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APPENDIX A

BUILDING A PSRMODEL IN METSIM

The steps for building a PSR model using METSIM software can be described
as follows:

(1) Select the elements and compounds to be included in the database (Figure
A-l). The principle elements to be considered are Cu, Fe, , 0, Siand N. Main
compounds are Cu2 , FeS, FeO, Fed)4 Fe2Si04 Cud, Si02 SO02 and N2 Others
elements and compounds are included in this model to describe the impurity
distribution from the raw material,

(2) Specify the amounts (flow rates) and compositions of input streams and
humidity in the first column (Figure A-2). Adjust the mineralogical composition of a
copper concentrate to be compatible with the chemical assays in the second column. It
Is noted that the first column needs to be filled in before the user can fill in other
columns. The last column shows the elemental composition which the program
calculates automatically from the second column.
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Figure A-I; Elements and Compounds which are shown in METSIM program
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Figure A-2: Flow rate and composition which are required for input stream

(3) Draw all the units and insert input and output streams. In this study, a FRL
furnace is used as a primary smelting reactor (PSR) (Figure A-3).
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Figure A-3: PSR Model in METSIM
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EL TENIENTE CONVERTER CMT
I Teriots | Dimensions | Phases | Ansciore [Equl | HeatBal| Logo | Conrols| Labor | Motails | Reagents| Notes
Reaction . FEIERUTIINGTT « 5 e
1 H20(a) = 1 H20(g)
1 ENAP6(0) +387 02(g) = 4 N0o2(g) + 5 S02(g)  +550 H20(g) | . ER
1 Ganga(s) = 1 Gangal(de) CuwDe
2 CuBA12(OH= 2 CO2(g)  +24 H20(g) + 2 Al203(s) +» 6 Cu20(s) +
1 Zn6AL12(0H= 1 CO2(g) +12 H20(g) + 6 2no(s) + 1 A1203(s) Copy
2 Ag20(s) = 1 02(g) + 4 Agls) carpad
4 KFe3(S04)= 8 S02(g) + 7 02(g) +12 H20(g) + 2 K20(s) +1  Paste
| 4 NaFe3(S04= 2 Na20(e) « 8 S02(g) =+ 7 02(g) +12 H20(g) 1
| 1 Fe3(AsO4)= 1 As205(s) + 3 FeO(K)(s) O, |
2 CaSOBHA(s= 2 Ca0(s) + 2 S02(g) + 1 02(g) + 4 H20(g) p
2 CaS0d(s) = 2 Ca0(s) + 1 02(g) + 2 802(g) i
1 CadAs206(= 3 Ca0(s) + 1 As203(s)
1 MgCO3(s) = 1 MgO(P)(s)+ 1 CO2(g) Sort
| 2 znsoa(s) = 2 S02(g) + 1 02(g) + 2 Zno(s)
2 CuFe02(s)= 1 Cu20(s) + 1 Fe203(s) _Undo
4 Cus(s) = 2 Cu2s(s) + 1 S2(g)
& CuFeS2(C)= 2 Cu2S(s) + 4 FeS(T)(s)+ 1 S2(g) _Save
4 CuFeS2(s)= 2 Cu2S(s) + 4 FeS(T)(s)+ 1 S2(g) ok
4 CuSFeS4(s=10 Cu2S(s) + 4 FeS(T)(s)+ 1 S2(g)
4 Cul3(AsSb= & As253(s) + 4 Sb2S3(s) +26 Cu2S(s) + 1 S2(g) Corcel
2 Cu3dAsS4(s= 3 Cu2S(s) + 1 As2S3(s) « 1 S2(g)
1 CuSO4&5H2= 1 CuSOd(s) + 5 H20(g)
oK Cancel | Heb |

Figure A-4: Input reaction and extent of reaction in PSR reactor

) Define chemical reactions together with the reaction sequence and assign
the degree of reactions (Figure A-4).

