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Reoxidation and inclusion modification in the tundish

MgO - Ca0 - AlL.O,
1550°C, 1 atm Lactiag

Mg

_ The target of
./ Ca treatment

ASlag-ligh AMonoxide + AMoRo

(L]
‘‘‘‘‘

- " - ‘ )
Cao L] oS 0 05 e, 05 R -:-.3\ 0z .1

."- ws® H . N D:-
mass fFachon  ASlag-lio + Casl O sy

I thtSage‘”

¥ McGill CRCT "

ontreal
2013



Ex4-1. Reoxidation and inclusion modification in the tundish

At 1550°C
Al killed steel

MgIO based refractory

Reoxidation: assuming mainly
due to SiO2 based slag

Ca treatment: liquid slag
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Ex4-1. Reoxidation and inclusion modification in the tundish

Al I|<iIIed steel
v

Fe+100ppm O

F Menu - Equilib: comments

+7Mg

File Units Parameters Help
\ Ol = E TIC] Platm] Energyl)] kMass(g) Yolllitre] T" B ]@’
,I\ Reactants [3]
1
! [ igram)99.9 Fe  + 001 0 + Mgl |
MgO based refractory
Products
Compound zpecies Solution species Cuztom Solutions
W gas & C 0 = | + | Base-Phase | Full Hame
| ] 1] + FTmisc-FelQ Fe-lig
[ pure liquids 0 | FToxid-SLAGS ASlagliq all oxides + S
[+ pure solids 4 + FT awid-SPINA ASpinel
™ + | FTosid-MeD_A AMonoside BT
species: 4 apply [ List ...
[ include molar volumes
Total Species [max 1500] 29
Target L d -
I-Eilg'lner:iscible 1 W Show ™ al  zelected Tatal Salutions [max 40 5
+-gelected 3 T
ZpECiEs; 25
solutions: 5 %
Drefault
Final Conditions E quilibrium
| 10 P = ||PoduetHY) ~| | @ nomal
[ [ 1550 1 [ ?
r Calculate >>
FactSage B.3 C:AFactSagehEquiE «4-1(a). DAT
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Ex4-1. Reoxidation and inclusion modification in the tundish

F Resulis - Equilib 1550 C N=1E3
Output  Edit
0| = Kl T(C) Platm] Energpl)] Mass(g] Vollire] m |3|_1E.f
| FactSage 5.3 L . .
(gramt 59,5 Te + 0.01 0 + M0 = Only save liquid Fe
99.gas —"ar—a}:_F-e_—Ii—q ——————————— ’,4'7 f'l f
= S~-< -
bt et as stream file for next step
| B {1550 C, 1 atm, a=1.0000} Y -7
s {99994 wt.% Fe Flmisc > -~ .
+ E.O0S0E-03 we_% 0 FTuise =7
+ 1.0263E-06 wt.% My FTmisc !
+ E.3290E-04 wt_ % Mgl FTuisc)
\\ ,/
S System component Mole fraction Mass fraction ///
"y~ Fe 0.99381 0.99994 -7
Seel_ My 7. 4064E-06 3.2238E-06 -7
Tte--l__ o ___ 1. 8z06R-04 E_Z165E-05- "~
+1.021%° 7" gram  AMonoxide Tt~
~-711.021% gram, #.5110E-0Z mol) .o
A {1650 C, 1 atm, a=1.0000) NN
.7 { z.1584 we. s Fel FToxid
¢ 6 54998-03 vo s Toz0a Proxia I\/IgO based
+ 97.808 e % Hg0< _________________________ P IT = e m m I
\ 7 f
4
N System componemnt Mole fraction Mass fraction e re ractory
N Fe 6.Z1E7E-03 1.70E3E-02 -7
d
S~ My 0.49378 0.58980 -7
T--__0 0.50000 0.39314 T
+ 0 gramw ASlag-ligfl ~~ """~ """" 7777
{1650 ©, 1 atm, a=6.5420E-02) -
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Ex4-1. Reoxidation and inclusion

modification in the tundish

Al killed steel

+ 600ppm Al

+? inclusion

F Menu - Equilib:

File Units Parameters Help
W=a
Reactantz [/]
Products
Caompound species
|— (= T i
[ 1]
[ pure liquids 0
[+ pure salids 10
~ _apply |
Ipecies; 10
Target

