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Case 1: ITU =

lngKmK GN/
Canadian Metallurgical Quarterly & YN
Investigation of effect of colemanite addition : .
on copper losses in matte smelting slag %o 5

13
7 TecHmch™

A. Rusen?, A. Geveci', Y. A. Topkaya*! and B. Derin®

The aim is to reduce copper losses to slag in copper production by using a boron
compound, called colemanite (2Ca0.3B,04.5H,0), as flux, besides silica.

Table 1 Chemical analyses of all samples (FFM, FFS, MM and MS), wt.%

Sample/Constituent Cu* SiO, Ferotal S Zn Pb Fes0,4 FeO: CaO Al,O4
FFM 50-18 27-4 19-8 2-0 0-6
FFS 0-88 36-1 367 0:8 33 01 53 43-9 06 2:2
VIM 51-56 24-4 24-0

MS 1] 376 49:2 35 60-0

FFS-flash furnace slag
FFM-flash furnace matte
MS-master slag
MM-master matte




Eti Bakir Co. Samsun Plant is the only plant in
Turkey where copper cathode is produced
from ore.

Samsun Plant has a flash smelter, sulphuric
acid, converter, anode casting and electrolysis
facilities.
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Boron-Iron Phase Diagram

Boron compounds in Iron and Steel
Slags could be deleterious for the steel.
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Boron-Copper Phase Diagram

It seems boron has no solubility in
copper in a macroscopic scale.



F
*'4; Metallurgical and Materials Engineering Department

>

1 bar GactSage'"

1400 T T T T
Liquio
1200 |
LIQUID + FCC_A1
1000 |
FCC_A1+BETA_RHOMB_BCSI FCC_A1 Copper haS a
k 0
1 ~~__ negligable boron
800 | § solubility at a certain
FCC_A1 +B(s2) | temperature interval.

600
400 | -
200 . 1 . 1 . l . 1 . 1 . 1 .

0.9986 0.9988 0.999 0.9992 0.9994 0.9996 0.9998 1

Cuw/(B+Chu) (g/g)

...................



Gas entrance
Silicon tap
Thermal radistion
}— " shield
Sulphftlc ~Alumina reaction
acid tube
= Silica crucible
Hesting _— i
elements Sample
(MoSi,) \
™ Support bar
Gas exit
control
= Gas exit

Sulphuric acid @t
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Experimental Parameters

Additives (calcined colemanite CC, CaO and B,0O;) in
various amounts (0%, 2%, 4%, 6% and 10%),

Time (0.5, 1, 2 and 4 hours),
Temperature (1200°C, 1250°C and 1300°C)

Atmosphere (1 atm. nitrogen and low oxygen pressure
atmosphere obtained by mixture of CO/CO, gases)
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Liquidus lines;
----- Without CC addition
With 6% CC addition

FeO - SiO, - Fe, 0O,
Projection (ASlag-liq)

Liquid slag 7
region

e S W . i S

FeO 90 80 7 60 50
<—— Wt. %FeO

Change in liquid slag region with the addition of CC on phase
diagram of FeO-Fe,0,;-SiO, at 1250°C calculated by “Phase
Diagram” module of FactSage
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Ligquidus lines;

Without additives

= = = = With 10% Ca0 addition
» = - =+ With 10% CC addition
seesseesee \With 10% B,O; addition

Projection {ASlag-liq)

N &ctSage‘“

Rl v . ) . v LY SV )

90 80 70 60 50 40
< Wt. %FeO

Change in liquid slag region with the 10 wt% addition of
Ca0,B,0,,CC on phase diagram of FeO-Fe,0,-SiO, at
1250°C calculated by “Phase Diagram” module of FactSage
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B203 addition, g

Change in liquid slag region with the addition of B,O4 in FeO-
Fe,0,-Si0,-Ca0-Al,0,;-Zn0 at 1250°C calculated by “Equilib”
module of FactSage
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& Viscosity of liquid oxides
File Edit Units Options Help
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Variations of predicted viscosity of the resultant slags for F and S
series with the addition of CC and reaction duration.
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Case 2: ITU

Self Propagating High Temperature Synthesis
= Combustion Synthesis

In a SHS process, after ignition, the combustion front is formed and
propagates throughout the reactant mixture yielding the desired product.

Self-propagating High-temperature
synthesis (SHS) is the synthesis of
compounds (or materials) in a wave
of chemical reaction (combustion)
that propagates over starting
reactive mixture owing to layer-by-
layer heat transfer.

