1224 &% & W ¥ 59 & (1973) w95

5
b

UDC 669.187..25.046.542-982 : 669.14.018.8-404

27 v L AP OBETFITI T 3 BRS8N E T 5 B3
oW T OB A B

The Study on the Mechanism of Decarburization for Liquid
Stainless Steel under Reduced Pressure:

Tetsupa WATANABE and Takeya TOHGE

Synopsis:

This study has been undertaken to clarify the decarburization phenomena of liquid stainless steel under
reduced pressure. The study has been especially directed towards determining the rate—controlling steps
of decarburizing reaction. A series of stainless melts containing 0-20-0-309, carbon has been made in
a laboratory-scale vacuum induction furnace and decarburized by blowing or bubbling the different oxygen
potential gases such as CO,, Ar-O, mixture gas and pure O, gas or by adding iron oxide on the surface
of the melt at 1 550°C-1 620°C: under 30—400 Torr and the charige in C,Cr and O contents was observed.

The aspects of the mechanism of decarburization of molten stainless iron under the reduced atmosphere

are summarized as follows;

(1) The decarburization by CO, blowing that is low oxygen potential, is controlled by the mass trans—

fer in gas site.

(2) On the other hand, the decarburization by blowing or bubbling Ar—-O, mixture gas and O, is con—
ceived to be carried®on"according to following reaction model.

C+30;(g)—>CO(g) eeeeres
xM+y/20,(g) —MxOy-----
MxOy——xM+yO -oveeeeenenns

C+0—CO(g)

creeeeeen (1)
ceerenenn (2)

oo (3)
e (4)

The oxygen for decarburization is considered to be transfered into the melt as metallic oxide following
equations (2) and (3). ' This reaction model could well explain the decarburization phenomena which
were observed when direct addition of iron oxide was made into the melt.

From the above—mentioned results, it can be concluded that the increase in the reaction interface area
by forming gas bubbles and promoting the stirring of the melt are beneficial in achieving the vacuum de-

carburization for stainless steel efficiently.

(Received Dec. 12, 1972)
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Table 1. Characteristics of various decarburizing

Table 2. Experimental condition.

processes of molten stainless-steel. ™~
Aproximate Me'lt‘ C Si Cr Ni
Agitation | SUPPlying | Cr loss after ~ ©TPOUER 1 0-20~0-30 SOI20 18 8
Process Pressure ofgmolten method of | decarburiza-
(Torr) steel oxidizing |tion (C 002 Temperature
gas  |~0°049, p 0 1 530~1 650
Cr 189%)
Elo-Vac . Pure O, . Pressure
(Witten) 10~1 | Ar-stirring blowing 1-0 (Torr) 30~400
ASEA- 10~1 Ind.ucgion— Pure .Oz 1:0~1-5 Melting
SKF stirring | bubbling weight and 4'5kg 7010x 210 { (mm)
crucible
A.r/toz dimention
mixture
({?ﬁgﬁé | 760 22 | gas inject| 2:0~2'5
T g from Gas
bottom
Oz Ar/o = 4/1 COz Fezo3
<I Torr Oxidizing Subplvi About
30~ 400Torr material UPPYWIE 10.7-2//min 0°7~1-2%
Gas or oxide supply rate Addition
5C0Torr | 1Smin 15 min 1Smin 1S min . .
S i 11 11 7 Supplying | a) Blowing
‘ | 1 ‘ ’ method | b) Bubbling
,‘ S, S Ss S, Ss
MD| | Temperature measurement S ~ S, samolin
C (g)_addition 1T s sameing TEALME S R B & 7 I SR A BE LB =8k (FeaOy) %

Fig. 1. Schematic drawing of experimental process.
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FAT¥BHOIETHY, BbFAHHBHAD S - 23k &
20, NTV U DOHELDINE Smmg OF VT FE
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Fig. 2. Change of bath carbon concentration with
time during decarburization under reduced
pressure for Fe,Oj addition:
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Fig. 3. Rate of decarburization plotted as a
function of carbon concentration.
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Fig. 5. Change of bath carbon concentration

with time during decarburization by
Ar-O, mixture gas blowing.
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Fig. 6. Change of carbon concentration with
time during decarburization by CO,
gas blowing.
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Table 3. Data of thermochemistry.

