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Decarburization of Molten High Chromium Steel under

Reduced Pressure

Tomonori KUWANO, Shigeaki MARUHASHI, and Yoshimasa AOYAMA

Synopsis:

Decarburization of molten Fe-C-Cr steels by oxygen top blowing under reduced pressure has been studi—
ed in a 100 kg capacity vacuum induction furnace. The results are summarized as follows:

(1) Decarburization process could be devided into three stages; the first stage in which decarburization
reaction proceeds by the preferential oxidation of carbon, the second stage in which carbon and chromium
in the bath are oxidized simultanecously, and the third stage in which the reaction proceeds by the preferen—
tial oxidation of chromium. The relationship between carbon and chromium in the last stage was ap—
proximated by the following equation.

log([%Cr]/[%C]) = —12 500/ T +9-04

(2) The oxygen efficiency for the decarburization reaction in the first stage was found between 749,
and 78%, for the Fe-C heats and between 37% and 64%, for the Fe-C~Cr heats. The efficiency for the Fe—-C
heats was hardly effected by the bath temperature and blowing condition, but that for the Fe—~C—Cr heats
increased with increasing in bath temperature and in the size of oxygen lance diameter and with decreasing
in oxygen flow rate.

(3) Experimental data concerning oxygen balance and activation energy suggested that the decar—
burization reaction resulted from the reduction of iron and chromium oxides which were formed by oxygen
Jet at the surface of molten metal cavity. It could be stated that the rate of decarburization was affected
not only by the oxygen flow rate but also by physical and chemical properties of oxide and metal splashing
behavior resulted from CO boiling.

(Received June 3, 1972)
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Table 1. Experimental results.

1 i .
Heat Lance f O, flow Temp. Cc WMC;; o Si
! ! before| after | before| after | before| after | before| after | de/dt
No diameterheight: rate [ O, I Oy 0, O: | O, 1 O 0. O,
| ! _ blow . blow | blow | blow | blow { blow | blow | blow )
(mm) | (em) /min) | Q) | CO) | (@) | (%) | @) 1 (%) | (%) | (%) |i%/min)
107 10 10 21 1610 1640} 0-29 | 0-012 — — — — | 0-0180
Q 108 10 10 21 1700 { 1725 0-51 1} 0-260 — — — — {1 00175
& 105 10 10 55 1615| 1640 | 0-51 | 0-011 — — — — | 0-0440
106 10 10 55 1713 | 1720 | 0-43 | 0-010 | — — — 0-0460
- 20 | 5 5 4 1600 ! 1590 | 0-21 0:030 | 17-41 | 17-31 0-45 | 0-36 | 0°0027
@ 43 5 10 19 1590 | 1630 | 0-50 | 0-060 | 17:44 | 16-90| 0-35 | 0-18 | 0-0127
. 45 10 10 93 1585 | 1700 | 0-54 {0022 | 1727 [ 15°68 | 0-30| 0-10 | 0'0450
c,L) 47 E‘S 10 19 1 670 — | 0-3810-015|17-83!16°54| 039 0-10| 0'0165
o 53 10 10 %2'5;?‘)%'5 1610 1640 | 054 0-050 | 17-19 | 16-71 | 0-38| 0'16 | 0-0048
b 60 10 10 29~-19 1630 — | 0420040 { 17-19 | 1580} 034 | 0-13| 0-0090
P 67 5 10 19 1710 1735| 0°45|0-019 | 1656 | 16:64 | 0-45 | 0-25)| 0-0170
95 10 10 10 1580 | L610| 047 | 0-100 | 17:41 | 17-37 | (0°17)| 0-16 | 0-0063
116 10 10 10 1500 ( 1630 | 0-20|0-042 | 16:99 | 16°69 | (0-17)| 0-15 —
96 10 10 10 1660 | 1670 | 0-43 | 0-120 | 17:37 | 1745 (0-17)1 0-15| 0-0075
117 10 10 10 1713 ] 1715] 0-13 | 0-026 | 17-31 | 16:77 | (0-17)] 0-16 —
119 10 10 55 1600 | 1780 ! 0-52 | 0-018 | 17:26 | 16-59 | (0-17)] 0-07 | 0-0220
118 10 10 55 1580 | 1705 | 0-28 | 0-022 | 17°62 | 16-52 | (0°17)| O-10 —
111 10 10 55 1690 | 1770 | 0:54 | 0-028 | 16-81 | 15-28 | (0°17) — | 0-0305
S 120 10 10 55 1705 | 17707 0-15|0°023 | 17-35 | 15-85 | (0-17)] 0-09 —
1
Cﬁ 140 20 20 55 15750 1715 0°49{0-°027 | 17-16 | 1583 | (0-14)| 0-10 | 0-0190
I 131 20 10 55 1570 | 1690 | 0-50 | 0-031 | 17-57 | 16:55 | (0°16)| 0-10 | 0-0233
135 20 -3 55 1565 | 1705 | 0:50 | 0°030 | 17-44 | 1678 | (0°10) — | 0-0254
128 10 20 55 1580 | 1730 | 0:57]0°038 | 17-16 | 1536 | (0°12)] O-11 | 0-0195
119 10 10 55 1600 | 1780 | 0:52 {0018 | 17-26 | 16:-59 | (0'17)] 0-07 | 0-0220
130 10 3 55 1580 | 1675 | 0-57 | 0°040 | 17°86 | 17-07 | (0-12); O-1l1 | 0-0284
139 5 20 55 1580 1695 | 0-53  0-028 | 17-42 | 16-94 | (0-17)| 0-08 | 0:0180
138 5 10 55 1575 — | 061]0-025]17:86| 17-41 | (0-13) — | 00176
141 5 3 55 1560 | 1690 | 0-59 | 0-022 | 18:07 { 17-23 | (0O-11)] 0-11 | 0-0200
A
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@® Magnesia crucible ® Molten metal @ Assembly of temperature measurement @ Oxvygen blowing lance

