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Table. Periodic table.
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EERITHR (&t 76.17 %) ERTH (8t 23.07 %)
160 BEFR 49.50 %
260 A% 25.80 %

3L FILE=HL 756 %
A £ 4.70 %
561 HILTIL 3.39 %
66 FHRUDL 2.63 %
76 HIHL 2.40 %
8L <IUARIIL 193 %

Ofif /K& 0.87 %

106 F3 0.46 %

114 8% 0.19 %

1260 IAHY 0.09 %
(13fiL P=0.08, 1443 C = 0.08, 1542 S = 0.06, 16{3iZ N = 0.03, 174iL F=0.03- - )
10ITTH 9924 % £705. M MERF TRANSZHRN—ES() !
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Ellingham Diagram? | ‘3#ft/B7o
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In BF

* Iron ore reduction with
minimum consumptions of
natural resources and energy

* Slag formation

 Carburization

in LD

 Refining
 Heating of melt
« 2" refining

* Solidification

EITLFEDEE T TCEF
|

1,900
1,800 ¢

Oy

1,700
1,600
1,500

1,400 2

- 5[).?55?3 A: 1,000K —K

----- R ER

Mol a+Fel T

600 —
=
500

-----------------------------------------

400

300

0 05 10 15 20 25 30 35 40 45 50
C (mass %)

Fig. Phase diagram in Fe-C system.



= FET JL (Blast furnace modeling)

WBEAFEIZEY ., A EEXRFETHELTE-EFETIL
DFEREaVETH

1. One-dimensional steady-state model
called Muchi’s model (1966-1970)

2. Layered structure model (1975)

Wik

3. Detailed formulation of transport and
rate processes (1975-1988)

4. Two-dimensional model (1980-1991)

S. Divided region model for the lower part
of blast furnace (2000)
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Fig. One-dimensional steady-state mathematical model of

blast furnace (E

AFT, J\K. # (1966)) 3.
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|:> Theoretical bases to understand mixed burden model and non-
uniform inner features of blast furnaces dissected in 1970s

Fig. Typi

ical computed results by the layered structure model

of blast furnace (Kuwabara and Muchi, 1975) 59,
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FEIERE A Rt (Fluid Flow through Packed Bed)
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(a) Visualized streamlines (b) Predicted streamlines
and isobars

Fig. Comparison of gas-streamline around the raceway visualized in a
two-dimensional bed packed with silica-gel particles with that
numerically predicted (Kuwabara et al., 1976, 1981) ® .
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Fig. Gas-streamlines in a two-dimensional bed having the

inclined top structure of silica-gel particles
(Kuwabara et al., 1988)” .
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Fig. Gas-streamlines in a two-dimensional bed having layered
structure of silica-gel particles (Kuwabara et al., 1988) 10,
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(Approximate Analysis of Non-uniform Gas Flow)
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a wall of streamtube

-
Non-uniform flow
stems from the
principle that gas
flows so as to
minimize its
pressure loss
through a tube.

(a) Numerical analyses (b) Schematic concept of approximate analysis

Fig. Numerical and analytical investigation of gas flow through
layered burdens (M. Kuwabara et al., 1976, 1988) 1),
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Prof. Kitaev OFEICRNINICEASOMA?
SRAEA—DRADEBREAYVAITRAFTINEEZEEL-SFDOEHEN

\Teupemuecmmy aHaju3y paboTel JOMEHHOH IeYH, OCHOBAHHOMY
Ha ONHCaHHH 3aKOHOMEPHOCTeH JBHXKEHHA ra30oBOTrO NOTOKa 4depes
nocjieloBaTesbHble CJOH PYABl H KOKca, nocBsuleHa pabora M. Ky-
BaGapa u M. Myxu [31, c. 61—67). Hcnoab3ys maTemaThGecKywo
MOJeJib ABHXKEeHHS rasa B cjioe, pa3paboranHHyio B. CtdHexkoMm H

JIK. 3eKesaH, 3TH aBTOPHl, PacCMaTpPHBasi Pe3yJbTaTh PpelleHHS
HACTHBIX ra3oMexaHHUYeCKHX 3ajay, BHIBOAAT NPHOAHMEHHYIO 3aBH-
CHMOCTL pacnpejejieHHsI CKOPOCTeH rasa mo cedeH WaxTel A0-

