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Case- 8 Copper extraction

Chemical assay of the copper concentrate:

T I B A

Wit-2% 32 24 28 0.8 05 0.3 01 01 0.2

The flux is (98%Si0O, + 1%Ca0 + 1%AI,0,).
&)

Oxygen enriched air (35% oxygen) is used.

The operational temperature is ~1250°C. Nitrogen is used for
temperature control.

The desired matte grade (Cu% in matte) is 60%.
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FTmisc for non-ferrous smelting process

(2) The matte smelting system (S-Cu-Fe-Ni-Co-Pb-Zn-As)

This system has been evaluated and optimized [4006, 4007, 4008, 4009, 4010,

6019] mainly for matte/slag/metal/speiss equilibrium calculations involved in Cu-

, Pb- and Zn-smelting and processing.

« The following solutions and compounds form a thermodynamically self-consistent
set of phases which are designed to be used together (and with FToxid-SLAG and
the gas phase from the FACT53 database.) Users are urged to read the
descriptions of each of these phases under “Description of solutions.”

— Liquid matte [FTmisc-MATT] — S-Cu-Fe-Ni-Co-Pb-Zn-As

— Liquid copper or speiss [FTmisc-CuLQ] — Cu-Pb-Zn-As-Fe-Ni-Au-S-O
— Fe-Cu [FTmisc-FeCu] — fcc solution

— Sphalerite [FTmisc-SPHA] — Solid ZnS with FeS in solution

—  Waurtzite [FTmisc-WURT] — Solid ZnS with FeS in solution

— Cu,S-PbS-ZnS [FTmisc-Cu2S] — solid solution

— Liquid Pb [FTmisc-PbLQ] — Liquid Pb with 12 alloying elements
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Cu smelting and converting processes

e Roasting
— Dry and heat the furnace charge
— Increase Cu,S : FeS

e Smelting
— Produce copper rich matte

— Separate matter and slag
— 2CuFeS, + 5/20, + SiO, = Cu,S- FeS + FeO.SiO, + 2 SO,

e Converting
— Remove Fe and S from matte and produce blister copper

impure
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Flow Chart

Feed(Concentrate)

Ores: CuFeS,, FeS, SIiO,

A 4
Roasting @ 600C with Alr

FeCuS2 (S), Aspinel (I), SIO2 (S)

A 4

smelting @ 1220 with O, enriched Air
MATTE () 63%Cu Slag (I), Gas

W
Converting @ 1240 with O

Blister Cu 98%Cu Slag (I), Gas

A\
Enal Preduct
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Smelting: Database Selection / Reactants

File Edit Table Units
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Data Search  Help
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| [ MGSH [ MIFT [ MIME

[] 0x63 [ PBLR [ PIER
1-1D| 11-14] Ol FTiitz Csak  [IsFca [ SGSL
I FThelg Add/Remove Da‘a| O sGTE® [ SGTE* [] voxD
[ FTpulp [] ELEM [ zro2
. O Frite. Ol Fldemo [ TDnuct _PefieshDatabases |
Masz([q] Species Phaze T(C] P[total]* Streamit Data o .
|32 |Cu | =1 | i
e |Fe | = | 1
e Is | = | I
£ Rea
* 9 5i02 A 1
! I ! =1 ! ! Eile Ed jl Options Include Limit
* |2 I.l"-\|2E|3 I ;I I I |1 D | = Bt | E Qase0Us 10hs [.plasmas] Organic species CaHy.... X[max)] = |2_
agueous species
o I_I IEEIEI I ;I I I I_I o Iinq1ited dat:compounds (250) Minimum solution components: O 1 @& 2 cpts
* ap | )
*h |2 | =1 | i Mase(a) oo o
. — ass(g pecies ase
[os IPo I = I I + [«0me: Jarena | -]
+ [<0.98E> [sinz | =] | [1
+ [«0me: |can | =]
[~ Iritial Con *+ <0388 [H | =l
+ [<0B24: [nz | -]
Mext >>
FactSage B.3 Compound: | 3440 databazes Solution: | 2/42 databazes
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Smelting: Selection of phases

Duplicate C d
upkcate Compostet

- s

=)

Yhen wou click [mouse left button) on a "gas", "liquid"’,
"agueous” or "zolid" compound check box, then all the
compounds in that group are selected.

