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Some Studies of Extractive
Metallurgy Division

1. A Process Designed for The Ancient
Copper Smelting Slags

2. Calcination Studies of West Anatolian
Dolomite Ores

3. Magnesium Production via Pidgeon
Process

4. Self Propagating High Temperature
Synthesis (SHS) Studies

5. Carbothermal Studies for Titanium
diboride Synthesis

6. Modeling ot Sulfide Capacities of Binary /-s..
and Multicomponent Slags
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ITU Metallurgical & Materials Engineering Department Case 1

A Process Designed for The Ancient Copper
Smeltmg Slags

An approximate amount
of 2 million tons of
copper smelting slag
has been lying on the
northern part of Turkiye-
Kastamonu/Kiire,
dating back Genoese

times ( A.D. 958-1528).

Chemical composition of the
ancient Kiire copper slags

Components | Wt. % | Components wt. %
Co 0.4 Si0, 26.1
Cu 0.82 Al O, 6.8
Zn 0.15 Ca0 0.7
Fe 47.8 MgO 1.0
) 15 NiO 0.02

GTT-Technologies 10" Annual Workshop, June 4-6, 2008
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Ancient
Copper Slag
Carbothermal Reduction . Weak solution
e in DC Arc Furnace <«— Coke/ FeSO, Solution
Natural l
| | graphite/
Metallic Matte Alloy Slag Fluxing Geothite Precipitation | gzgadp Fe
and S/L separation
¢ l / P <+— Air
—> Granulation in Water Jet |
. o-FeOOH
Abrasive
\ 4 Grit Material l
Acidic Leachlng and —— H,50, <« Dehydration
S/L separation
l Cu residue l
v
to converter o-Fe.O
Chemical Precipitation | __ 273
and S/L separation H,S l
| Reduction <« H,
Co-Fe Sludge l
Roastin .
g 4— Na,S0, Oxidation <+« Air
! I
Weak Acidic Leaching v-Fe,04
and S/L separation « H2SO4 TMS, 2003 San Diego, California US4, Vol:2, 471-452.
l l A PROCESS DESIGNED FOR THE ANCIENT COPPER
SMELTING SLAGS
. Bora Derin, Filiz Ciar Sahin, Onuralp Yiicel, Ercan A¢ma and Okan Addemir
Clean Iron reSIdue to Istanbul Technical University, Metallurgical and Materials Eng. Dept., Maslak,
CoSO 4 solution smelter Istanbul, 80626, Turkey
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ITU Metallurgical & Materials Engineering Department Case 1

EAF Studies for Ancient Copper Slags

o Different EAF crucibles for 25, 30 and 150 kg-weight
samples of Klre slag with or without additives were
charged into for reduction smelting.

o Coke as reducing material (78.5 % fixed carbon, 3.64 %
volatile substances, and 17,6 % ash

o CaCO; and Al,O; as fluxing additives
o Tap to tap time was selected as at most 50 min.

o At selected intervals, submerged type of Pt-PtRh10
thermocouple was introduced to the crucible to measure
the temperature of the molten slag.

o In the taping stage, the metal and slag temperatures
were also measured with an optical pyrometer.

OfF 223 avd Faed poats

— /—T}Emmuuple
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ITU Metallurgical & Materials Engineering Department Case 1

Table II. The chemical compositions and phases of metallic mattes for various
reduction temperatures’ .

Reduction Chemical composition of
Granule
o Temp. metallic alloys, (%) Phases identified by X-ray diffaction
(“C) Co Cu 5 C
1 1380 238 | 351 3.1 0.21 | Fe.Cu, Co, CS. FeS. Fe-C, CuOy7sFeg 555
2 1440 1.96 | 3.00 29 | 026 Same
3 1550 234 | 210 | 272 | 031 Fe. Cu, Co, FeS. Fe-C
4 1630 147 | 214 | 226 | 042 Same
5 1710 142 | 1.35 1.82 | 046 Same
6 1790 1.36 | 1.31 1.32 | 0.53 Same