Movie clip: Institute of Structural Macrokinetics and Materials
Science - Russian Academy of Sciences (ISMAN)
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HOME SCIENTIHC INFORMATION PROGRAM REGISTRATION & ACCOMMODATION SPONSORS CONTACT GENERAL INFORMATION

INTERNATIONAL SYMPOSIUM ON
SELF-PROPAGATING HIGH-TEMPERATURE SYNTHESIS
OCTOBER 12-16, 2015 ANTALYA / TURKEY

ACCOMMODATION
HeLLo AND WELCOME TO SHS XIII 1
Dear All,
Abstract Submission System is
available On behalf of the Organising Committee we would like to take this opportunity to express our

) pleasure to welcome you and your accompanies for the XIII. International Symposium on Self-
Please click here to view abstract submission
quidelines and submit your abstracts online.
s S Propagating High-Temperature Synthesis which will be held from October 1210 16‘“, 2015in

Invited Speakers list has been the beautiful surroundings of Antalya, Turkey.
updated
Read more »>

Click here to view the updated invited speakers list of
SHS XIII

http://shs2015.org/ B
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SHS is known to yield the following Synthesis from the elements
classes of compounds: e Ti+C=TiC

« Advanced materials, biomaterials, * Ni+Al=NiAl

magnetic and thermoelectric materials, © 3Si+ 2'\12 = SizN,

refractory compounds, oxides, * Zr+H, - ZrH,

intermetallics, borides, nitrides, Redox reactions

phosphides, hydrides, etc. . B,O, +3Mg + N, = 2BN + 3MgO

* B,05 + TiO, +5Mg = TiB, + 5MgO

*Reduced elements (B, Ti, Mo, etc.)
* MoO; + B,05 +4Al = MoB,, + 2Al,0,

*inorganic composites (ceramics, . 3TiO, + C + 4Al = TiC + 2AL,0,
cermets, mineraloceramics, composite o 2TiC|4+ 8Na + N2 = 2TiN + 8NaCl= YBaZCu3O7_X Nb + Lizo
materials, etc.) — : :
_ _ _ Oxidation of metals with complex oxides
* organic compounds (piperazine » 3Cu + 2Ba0, + 1/2Y,0, + 0.5(1.5 - X)O, = YBa,Cu,0,.,
malonate, quinhydrone, ferrozerone (o- « Nb + Li,0, + 1/2Ni,O = 2LiNbO,
carboxybenzoylferrozene), etc.) « 8Fe + SrO + 2Fe, 0, + 60, = SrFe;,0,,

Synthesis from compounds
* PbO + WO; = PbWO,

Reaction of the elements with decomposition products
* 2TiH, + N, = 2TiN + 2H,
* 4Al + NaN; + NH,CI = 4AIN + NaCl + 2H,

Thermal decomposition

ol il ol o « 2BH;N,H, =2BN + N, + 7H,

 m
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Typical parameters of SHS
»  Burning velocity: 0.1-20 cm/s

» Combustion temp.: 2300-3800 K
« Heating rate: 103-106 K/s
« Duration for ignition: 0.2-1.2s

* Ignition temp.: 800-1200 K

t=0s t=0.1s t=27s t=4 0s

The maximum temperature, Tad , which the reacted powders would reach if the reaction was strictly
adiabatic was calculated from the general relationship

Tad
QV = / Cp dT + AH,,
T;

where Cp is the molar heat capacity of the product, Hm its heat of fusion and Ti the temperature at
which the reaction is triggered.

Note: The Tad calculation is easy when we assume the products are exactly same
with the given formula.

[STANBUL TEKNIK UNIVERSITESI 15
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Tungsten Boride

Properties Applications Synthesis Methods
e High hardness values * Abrasive, corrosion resistant e Solid state reaction
e Chemical inertness and electrode materials «  Mechanical alloying
e Electronic conductivity * Crucibles and ingot molds for . g3}t melt electrolysis

precision metallurgy

* Resistance to thermal * Vapor deposition

* Sputtering targets

shock.
e Sintering additives
WB a-WB
Tetragonal Tetragonal
: Darta from SGTE 2011 alloy database &“sage“
3800 . . . . . . . . :
LiouiD T
WB Orthorhombic se00 ¢ //f|;;U|n+acc_A2-
2800 [ /”"'/v\-r; %?;_; )
WX By A2300 Fee ,_/ ]
=
W.B ( ) 1% Fate) + Bt WE_ALPHA  BWi(s)
2-5-x LOW Temp s - i BCC_A2 + BWi(s)
Rhombohedral bt
— N 800 5229 + B e) |
W,,B; High Temp. mfa o
o 01 02 03 04 05 06 07 08 09 1
Tetragonal Hexagonal W/(B+W) (mol/mol)
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Process Flowsheet

