1262 % t & 76 4F (1990) % 8 &

© 1990 ISIJ
Y .y o - X ‘— N ;

B X BEEEIE 7 0+ 22 BT AFREAY D
1111111111110110110¢1 ~

KB OBRKER* oA W OIE Y2

Heating-up and Reaction Characteristics of Burdens in Oxygen

Blast Furnace Process

Yotaro QHNO and Masahiro MATSUURA

Synopsis :

Heating-up and reaction characteristics of burdens in the oxygen blast furnace process were studied
with an one-dimensional mathematical model to obtain the following results; (1) With increasing oxygen
concentration in blast, heat flow ratio augments, temperature goes down and reduction is retarded. Boyond
the heat flow ratio of 0.90, the preheating gas injection is required. (2) Appropriate range of preheating
gas volume and temperature in which the direct reduction rate is low and low fuel rate is realised is ; gas
volume corresponding to heat flow ratio of 0.74~0.90, temperature 600~ 1 200°C. (3) The composition of
preheating gas has little influence. The level of preheating gas injection is adecquate in upper shaft as
long as the heat transfer capacity from the top of furnace is sufficient. (4) Solid temperature at tuyere
level can be controlled with the theoretical flame temperature, and with preheating gas volume and tempera-
ture in the low fuel rate condition. (5) Operational fuel rate range is wide ; 500 kg/t (with preheating gas)
~1200 kg/t (without preheating gas).

Key words : oxygen; blast furnace; heating-up; reaction; heat flow ratio; preheating gas; fuel rate;

mathematical model.
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Fig. 1. Comparison between calculated and mea-
sured distribution of temperature, gas composition
and reaction degree for an experimental oxygen
blast furnace operation.
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Fig. 2. Transition of longitudinal distribution of
solid temperature and reaction degree with oxygen
concentration in blast.

L TWbHrEHETHEELKD, Bt iT-7:. B
LT rBRERE (BLEORE, R, FROBRELX)
HPOPOLVRVOGEOREONEFEIAFE L, POk
BLUFRAETIAa— 2 A0 LMA, ZOFf»
LmEEBHTAILICLY), BELTATOLNIVE
HIREATRD G 5. EHEERAE 1500, 1550°C, $k
Si, Mn, P, 0.3, 0.5, 0.1%, JFHEDHIEL 1.0 X 10*
keal/t, T; 2600°C (r,=0.75, T,=1950°C) —E D5
Be, a— 2 ARFEHELCEE L - BERKRE %
Fig. 13 2R3 4%, FR500 kg/t T, # 1700°C Ta—
7 ANHEIME &£ HICHEL T 5.
Fig. 2-a, Fig. 10 IZ/R$ & 5 12, #EEED 3 K#IZo
WTOYIab—2a YERIIBWT T, 47 Fig. 13 1
RY HREEMRIRE L IZIF—FLTWw5,
DEDOKREIZE D, REFNVOZUU KL TELL
Eiohb,

3. POEXAMFTERE, HERAANA
REHAODHE
POVRNVDEy ¥ 2 HADR, R, HEEHtIC
L 0ZAL+ 5. a—2 Xk CR510kg/t, FIOLHEGH K
rimE T;2250°C —ED&MHT, 2EBEREREL W
B A DEFERRE %Y Table 1, Fig 2 13RS, BERiEE
21% DB ERE (1000°C), 30, 50% Ti, HiRZEE T,
T, OB KERFRA L. 2ABRIREL LT

