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Synopsis:

In the previous studies concerning the behavior of oxide inclusions in steels in the hot-rolling process,
the steel specimens were made by the method of powder matallurgy : that is, the iron powder was
mixed uniformly with a certain amount of synthetic oxide inclusions,shaped by pressing, and sintered
in H, atmosphere. It was found that a part of mixed oxide inclusions disappeared by reduction.

This phenomenon suggested that a part of the synthetic oxide inclusions was reduced by Hj,and the
metallic elements produced by the reduction were then dissolved in solid iron. Consequently, the
activity of those elements was lowered, and the reducibility of oxides increased considerably.

The present investigation was carried out in order to make the behavior of oxides in steels clearer
and know more about the reduction. The specimens made of the iron powder containing a certain
amount of MnQO, SiO; or Cr;Oj; respectively were held at the constant temperature of 800°C to 1100°C
and in the H,-H;O gas under the constant Py,o/Py, ratio. When the equilibrium state was attained,
the change of weight of these specimens due to the reduction of oxides was measured by thermo-balance,
and the reducibility of the oxides at each temperature was investigated.

Furthermore, the activity and the activity coeflicient of the Mn, Si and Cr elements in solid Fe-base
alloys were calculated by combining the experimental value of Mn, Si and Cr concentrations and the
thermochemical data concerning the reduction of the oxides. '
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Table 1. Chemical composition of the iron
powder used.

Chemical composition (%)

C Si Mn s P

0-019 0-004 0-001 0-001 0-004

Cre0; : HBRFFHEEREE (Merck &) 2R L 72
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BOWERD, —HEEREZT 25 2d 50T, Th
Z#EZEdR (1072 mmHg), 900°C ¢ #9 15 min [EinEiLe
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Fig. 2. Relation between temperature and weight
loss of the specimen. (Blank)
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Table 2. Data concerning the MnO mixed with iron powder as reduced by H, gas.

- Noofspedimens |4 4 5 6 7 8
Initial wt. of specimens (g) | 34626 | 50495 | 4-1984| 3'6500 ( 3-6390 | 3-5491
MnO content of specimens (mg/g-Fe) 30 30 60 90 90 90
Weight loss by reduction of Fe oxide (mg) 290 39-0 23'0 21-0 18:8 18:0
Weight loss by reduction of MnO (mg) 15°0 18'5 14-0 9-0 17°5 6-0
Reduction temperature (°K) 1373 1358 1338 1338 1398 1311
4G° (cal) | 275404 | 27599-5 | 276783 | 27678-3 | 274419 | 277847
—log Kmn 4-38437 | 4-44229 | 4-52156 | 4-52156 | 4-29055 | 4'63248
amp % 102 6:8085 | 5-9584 | 49643 | 4:9643 | 8-4520 | 3-8454
Weight of Mn produced by reduction of MnO (mg) 51'5 63°5 48.1 30-9 601 20°6
[%Mn] in Fe 1-4980 | 1-2665 | 1-1539 | 08526 | 1-6633 | 0-5846
Nmn X102 1+523 1-289 1:174 0868 1-693 0-595
TMn 04470 | 0-4622 | 0-4229 | 0°5719 | 0-4991 | 0-6463
L7chs2T (4-5) R H Kvo fERZEHL, (-DX
s5 FIEHFHCEE L & & OFAEKD Puo/Pro HAEE
o e HTHNE, Fe RTEE L Mn OFMERECHT 5
4 T P inininiie HE amn 12 (4-6) RIC XD THMBHT ENTES.
H /’ 4G°=—RTInKyg, log Kyn=—4G°/4-575T
ceceeneees (4-5)
— Time ’

Fig. 3. Relation between temperature and weight
loss of the specimen containing MnO.
(No. 8)
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PR THL .-
REBICHWIEHE RO MnO ORTEGIXI(@-1)
TREINS.
MnO(s) +Hz(g) =Mn (in Fe) + H,O(g) - (4-1)
LORGCOEEHHRT A VX —ZFL 4G° 11, 2 Z0
X O BN EHED 2RV TkDBH ENTES.
2Mn (s) + Os(g) = 2MnO(s) -
4GS = — 183,900+ 34 64T (298~1500°K) -+ (4-2)
2H(g) +O:(g) =2H,0(g)
4G;=—118,000+ 26 75T (373~2500°K) --- (4-3)
4G°=1/2(4G;— 4G3)=32,950—3-94T
(373~1500°K) e (4-4)

