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Erdemir Group Companies and Products

(] Steelmaking Plants

Black Sea

Erdemir
Flat Products

isdemir
Flat and Long

Products

Mediterranean Sea

(] Other Group Companies

« ERMADEN (Mining)

« EROM (Electrical Steel Plant, Romania)
 ERSEM (Steel Service Center)

« ERDEMIR Engineering and Consulting Co.

O
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] Products

Flat Products
* Plate
* Hot rolled coil and sheet
e Cold rolled coil and sheet
* Tinplate
* Galvanised

* Electrical Steel

Long Products
* Billets
* Wire Rod



Erdemir R&D Center

R&D Organization Chart
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Annealing Simulator

Vacuum Induction Furnace

Raw Materials

Sample Preparation Laboratory
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1. Case Study 1 — Usage of Colemanite Mineral for Boron Alloying Addition
2. Case Study 2 — Reducement of Ladle Nozzle Clogging in ULC Steel Grades
3. Case Study 3 — Usage of an Alternative Agent in Desulphurization Process

4. Case Study 4 — Estimation of Carry Over Slag Amount in Tapping Process
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Case Study — 1 «Usage of Colemanite for Boron Alloying Addition»

Chemical Composition of Colemanite

Component Content
Ca0 27.00 £1.00 %
Si0; 4.00-6.50%
S04 0.60% max.
As 35 ppm max.
Fes04 0.08% max.
Al-04 0.40% max.
Mg0 3.00% max.
Sr0 1.50% max.
Na-0 0.50% max.
L.O.l. 25.00% max.
Moisture 1.00% max.
Bulk Density 1.00 ton/m" max
8.07.2016
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Location
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ISLETMELER|I GENEL MUDURLUGU

Boron Mineral

Bigadi¢c Boron Works

Emet Boron Works

ErdemirGroup

Colemanite, Ulexite
Kirka Boron Works Tincal

Colemanite, Ulexite



Case Study — 1 «Usage of Colemanite for Boron Alloying Addition»

—

Heat size: 120 ton steel

Aimed [B] content in steel grade specification: 20 — 40 ppm

—
——

e

—

- Tapping additions to ladle
(Lime, LDSF, etc.)

- Carry-over slag

BOF Process LF Process

- Ladle additions
(Ferro alloys, Aluminium, etc)

t Colemanite addition

O
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— Avarage FeB (18-20% B) Addition: 25-30 kg

Continiuous Casting



Case Study — 1 «Usage of Colemanite for Boron Alloying Addition»

«  How much colemanite should be added into GbctSage
steel in order to have 20 - 40 ppm [B]? 50 - ' ' - ' ' ' ' '
thtSage‘"
-450 ‘ I I 4 40 F -
:D: : 4/3B +0,=2/3 8,05
700 | 'E‘ 30 | 1
§ :BDU F §
i} Z::: 4/3 Al +0,=2/3 Al,03 E‘
m
950 [- = 20 L =
:::: i [B] in steel
420“0 1[']0 ZCIIIJ 3l‘)ll 4[‘!0 EIIJI) BII]U ?(‘ll] HIIJD SI;D ‘H)lll(l 11‘00 12Il)ll 13‘[!0 Id‘l]I) 15‘0[! 1iillll] 1?'00 1800 10 B T
At least 360 kg
Colemanite
* Colemanite (B,0; compound) should be reduced addition required.
. . . . 0 1 1 1 1 L 1 1 1 1
from slag with using Al in order to have desired 0 50 100 150 200 260 300 350 400 450 500
[B] in |IC|UId steel. Addition of Colemanite [kg]
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Case Study — 1 «Usage of Colemanite for Boron Alloying Addition»

* Industrial trials were performed with
150, 250 and 350 kg Al after 150 kg
colemanite addition.

« 250 kg Al addition was found to be
enough to have 30 ppm [B] in liquid
steel.

* The Al addition produces (Al,O;)
formations which may results negative
effects on steel cleanliness.

8.07.2016
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Case Study — 2 «Reducing Ladle Nozzle Clogging in ULC Steel Grades»

Problem: Reducing casting speed and/or returning heats by the reason of clogging in ladle inner nozzle.