I3

174 Cr;O4+ C =3/4Cr+CO (g) . (4)
log K (a¥$- Pco/@¥t o,  @c) = — 12 220/ T+7-9931910

e (5)
C+0=CO(g) - (6)
log K(=Pco/@c o) =1160/T +2-00313 (7))
Si0Oq(s) +2C =Si+2 CO(g) <+ (8)

log K(=P%y-Qsi/@% Gsio,) = — 28 440/ T+ 1577619

- (9)
et =011

ed1=0-01219

€€ = —0-02410

Cpr=—0"1010

eQr=—0-1319

e =0-298'

& =—0-4211®

e§ =—1750/T+0-761%
e§i=—0-1371®

eNi =0-0051

€€, =0-2410

Q= —0°251

¢ =3910/T—1-771®
eST = —0°040®

T =01

2 =—0-09710
eN1=0"005
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Fig. 10. C-O relation during decarburization by pure
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Fig. 12. Change of bath carbon concentration
with time during decarburization by
O, gas bubbling.
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Fig. 13. Change of bath concentration with time
during decarburization by Ar-O,; mixture
gas bubbling.
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Fig. 14. C-Cr relation during decarburization by
O; and Ar-O, mixture gas bubling under
the reduced pressure.
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Fig. 16-a. Change of bath carbon concentration
with time during decarburization by

Fe,Oy (160-30 Torr).

010 e 18Cr-8Ni
s 10Cr
4 10Cr-BNi

1 1
o] 15 30 45 60

Time (min)

Fig. 16-b. Change of bath carbon concentration
with time during decarburization by
Fe,O; (400 Torr).
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Fig. 17. Relation between carbon and chromium
content during decarburization under
reduced pressure.
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-2 2 VHEETE Cr-0 oFEFERERINTVD
7oDTHHS.

35 BREECREITEEOEE

Ee{biE 4 2 % blowing % %\ 3 bubbling L7 X,

FLOBLERERMLTIRK Lic 2 &0, BREEDE
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050

& /@ e—e | 600°C
040 g / o---0 1 530°C
H /;_’_. »——0
< 030 - ' C-Si egilibrium
= / @ (@ 400%r, 1 530T
c ’
2 oot [A @400 1600
3 l @10 1530
010 | 7 O @0, is0
® O 20 ,1s%0
/——’/@) 30 1600
0
0 05 I'S

Silicon (%)

Fig. 18-a. Relation between carbon and silicon
content during decarburization by
Fe,O; under reduced pressure.

(160~30 Torr)
0’50 -
/® @ e—e | 600°C
oaol o--—0 | 530°C
o 80 —»
————0 ——o
% 030} o To—=—0
o
s C-Si equilibrium
S oop b C-Si
S 020 (D 400Torr, 1 530°C
Torr, | 600
016 400 °C
0 1 1
0 0} I'0 'S

Silicon {%)

Fig. 18-b. Relation between carbon and silicon
content during decarburization by
Fe,O3 under reduced pressure.
(400 Torr)

FERATME & B EBR M DWW Tk, Table 4 iz—F5 L
THRT. MREEOEEET X v —%, Table 4 2ff
U7 BRI AR LR Stk D b DVLIR B M 25K
X<, F+AE 100kcal/mol DL ET#H%. O, bubbling
Lz DvE, SEEmEICIE, BRILWIAEmR Linh D7
EIBHITIE T v 2qumic B p 4k LI7E T % ) »3
o, TRIFALE LY S CALSDTHS. Zhicx
L, CO, blowing OF&EIEFI/NX L, Ar-Op bub-
bling L7=% Dlx 15~27 kcal/mol TH 5.
3.6 BEERAYE

EefbiE 4 = % blowing F7:¢% bubbling LAt &%
Y OB LRZ WM U TR L7c & & OB RFERshEL —
FELT Table 5 kmd. £HRT, BipshEIIZ C O
it (C—>CO) RN BEEIE, LERIYFLIX
C, Si, Cr ok (C—CO, Si—S8i0,, Cr—Cr,0,)
HRXNW-BENRLZEEL ZoXdITEHE L. B

05
\ C-0 equilibrium 160 Torr
* | 600°C

o4l o | 530°C

®
5 02}
=
38 =
ol =~
®.® Cr0. formation point
O 1 1 1 1 1
(6] 100 200 300 400 500 600

Oxygen {(ppm)

Fig. 19. Relation between carbon and oxygen
content after decarburization by Fe,Ojy
under reduced pressure.