SHS

Calcination of

H,B0, @ Mixing

800°C-2h

Grinding

Grinding

SHS- Leach

Filtering . Filtering

ISTANBUL TEKNIK UNIVERSITESI D-SHS 17
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Theoretical Study ITU
SHS PROCESS

FactSage Software for Adiabatic Temperature and SHS products

*What is Adiabatic Temperature (T,y)? =) T,q > 1527 °C (1800 K)
Which initial composition gives the —
best result CaWO; + x Mg +y B,O;

18
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ITU

FactSage simulation for estimations of Adiabatic
Temperature and SHS products
Effect of Mg addition

CaWo04 + B203 + <A> g
c:\Users\BoraDerin\factsage orneklenEquil.res 5May09

Liactsage

2500

2000 |

- 1500

Tadibatic, °C

1000

500

0
0.000

6.000 8.000 10.000

Mg addition, mole

2.000 4.000 12.000

Taq change with addition of Mg

ISTANBUL TEKNIK UNIVERSITESI

Composition Change, mole

4.0

3.0 F

20 |

1.0

CaWo4 + B203 + <A> My
c:\Users\BoraDerin\factsage ornekler\Equil.res 5May09

Liactsage

Mg,B;0:(s) Mg,B,04(s)
W.B,
Ca:8,04) B46)

0.0 2.0 4.0 B.IU BjU 10.0 12.0
Mg addition, mole
SHS products composition change with
addition of Mg
19
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FactSage simulation for estimations of Adiabatic
Temperature and SHS products
Effect of B,O; addition

CaWwo4 + <A>B203 + 8 Mg - CaWwo4 + <A> B203 + 8 Mg ‘ % "
c:\Users\BoraDerin\factsage ornekler\Equi0.res 5May08 &dsage c:\Users\BoraDerin\factsage ornekler\Equil.res 5May09 dsage
' ' 50| " Mgo(s) '
2000 /‘
40 |
1800 ®
o
E
[
[&] o
S c 30
g 1600 &
f: 2
g =]
S = Mg;B;04(s)
fad 3 20
1400 g Mal(g)
S
CaO(s) wg
1200 | 1.0 | A =)
s
W;B(s)
5 Ca.B,05 _____’*’__d___
1000 . . . \ , . . 0.0 = . RS R
0 0.500  1.000 1500 2.000 2500  3.000 3.500  4.000 0.0 05 1.0 15 2.0 25 3.0 35 40
B203 addition, mole B203 addition, mole
T,q change with addition of B,0O, SHS products composition change with addition

of B,O,4
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Experimental Results  1st Step- SHS PROCESS
CaWwoO, + 8Mg + xB,0,4

30
—— W
25 - WQB
* W g —— \WB
= W,B = o 201 —e W.Bs
o WB §_ i
A W,B, - 15
o MgO =2 =
0 Mgs;B,0; g 10
* CaO ]
0 Cay(BO,), 3
Ce( Mmgy _’I\LCL n 0 T T T
10 20 30 40 50 60 A_—{)\A 80 0 0.5 1 1.5 R 2.5 3 3.3
[°2Th.] B,0O,addition, mole
XRD analysis of SHS products obtained by Change of W and tungsten boride
different stoic. B,0O; additions. compounds with addition of B,Os.
XRD/Rietvelt analysis of SHS products.
CaWO,:Mg:B,0, Composition, wt. %
Molar ratio
w W,B WB W,B, MgO Mg;B,0, CaO Cay(BO,),

14 1:8:0.6 52 8,70 0,8 - 68,1 - 3,8 13,4

1.9 1:8:1 15 2,5 15 51 62,6 - - 13,3

1.6 1:8:2 0,8 0,5 10,6 16,8 43,1 16,6 - 11,6

1.10 1:8:2.5 - - 8,2 20 34,5 28,6 - 8,8

} 132 1:8:3 - - 4,1 26,4 34,6 27,8 - 7,1
ISTANBUL TEKNI 21
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aCawO,+bB,0;+cMg = xX\WB+yMgO+zCaO
&ctSage“

aCawWO, + bB,05;+ cMg = sW+tW,B+uWB+vW,B.+wMg,B,0,+xMgO+yCaO+zCa,(BO,),

< .
ﬂ g | el

TUBITAK SEI ‘h:‘20.0k\/ >7(3é‘000 100nm WD 15.0mm TUBITAK . SEl 20.0kY  X35,000 .1[_]I'_flrnr WD 14.9mm
(a) unleached SHS product (b) leached SHS product
particle (SEM x35,000) particle (SEM x35,000)

