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Oxide Inclusions in 19Cr-9Ni Stainless Steel Weld Metal

Hiroyuki Tsukul, Yutaka 'TOoGAsHI, and Takashi MITAMURA

Synopsis:

An investigation was made of oxide inclusions in 19Cr-9Ni stainless steel weld metal which was produced

using a electrode covered with lime-titania.

2MnO-SiO, (tephroite), MnO-SiO, (rhodonite), FeO-Cr,0, (chromite), FeO-Ti,O;, Cry3Cs TiC,
and TiN were identified by the X-ray analysis of the residue separated from the weld metal by ultrasonic
agitating dissolution method using 14% 1,-CH,OH solution.

The inclusion particles extracted were classified according to the size (5 u over and under) by ultrasonic

sieving method, and observed by optical microscope.

Typical inclusion particles over 5 u were analyzed by electronprobe X-ray microanalyzer.

It was found that inclusion particles over 5 g were mainly spheroidal MnO-S8iO,, 2MnO - SiO,, angular
SiO,, massive SiO,, plate-like SiO,, rod-like Al-silicate, needle-like TiN, and stringer-like Ca-phosphate.

Inclusion particles less than 5 g amount to about 90% of oxide inclusions, and they contain mainly Mn~
silicate, FeO-Cr,0,, and FeO-Ti,O;, the size of which was 1y or under.
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Fig. 1. Welding method and test specimens.

* @EE1 52 4 8 § 24 Hgft (Received Aug. 24, 1977)
#*  (B) v Ly T4 (Tsuruya Works Co. Ltd., 3-17-20 Takasago Urawa 336)
Wk ST k% T2E T (Faculty of Engineering, Saitama University)
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Table 1. Chemical composition and oxide inclusion in base metal and core wire for covered elecirode (%).

I Chemical composition

ClSi
|

e
. Sol. | Insol.
P ' S ‘ o N

Mn| Cr | Ni EN
A i

]

Oxide inclusions

- R —

o
FeO ' MnO l TiO,

$i0, fA],Oa i P,0; i"l‘oéa[

Cr,O,J NiO ‘ CaO |
b i

Base metal

0.030| 0.64 1.09 18.6 9.5/ 0.020/ 0.010] 0.0091] 0.04]

0.004| 0.0060) 0.0022] 0.0041) 0.0090!?.@{ 0.0092 0.0002] 0.0010] 0.0010 0.0112

Gore wire | 0.030) 0.42] 1.75( 19.6 10.0] 0.022) 0.007] 0.0063| 0.045| 0.004] 0.0034] 0.0020] 0.0038) 0.0046| 0.0022] 0.0080| 0.0002] 0.0012] 0.0011, 0.0089

|

Vo Si, Al g So st v e steig R v CRT
WO TfTis o7, LirL, I1,-CHOH @ia v 5

BEWIBR IR E T, Cr, Ti oAb s K i
T, HHIGHE L RED T T D RE LT 5. R
SroaEhcix Cr, Ti oR({bYE X CEIL DAL,
32 Wb B X 5 i Lo o XEREHTIC X O CRE
wEneoc, Cr, Ti OE{LIERS DS EEoH
ez 1100°C T 1 hjn@ds, K LTI 3 X vzt
WEREEIE, FRIZOWTE HSO, 309 it ko
IED AR 5 HE L, HFEA > TS50 7 1 v &~ (TM-
2P : 0.45) TR, BERDOHETNEDZ R L,
Cr BERFBIET, Ti 3BYeRE R TR {bic i
B L7

2.4 HENEDO X KER

2-2 THiHEE LR 7 v &2 — 2 Al Bz
DO T XfREr L. XEm, 2—%v kb Cu,
BIE 40kV, FEFR 20mA, 7,124 — L 400cps, e
5s, EHEAY—F 1°/ min, F v — b3%V3EE 10mm
/min, A4 N—D 222 » h1° Ly =YX
Yy b 0.15mm, 2%¥%Y %29+ b 1°, Mono-
chro {FR O &HTITIR o7,
2.5 HHNEHOHRERE

2:2 CEIEERHEEERS D WHTEIC X 0T, Sp
DLER X O Sp UFOMIEMIC 70, SRS THls
L7z, T OFEMNE, BEHR® 2SI fuiow.