REh®EE O, blowing 23 33 \>. bubbling DA
Cr DEALE &bV T BRIRBETT 50T, 28
FERIT AR5, PLURBIEIT blowing D& X D X<
5. E1IT Ar-O,(4/ ) IREF 2B X . BE{bgRmn
DOEFEFBSNCRIFRFFERTH O/

4. = 2

T

4-1 BiptBERAPIC Cr ORLBXMIESEH

Oy, Ar-0,(4/1) DX S BHRERT v v VDOFHNH
A% blowing L7354, FIUBbL&E BnLBE
TV, BEGERR T, FEIERACVIRR S ELE L, Cr i3
{ELEWIETDE A, EEiTix Cr OBES» 78D
B0t TOBEEBEFROXSCHFExLNE. 18Cr-8Ni
D RO MEEMIC CrsOy BAEKTHEED Po, 13
1550°C X 6°2x10-12atm, 1600°C = & 2-11x
10-1atm, F7z, CrsOf DERKTHLEED C, O RBE
irERFh, 1530°C ¢k 0°167%, 330 ppm, 1600°C
Tid 0°116%, 440ppm TH b, HGRETIE, FHIC
COMEIELS B E Bbhs L, bl LA C
PR T At HiIcsizEEvys 2, Cr jgED C
RECL bRFEFITE Y. ThTRKRKIGE, Fe, Cr
DL EH»EERIEE LTETTS. £K L-BR{LY
i, FNLLEOBEOMMSES LT, BTt C i
EOTRILEND D, REROLGEEHRILELT 2248 L
DOFH L, FRBAZ FHRCIER UL BRILES SR
CHFE LTHREOHMBIRE L 2TV BDT, MbhwE <
i Cr B LR TCEINEVWTEFOEEERTEL, FH L
LT RERRACE, ARk L vz o Cr og{brsd§
Db TH5. MBRMCEHBRMM» LD, BILw
FBEL 7513 E Z DMEAEE .

— 95 —



1232

& & M

% 59 4 (1973) L9 2

Table 4. Temperature dependence of the rate of decarburization under the reduced pressure.

160 Torr 60 Torr
64 590
o, log ¥V = 15563 ————
Q =148"5 kcal/mol
*k
Gas blowing GV —a-750_ 23090
. Ar-O, logV =4-750 RT
(0°45 {/min) Q —53-2 keal/mol
92-8 *
V=—1-282—————
co, log 82 RT
0 =0-21 kcal/mol
46 020 42 930
0, logV =11 302—T log¥V =10 494——1}7:—
Gas bubbling Q = 1060 kcal/mol Q =989 kcal/mol
% ®
: 1 1
(0°45 2/min) Ar-O, logV=0'398—-—§]%,0— 10gV=2-369—%
(/1) Q =159 kcal/mol Q =274 kcal/mol
30 Torr
Fe,O; addition —11- __52.2_1_0_. _9- _ﬂqo_
23 logV =11-66 BT logV =9-91 BT
( =121-6 kcal/mol Q =104-3 kcal/mol

* Heats which oxide was not observed.

Table 5. Oxygen efficiency (gas flow rate 0°45!/min).

Temperature Oxygen efficiency of Total oxygen

Pressure of bath decarburization efficiency

O; gas blow 160 Torr 1620°C 6-89;, 19-5¢9,
Ar-O,(4/1) mixture 160 1620 53-1 766

gas bloW

CO, gas blow 60 1 600 20-8 20-8
O, gas bubbling into 160 1 600 18-2 44-0
the melt 160 1550 11-8 11-8
Ar-O, (4/1) mixture gas 160 1 600 49-8 49-8
bubbling into the melt 160 1 550 44-4 44-4
Fe,O, addition 160 1 600 500 84-5