Table 1. Conditions and results of simulations.
Case
Variables
a b ¢ d e f g*?
Coke Rate CR (kg/t) 510 510 510 510 550 550 250
Pulverized Coal Rate PCR (kg/t) 0 0 0 0 0 0 300
Fuel rate (kg/t) 510 510 510 510 550 550 550
Flame temperature Ty (°C) 2250 2250 2250 2250 2 600 2600 2600
Blast rate (Nm%/t) 1291 978 526 559 292 307 292
Oxygen in blast (% ) 21.0 30.0 50.0 50.0 99.5 99.5 99.5
Ty control gas species * Steam Steam Steam Steam CO; gas Top gas
rate (Nm®%/t) — 0 113 120 173 151 46
Bosh gas rate (Nm%/t) 1639 1308 1049 1112 965 951 865
temperature (°C) 1800 1800 1800 1800 2100 2100 2100
CO(%) 35.5 45.9 61.7 61.7 79.0 96.9 81.7
Hp (%) 4.7 1.7 12.6 12.8 20.5 2.6 17.5
Nz (%) 59.8 52.4 25.7 25.4 0.5 0.5 0.8
Preheating gas rate Vi(Nm®/t) 0 0 0 400 300 300 300
temperature T3(°C) — — — 1000 1000 1000 1000
oxidation degree 7;(—) — — — 0.72 0.72 0.72 0.72
injection level Z,(m) 7.5 7.5 7.5 7.5 7.5 7.5 7.5
Top gas temperature T, (°C) 179 65 27 164 100 114 152
Heat flow ratio U(—) 0.74 0.82 1.04 0.76 0.86 0.85 0.80
FeO-Fe equilibrium temperature T, (°C) 871 831 793 615 597 671 597
Shaft efficiency R(—) 0.89 0.84 0.67 0.88 0.79 0.85 0.87
Direct reduction rate Y (—) 0.45 0.40 0.45 0.17 0.14 0.12 0.14
Solid temperature at Z; Ty (°C) 896 432 63 696 683 754 656
Melting level from tuyere level (m) 11.7 3.1 <0 3.8 2.9 4.8 7.6
Solid temperature at tuyere level Ty (°C) 1682 1525 1330 1563 1563 1614 1736

Productivity 2.0 t/dm® constant for all cases

* . Blast temperature 1 000°C, Moisture 34 g/Nm® *2 . Standard case for following simulations
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Fig. 3. Effect of T; control condition including

pulverized coal injection on longitudinal distribu-
tion of solid temperature and reaction degree.

4. FEH AWGAHEHEDRHER

4-1 FRHIZBODHE
Fig 4 IXTPBATAE V, 2 RX 2B A DRI ERE LR
. FRATZALREATZVE, FRIELCEHE

25 T T T T n
» CR 250kt R
—_ \ PCR  300kg/t |\,
ICEPN AN AN J T 2600C \\\‘f ]
g \ ) ] Th 1000C \ ! Reduction
3 V(. h 0.1 \
L] AN AN Vh(Nm?/t) \ T
% a0 -\\\‘\\\ .. €
g of | NN
= i g RN S
g e dld oY i\ h
] ; R U} R NNUI
x N a F-Solution
~———— :~J£5_5 a
0 Lo

0 500 1000 1500 2000 O 50 100

Solid temperature ('C)

Fig. 4. Effect of preheating gas rate V, on
longitudinal distribution of solid temperature and
reaction degree.

Reaction degree (%)

u (=)
1.11.0 09 0.8 0.7

300 .0 T T 1200
S a0
o 3
=T s

100 0w -

,ﬁ CR 250kgtT
o PCR  300kg/t [ 200
1 S s s L

oo Y4 7 0

\_0___0’
0.1 ] | A | i 1300
0 200 400 600
Vh (Nm'/t)

Fig. 5. Effect of preheating gas rate V, on heat
flow ratio U, top gas temperature T, , solid
temperature at preheating gas injection level T,
direct reduction rate Y; and solid temperature at
tuyere level T,,.