MEHHOH NneyH. DTY 3aBHCHMOCTb HCMNOJb3VIOT AJA dHaaH3a NBHIKE-
HHA Ta30B B llaxTe IeYH B CJy4YasX, KOrja CONPOTHBJEHHE CJOS
npeacTasiaseT COOOH HenpepuiBHYI0 (QYHKIHIO DAAHAJIBHON KOOPIH-
HaTBl H He 3aBHCHT OT KOOPJHHAaTH BHOJb NOTOKA, a TaKKe KOraa
CJIOH PYAB H KOKca depenywoTtcsa. ocrouyéreom paGoter M. Ky-
Babapa H M. Myxu sdABasercss TWwaTeJbHM aHaJH3 B33aWMOCBA3H
XapakTepa pacnpeiejeHuss H TreOMeTpHM CJOeB IIHXTH H AaXThl
AOMeHHOH mneun (npoduar waxtel). /Henmoc H BBITEKAIOT H3
OOLIHOCTH €e OCHOBHI C MOJEJSAMH,

M. Kuwabara and 1. Muchi
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dry ice
J’ A:Dry e bed

B:Valve
D QF C:Gas chamber
E D: Rotameter

"\ E:Silica gel bed
X B g | F ‘Pressure gauge
G : N, gas cylinder

B
—D—

<— N,

Experiment I

(FAFZI— O RABEZEREY H &T HEE))

Distributor- \ _
| N L LT

Newly revised experimental methods for & | Experiment II
simulating burden flows in BF without (Fh A ARz EREY h T 51EE)

any mechanical discharging system

Fig. Solid flow experiments in cold models packed with Dry ice
( Kuwabara et al., 1988) 13,
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Fig. Solid flow patterns and their mathematical formulations(1988)'

Burden flow in Experiment II.
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Shear zone 10rmed near perlpheral Wall (in glass bead bed)
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r/R (=) r/R (=) r/R (<) Prof. He
Fig. Effects of thickness of shear zone on gas isotherm in counter-
current moving bed (Jicheng He, M.Kuwabara, I.Muchi, 1986)'% .
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(a) coke combustion (1980)
(with Prof. Y. Xie) 15 —

Each key:QObserved

:Calculated

¥
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Pl l1al

Y

—— PCI ( Wp =0.05kg/Nm3)
b — — — All coke

P=0.19MPa
[ Tp =1273K
»

Tuyere nose

X (m)

(b) PC combustion (1986)
(with Prof. J. He) 1) —

3273

2773

Tg (K)

2273

1773

1273

==>| Theoretical basis of PCI operation initiated in 1983 in Japan

Fig. Predicted axial-distributions of process variables in raceway
by a kinetic model( Kuwabara et al., 198015 , 1986 19 ).



GAS FLOW

MATHEMATICAL
MODEL
OF
BLAST FURNACE

BURDEN ELOW |/

OVERALL CONTINUITY
+

EQUATION OF MOTION

HEAT TRANSFER

CONTINUITY OF SPECIES

REACTION KINETICS

Sl —7dIbs| 1S5t

Table. Chemical rate processes considered.
51/3;Fe203 +CO > 22/3%& +CO, LR
1/3)Fe,0, + H, —(2/3)Fe+H,0  ,R,
CO, +C —2CO R;
H,0+C - H, +CO R,
HO+CO—>H +CO, R;
FeO( ) C(s)— Fe(1)+ CO R,
= , Equilibrium
Si0, +3C=SiC+2CO (T=T,, , Equilibrium
Iaﬁ Si0, +C=Si0(g)+CO (T <T’ , Equilibrium
T SiC+CO =si0lg)+2C (T>T. , Equilibrium
H Si0(g)+C — Si+CO R

Fig. Two-dimensional model of blast furnace
( Kuwabara et al., 1983 17, 1991 19)),
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==»| The first comprehensive two-dimensional model possible to

predict Si content and temperature of hot metal

Fig. Typical computed results from mathematical two-dimensional
model ( Kuwabara et al., 1983 17,1991 19)),
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Desulfurization and Deoxidation of Iron Melt by Injecting Mg-gas In-situ Produced

Mg(g) + S = MgS(s) , Mg(g) + O =MgO(s) : BEE. BEHE. T Meit{a

Table. Periodic table of elements.
2ETRERIGH)

Te

Rf Db S Bh Hs Mt Uun
Rare earth metals:
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Ignition Temperature for SHS Reaction