42 BBGRERO Si OBXRILICDONT

SiO; D@mEKRF ¥ v Po, 13 CrsOy © Po, X
Db, DL, [Sil=1% T Po,=1"3x10-2atm
(1 600°C), Po,=4°5x10-12atm (1530°C) TH 5. &
DEI Gsio, <1 iixhiE, o EEL k5. FEE MgO
BOIERFMBLTWS D dsio, 1E 1 X /AL, C-Si
FgEd, 7-& 21F Fig. 18-a ¢ 160Torr T T Gsio,

=02 L93%L @-Q ONECBHL, FEMACD
Si BMEEMILIh > 5&HBcin 5.
4-3 BRRISBHBIZDONT

BRET vy VOIFER CO, H X EPAmIC
WE D THREETLbR LGS, MENRLLVIESE
7eRmENBEL £ [C1>0°129 Th, SHARMEICE
{EoERZIE 2Dk ZoHE, 1) BiSEER C g

— 96 —



b

-/

A7 VUARBBEORE TS Y 2BRKFICEECHET 5HR 1233

ErEFE Lz, 2) BREERT ARECHST5.
3) B IR IERIC /X Vs (021 keal/mol)
e EMr S, SUBRABERESD CO: 5 FOBENIEER
BLEzbhd —HhAELY FXLKBERT v
DK CO-CO, # 2z CIRENLY 0°1% D
BICRE DT, BMUROLWEHTHRRZITIRV, EE
b= F ¥ —& LT 32-04+ 152 kcal/mol %‘_)1%':, = 7=
REESHA CIRE LR D CO, 77 EDOFIC AT
25, CO,+C-2CO pibERGERE L i L
TWb.

O, Ar-Op DX SILBEFRT v VD EWH A%
RE2FHEE CO, OBFEX VT OELWIRET
(0-9!/min), fIFRMCEELIEER L, T & A SHE
LfwFF ok, Cr OBLicET S ETER LALIL
< CrOf OFEFERT v v v WAIEFCEL, Ciestl,
Cr 8 BENEEMICEWDRGRETI C-O OF
EWEMHRIL L, Cr BILMASAET 5. %7, ok
& Fe dEb¥5. £2C, MKRIGET V& LTRD
IO BRIEHREIERE T RbTW5 3D L LTEER
T TH5.

1/20;4C > CO  vovveenveninvinninninnenenee (10)
XM +y/2 Oy — MOy -eviemrnneenns SUTU (11)
(M i Fe, Cr)
MOy > XM+ yQ weveremerncenineneenineo (12)
C+O > CO rrerermerneeen - (13)

BEEGEA0), AD)RoESFEIGELTREZ D, 2
MEBZENTYE, BERT LU v LOEFWEE, EEH®N
Bz d, %, FRESEWEE (1) ROREIE
V. B EmCEB{ILMEA T EMBOBARAN L K
%L, WEMRESELL, X5t Cr OFEIEAEETS.
SECEHILHEITECHSORREGEECEEAR
OWT i 5. RIGRE~O C OWHABEEES
Bz, C ObR&EL20ThHY, C OWMEASE
PEECTHHEMET D E, BREREER(L)RTERDLX
hs. (DXEHS LD %'@_t

%% C—9%C,
1[%(};_% _}_ 2 (_ ceeeeeeen (14)

T (D/d) wbrhiul C OMEBBREL Lot SOHE
SRR AT D, 22T %C, 13k tiekiy B C
RE, %Co 13 C OWHIREZTT. FTHEHRTHL
(D/5) 1600=00141cm/sec #{FEH LT, MiEE 0:29%C
DOFEOBREEFIE L, Fig. 20 wirRd. ZhiE
Moo xR O CIREDOZEL (Fig. 4, 5) LB T S &,
ER D CIRELLITEMRICRS LT bl Eog
FERLTWD. FEd bz 2ry—3 C OERD

—— 1550%C
Ll 160 T
O3F L-goiemse O or {2 1 600°C
60Torr { :gggfé
02 ks
S N
<~ ®\\ \\\\
= ~ \\‘
2 \5\ RSN
g I Ot bttt
@ S~
o1 N
\\ —
L A\e_ B —
[©) Te—
- - - =
o ©~@ equilibrium value ' .

