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Some Studies of Extractive
Metallurgy Division
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A Process Designed for The Ancient Copper
Smeltmg Slags

Bl

Chitiaf

3 I_ . :Jl'.

"l #$% &$ %!

(
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



+
: |
--()* 4_(5 *+3 4+
| : - .
+ * , «— .
l : -
, |
1 a*332
— |
+-_ «— 2 +3, <+— "
A 4 |—> ( l
s a* 3,
( N — o4 l
| ) < 2
(*+

‘ +
+ - 2 +3 4 TMS, 2003 San Diego, California, USA, Vol:2, 471-482.
TMS (The Minerals, Metals & Materials Society) <2003>

A PROCESS DESIGNED FOR THE ANCIENT COPPER
SMELTING SLAGS

( 6 Bora Derin, Filiz Ciar Sahin, Onuralp Yiicel, Ercan A¢ma and Okan Addemir

Istanbul Technical University, Metallurgical and Materials Eng. Dept., Maslak,
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EAF Studies for Ancient Copper Slags

R 'LITHUHQW ($) FUXFLEOHV IRU QG
VDPSOHV RI .%UH VODJ ZLWK RU ZLWKR X
FKDUJHG LQWR IRU UHGXFWLRQ VPHOWL

R &RNHDV UHGXFLQJ PDWHULDO IL[H
YRODWLOH VXEVWDQFHYV DQG V K

R &D&DQGCFIDV IOX[LQIJDGGLWLYHV
R 7DSWR WDS WLRHDOWUWHPENMWWN PLQ

R $wW VHOHFWHG LQWHUYDOV VXEPHUJH
WKHUPR ZD LQWUFWW FUXFWPHDYV
WKHWHPSHUDWXUH RI WKHPROWHQ VOD.

R,Q WKH WDSLQJ VWDJH WKH PHWDO DQ
ZHUH DOVR PHDVXUHG ZLWK DQ RSWLFDO

OfF 223 avd Faed poats

— /—T}Emmuuple
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Table II. The chemical compositions and phases of metallic mattes for various
reduction temperatures’ .

Reduction Chemical composition of
Granule
. Temp. metallic alloys, (%) Phases identified by X-ray diffaction
ND
(“C) Co Cu 5 C
1 1380 238 | 351 | 3.1 |021| Fe, Cu, Co, CuS. FeS. Fe-C, CuOpsFeps3Ss
2 1440 196 | 300 | 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 | 135 | 182 |046 Same
6 1790 136 | 131 | 132 [033 Same
FactSage for reduction behaviour at different temperature
25 . . . . .
File Edit Table Units DataSearch Help 3
|]|E,“‘| il TIC) Platm) Energyld) : Fe(s) SiO,(SLAGA) FeO(SLAGA)
I Fe(FelLQ)
1-10
20 - .
Mass(g) Species Pl I |
[05 Jco0 | si
*+ [az fcuz0 | i
15 .
+ Jo2 jZn0 | I
+ [ [sin2 | o co(g)
+ |ge Jae0z | .
10 - .
RE I | [Fe,ALO,(S
e 2
+ [o7 [Ca0 | o AlLO,(SLAGA)
[
*+ |45 [Fe0 | :
05 .
* s |Fe203 _ T
X I | caAbBels) - | Cu(FeLQ)
5 Ic | '
- \ c cn\ S(FeLQ)
0 C 1 R ] .
Next > 0600 0800 1000 1200 1400 1600 1800 6

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




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

C3Documents and Settings\eeptDesktopF AL bmp
3.0 2008
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Calcination Studies of West Anatolian Dolomite Ores

PtRh10/Pt Thermocouples 1810 lomite
‘harge
. Dust -
! # Collector =
n <— ;
i A= i
Rotary
Wheel
S1C Registance

( # ) 1+ 4

COMPUTATIONAL SOLUTIONS IN METALLURGICAL PROCESSES

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

*Dcparlmsnt of Metallurgical and Materials Engineering, Istanbul Technical University, Maslak,
Istanbul, 34469, Turkiye
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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Wt. %

&8 9 & m

Cr Fe Ni MgO CaO
965 1.09 0.06 24.06 37.92
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FactSage for simulation of interaction between
stainless steel retort and dolomite

F Reactants - Equilib |
File Edit Table Units DataSearch Help
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Magnesium Production via Pidgeon Process
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FactSage for simulation of Mg reduction
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Self Propagating High Temperature
Synthesis [SHS] Studies

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
P ignitor <:-J
i : combustion product
: ! combustion zone
| combustion front
' Ti+B
! - starting reagents
Phato af EHS process Schematic of 3HS process

15
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TiB, Synthesis via SHS + HCI leaching

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

Different stoichiometric Mg (90-110%) and B ,0O4 8
(100 and 110%) additions were examined | ,
2
]
Reaction Purity, Particle l
Powders wt % Size, m 1 < 6
: O 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,
B,O, 99 00 <53 7. Steel Cover, 8. Argon gas inlet, 9. Gas hose,

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.
-20C

- 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 n

5o s
7‘0 80
Commercial

TiB,
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Adiabatic Temperature Calculations (T,)

2200

2000

1800 |

1600 |

1400 |

1200 ¢

1000 |

0300

0500

0400

0200 r

To estimate SHS reaction process

T,y > 1527 T

Tio2 + B203 + <A> Mg
f:\Equit.res 27May08

TiO, + B,O, + 5Mg

Alpha

Simulation of T,y change with addition of Mg

FactSage simulation for Adiabatic Temperature and
SHS products

F List - Equilib_T(C) = 2909.7, P(atm) = 1 (Page 1/1)
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Simulation of SHS products composition change

with addition of Mg
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XRD analysis of the SHS products collected on the steel
cover and remained in the crucible (100 % stoic. Mg and
B,O, additions) :TiB,, :MgO, :Mg, :Mg;B,04,