1266 % & 876 £ (1990) £ 8 &

AT HERIRBE T H 5725, FEH AWGAAR IRV IEE 710
EETREXEFLETLET TS, SHITHRIRE
5% L7726 (V,=600Nm/t) Tix, ¥+ 7 bETD
AiBEEL 20D, FeO-Fe BiGTVHRE T, (B
L8k O EEALEE (O/Fe) 75 1.056 127% AALE B ) 5 FE
EEE) b LE UFE S ARROBILESKR TS 50T
BILEECHB SN, BERSHERL, YIV—Ta v
O ARG EAENL TWwa.

Fig. 4 DR X 0RO 724PTEY ZIBE T, , FEBT A
WA LAV O BEARIRE T, FE L OV O EKREE
T, BERITE Y, £ L CHL UL T 5FE#HT R
2V, 0828% Fig. 5 \ZRT. V, 20 %0nwe UbKE
CHBOLEL,BILOLENR V29K E& L, T, bEW, V,
DM T, FEFICER S %, V, =200 Nm®/t
(U=0.88) T, Ty &, 700°C £ T, T,  1700°C iZ Lk
ALTws, BEEFICE R, FTRAETLIEL 2D
Y, 5B L T WA, V,=200~400 Nm®/t TiZ, T,
T, & b2 A%, Y BB R Tw S, V=
400Nm®/t (U=10.74) #8215 L, T ¥ LAYEDS
», T, b LR LETIFEL, EERLENEZLRD,
FOWBHBEIZLY T, 3EIF—FLhoTWh,

4-2 FEHHXBEOHR

Fig. 6 B FE VT RRE T, ¥ X 27:L EDEHEHITH
5. HHERE®D 1000°C 25, T, * TIF¥s L, Fafk
DRE, BLTHFENRDLIENbLL. HIZ T, % LiF5%
&, AR L NVAHETIRED LR LETHRES N T
Wwa A, 1400°C $TEFBHE, T, " ERH LELHSF
IR SR TERELY V= 3 vy ARLEAHENT
5. FOWRBSBEDIF T EHA~OBAEZROMMT %
ML, BRESHAITEILEALELLEZY, Z0X) M

% F T T T - T
_ Vh 00N/t
E Th 0.72
® 0 ,’ ! Reduction
F | A\
5 b | a: 400 VAN 4
2 NN
s ok | & 10 S
= | et 1400 Nee”
_'go \.a ie N.a N
@® 5 ~— i \\\ -
T R Dkt =~
PCR  300kg/t \ Solution loss
O Tf .25_00°C I l\ 1 1
0 500 1000 1500 2000 50 100
Solid temperature ('C) Reaction degree (%)
Fig. 6. Effect of preheating gas temperature T,

on longitudinal distribution of solid temperature
and reaction degree.

M FERYTAE V, 2B ECGEELEKRTH 5.
Fig. 742, Ty, T, To, Yo T2 T, OREERT.
Ty, &, Ty & &bICERAT B2, T,=600°C LlLT—
FBIC o TWD. T, Tu, Yo ik, Vo 23+ 584EE
MARICEfEL T 5.

DEDXIIE, FRIVRAOELREICOVWTHEERT
BhB/NE R AEHESH A Z L iE, FRARAE L KD
DHEATT HREFROBFR L SFHHAS L., FARTK
ok, #500°C BLE, vIUv—TaruxARiniE B

300 1200
- -11000
— 0 800
L [3)
o - --o-0600
& e 2
100 - 400
CR ) »
PCR 338»55% H 200
Tfl 2|§00°cI 0

T 3
= ~ Yd / E
I R R 1L
1 | { d 1 i
015 400 TR
Th (C)

Fig. 7. Effect of preheating gas temperature T,
on top gas temperature T, , solid temperature at
preheating gas injection level T, direct reduction

rate Y, and solid temperature at tuyere level T,.