Final Conditions

T[C] Platm] Energy(]] Mass(g] Volllitre]

[ [gram)100% [Exd-1ja)] + 0.06 Al |

Salution species

FToxid-CORL

Legend
| - immiscible 3
+ - zelected 2

= | + | Baze-Phase | Full Hame
+ FTmisc-FelQ Fe-lig
| FToxid-5LAGA ASlag-ig all oxides + 5
| FToxid-SPINA ASpinel
+ | FToxid-MeD_a Abonoxide
|

t 203 Corundum]

v Show ™ all  selected

SPECIES: B3
zolutiohs: a E

TIC) | Patm)

e

FactSage B.3

|1550 |1

j | Praduct HEJ) j &+ pomal
| T

1 calculation

AEES
=@

Cusztom Solutions

e

Fzeudonyms

apply [ List ...

[ include molar volumes

Total Species [ma= 1500] 73

Total Solutions [mas 40 g

D efault

Equilibrium

Calculate »>

I thtSage‘”
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Ex4-1. Reoxidation and inclusion modification in the tundish

F Besults - Equilib 1550 C

Qutput  Edit

|| RS m

TIC] Platm] Energpl)] Maszz(g] “Yolllire]

(gram) 100% [Ex4-1l{a)] + 0.0 Al =
Q99_938 gram Fe-1lig
(99.938 graw, 1.7906 mol)
{lEED C, 1 atm, a=1.0000;
[ 959_545 wt_% Fe
+ 5_440ZE-0F wt.% Al
+ 9_E917E-05 wt. % O
+ 2.62Z6E-0% wit.% Mg
+ 2_E691E-05 w. % Mgl
+ 3_7605E-04 w_ % Al0
+ 7_GE3EE-05 wt.% AlED
Bystem Component Mole fraction Mass fraction
Fe 0.9928: 0.99945
Al 1.1Z14E-03 L.4537E-04
My 4.1523E-07 l.811E5E-07
o __ 5.15930E-06 E.62E3E-08
| _+-7.8284E-03 gram M203{Corundum) 1 IR
,f” {7.8Z84E-03 gram, 7.&772E-0f mol) \\\\
/’ {1880 C, 1 atm, a=1_0000) ‘\
[ i 10000 wt.% A1Z03 .
\ + 7_82Z6TE-06 wt. % Fez03 K
N 4
\\ Bystem Component Mole fraction Mass f:;acﬁ;i.nn
Tt Fe 1.9989E-08 _ 5474ZE-08
TR ____p;ﬁﬂnzmr—"” 0.5zZ9z5
0 roooTTe 0.&e0000 0.47075

Alumina inclusion cause nozzle
clogging

F Besults - Equilib 1550 C

Qutput  Edit
D= B @ TIC] Platm] E
+ 2.?60?E7ﬂ§ gram ASpinelfl \\
{z.7607E-03 gram, 1.9721E-05 mol) N
// {1EE0 C, 1 atm, a=l.DDDD?\
J { 9.2Z977E-0% wt.§ Fel04 |
/ + 1.1E33E-09 wt.% Fel04[1l-] \
h + 1.1Z07E-1% wt.% FedO4[l+] \
/ + 9.E5521E-06 wt.% FelO4[E-] Y
/ + F.9227E-07 wt.% FelO4[E5-] \
f + 3.2E43E-03 wt.% FelO4[6-] \
! + 6.4FZ0E-0Z wt.% FelldlZOd |
i + 50.356 wo. % A1S04[14] |
! + 7.87E0E-0% wt.% Al1Fef04[1-] |
\ + z.3220 wt.% Al104[5-] H
\ + 7.7410E-06 wt.% FeldlZ0d4[1+] !
\ + 7.6E524E-06 wt.% AL1lFef0d4[1+] A
\ + F4_E7E wt. % MglhlZzod ‘
\\ + &.5010 wh. % Al1Mar04([1-] ,/
\ + 4.4735 wt. % Mga04[2-] )
' + 1.E8l8 wt_% Mglod[s-] )/
AN + E.Z575E-06 wt.% MglFeZ04 )/
\_ + 1.0057E-06 wt.% FelMgz04[¥-]
“\4 B.32436E-032 wt.% FelMgzoafz-]
+°E.452Z0E-03 wt.$ MglFezl4(z-)