FactSage for reduction behaviour at different temperature

25 . . . . .
File Edit Table Units DataSearch Help 3
|]|E,“‘| il TIC) Platm] Energpl] : Fe(s) SiO,(SLAGA) FeO(SLAGA)
| Fe(FeLQ)
20 .
Mass(g) Species Pl I
[ | Si
w20 i
[c | 15 | i
] | i
[sin2 | o co(g)
Jaz03 | i
B | o '
| Fe,ALO,(S
[ca0 | ALOA Al,O;(SLAGA)
[
|FeD | s
[Fez03 | 05 i |
| caAbBels) - | Cu(FeLQ)
[c | '
: \ < cn\ S(FeLQ)
0 3 1 . 1 \
Szt y 0600 0800 1000 1200 1400 1600 1800 6

FactSage 541 Compound: | 1/12 databazes  Solution; | 1/7 d T(C)




ITU Metallurgical & Materials Engineering Department Case 1

FactSage for Slag Optimization
Effect of CaO in FeO-SiO,-Al,O; @ 1400 °C

C3Documents and Settings\eeptDesktopF AL bmp
3.0 2008

FeO FeO - SiO, - AlL,O, - CaO
1400°C, mass CaO/(Fe0+Si0#AL0,) = 0.1 G’actSage'"

FeO - Si0, - Al,0;
1400°C

FeO

Liquid Slag

region O\ 4 ' Slag’s melting
point depressed

AN by CaO addition

0.9 08 0.7 06 0.5 04 03 0.2 0.1 i
Al,0, mass fraction Sio,

Supply : -

W 1 AI O 0.9 08 07 06 05 04 03 0.2 0.1 S"O
s electrade 2=3 mass fractions /(FeO+Si0 +Al,0,) 2
H Fuler ﬂ

H S I < s Removwable

;17— Motor—hy T 11, Cracible

L

Battom

v \éi;ctmde

Computer and data
aceuisition spsets
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Calcination Studies of West Anatolian Dolomite Ores

Aim:
to prepare calcined dolomite for Mg production via Pidgeon process.

e Dolomite (Mg,Ca)CO; (1000 g) PRUE gmecomlss | i
 Different temperatures (800-1100 °C) Colletor s
o Different times (0-300 min) < -

ot i i

Wheel

Lt

S1C Registance

T

¢ Ruhstrat rotary drum furnace
(1400 °C max., 5 °C)

e One or both end open stainless
steel tubes

e Both end open ceramic tube

e Rotation rate: 2 rpm.
Samples of about 10 g COMPUTATIONAL SOLUTIONS IN METALLURGICAL PROCESSES
each were extracted

Bora Derin*, Onuralp Yiicel*, Klaus Hack®**#

fro m th e h Ot zo n e at *Dcparlmsnt of Metallurgical and Materials Engineering,. Istanbul Technical University, Maslak,
- - Istanbul, 34469, Turkiye
d Iffe rent Inte rva IS. E-mail: bderin@itu.edu.tr, yucel @itu.edu.tr

#*GTT-Technologies Kaiserstrasse 100 D-52134 Herzogenrath Germany
E-mail: kh@gtt-technologies.de
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Case 2

120
100 1 @ @ A o o o
L/ o
A u] o
80 124 Degree of
[m] -
° o dolomite
3 60 calcination vs.
o o ° time for
40 o 800 °C different
ogo?® o 900 °C temperatures.
o0 18 A 1000 °C
m] e 1100 °C
o
0 . T T T T T T T T T T T
0 30 60 90 120 150 180 210 240 270 300 330 360
Time, min.
Tz% (%) ' HEAT FLOW (microV) A
Texo 401 Fa=126.8 k] mol!
L10 21
20
Lo HF (DTA) ol 3]
(J
L-10 -20+ ~
< -4
L-20 401
-60- 5
L-30
-804
L-40 61
TG -100-
50 oy 120 7 " " " ' ' '
TEMPERATURE(°C) 65 70 75 80 85 90 95 100
60 600 800 1000 140
f les at different ti d a0
XRD patterns of samples at different time an .
temperatures TG/ .D.T A PIOt.Of dolomite Arrhenius plot to determine the
D=dolomite, M=Mg0O, C=CaCO;, L=CaO. decomposition in air atmosphere. (10