<] T T T 7
B S Vh  300Nms/t
= ‘.‘ Th 1000C
= ilg \
2 : b _ COy+H,0
e N Toor
5 .‘ CO+COp+H,+H;0
3 N a: 0.72
1= — S~ b: 0
gn ;) . N
- A\ ikl
.'g) 5 CR 23?]0kg§t \ :r-—Sqution loss
o PCR  300kg/t \
T 2600C N\ !
0 I 1 1 1 1

|
0 500 1000 1500 2000 0 50 100

Solid temperature ('C) Reaction degree (%)

Fig. 8. Effect of preheating gas composition on
longitudinal distribution of solid temperature and
reaction degree.



BEEF 70 2281 B FNEAYORR, R _ 1267

1000°C ML ETH#ITT 5. —F, WHEL S OEKDFRR
&, TALEEROBGEIL L FRARBEICEDRTE - T
B, 500~1000°C DREOHEERBAIEL, &L
PEICHIF S e WIS, TABTEENICETL,
YIV—2a YO ARIGOETTHEEIGEL 2L X D%
TENE L, BEEETERRL L, POV VEEKRE
LAY L. BEEETEREESRS, ERELEERT
BHWIESEM L, B 0.74~0.90 L 2 ATHARE, .
FEH ARE 600~1200°C Th b, ZOBMEFMGOH
BATEVZ & id, K704 20K E LU CEREH
ARETHAHIEERL TS,

4-3 FEHXHEBEDORNE

Fig. 8 3 F&E A A MK 2L 272 EDETEBITH 5.
TR @I (BILE 7,=0) 12T 5L, Ty 2
MihH LAV L) EOEBTIE, BIEOETIREL A2
A, FERIIF LT, ZORBEHIHRE .
ATO0 R TIE, FERT A OVGAAMLEAF LERIZH 1,
ZOZREDZEICEEE, ¥RABTLTRIEO ADHETL Y
V=3 a v a A RUid#7 L 2 WHERIE  co /B
Khnbol, BLUY, Ky ¥aHRABOBITH REED
EmODT, FRTAMBEOHKEYNEWEEZLND.
4-4 FEHIAVAHABEDOHR

Fig. 9 13, F#N AWAANLE Z, (JFTED S O Hil)
REZIE EORBHITHH. WAL EHEAMMICE
$TELHE (Z,=2.5m), BFHLONE WHEAE L,
WA & A 2 DFEBA 3 ICERICED S F, JFEY R R
BT, 2 LR LTS, $4, FTE CRIEIER,
ZOFER, BLUMWER Y IV—2 3 v a2 sEHAEML
Twa., HIZKAANENG S v 7 P TEicn s E (2,

Tgo (C)a 184 b: 152 c: 144

b e Vo 0N
= Th 10007
A -—b h .72
1hF - Zh{m): distance

from stock line
a: 2.5
b: 7.5
c: 12.5

i
I
|
|
1
\

N\,

SNe—

4 BCR $00kg/t RN
Tf g%kf ’ \

O0 500 1000 1500 2000 0 50 100

Reaction degree (%)

Height from tuyere level
=

. N
Solution N
loss

1

Solid temperature ('C)

Fig. 9. Effect of preheating gas injection level Z,
on longitudinal distribution of solid temperature
and reaction degree, and top gas temperature T, -

=12.5m), FRMUEFTHIBY, BLIER, 21T
DY V=g YO RAFLESENLTWD. Z0pH» 5
TFEN A DYGARNLE X, BASHU LB 2 FEME AR X
NHENED, LEFETILWEEIOLNS,