To avoid selecting duplicate compounds, you can
zpecify a databaze priority lizt - the most impartant
databasze is first and the least important is last. For
duplicate compounds in a given aroup, only thoze
compounds from the most important databaze will be
zelected. Mot all the databases need be entered - for
example if only one database iz specified, then duplicate
compaunds from the ather databazes will only be
suppreszed for those compounds found in thiz one
databasze.

Mote: a compound iz considered a duplicate if a pure
zubstance in another databaze haz the zame chemical
formula in the same phasze [zohd, quid or gaz] - no
diztinction iz made for allatropes and izomers. For
erample, Fe[z1]in databank & iz duplicate of Fe(z1],
Fe(z2] and Fe[z3] [but not Fela]] in databank B.

Enter the compound database priority list [mast important
firzt] frio

Cancel

i Menu - Equilib: comments

-— -

= S

File  Units

=
I Reactants [14]

Parameters  Help

TIC] Platm] Energul)] Mazs(a) Yolllitre]

LEA=3E

misc FToxid FactPS

|[l:|ram] F2Cu + 24Fe + 285 +« 9502 + 24203 +« Cal + Mgd + Zn+ 05 Pb + <0D98B: Si02 + <[
4 b
Products
Compound species Solution species Custom Solutions
[+ gas &+ ideal ¢ eal BB = | + | Base-Phase | Full Hame - 0 fized activities
[C aqueous 0 + | FTmisc-Culd Cu-lin_or_speiss g 'de*?‘l_ml'-‘t":'f??_
|_ pure liquidzs 0 . FTmizc-MATT b atte activity coefficients
* [ pure zolidz 218 + FTmizc-SPHA Sphalerite
W suppress duplicates apply + FT'T'?S':'WUHT “wiLrtzite Pseudonyms
* - customn selection + | FTmizc-Cu2S54 ACU2S5-z.2., - i
species: 288 | | FToxidSL&GA | ASlagdig all oxides + 5 apply M
l FUEEEISFLE aEne [ include malar vaolumes
| FTomid-kel_A A onoxide - i
Total Species [max 1500] 505
Target Legend i
- hone - | - immecible B W Show (™ all ™ selected Total Solutions [max 40] 27
Estimate T[K): 1000 +-selected 15 species: 219
b - golutions: 27 E
ass(g) Drefault
Final Conditions E quilibrium
| S <Bx» | TIC) || Platrn] j|F‘deuctH[J] j {* rarmal " normal + transitions
|4|:| 55 1 |-| i |-| 250 |-| | " tranzitions anly
I_ - : " open
10 ztepz 1E calculations Calculate >>
FactSage 6.3 C:AHatchhE quiCasze-8-1.0AT

Liactsage

Non-Ferrous Processing 7

T McGill CRCT "%



Results

Output  Edit

A;S4| A=55

Show Pages

D= EE) 5

TIC) Platm) Energeld] Mass(g] Volllitre)

