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Capillary Refining
by Porous CaO with
Molten Slag
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Laboratory on Surface Science in Metallurgy

‘Surface of materials :

Div. Materials &

High reactivity,

) Manufacturing
Adsorption, Science,
Wetting ] Osaka University,
\_ Surface tension etc. /

Application of the above properties
to development of materials,
materials processing, recycling etc.

Porous materials
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Dephosphorization

Solid CaO Fqu

and
w,thout C2a Fz Desulfurization
Highly Efficient
Usage

of Solid Ca0O - - -

“Efficient “means :

(1) More rapid transfer of P or S
than diffusion in solid CaO
Jumps / particle / powder ,

(2) Even inside of solid CaO0 Should be used for reaction.

It is difficult to recycle slag containing unreacted CaO.

=) The reduction of the total amount of slag generation.
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=4 Depi;osphorization |

Solid CaO Flux and

Desulfurization

e ——

without CaF, (

Highly Efficient /((Q\r—
Usage o
of Solid CaO

P y s

Capillary tubes -~ “&:i::

(Pores between Solid CaO
CaO grains etc.) Powders,lumps

CaCo,
—(Ca0 +CO,

. New Refining Procedure
using Capillary in Solid CaO
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Caplllar 'y Penetration

N e e.g. Absorp‘hon of Wa1'er'
in "Tissue paper”

Capillary Peneftration o
O

Spontaneously °  Solid Phase

(without Energy) ) )

Good-Wetting Poor-Wetting
‘ Capillary
Tub
To remove Impurities from - [ e N

Liquid into Solid phase

I ) “Capillary Refining” - impurities *

Liquid Phase
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“Capillary Refining” for De-P & De-S in Lig. Fe

Capillary
Tubes

Porous / /
Ca0O |/

Diffusion in solid
is very slow,

with P,O
\\\& CasS )

Pene'rr'afionv of
P g P {V\ol‘ren §Iag
into Solid CaO

Liquid Fe @~ S
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“Capillary Refining”

dz
“Caplllary Reflnlng” |

2. How to
prepare
Molilten
Slag ??

Porous CaO

Porous CaoO

Liquid Fe
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Outline :

& L

[1]. How fo make porous solid CaO

[2]. Examples of Capillary Refining
for Desulfurization of Liquid Fe

[3]. How to prepare Molten Slag
at the interface
between Solid CaO and Liquid Fe
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Porous Solid aO

[1]

Hard-burning of

1. How to CaC0,at 1200°C
prepare i

Porous

3 Soft-burning of
pm
— | CaCO;at900°C

| From mixture of
CaCOjt+chloride
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[1]. How to make porous solid CaO

» [2]. Examples of Capillary Refining
for Desulfurization of Liquid Fe

[3]. How to prepare Molten Slag
at the interface
between Solid CaO and Liquid Fe
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[2] “Capillary Refining” for De-S in Liq. Fe

Ca0O-Al O, SiO. CaO0-Sio,
1800 _ ... - 2 'Mgo
1700 Y [ T Molt +35£A’203
I ! olten
£ T Slag
o 1600 - e ——
2
£ 1500 Ca.AlO
é above % °
© 1400 o o
" 13?1'0 1540C 1450°C
1300 I | I- | I ) AYi
0 10 20 30 40 50 60 70 80 90 100 Cao 10 20 MgO
CaO ALO, mass% Al;0; mass%
Molten slag must be equilibrated with pure solid CaO phase.
Porous CaO - lcm CaO after
" —— penetration of slag
| 5 1 j[ Penetration
Observation - Surface of
Liq.Fe V™ molten siag
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“Capillary Refining?” for De-S in Liq. Fe

Porous CaO Cao after
— penetration of slag
Molten .
Si0,-Ca0-MgO i
-35%Al,0,; Slag | Obsorvatiss | }Pene'rra-rion
1450°C ___L_! || surfaceof

\ | molten siag

R N N
Penetration of B miicreamn

S exists

Molten Slag e at forefront
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De-S by CaO with molten CaO-Al,O; slag

A

1800
1700 |
4]
Porous CaO ® 1600
=
Molten , B 1500
CaO-AI203 l — é
Slag o 21400 |
1600°C oo b L 1L
0 10 20 30 40 50 60 70 80 90 100

Ca0 ALO, mass Al2O3
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[1]. How fo make porous solid CaO

[2]. Examples of Capillary Refining
for Desulfurization of Liquid Fe

Not good for
industrial extension —
Slag

» [3]. How to prepare Molten Slag
at the interface
between Solid CaO and Liquid Fe
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De-S by Immersion of Porous

y CaO0 coated with Al,O;

1800
R0 1700
Ar gas "
ﬁ o 1600
2
§1m -
£
CaO —— = MO0 f
13:[) A A 1 A A A A A i
@) 0O 10 20 30 40 50 60 70 80 90 100
0 Ca0 ALO, massth ALO,
Ol D
O O 4> -
O O Al.O @ 2y s Porous M
O O 23 Formation of Cao
O O powder Molten Slag
Layer \
* Fe-Csat-0.1mass%S$S |
*1600C 2
* for 30min S '\ °Ss
* Ar o
Ar gas lig.Fe S s
Al,O; crucible
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Cao