ISTANBUL TEKNIK UNIVERSITESI 22
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see Multicomponant Alloy Systems for Wear/Corrosion
" Resistant Alloys and MMCs by SHS method

ISMAN

Co-V-Al
Ni-Co-Al
Ni-Cr-Al
Ni-Co-Mn-Al
Ni-Cr-B-Al
Co-Cr-Mo-Al
Fe-Co-V-Al

Mo-Ni-B-(Cr,Mn,Ta,V,NDb)

Mo-Co-B-(Cr,Mn,Ta,V,Nb)
Mo-Fe-B-(Cr,Mn,Ta,V,Nb)

Experimetal Parameters:

Different composition and gravity
values, heat sinkers, crucibles,

additives etc.

ISTANBUL TEKNIK UNIVERSITESI

These studies aims to establish a scientific and engineering background
for high energy efficient, fast and low-cost production manufacturing
technology of multi-component alloys by using Self-Propagating High
Temperature Synthesis (SHS-metallurgy) method starting from relatively
cheap materials (oxides).

,M. > S e B Oxide g

11 17 23 31 23
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C:\FactSage\Equi0.res 05Apri15

2 MoO03 + 1.5 NiO + B203 + <A> Al
&ctSage“
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Al addition, mole Al addition. mole
SHS products composition change with SHS products composition change with
addition of Al, mole addition of Al, wt.%
2800 -
2700 | |
No addition \
O 2600 | E
g 2500 0.05xAI0; — \
3
5 oo 0.10xALO;
a
5 2300 | 0.15xALO;
'—
L
= 2200
o L
T
= 2100 |
<T
2000 |
1900 |
1800 | . . . . . . .
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58 Mo + 45B + 11.5 Al + 26 Ni

m
C:\FactSage\Equi0.res 21Jun15 &ctSage
T T

100 . : : . .

wl Calculated and _

| experimental products ]

»l are MoB, MoB,, and ]

. SGTE-LIQU#1

60 | NiAl ]
e
© 50 ]
? SGTE-M,B. FactPS-MoB(s)

40 b -

SGTE-B,_B#1
30 F
FactPS-MoB(s)
20 F
10 |
0

0600 0800 1000 1200 1400 1600 1800 2000 2200
T(©C)

The SEM BSE image Of an SHS produced Equilibrium Cooling of an Mo-Ni-Al-B alloy

Mo-Ni-Al-B alloy (x500) o
ﬁ.:&;éi!t.i s ‘*5339
B SGTE—HCU?'H ] Types of
} | precipitations or
_ | | change of
e ! composition
B i:eifi 1 indendrites &
SGTE_.L-’;‘ » | boundaries with
T Scheil Cooling

_ SGTEHCMMJQIE-{:'QU’#’I SETEBCCH

|
1250 1270 1290 1310 1330 1350 1370 1390 1410 1430
TiC)
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Case 4: ITU

Self-Propagating High Temperature Synthesis (SHS) (ﬂ
Based Production and Characterization of Ni-Ti-X (X=Cu,

Fe, Nb) Shape Memory Alloys Consiglio Nozienale

delle Ricerche

¢TIl
SN
b= )
8
g A
& ]
Z &
173

Shape memory alloys based on NiTi Porous NiTi can exhibit an engineering
have found their main applications in elastic modulus comparable to that of
manufacturing of new biomedical cortical bone (12-17 GPa). This
devices mainly in surgery tools, stents condition, combined with proper pore
and orthopedics. size, allows good osteointegration.

SMA neurosurglcalvsétﬁgltl,spflialatteer, orthodontic wires, Representative porous SHS NiTi sample for biological tests

Image: L. Petrini and F. Migliavacca, Journal of Metallurgy Image: Bassani et al. J Mater Sci: Mater Med (2014) 25:2277-2285
Volume 2011, Article ID 501483
[STANBUL TEKNIK UNIVERSITESI 26




Quartz cam «—— O

In the current project, open cells porous " = —
NiTi-X (X=Cu-Nb-Fe) will be produced ”
by self propagating high temperature
synthesis (SHS), which is a rapid, low
cost and high efficiency production
method.