:Mg,TiO,

B,O, + 3MgO = 3MgO.B,0,
TiO, + 2MgO = 2MgO.TiO,
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Tungsten boride synthesis via SHS method
CawoQ, + xB,05 + yAl

FactSage
aC ag e 2800 T T T a0 Ca(WO4) + B203 + <A> Al Factsage
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High-Temperature Ruhstrat-Nernst Tammann tube furnace

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

HBO; - 60 min.) were selected as experimental
Calcination
@8o0o0°C parameters.
B,0,+Ti0,+5C .
mixturing Hitienita *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
% Size, pm

BE | | Faimesn) *The product was discharged, ground

and sieved. The phase compositions of
the product were examined by XRD

10g. of

mixture
in graphite

crucible

C black >98 Elftex 1256

B,0; | 99.00 <53

Carbon Black
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Factsage software calculation

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

Intermediate Phases are: the literature.

Magneli phases (Ti, O, ;) and TiC

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

XRD Identified Phases

TiO,(s) + B,04(s) + 5C(s) = TiB ,(s) + 5CO(s)

60 min  TiB,, TiC, Ti,O; value 66.8 % s . °
30min  TiB,, TiC, Ti,0 .
15min  TiB,, TiC, Ti,O, . 507 .
omin  TiO,,TigO,,, Ti;0. Ti;0%,Ti,04 g 40
]
% 30 1
] P
60 min  TiB,, TiC —e— 1500 °C
30 min  TiB,, TiC 101 e 170C
15min  TiB,, TiC 0 LS : : : ,
0min  TiO,,Ti,0 Ti,0, TiC,Ti,O, TiB, 0 15 %0 45 60 s
Time, min.

XRD analysis of a commercial TiB, and the experimental
products obtained at different temperature and time.
( TigOy Ti,Op TiO5  TiyO,; TiO, TIC, TiBy)

I
11 J t + | 60min TiB,
600c |~ [+ " 1. | somn T,
R .+ | 15min TiB,
LLQUJ;MJJ‘GI e e | O min Ti,04,TIC,TiB,, TixOs
I
T o1 "+ | eomin T,
1700°c ©__ | 1 " 1. | 30min T8,
S " . . | 15min Tig,
Lt e T g | 0Omin Ti0, TiC, TiB,

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:)

Mass loss of the experimental products after

carbothermal synthesis at different temperature and time
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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)(P02)1’2

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, ¢, TiO,, FeO, 5
-“Basic” Components: CaO, FeO, MgO, MnO, NaQO, s, CuO, 5

24
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REDDY-BLANDER MODEL

GTT-Technologies 10 " Annual Workshop, June 4-6, 2008
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FactSage for close approximations of activity values (a
multi-component slags

Meo) IN

GTT-Technologies 10 " Annual Workshop, June 4-6, 2008
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Furnace Slag Slag Composition (%)
Initial Company Type T(fg‘)p PbO | Zn0 | FeO | Si0, | cao| CSRE)
MIM Mount Isa Mines Ldt. Blast 1225 2. 173 228 21p4.5| 6.87x16
PPP Pasminco Port Pirie Blast 1200 2/8 199 320 22.@8.01 2.87x1C
HSC | Hachinohe Smelting Cq. ISF 1300 | 1.1 8.7 36. 128 17,5 7.71%10
SMM | Sumitomo Metal Mining  ISF 1250 | 1.6| 100 38.6 191 142 3.32%10
Kamioka .
KMS Mining&Smelting Blast 1200| 3.2 - 30. 230 2500 3.03%0
TZ Toho Zinc Co Blast 1200 - 18.7 280 210 20.0 4186
HZ Hindustan Zinc Ltd. ISF 1000Q 1. 11.p 350 20.0 0151.04x1CG
Al Asarco Inc Blast 1200 1.9 17. 258 223 10.6 3193
DRC Doe Run Company Blast 1200 2P 124 3B.0 22.0 12A@®3x10?
MMP Met-Mex Penolas Blast 115 1.4 14/9 314 199 203538x10?
N Noranda Inc. Blast 1200 3. 124 360 205 155 7260°
BS Berzelius Stolberg QSL 125 2.7 9. 265 22.0 224042x107
BM Boliden Mineral Kaldo 1150, 4.5 57 4000 210 28.8.48x10°
MHD-M.I.M |
MHD Huettenwerke ISF 1300 1.0 9.2 40. 138 125 5.06%10
P Portovesme sl ISF 130 1.1 8.7 40.0 20.0 18.0 X402
C Cominco Kivcet 1300| 5.2 212 28/8 222 13.7 4.2%10
K Kazzinc Kivcel 130¢ 2| 18.C | 28.€ | 26.€ | 15.€ | 1.88x1(?
N Nuova Kivcet 1300| 1.9 9.6 260 2511 227 3.31%10
KZ Korea Zinc QSL 1216/ 5.4 187 342 193 15 4.0%10
10° 25
2.0 DCR, Blast F.
g
5 2 15
5107 4 B
S & N, Blast F.
g 7
8" é 1.0 1
o
DRC 0.5 -
107 1 Hzo PPP SMM,
X P, ISP
Blast F. ISP MIM, Blast F.
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0.0 . . . hill ] (3
016 018 020 022 024 026 028 030 032 034 036 10x10° 20x10% 30x10° 40x103 50x10° 60x103 70x103 80X10?
Xsio,

c
Sulfide capacity predictions of industrial lead sméing slags wit..  (Reddy-Blander)

different slag system and temperatures.

sulfur content of lead bullions

The relationship between sulfur capacity of industial 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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Workshop on Computational Thermochemistry in Istanbul
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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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