5. HRETREL MK O

5-1 ERSFEOBRELEO TR
@?mmkowfﬁﬁ GRUETE C1E S5 N B IRES T,
TCHRGAVERICRETRLBHICH L0 &5 2%
Bl BEEFICOWTH Y Iab—3 3 ¥ 70,
PR & WBRET L 72, BH O BB IFE OB L 0 &
BiCoWwTit, EFOBRERBRBRICLD L, TR,
BRI O%HER A&m&fﬁmﬁwmwﬁWWﬂ%ﬁmL
T, 396 kg/t'?, LRRIZ, A — N 3a— 27 A CHEAWAAL
WX DIRTI O K RIEE THE LT, 590 kg/t?® T
bhH. FEFEFNVICLD, Iholk, TREHEKO®R
EHETILL—-bPLTALDD, Fig. 10 Tdh 5.
Fig. 2 o# A% (32— 2 A1k 510kg/t) & Fig. 10 ®
RO, WHELNRRE T, Bkl U, ¥ v 7 FRHX
R (FEA AWGAR L NN T H 2B AT E RIS
DT, BIERVBBEBRRICHA S, B {LEoBELE»
1.056 IZ:E LM EOBRIER% L L2, Rist 52V 2k
DETE), BEERTE Y, 2T 2B oSt
B L7z, (YU—XA) BEEOETE L bIZ, Ut
ERL, T, ,#METL RPEL LD, Yub LB T 5.
BRFLIL 396 kg/t THE, U=0.91, T, = 62°C, R=0.92,
Y,=0.49 &, RiR, BTLEDIRRTH 722 L2555

5B, BB 590 keg/t T, T,,=280°C £ &< %o
Tw5.
5 Oxygen blast
= —.—FR 950kg/t
= 9t \ Tf 400°C
[ AN Vh 0
2 \ — —FR 500kg/t
S 15k Tf 2600°C
3 L Vh 400NmYt
g 0k '\\ Hot blast
= A\ - FRo%0Kg/1
=) \\ O measured
£ ir \ \ ——FR396kg/4
@ measured
0 \ , loss

0 50 100 B0 @m0 3010

Temperature ('C) Reaction degree (%)

Fig. 10. Comparison of longitudinal distribution
of solid temperature and reaction degree at upper
and lower limit of fuel rate between oxygen blast
operation and hot blast operation.



1268 LB & M %76 4 (1990) £ 8 F

25 | 1 1 L] 1 n
_ Vh 400Nm3/t .
= \ i Th 1000C Roduction
= 0k \. 7h 0.72 \. 1 i
g N a b2\ k‘\ a
K \ FR(kg/t) {\\~\
:i 15F . b 4 a: 650 ‘\\ b\\\-
2 ‘~\\\*\ b 550 P S
5 0k \\\\‘ c: 500 ~
= c \ ¢
£ \ LY C
%“ 5t \\ N J
x PCR 300kg/t W\ . Solution
Tf 2600C W loss
0 A 3

TR0 N0 0 D0 0 50 10

Solid temperature (C) Reaction degree (%)

Fig. 11. Transition of longitudinal distribution of
solid temperature and reaction degree in decreasing
fuel rate with preheating gas.

PCR 300kg/t ;
= vh 0
-0 T C) |\ 4
2 — 2600 c
. =-=- 2400 ¢ _
5 15 FR(kg/t) Redu:tlon
2 I b
s 10 b: 700
b c: 750
%o d: 950 Solution loss
£ 5~“i;*_ﬂ\ T

: EE T

2000 0 50 100
Reaction degree (%)

0 500 1000 1500
Solid temperature (C)
Fig. 12. Transition of longitudinal distribution of

solid temperature and reaction degree in increasing
fuel rate without preheating gas.

5-2 MESFOMRELLOETR

BRE A B L, Ko Y a W RABED DL RDE
Hpt kT 20T, FRERHO DI, FRIAEZT
SR &R A PR T, BELOTRER~<. () —
ZB) ZNY I al— a3 viER% Fig 11 IRT.
Bl PCR300kg/t —EN&EMCTCa— 27 ALEET S
&5k, RBiR, BTELLICELC 2D, FITHEIL 500
kg/t (CR 200, PCR 300kg/t) Ti, B TEITA D
BOEELY V-3 vORBAEML TS,