2.6 MHENEPRTFORE

2.5 TS/ Sp DL EOXENEM & HR T 0w, B
JERITHEE L, Au-Pd 7&7&%, EPMA (Bt EMX-
SM & X#~4 2 a7F+54 %) TRIE LA 7k,
BRALIVE Sp DUF (B Lok R Tl e 50k zsh
DFEHEIRD) THLPD, S5WHT LR S
PLEDOBEEIC OWTERESIT 2T 20, 1 1igf{bmic
DWIRETE S :FB 25N,
2.7 BIENEWMEFTEEL X /OBEEELDO BEOR

=

AN DERIC B IET AT 7 DB OV
R BT, REBRIZF WIS EROWERZ X LT,
WERIPDO Mn kXt CaCO; 8% FNFNE X T,
25 OB 2L X TSR A fEE U CiskE

2, FNEND R T TR E X O F DEELSBT
@» Si0,, FeO, MnO, Cr,0, Ti,O, EHEL kD
7z,

3. BRBSLUEER

31 BRESEOLERASIONEBORS
BRSEOERS B XX MEMDOKS % Table 2
AT, BREBZOWTIREANEDKS 2 5D EMHE L 4
BREESTHEEDTE-F L Tibb, BEHmE
Bkt Si0, AlO,, FeO, MnO, NiO, CaO,
P,O; F X B H,SO, /i\‘fj‘z&bfi Crzos, Ti,03 2343
RN E ORI B 2 b, ds, 3-2 ik
N5 X9, 2-2 o B EEO X BRI X oT
Cry;Ce TiC, TIN OHEESHRINIDT, FRE%
OED XS LTHKRD. CryCe TiC 13 I,-CH,0H
% oS IR AR R X o B BB o Cr,
Ti B2k, FOE» SR HSO, phciE7- Cr, Ti &
AN TNE LW EXTERILW TS T 5 &% 2
bN5DT, DEoXxsiz Lt Cr, Ti BkdB{t
WCHAEL L7z 7272 L, TiC i3k % TiN SpicbEy3
% Ti %2 L3 wWTsko7z. TiN 13 2.2 CEABE
Z H,SOq 538 KySO, T4 fE L, NaOH 7 v h Y
MRiC L7t ARERKEE 21T, N 23 L, Boek
BT N &skdic (0.0011%) #, TN c#8 L.
%7z, TiN 43> N g% Table 2 Z ®4HAEE N &
LD, ZOEFRIEWCEIBR LTV S EHESR
50, 2.2 THIH L7225 o CryCG, TiC, TiN
BARDIKERA Table 2 iR
3-2 N EDOR SRR
HESBHONEMIIFRED L DD D % HE K
SV LEPBEZLNED, NIEMEERD ks z
B 7T 22 T LIeREIC > X BEF 21T
v, X OFER%E Table 3 1R L. T7bbh, 2MnO
-Si0, (tephroite), MnO-SiO, (rhodonite), FeO.Cr,O,
(chromite), FeO-Ti,O,, Cry,Cq TiC, TIN L x
N BHEPTEEASEED B,

PlED X 9w I,-CH,OH % H\v 5 B35 i gk i
Cr, Ti ZERILME Lcodoci@ibs, =bhe LT
[FRpCH SN2 L b 5.

—- 88 —

ke




19Cr-9Ni 2 7 v v A $MiBE LB P OBILAEWIT2WVT

1191

Table 2. Chemical composition and extracted residue in 19Cr-9Ni stainless steel weld metal (%).