® Sampling apparatus ® Vacuum gauge @ Flow meter Pressure gauge @ Oxygen bomb @G Rotary pump
@ Drain pipe @@ Dust filter @ Diaphragm pump @ Infrared carbon dioxide gas analyzer @3 Magneto oxygen
gas analyzer

Fig. 1. Schematic diagram of experimental apparatus.
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Fig. 2. Variation of carbon, chromium andjoxygen .
contents in the melt, together with exhaust
gas flow rate and its composition during
oxygen lancing.
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Fig. 3. Decarburization rate vs the pressure in the

chamber and decarburization rate vs CO,
content in exhaust gas.
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Photographs showing the molten steel surface.
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Table 2. Experimental data of critical carbon contents (C1,, Cy, Cjy) and
coefficient of decarburization rate. (K, Kay)
Heat [(%C1] [%Cr1/[%C]| Kay ** | Kap **
N f fter O, bl
C0 | %G1 * | 1%CT1* [ [%CI Y | o biow | T 2] (min) | (min-t)
Fe-C 105 0-070 — 0-017 0-011 — 0-393 0-044
106 0065 — 0-013 0-010 — 0-539 (0-048)
119 0-130 0-080 0-019 0-018 921 0-247 0-012
Fe-C-Cr 118 — 0-063 0-030 0-022 752 — 0-042
111 0-140 0-080 0-028 0-028 546 0231 —
120 — 0-040 0-025 0-023 688 — 0-015
140 0-070 0-050 0-038 0-027 587 0-360 0-071
131 0-120 0-060 0-035 0-031 534 0-287 0-049
135 0-145 0-065 0-040 0-030 559 0207 0-050
128 0-115 0-060 0-055 0-038 404 0-336 0-056
Fe-C-Cr 119 0-130 0-080 0-019 0-018 921 0-247 0-012
130 0-135 0-075 0-045 0-040 427 0-250 0:071
139 0-115 0-075 0-037 0-028 606 0-283 0-047
138 0-095 0-045 0-029 0-025 697 0-248 0-053
141 0-150 0-060 0-029 0-022 783 0-216 0-050
* [%C] I o 5 Critical carbon conteqts between st period and 2nd period measured from depression of vacuum vessel pressure.