Slag{
Liq.
Fe

r.'!r ___<
16

f‘> Formation of |___

<=Surface of

Solid Ca0O coated with Al,O; powder

Dynamic

Molten Slag
Layer
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Penetration

molten slag

Observation
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De-S by Porous CaO
WIth AIZO3 powder

Ccao } Penetration

<=Surface of
molten slag

Stag| P
Observati :
on \ i
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[

Penetratlon of I\/Iolten Slag & Sulfur |nS|de CaO

' 17 Second International Slag Valorisation Symposium | Toshihiro Tanaka & Masanori Suzuki 28/04/2011



[1]. How to make porous solid CaO

2]. Examples of Capillary Refining
for Desulfurization of Liquid Fe

[3]. How to prepare Molten Slag

at the interface
between Solid CaO and Liquid Fe

Thin Molten Slag Layer might be enough ???

» How to make Thin Molten Slag Layer
between Solid CaO and Liquid Fe
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De-S by Immersion of Porous
Ca0 in liquid Fe containing Al

Ar gas B B
q—.:m B
Porous X
Ca0
Ca0 _.ﬂ E:>
|
Liq. S N S~
3 O [Dynamic S aus s
Induction < | T 1|0 | Formation of Al Al
f:r::c?ng O | Molten Slag Algoijl .
- O |Layer crucible
o Fe-Al 3 y
O O
* Fe-Csat-0.05Smass% Al-0.1mass% S
*1600°C
y * for 30min
*}kl'
Ar gas

=2 i I e — —
19 Second International Slag Valorisation Symposium | Toshihiro Tanaka & Masanori Suzuki 128/04/2011



Ccao

Slag{
Liq.
Fe

De-S by Immersion of Porous
Cao in liquid Fe conftaining Al
4 A

Tl

Molten Slag
- Thin Layer
/ :about 300 micron

on
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De-S by Immersion of Porous
Cao in liquid Fe conftaining Al
o7 ' . '\

Thin Layer
:about 300

Cao Penetration micron

<=Surface of
molten slag &2

Observati /

on

Slag{
Liqg.
Fe

100pm

Penetration of Molten Slag & Sulfur inside CaO
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“Capillary Refining”

Porous Solid CaO o Thin Jayer of Molten Silag

é;; Liguid Fe

= S

.
-
:3'
gﬁ,. ~
CaSg

4 Dense\
Ca0o

A I - P

1 : Ao — 1: High Basicity
— T . Formation
= 1
=
= = )
= E [QGS] in Slag (CaQ) 0.
= wm [ -"f'DS:lin Fe
oS
= o
E L S inCas AL 12 Fe
= N
= = " i Gradient of
E = .ﬂ : Z i Chemical Potential of Sulfur

= ' :
5 % AS i STag(Ca?) . ¢an be kept.

"
!
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““Green Metallurgy “
for Sustainable Resource Circulation

/ /&:apillary

Capillary
Tubes

Porous
Slag

Penetration of
Molten Silag

Into Solid Ca0O used for filter, |

4 1 °
insulator erc.
gE— interface / \ ‘ /
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“Capillary Refining” for Dephosphorization

in Hot Metals

e Oxygen
Oxidation liq.Fe $“
 — FeO+P,0; }
a Molten Slag fb [ ] 1 - o l
/~— Penetration into |\ o L] LLI
Iv.‘ T < ,‘_CaO . !
*__ Inner wall of CaO/| © Il ®, Crucible,*
- | e grap%ilte
O | YA 777V O Clrucible
0 A Liquid Fe-P
o) C saturated
Alloy




“Capillary
Refining” for Penetration

Dephosphorization region of _
Molten Slag Solid
% Cao
Oxygen Molten Slag
{} Solid
FeO
Base
Slag
lolten m FOFEIEORt of -+
iag Peneraton } 20pm
About
Tmm P2 05

q.Fe




Coexisting
with Pure solid CaO

'—

Keep activity of CaO

to be unity. with De-P chemical reaction
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o
Fe,O,or Al,O; © s )

Blowing Gas
(0, Ar)
S0  with

42 Composite CaO

Composite of Porous CaO
coated with FeOyx or Al,O,




Calculation of
Penetration Flow Rate

/Lz{’u(z ).t }1!2

‘-’;Q

L ‘Penetration Distance
at time t _
r-Radius of Capillary Solid
o & n-Surface Tension 1 r
& Viscosity il ¢

of Molten Slag

< N o/n=10
‘© r=1X10"°m
g 002 __ Molten Slag
0.015 o/n=>5
0
S 001l Diffusion in solid is slow.
g ym=1
5 0.005
o
O 2036 %0

Time /sec | of Liquid — High Capillary Flow Rate




“Capillary Refining”

Porous CaO : ;
*Slow Dense Solid CaO *Rapid
Diffusion™— | ’ | ’ I ’ penetration
M y " N Slagi N
*Reaction / 7 / \ / "s NV 7 N \ *Good
products P ¢ P|P P ¢ P \ P Wettability
stop s s - *Continuous
reactions. | LiquidFe Liquid Fe . reactions
Doise , Porous
B Cao
Cao
4
5
Liq.Fe
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