°C/min) activation energy.
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ITU Metallurgical & Materials Engineering Department Case 2

Chemical analysis of some calcined dolomite
samples showed that

- 1000 - 1100 °C
- Interaction with Stainless Steel reaction tube
- Green particles on calcined dolomite grains

Chromium Green Particles
0.10 wt. % on calcined
dolomite pebbles

In order to collect these green
particles for the characterization,
some of samples withdrawn at

- ’ Chemical analysis of the collected green sieved residue (<106um)
different time and temperature

were sieved for 30 min using a sieve Wt. %
shaker equipped with 106 um .
screen. Cr Fe Ni MgO CaO

965 1.09 0.06 24.06 37.92

10
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Dolomite
and retort
teraction

\

ITU Metallurgical & Materials Engineering Department
-

FactSage for simulation of interaction between

stainless steel retort and dolomite

Initial
composition of

the system, (g):

«100 CaMg(CO;),
72 Fe
*18 Cr  steel
10 Ni Retort
e under 1 atm

Stainless

F Reactants - Equilib

1-4

Species

File Edit Table Units DataSearch Help
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o
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ITU Metallurgical & Materials Engineering Department Case 2

&ctSage“
: : . . M
or i ' D: Dolomite,
60 [ - Fe(s,) | M: Mgo o
Caco,(s,) C: CaCoO;
50 Fe(s) Fe(s,) 1 L: Cao
40 b< X: CazFezas ) M
FeCr,0,(s) (MgO)(Cr,0:)(s) > g O: MgCr,0, IE
< cofg)
20 = cao(s) 1 i B ] O
c Oxxx C L o
10 Ni(s) b MgO(s) Ni(s) u) " D M O
i) &j COAg) 3 D \f &Pl x [ x x X
0 . C(s) . . .
600 700 800 900 1000 1100 T T T oo rmmm e '
T(C) 10 20 30 40 2-Tetha 50 60 70 &0
Simulation result of interaction between XRD pattern of sieved residue (<106 um )
stainless steel retort and dolomite
AG 1100 °C (kJ
CaMg(CO;),= Ca0 + MgO + 2C0,,, - 139.956
Cr(steenyt 0.5MgO + 1.5CO,;, = 0.5MgCr,0, + 1.5CO,, - 168.855 No Nickel
Fe(seery + Ca0 + 1.5C0O,,, = 0.5Ca,Fe,05 + 1.5CO - 22.779 Oxidation
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ITU Metallurgical & Materials Engineering Department Case 3

Magnesium Production via Pidgeon Process

Aim:
Production of magnesium metal from Turkish calcined dolomite (43.20 % MgO and
47.46 % CaO) via the Pidgeon process was studied under the pressure of 1 mbar.

Lab. Scale Semi-pilot Scale Pilot Scale

1 It retort 11 It retort 100 It retort

13
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Case 3

FactSage for simulation of Mg reduction

Effect of reducing agents
oFeSi oAl poso!
eSi e Si-Al mixture o |
Effect of fluxing materials s |
«Ca0 «MgO <CaF, £ soon |
Effect of temperature as0000 |
1100-1300 C 1050000

22

20

1.8

1.6

1.4

12

mole

1.0
038
06
0.4

’ 0.2
Fig. 6 a) Briquetted Charges b) Boat with Briquettes c) Reduction 0
Retort and Furnace d) Vacuum Pomp e) Collected Magnesium
f) Residue after an experiment

L 1
600 800

1
1000

1200
o

1 L L L L
1400 1600 1800 2000 2200 2400

2MgO + 2CaO + Si+ 0.16 Fe
c:\FactSage\Equi0.res 6Kas06

MgO(s)
Mg(g) il
CaxSiOy(sy)  Ca,SiOy(ss)
CaO(s)
CasSi(s)
Cay,SiOys) Ca,Si04(s;) | _MIO(s)
CaO(s) Fe(ss)
e(s)
FeSi(s)
200 400 600 800 1000 1200 1400
T(C)

