CSIRO MINERAL RESOURCES

Multi-Phase Equilibrium (MPE) —

Process modelling software

Multi-Phase Equilibrium (MPE) is a software developed by CSIRO using the CALPHAD
method for the calculation of multiphase equilibrium in high temperature base metal
production systems. It can be used for modelling ferrous and nonferrous smelting
processes to improve understanding, diagnose problems and optimization.

Overview

MPE is a powerful analytical tool for use in the high
temperature processing of minerals and molten materials.
It contains comprehensive molten solution databases
relevant to metal production. The minor elements
commonly found in nonferrous ores are included in the
MPE package. Its comprehensive calculation capabilities
can be used to investigate a wide range of technical
problems. The package contains a number of modules
which are focused on specific industries.

Key modules

e Gas and solids

o Slags and refractories

o Copper and nickel smelting
e Lead and zinc smelting

o Ferroalloy Smelting

¢ Iron and steelmaking

P
fl « ROl

Status: [Aborted
Last Run: [08-Jun-2016 15.15.21

Simulation: concentate sml
Appication: [Capperickel Mate Smeling Temocalc (Mina)
Tomperature (C;:  From: 1250 To: 250 Incromont: [0

Show.  Summary  Detail units:  Wt%  Mole Frac

Input
@ Concenirate /
7250 Temperatwe (O 1250]
[Comp %)
1 RE
RE Output
[Soa] ¢
(g0 [ 2
[
()
[CoJlo
[ L0z
Temperature: 1250°C Solis
s Gas | Vinor Sag_S1a8 Tinor ate VIALE )M:Holm
uuuuuu WS]_Comp (rac)_|Maso (1] Comp ) ][ Actoty |jiass ey Jeome ]
To3e3 | N2 J|_oezs 100 | s || 021 o0o2req)] 0209 s 436000681 5] 096
[Soz] o] Soz]_sd 0w [O]Ease 112104
[s2 | oonizi] Fe203| 78 0.0i23 [S]_ze7] 00orzg
N [Feo ||_e14] o308 ) el —z2] oosrag
s | 243604 g0 _v87] 000467 ) [N _eze] 05305
[As0 | 111204 [Cu0]| 208 3088050 [co—o318] 00017 5 W
(o2 [ soimes [Cu0 J[92504]3 56705 1) el oz 00077 )
s | To0eos [0 |09 00rsic)
[Ccu J[estet [Cos2d[0.00i3.)
[503 |[c.a2607 [ I oussd o00rri g
0] 4] 3] 3] "\ Simulation Results {Input Data {nput seherms

Illustrative display of MPE showing input and output data.

Capabilities

e Modelling the heat and mass balance of base metal
smelting

¢ Modelling the deportment of the minor elements (As,
Sb, Bi, Pb, Se, Te, Sn, Co, Ni, Cr, Po and Ra...) among
phases in nonferrous smelting

¢ Predict the melting point and viscosity of the slags

e Modelling the formation of speiss phase during
smelting of high As/Sb materials

o Predict the electrical conductivity of smelter type of
slags

¢ In addition to its standalone interface, MPE can also be
driven through Excel worksheet, which is convenient
for process flowsheet modelling

¢ In Excel mode, MPE can be used for batch calculation
and analysis of large amount of industrial data

Applications

Liquidus

The liquidus of the slag can be calculated at given
conditions which can help designing an appropriate
fluxing strategy for smelting a specific concentrate.

T=1300 C”; P, =10° atm
o Henao et al.(2005)

® Nikolic et al.(2008)
MPE calculation

0 20 40 60 80 100
FeO, (mass%)

The calculated liquid region of the FeOx-Ca0-SiO; slag system at
1300 °C and oxygen partial pressure of 106 atm.



Viscosity

MPE is able to predict the viscosity of slags with or
without solid phase suspension over broad composition
and temperature ranges.
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The comparison of the calculated viscosities of melter and
converter type of slags against the plant measurements.

Minor elements deportment

Toxic elements such as arsenic is often present in copper
concentrates in low concentration. However, the minor
elements can have a major influence on the quality of the
products as well as an economic and environmental
impact. Therefore, a high degree of control over their
deportments is a key step in reducing their dispersion in
the biosphere.
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The calculated deportment of arsenic between matte/copper,
slag and gas phases during smelting, converting and fire-refining
steps.

Flowsheet modelling

MPE can also be driven through Excel worksheet. This
feature enables MPE for flowsheet modelling of a

multistage process such as lead smelting by linking the
output of previous stage (smelting) to the input of the
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following stage (slag reduction) in Excel. The deportment
of major and minor elements across the whole process
(smelting, reduction, fuming etc.) can be modelled. This
feature also allows MPE to exchange data with other
software through the Excel worksheet.

Flowsheet modelling of the lead smelting process. The direct
recovery of lead to bullion at smelting stage is around 40%, the
slag with 48% Pb was produced.

Analysis of plant data

Another important feature of MPE is its batch calculation
mode in Excel. Large data sets, such as flash furnace
operation data of which the slag composition was set up in
Excel can be automatically processed batch wise by MPE.
The results can then be statistically analysed and
examined for significant trends. The plotting function in
Excel also makes it convenient to visualize the variation
trend of the results.
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The calculated slag viscosities and liquidus of a commercial nickel
flash smelter.

The team is able to facilitate the use of MPE for process
optimization either through commercial project or direct
sale of MPE license.

FOR FURTHER INFORMATION

Mineral Resources

Dr Chunlin Chen

t +61 39545 8530

e chunlin.chen@csiro.au

We imagine. We collaborate. We innovate.



mailto:chunlin.chen@csiro.au
mailto:csiroenquiries@csiro.au
http://www.csiro.au