Formation of spinel phase

Save all phases as stream file for next step
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Ex4-1. Reoxidation and inclusion modification in the tundish

Ca treatment: liquid slag

+ <100ppm Ca

+ ? Inclusion
+ ? Slag

F Menu - Equilib: Ca treatment

File Units Parameters Help
0|2 =

Reactants [2]

TIC] Platm) Energyl)] Mass(g) Yalllitre)

msm =

[ [gram)100% [Exa-1b)]  + <&> Ca |

Products
Compound species Solution species Custom Salutions
W e 5 o 0 * | + | BasePhase | Full Name -
[~ 1] + FTmisc-FelQ Fe-lig
[ pure liquids 0 | FTomid-SLAGA, ASlag-ig all oxides + 5
[+ pure solids 21 | FTawid-SPIM2, ASpinel _‘
[ | FTowid-Med_A A onoside Paeud
s FToxidCAFE Cal&lFe12013 e C'lT’m _
species: 21 +  FToxid-CAF3 Caf#lFe)5010 apply L
* Fletb L Cel-Llae ity I include molar volumes
| FTaxid-CAF1 CalalLFe)204 j )
e Legend Total Species [max 15001 108
I-i?nmiscible 5 ¥ Show (e al  zelected Tatal Salutions [max 40 16
+-zelected B I
SPECIEs; a7
zolutions: 16 %
Drefault
Final Conditions E quilibrium
| <> I | TIC] ||F'[atm] v ||Poduct Hl ~|  ® nomal  ©C nomnal + ransitions
0001 00001 | 1550 1 [ ? W7 27 G
|_ 107 calculations oREn Calculate »»
FactSage B.3 C:AFactS agehEquiExd-1[c]. DAT
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Ex4-1. Reoxidation and inclusion modification in the tundish

100% [Ex4-1(b)] + <A> Ca

= =
[ R
— —
L 4
T T
=
B
1

S LATART 7]

=
=
—
[
T
1

| CaZMo2al28046()
nolo b .

=

=

=

=]
T

S LATEART 7]

SI0.007 (o g

e ) AT

e Ak
r

| L L L
0.004 0.006 0.0o08 0.010
Alpha
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Ex4-1. Reoxidation and inclusion modification in the tundish

Reoxidation: assuming mainly
due to SiO2 based slag

N,
+ <100ppm SiO2

F Menu - Equilib: Beoxidation

File Units Parameters Help
Ol i TIC) Platm] Enerayl] Massia) Yollitre] M S| %
+ ? Inclusion Reactants (2]
+ ? Slag [ [gram) 100% [Exd1(c]] ¢ <b» Si02 |
Products
Compound species Solution species Cusztarn Solutions
[ g o 0 = | +| BasePhase | Full Hame -
] 0 + FTmizc-Feld Fe-lig
[ pure liquids 1] | FToxid-SLAGA A5lag-iq all oxides + 5
[+ pure zolids E3 I FTaxid-SPIM, ASpinel _|
F | FTDHlFI-MeD_.ﬁ. .-'-‘«.Munumde et
| FT owid-cPyrd, ALlinopyroxens - :
IpECies: B9 + FT awid-aPyr Orthopyroxens apply List .
oz FTDHIF'-F'P'I'”A .&F‘ru:ut.u:upyn:u:-cene [ include malar volumes
+ FTosid-LcPy LowClinopyroxene ¥ .

Teged Legend Total Species [max 1500] 357
I-i?nmiscible a W Show® &l ™ elected Total Solutions [max 40] 31
+-zelected 15 :

species 288
zolutions: K| %
Final Conditions E quilibrium
<y | TIC] ||F'[atm] ﬂlF‘mductH[J] j ¢ nomal € nomal + tansitions
00,005 0.0001 | 1550 1 | { tansitions only
— : " open
51 calculations Calculate >3
FactSage 6.3 C:AFactSagesEquiE =d-1[d).DaT
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Ex4-1. Reoxidation and inclusion modification in the tundish

100% [Ex4-1(c)] + <A> Si02

0.020 ; T ; T ; T ; T

008 =

0.6 | .

0.014 .