1600

AG-T
Diagram for
different
pressures

Magnesium
production
from Calcinad
Dolomite using
FeSi under 1
mbar.
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ITU Metallurgical & Materials Engineering Department Case 4

Self Propagating High Temperature
Synthesis [SHS] Studies

SHS e : .
- After initiation, reaction becomes self-sustaining and

- Advanced ceramics, propagates in the reactant mixture.

* Intermetallics,
« Organic and inorganic A high amount of heat which is generated during the

compounds, process accelerates the reaction rate and thus it makes the
« Oxygen free single process highly productive and economically feasible for
crystals different production scales.
» Polymers
Hm ignitor _ <:-J
} 2 e
i combustion product
: i combustion zone
combustion front
Ti+B
L. - starting reagents
Phato af EHS process Schematic of 3HS process

15
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ITU Metallurgical & Materials Engineering Department Case 4

TiB, Synthesis via SHS + HCI leaching

TiO, + B,O; + 5Mg = TiB, + 5MgO

Different stoichiometric Mg (90-110%) and B,O, 8
(100 and 110%) additions were examined - ‘ ,
]
Reaction Purity, Particle i
Powders wt % Size, ym 1 < 6
: @ 3 5
TiO, 98.84 33 (mean) 4
Mg 99.95 <150 1. Power Supply, 2. Electricity Cable, 3. Crucible,
H,BO, 99.50 - 4. MgO lining, 5. SHS Mixture, 6. CrNi heating wire,
7. Steel Cover, 8. Argon gas inlet, 9. Gas hose,
B,O; 99.00 <953 10. Flowmeter, 11. Gas manometer, 12. Argon Gas

16
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MgO + 2HCI = Mg?* + 2CI- + H,O

In the leaching step,

the SHS product was leached by
HCI solution (0 - 9.25 M HCI)

- 1/5,1/10, 1/20 S/L ratio,
- 30 minutes,

- 10 g of specimens.
-20 °C

- 400 rpm stirring rate,

Intensity

SEI

200kV  X15,000 1pm WD 14.7mm

GTT-Technologies 10" Annual Workshop, June 4-6, 2008

| Commercial TiB,
‘__)‘L J\ A A
| After HCI leaching
T A o
-1 SHS product u u
5o s
7‘0 80
Commercial
TiB,
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ITU Metallurgical & Materials Engineering Department Case 4

FactSage simulation for Adiabatic Temperature and
SHS products

F List - Equilib_T(C) = 2909.7, P(atm) = 1 (Page 1/1)

Fle Edt Help
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&
&
=

Case 4

@,
3
=
o]
2

L -1 SHS product O Mg
on cover M
7 P MgO
- MgTQ i MgO
- TiB2 O TiB, TiB, Mo Mg By
B O
5 (.
j =
— | SHS preduct
in crucible
i Mg,Tio, MgO
M O
| Mg;B, TGB TiB, M.go
_T|B2 \ 1B, go ] i .

ST

30 40 50 60 70 80
[*2Th.]

XRD analysis of the SHS products collected on the steel
cover and remained in the crucible (100 % stoic. Mg and
B,O, additions) @:TiB,, B:MgO, O:Mg, A: Mg;B,0g,
v:Mg,TiO,

8203 + 3Mgo = 3M908203 i
TiO, + 2MgO = 2MgO.Tio,  Minor phases

GTT-Technologies 10" Annual Workshop, June 4-6, 2008 11



FactSage
 What is Tad?

* Which
composition gives
the best result?