[2C11
[%C11
*x Kal 3 Coefficient of decarburization rate at 2 nd period.
Kal 3 Coefficient of dccarburization rate at 3rd period.
060 G-95l/min_h=10cm
d (mm) B0, TemplT
| o 10 1 615
oso "\§§k F-C (o 10 173
’ LA a 40 1600 |
040 10 1 690
Fe-C-Crla 20 1570
G 030 = 5 1575
020 \Q\
\ N
o L :
0 5 10 15 20 25 30

Time {min)

Fig. 4. Decarburization curves under various
oxygen blowing conditions.
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2E DR ZIADITH L, EFHEIE L TWHEEEZEL
BREEEORDEITEIC L X B2 ENTEDLLDE
Bbhd. ZOXSKHEEREGFTREIMLELI D
HR[%Cl% 1 RTEDBI EEXTERVWD, UBOK
kv Tid [%Cl, [%Cl, OFRIMSETH 5%
Cl ZEEFRRFERE L XK [%Clen TRT. hRBEZEE
ZrORBITHEBIMHOBERZIELE LT TE LD
7z. &7z Fe RTIX [%Cl, [%Cln 2EK5§ 5 Z L8
TET, BREENSKTT S [%C1 &7 0:01~0:029,
TH D7D [%Cl, ¥ 0°06~0°07% L EH»Dfz. KK
FEBORREETRE LA EDTH»IT E[%CID
—WBUE TR S /208 1T, 1 B K& %
Thth [%C) O 1 REE EIRE U THRRE £,
kan OfEZ D Table 2 R L7z LA LEREMAE
»BR U7 S KRR COERMELFE 27 D
ZE)LEBRBREPKEL LB L Bbh 5.

DL EDFERVE, KREP TIEMEERENNTIR L2
FOBRR L FERKRTH BN, WMETORGTH DA
BDI%Cleri A5 Cr FZTH 0°10%, Fe FZC¥0-039, &
Tz &, EWHRRES THAECEBLESLROND Z

=IP
D/\

&, BREKEEDPERME DT CIHRMERY RRER E
DEEEZT T TEDLD L ERRRLLBEKIL LN
7z



868 g & 8 # 59 4 (1973) 7%
180 [— p; !
¢ 8 °
-1
s -1 A 08
== @
i 8 AN
i w ! b
! <! L/ < 06
17:0 | . R z o °
CA L 3
<] .
= | i S . 04 e 8
: 165 ‘7 :‘ - B-(Olg)vm ro'-u‘u!v
[} I i ° o|~1600| O
:' H::l (l/ranin) B(();E)Temp. 02 o |lo]|~1600] ar-o,
160 ! ° g 10 590 — ¢{-1t700] O
:'1 « 7 . :713 ° L. |
a s ss 580
i 20 res 20 40 60 80
155 - ! l | Oxygen flow rate ({/min)
L4 N L I A ]
o o] 002 oos 010 ¥ ) .
[ lcj oz o° v Fig. 6. Chromium contents oxidized in the course
of decarburization from 0-109, C to
Fig. 5. Relation between carbon and chromium 0-039, C.
contents in the melt during oxygen lanc-
ing under various blowing conditions. —
5 000 L& 100kg vacuum melting ~~
}© Exp. data (just after ‘?,Q‘\\ 2
) » | oxygen blowmq‘l ~a o
3-1.2 Q_gs g_glza _(:‘__Q 0)5‘3@?% 2 00 © E;g&;:r:abf;gion;nin after a Q’o’a\a\\\\ﬁ
(1) C-Cr DBk O e o
“:-— quilibrium line 3
Fig. 5 iwRgli@fRicisr 5 C-Cr OBfRO—PI% R | 000 | Fap Sy
T RICFRT ST S 0 AREmE Cr0®®, peo % =IN: i
) o X X 500 ~i—o
EBREN O 0-03atm 2 L, C-O FHFm® % L O°Cr- S - i P N
O FHHI &M Db T (1) & > F DT 2 - e
{ 7, . s
BOE Al L CsRaD 7 TR TIEC B - Bs, C@m%o o
-
4C +Cry0,=4CO(g) +3Cr r 100 8oy — Y 50;
log K' (=[2%Cr]® pcot/@ct) = —48 880/ T+ 31-96 50: . \\\ . )
............................... ( 1 ) 48 43 50 571 52 53 54
/ 4+
¢ Q=—0-364D ¢Q=—1750/T+0"76% 17 %10
e §=0-298% eC— —0-4219 Fig. 7. Effect of temperature on the ratio;
&
%C 2%Cl(=K).
¢§F=—0'0249 ¢ §F= —0 04010 [9%Cr1 /1% C1(=K)

