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What is SysCAD?
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- Powerful & versatile Process Plant simulator | = —

- Steady State or Dynamic mode " 010101016 ]0]0)é]0

» Simulate simple to complex full plant — R L Ll
operation ‘

- An invaluable process design tool that will

help users gain tremendous insights into their
process operation

« Good process knowledge aids better decision
making

- Improved plant operation performance
« Cost saving
- More efficient and knowledgeable operators




Thermodynamic Calculation Engines (TCE)

 Detailed
thermodynamics
applied as needed

* One SysCAD model,
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Batch Cu Converting

Process Description




Process Description

« Cu converting is traditionally carried out in Peirce-Smith converters.

- It is a batch process receiving furnace matte. Mainly consisting of
two distinctive steps

« Slag blows 2 removal of Fe to slag to produce white metal (“Cu,S")
« Depending on initial matte grade

« Could consist of 2 or 3 slag blows, each receiving fresh furnace matte and skimming slag at the
end of the blow

« Fe end-point might be higher for initial blows
e Cu blow - removal of S from Cu to produce Blister Cu
« Longer blow, needs cold charge (high grade reverts) for temperature control
» Transition through Cu-S miscibility gap
 In a converter aisle, several 2-4 converters typically operate in staggered

sequence, with one in Cu blow (high and continuous SO, stream) whereas other
converters are in slag blow, or down for rebrick.
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Thermodynamic System

-
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Cu-Fe-S-0O-Si+ System, Definition of
thermodynamic ChemSage input file




ChemSage Input File

A thermodynamic input file consisting of:

« 7 System components (plus electron):
- Cu-Fe-S-O-N-H-Si-e
9 Solutions:

- gas_ideal, Spinel, Monoxide, Lig(Matte_Metal)#1#2, fcc#1#2,
Slag#1#2, etc.

* 39 Pure Components:

* Fe,03, CuO, Cu,0, CuFeO,, S, FeS, FeS,, Cus, Cu,S, CuFeS,,
H,0 SiO,, Fe,Si0,, etc.

» Built from published thermodynamic parameterst!-!




Matte/Metal liquidus surface 75

Main Solutions

Liquid Metal/Matte _ -
SUBG model
Cu, Cu?*, Fe, Fe#,Sand O T

‘ Slag
| SUBG model
SiOZ-FEO-Fezo3-CU20

Slag liquidus surface (FeO-Fe,0,-SiO,)