1. 2Al+ Fe,0, — 2Fe + AL O,

Temperature (K)
8

v

AC power

suEply

Loading alumina rod

Ignition W -heater

Pre-heater

Stainless steel
chamber

I?Gas out
XY- Sprin
recorder pPring—yp Load cell
Thermo-_lIJ
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Aan | I
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Fig. Experimental apparatus for SHS reaction.
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Fig. Variation of temperature
of specimen during self-
propagating thermit reaction.
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Fig. Variation of temperature

during SHS of molybdenum

disilicide (MoSi,).
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Fig. Experimental unit of high temperature microscope
(HOMS) for observing morphology change.
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during heating at 1773 K

Al

before after

Fig. Morphology change in aluminum powders before and after
heating up to 1773 K in Ar gas??,
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Fig. SEM image of morphology change in aluminum powders
during heating up to 1773 K and after cooling down in Ar 22,
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ArrheniusD =, k = koe_E/RT [FIERETEHM?
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1. Diffusive interface

ﬁ/‘ 100
g 1 Acrylic vessel
||aTdz<0 ||~
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4 Hot plate
T:AERFE
C:&E

t=34min t=49min

Fig. Transitional change in the diffusive interfaces
visualized by the shadowgraph method 2.



2. Finger interface

dC/dz>0 C: AERSE
d7/dz>0 T:R5E
740 s

t=20 min

Fig. Transitional change in the finger interfaces
visualized by the shadowgraph method 24 .

t=5 min



TS EFRTH Finger Z2EHAISE DK RMRD Lz RERE

direction of solidification

J27°

[y

o

o
=
o]
L%

80.8

: 38.1 ' Al
- \ 1111 |rh||r\r|:ze|;Jr||m1|||||l||||||1|1|uuluulnnhm m

Photo. Overview of the surface of

=
o]
w

Temperature
5

0 1 L 1 1
20 40 60 80 Solidified Sn-Pb ingot.
S Wt%Ph P

Fig. Freckle formation in uni-directionally solidified Sn-Pb binary
alloy 29,

ZaRRSR/RRI A -O0—hMRERICRES 7L
71L REiaOREERhIE R 0%




‘ ZAD|WRETOCRIETEEGHER ? I

V%—FC -FC, 1.C.:0=0:C=C,
(Time

— . — _6/® @ V/F H#;Eﬂ constan
C=C,+(C;~C))e (ROBMEER)

€, )lc—,)

1 PF (:]:EFL/HZII L/I)Il.;h/)
—'=—>
F F
F(m3/s) 0.0 F C “”‘”E#F'aﬁl;c@)
_>3 BieF ‘_‘ 1/ e CM ( D'I:é/hblz)
CO (mol / m3) V.C (037) \ (6=0T63%Z1L)

>
o ® \ 0
(a) TEEEHE(CSTR)D [Je?®do =0
IR1E(BERNITIZEES (b) REZEL




BEBERHEEH RE B RACOBA ZBEIE, SEETOS

FBLIBREEEMTHY, BRBIETELESHEETILTRINS.
RAGAREE ﬂEi‘?]ﬂ%&i:@?ﬁ
[ EERL T cppVZ—g=cppF(TO—T)
%.EE.E@EE /'J\iﬁ 60=0:T=T,
//'ﬁ,@ PIEES /
I7'JIk dC Y4 S
Ro7 V—=F(C,-C)

do
0=0:C=C,
REEHR
WA 7

\/
/| -
/
4 I/

i
i
i
i
4 a
i
i
i
i

- = =g

/

IN—F—

Fig. RH degassing unit. Fig. Bath with a recirculating heating unit.
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3. EFEIEXBEMOEREHITOLR

Solid Resource > Solid Material
2 Liquid Phase as
a physical Processing a homogene-
mixture of with ous phase
phases with mechano- without
impurities chemical impurities
treatments
ays

Increasing issues arise to eliminate
gravitational, atmospheric, thermal constraints

(Ex.) Time for 1m floatation of inclusions in molten iron:
d,=100 pm: t=4.4 min ; =10 pm : =73 hr WMDFET
(clean steel) (ultra-clean steel) XA FTRE !
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Electromagnetic Field around An Induction Cold Crucible 2>

Induction cold crucible is a segmented and internally
water-cooled conductive mold in which materials
can be electro-magnetically heated, melted and held
without contacting with the mold. Important thing is
to design the electromagnetic field for its practical use.