KMn=@Mn/aMmno - Pu,0/Pu,,
avn=Kumnamno (Pu,/Pu,0)
2T MnO BiEIRETHRE 5 LIRET WL,
amno=1 78 5.
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Pio 12, 0°C DEFIKEREICELL, 4'579 mmHg»
TH BP0 Puy/Pro=10222 L7z 5%.
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ORESH DD, EROFET amn & Nun EEH
EFNKDBZ EBTENE, rvo ZEBT S 208 TE
5.
aMn=TMnNMn: TMn=aMn/NMn“""'"'"(4_8)
ETHHRO X 51, MnO %#4% No. 3~No. 8 Ot
B, wFnd 630°C TEBICADETHEEL, B
KB PICE T S ERE L OB ITTRBEZ T D728,
ZDLED MnO DETLEIEDERE THo ki H
RTHFz. @-1) REED 900°K wkiF 5 4G°% (4-
HR I VkdDH & 29,400cal Lics.
log Kyn= —29,400/4°575X900=—7-14
KMn=aMn/aMno(PH20/P_Hz)=10'7'“ ---(4-9)

— 14 —



Blihek 2 T 5 MnO, SiOs & X U8 Crp03 0@ THEFRIMMITH T 5FH 375

4-9) RixHVTC, Pu,0/Pu,=10"222T3H Y, amno=1
ETBHE, an=10"%% 1ig 5. (4-7) K& 4-8) X
5 (4-10) RoBFEsERN, VI rMa=1 £T5
&, [%Mn] 3§y 1073 r7c %33, Table 1 IZ/RL7:
X5z, AEBTEVW KO MnE&FEX 000019 T
L0, ZOED MnO OETRIGITERTE S,
Mo =TMo[%MN] X 1072 e o (4-10)

Table 2 Z/RT X 21T, KB OWIAICH V72508 (No.
3, No. 4) ® MnO &H&IZ, 8L d MnO &
DR MO0, IMEKERB ORI LE
LT 30mg/g.Fe & U735, EEHETL I/ MnO &
EhZh 19-3mg/g.Fe, 16°4mg/g.Fe L7t b, ¥
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&, 5T MnO R &gk & DEMSZEML T,
BRI XDTEL . Mn @ Fe thADIEELEE & ((E
L, £ CE 5720 nEEREZES D,
No. 6 LA%Id MnO &7F &% 90mg/g.Fe il 72.
Z DR, MnO OBETABBLTHLERIGET S E
STCORHEAS 4~5hr 1T b, 9 2hr EHE T 52 EMBT
7.

STHRR DB ETE LN ESRER» D rva ZEHE
+ %5 & Table 2 WRTXS Wb 1BTFICARD,
1600°C i ¥1) % Fe-Mn HURGEBFK LZZ bILD
75, Efk Fe-Mn2 5t44 0 1000~1150°C, 0:5~2°0
%Mn Q#IFHIC kTS5 Mn OjE&lE, Raoult OEERIK
D EIT deviate T 5T LddbrDle. L LAEROK
B2F Tl data $i25 07 L BHRESRIERIZ T E VTR
Ed, Mo DERRE ORIV XRBHHIHTEZD
N5, ELRIFEAER —&F K H 588 No. 5 &
No. 6 # i1 5 L ELPTHY, Hinsd ERIRE
LREzONEV. DERIORERIC DWW TOESEZB
R,

11, EREEFHECEWT Fe i yFe Th 525,
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T 5 X9, rFe AOMITREOIRHGRE IR IR
<, LEA-oTEE LA Mn OFEEED, FHEHRECE)RE
Lo s LB ic S — 2 TWwah Es M ev S
ZETHD.