Extracted residue

Chemical composition

\W,W

Oxide inclusions } Carbide < Nitride

C ggl‘Mn t orlnil P } $ : O \ VSI‘(I" il“;}*; Si0; | ALOs | FeO |MnO | TiyOy | Cr,0, | NiO | CaO | POy Total | GrGe| TiC | TIN
: J,“,,,, l ‘ . ‘ LI |7 T e | SN ' .
0.035;0.51'1 1.87?20.7]10.4‘1 0.015, 0.008 0.078 0.032 0.0031!0.0542% 0.002610.0171]0.0940:‘ 0.0209] 0.0475.0.0005'0.0010}0.00101 o.o792i 0.0312‘!0.0205 0.0049
* B; inert gas fusion-gas chromatography
*% Extracted from the specimen heat treated (1100°Cx1h—W. Q.) by Hot—H;SO, method.
Table 3. Results of X-ray diffraction of the residue separated from 19Cr-9Ni stainless steel
weld rfletal by dissolution with I,-CH;OH (14%).
IMnO-Si0,» | MnO-SiOz» FeO- Cr,0,? . . .
Observed Tephroitez Rhodonitze Chromzite3 FeO-Ti,0, Crg3Ge? ‘ TiCG» TiN®
dA | 1] @A | L | dA ‘ L | dA ‘ yL | dA ‘ yn | aA lyn| @& lyn| A |y
4901 S 4.83 50
3.61 85 3.54 20
3.35| S 3.34 40
3.27 | W 3.21 20
3.13 | W 3.14 15
3.08 | M 3.08 60 3.07 20
2.99 [V S 2.97 90 2.99 50
2.95 | M 2.94 100 2.95 50
2.87 S 2.86 85 2.76 80
2.63 | M 2.60 70 2.60 80 2.66 40
2.55 ' VS| 2.56 100 2.52 20 2.51 100 2.56 20 2.508 80
2.44 | M 2.44 15 2.47 10 2.44 70 | 2.44 20 2.44 77
2.38 | W 2.36 15 2.37 30 2.38 80
2.23 | M 2.22 20
2.18| M 2.17 20 2.17 80 | 2.179 100
2.11 |V S 2.11 20 2.12 | 100
2.05 | W 2.06 20 2.05 80
1.96 | W 1.887 40 1.91 75 1.95 70 | 1.88 60
1.82 | W 1.81 70 1.832 20 1.80 80
1.77 | W 1.80 20 1.77 40
1.73 ' M 1.70 20 1.722 20 1.71 25
1.67 | W 1.69 20 1.685 30 1.68 20
1.63 |V S 1.610 40 1.61 75 1.63 50 | 1.62 20
1.54 | W 1.554 60 1.53 100 1.535] 50
1.49 |V S 1.476 30 1.49 75 1.42 70 1.496/ 56
1.34 | W 1.427 60 1.33 10 1.30 50 | 1.38 20 | 1.311} 30
1.29 | M 1.28 50 1.26 70 1 1.29 60| 1.255 10 | 1.277} 26

V :very, S :strong, M :medium, W: weak.

3.3 E%ﬁﬁ¢®ﬁ&%t®ﬁ¢®ﬂ&%é@kﬁﬁ
B30 P E274 -5

ELBO HHATE 35 X O AR LR (19Gr-9XNi
272 LAS) OHMMAEmTOWT, Sp DLEEBUT
AT RS EAMEE T B L R0 LR £hh
Photo. 1, 2 iw7R¥. HAELREE LRBONENE LK
T5L, MECHEET HNEDTZER CEBEOLOT
ot FTihbb, Sp LT, ThThl 7 AgA
WD AEDTD SiOs HRD SiOs, BRIRD SiO, fi
T03% <, 5S¢ DT TR, FRiko Mn-silicate 3% >
7o X BT, METIRD D HEIRD Al-silicate, HEIR
o Ca-phosphate MHHICFAD HIvie. LL, WA

LB 5p DITI, fAiE-orokT- (FeO-Cr0;
B L FeO - Ti,O3 LHEIN5) b L EICED DIVIC.
(FNAENOREN DTGB DWT 3-6 &I 5).
—%, Table 1 & Table 2 % ~_Thbh»sd X I,
Si0,, FeO, MnO, Cr,0y Ti;03 OXNLhOERE
RO LR T EESBOE S B PEE V. b
O EEROEELZTHLExbND. LD
<, BLMEDOERKICE XETHEROEEITOWT
PN BNEND D BLAENIEERRICR N &
X PR 2 5 4 ORIORIGIC XD TEKSN 5D T
BoHD, AFTCOVWTHANSLZELELEDT, HWEA
DREBLYHETE 5.
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U ¢
Photo. 1.

Inclusion particles extracted from the 19Cr-9Ni stainless steel weld metal

(optical microscopic observation).

Photo. 2. Inclusion particles extracted from the 19Cr-9Ni stainless core wire for
covered electrode {optical mircroscopic observation).

AEB T BT HEBEANILF — v (TiO,), CaCOs,
CaF, 237 — 7 &EH], A5 7BRAE LT, EEsES
AT TEAIE LT, Mn 3 EEAIE LT, Cr 1354

fle LTliEaShicb DT, £DR T ZHK: Table 4
@ Code | WiRT X5 Th5b. ARERIZ B0 5H:78H

BEIZLT, AT VOBREEREDLD X 5ic, HEBEA
REZEESEICE ED, TNLTHORT FHEE L OF
DUEELERD Si0, FeO, MnO, Cr,0, Ti,0, &
WoWTiE Table 4 @ Code 2~7 IZR L2, Zh b
DfEREH VI EN TR OB EDIC R XIET 54
DB DWTiE 37 k5. 7nds, HEEER
Table 4 hizZ L=FOoR (BL) TER L.
3-4 HMHNEYOREZLBEELIVE
HHAFESIE Photo. 1 (3-3 WERR) 2R T X 51z,
S5p DL EDOAHEME LTIE, I XA RO BT 1,
Bk L OBRIR D Si0, (10~20p) H3% <, #hikod Mn-
silicate (5~10p) VI 7eoz. F72, FuElko Al-
silicate s X ¢k TIN (BX 50~100p), HHAD
Ca-silicate (X 200~300p) 7% EH3/ 70\ 23580 B
7=.