[%Cr] H—Rpic 8503 % WA % R iELl4E C
BN ER LI T < 25, BURASHETr & EERTENIT
MY%4 3 C-Cr OFMEI VE [%C] T Cr 0EElk
BELLS. THRRTE T LRERROSEE
SR THFTT 5. EFEITH ([%C120°10%) T
W Cr BhEhEgbsh ¥ G obEEILE 4. 001
%/ minfEE CTh o/, ELHEH (0-10% = [%C]1 =003
%) i D LFREEMET L Cr of{LEENHET.
Fig. 6 1z [%C] #9 0°10% » 5 0:03% & TRk L7
BEo Cr ot R T2, BtERRESTOIRE
T E, BEHENE WEER EL s EAaE ®L
fz. &K Ar-O, REFTRAERE DU E0BKRILE
BAELZ kA BECEEIN -ERE S50
oo BUBizBE C, & 3ES, BERETHRED

8

By LOTEHBEREE LS ST LTS wERELL
DI X UR X (L DEIE A A MEE LB E D [%Cr]/[%
Cl & /T offF% Fig. 7 wr®¥. T [%Cr]
& [%C1 Dtb%x 1:1 2 LicDWEIEDT b v
Bzt 57-0Th5. B odE EiE RO E
40 ¢t BELIF CORBBOMEE T LIz, TOFKBR, KER
ZHTORE DD [%Cr]/[%C] dirfigic (2)
RS LN HryW R EEHROL 01 atm ToFt
HEICAEY L. 2ok eRgbho C-Cr ok
EBRENXVBWENTEH»T EFE LR, BEOH
WaEkTs e Fig. 7 oA TRT X5 FEREERIT
& pce BI~NBT LEBRENGE S v
103 ([2Cr]/[2C]) = —12500/T+9-04------ (2)
PlLEogER i ESSERRBED C, Cr OE{LARE



BRETIBT2ERE 7 = AHORKKIG

869

eI EoEQXS>ELLNS. T Cr DL
Pk Ty v LER LSS E R T B ERE L T DR B C
X CETENEEDETELBEEXSL L, B
T [%C] BEL, »2Co0xT 5HMN»Cr
DFNITHRTRKEVDP D, 70 AE(EMPBPERLTD
FRLEEGRATEOELTEIN C OMLIIZ LA LR
Sigv. HBIHTRCOOIKTHHMNT Cr X hXK
XS, [%CIPRAT 5107 o AE LI O 4 R E
ik LT Cogiams+4 T < EILHEN Cr HA—ERER
fbxhiz s, FEIPHEC L Cr 0 O3 5 BN
REELUVERTH O, C, Cr p34mi) EoRHBEHE
BHEREBLEBLXNTY L ADIREDE W Cr 254 <l
{fbxh, REREXDETHDEELILS.
(2) C-Si 0Btk
Fig. 8 iz C-Si oz Rd. Ko ™3t
BVE pco=0'03 XX 0°1 atm L3\ ~T (3) XX D
sk 7.
Si0,+2C =Si+2CO(g)
log K (@si peo?/Ac?) = —28400/ T+1577 -
e81=0-0889 ¢S, =0-209
e§i=(39m/T—1ﬁ7w>
7oL, eST VIO L{ELR
Fig. 8 X 'Oﬂ)\ﬁfﬂﬁ’ﬁ@{ﬁf;ﬁnﬁzb‘fa%”a\ (No 47, 67) T
v, [%Si]=0"40% T% Si LA rEibInTire
OB b, [2%C1=0102% T LIcDB Sidhs
agic B L X o hs, RERETORE MR VWIS (No 43,
45) TIE, RREOIY Si ASELRCER LS [%Si]=
0:20%, 1T;ELI-DH C OBERILICZED D7z, £ LT