233, MERR LU A EER ORI, HEHR 900
°C T 15min FOMBULERZIEE T L7cns, T ORI
BAZEI. MnO o—EE gk i & S8ty
& §54 LT, Manganowistite @ X 5 7w BE-SELMICE
ftL, FORDFHEHIT amao 1 X DSV Mn F
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HHEORICZ OEAMILDOER L 5 Tdh HEE(LERD
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5 ERRAMSAE U . LB ToEFIl~5% X 5Ly
ST, XA 07+ 534 F—hECE>T2,
3 oET AT,
FrRELEThCEBDICE TN S Mo k505 1D
POERC L O THET DL DRI &b Ed
i, ERETHORE O Mn &H B2 LFESITICE DR
Wiz, ErFNIC T ORHOBRESH &% MEERRC
EDBIEL, SERESNFICRBL T 5 MaOR &K,
ETERERICD LS HEEE & HEMRFT L TARC. B
bh AL DB, BUNCEE LT VW HEKERL s
CETENI DD EE L TK 2. Th LOERZ
Table 3 12T, ZOEH» SHELETHIC Mnglo OH
Rphpotibd 2FELS. EREMES FEIC 20T
4, HEOBESE BES—ROMABICIE~5 LIFHIC
B, BEEERECX 5HEE, ABRREZ D
7 TDH (0°25g) LEMBDD, ZORDEERE (~
+£0°19%) WCRIERS B, RIORT X5, GHE 5
HE LRV —HR LTV B0 LT 5.
SERXETA 0T FIAF— X HREFT LR
ZiR~3%. Photo. | ICSEER#ET # O BUEIITE O BREE
@o 1 fl (BHENo. 8) ZRUiz. (a)iZE/EH, (b)
Ve OB EBER DT S A S S Th b ORI
LEVT, R U Tl s FUERR &
scanning L‘C, Fe & Mn O&H&fT/avy, matrix O
Mn QB & oxide D Fe 8 F~/. T bHD
pattern @ 14| GA¥INo. 8) % Fig. 4 ixl7. &
nGDERMPS Fe fio Mn QiREARE, 30pL00F
DEATIITEAERL, 0pLlLiTid EHETFOAR
MWD LNK. T MnO G Fe BT, $&
BIREENTERLORL, SHEERTLELEZXD
n5. s HEWEN LB FE—TH,
anowustite ® X 575 EEEKE ERLTVWHI0LRFE
z BV, L2 IR ik o & 5 i — &
MnO-FeO [EEHE L LT HELLPD LRRWVAS, K

matrix & oxide

Mang-

Table 3. Comparison of the analysed and calcu-
lated values of Mn and Q; contents in
the specimens after the reduction.

No. of Mn content (%) Q: content (%)
speci-
mens |Anal. va]ue} Cal. value |Anal. value‘ Cal. value
6 — 7:0 -4 1°6
7 73 l 7:0 1'5 | 14
8 7°9 i 7.0 1-6 ] 17
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(b) Core ’
Photo. 1. Microstructure of specimen No. 8 after
the reduction. (x200)
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‘Fig. 4. X. M. A. analyf;is of specimen No. 8.

REICIE M MnO 1I2E D, Fe dicEiS L7 Mn &
ELAbDELEETS.

Fig. 4 b 5N 5L 5, Fe o> Mn ipic i T
OEEAFED HNFDT, Table 2 WiRL 72 £3ED
[9eMn] BH5E ruma 1T, TOBREQEICD &3
MENETN B L WKB. I T Fig. 4 WRLA
pattern 75 MnO IGRELAES (27°L MO @

Table 4. Data¥concerning the specimens analysed
by means of X. M. A. compared with
values shown in table 2.

No. of
\\\ch 6 ! 7 8
Anal.| Cal. | Anal.| Cal. | Anal.| Cal.

| val. | val. | val. | val. | val. | val.

Reduction |
romp, (°r:)} 1338 | 1398 1311
ann X 108 4-9643 | 8-4502 38454

[%Mn] in Fe| 0-980|0°8526! 1-510|1-6633|0- 780 [0 5846
Numn X 102 0-997 10868 l1'537 1-693 [0-794|0°595
TMn 0-4980°5719,0° 550 |0-4991(0-485 [0- 6463

Mn Z X 8% R < D ERE» LK Sp Bor-u
7)) O MniREw, SEQENCFEIRE S E X, T OiRE
=X 5O intensity EERO S ECHED-BRES &5
H5RDT, HU Nun X rvn EROVCEHERR
Ktz 722 LEH No. 6, No.7, No. 8iz oW THOLIT
leDfc. TOFER A Table 4 1z, Table 2 MR (ca-
lculated value) & i L CEL 4.

