

reactions involve only O,
Kollog diagram
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O The ‘Kellog diagram’ provides the predominance areas for each
phase within which P, and P¢,, can be varied without altering the
roasting product or calcine. It should be noted that if roasting is
carried out in air the sum of the partial pressure of O, and SO, Is
about 0.2 atm, 1.e. PO,+ PSO, = 0.2 atm.

log Py, —=

The relationship between Kellog diagram and roasting conditions
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e. 5 eqgX3al

Oie Rt ElR, #a1hui. 8% Fthatis, in other words.
Oe.qg.Z25 1+, #H2F for example

O The evaluation noted that the employee had frequently exhibited
Irresponsible behavior. e.g. coming to work late, failing to complete
projects.

OThe general rule is that if a number can be expressed in three words
or fewer, it should be written out (e.g. two hundred seventy).

OUsing a comma to enclose(i.e. both before and after) the year in a
month-day-year sequence.
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O The ore concentrate will undoubtedly contain other metal sulfide
each with their own phase predominance areas dependent upon
Pos » Psoo @nd temperature. By examination of the appropriate
diagrams it is possible to obtain information which will enable the
roasting operator to select the most appropriate roasting
conditions for each particular concentrate. In this way selective
roasting of one metal sulfide to its oxide may be achieved while
another metal present in the concentrate remains as the sulfide.

The relationship between Kellog diagram and roasting conditions
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O One of the most common roasting operations is that of partial roasting
In which the metal concentrate containing several metal sulfides is
roasted to preferentially oxidize the impurity metal sulfides and to
reduce the level of sulfur present. The metal oxide thus formed can be
separated and collected in an appropriate slag on subsequent smelting.
Thus partial roasting is conducted on the more noble metal sulfides from
which impurity sulfides are readily oxidized.

Partial roasting: low P,

- Main reaction:

Purpose: Removal of As,S;

> Roasting: high P,
i Main reaction:
21 7 Ot ARt FeS,+0,—Fe,04+S0,
= | Purpose: Removal of Sulfur

[BRE REBAEE~MAMI, 2005]
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Different conditions of various kinds of roasting

A dead roasting Is used when the metal oxide Is to be
reduced by carbon or hydrogen. A sulfating roasting Is
used when the metal sulfate Is subsequently leached with
a dilute sulfuric acid solution. Metal sulfates decompose
at low temperatures, therefore sulfating iIs normally
conducted at about 600~800°C, 1.e. below the
corresponding decomposition temperature, with a
restricted amount of air, while dead roasting is conducted
at 800~900°C with excess alr, I1.e. a high P02/ Pso, ratio.
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Different conditions of various kinds of roasting

Differential sulfating roasting Is possible by operating at a
temperature which will decompose one sulfate but not another.
Thus, roasting a Ni;S,—FeS concentrate at 850°C will produce
NiSO, and Fe,O, since Fe,(SO,); will decompose at this
temperature, i.e. Fe,(SO,); —Fe,O; + 3SO,;. Reduction
roasting 1s generally rare since this reaction usually requires
very low PQ2 values and high temperatures is demanded by the
thermodynamic considerations. Other roasting reactions
Include:
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(1) Chloridizing roasting which is generally used for the
conversion of a reactive metal such as Ti, Zr, U, which form
extremely stable oxides, to a less stable chloride or other halide. The
halide is relatively easy to reduce with another element which forms
more stable halide.

(2) Volatilizing roasting removes volatile impurity elements and
oxides such as Cd, As,O,, Sb,0,, ZnO. These may be recovered from
the process fume using bag filters.

(3) Magnetizing roasting using controlled reduction of hematite
(Fe,O;) to magnetite (Fe;O,) which can be subsequently
magnetically separated from the gangue.

The roasting reactions are gas—solid reactions and therefore
rely on the diffusion of oxygen into and sulfur dioxide out of each
concentrate particle.



m\ Text A Calcination and Roasting

Unit 8

O Reducing the particle size (less than 6 mm) improves the gas--solid
contact and increases throughput. This principle iIs used in the modern
flash roasters in which preheated ore particles are injected through a
burner with air, and fluidized bed roasters in which the fine ore particles
are suspended in the roasting gas. A development which incorporates
both these principles is the fluo—solids roaster in which air and ore fines
are Injected into the side of a reactor and fluidized by an upward draught

of preheated (500°C) air.

4 Charge Feed Auxiliary Burner

Burners

Hearth Pa&,‘;:r " Bullon Tapholes

Flash roaster

1 upward draught

|\ [\ FNER

| |
Gas =i f f 1 Distributor

Fluidized bed roaster
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O It has been claimed that the fluo—solids roaster offers certain
advantages over the multi-hearth unit for the partial roasting of Cu,O
ores. Such advantages include greater control over sulfur elimination,
less space and operating labor required, it is more amenable to

automation and a higher quality matte from the reverberatory furnace
IS produced.
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Part I Answer the following questions.

1. What is calcination?

2. What are the differences between calcination and Roasting?

3. What are the most important roasting reactions?

4. Please simply describe Fig. 10-1 (Hypothetical thermodynamic
phase diagram for the roasting of a metal sulfide concentrate )
at a constant temperature).

5. What are the definitions of dead roast, sulfating roast,
differential sulfating roast, reduction roast, chloridizing roast,
volatizing roast, and magnetizing roast?
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Part Il Translate the following into English.

1. JERIRT VIR o, vEI TR P o3 fd i fE UL B B R AR = 1
3 Fs (Przo, Pcoz) 2| 55— iR 5 B -F 17 73 Hs LA SR SR

2. R FEEHRERE R KEDEIRIE S EE 1K 8 e A,
DR D 3K S AT 49 £4) 93 i 1 A BRI

3. BOEFH R R A e, KX M S e 7 VAN 5 2 Fih <5 & A 7
R BEAT S Bl 2 o e S B A I e E AL A BRI S i 2

4. XA JE R T P PR T 1 AR I 5 S — AV E AN BT R AR A
VY Sy oey e SR AN TR VAR S S sy iy S N RE N TR E 7 S oy Yl

5. XA S AFEREIE A Z¥Eh, Bt Lo A, 5T a3, Rk,
LU IS S AP 4 7= A2 ) 0K A I o B



L\ Summary Unit 8

* The definitions of “Calcination” and “Roasting” are
studied.

» “Roasting” Is categorized into 7 different kinds and their
characterization are given.

 The relationship between “Kollog diagram” and
“roasting” conditions is explained.

>»Homework

Please write a summary about the unit.



@ lecturer:

@ School of Metallurgy and Environment
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