(3)®

Hect-No @ ({/min) 8*01 Templ®C
43 (3] 1530
45 93 1 585
47 19 1 670
67 19 1710
53 Ar-0,(50) 1610
80 Ar-0,(50) | 630

060

T

aebc()ﬂpo

050

00

PN
) |4 /7’/"—'0’_”0/0714
(k1 L1

020 8 A

ooy é)‘y =

==== Re=003am
R, = O'10atm

T

040

o
L]

(% si]

D\D

010

O b |
005 o110 020

[ c]

Relation between carbon and silicon con-

050 100
Fig. 8.
tents in
under various blowing conditions.

the melt during oxygen lancing

9

0200
AN
|
01100 A\ \\\‘\ Ro=0latm , | 600°C
RN b \§ / ‘/%°=O‘Icnm,l 700°C
0050 AR
- ) ~
S SR N
NN (3 ~
NN
0020 = /‘\k & \\
3 003atm, | 600°C y\ \
2 R,=003atm, 1 700°C} * AN . \
' o010 - \\\\ i \
SN R I SN A NS
\\\\ / g
0005 — Heat Q B0, - Temp 3 >
L No (/min) (0 “Y
o e 10 I 590 N
e 117 1713
0002 }— @ 19 55 1 580
s |20 s 1 705
OOI { I} \ l | l [ \ ] -
0 001 002 005 o110 020 050
[ c]

Fig. 9. Relation between carbon and oxygen con-
tents in the melt during oxygen lancing
under various blowing conditions.
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Fig. 10. Relation between the rate of decarburi-
zation and oxygen flow rate.
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ETREEFOREELHE S TlarDie.

HIHoOERIBEEFE I T 5BEBEREREER X

o d (mm)
~ 003 ; 0 20
E 10
3 | a 5
< ooz ; —
R A—i;
\J
Il
©
ege]]
3 10 20
Lance height (em)
Fig. 11. Comparison of decarburization rates for
various heats with different oxygen blow-
+ing conditions.
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Fig. 12. Effect of temperature on the rate of
decarburization.
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BipoREZBIE Liz. RIEREOFHNFSEE O F
BIRE DWW DOBERE Fig. 12I7RY. ZOKERX Y Ex
FoEd{b= 2 0¥ — (E)px, Table 3O PHEHizTT+ X
51 Fe 7rCik 0~4kcal/ mol, Cr V% 20~30 kcal/
mol B G o Cr CREBEMENE L HFLERAE
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Table 3. Effect of temperature and metal composition on oxygen balance
in high carbon range.
A B C D E F G
Heat Exhaust CO in
No C range I\t/iean. de/dt gas flow exhaust M.etﬁi* dCr/dt
mp rate gas weg
(%) (°C) (%/min) | ({/min) (%) (kg) (% /min)
107 0-24~0-05 1610 0-0180 39 19 91 —
Fe-C 108 0-50~0-22 1710 0-0175 39 25 91 —
105 0-50~0-07 1630 0-0440 (78-5) (12) 90 —
106 0-40~0-06 1715 0-0460 75 21 95 —
95 0-41~0-12 1610 00063 15 (35) 86 ~0
Fe-C-Cr 96 0:42~0-12 1670 0-0075 17 (17) 90 ~0
119 0-50~0-13 1630 00220 48 71 88 ~0-008
111 0-50~0-08 1710 0-0305 56 47 88 ~0-014
H 1 J K M N O P
O, input O, output 7782) _082) 77(()32) E
O, flow rate| O, in metal | O, for C | O, for CO other
({/min) ({/min) ({/min) {{/min) ({/min) (%) (%) (%) (kcal/mol)
21 0-7 16-8 37 1'2 78 107 94 _
21 0-9 16-3 4-9 75 111 97
55 0-7 41-0 47 (10 0) 74 79 82 4-0
55 0-9 42-8 79 5-2 77 81 91
10 0-7 59 (2-6) (2-2) 55 95 80 19-5
10 0-9 70 (1+5) (2-4) 64 91 78
55 0-7 205 17-0 18-2 37 74 67 29-5
55 0-9 28-5 13:2 14-2 51 73 75

* Estimated metal weight at the end of steady decarburization period.