0012

CaAl407

aln

=0.010

a

0.008

0.006 |

0.004

0.002

0.000 : : . .
0.000 0.002 0.004 0.006 0.0o08 0.010
Alpha
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Ex4-1. Reoxidation and inclusion modification in the tundish

MQD - CaD - AIEDE F Figure Zoom
155{}-.'.: 1 am Clasa

[v Bull's eye

Slag composition after Ca
treatment (30 ppm Ca)

+ 1.2284E-07 gram ASlag-licgfl
(1.2284E-07 gram, 1.5945E-04 mal)
(1550 C, 1 atm, a=1.0000)

[ G3.3ER wh_o% AlZ03
+ 33,3268 wt_% Cal
+ &£.3444E-03 wt.% Fel
+ 3.9494E-0F5 wt_% Fez03
+ 2.E368 we_% Mgl

-

CHD k) (k-] [l ()= 0= ‘\\\?.-I- ':l.})'\ .l:l_ [N ] N D
masas fraction ~Aalag-lig + CaAl O (s 7272
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Ex4-2. Reoxidation of Al killed Ti bearing steel

FactSage 6.3

G RS =
Databases - 3737 compound databases. 2738 solution databases
$act SGTE —‘wmmunds only Miscellaneous
FactPS [J FScopp [ BINS solutions anly O esip O coN1  [J CONZ2
FToxid [] FSlead [J] SGPS no databy™ - = 7
ClFrsan O rsiee [ SGTE L e ————r
FTmisc [ FSstel  [J SGnobl Clear 4 — _ '
O FThal  [J FSnobl  []SGsold oot Eile Units Parameters Help
[ FToxcN O FSupsi | O 5Gnucl Sic - .
O] FTéitz O = E TIC] Platm) Energyll] Mass(g) Yolllire) "T B 73
] FThelg afh Add/Remoy —u—‘
O FTpulp [ ELEM er Reactants [B)
O Friite  [J FTdeme [ TDnuct _PefreshDatg
Information - | [gram] 98.9475 Fe + 07 Mn + 003A + 025 + 000250 + OOSM + 0005C + 01 Ti |
Products
Compound zpecies Solution species Custarm Solutions
[+ gaz (% ideal ¢ real G = | + | Base-Phase | Full Mame ﬂ 0 fired activities
Options [0 aqueous 0 FTosicILME? Timenite D lfeslealio
e eous o (o) [ pure liquids 0 + | FTowidPSEU Pseudobrookite S A |
Default O ﬂqueous SDBCES * [+ pure zolids 123 + FTawid-TiSp Titania_Spinel
[ limited data compounds (26C) ¥ suppress duplicates apply + FT::::-:i.u:I-T.Spi Tetragnna.I-Sp.ineI P
* - customn selechion + FTowmid-Bixb k20 3B ixbyite] :
species: 179 +  FlosidBrau Mn75i012 G
—_— + FToxid-Rhod Rhodanite .
- . [ include molar volumes
+ FTowid-4l5p Al-zpinel il )
Total Species [max 1500] 318
Target Legend i
- none - | -immiscible 5 W Show i all © selected Total Solubions [max 40] 21
Estimate T(C); (1600 +- selected 11 species: 139
solutions: 2 %
Mass(g): |0 ’ D efault
Final Conditions E quilibrium
| @ | 1@ PEm ~|[PoductHi) <] || nomal O
| | 11600 1 | 2
IR steps T Calculate >>» |

E—

thtSage‘”
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Ex4-2. Reoxidation of Al killed Ti bearing steel

Output | Edit Show Pages

Save or Print

Plot

Equilib Results file
Stream File

Format

Fact-XML
Fact-Optimal
Fact-Function-Builder

Refresh ...

TIC] Platm] Energul)] Mass(g] Volllie]

i B')g dit Show Pages
ZlE @

Fe lCOLE

Recycle all streams ...
Save stream file

Stream file properties ...

Summary of streams

Directory (C:\Slag-Steel-Inclusionsl) ...