#kt No. 6, No.8 iz FhdXifv 4 207+ 54

F—ILEd Mn RECHFBEEEL 1E< A>TV

B, IREEARR FET 5 #5305 BbnibDTh 5.
No. 7 iz b IREAERASDisir2tch, Xifv4 ra7
FIAF-DEDIEI HMEL DTV B DN, #EEI
ML DRENREENT DO LB+ 5.

Fe-Mn 2 558 GIIRIEIC 3\ Ci BRARIA G 2 % % &
T, 1873°K KB % ryn X 1IRFELV. LApioT
LOEEDEEBICE VT, BESLERETBIC LD
Trvn RER IGES<bDEEZ BN, T DHTable
YRR LAXBYA 2 a7 F 545 —10dh &SR
i (NN O Mn &7 2558 5 f2 00 IERE7CHIRT X
TELRVR), ZOFEFABEDLNDL LI THD. ryva it
FEBROFFBATIZF 05 hdbDEELS.

4.2 Si0, Oige

SiO, % &¥4silft No. 9 OFTLFHEERITI VT,
1 BORBTH O CETIBE MBI ELE e, T
hbd BIBETEMIGEE LR, —FEEEST L
AHDLVETHRSEBUREEILEE LD S. ZokER
X5, VADOKHT 3~4 S0ETIEEIC T Sdata
BEDTENTER. £ TET 630°C CEEICLA
#%, 1000°C, 1055°C, 1106°C 35X ¢X 1050°C T%h
F data BFdic. TR ORERICS TR 5504
HED, MnO 04 LRI 90mg/g.Fe & L7-.

Fig. 512 Z OREOETERIC 351 5 5 B 855 0 KBE
Y. 630°C TEHEE LA ETL LA, FIETHE
850°C {4 549 25mg D A &% 7% L 7=. 1000°C
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Weight

‘____/.___./' | VPRI

= == Temp.

—= Time
Fig. 5. Relation between temperature and weight
loss of the specimen containing SiO..

(No. 9)

WA L TERIC A2 Th S 1055°C It fiRRIET 5 &
1-2mg DOFiE, =6 1106°C it {f4%+5 - 1'6mgd
BWEEFNFIR L. ik, ZoHE% 1050°C T
EEEZTOCIRET 5 & 16mg OBERHMAITD BN
7.

Z D 850°C Ahfin HOAMLKER, FEOMnO%b
Ltk o CrOp BT 258 ERB O R O3
LT, TNSOBMEME h&EER SiIO OFTTICD &5
{HDERFZ LNV, T TIDOREOREITH L
TOEWHRDE S 2 ODFEEELTHI.

Fo 121, N. C Tomss & A. J. E. WELCH®|Z &
DTHE IR TV X 51T, @-11) IR T8 7LEE
k2T, Si0 o—Eix SIO LR Eh, Kbkl
72O T ERGE L,

SiOx(s) +Haz(g) =SiO(g) + H:0(g) -+ (4-11)
N. C. Tomes & DERFER & B S % PRV CHRES %
A topd, KEBOLEMECIE, SIOGRT IS aAEE:
T EAETNT & bhD7.

E2OMALLTOEDL D CHEE L. WIHIOKES
LB IR BT IR E T2 8mg TH D705, 7
BlogkBEER 372g THOrL, ZOhIZEEE
NAEMBICPERGETT I L TE, anca L
IO5CHHRCEENLIEEFEERET 7 Img/g.Fe T
BB, §9 26°4mg ORFESEL L TNIER S,
L 722 T DREID S E b ERATO T HAnFALEE fhic
Si0, O—ERIIEkEE M L 54 L T, Fayalite (2FeO-SiQ0y)
DX O REEBILWCZL LIt T v &3 2 7.