A=10 | A=41] A=42 | A=43 | A=44 | A=45 | A=46 -A=47- | A=48| =49 | A=50| A=51] A=52 | A=s3 |

s &

1.4728

{gram) 22 Cu + 24 Fe + 2B 5 + 9 5i0Z +

{gram) 2 R1203 + Cal + MgD + Zn +

igram) <0.38R> 02 + <0.82R> N2 =

mol gas_ideal
{56.975 gram, 1.4728 mol, 184 08 litre, 3.0951E-04 gram/cm3)
{1250 €, 1 atm, 2=1.0000)
{ 0.70828 nz
+ 0.28017 802
+ 1.0117E-02 52
+ 1.&8758E-03 50
+ B8.5653E-04 55
+ 5.1513E-04 EE i
cemoc 2 (3@S COMPOSItioN
+ 2.4775E-05 Eb
+ 1.0105E-05 53
+ 5.3436E-08 g
+ Z.1Z74E-0¢ bl
+ 1.83458E-0¢ Cus
+ 1.0481E-0& Cu
+ 7.3114E-07 303
+ 5.3805E-07 Zns
+ 2.5735E-07 e
+ 5.8359&E-08 NE
+ 3.12Z33E-08 54
+ 7.0877E-05 oz
+ 3.5371E-05 Fel
+ 2.0047E-05 Fe
+ 4.8243E-10 o
+ 2.8805E-10 Feld
+ 7.8804E-11 510
+ 4.1832E-11 Cuz
+ 1.7218E-11 Cul
+ 1.4808E-11 35
+ 1.4431E-11 5102
+ 1.3128E-11 Hzo
+ 3.8412E-12 EbZ
+ 1.8347E-12 5is

{gram) 0.5 Pb + <0.98(10)» 5i0Z + =<0.01(10)> R1203 + =<0.01(10)* Cal +

FactPS
FactPS
FactPs
FactDs
FactES
FactES
FactPS
FactPS
FactPS
FactPs
FactDs
FactES
FactES
FactPS
FactPS
FactPS
FactPS
FactES
FactES
FactPS
FactPS
FactPS
FactPs
FactDs
FactES
FactES
FactPS
FactPS
FactPS
FactPs
FactDs

In order to change this matte grade,
we can change the amounts of flux
<B> and gas (oxygen) <A>

Matte composition

C FImisc
FImisc
FTmisc
FTmisc
FTmisc)

Mole fraction Mass fraction

5_0117E-03
7.2112E-03
0.58710
0.15418
0.24550

Slag composition

FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid
FToxid)

+ 54_.314 gram Matte
(54_.314 gram, 1.078€ mol)

(1250 C, 1 atm, a=1.0000)
( Z4.850 wt.% 5
+ 15.418 Wwt.% Fe
+ o= 710 we & Cu
+ 0.72112 Wwt.% In
+ 0.50117 wt.% Eb
System component
b
Zn
Cu
Fe 0.1l359z8
3 0.38783

N+ aa_211 gram ASlag-ligil

(44.211 gram, 0.8827& mol)

I (1250 C, 1 atm, &=1.0000)
{ 4.7155 wt.% R1Z03
+ 42_.215 Wwt.% 5i0Z
+ Z.4700 wt.% Cal
+ 43.544 wt.% Fel
+ 1.7734 wt.% Feil3
+ 2.2455 wt.% Mgl
+ 0.15030 wt.% EbO
+ 1.8087 wt.% ZnD
+ 0.28257 wt.% CuZl
+ 5.0745E-0Z wt.% R1ZS53
+ 0.47344 wt.% 5i5zZ
+ Z_.3ZZ0E-0Z wt.% Cal
+ 0.38334 wt.% Fel
+ L.6B70E-0Z wt.% FeiS3
+ Z.2343E-0Z wt.% Mgs
+ 1.1820E-03 wt.% FbS
+ 1.4076E-0Z wt.% ZnS
+ Z.2367E-02 wt.% CulZs
Site fraction of sublattice constituents:
Al 5.97€3E-02
5i 0.45401
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Results: Overview of products

07 Results - Equilib A—47 (page e _ W=
Output Edit  Show Pages

D=l BE F T1) Plan) Erergl) o) Vol Click: Output - Plot - Plot Results 2

A=54 | Asss |
A=40 ] A= G Plot: gram vs Alpha |—§3

File Help

+ 54.3
(54

activity 1] 21361
] Il

rﬁ Axes: gram vs Alpha . I! TD T T T T T T T T T T T T T T

Y-variable X-variable Swap Axes

¥-axis

X-axis X
H-awiz

60 .

masimm 55 v-'
.
TinimLm 40 i
o L
tick every 1 L .-
20 ¢ ! d
14
T : 11 1
13 ik v reactanl .
* chemical W file narm 40 - _

" integer #
" none

r-awis

nasirmum

TmirirLm

o
Iﬂi |

tick every |5

FactSage 6.3 C:A\FactS ageb3hE quil.res
¥ I_EBTUE-UZ WL .%® Fecs 30
+ Z.Z94%E-0Z wt.% Mgs
+ 1.1820E-03 wt.% IbS
+ 1.4076E-02 wt.% ZnS