-20001

.59530E-02
-9668E-04
-7548E-04
-3327E-06
-4562E-05
-6Z11E-05
.5820E-05

I S
[ N N T =)

Fe
Mn
Ti
5i

OZOE

(1800 C,
{ 35.036
+ Z.BI14E-05
+ 4.B020E-07
+ 0.36388

Fe
Mn
Ti

System component

WE.
wE
.% Tizoz

Wt

System component

R R

5i
Ti
210
Ti0
5i0
MnO
R1ZO
Tizo

Mole fraction Mass fraction

0.98635 0.58951

7.0531E-03 7.0003E-03
1.16Z7E-03 5.9573E-04
3.9642E-03 2.0001E-03
5.76Z4E-04 2.7930E-04
2.2453E-05 £.4552E-0%
5.9617E-04 1.5001E-04
2.3175E-04 5.0002E-05

+ 3.9506E-03 gram MZO3{Corundum)$l
(3.55062-03 gram, 3.88372-05 mol)

1 atm,

Wt

a=1.0000)
& R1ZO3
& FelO2
% MnZO3

Mole fraction Mass fraction

T7.4054E-08 2_0223E-07
1.2440E-09%9 3.3421E-0%
2 _T4Z27E-03 6.4133E-03

FactPS
FactDS
FactPS)

FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc
FImisc
Flmisc)

FToxid
FToxid
FToxid
FToxid)

TIC] Platm] Energy(]] Massg] Volllitre]

E + 1.5908E-40 Fe(CO!5 FactP3
+ Z.B7ZZE-45 NzC4 FactPs
+ 3.68814E-55 Hz05 FactP3)

BE gram Fe-lig
B3% gram, 1.7363 mol)

{1800 C, 1 atm, ==1_0000)
{ 38.3551 wt.% Fe FTmisc
+ Z.7583E-0Z wt.% Rl FImisc
+ 5_0002E-03 wt_% C FTmisc
+ 0.70000 wt.% Mn FTmisc
+ 1.5001E-0Z wt.% N FImisc
+ Z2_.3406E-04 wt_% O FTmisc
+ 0.20001 wt.% 5i FTmisc
+ S5.9530E-0Z wt.% Ti FImisc
+ 4_5668E-04 wt_% R1O FTmisc
+ 5_.7546E-04 wt_% Til FTmisc
+ 3.33Z7E-0& wt.% 5i0 FImisc
+ 3.456ZE-05 wt_.% MnO FTmisc
+ 4_&Z11E-05 wt_% R1Z0 FTmisc
+ 1.98Z0E-05 wt.% TiZ0 Flmisc)
System component Mole fraction Mass fraction
Fe 0.58835 0.58551
Mn 7.0331E-03 7.0003E-03
Ti 1.1827E-03 3_.9375E-04

- 5i 3.5642E-03 2.0001E-03
21 5.78Z4E-04 Z2.7330E-04
(o] Z_2453E-05 ©_.455ZE-06
i) 5_.8817E-04 1_5001E-04
c 2.3175E-04 5.000ZE-05

+ 3_8506E-03 gram MZ203 (Corundum)fl
{3.9506E-038 gram, 3.8€37E-05 mol)

{lge00 C, 1 atm, ==1.0000)
{ 93_03¢ wt.% R1Z03 FToxid
+ 2.8514E-05 wt.% Fel2(3 FToxid
+ 4_80Z0E-07 wt.% MnZ03 FToxid
+ 0.96388 wt.% TizZ03 FToxid)

System component
Fe
Mn
Ti

Meole fracticn Mass fracticn

T.4054E-08
1.2440E-0%
2.7427E-02

2.0223E-07
3_34Z1E-0%
£.4135E-02

GactSage‘”

Ferrous Processing 14

¥ McGill CRCT

ontreal
2013



Ex4-2. Reoxidation of Al killed Ti bearing steel

Output | Edit Show Pages

TIC] Platm] Energyl)] Maszlg] Vollitre)

{7 Results - Equilib 1600 '

1M A= B

Fe 5

Recycle all streams ...
Save stream file

Stream file properties ...

Summary of streams

Directory (C:\Slag-Steel-Inclusionst) ...

Save or Print 2
Plot »
Equilib Results file r
Strearn File »
Format »
Fact-XML 2
Fact-Optirnal r
Fact-Function-Builder 2

3
Refresh ... i

-20001 Wt
-9530E-02 wt.
-966BE-04 wt.
-7546E-04 wt_
.3327E-08 wt.
-456ZE-05 wt.
-6211E-05 wt._
-9820E-05 wt.