** Data in the brackets show that of different heat but having the identical oxygen blowing condition.

7o. TOXHC Fe RickkR Cr FOEBRKEL LD
BEHRE%ZEDORNELSHFTTEELTO (i)~(v) 8%
2bh5.

(1) BEBEEFAOH ABIEIECERE D E;

(ii) FIGHE~DC, ODWHAEEAIEELD Ky
(1) MgO e C L ORREIGD Eus

(iv) XkETDC, Fe, Cr ORE{LEICEED Eiv
(v) kAR LB o Ci X 238G R E

D Ey

E; 13 3~4kcal/ mol™ & Bt 6N TW5S. Ey 13
CoYEOEE D E (14~16kcal/ mol*) % 7213 O Dk
HOEEED E (19°5 keal/ mol!®) ifiv & Bbh . Ey
& MgO Hia & C iz X % iR E » 43 E T 0-0007
~0-0009%/ min T&Hh, BEFEWFRIT X 2 WiREE T
NRTPINZ P LEZXTREDE R XETRERD
W THAS5. Ey TDOWTREBLEGERE DM
BAZc 72 DB S Thavs. E/ Ey 1k FeO % C TiETT
L72B& D E & LT 32kcal/ mol'®»3d 0, 7 o AEEL
WMEBETTLHBEDERSILILREVWEBZLNBZ L

PHEPRIREWERLEBLRS. BE (i)~(v) @
5% Cr RO EWX Eyj, Ey, FhX By RERIEL,
Fe Ri3 E WilivwX s icBbhs.
3.3 BENSTX

TR EE 3 X O 2 OBIEEE2FIE LCBEE NS~
REEE LiciER A2 Table 3 i”id. B~EIHOKE
XATEHIZR T [% ClEEATOTHHI{ETH D, FIH
13[%Cleri 1K L7z & EOBEMBER > BMERHUEZOER
POHMELETDS. TTHRECEBEZYRAVWTER
BaA 2 LB icii@mn S ERG LTRAD T2 Cle Y&
DOEER YR Y -V OBEFAECBE LTRL
72hDTH5 (LATHM» M INDIEREEET) -
JHERBRRENI-CHEECOKRED LINE LIZEED
YEMEEFRL, KEZHAZARE L CO, IRE, S
CO, E#wkd, 20 CO, X CO BBREELAENEL
THBEC LB O, B YR LALDOTHS. M HIZ
(XX VETE LcRREBENARELTRL, N, O
wREAENI: O, @7%%??31& LTH=E O, i&
(5), (6)RDOERLFELCIDPTRDLDIDTH S,
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70,0 = (11 200/12) 4C- Wiy /Q --+reveveesees (4)
70,0 =0Q"'([%C01/2+[%CO;1)/Q -+ (5)
70,® = { (11 200/12) 4C- Wiy

+Q'[%COT/2} /Q oo (6)

T, 4C: EWBBEARS OB A (%)

Q : (EWBURTR S OBRERULE) + GEWEE

REFICHIA» HUFA SN BEEZELR) (1)
Q' SEFMEE S OPER X BT (1)
W &R ( ke)

[2CO1, [%CO,1 : Hfix'2he CO, CO, #sk (%)