ITU Metallurgical & Materials Engineering Department

Tungsten boride synthesis via SHS method
CaWwo, + xB,0; + YAl

FactSage

Case 4

(AI1203)2(8203)(s)

Al addition. mole

2800 T T T a0 Ca(WO4) + B203 + <A> Al FactSage
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ITU Metallurgical & Materials Engineering Department Case 5

Carhothermal S

v &
St - |
—
~ 5 7
. 44
s L <

High-Temperature Ruhstrat-Nernst Tammann tube furnace

*Temperature (1400 - 1700 °C) and time (0

H;BO; - 60 min.) were selected as experimental
Calcination
@800°C parameters.
B,0,+TiO,+5C .
mixturing TG At the end of the experiments, the

sample was left to soak in the crucible
keeping flow of argon gas up to below
300 °C.

Purity, Particle
wt% Size, pm

L |68 | Paimean) $ ‘The product was discharged, ground

e ‘ and sieved. The phase compositions of
in graphite E the product were examined by XRD

crucible al

C black >98 Elftex 1256

B,0; | 99.00 <53

Carbon Black
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ITU Metallurgical & Materials Engineering Department Case 5
-

Factsage software calculation

TiO2+ B203+ 5C
2TiO2+ B4C+ 3C

FactSage
' ' FactSage
T T T T T T T T
5.00
C(s) _\.\_\_‘_ CO(g) 4.00 F ]
CO(g)
3.50 |
4.00 |
3.00 F
C(s)
3.00 | _ 2.50 |
3 TiBy(s)
S iB,(s
€ 200} 2
2.00 |- -
150 B,O4(s)
B,04(lig) B,0s(lig) 1.00 B.Oy(lia)
TiOy(s) 205(lig 204(lig TiB,(s) 00 i
1.00 — TiB,(s) TiB,(s)
CO(a) ITiIC(s)
I . 0.50
/ \
0 L L I ey L 1 L 0.00 ! ! L L L L L \
0 0200 0400 0600 030 1000 1200 1400 J 1600 1800 2000 0100 0300 0500 0700 0900 1100 1300 1500 1700
Te re. °C T(C)

Many complex reactions occur until a
complete TiB, formation, as in agreement with

Intermediate Phases are: the literature.

Magneli phases (Ti O, ;) and TiC

= 2
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Case 5

* )L .. XRD Identified Phases Teoritical TiO,(s) + B,O54(s) + 5C(s) = TiB,(s) + 5CO(s)
‘‘‘‘‘ el . value 66.8 % > . .
W;-JL$+ « | 60min TiB,, TiC, Ti,Ox T .
1400°C | +s_§ J@’U‘ « || 30min TiB,, TiC, Ti,O,
st L e s .| 15min  TiB,, TiC, Ti,O, 5071
o WA. . : : : ; - < ¢
— Me&mﬂ Y AAPQ:W 2 0min TiO,,TigO,4,Ti,0,,Tis0g, Ti, O 2 40 -
. 3 5 E] & ) E =]
C I i, - L] E‘] 30 1
s 1] s e XRD Identified Phases =
N JL. . N 20 4 —@— 1400 °C
jo_© . 60 min  TiB,, TiC —®— 1500 °C
1500°C "™ [* . . . i i i 10 - —@— 1600 °C
K DJ\ T 30 min  TiB,, TiC —e— 1700 °C
oo ¢ " DL 15 min  TiB,, TiC 0= , , , ,
T % 0|  Omin  TiO,,Ti,O¢, Ti,O,,TiC,Ti,O,,TiB 0 15 30 45 60 s
WMWW MM 2 11305, 11,07 2V, 115, Time, min.
XRD analysis of a commerecalal TiB, and the experimental Mass loss of th? expgrimental products after .
products obtained at different temperature and time. carbothermal synthesis at different temperature and time

(A TigOyy, O Ti,O,, + TiO; X Ti,0;, M TIO,, [ TiC, ® TiB,)

S
I + ¢+ | 80min TiB,
|+ | 30min TiB,
;; . 15 min  TiB,
0 min  Ti,O4,TiC, TiB, TisOx