SysCAD Implementation

Dynamic Converter Model




gas_ideal Sup Molewt MappedSpecies
H20 18.02 H20(g@) ~
N2 m 28.01 N2(gas_ideal)
° ° 02 4 32.00 02(gas_ideal) *
so2 64.06 S02(gas_ideal) ~
Species Mappin P AR
gas_ideal ...
Suppress Suppress ATl | : suppress 5 for gas_ideal
Unsuppress |
Spinel Sup MoTlewt MappedSpecies
° Culcu204[2-] [ { 254.64 Culcu204[2m] (Spinel) *
ChemApp species are ma pped to Culrezod | [ A 5e3 G0 Fe203(pineT) -
CulFe204[2-] [ 239.23 CulFe204[2m] (Spinel) *
M Culvazo4[6-] L 127.54 Culva2o4[6em] (Spinel)
SySCAD SpECIES Felcu204[1-] [ 246.93 FelCu204[1m] (Spinel) ~
Felcu204[2-] | Y 246.93 Felcu204[2m] (Spinel) ~
Felo4[5-] | 119.84 FelO4[5m] (Spinel) ™
° - FelO4[6-] m 119.84 Felo4[6m] (Spinel) *
Mapping process is automated but N — Fesos(SyineD)
N B Fe304[1+] | 9 231.53 Fe304[1p](Spinel) ~
also allows user customization = | === Fexosbin (seina
Fe304[2-] m 231.53 Fe304[2m] (Spinel) ~
Spinel
. o o suppress Suppress All | : suppress 12 for spinel
Species/Phase suppression is |
Monoxide Sup Molewt MappedSpecies
su p po rted cuo ﬁ 79.55 Cuo (Monoxide) *
(Fe203):2 L 79.84 [Fe203]2(Monoxide) ~
FeO 71.84 FeO(Monoxide) ~
Monoxide ...
H amsmeny suppress Suppress All | : Suppress 3 for Monoxide
_ Unsuppress |
H presssensssssnassannannasasenanssasansencanes i : Lig(Matte_Metal)#1 Sup Molewt MappedSpecies
SysCAD Stream o : Cu 0 63.55 cu(Lig_Matetal_#1) *
H 4 : cu2+ 0 63.55 cu(Lig_Matetal_#1)
: Fe 0 55.84 Fe(Lig_Matetal_#1) *
Fe3+ 0 55.84 Fe(Lig_Matetal_#1) ~
o] 0 16.00 0(Lig_Matetal_#1) ~
H S 0 32.06 s(Lig_Matetal_#1) *
H Lig(Matte_Metal)#1 ...
H : : Thermodynamic . H suppress Suppress All | : suppress 6 for Lig(Matte_Metal)#1
SysCAD Stream Calculation Map;::g SysCAD Product Unsuppress |
: d : Engine (TCE) :
: Lig(Matte_Metal)#2 Sup MoleWt MappedSpecies
: Cu 0 63.55 Cu(Lig_Matetal_#2) v
: Cu2+ 0 63.55 cu(Lig_Matetal_#2) ~
: Fe 0 55.84 Fe(Lig_Matetal_#2) ~
: Fe3+ 0 55.84 Fe(Lig_Matetal_#2) ~
: : H : : o] 0 16.00 O(Lig_Matetal_#2) ~
SysCAD Stream : 23 el : : S 0 32.06 S(Lig_Matetal_#2) ~
H Fessessansassssansannnnnsannnanssnnsannnne H Lig(Matte_Metal)#2 ...
Suppress suppress All | : suppress 6 for Lig(Matte_Metal)#2
Unit Operation } Unsuppress |
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Dynamic Model
Structure

The model centers around a generic
“ChemApp Tank” unit model

A converter class was build to simulate
the batch process

Status: Idle, loading, Slag blow,
Skimming, Cu Blow, Casting and
Maintenance

Each status has a defined behaviour
and set point

A "slag blow” subclass was defined to
allow creating multiple slag blows, each
with its own settings and configuration

Code is generic allowing use for multiple
converters in a flowsheet

@ JK c
CMC_001 CDC_001
m O
emrla,l\j 3
G
Y ———
— 00— =3
‘ PracessGas_ | Converter!
Flux_1 : ¥4
ey, | .
.. Converter_SetTag_1
Matte_1 Ve h
= Overflow_1
Converter.
Blast_Air_1
Statl ron/Sulpl
| '
TLE A - - o N N ~ - -~
@) syscab | " Dynamic Cu Converter




Main Class

2

1 '»:J., Access.] - ConverterControl_1 =
Settl ngs fGControTY5Tag ETow ConfigurationyConverterDatayTagRets{InTo{NodeStats),
Ok Cance | OuickView Maode |He | p L4 )ﬁQ¢E[|$
Options ==More Tag: 5hort ChangaTag | skGo to recent... £
General settings for the overall coit ZE—
converting process are defined by Cony Matterlontate 1000 /min
a custom interface Conv. Rever teFTonate 5 /h
. . . Conv.IronToS1 11 caRatio_Actual 1.80 kg/fkg
The user input interface is created Comv_BlastarEnrichment Copper Ton 250 % :2te0s
with each “converter” instance Erean R
Conv.ConverterTemperature 1250.00
General Parameters: Conv. Conver ter i ameter ool
. . Conv.ConverterLength 1.00 m
- Ladle size (capacity) e s
. Conv.ConverterRemovalFlowrate 100.000 t/min
* Loading flow rate Com. Troncontent o5
. Conv. 5ulphurContent B 19.46 %
- Furnace and converter T (iso- Comv-Curramistate ComperETors -
thermal mode)

- Information variables: Fe/SiO,,
%Fe, %S, State, etc.