Sp LT ONEEW & LTk, lp BED HIko Mn-
silicate ¥ X X i o7 BokrF (FeO-Cry0; kX8
FeO-Ti,O5 LN %) $4<, HI 2k, sHE

DORLF-H 58D Bz
DLED X5, S BAMEE CRILE L7k R 2 Sl L

T BRI CHBSNICE 58 FicE Lo L sR X
% Table 5 iT/RT XS5 ThH%.

=77, FMHENTEWH %2 Sp D5SBWTHITT, 5Sp
DD ATEE % sk, Table 2 1277 LB {bLATEY IR
BOEBEPLENEZE LT ZLICL Y, 5S¢ DTOR
ENEMER kD, Fhs—F LT Table 6 Kn—? L7z.
ZORNPL, Sp LUF OB LAEYR T3 LA a4
wOK) 0% Z kb T LRy rs5.

35 WMHNEPORREIVORHE

Sy DL EDMEATEMNL T2 e B THISS Uik
##% Photo. 3 {z7%7. Photo. 3 (a), (b) JFERIK,
(e)IAEoRE, (d)EHEke, DERvwTFhi sy
AET, (a), (c)iZEE7REN, (b)iXEANEH,
(d) BEEEHLRT, (e), (f) BKEDDVIEE
BORZERLIIRORF, (g), (h)ixduiike, (g)
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EAEETEN, (h) I3 EAD 5\ IR EGREN [(g)
CHANTEPFLL DSVDT, HE EUTFEK LI
1 RT, (DRBEEREHATRORFChHS. 7t
F, (d) & (1) BFEad sV EEICEA LT3,
DL 5.
3.6 MHNEWOREE

3:6-1 5p DI By MEYHr T 0 e

Sp LLEOHHEANENRIT % EPMA Gl Uik i

% Photo. 3 4. LITFig, FDFERIT O T

Photo. 3 (a), (b) ikth£h Cr,0 FeO %3
VIR T FeO-CryOp %4472 Mn-silicate L
ABHSH. Zhix Table 2 [T7R Ui/ {EMmk 20 53
Wr LT 2MnO-8i0, 3% 2 # 2 5 5. (¢) ITmL
FeRFICiE Ca BRRD BN DD, HIRETHD 2 L i
5, CaO 2 HA7 Si0, L #E 2 bh5. (d) KR L7
RFZiE AL 3380 BB 28, HS RBTHD T L5 b,
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colorless: a, c, d, g, h; black : b, e, f, i; grey:e. opaque:a, b, ¢, ¢, f, g b, i; transparent : d.
Photo. 3. Optical microscopic observation and X-ray microanalysis of inclusion particles
(over 5y in size) extracted from the 19Cr-9Ni stainless steel weld metal.

ALO, #4472 Si0, L#z5h5. 2, 3 OBROR.  RT X 57 Si0; 2EZHND. (e) 2 WwRT RTIx
FleonwTHE LIcERE (e) 1, 2, 3 XU () w7 FeO-Ti,05 ZEAR SiO: L F2 6N 5.
AT, (e) OB TR R TR TR (e) 11 e) 3TV, EMoRTIX SO, T, ARlOK T
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Photo. 4. X-ray microanalysis of inclusion particles (less than Sy) extracted from the 19Cr-9Ni

stainless steel weld metal.

V3 Fe-oxide (3:7-6 iz5fiR%) &2 5h5%. (f) 1%
Fe-oxide (3-7-6 wik~3) L%z oh%. (g) 1xCa
DD HLNBY, L OW»HEEZLTY CaO &4 A7
Al-silicate +# % 5h 5. (h) 1z, &2 2~A4p FRET
EPMA CoOREIZTSH L, TIN #2505,
L# L, Ca 23 LE®D BRS. (i) 1% Ca-phosphate
EEZ NS,

3:6-2 Sp LIF ot HNE R F DI AE

Table 2 7> 575025 X 51T, MEMHS & LT CryOs,
Ti,Oy PEE SN, ZRSIE 5p DTFOM/NRF &
LTHET S EHESN D, —F, 5p ITFOHMEAE
PORLT-2 YO BAMEE TR Lic & BRIk e 1o
TR ORF e ERRD NG, L L, FHESIMTORE
b KB c&F, %7, 5p LToRT% fHric
EPMA TRHET 5L EEETHS. +2C, &1
PHEAE L7IRABIC oW T EPMA ©H /-5 2% Photo.
4 w7, Si, Cr, Ti, Mn, Fe, O 23 xh, Gl
D BNL D [ 5L, CHOH 1o ffi x4
72 dp LT o R ks X e, EBEA2HK (Cralr)

FieldI
151 Sio,
o Field TT
° FeO-Mn0-8i0,
~ 1.0 F
=
0.5 Fied I o®
FeO-MnO
0 = T T T
0 0.5 1.0 1.5 2.0
Mn (%)
® Weld metal,
O Core wire.