0] 15 30 45 60
Time (min)

Fig. 20. Change of bath carbon concentration with
time calculated assuming that decarburization
is contorolled by carbon diffusion in the
18 Cr-8 N1 melt.

(Co=0-29,, D/§=0-014cm/sec)

fEMEIL = AoV F —1X 10~17 keal/mol'® T b, FEILW

B4k Lz O, blowing ¥4, Table 4 7>5 148-5

kcal/mol XIEWITEL, ZDH» 5D C DOIAHAHE

EWRTF XV, —HUEER T 5 TD O OIEEO &AL

T Z X —FX 50~95 kcal/mol!2 =, ZFEAIEIX, —hk

DELSIEDTV 5D, REBROFER T 7 (BRLIE) 1x

WS X D DIREIMEL, MIBEDIEVOT, ZDXIXK

',é]lnﬁ& D= DTHAH 50, TORIE>ED Lk

» BBEDRT It 2 Z~OUESRENIR R EE %
ﬁﬁbrwé%@&%xémb,_®%uﬁ%ﬁ§&@
bivd. BRIESRZ I L Ttk Uiz & & DR RGERE
¥4, Fig. 16, Table 4 55 b Uz O, & D10

HFEERMUX S RBEHETT I Lbr5. DL

b, BERF v vy VOBWH I EMH LB

— I ABILHER L, ZOBMEM R & I O CERE

5 i S h TR M T b . BEERE
ODRFI T2 FNVA~DWEBBPFELLDDDE
HEINhD.

O,, Ar-O, ®$85 iz bubbling L7354, $RB DL
PriELETrE Cr OBLINZE E A L3, JKIRT O &
A% bubbling L7284, ¥l ERTCIMELEML
FBEE T v AR B b DAERMNTE BB s &
Eirb, VY Fe, Cr OB LMY —7ALERL, Th
2B CIEDTETLINDHT MRIISH ETTHHD
LEz NS, ok x, Cr, Fe OB{LERS & B LY
& C OGO 8IS P I IR &2 E his SUBHHE
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EKRLTWS. F7bb, 4) bubbling i X biREG
DfifsEibah, BEEOEINI T NS, v) K
W-A 0 KICREmORRIC X b, BITRE D554
XL RISHFmEEKRT . N) WD EFBBRTHL
WERISTE LEEAR L, BTLVWERREE 2L 5. =) &l
EZRITATIE LB b (O oL TsE 21D
—SOER LB DT, B UV RE & B LTy
<5h, BMbIExShTLES. #E, otk
FHEL X DT Cr O{LOBESKEL BERLDE, &
W-diE, TabbE - MsoREROKNE, TD
FISHREA~D O ORBED 22X 5HDT, HRRE
BWHEELTHER LD EZEZLNS. Bl OB b O
DOPHRDBENIMITIE D L5 BX X DOWTIX 2559,
PRSY BfEf LTV 5.

Dk, &5 L, 4270 A0 ORI S HERET,
blowing, bubbling &% 5T %

1/2 O3 +Cr, Fe — (Cr, Fe) O
(Cr,Fe)O — O +Cr, Fe
c+0—-CoO

DX H b, & ITEBILE BB OMAY &
HhDEEZ LN, BT E Cr O EIBSE LIT,
Wi RIS % AT X w51y, 1) BRHE =) KnF
W, ) B ofitomt, =) KISREEORK,
KENRBEEET- L7 D, bubbling iz X 54845, &<
i Ar-O,(4/1) bubbling MBEhBHITHS. E/-FES
EOmE»HE XIE, BLERORINC X 5RRBPENTDH
BT ENbhor.