Sum Spectrum
Ladle
Ladle Nozzle ==
Tundish & we
L
4 3 8 10 12 1 16 18 bl
SR Full Scale 7350 cts Qursor: -0.330 (0cts) ke
1 Sum Spectrum
0 0
e Ti
Iy T
: h,
Fe Ca
T
0.l TN . O | P .
0 2 4 6 8 10 12 1 16 18 2 o 2 4 6 8 10 12 14 16 18 20
Ful Scale 1048 cts Cursor: 0.3%0 (0cts) keV [Full Scale 1227 cts Cursor: 0.000 keV]

Clogged Ladle Nozzle inner wall SEM/EDS Analysis:
Major inclusions are Al,O; and TiOx. Al,O,

O
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Case Study — 2 «Reducing Ladle Nozzle Clogging in ULC Steel Grades»

8.07.2016

Chemical Composition of ULC Steel Grade

C Mn Si S P N Al Ti
30 max. .10-.20 .030 .015 .015 .005 .020-.050 | .065-.075
| |
ﬁ

BOF Process

LF Process

De-carburization

RH-KTB

De-oxidation with Aluminium

Titanium addition

ErdemirGroup

Continiuous Casting



Case Study — 2 «Reducing Ladle Nozzle Clogging in ULC Steel Grades» (ERDEM'“>

Lactsaye’
15
48 E
20 F
23 _ Feliq + TiOx
— 25
= s
\c o F
=) —_ -2.8 ;‘
3 o ]
&D 2 E
° . 3.0 F
2 Y [O] =5 ppm E
] 33 F :
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35 F
23 [0] =20 ppm E
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log|w% Al] Log [Al%]

Fig.: Liquid oxide window depending on Ti-Al-O in steel at 1600°C. Fig.: Al-O stability diagram of 700 ppm Ti bearing steel at 1600°C.

Trials were planned with increasing w%[Al] content [.020-.050] to [.050-.080] in order to see clogging behaviour for a
number of 50 ULC heats period.
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Case Study — 2 «Reducing Ladle Nozzle Clogging in ULC Steel Grades»

Liactsye

22
0.0012 -
o)
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Reducing casting speed and/or returning heats ratio by the reason of clogging in ladle inner nozzle is decreased from 18,5%
to 8,0% by increasing w%[Al] in steel from [.020-050] to [.050-080].
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Case Study — 3 «Usage of an Alternative Agent in Desulphurization Process» (\ERDOZE;M'R>
Desulphurization Process

Trisodium Hexafluoroaluminate (Na;AlIF,)

- Ca0 mix (CaO 4 CaF,
- Granulated Mg

- Hot Metal
- BFslag

5000 0000

Blast Furnace (BF) Desulphurization in Torpedo

O
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Case Study — 3 «Usage of an Alternative Agent in Desulphurization Process» QERD€M'R>

Trisodium Hexafluoroaluminate (Na,AlF): Replacement of CaF, for steelmaking as a slag conditioner.

Substance Name Conc{c‘e; ;‘]a tion Hot Metal Composition [w%]
Trisodium Hexafluoroaluminate 75.00 Carbon 4.35 Phosphorus 0.09
Aluminium-Fluoride < 15.00 Manganese 0.25 Sulphur 0.11
Aluminium Oxide 10.00 - 25.00 Silicon 0.35 Titanium 0.02

FactSage — Reactans / Equilib [1390 °C]:

CaF,
100 t Hot Metal + 0.800 t (BF + Kish Slag) + <0.85A>tCa0O + <0.15A>t or + <0.10A>t Mg

NaAlF,

O
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Case Study — 3 «Usage of an Alternative Agent in Desulphurization Process»

