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Pyrometallurgical process modelling:
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Early pyrometallurgy in South Africa

DC arc furnaces at Mintek
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State-of-the-art equipment

State-of-the-art equipment

» Portable high-speed
digital camera

* Modern computing facilities




State-of-the-art equipment

Log tables

» Portable high-speed
digital camera

Three-figure Tables for
Modern Mathematics

Driesyfertafels vir
Moderne Wiskunde

Cotton & Hardie
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Slide rule Scientific calculator
IMITRNETS

Punched cards (until late 1970s)

Programmable calculator
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TI-59 calculator
1977
Nearly 1 kB RAM
960 program steps
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My first computer at Mintek

My first computer at Mintek
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My first computer at Mintek

Personal computers
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Minnesota Supercomputer Center

1976
80 MHz, 8 MB
5.5 tons
250 kW

Seymour Cray
RATKITEES




Mid 1980s at Mintek focused on ferro-alloys

Ellingham diagram for the free energy of formation of metallic oxides

100 kVA DC arc furnace

1 t/h DC arc furnace pilot plant commissioned in 1984
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Thermodynamics H,S,and G
CHT) =  a+bT+cT2+dT? (J/mol/K)
» Collection of useful mathematical n r
quantities that are measurable H:AHmszCm T+ Ly, +£CPZ ar
* Principle of energy conservation " ;
i i i 5=8; +jﬁdr+i+j@ﬂ
* Principle of increasing entropy =77 r T
G=H-TS
State functions should be calculated relative to
elements in their standard states at 25°C and 1 atm.
MINTEK IMITRNETS

Thermo — Melting of iron

“It is unworthy of excellent
men to lose hours like slaves
in the labour of calculation.”

Leibnitz
(1646 - 1716)
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THERNO v2.10  Copyright 1988-97 Rodney Jones & Volfgeng Heihack

Fe 55.85) Fe: 1
(Phase/data boundaries: 527 727 769 787 911 1392 1536 2862 3327 °C)
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Thermo - Reaction (roasting of ZnS)

THERMO v2.10  Copyright 1986-37 Rodney dones & Wolfgang Meihack

Zns + 2.25 02 B 200C + 8.46 N2 @ 200C

= Zn0 + 502 + 0.75 02 + 8.46 N2
' Roasting of 2nS

Default temperatures (°C) @ reactants 25.0  products  900.0

J Kl J/mol Zng KWh/kg Zng
pelta H : -157287.30  -0.04369 -157287.30 -0.448
Delta 5° (/K): 299.56 0.00008 299.56 0.001
pelta G° : -2118977.00  -0.58860  -2118977.00 -6.041

[Edit reaction or enter new reaction

Tabulate Graph H°
Delete

ess Encer to choose an option

nS +2.25 O, @ 200°C+ 8.46 N, @ 200°C
=2Zn0O +S0, +0.750, + 8.46 N, MINTEE
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Pyrosim

X
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? +| Steady-state simulation of o
| pyrometallurgical processes
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Historical background to Pyrosim

Pyrosim computer software

« Originally developed to simulate production of
raw stainless steel

* Programming started in 1985, on a 64kb Apple
Il computer

* Presented at APCOM 87 in 1987

* First used in industry in 1988

» 1500 fold increase in speed and storage
capacity, from Apple Il to fast Pentium

* Basic - structured & compiled

— PowerBASIC DLL compiler
MINTEK

1985: Apple Il (1 MHz)
1988: MS-DOS version
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Pyrosim thermodynamic modelling software

Chemical equilibrium

* 90 installed sites in 22 countries
on 6 continents

N
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» Chemical equilibrium can be described
as minimization of the Gibbs free
energy of the system, subject to
constraints of mass conservation
] = u[*+RTna] |

+ Individual chemical reactions don’t need
to be considered - only need a list of
species and phases

LEIETER




Chemical equilibrium ...

Ideal Mixing of Complex Components

Equality constraints require the use of
undetermined Lagrange multipliers

Resulting equations are non-linear, and need
to be linearized

« Eriksson uses a truncated Taylor series
expansion around successive estimates of the
solution, to provide an iterative scheme of
linear equations

This technique is robust and reliable

* Number of equations = number of elements +
number of phases

NTER

A useful technique, if non-ideal solution
models are unavailable:

+ Solutions are approximated as mixtures of
known chemical compounds (which need not
be actually present)

+ Equilibrium mole fractions of uncomplexed
components (e.g. MgO, SiO,) are equivalent
to activities

[MITENENS

Ideal Mixing of Complex Components

Ideal Mixing of Complex Components

CaO - MgO - SiO, ternary system

* 14 species
CaO MgO.SiO,
MgO 2MgO0.SiO,
Sio, Ca0.MgO
Ca0.Si0, Ca0.MgO0.Sio,
2Ca0.Sio, Ca0.MgO0.28i0,
3Ca0.Sio, 2Ca0.Mg0.2Si0,
3Ca0.28i0, 3Ca0.Mg0.28i0,
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CaO - MgO - SiO, system

(30 mole % CaO, 1600°C)
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Pyrosim applications

FactSage software

Units simulated by Pyrosim

* DC-arc furnace
» Submerged-arc furnace

* Fluidized bed roaster
and pre-heater

Flash furnace
Bath smelting furnace

Rotary kiln, converters,
and rotary furnace
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* Facility for the Analysis of Chemical
Thermodynamics (since late 1970s)

+ Until mid 1980s - large thermodynamic
databases on remote mainframe computers

* 1990s - powerful personal computers
Internet - advertising, support, updates

Integrated system - assessed data and variety
of programs (including ChemSage, formerly
Solgasmix)

Multicomponent solution models
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State-of-the-art solution models

Cobalt from slag

+ Cell model for slags
—H. Gaye, IRSID, France

» Modified quasichemical model for slags
— Pelton & Blander, F*A*C*T, Montreal

» Modified interaction parameter model
for alloys

— Pelton & Bale, F*A*C*T, Montreal

NTER

Co versus Fe Recovery
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Information services

Pym.co.za
in Southern Afvi

Upcoming Pyrometallurgical Conferences
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= T Purometallurgy 2011 Conference
E;” Papers

‘ Ken Mills - Slag modelling

. Metallurgical Plants database for Google Earth

Mintek Pyrometallurgy
[MIRETENY
¥ Thermo software
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Mozal, Maputo, Mozambiue, 350 ta
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belabara Mining Bayside Suehe,Richrds By, 175 k'a
pyro 2006 (Cocga (Acan), 720 k¥ - consrction 2008-2013, cost R0, 1350 MW)
hichards bay Minerals
Calcium Carbide
Cachn C Newcaste
Cobale
Chanbisi Metal, Kitwe, Zambin, 3.4 - 4 kta Co
Copper
Konkola Copper Mines, Chingola, Zambia, 300 kta (new Outokumpu flash furnace smelter. planned for 2007)
Kenkela Copper Vi Kitwe, Zanbia, 165 kt'a “




Conclusions

Laws of thermodynamics provide an
elegant mathematical expression of
some useful measurable facts

Software makes it easy to do
thermodynamic calculations
Reference state of elements at 25°C
and 1 atm allows calculations to be
path-independent

Equilibrium compositions may be
calculated by free-energy
minimization

Good solution models are becoming
available
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Mintek’s DC furnaces
http://www.mintek.co.za/Pyromet/