(5) Assign the distribution coefficients of each phase for all process streams
(Figure A-5). For example, 20% of matte contaminates in slag stream. The total
number of phases that can be specified is 8 as shown in Table A-l. The chemical
species such as pure chemicals, minerals or elements, can exist in one or more of
eight phases.
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Figure A-5: Input distribution coefficient in PSR reactor
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Table A-I: All phases in a PRS model

Component Phase Phase No.  Types of components

Solid Components ~ SC Includes SI & SO

Solid Inorganic S 1 Minerals, Salts

Solid Organic SO 2 Coal, Resin, Carbon

Fluid Components ~ FC Includes LC & GC
Includes , LO,MI;M2&

Liguid Components ~ LC M3

Liquids Inorganic L 3 Water, Acids, Dissolved Salts
Liquid Organic LO 4 Fuel, Kerosene, Organics
Molten 1 MI 5 Molten Metals, Speiss
Molten 2 M2 6 Molten Sulfides, Halides
Molten 3 M3 [ Molten Oxides, Slags

8

(aseous components ~ GC Air, Gaseous, Metal Vapors

METSIM carries out mass balance calculations by tracking material flows.
The phases are identified by their phase number. Prior to using any of the component
Input routines, a comprehensive list of the components is first prepared. Components
are assigned to the phases in which they are present.

(6). Add all information required in each tab. It should be noted that the data
of reactions and the extent of reactions are required as the input in METSIM. A
modeler should know the correct reactions in the PSR and their extent of reactions
(either in an exact value or in an expression) in order to obtain a appropriate reactor
modkl.



APPENDIX B

REACTIONS IN APRIMARY SMELTING REACTOR

The reactions in a primary smelting reactor and their extent of the reactions
are shown as follows;

No.  Reaction Extent
1 HD(aq) > HA() 1
2 1Gangue(s) = |Gangue(sl) 1
3 2CuBAIOH)s) =  1C0Zg) + 12HD(g) + 62n0(s)

+ADY) 1
4 In6AIAOH)s) >  1C0Zg)+ 12HA(g) +62n0(s)

+ADY ) 1
5 2Agd() > 1020) + 4Aq(s) 05
6 4KFe3S04 = 85020) +702q)+ 12HD(g) +

2K2 () + 12Fe0(5) 1
7 4NaFe3S04) =>  2NaX)(e) +8502q) + 702g) +

12H0(g) + 12Fe0(d)) 1
8 IFe3As0d > 1AsDYs) + 3Fe0(9) 1
9 2CaSOeH4(s) =  2Ca0(5)+2S020) +02q) +4HD(g) 1
10 2CaS0q() =>  2Ca0(s) + 102g) + 2502() 1
1 CaAsd) > 3Ca0(s) + 1AsD ] ) 1
2 MgCO03s) > IMgQ(s) + 1C02g) 1
B3 2ZnS04) > 250%g) + 10%g) + 2Zn0(s) 1
14 2CuFel ) > Cud()+IFeD] ) 1
5L 4CuS(s) > 20u2(s)t 1s20) 1
16 4CuFeSY ) = 2002()+4FeS(s) + i) 1
17 4CusFeS4( ) > 10CuX( ) +4FeS(s) + is2g) 1
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. Reaction

2CUASAY

1CS045HA) (9

4CuS04()
2FeS2s)
IFe2Asq 2()
2FeAs0q()
IFe2S043
2FeS04( )

4Cu(s) + 1020)
ICu ( )+ IFeS(T)(s)
ICu2)(e) + FeS(T)(s)

2NaAs03( )
IBiD] )
1502 )
IAg ()
Au()
IMo(s)
1PbS(G)(s)
1PhO(L)(s)
IPhSO4A)(s)
INa2) ()
ICaSi0y )

CaAIBi0D T )

IANDY)
|AIZSi055)
ICazred) ¥ )
IMgSi02 )
INad) ()
INa5i03 )
ICud ()
IFeQ(s)

LoV U U U U U U

3Cu2 ()+ 1A 3 )+ 14(9)
ICuS04(s) + 5H2(g)

4502(9) +3029) +2Cud ()
2FeS(s) + 1520)

2As2R( ) + 2FeO(w)(9)
AsDY )+ IFedq)

3502) +202g) + 2FeO(W)(s)
1020) +2502() + 2Fe0(w)(s)

20U ()

ICuS( ) + IFeO (si)
ICu25( ) + IFeO (si)
1AsD Y )+ 3Nad) ()

IBi2) 3e)
15020 3e)
Ag( )
1Au (m)
1Mo(m)
IPbS(m)
IPhO(e)
IPbS04m)
INa20g(e)
ICaSi03e)
CaAISIZ) 3(e)
1A1D 3s))
|AISi05g)
|CazFe:05(e)
IMgSi03l)
INa)(e)
INaZSi03e)
ICud(e)
IFeO ()