. .
G e Equi 0 - x Sulphide Capacity (LogCs) of DeS Slag
File Units Parameters Help
D& | TIC) P(atm) Energyld) Mass(g) Vol(ire) mq, &% ctsage
Reactants (6)
[qram] 37.24 [&ker Florit SM]  + 0 [Altermatif Florur] . 8 [Altematif Flont YF Curufl  + <0.154> [Alematif Flor K| _1
4 13
Products
Compound species Solution species Custom Solutions
— Full Name 0 fixed activities
F l# ideal solu
H H 0 activity cc
FTOxid-SLAG? <?Slag-Lig> z -1,5
T+ poTe sone T Pseudonyms
* - custom selection apply [ List ..
species: 469 —I
™ include molar volumes
Target T P [ parzequilibium & Gmin _edit _2
e [o00 weEEEEE 8 I ekl Total Species [max 3000] 504
Eatiai=TI) K gresiey Select | | IotalSohutions maxdn) 2
Massig) |0 sobens Total Phases (mas 1500 318
y 5 |
Final Conditions | fGoiected: 16/20 Warring "7 denoles that this solution i n 51 = [ -6 T pagel
_01 - Page 51/51 : T(C)= 1390, Platm) = 1. Alpha = 1.5 [min =0 at p. 1; max = 1.5 4 (7, -2,5
W el + | Code | Species [ Data Phase [T|¥] Wt % | Minimum | Maximum ( )
+ 3 i MgD[SLAG?) FToxid | FToxid-SLAG? 1542 1542 9.715
+ 844 FeO(SLAGT) FToxid | FToxid-SLAG? 3.0030E-04 3.0030E-04 1.8550E-02 OD
+ 845 MnO(SLAG?) FToxid | FToxid-SLAG? 4,8405E-05 4.8405E-05 0.1393 o
+ 846 Na20[SLAG?) FToxid  FToxidSLAG? ]
+  B47  SID2(SLAGY) FToxid | FToxid-SLAG? 25.56 25.40 33.02 -3
+ 848 TID2(SLAG?) FToxid | FToxid-SLAG? 2.0836E-04 2.0836E-04 1.2126E-02
+ 849 Ti203(SLAGY) FToxid | FToxid-SLAG? 6.4926E-05 6.4926E-05 4.9445E-02
+ 850 CaO(SLAGY) FToxid | FToxid-SLAG? 49.40 4274 43,96
+ 851 AROI(SLAGY) FToxid | FToxid-SLAG? 08125 0.8125 4.606
+ 852 MgSISLAGY) FToxid | FToxid-SLAG? 05301 0.5301 2.063
+ 853 CaS(SLAG?) FToxid | FToxidSLAG? 17.39 6.215 1753 3.5
854 FeSSLAG?) FToxid  FToxidSLAG? *»
+ 855 NaS(SLAG?) FToxid | FToxidSLAG?
856 MnS(SLAG?) FToxid  FToxid SLAG?
+ 857 Fe203(SLAG?Y) FToxid | FToxid SLAG? 1.6411E-07 1.6411E-07 3.9386E-06 —
858 MgCO3(SLAGY) FToxid  FToxidSLAG? N a 3AI F6
+ 839 NaF(SLAG?) FToxid | FToxidSLAG?
+ 860  CaF2(SLAG?) FToxid  FToxid-SLAG? 4540 1] 4540 -4
+ 861 MoF2(SLAG?) FToxid  FToxidSLAG? 01573 0 04595 — CaF2
862  Na3[PD4)(SLAG?) FToxid  FTowdSLAG?
863 Ca3[PO4J2(SLAG?) FToxid  FTowdSLAG?
864  Mg3(PO4J2(SLAG?) FToxid  FTowdSLAG?
865 Fe3(PD4)2(SLAG?Y) FToxid  FTowdSLAG?
866 Na2CD3[SLAG?) FToxid  FTowdSLAG? -4 5
»

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

<A> [t]
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Case Study — 4 «Estimation of Carry Over Slag Amount in Tapping Process» ( snnsmm>

Slag Detection System

BOF Process Tapping LF Process

( ) —\...[./—

I - Laddle Additions I
(Deoxidizers, Fluxes, Alloys, etc.)

Steel Sample - Carry Over Slag Steel Sample
[BOF END] [LF INITIAL]
[Al]: 0% [Al]: ?%

O
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Case Study — 4 «Estimation of Carry Over Slag Amount in Tapping Process»

«Equilib» Inputs Data «Equilib» Results Data
. LF STEEL CHEMICAL COMPOSITIONS [°4
- BOF End Process Liquid Steel 120t (mgm> s o Lz | o [ oe] | Jlem
(4 : 0,030% e e
* [Mn] :0,090% o oo ——pom) | ERDOL GRADE STEEL
* [Pl :0,012% = ror oo o | LF Process Heat Report
- [S] :0,012%... o ookt —— o
« [0] : 700-900 ppm v e Ll |  Steel sample Chemical
* [A] :0,000% I E R e Compositions
- TapplngAddltlons 0 &m B
FeMn (Alloying) 160 kg
* Coke (Pre-deoxiding) 20 kg GﬁctSage - Ladle Furnace Initial Steel Sample
« Al (Deoxidizer) 160 kg - [c]
* LDSF (Slag modifing) 180 kg e [Mn]
* [P]
- Carry Over Slag <A>Kg [+ © I8l :
. (FeO) : 20,0% * [Al] X% <
- (5i02) :15,1%
«  (MnO) : 3,10%
«  (Ca0) : 55,1%...