Slag Blow Class

° ) -
Settings ANS——— =/c
fGControlysTag Elow Configuration{ConverterDatayTagRefsyInfo e5tats
Ok Cance | QuickView Mode IHe I p < ALTAY
Options ==More Tag: Short ChangeTag | §pGo to recent... ]
The Slag Blow subclass allows to cait |
° o gro Mumber of Slag Blows
define spec|f|c process Number0FS1 agBows T :1to3
it Individual slag blow settings
conditions for each slag blow S e g i
SlagBlow[0].BlastFlowRate 35000.00 HNmA3/ h
SlagBlow[0].BlastAirEnrichment 24.00 % : 21 to 30 %
* Number of ladles per blow S aoRlonlol: Facronne Retio 0 Koo
SlagBlow[0]. IronEndPointConc 5.00 % 11 to 5 %
SlagBlow[1]. NumberOfLad] esAdded Z
 Blast flow rate SlagBlow[1] . BlastFlowRate 35000.00 NmA3/h
SlagBlow[1].BlastAirEnrichment 24,000 % : 21 to 30 %
e SlagBlow[1].FluxToAirRatio 1.00 kafkg
® EanCh ment SlagBlow[1]. IronEndPointConc 5.00 % 11 to 5 %
SlagBlow[2]. NumberOfLadl esAdded 1
ege ° SlagBlow[2].BlastFlowRate 35000.00 NmA3/h
° S|||Ca to O ratio SlagBlow[2].BlastAirEnrichment 24.00 % : 21 to 30 %
2 SlagBlow[2].FluxToAirRatio 1.00 kagfkg
o SlagBlow[2]. IronEndPointConc 1.50 % :1 to 5 %
- Fe end point
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Process Logic

Idle

A

i+=1
Flow

A 4

A 4
A

Slag Blowing

If “Idle”
Starts new
cycle
i=0

0

\ 4
A

Casting

slag =

%FeMatte <
slagblow(i).Fe

i > # of slag
blows

end

A

Loading

7
-point *

MMatte
>t matte/ladle

* slagblow(i).#
ladles added

A

Slag skimming

A

Cu blowing

Idle

Set matte flow =0

%02 = slagblow(i).enrichment
Blast flow = slagblow(i).Blastflow
Flux flow = slagblow(i).fluxflow

0,
A’SMatte < Send—

point
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Results

Isothermal Case - Dynamic Model




Besults

Loading

Slag
blow#1

skimming

Cu-S miscibility gap

[F] ConverterControl_L.Conv.Currentstate CopperBlowing 2
[EloConverter_1.Prod. 5102_Tridymite(h) (54).5102_Tridymite(h)... 0 0.0 H
[EloConverter_L.Content. MF:IPh. Fe(Lig Matetal_#1) (Glig Mate... 0.317 0.0 15
[RoConverter_L.Content. MF:IPh. 5(Lig_Matetal _#1) (%Lig_Matet... 19.464 0.0 25
oConverter_L.Content. MF:IPh. 5(Lig_Matetal _#2) (%Lig_Matet... ) 0.0 25

KWA Kenwalt Australia

Selected Trends vs time;

Liquid #1(matte): red
Liquid #2 (blister): blue
S wt% in liquid #1:

S wt% in liquid #2:
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Summary

- A Batch Cu Converter model was implemented in SysCAD
* The model uses SysCAD dynamic solver

 ChemApp TCE was used to simulate the converter
« The model centers on a generic ChemApp Tank unit model

« A thermodynamic input file including matte, metal, slag, spinel and
other phases was prepared in-house for this model

- A flexible and modular approach using a converter class
definition was chosen to allow future expansion of the model

A sub-class for slag blows was also implemented




Next Steps

Enthalpy target run (Heat balance and cold charge)
« Automate addition of reverts and cold charge
- Update tank discharge function (for individual phases)

Oxygen efficiency

« Use Constrained Free Energy to limit oxygen extent of equilibrium, particularly as a function
of S concentration during late stages of Cu blow

Multiple converters in parallel
« Simulate converter aisle dynamics

Upstream/downstream units

- Add constraints originated from furnace, oxygen plant, off-gas handling system, acid plant,
etc.

Expand/Enhance thermodynamic system
- Add additional impurities, expanding system of applicability




Thank youl!

Questions?

Please Contact:
tanai.marin@syscad.net
kevin.heppner@syscad.net
info@syscad.net

More Information:

® syscad.net
® help.syscad.net
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