—77, BRELOEGTE, Ky v a FAELEL,
FRATADNRBEIL LD EEZONDDT, FRITALL
OEMET, BELEOEREEFANL. () -XC) BR
L ¢ PCR 300 kg/t —ED5MT, CR % 350~650 kg/t
3O LSRR Y Fig 12 10RT. JRFHL 650 ke/t
(U=0.99) Tit, Hif, BT, FHFTHH, B

1.2
600 - ‘ T
i o-U Q2400 1.0
L 400 : oo \~*a ozsoo/% S
2 ) o0 (M 2
L B-Tsgo ~ ',O-"/%_Tgo 10.6
8 /a,eg Open mark: Tgo. Solidmark: U[ "
120 % 10
__ 1000} R
) s
= 800+
'_ -
600}
2000
1800 -
£ 1500
3 B
1400 F :
| Open mark: Tst . .
Solid mark: Yd
1200 = , 0

W0 500 60 700 80 90 1000 1100 1200
Fuel rate (kg/t)

—— B : Tycontrolled with top gas, V; = 400Nm3/t
— - — C: Tycontrolled with top gas, V; = 0

—--— D : Tycontrolled with steam, V;,=0

------ Objective solid temperature

Fig. 13. Effect of fuel rate on heat flow ratio U,
top gas temperature T, , FeO-Fe equilibrium
temperature T, , shaft efficiency R, direct reduc-
tion rate Y, and solid temperature at tuyere level

T:.

B 700 kg/t AL (U< 0.91) Tk, HiR, ETHE
FLTWAS.

Fig. 11, 12 »#»&kw 7. U, T,,, T., R, Yo, Ta %,
Fig. 13 IXR¥. ¥ U—XBT, #ELI, 550 »5
500 kg/t LT L725a, Uik, 0.73 25 0.75 & &
3 B ¥, Fig 1LIRLAZE DS, F&HAAKRA
ALV ETORBIZIZEALELTH S, THTI,
FiBAEE L, T, 7 570°C &K FHH AMBIE KD
LB THHAH, RO 1ICHH CERERIICRAIZS
TBYH, BLLEN, Y, KL T, bREJKTL
Twh,

—F, =X CTH, Y, DIERE L 750 ke/t (U
=0.87) <HWTHRH/NE V., TRUTOBRBILTIE
Uik LREIGENR, FABTIVERL Y, 2988 LT
w5, R EOBE TR, UPET LAIRDIE <
0 Y, ixmes. T, dBERFREIVE 2o
THBHIKETHS. £2T, T, % 2600°C #H 2400°C
ETFEA L, Fig 12 RT3, FEHOSHORK
fLiz/hs v, FETFROEERETL, T, bBEEL



BESF 70t 2B BIFREAMORR, KICHHE 1269

CETERTSS. Cofrs, T, T2k bilgEc

EBLIENGLAH.

Fig. 10 {2, ZOBRESFO L TFREEL DB S H
PREREL G L TORLTWAS, LR, TR, B0
BOT, SiADKILBAEHRZ K BEE S NS 1200°C LL
L ORBEGA, BITESMEBBEDOEE PR DEL,
FRGH D 61 2 OB O BB CIRENETH 2 & H
Wrans.

FTET ZWEE T, »ERR%EF S & FHkiC, 300°C
E¥hE, PU—=XCD T,2400°C (FEBIFTEN 242
LOHELEE) OF&MHTIE, Fig 13 R+ X512
BREHE 900 kg/t (a 35) ASERREHEE I N D, KERIC
X0 T, 2% L2541 () —XD), ERIFES X
KEDHBELO Ry VaHZAEDFDLVDT, T, #*
300°C £ 2 ABRROMREHLIZE <, 1200kg/t (b ) &
HESNS.

6. # B

BERBF 70 208 KSHEIco W, Ty
ADE, WmE, MK, WAAIBEOMEZLTHOLA
VDK y Y a2 HADR, MK, REICHET LRERRRE,
TIOERHBKLBRERE Y 2 OMEE, BELOREIco
W, = RIEBFEF VLI OB LUTOREG 187

(1)FERALEBFET VI, BEBRNZOBREL VL
, L —HLTBY, BYU%LbDTH5.