ZF# 50 Fayalite 04T 2ERERED ICK D
&, TOMREMITSIZE 2 S5 b, Fayalite X 57
Fe-silicate {3 EE{LERIC LE R TiEIT S Ips 7o 5, 850°C
R HOAMEKREZ, o Fayalite ho FeO i
TWhESLLDEEZL A, LAL 630°C £ & 1000
°C HErom OB EDFE 33 0mg L7 A5, FiT
DX D IEELMOTBITICD EOHESL 2604mg LR
ET H &,850°C hit 7 & OB E I E, Si0: OETTIC
HESCHEDSIN TV ED TRV EHES L7

SERHBOBEITIBE S 1000°C #5455, 1055°C
FREF I N CHEBFBCENFN LR LB SORE
i, LEEOX S KRN ETEL LI NEX LRSS,
ZORBORMETIBE TH 5 1050°C BT, TD
REDILEFEF 34 2mg 2> HEEILIOETIT D &SR
& 2604mg #E L5\ 7o 7-8mg ¥, SiO; DETIC X
5hDEEZ, TETRIDOTAEL K Si {3 Fe fiic
B EET 550 LEEL TRz Si BE (Wi%)
%, 1050°C 1T R 1 DBITLRIS OFENRE & LT, BRRD
MnO D4 L RAKIC, DECFRT S Lt ELiT5o
7. 7o LEHELE 1300°KIC 13 5 B 5k ED 2 Fv
CFFleD#. _

AEBRICAVIERRDD Si0, OFETREIE (4-12)
KR END. ZORIED 4G°, EEcksT 5 Ksi,
asi RDDH L, (4-13) K, (“-14) R, ¢-15) Kook
ST B.

Si0,(s) +2H,(g) =Si(in Fe) +2H,0(g) -+ (4-12)
Si(s) +0(g) =SiOx(s), 4G:= — 154,400
2H.(g) +0.(g) =2H;0(g), 4G;= —84,000
AGO=AG; — 4G =70,400 -+ -reeeeeenen (4-13)
log Kgj=—4G°/RT = —70,400/4"575
% 1300=—11-82
Ksi=asi/asio, (Pu,0/Pu,)2=10"1182 ...... (4-14)
Pu,0/Pu,=10-222, agj0,=1(SiOz vI#li¥f) &35 &
agi=10"738=4:17%10-8 .......iviiiiin (4-15)

AR OMEFEIT L DT, SiOp OBELICH &S ED
7-80mg T oHMb, ZOBTLI>TAHLL Si &iF
6:83mg L7x%. InARWEO Fe ity —icEET 5
L, TORER 0°185% iKicofz. ZOE»L (4-16)
ROELPIRIC L 2T Noy 23k, s HHET DL,
(4-18) RiTRT X 5 HEASESh7. ,

Ngi=[2%Si]1Mpe/Mgi-100 - -oevnvrrevnenninnn (4-16)

Ng;=0°185%0-5585/28-09=3-68x 1Q~3.--(4-17)

7 si=asi/Ngi=4"17x10-8/13-68x 103
D4 L1 L BT N C I 1))

XTZ ORI, Ao X 5T Fayalite A2 I % &
SECEEREEFNTVWLDT, RREHXBvA 07T
A Y~k DT ER AT, Photo. 2ICEBKTED
SR OGS E TR . T OIFIC 3 L Tmatrix
& oxide 5@ L C@¥ 7 (ERT% scanning L T, ma-
trix o Si B/ & oxide > Fe H EZMEL
7z. #* o pattern @ 1 % Fig. 6 WLRE L. ZDORIZ
LoD E DI Si DIREARITIZEALRDLNT,
F 7z oxide D Fe G & & IFH v, REAE DR
Vodvd, VEE 106°CHT{RFRL 7ok, 1050°C ZiEITiR
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Photo 2, Mlcrostructure of specimen No. 9 after
i the reductlon (><200)

i m, _T o

Fxg 6. X. M. A ana1y51s of specimen No. 9.

EEXTTCEGERicicd tE L 5N 5. Fayalite it
WTRE, FnEhdhic Ak Ehioh b Liviowgs, i@ e
JEOFR TR ELIGETL I, REAMCITMEL SiO.
EEE LD OLYETTS. £ TXEwA 07+ 5
AF— X BH TR S Si OFEIRE 2Rkpb L
0°20% 7Y, EROFEELCEHLDTENERELN
7. ZO{EH»S Ngi kDB E, 3°98x10-3 Ligh,
7si bX 1:05% 1073 Lig-o7z
SEFREBRKTHRORBOBRELEREL Si 28E%
ZNER S Lich, BEROIESWE SIFERS 4-1%,
FHE{ED 4°2%, Si OFEHITED 3-46%, FHEEH
3:58% T, L HW X —FLTn5.
Lo oER L, Fe-Si 25440 1600°C 1=
BB 7g; B IIx103V ChHE L uBEICT S L,
1050°C T Si £HEM

0:29 fHED rs; A%, 1°05%.

s5 ——————— ~m ;
2 7/ - - “
@ 2 ;
d ’----F L :
i s .
] 4 .