1600°C

¥
W_LUJ il L..JJ' L_m :.,m

2Theta

oA TR,

| Ml Time | XRD Identified Phases

* | 60min TiB,

Wma @

1
]
1700°C |

¥ . i 30min  TiB,

. " y 2 15min  TiB,

e *. of . 0 min  Ti,0, TiC, TiB,
R S| : [

ZTnsta
XRD analysis of a commercial TiB- and the experimental
prodicts abtained at different temperatiure and time.
(= TigQyy, 2 TiOq, + TinCp x T,0,. M TIO,. L TIC, ® TIB:)

1700 °C 1-h
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ITU Metallurgical & Materials Engineering Department Case 6

Modeling of Sulfide Capacities of Binary and Multicomponent Slays

Sulfur is considered undesirable in steel because of the
deleterious effect on the mechanical properties. So sulfur
removal in the production stage is a necessary step in order to
produce clean steel.

In copper, nickel and lead smelting, sulfur may also lead to
metal losses in both forms entrained and chemical dissolution
in the fayalite slags.

Sulfide Capacity is a measure of ability of
a slag to remove sulfur from metal.

Cs = (wt.%S)(L02)12

2

REDDY-BLANDER MODEL

The Reddy-Blander Model predicted that sulfide capacity can be calculated a priori, based on a
simple solution model and on knowledge of the chemical and solution properties of sulfides and
oxides.

In Reddy-Blander Model, slag component is divided into two groups
-“Acid” Components: SiO,, AlO, 5, TiO,, FeO, 5
-“Basic” Components: CaO, FeO, MgO, MnO, NaO, 5, CuQO, s
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ITU Metallurgical & Materials Engineering Department Case 6

REDDY-BLANDER MODEL

Formulation of Equations for Binary Acid Melts
(0.33 <XSiO2 <1)

Xg;
Cs =100* s * K 3y * aygo **;?2{@]
ams

Formulation of Equations for Binary Basic Melts (0<XSi0,<0.33)
(Such as Ca0-SiO,, MgO-SiO,)

, 12X,
Cs=100*Ws*K,, *aMO[A}

7
Pty
K, = ( P )
52 Ao

W = Molecular weight of sulfur

i — Average molecularweight ofthe solution

_ I . . For a multicomponent system containing more than one acid
%hio=  Activityof MO in the solution componentsuch as MO-NO-..._.-8i0,-Al0, s-TiO, system
Formulation of Equations for Multicomponent Slags

XSi0,+XAlO, 5+...<0.33,
For a multicomponent system MO-NO-...-Si0,, which contains

only one acid component, such as FeO-Ca0-SiO, system, Flood- Cs =100 *Ws * K, *a,, [1 SRS _2;;"0” _ZXT“”]
Grjotheim approximation (electrically equivalent fractions) is
applied. XSi0,+XAIO, s+...20.33,
InCg=NpInCg NyInCg+. ..
Where Cs=100*Ws*K , *a,, [Xs;'oz "'X‘@o.s + X1, }[?ﬁs]
NM _ ( X MO ) NN _ ( X NO ) w yrs
X+ X0 +oon Xyo + Xyo +---

InC. =%N,,InC

S.MO

Csrand Cg y are sulfide capacities in the sulfide capacity of ternary

ayo 18 the activity of MO in the MO-Si0,-Al0, 5-TiO, system
MO-NO-....-810, system W

W istheis the average molecular weight of MO-Si0,-Al0, 5-TiO, system
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ITU Metallurgical & Materials Engineering Department Case 6

FactSage for close approximations of activity values (ayc) in
multi-component slags