T 90, BRI LTAH B &, Fe FTlL 74~789,
Cr Tl 37~64% Lizh Fe ZDAMAEL LD,
7z Fe RTRREFFMHORE R DHE D F I ok
Cr FTRIBEMEVIZE, BBERESSVIFE 70,0
HNE L o7z, —75 CO BB IR S hi-deshis %
ELFEEINE 90,® X Fe T 82~97%, Cr ZT 67
~80% & 7xDfehd, WD 1009 1 vrsE TIRIEE
B b WA O, #5 3~339% FEDLII. D
81X Cr RIS K, »ORERRENS VWS, REMT
W EWRE o, HEH X ORIEM DA S5
L7z 70,® CLEL Lo A b IS IERBR R B EED b
iz 90, FEI2X 90,® AN XLK L BREE LTI
RORBEDRINE 721 Cr OEE L EMRE X S5,
BRFEEE T D [%0] ofimis Cr RTrf 0°001%
/min, Fe RTIHEILALMHACTEBH TS Y 3HER &
13789 278 i Cr O ki b4 0°01%/ min T
HY xOLEHFEED 3!/ min FE & Lr MY Lk
Ve LB D TR EERE % {4 U s REI 2Tk
L Tiwhs, ihR LAEROE»ETOEREXS
%Hw%bum%éht@%ﬁzfagv;mH%LT
ML LD, BRI Shic sk HXE %% 2 /h
D=
34 £ &

Bl k3 HiGR R EBREER I E ST, KESREHD
b ET BT B BREICOEED 5 VI T OEEERE T
WTHEHDEDL S EZDL ENTES. 9 kA
E LCBEENRE RIS, B UEEhcEBLE
HEGE T ODYER B R TR T 5 . AEBR LT BT BCr
HRDHEE, ZOKHEBOBERT v v VIidHi Cr
EDOEEEEBMI T EDERBRBEEST L VW EDE
HICEILPBHEELTVBLDEELLRE. EHITZ
DEILMISEITELOMEEL, ZDOE{LMEF
&4 [%0] L,svy [%O0] BERTHBEDIRE
AR X 9 REBIS ORI M DT LT, &
DREDHLE, B 5\ FEELR G DR G— kR ONE

COWTIIARE BRO%E B SEFES I & 13w 20w
2, Bk OBEBHPoCATHIcI g
SULHDZ e eHxDE, KABLMO T GEFTH
DEHBIEND. TRbLREBEMTELIZLZ AT
W, BRAT v (BT po, TRT), BERIC
PN Y RGN XD THRE B IERIREEASTIAE L, ISR R
VT DR AR I L MR RE OBEEIRE ([%0]e) &
DIREEGBLIT X > TP E 5 QDIRURE DA 22T %
LHEZ bR, TOREORERIT(7), (8)RpEEE
ha.

(Fe, Cr, C) + O, = (FeO)*, (CryO,)*, CO --(7)

(FeQ)*, (CryO)*+ C=Fe,Cr+CO -+vvvvvnvenn (8)
EHI(8)ROEBBEELEXDL(9)~(IDREKS.

(FeO)*, (CryO,)* — Fe, Cr++0Q ---oveeneeen (9)
(o) — Qg rrrmeermmeinenee (10)
C — Clarrermrmrenerevn (11)

Lo+ O0c—> {CO}—~CO(g) - (12)

2L, (FeO)*, (CryQ0)* BRFEMEOHIELZTRL L
po, DIKECEAL AR T DEERT vy (BT
po,) THRT) K DEWEAEX (FeO)*, (CryO,)* 13fk
bt & Bz Eh, ThX DERWEEEBERTE (OF) &
Ezbn. Cq O XU {CO}, IR R CORE
#E, REFXUCCORFTT