(2)AEETERIE LR L &b A L, JFR
DimEAFET LETLOEBN, B 0.90 LTIz FH
HANLEI LD, Ky aHAhD Hy NGV E
Hy, ETLOWEIZ XD IREVET LEITHENRSL. #H
RUGARRETIE, A —na— 27 2BEICH~NTRTL
T LAR, EILHE.

(3)EERTEHI/NE L, BRI ER S s T8
AADREIREICOWTOBMIEHF X, FHNSEIRERKL
BOE D EAT§ 2 ImBEEROBRIC X DIRE S h, B
0.74~0.90 & %2 % # 2 &, iREE 600~1200°C T 5.

(4)FEA AMBEDOHEINE L, FEA AWGARLL
BIIFTED O DA EVHBR S LT LI E &
Lo,

(5) TR A KRR L 00 L~V EHRE %
RETEs. BREILOSMETE, FRIZORE, B
KX HHIHSTEETH 5.

(6 RETH 2B OMERRIE: ¢, TR, FHoy
A %R EAAT, 500 kg/t, LRRIZ, FEI R LT,
WRTHIRAE 300°C & LT, 1200kg/t TH 5.

X ik

1) R. DURRER: J. Iron Steel Inst., 156 (1947) June, p. 253

2 ) International Research Commitee on Low Shaft Furnace:
J. Iron Steel Inst., 179 (1955) Jan., p. 36

3) B. M. SusLov: Iron Age, 134 (1934) 4, p. 22

4) A& # LHEZW, Hi#E  5: 5%E 6, 58 (1972),
p. 637

5) P. L. WooLF: Bureau of Mines Report, OFR 99-85
(1985)

6 ) KEFFGRER, SEEMBA, Wl IERS, gLy, X8 .
% &, 75 (1989), p. 1278

7 ) Y. Ouno, H. HotTa, M. MATSUURA, M. MITSUFUJI and H.
Sarto: Proc. PTD Conference AIME (1988), p. 195

8 ) R. WARTMANN: Proc. Japan and Germany Seminar
(1981), p. 133

9) M. QIN and N. YANG: Scand. J. Metall., 15 (1986), p. 138

10) BOEF, AMRFEHE, BGE, —FEME, Bkl
#k & 4, 68 (1982), p. 2303

11) PIHEEE, EHR—, \LMHT, B4 8 e8|,
68 (1982), p. 2369

12) BEHEEX, MILE—, B E, INOH—: 5 3§,
72 (1986), S89%4
MEH R, HILE—, FUBRK3: 8% & 88, 71 (1985), S818

13) H. Mitsuruii, M. MATSUURA, T. FURUKAWA and Y, OHNO:
Rev. Métall., 86 (1989), p. 217

14) fEEEH]: 4 116-117 EIFE LGRS HE (B AKEHS
i®) (1987), p. 199

15) Y. OHNo, K. Konpo and T. FUukusHIMA: Rev. Métall.,
80 (1983), p. 809

16) AKRNA—RBR, 4 ARE—, 8E ik Sk 2 3, 54 (1968),
p. 1019

17) N. Wakao, S. Kacugl and T. FUNAZKURL: Chem. Eng. Sci.,
34 (1979), p. 325

18) HE#E—, REREE, i B, Bc—B: BASEEEE
(1986) 115, p. 57

19) ®IMEZ, LR, P EfE—, BAME B8 o
£ - 4, 68 (1982), p. 2361

20) IWARFEZ, FERE—, RERE, 5 #, Bor—E,
INE  #, EFEE—: gk &8, 72 (1986), S72

21) A. Rist and N. MEYSSON: Rev. Métall., 61 (1964), p. 121

22) J|A B, KEFRAER, B IERE: SR 54 Z5-No. 1907
(FR 242 A)