20

10 | -

0 % . 1 . L . 1 . 1 . 1
40.0 42.0 44.0 46.0 48.0 20.0 22.0 24.0
Alpha
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Results: Cu matte grade

: I i
G sreces oot et vean kv e . =
A

[ Click. on the +' column to add or remove species. |

=)
o)
=

20

40

30

20

10

File Show Select
+| # | Species | Gram [min) | Gram [max] | Wt % [min] \ Wt [max) \ Activity [min) | Activity [max] | «
FTmisc CulQ
E3 Pb{Culd) 0 1] 2.1755E-03 2.84592E-03 7.0045E-04 1.0472E-03
70 CulCul) 0 1] 75.75 79.764 7A191E-02 0111982 J
71 Fe(Cul0] 1] 1] 4175 74521 E.1199E-03 E.3985E-03
72 S[Culd) 1} a 188 166 4.4232E-03 7.2394E-03
73 ZnCuld] 1] 1] 2.3145E-03 2.9770E-02 2.4706E-05 2.7017E-05
l 74 D(Culd] 1] 1] 0156503 nanEn " onenr e A nEnr aE
i FTmisc MATT
b+ 75 SMATT) 11.6833 15.02 23464 1 DD T T T T T T T T
b+ 78 Fe[taTT) 5.5697 10335 11.235
M|+ 77 CulMATT] 31.844 3.916 54.35 -
+ 78 ZhMATT] 0.289828 0.451775 0584671
N L] Ph{MATT) 0.240215 030112 0.484536 Q D |
i | FTmise SPHA
i 20 ZnS[SPHA) 1] 1] 14.322
i a1 FeS[SPHA] 1] 1] 83.869 L
' FTmisc WURT
g2 ZnSMwWURT] a a 20.902 BD |
a2 FeS[wURT) 1] 1] 7E.E56
FTmisc Cu2S
24 PhS[Cu254) 1] 1] £.3055E-02 +
eia) Cu25[Cu25a) 1] 1] 97.435
il 86 ZnS[Cuz8a) 1] 1] 1.4404
il FToxid- SLAG ?D B
i a7 Al203(SLAGART) | 20832 2.087 43448
i 28 Si02(5LAGART) | 17.2M 18,684 38.857
| aa ranigl ARAH 1na1e 1ngm 2 97RA
(l ™ souce Mass Order “\?\ B D
" mole (l'f: inte
0 ma
I I™ [page] | & gram A
Dear cw

T = T -
7
40.0 42.0 44.0 46.0 48.0
Alpha

T, T

7 7
20.0 22.0
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Results: Slag composition

-_— o -

V—@—- ———
G Species Selection - EQUILIB Results: weight % vs Alpha

Clear

[Click. an the '+ colurn to add or remove species.

I [page]

[ 16 pages]