CaO - MgO - SiO,

g, = )= == s
1600°C &G List- Equilib  T(C) = 1500, Platm) = 1 (Page 1/1 = )
FactSage File Edit Help
Sio, Si04(s6) (cristobalite) D | & TIC) Platm) Energyll) Masslg) Yollitre) Ui JB_ ¥
02(s6) (cristobalite
. + [Code]  Species | Data | Phase | Mole | Fraction | Activity | Range [T [V =
/l/”h’v\\ || 180 MgO FTodd | FloxidSLAGA | 4.9622E-02 | 3.2870E-02  4.5908E-03
///,7/1}““1\\\} || 181 | FeO Flodid | FloxidSLAGA | 06193 0.4102 4.4863E-01
< Ay i || 182 sig2 Flodid | FloxdSLAGA | 05509 0.3643 2120501
NI Iy || 183 Cad Flodd | FloddSLAGA | 0.2283 01512 LTTZEE 04
. 1 E || 134 NO Flodd | FloxidSLAGA | 40BP3E-02 | 2E32E-02 | 81321E02
g | | 185 Fe203 Flodd | FloxidSLAGA | 20916E-02 | 1.38954E-02 | 7.207%E-03
|| 180 Mgd Flodd | Floxd SLAGAY 0.0000 3242102 4.5908E.03 Ll
|| 181 | FeO FTodd | Floxid SLAGA! 0.0000 0.2046 4.4883E01
|| 182 si02 Flodid | FloxdSLAGA! 0.0000 03593 21205601
|| 183 Cad Floxid | FloxdSLAGA! 0.0000 01431 3.7T2EE 04
B || 184 NO Flodd | Floxd SLAGAY 0.0000 ZEET4ED2 B132IE02
Aa - CaiSio, Olivine (forsterite) | | 185 Fe203 FToxid | Flosd SLAGAY 0.0000 1.3BB5E-02 7.207%-03
(alpha - Ca;SiO.) =
~Show - - Format [ Order——
[ Species——————————————— & mde & code
P g 0 ‘ e amn © amount
W liquid i} | pound " fraction
o g | sclected 146 (gt o |
S O distibuion |
Monoxide (periclase) ¥ oo 12 AllAClaar ¥ propetties 7Pusl-l:alculale
> I activity Refresh
Ca0O ’ Lo ’ ’ MgO
mole fraction
e i === 5 e st s e R ===t
File Edit Table Units DataSearch Help I File Units Parameters Help
Ol +] TIC) Platm) Enerayd] Masslgl Villire) IEITES 0| & TIC) Platm) Energytd] Massio) Yollive] L=l
1-5 [ e
[ fgram)47.5 Fed + 331602 + 128Ca0 + 46 NQ + 2 Mgd |
Mass(g) Species Phase TIC)  Pltotal’™ Stieam#t Data
Ja7s [Fea [ =  Products
. Compound spe ~ Solution spec - Custom Sl
321 si02 -
I E I E] ["oas @ ideal €™ 1edl 0 = [ +| Base-Phase | FullName | 3 f;eed‘ aclhvmes
* - 0 E H 7 ideal solutions.
[iz8 [ca0 [ = [E:::]:;:jids : A - B |||
+ fas [nia [ =l [+ pure solids 131 FTonidMe_4 AMoncyids el
+ A [ suppress duplicates_apply FTosid-cPyr o =
l2 [Mg0 I =] FT oickoPyr Othopyoene
species 134 FToicpPur | ol T List |
T | FloddLePy | LowClromyravene x| | =0 o
- none |[Legend
¥ Show @ &l " selected | TotalSpecies [max 700 146
Estimate T} [AOOON H Uit . o e | o olions (0] 2
species:
Mass(gl |0 wotions 2 G | Detat_ |
~ Final Conditi ilibri
I Iritial Condiions [ @ JPem l[Preduehi <] | onomd o
[ [1500 [0 I  predominant © open
S — —_— — FactSage 5.5 )
FaolSage 55 Compound: | 419 dalabases  Solution. | 2/17 databases =