/ :

— Time

Fig. 7. Relation between temperature and weight
loss of the specimen containing Cr,Oj;.
(No. 12)

108 THaHZLIMTERYRETHDLEELS.
4.3 C!‘goa.,a)ig‘b

CmQ;%ﬁ%ﬁM-W>w DETLFEERITINT
%,&020%%am&u,}@@ﬁMf%onxm

BB L TERE Ok, CoRBoR

4 $630°C TlEEIC L, 1073°C, 1024°C, 1119°C '

TENLN data k. PR £EN 5 Cr0
¥, 13 h 90mg/g.Fe &L 7.

Fig. 71 Z OB OETLIFEERIC T W B AR
KiEZRT. ST OREHRFICIE, 300°C (L 514
THETHD, HMPTEEN TV EHE LD OBTIC
D ESKBMENREDLL L LNV, 630°C 1T L
%, 975°C Ty 2hr {R¥HL 7205, 13 A EIREII A
o, WEFRTYRETH TV B8ERLIE, fHh0
R XD THREREBLIICELL, ETINEhD
LDLWETS.

CORFALLTHELZLNDDIE, RIXVFOEELE
BRICEUBI O FiEhnB Bl o iz, CreOy O —ERASSkER L
MERBEL T, BELEABILMICE L DD TR
PEVST ETh . L THIKEREHACFO & CriO;

%, WRABRICEET 2EE L A-BEEA L, 1

R L CTED /- ERRE R AR B %, FiEhnEaALE & [

GEETmMEL, XEERCX>THE~E B, Fig.
8ILRT L 51T, Cr:03, FeO o peak fthitintensity
HBHERET, FeiOp KE DD THELIL Ty 555 peak D

> SS. FeO. (Fe.Cr); Os
g
c 2
2 &g .
- - (&) ™
é Q ) S
© a i) P »
- M At 2 . o R
é i} €9y S |o 430
Sk 7 (% 49)
[ N ! x|
T ] 7 T T T T T T
30 40 50 60 70
20 (Cu Ka)

Fig. 8. X-ray diffraction pattern of the sintered
mixture of Cr.O; and FeO.
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Table 5. Data concerning the CryO; mixed with iron powder as reduced by H, gas.

T ———— Noefseamens|gp (1) 12 (D) 2 (D
Initial wt. of specimen (g) 3-3406 33406 7 33406 i
CryO; content of specimen (mg/g-Fe) 90 90 ~90 7
Weight loss by reduction of CryO3 (mg) 55 3-6 19:8
Reduction temperature (°K) 1346 1297 ¢, 1392
4G° - - (cal) 611716 622484 - 60160°8
—log K¢r . 9-93368 10-49048 ‘ 9-44677
acr X 102 2-2871 1-2047 4-0063
Weight of Cr produced by reduction of Cr,O; (mg) 11-9 7°8 429
[%Cr] in Fe 0-387 0°254 1-380 1-460*
Nerx 102 0-4168 0°2735 1-486 1-569*
Tcr 5487 4.405 2-696 2.551*

* Data obtained by means of X-ray micro-probe analyzer.

R B2 FeO-Cr0y OF TR TWH X 57 peak
T TWESERINT WD Z EpbrDole. ZOWHE
DL EOXMEAE RS S, FeO, & CrOy DEIAEMR
=, FeO. (Fe, Cr);05 7 B{L¥ERTEDLINDIEEN
spinel T A5 LHEEL 7. L 78D THAREE O T i
IEAFRIZ 3\ T, RALZ CreOy O—FRAERNE
WAENAEBILMERE L, LEROBEAEBLY ZARK
FTHERFAELLNLD. O LM spinel BITE
FETHHIOEHIET SN, Hih OFRE GFER
b, BEFETELINAP DL THD. TIHH
HWoRBESELNAE s OHHERTHSD EF X .