" mole &+ intec ‘
i " mass
gram
" fract o)
C acti\-'a
SE——

30 |

20

— .
File Show Select
+ | # | Species | Gram [min] | Gram [max] | Wt % [min] | Wt % [max] | Activity [min] | Activity [max]
a4 PbS[Cu254) 1] 0 8.3085E-02 0106657 21640E-04 2.3691E-04
a5 Cu2S[Cu25A) 1] 0 97.435 98.477 0433445 0.603325
a6 Zn3[Cu25a) 1] 0 1.4404 24588 1.7165E-02 25737E-02
FToxid- SLAG
+ 87 Al203(SLAGART) | 20832 2087 4.3449 53148 4. 2677E-04 5.6021E-04
+ 88 Si02[SLAGART) 17.2m 18.684 38.897 43,886 0.E75E01 0.835017
+ 89 Cal[SLAGAHRT] 1.0912 1.0932 2.2753 27839 1.7084E -06 2.3986E-06
+ 90 FeO[SLAGAHT] 16.106 22,436 41.09
+ 9 Fe203(5LAGART) | 0.546017 1.2523 1.353 GD ;
+ 92 Mal[SLAGAHT) 0.991983 03593809 2063
+ FhO[SLAGAHRT] 5.6579E-02 7.9408E 02 0144349
+ Zn0[SLAGAHT) 0.533433 0828118 1.5142
+ CuZ0[SLAGAKT) | 9.3128E-02 0174412 0.237537 I
+ Al253SLAGART) | 1.9146E-02 2479302 3.9860E-02
+ SiS2(SLAGART) 0.178627 0214487 0371884
+ CaS[SLAGAHT] 8.7608E-03 1.1345E-02 1.8235E-02 5 [} |
+ FeS[SLAGART) 0.153268 0176202 0.356041
+ Fe25S3(5LAGART] | 5.7445E-03 1.0161E-02 1.4656E-02
+ MoS[SLAGART) 8.6585E-03 1TI1212E-02 1.8026E-02
+ FbS[SLAGART] 4.9016E-04 5.3044E 04 1.1040E-03
+ ZnS[SLAGART] 5.7433E-03 6.3514E-03 1.2860E-02
+ CuZS[SLAGAHT] | B.3712E-04 1.2085E-03 21357E-03
- SLAG
AZOISLAGAEZ) 1] 0 3.2378E-11
SiD2ELAGARD) 1] 0 2.24ME12
Cal[SLAGAHZ) 1] 0 1.1583E-06
Falic] AGAHD n n 2 MM TE.M7 \.\E
o L
™ souce Mass Drder —aput
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Save/lImport matte for converting process

» P R I . - — e
47 Results - Equilib A=50 (page 11/16) o -:--E.I.gl —
P rrange Cluic

Oulpul] Edit Show Pages

Save or Print
Plot
Equilib Results file

Strearn File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ..

A=45 | A=46 | A=47| A=a8 | A~49 -A=S0- | A-51| A-52 | A=s3 |

TIC] Platm) Energul)] Mass(g) Yolllitre) m

ALL solutions

FTmisc-CulQ Cu-lig_or_speiss
FTmisc-MATT Matte
FTmisc-5PHA Sphalerite

Recycle all streams ... | FactS FTrisc-WURT Wurtzite

Save stream file > Save gas phase ... FTmisc-Cu2SA ACu25-s.5.,
Stream file properties ... Save pure liquids ... FToxid-SLAGAZ ASlag-liq
Summary of streams » Save aqueous .. FToxid-SLAGA#2 ASlag-lig

Directory (C:AHatch) .. Save pure solids ...

Save selutions

FToxid-SPINA#L ASpinel
L FToxid-SPINA#2 ASpinel

185.27 litre, 32.0831E-04 gram/cm3)

0.70830

0.28020

B8.1747E-03
1.5832E-03
7.301BE-04
5.08B88E-04
3.4382E-04
2.7120E-05
7.3331E-06
4 _BOBTE-0&
2.4583E-08
1.8563E-06
1.1401E-0&
§.3507E-07
5.5354E-07
2.7183E-07
5.3108E-08

B I S S T I S

&=1.0000)
Hz FactPS
S0z FactPsS
52 FactES
50 FactPS
5s50¢ FactPES
Ebs FactES
Zn FactPS
Fb FactPES
53
s
Fbl
Cus
Cu Fact
S03 Fact
Zns Fact
NO Fact

il CRCT =

T Mol CRET =

Lieriy

9

10

Import “ Stream”

FToxid-MeO_A%1 AMonoxide
FToxid-MeO_4#2 AMonoxide
FToxid-WOLLA AWollastonite,
FToxid-bC25 a'Ca25i04
FToxid-aC25 a-Ca25i04
FToxid-Mel_ Melilite
FToxid-OlivA#1 AOlivine

FiIeTabIe Units  Data Search  Help

(| | Add a new Reactant

Insert new reactant before ...

1 Delete reactant ...
Delete all blank reactants

Mixtures and Streams

Re-order the reactants
Export list of reactants

Import list of reactants

Clear

Example

Ctrl+R

Save “ Stream”

Energyl]] Mass[g] Voalllire] "T I Bl E:l

Import a mixture 4 Data |

Ll
Import a stream (or single-line mixture) 3 Casel-Matte FTmisc-MATT Matte stream
Edit a mixture or stream 3 3

Directory (C\Hatch\) ...