(A—LRIL—ST A&k 5H B OIEEMER - RIF)

0-.186

40 .08

-0.00

B: ¢T)

1-0.08

4-0-16

(b)

-0.24

[ -0 1.0
rXl100 (m’
Fig. Computed results of (a) magnetic flux lines, (b)contour lines of B, and (c) radial distribution of B,

around the cold crucible (Kuwabara et.al., 1990).
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No attenuation and resonance is possible
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Radiation force in liquid(0) acting on a particle (1) %9

0
F>0: f,, acts towards nodes.




‘ Ultrasonic Separation of Suspended Inclusions I

2
(Ppr + M)‘fh—f

:frp+fb+fd

—_—

f,, : radiation force,
f, : buoyancy force,

(b)t=10 s: | f;: drag force
(2) (b) ©

Arbitrarily
specified

\ five particles

\|F\ all gather

around a
nodal plane.

loop

of ultrasound

node
0 10 20 30
t(s)
Fig. Transitional coagulation of suspended polystyrene particles
in aqueous sugar solution through which an ultrasound of
48.5kHz is irradiated vertically??.

Vertical irradiation




‘ Orientation of Fibers in Composite Engineering I

(a) without ultrasound

Fig. Behavior of polystyrene fibers in aqueous sugar solution under

the conditions with and without incidence of ultrasound 2%,
(=10mm, f=49.0kHz, h,=60mm)

The equation of motion for a fiber

. .d’x
translational :jy - = f,, + o+ £
oot d*6
rotational : 71 e =T,+T,+T,

(b) with ultrasound

M : mass [I:inertia moment
f :force T: torque
subscript

rp : radiation pressure
b : buoyancy force
d : drag force
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Fig. Schematic illustration of the generation of a cavitation
bubble and micro-jet.




Real time ()

Fig. Stereo view of cavitation multibubble in water at 42.3 kHz ).
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Fig. Effect of atmospheric pressure on the rate of degassing
with or without irradiation of ultrasound 3% .
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BEkn BRBE 26 JANBE

(41.88 kHz, 50W) (20 kHz, 1.4 kW)

Fig. SEM image of one indentation on aluminum foil
surface attacked by an acoustically induced
cavitation bubble followed by a microjet 3V,



Frequency .
41.6 kHz
Water depth :
1| 65 mm
US.P.: 50 W

interface

clustered cavitaion
bubble \

A clustered
bubble can eject a
water jet against
gravity.

water

~— water jet .. The power is
ejected ’ ‘ strong enough to
T ' TNSerey induce micro and
S T R macro mixing of
liquid as well as
emulsification of
two liquids.

Fig. Sequential motion of a clustered cavitation bubble near the
free surface accompanied by an ejected liquid jet 32,




Water droplets
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I
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After 1.000 s \[Vaﬁ?f dr . -
- P ?
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¥
]

Fig. High-speed stereo view of emulsification of tetralin-water
(0.01INNaOH) system 3% . (f=41.3 kHz, U.S.P= 50 W, 500 frames/s)
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7 bubble
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o

i
o
Lad
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Fig. The phase diagram of water 34 .

Limiting situation of the bubbles is considered at around 5000 K and 1000 atm.
This state should be really the supercritical fluid one in which no surface tension
exists and highly activated chemical sate would come across.
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Compression of
cavitation bubble Direct pyrolysis of

= substances
high temperature

& high pressure

substances

A

Decomposition of
substances with
‘OH or H,0,

Decomposed J

Thermal decomposition
of water molecule

H,O—- "H+ -OH
2'OH—- -O0+H,0 * 2:OH — H,0,
2-H—H, -0+ H,0 — H,0,




20 min 40 min
C;=5.0 X 10" mol/l
=160 ml
US.P=50W
f=420kHz [ 2mm
T=20°C

h =125 mm

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

60 min

water

Possible reaction ?
2KMnO,+2H,0, — 2Mn0O,+2KOH+H,0+5/20,

Fig. Transitional change in color of KMnO, solution after
irradiation of ultrasound (Decomposition of an inorganic
substance)3).=) Action of H,0,
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Fig. Relation between light absorbance and wavelength
during irradiation of ultrasound on aqueous

methylene blue solution3».=) Action of -OH



FvET—avDIGR4: T/%,Eﬁﬂd)iz

Cd (mp:321°C, bp:765C) [

g Cooling water

Wood’s alloy
(Bi-Pb-Sn-Cd)

Production
of foamed
= material
with small
grain size

Fig. SEM image of foamed structure of Wood’s alloy after
irradiation of ultrasound (20kHz, 600 W 10 s) 39,
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