B e s
P s O
L e e

System component
Fe
Mn
Ti
51

System component
Fe
Mn
Ti

5i
Ti
R1O
Til
Si0

R1ZO
Tizd

Mple fraction Mass fraction

0.98635 0.58551

T.0331E-03 7.0003E-03
1.1827E-03 5_5373E-04
3_8842E-03 2_0001E-03

“Recycle all streams”
« you don't have to save the stream one by one. But the resu
Its will be used only one time because it is not saved under
special stream name.
« Convenient option when you want to do one calculation

Mple fraction Mass fraction

T.4054E-08 Z2_0Z2ZZE-07
1.2440E-03 3.342Z1E-09
2_T7427E-03 5_4193E-03

FactPS
FactPES
FactPS)

FTmiac
FTmisc
FImisc
FTmiac
FTmisc

(K

- F
SRl S e
FTmiadg

FTmisd
FImiag
FTmiadg
FTmisd
FImiag
FTmiadg

FTmisd

FactSage 6.3 Compound: | 3/37 databaszes Solution: | 2/38 databaszes

File Edit Table Units DataSearch Help
0O |g~| il TIC] Platm] Energyl)] Masslg) Yollire] ml B| 1g|

1-2|

Maszs[g) Species T[C) Pltotal)™ Stream#t Data
100% [[Fic_Fe-lia] | I | [2
; [[Fo_M203iConrd | | I [ [3

[ Initial Conditions

Next >>

I GactSage‘”
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Ex4-2. Reoxidation of Al killed Ti bearing steel

. - -
P T TEEET Suwﬂ““‘

File Units Parameters Help

O 2l g TIC) Platm] Ererguld] Mass(g] Wolllire) W ™|

Reactants [3] — e —

| [gram] 100% [Re Felig) +  100% [Fec M203Comndum]]  + i<.-“-‘-.> nz | I

Products RS
Compound species Solution species C Add ItIO N Of OX en to S| mu | atlon
[+ gas & ideal " r=al 56 = | + | Base-Phase | Full Hame - [ . . yg
[ aqueous 0 + FlmscFell Fedia ' reoxidation phenomena.
[ pure liquids 0 FTmisc-BCCS b
=[] pure solels 123 FTmiscFCCS fec Real source of oxygen could be
IF IUppress duplicateg apply I FTD:’:||:|'SL.":"|G|":"| ."1".5|E|g|-|lq a" DHidES + 5 P M . M
* - cugtom selection FToxid-SLAGG 5lag-iq with CAMACH h I g h S I OZ S | d g or refra CtO rres
species: 173 FToxid-SLAG? ?Slagig Grer - =
| FT::::-c!u:I-SF'IN.-’-'-. .-’-'-.Sp!nel [ include malar vaolumes
FT owid-SPINE BSpinel | _
Target Legend Total SDEC.IES [max 1500] 318
- ohe - |- immiscible 5 W Show i all  zelected Total Solutions [max 40] 21
Estimate T[C]; |1 E00 +- selected 11 species: 139
Masz(g) ||:| solutions: 21 w Defal
Final Conditions E quilibrium
| L I B> | TIC] " Platm] le‘r.:..ju.:t H[J] j (% momal " riormal + bransitions
[oosoo0r | 11600 1 | ; transitions orily
|'IEI steps [ 51 calculstions RE Calculate 3 |

FactSage 6.3

|

thtSageT" Ferrous Processing 16 T McGill CRCT More!



Ex4-2. Reoxidation of Al killed Ti bearing steel

This calculation shows that mixed inclusion of AI2Z03(s) and liguid (AI203-TiO2-Ti2

O3) can be formed by the reoxidation of Al-killed Ti bearing steel.

- Nozzle clogging.

100% [Rc_Fe-lig] + 100% [Rc_M203(Corundum)] + <A> O2

C:\Slag-Steel-inclusions\Equi0.res 255ep12

0.20 - T - T - T

© 0.10 |

e

+ 0.12253 gram ASlag-lig#1l
(0.12253 gram, 1.1558E-03 mol)

(1600 C, 1 atm, a=1.0000)
(33379  wt.% Al203

+ 0.17724  wt.% SiO2

+ 0.83830 wt.% FeO

+ 1.1051E-03 wt.% Fe203

+ 19943  wt% MnO

+ 40135  wt% Ti203

+ 23475  wt% TiO2

+ 1.0928E-03 wt.% Mn203

0.00 0.01 0.02 0.03
Alpha

FToxid
FToxid
FToxid

FToxid
FToxid
FToxid
FToxid
FToxid)

thtSageT" Ferrous Processing 17
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