=l | f1

=l | |

I~ Initial Conditions

Next >>

I GactSage‘”
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Eile Edit Table Units [DataSearch Help

| olz/ +/ =

TIC) Platm] Energull] kaszs(g] “alllitre]

Converting process: input

IEASIES

1-10| 11-15]

Mass(g) £ieEtes L ———e T

ID IEu I File Edit Table Units DataSearch Help
+ o [Fe | 0 |D~| il T[C) Platm) Energyll] Massia] Yallitre) ml g| 11|
* o Is I 1-10 11-15 |
*+ o |sinz |
* IEI I.-'1'-.|2|:|3 I Mass(g) Species Phase TIC) Prtotal]™ Stream#t Data
+ 5 e | + [comes 1203 | BN [ [1
o oo | + [omes [ | =] | [ [1
° + |03 [0z | =] | [ [1
: :D :z” : + [«06zes [Nz | = | | fi
+ |0 Fhb
+ 100x [[CasetMatte] | | .
+ [ 62 | < Matte imported from the
previous calculations
Fact5age 6.3 Compound: | 3/40 databaszes Solution; 4

[ Initial Conditions

FactSage 6.3 Compound: 3/40 databases Solution: | 2442 databazes v

I GactSage‘”
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Converting process. phase selection

-{ir Menu - Equilib: comments Teaw — il:' | |_-';E_J
Eile Units Parameters Help
0| = E TIC] Platm] Energyld] Mazs(g] Wolllitre) ““ B| E.T
Reactants [15]
fgram]0 Cu + OFe + 05 + 0502 +« 0DAZO3 + 0Cal + OMad + 02Zn + OFb +  <053B> Si02  + <[
4 [
Products
Compound species Solution species Cuztom Solutions
[+ gaz * ideal " real B8 = | + | Base-Phase | Full Hame - 0 fized activities
[T aqueous 0 + | FTmizc-Cull) Curliq_or_speiss g |deal_sulut|ufr|;|_s_
[ pure liquids 0 + | FTmisc-MATT M atte activity coefficients
* [+ pure solids 218 + | FTrmisc-SPH&, Sphalerite |
¥ suppress duplicates apply + FTm?sc-'W'LIFIT Wurtzite Pl
. Custﬂm SE'EC“DH + FTm|S|:'I:u25.":"| .&-EUES'S.S., I_ .
species: 286 | | FToxid-5LAGA | ASlagiq all oxides + apply M
| FliceLd SRS SRl [ include malar volumes
I FTowid-kel_aA Abdonoyide - ]
Targat Legend Total Species [max 1500] 505
- Mok - l- iﬁ'll'l'liSCitﬂE! B W Show i al © zelected Total Solutions [max 40] 27
i Estimate T(E]: [1H00 +-selected 15 species: 219 o
| Mass(gl: |0 zolutions: 27 4 Dre
Final Conditions E quilibrium
| Ty | <Bx | TIC] || Flatm] le"mductH[.J] j {* normal (" normal + transitions
|2|:| 501 |El |-| 90 |-| | ? tranzitions anly
|'IEI steps | 31 calculations el

FactSage 6.3

Calculate »>

C:“Hatch\E quiCazel-Canverter. DAT
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Non-Ferrous Processing 14

ontreal
2013



Results: Overview of products

gram

60 : : , | . | | | | |
50 _
40 + _
Cut S|LAGHAR i
x . CulQ |
_ Hte) SLAGA#?
35I.D | 4[;.9 | 45I.D | 50.0

Alpha
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Results: Cu-liquid

weight %

10
08 +
100 - . . . . |
a0 ° 06
_ =
=2
80 - S
Z ol
oy 4Q) S(euEQ) S(eyLQ)
02 +
60 -
0 i AT e P R A I s A S
50 L i s - B
I Alpha
40 - ]
30 - ]
20 |- ]
. iy . VI e A | ETIT T ey R i
| il Ll Lt LA} R A T LI YT " L‘-Jl‘?«.l“m
20.0 250 30.0 35.0 40.0 i, 50.0

Alpha
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