26

GTT-Technologies 10" Annual Workshop, June 4-6, 2008



ITU Metallurgical & Materials Engineering Department

Case 6

. . . . Sla; Slag Composition (%)
Predicted Iso-sulfide capacities of the ternary FeO-Ca0-SiO, it Furnace 8 g P B
" Initial Company Type Temp PbO | ZnO | FeO | Si0, | Ca0 Cs(R-B)
and FeO-MgO-SiO, slag systems Ml TS il hbtd Rkl s
XCal MIM | Mount Isa Mines Ladt. Blast | 1225 | 2.8 | 17.3 | 22.8 | 21.0 | 24.5 | 6.87x107
0o PPP Pasminco Port Pirie Blast | 1200 | 2.8 | 19.9 | 32.0 | 22.0 | 14.0 | 2.87x10
HSC | Hachinohe Smelting Co. |  ISF 1300 | 1.1 | 87 |36.0| 123 | 17.5 | 7.71x10?
SMM | Sumitomo Metal Mining |  ISF 1250 | 1.6 | 10.0 | 38.6 | 19.1 | 14.2 | 3.32x102
Kamioka 0y
KMS Mining&Smelting Blast | 1200 | 3.2 - 1300230 | 25.0 | 3.03x10
TZ Toho Zinc Co Blast | 1200 | - | 187 |28.0 | 21.0 | 20.0 | 4.56x10>
XMgQ HZ Hindustan Zinc Ltd. ISF 1000 | 1.6 | 11.2 | 35.0 | 20.0 | 15.0 | 1.04x10?
210 P Al Asarco Inc Blast 1200 | 1.9 | 17.7 | 25.8 | 22.3 | 19.6 | 3.92x107
1873 K DRC | Doe Run Company Blast | 1200 | 2.2 | 124 | 33.0 | 220 | 12.0 | 1.73x102
MMP Met-Mex Penolas Blast 1150 1.4 149 | 314 | 199 | 20.5 | 3.88x107
N Noranda Inc. Blast 1200 3.8 124 |36.0 | 205 | 15.5 | 2.97x10?
BS Berzelius Stolberg QSL | 1250 | 2.7 | 93 | 265 | 22.0 | 22.0 | 4.42x102
BM Boliden Mineral Kaldo | 1150 | 45 | 5.7 | 40.0 | 21.0 | 28.0 | 4.48x10?
MHD MHD-M.LM ISE | 1300 | 1.0 | 92 | 405|138 | 12.5 | 5.06x102
05 Huettenwerke
0 P Portovesme srl ISF 1300 1.1 8.7 40.0 | 20.0 | 18.0 | 4.72x10?
- C Cominco Kiveet | 1300 | 52 | 21.2 | 28.8 | 22.2 | 13.7 | 4.29x10?
o8 K Kazzinc Kiveet | 1300 | 1.3 | 18.0 | 28.8 | 26.8 | 15.6 | 1.88x10?
of 2] oz N Nuova Kiveet | 1300 | 1.9 | 9.6 | 260 | 25.1 | 22.7 | 3.31x10?
0s £ o KZ Korea Zinc QSL | 1216 | 54 | 187 | 342|193 | 15 | 4.09x102
e qé" 0.0
XS|02 00 a1 as 08 10 XFED
100 25
-3
2.0 4 DCR, Blast F. .
c
S -
5 5 g
200 2 151 %
2 3 =)
E = N, Blast F. z
3 (7] - f
'S £ 10 g -
o : = Yazaws'l snd Roghani el a
7] (8
o A
DRC 0.5 1 {1 .. Sridhar ot ol
102 4 Hzo PPP SMM P ISP -2 T T T
Blast F. \_ ISP ’ MIM, Blast F. 30 40 50 &0 0 80
016 018 020 022 024 026 028 030 032 034 036 0.0 ' ' ' — ' ~ Cu grade in matte , wt pet.
: : : - : - - : - : : 10x103 20x10° 30x10° 40x10% 50x10% 60x103 70x103 80x10%
Xsio,

Cs
Sulfide capacity predictions of industrial lead smelting slags witl. (Reddy-Blander)

different slag system and temperatures.

sulfur content of lead bullions.

The relationship between sulfur capacity of industrial slags and

Comparison of pressure ratios for the matte

grades from different smelting plants:
(1) INCO (2) Rio-Tinto (3) Tamano (4)
Norddeutsche (5) Phelps (6) Outokumpu
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Conclusion

FactSage is an invaluable tool for our
experimental/modeling studies since it helps us for
understanding and optimizing the existing /new
processes.
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