Morphological and thermomechanical properties of the ultimate products will be investigated
via different characterization methods.

ISTANBUL TEKNIK UNIVERSITESI
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1.0 A

1500

0.8
0.7 1

0.6 1
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0.5

0.4 -
0.3 A
0.2

0.1

0.0 T : f : T

! PR 7
0.9 _,,,,—~’f”<fﬂ'——7 o o

- FactSage Calc Tad
Li et.al. Exp. Tad [3]
Li et.al Calc. Tad [3]
Zhang et.al. Calc. and Exp. Tad [2]
Chu et.al. Exp. Tad [5]

Yeh et.al. Exp. Tad [4]

—— FactSage Cal. Mole of Solid
FactSage Calc. Mole of Liquid

L I |

- 300

- 1350

- 1200
- 1050
- 900

- 750

- 600

- 450

- 150

100 200 300

400 500 600 700 800

Preheating Temperature °C

Adiabatic temperature and solid/liquid composition
corresponding to preheating temperature for Ni-Ti
mixture (50-50 at.%)
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Ca.se 5: MODELLING AND SIMULATION

Proceedings of

THERMOCHEMICAL COMPUTATIONS IN CARBOTHERMIC THE TWELFTH INTERNATIONAL
AND METALLOTHERMIC FERROALLOY PROCESSES F E R ROA L LOYS co N G R ESS

B. Derin', O. Yucel' and K. Hack? Sustainable Future

1 Istanbul Technical University, Metallurgical and Materials Eng. Dept., Maslak, Istanbul, Turkey
bderin@itu.edu.tr, yucel@itu.edu.tr June 6 - 9, 2010
2 GTT-Technologies GmbH Kaiserstrasse 100 D-52134, Herzogenrath, Germany Helsinki, Finland

info@gtt-technalogies.de

In the case examples, the interactions and effects of both oxygen and CaO on phosphorus and silicon
removals during the second refining stage of the crude ferronickel, the optimum quantity of intermediate
Fe-Si-Cr alloy needed to reduce molten rich slag in Perrin process, the effect of temperature on the
carbothermic reduction of SiMn production, and the effect of raw material on metallothermic production
of FeMo were simulated and the results were tabulated and/or graphed.
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Figure 2:  Simulation result of interactions and effects of both oxygen and CaO on phosphorus Figure 3: Simulat!an result of eﬁscl‘cf intermediate Fe-Si-Cr alloy on perrin process for the
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Table 1: The output substances of calculated LC FeCr alloy with T0% Cr Table 2: The amounts of input substances for the simulation of Sikn production.
Allay Slag Input, kg. MnO, MnQ Mn Fe Fe,0y Si 50, ALO, Cal MgD P Fix C
Comp. wi, g with Comp. Wi, g Wit Mn-ore 316 57 16 1 23 2 016
Cr 27.26 70.00 Ca0 48,00 52.01 HC-slag 548 308 156 181 &2
Fe 11.21 28.79 Si0, 15.48 16.78 g"-‘“' in slag 174 33 s 1 7
Si 0.4088 1.050 cro 10.79 11.60 vartz 4 T
Mg 0.0282 0.0723 MgO 7.953 8.619 Coke mixture 3 L 014 264
' c 0.0156 0.0401 ALO, 6.979 7.563 Dolome s P o w2 B2 , 29
ISTANBUL TE (o] 0.0096 0.0246 Crz0; 2487 2.696 —
e e ot it Al 0.01102 0.0283 FaO 0.5863 0.6354 - _Total 316 Hd6 174 37 64 79 774 191 248 108 030 272

Asirlardir Gagdas Sum of mixture 2809 kg
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Case 6. Graduate Course:

Computational Thermochemistry for Metallurgical Processes

—

- .-
- — ‘ - =0 ..
- = . \r! :

FactSage Is the workhorse of the course
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-
Case6:  New R&D department in Eregli Integrated g ITU
Iron & Steel Company (__“";“"“)

E ._, A Eregli Iron and Steel Company (Erdemir)
- which is the largest flat steel manufacturer
of Turkey, located in Kdz. Ereqli.

Isdemir, long and flat steel producer located
in Iskenderun,

Some New Research Studies
with &ctﬁage“

- Nozzle clogging

- Refractory wear

- BOF simulations

- Recovering of valuable metals from
flue dusts
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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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