97
Extent

o
(@]
_—_ O b

0.99
0.99%
0.99
0.99
0.99%
0.99%
0.99%
0.99%
0.99%
0.99%
0.99
0.99%
0.99%
0.99%
0.99%
0.99%
0.99%
0.99
0.99%
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. Reaction

1Fe4s)
IFe25i04()
1AsD ] )
1ADY )
ALY )
1K (s)
1ZnS(s)
1ZnO(s)

ITi0Y )
1Ca0 ( )+ 15i0% )

1A12 35)+ 1CaSi03e)
IMgO(P)(s) + 1Si02 )

INad(e) + 1Si02 )
ICuO(s)
3Cu0(s) + IFeS(T)(s)

IPBSO4m) + PBS(m)

2PbS(m) +3020)
1MoS2 ) +3020)
2Mo02 ) + 10%0)
25h2 3 ) +9029)
45h(s) + 3020)
IAg2( ) + 1029)
2Pb(s) + 1020)
2Bi%y ) +9020)
2Zn(s) + 1020)
4Cu(s) + 02g)
4As(s) +3020)
IBi%S¥s) +302(q)
IC(s)+1020)

529 +2020

Y

LR VIR VIR VAR VAR VARV

v U4V v U U U

ARV VIR |

Feso.4 ()
1Fe2Si04()
1As2) 3e)
1AsD) 3e)
|AsD) 5e)
1K2)(e)
1ZnS(s)(m)
1ZnO(sl)

I Ti02(m)

ICaSid) 3e)

15107 )+ ICaAlD4 )

IMgSi03dl)
INaZSi03g)

ICuO (e)

3Cu(m) + IFeO(sl)
+i5040)

2Pb(m) +25029)
25029) + 2PhO(e)
IMo02 ) + 2502g)
2Mo0d9)

65020) + 25h2 3e)
25003 )

2Ag(m) +15029)
2Pb0(e)

65020) + 2BiD 3¢)
220 (Ce)

2Cud)(e)

2Bi(g) + 35020)
2Bi(g) +35020)
Ico4y)

25029)

B

Extent
0.99
0,99
0.99
0,995
0.99
1
1
0.99
0.995
0.99
0.99
0,995
0.99
0.99

1
1
0.99%
0.99%

0.99%
0.9%
0.99%
0.99%
0.99%
0.99%
0.99%
0.9%



No.

19

8

SHRKXRSD

81

89

BRE8S8SKS

%
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Reaction

* 29) + 202(0)
ICu25(s)

IFeS(s)

3FeS(m) +502)
2As253m) +9020)
2AsX) J¢)
22nS(s)(m ) +302(9)
1ZnO(sl)

22n0(g)

2FeS(m) +3020)
IFeD Y )+ IFeO(sl)
1Si025)

2Fe0(sl) + 1Si029)
6FeO(sl) + 1020)
2CuS(s) +3029)
3FeS(s) +5020)
2Ag25(s) +3029)
2As253 ) +9020)
25h253 }+9020)
22nS(s)(m) +302(9)
IMo(m)

VAR VAR VARV AR VAR VAR VAR VAR VAR VAR VAR VAR VARR V/

\VRVEIRVER VRV

25020)
|Cu2S(m)

IFeS(m)

IFe3)4m) +35020)
6S020) + 2As2) 3e)
|As406()

25020) +22n0(g)
1ZnO(g)

22n0(sl)

2FeQ(de) +2S020)
IFed4 )

15i029))
IFe25104()

2Fed) 4sl)

2Cud(s) +2S020)
IFe 4 ) +35020)
2Ag20(s) +2S020)
2AsD 3 ) +65020)
250203 ) +65020)
27n0(s) + 2S02(0)
IMo(e)

99
Extent

0.99
0.99
0.010
0.79%
0.850
0.924

0.322
0914

0.99
0.770

— - P -

For the calculation, METSIM follows the order of reactions from number 1to
99 and the rate of reactions is fixed by the extent of the reaction. It is noted that in this
study, the extent of all reactions except the reaction no. 88 and 91 is Specified
following the technical data obtained form other smelters that uses the same Teniente
converter technology. The extent of the reaction no. 88 and 9L are estimated from
actual plant gata.
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