Table 5 2> MnO H X8 SiO: DH4 & [k
OFIETHRD 1 KRFER ZTT
AESCEWHKEF o G0y &, (4-
19) RTFSNB. BHFHED 2T 2 O Koo
4Ge, FHERCHT S Ker ace R EDRDF K TR
FESEFDLHITHB. ‘

Cr.03(s) + 3H;(g) =2Cr(in Fe) +-3H,0(g)

crereeeeee (4-19)
4/3Cr (s) +Oq(g) =2/3Cr;O;(s)
4G2— —78,500+41-4T (298~ 1868°K)
2H,(g) + O:(g) =2H:0(g)
4G5=—118,000+26-75T (373~2500°K)
4G°=3/2(4G3-4G})=90,750—21-975T
(373~ 1868°K ) w-vvvrverenrieseensnevennnenes (4-20)
Ker=a%,/acr,0,(Pr,0/Pu,)?, 4G°=—RT log
Ker log Ker=—4G°/4:575T -rvvveeeees (4-21)
acr,0,=1(CryOy pIHE) & FT04E
acr={Kor(Pe,/Pr,0) 8} V2 coveerenseseennnes (4-22)

IOETERICHE VTS, HerH,O REKKD Puy/
Pu,o HIIRT &R 10222 Th-D7z. .

EETITE T4 L 748 Cr 73, Fe HiTH—ic
BiAET 2400 EE L TRt Cr OFERE (W%) %,

£ V5% Nor KWIBRETHORG-2)X AR 7. £L
T rer ¥ (4-24) R L2 TRDT2.
Ner=[%Cr]1Mre/ {Mcr-100
+ (Mpe— Mcr) [%Cr]} crrreeneenee e (4-23)
7Cr=aCr /NGy mreereresassses s s (4-24)

RO BFECTEHEL, S5 ror DfEZ Table 5iC
SRL7chs, dEIIEE 1392°K (1119°C) x4 HiE,
Y. JEANNIN BOFEBEERD ITHANDL E X< —FHLTW
3. {5k Cre0;, Hp, [EH& Fe-Cr 23t&84&F® Cr
F IO HO & ORIOFEHEER I VT, FERICHT
HEEAD Pu, & Puo OHWEERD 5, Fe-Cr £ 4R
o Cr OFEER X OVEEHREC W THE LTV 575,
FOERICE DL, BE 1200°C, Ncp 28 2°1x1072
T orer V2 2°3% X0 TWA. 7z data O, IR
FEAME < 7 B2, Ner /XL D8 ree BRE LR
DTV BRD, ZOEMESELSbED L, FERTHE
Bt Ter=27696 13, HHOFHREE X —HLfET
HBHEBLDLLEMTES. Ll 1346°K XUt 1297
K i B ror DA, Y. Jeanwn HORREERE
EZELTHAIBESLL SCE 25 N50DT, pndo
MnO 3 X O SiO; OBa LFEIRIC, BRI THROE
monT, Xe4 sa7+ 54— 10X @it eRAi
72.

73, 3 No. 12(1) o data 3, FiRd X 51
B O1346°K TlEEI L T, 56 1297°K IWiREZ T T
k7o bDTHHH, MELALBEOEMERELN LD
72, ThicoWTi, Fe icEBE L Cr OFER{LIC
o T4 U CrOp gD, SRFREEZFE>TLD
BORGEHTFEZ L E, Cr OFKFRE~DOHILEL
3, REESNSVICOIEFIGELL LI ETE DT,
SEBANDRIGEENR E DD TEL DD TH S .

Photo. 3 TFEHK T % OB © BHMEH R 7~
T. N SOBmIZIV T, matrix & oxide ZBL T
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(a) VSurface

Photo. 3. Microstructure of specimen No. 12 after
(% 200)

the reduction.

VR S .

' o 3 : iy

, ir - W Y SRR KN B .
: A0 R T S AL N ;

PRI YA 'Y AR
I R 1

dg
Fig. 9. X. M. A. analysis

+

of épzacimen No. 12.
WY A E{Erf % scanning LT Fe & Cr oW %77
vy, matrix @ Cr EFIREOSHT & oxide i Fe o
SHBERF~I-. o pattern D 1 % _Fig. 9 137
9. Fe ho Cr OREZHIE MnO OFED XS iC
0T TRIFLEALH—TH2h, Thl Loy
TR VREARKSED bhic. £ TCrRO LEL