5. ¥ ]

&7 o MRBORE TR T BHRREISHERSICoWT
HEBENCIRET 2T S o, BEBEFcAELEI
X BMERISEREITR DM FOMRLBIETS &

1) C OFiEE 002~0'3% O2RF > LAHE O,
Ar-0,(4/1) QL5 HBEFRT ¥ v VD FHWH Z TR
KT BTV, —7cA Fe, Cr oB{basElK L, T
noE{bY (&< k(b)) PERRUHBOBERE o
THLEAHESTT 5. blowing 1 X b $HIARTC B L
BAERENTH» ST, Zh SEM{tW)» SMB~ DB R
OUFREE PP G2 EET 5. B Lk
X ORRERIC L >TCHHEE I N

2) BRART, Rk C ob: S5
Wi, HETOEBLETADEBEFRT v v VEEL,
BWIBEWRXTELRETREL, TRPANERZEL, ok
2 LT BRI VH, BT R OMRFEIERKL
HFcHn, —EOEH DD LT blowling X9

bubbling DHEED, XEPTERTHS. LI Ar-
O(4/1) {R&# A D bubbling M5 EHTH 5.

3) ER{bgRAINT X BRRVE, EEREADIEIEIC
X<, FOFO»rA I DT, BRI RRS BRI
5EBEbhS.

b Diciid, ARWAD THRE W EE LAELL
KEFR AR L, BRI AR ERMAE T, #<

BHOBERLET.
X [:13
1) M. ScumipT, et al.: Stahl u. Eisen, 88 (1968),
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C-O ¥ HEEXKRDZHE, FHOKZHERLEDLS
e bt ?

(E&) C-O oF{fHfE (18-8-0-25Si*)

€+0=CO
"log K(=Pco/@c-Go) =1160/T+2-003 --(1)

FRALLBNET — % OHER (o&H)

Cros BE Vw0 T log f$T oz X 2T C-OB&Es»
thiES (LT 1600°C 55 EFizThsiEs)oT,
BORBOEZRALCEELABRZKREIIHTRT 5.

HEr (1) Rt oERO BNETF—2 2 FRAL
T, RRAOX>IEH, thErave.—%2—TiE.

log [% 0]+ (—1750/T+0663) [2% O]
=log Pco+0-123[95C]—log[2 C]
—1160/T—0-9778

* melt 1 Si 2349 0°25% FB7F
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‘Thermochemistry
for steel-making | *#iEHEIZ(H = O fth
(I)AIME X b
egi © 01
eNi| © 0-012
e&F | © —0-024
e 0-22 © 0-298
e © —-0-097
e —0-2 © —1750/T
+0°76
egr @ sk Kok
@ —0-040
<209%Cr
, (R - 74)
et —-0-14 © —0-137
eNi 0-006 © 0°005
<169%Ni
. (FHE - TH)
g —0-13 © —0-421
.| © —0-10
2. | © —0-13

*% 1 620°C 18 Cr — log f §F=—0"635
1600 18Cr— = —0"684
1550 18Cr— =—0"744
#*%  Jog f §F=—(369/T—0"137)[%Cr]+0-0024[ % Cr]t-75
UNG - 4£5F)

(z4vk eST=—0-040 %A L 24
Peo BFx QL snFHAEL E D/
B BEAKESELED L 213, CHIPMAN LD F — 2 %

fa F.

(ER) FesE#m XBERAE

1. $ROLREDFFLREALOE S TEZFAL
BBEDLSITHLbDT WS,

2. EREZOBEMEVLF o2 @B HLT
XBred» , BL+C ORGEH» BRIk dz LI
FZ x5V,

[EE]
L. EERBHEBIZOWT

030
x—--=x jog fi'= -0 72 (eg=-0040)
a—-—a fog £"'=-0"665
(log %™=~(389/7-Q:1 37) [4Cr]
+00024 [%C)™ & 0§+
Q——0 log £7=-0"635(Thermachemist:y
20 for steetmaking (1) P. 551
— DTS ITMb,
52
e R
8 . \\\::\
S oo SR
— ‘-\&n
S N\&%
1 600°C {._-_. LB CEBBA
0 I} 1 1 I ! | |
(o] 100 200 300 400 500 600 700

Oxygen (ppm)
Fig. 1. 18-8 0°25Siffl % T @ C-OF fi (160 Torr)

030
X=X log £’=-0'72 (eg=-0040)
A—-—A |og £'=-0'665
\ 10g == (363/7-01137) [%Cr] + 00024
fec)™ g netx
\ O——0 |og £4"=-0635
—~ 020 | }\ ( Thermochemistry for steelmaking (1) F!SSI)
® N DTS Th5,
b=
8
3
010 | SR,
e \&\"““\%
0 1 1 Il
o] 100 200 300
Oxygen (ppm)
Fig. 2. 18-8-0-25Si #ifk® C-OF# (60 Torr,