O
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Case Study — 4 «Estimation of Carry Over Slag Amount in Tapping Process»

G Results - Equilib A=0.59 (page 60/101)
Qutput Edit Show Pages

Dl=| BlE [

A=05| A=051| A=052| A=053| A=054] A=0.55| A=0.56| A=0.57| A=05

TIC) Plbar) Energy(J] Mass{g) Yolllitre)

A:O.G] A=061| A=062| A=0.63| A=0.64| A=0.65| A=0.66| A=0.67| A=0.68| A=0.69| A=0.7]

+ 120.14 gram LIQUID$#1
(120.14 gram, 2.1567 mol)
(1600 C, 1 baz,
wo.% Fe
2155E-02 wt.% C

a=1.0000)

wt.% Al

wt.% N
wo.% P
wt.% S

System component
n
Cu

FSstel
FSstel
FSstel
FSstel
FSstel

<A>: 590 kg Carry Over Slag

FSstel
FSstel
FSstel
FSstel
FSstel
FSstel
FSstel
FSstel
FSstel
FSatel
FSstel
FSstel)

[LF Initial]: [Al]: 0,0109%

0.1000 [ , , , , , , , , , -
0.0950 [ 3
0.0850 | 3
0.0800 [ 3
0.0750 3
0.0700 f 3

= 0.0650 | 3

E 0.0600 £ 3

L 0.0550 F 3

£ 0.0500 [ E

< 00450 | 3

§ 0.0400 | —

00350 3
0.0300 | 3
0.0250 £
0.0200 F 3
0.0150 | 3
0.0050 f Qs —

ok , , , , , , , , , ]
0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

<A> Carry Over Slag Amount [t]

Validation trials will be performed with Heraeus «Slag Probe — Delta Dist L» slag thickness and freeboard measurement system.

8.07.2016
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Other Activities with FactSage

Fe-Si Phase Diagram with Different [Al] Contents Formation of Inclusions During Calcium Treatment

WZ(g/g) =0.000040, Z=(S+Si+vAitMr+CrN+Fej, 1 atm

e

. Deneme Dékiimler
$-Si-Al-Mn-C-N-Fe
§/Z (grg) = 0.000040, AVZ (g/g) = 0.01, Mn/Z (g/g) = 0.002, C/Z (g/g) so.uchctsage.. Deneme Olmayan Dokiimler ctSage
TaETs) T

ion of FS4ZK it Stoel
1401 Element | w¥% F 98 kg] CaSi tel f—
b [144 kg] CaSi tel
i 3.000 3 144 kg] CaSi tel
Mn 0.200
1300
c 0.010
s 0.004 F CasE) - | CaS(s)
N 0.004
1206 7 - E
g =
g cas(s
o & -aS(s)
%Al In Compesitlon (n) 2 B
=
— 50,3 Al -
oo ar + 865 2
1aos | — 90,6 Al
——%1,0 Al
00
Fcas
Cast
%3.0 81
oos ca
SIS TSI AMItCN+Fe) ()
o 20 40 60 80 160 180 200

Casi tel llavesi [kg]

Al,O; - SiO, — CaO Ternary System for BOF Slag Formation of CaS and CaO According to Initial [S] Content
T LFactlag'

sio,

F i f Cas d Cal A i to Initial [5] © t: t
Slag Compositions (%] ormation o asS(s) an a0(s) According to Initial [§] Conten &ctsage

Al203 Co0Q 5i02 200 T
W s 52 a4 8] = 100 ppm
A 28 52 a CaOls]
@® 30 52 4
& 332 52 a
150
25 56 4 S] =60 ppm
(L
A 28 56 a =
® 30 56 a =
@ 2 s a 5
Liquid Slag 2 00 |
s
=
H
L] |S] = 30 ppm
s0
E ; Casls] 15] = 10 ppm
e SE o ) /
CaO o /r : = oo o o o Af203 a o.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 o0.080 0.100
mass fraction
Liquid + CaO (s) Addition of CaSi [kg] to 100 t steel
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GTT-TECHNOLOGIES

GﬁctSage G)'

Thank You For Your Attention.

o Eregli Iron and Steel Works, Co.
ERD&”'R (Erdemir)
R&D Center

Istanbul Technical University
Metallurgical and Materials
Enginnering Dept.
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