TWafhao Cr g%, Fe-Cr 2 T&eh b0k
MEBEHVWTRD B E 1°460% Lo/ FIERDO}
FiE (1'380%) X 0@ k2k0ik Cr DREAERI
FEL T3, CoOREZIUICEERE: B L,
COEBEIZS &3\ 72 & 2AD Nep, ror 25HHT 5
&, Table 5D » El&AI L 7 $llD X 5 w5,

oxide 1D Fe &HRICOWTIE, EEISHFMBT
Elapofe, Fig. 9T dbHHbhb Ly Iz AESE
BUDDLRLREFREOBVSDEMBREL T, 4
HEDOE L ZBIEFTRD FeO: (Fe, Cr);0, WABY Y
DLDLHE L. BEFEANIBIE T S/ gs, ANERES
R HOWEL TERITEROK D E TET SN hrD &
5TH5.

F, FRDX 51T, o No. 12 REHLETEE Y
Z 2T data #R-D7cfo®, No. 12(1), No. 12(I) iz
HUTRXBTA 207354 F— I X BRADBTEN
o7z, : )

DTCERRTHOMBOBRELSH &+ HEREIT
LDTRDDE 2:6% Thotz. —F, SEHIHDIC
BENTWBEBILMIL, FBOX > iE ok @TX
NEPORDDELT, ERHERE DIEE SN 5T
LMEPSHEC XD TkdEBESHRIZ 2277% &
5D, SWRELEET 5 LEERL VIV —BT 5.

Dl EDRIRFTORKR, Efk Fe-Cr 2 &4 Cr
{EEIE, Raoult ME:AIM 5 EIC deviate § 5 & & 388
B itieoi-.

5. &

BB X 2T, EkEEHKETHMN0, Si0;
LT Cr0y @ Hy R X BETCERSTRONEER
DEDIS LT LML D,

(1) FEBRCAWAREBRS LOHFEICL>T, Bk
B EHFT D LR oK LMOMRTHIC OV TIRE &
AHbLEbic, Ek Fe-Mn, Fe-Si, Fe-Cr 4 2 5%
&€, 1100°C Hific#13 %5 Mn, Si, Cr Fh2h
DIEREEET L ENTE.

(2) Mn &FEH 1 %H1%0 Fe-Mn 2 54410k
VT, 1000~1150°C iR EFMAT, Mn o0&l
Raolut D#:HI» S EIT deviate +5 2 & 2380 550 1
7.

(3) &B#»#ETS L, Cr0, HYEHILETLEN
5. BUASkARICENAL 72 Cr & &2 Raoult Rl
DIET deviate L, 1100°C, 1-5%Cr 155 0% 255K
3 Y. JEaNNN SOEREEDLDTI L —FL 7.

(4) &B&EMNEFETBE, SO LHuwES s

o
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TEND T Eabirofe. FiBEEEARICERELSio
EBIZ, 1050°C, 0°2%Si (A T3 Raoult DAL
NEL A deviate 52 EMbD7z.

L UAEE 2213 Tk data o4, 5, &
TUIRE S L O H-HO REXEKD Pu,o/Pa, HEITOW
T, ESEAMICh 2EREZTL, FMLETE
HHETFETH 5.
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Discussion of Oxidation Reaction in an Oxygen Top Blowing Converter

Shigeru TAMAMOTO, Takami IKEDA and Katukiyo MARUKAWA

Synopsis:

The authors investigated the mechanism of oxidizing reaction in the 160t oxygen top blowing con-

verter, and discussed on the differrence of the mechanism of oxidizing reaction between open hearth

furnace and oxygen converter. The conclusions obtained are summarized as follows;

1. The direct oxidizing reactions take place between oxygen gas and carbon, manganese and phos-
phorus in steel at the fire point where oxygen gas contacts directly with molten steel, and the oxidizing
reactions do not take place between ferrous oxide in slag and carbon, manganese, phosphorus in steel

at the interface of slag-metal.

2. The excess oxygen (40) is determined by the composition of CO and CO; in evolution gas at

fire point without by ferrous oxide in slag.

3. Phosphorus in steel is oxidized by blowing oxygen without by ferrous oxide, and ferrous oxide

participates in the rephosphorization reaction which is the most important reaction at the dephospho-

rization.

4. The difference of desulfurization reaction between at the last blowing period of low carbon steel
and at the first blowing period of high carbon steel was proved.
(Received 15 Dec., 1967)
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