1 600°C)

1.1, EBEHRImEOBR

Fig. 3, 4 1 Pure Oy, Ar-O, BREFAEZRE DT -
BEOMEDEE FARBOMABREHMR LA LD, K
CHEAESNABEOVERI N AREL LHITRDST 5.
FroBmEME (C, Si, Cr OFELEELA: O, B %t
MMEBREETHRLALD) ERX{E»H D, Pure O, k&
ST OE4E 35% (0°9~1:8{/min), Ar-O, K E21F D
BAEE 962% (009/min) TH 5. FAMES LRI LK
HBHE, ABRTEEEYVRIBAST S, BEETICEL
MEPERL, BHE2ELEEIDHTDH 5.

Fig. 512 CO, # 2R E21F P50 CO, #xsh®
L CO, " AMBOMBEERNTFLALOTHS. CO,; KK
o DES1E Cr, Si o loss 34 <7<, Bkro Lk
AT 20T, RO CO, =% CO, PRTH 5.

1.2, EREHHB LS (Table 1)

chbso@Ricowe, Table 1iz—FHLTHERT. &
AL DEFEE, O HAWE, BEAFHERORICHEBES
v Cr, Si OEE{L v

Table 1. # =z gtfafHE 0:45(/min

# A \mmar|m m el K O 4 B E
fria s |ZPHRER B Elgeaxwy =
Torr °C (%) (%)
Pure O, A .
ASCIN 160 1620 | 68 19-48
Ar-O,(4/1) . .
0N 160 1620 | 53-1 76-66
CO, 7 & . .
R 60 1600 | 208 208
Pure O, 160 1600 | 18:26 | 44-0
IA
R &R 160 1550 | 118 11-8
Ar-O4(4/1) 160 1600 | 49:86 | 49-86
LR 160 1550 | 44-4 44-4

2. MBI PELLVEELARtTREbRATEL
BEDRIGIZ2wWT
MBEEWRE ST, RECEHItBEXTEL L EOMR
REEORHKE 1/T(°K-) oBFR
log v=15-563—64 590/RT (160 Torr)
bR T OERILT ¥ —Qyx 148°5kcal/mol
F7, O #ADRD YT Fer, O REA ML THRE
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Q
s

‘,
(@)
LI S

Bz nsRE (%)

2T W E(%)
AC+ACr +45i/g,
3
O
—NUWHOLONOOO

»
o

0 o 20 30
0. & (£/min)
Fig. 3. Pure O FAREDTDLEECHENR LK
R oOB% (160Torr, 1620°C)
(BmEET 70mm¢, ifES 170 mm,
BEE 4 5kg)

100 100

ol O\ o BROBEME  { 90
= 80 /S . comzm® 803
~ T0F . 470>
Boeol \ 1 60 &
AN : 1508
£ 40 \ 420
i S
# 30 - 4 30 %
@ 20F \ {20 &

10 }- o 19

0 L !\o ! OO

o} o) 20 30 40

Br-0, (441) ®E ({/min)

Fig. 4. Ar-O, # 2R EDITDESOEEESR L Ar-
O, # =i ik @ B (160Torr, 1620°C)

CO: # ZABE (%)
o
]

1 | 1 I | ) )
0O 0 20 30 40 50 &0 70 80

CC ik ({/min)

Fig. 5. CO, # A2 REDFHPBADH AL L KED
4% (60Torr, 1600°C), C +CO,—2CO & L T)

IR 2T lebe 2B &1,
log v=11-66—52710/RT
B oiEkkilb=3% 1 ¥~ 121-6kcal/mol TH 5.
chbh bbby, EMEH» oxide TEIbh s,
BEFZAI, EP, ARTRELRLEVT, £KL KL
oxide (& < i, Fe-Ei{b#*) BlERICESE LT 5285
BRELLHDLDLEEDNS.
*AERR L Bt E o D E
Cr,03 53'7% FeO 44°6% MgO tr. S10; 2°3%

TN X RREHT UIo iR
Fe30,4, Cr;03:3Fe,04 SO LNz
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