ETHBOREIC [%C] EKEF®S T L 3R L
T (1), (12) KoO@BEIFAERRCII e D < < i
REA~OCOPII+odbbEEFExLbhSE. —F Cr %k
DIEREAL = A v F — Dk 20~30 kcal/ mol * kX <,
Z DIEMERBIBEEAN O O 5o E Offiiciiv. L L
Cr ROPETD po, B/PME WIS L FEHREM T
WCERLIES IR S W E DA 4 ABENER D E ik
M, FARERER, SEERT RSN TS EED
WEBKELBDBAFRBALGND Z LR ERH 2 Dbt
i, (10X QO DVEHLARRSEERME CTH D L 1TBiIE
TERVEISELELRS. 20X 5kCr RV TEH
RELBBBRFT () RORED ENHA LN Tl TD
HEOE v 2, BABIHERNDO ODIHGARDIZ
w O* £7-1% Fe ROttt Cr RER LD fEHER
MEDEWZ LI X 28E, BSXUEEE ML LHic
bo,! X DEWERERT v v L ORI LA LR
RREEBHAS JRA3 % oD, BEEWRIEW A3 HER{LIRIEH @
IRERFEPRKEL LY APT LERKEL LBHED
HHbDEEFEZLND. BRKEESERREL LEDICK
ELLBDE, XAEREPEVPVBEBZENELLD
ZeERWIDBHDTHAHIN, po, PRELKDIZORT
BRILE OB e IMHL D KE L R B e DR EERESHRIT
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oLt nrdnEBhbhs. ZOXSK CrRTEE
WL T 5 X 5 ST, COEERIEIC X
DA KRS I B LE A B U CORRKICLD B
D LEbh, FoofEatEs LTiE(9) £l A0)XK
OBEREZ NS, i LNICEE L TERILEO M
s IEHS B REE I E R T b0 LHEINS.

—% Fe ZCREBEOHEMENLKE WicHRMEELEIR
VT faFniE i E Lic < S EIEPEER Lic< v, &k
B LB aTh () RO GERESFENZ & L UKE
VT DO DIRERBA K E < QODIAFLEE I HE T &
EDRD(9), (10)KoEEAEFFLEILADITL <,
GRS CEEBTRL Y, Gz i vy —0fE
A AEFEARIRE D EC TS D LBbhD. 08
AT VB BUGE Ror E C OE SRR & iR A &
, KETORBLEOIETI Dis { @R 4 A DEIEHIE
P fTebn b D RREEREN T, POXRERSE
HRNTEREDREE L DILNDOTHS 5.

ERENT v 2AOFER» S Cr RTALEERSE <R
BB, Zhid Cr BCRE{IEmSER LT vwic
DIFMEMICHELMEETEBPED LT L, TODIC
27T v L PICER LA IR S N B TRENE S L O
RICHFSLS LEVWERS D E <L Ucdbo Lz .

4. @ &

Fe-C-Cr FRIFHNCHET TBE EERE L BE DI
RES T oW TR Lo & off R 2157,

(1) Riggdir 3 cofEsiicsd bhi. 1M
([2%C120°10%) TIXRE OBEIBILIES FKIZE
WHNCHEAR. WL (0°10%=2[%C120°03%) Tk
B, 7o st BREEIE T LA £ L
TEIW ([%C1<0°039%) Tixs o ap3EEHICERL
XNHREDEDEE I, D ZORBFHTORES 2
o A DBFRERR TIEEAZ N peo=0"1atm OFHFH
HTEVBEHR»E L.

log ([%Cr1/[%C1) = —12500/T+9-04

ORI ERMEEL Lcob & LTy 2 2
B E pco DL LB AE~BITL

(2) BRE I EcolKEEESEIIL Fe-C R TH74
~78% L KkEL, BEMBFIICRELEC X2TdH
F DL L o7ch, Fe-C-Cr RTIX 37~64% L7k

v, BEREOLIVWES, BEOEVWEE, 7 XF
DOREVWESLECKELL LD/ BRRRIGOFERELT
2V F —x Fe-C FT 0~4kcal/ mol izx+ L Fe-C-Cr
F#T 20~30kcal/ mol & KEL /5 b T OEEEERE
DEmE & HicKEL LD

(3) FEHEBLKERS T XRICELEARED bz T
E, BBENT ARSI EM LT A VF - Dl &
EEBUIER, BERT VY v VOB VWEEREMET
DILR IS ER & 21 BB FES KR IT R 7E L CEE(L
MmEAERL, TANETINTRIEHBEDDLIDOLEFZD
hiz. TOEEHFEEEIEBERIBE DT ic kdicdk
T BEE L DR EEE 72X O DPRBUERE, ThizX>T
Bk SELEOBEEBIRIC T I XGRS
vV S MHMEBORN LRI DTHIREBEINE L OCE
bhivs.
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