Fig. 2. The contents of Mn and Si in weld metal
and core wire for covered electrode plotted
on the Sekiguchi’s diagram.

ZIETEOIBOLDT, RILWEBESINELE LT
LR SNc]. ZoERE, 3.2 o X BEF O
Rh By BRI F43 Mn-silicate T, BIE ook ¥
12 FeO-Cr,Oy 15X 0% FeO - Ti,Op L xi 5.

37 NEYMOLERBRE

3:7-1 BANOEHIzX 5 SiO, & Mn-silicate o,

Hiz owC

MED O KRS % Ed 5 Si0, % X8 Mn-silicate o
A PGBIRIC DV TIE, KORBER 35 X 08 ORLSEN 23ERR L
7z 8i0, fafd> FeO-MnO-SiO, =235 iz Tt % i
S DR R BRI D T OSTARRBEM A B 1 2SR D 5 [
M TYI D7 FHRIR BN % 21T LCTAEY O & MLk &
DRARZFH Uy JnEE SV IAESB R ONTEM D4
BOARBENC X DTHMATE BT L 2w L. ZEp
D FEREBLRITINCETHRY W L. Brnokiex
(Fig. 2 12R)WIZ X iE, ATHRD b7k 510, %
Mo Mn X0 Si OERERERE, BRERC R
TLRRALMOMBESEES. Tinbb, Field I ok
dhDH WML ERED SiO, (MiXo7-), Field 1 o
JEDLAITHERED Mn-silicate (EkJK), Field T oLk
& FeO-MnO (REAER) % thenglds. 7z,
Field T oflpko &2 SiO, EH T2 L, B
ALKV SiZE2Np b3 % 72 Field I o & 75 b, Mn-
silicate 235 X 5/ b. KREBRICHIT LE%ES
D Mn X0 Si pfiz Fig. 2 iz Fu v b5 L
Field T k& 705 DT, WkfED Mn-silicate % FH!
THEEZDBNS. L L, Photo. 1 #5351 7x Table 5
CART XS, Sp DLETiE SiOy 2 #2515 455 =
RIRD BTS2, MUk, BRIROR T3S 5 LT
W5, Zhld Photo. 2 IWRT X S LEOMEEHIC
Si0, LHFE2BN5 AIE27W, Hik, BkORT21%
BRWZENDHZ Lm0, Th5EIRE CHESAE L
LE 2T, BIRWOREIRIERIC X S THE LTHF
JBIXnwE vz 5.
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Fig. 3. Relation between oxide inclusion contents
in weld metal and slag basicity.
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Fig. 4. Effect of MnO in slag on formation of
oxide inclusions in weld metal.

3.7-2 SiO,

Si0, DAEFITDONWT, ATV DEEZTATHS L,
25 7 OEEE B NI WVWIFE, AT THOD Si0; H
BLINLERMAT LIRS, A5 SO Si0, OE
TENBEATIE, WEAho Si B2 L, Si EHNE
K, Bk LB A 0B SERED SiO, 25
Wbz enZzbhs., AERICRITIDHRTIE BL
2 —1.24 LRKEWIESH T, 2T THO Si0; DEILS
NLENDINT ENRFE 2 BN, LeddoT, HElH
@ Si BOHMARDI WD, Sk VHEBIhSEE
I IB T ENBELLNS. Tiabb, 5i0; Dfh
HF2BI325 VOEEECEELZ T, BL HFREW
L X, SiO, BIIAn kB LEFEALND.

3.7.-3 Mn-silicate 3 X % Cr-oxide

REER I HHBERRICII4EE Mn X0 Cr 28
EAINTk D, 0P d Mo, Cr 288709,
VAN T # £ Mn-silicate, FeO-Cr,O5 234K L,
50 1 EB SRR CIAD b LHEESIN 5.
Table 2 kXX Table 4 25, 257 p¥EIEE By &
&L B o Mn-silicate (Fig. 3 rpiz 78 L7z Mn-
silicate BIXAE4EBH O SiOz & MnO D47 {E% i
z272H DT, 2MnO-Si0, PAERT S L{HE LIcHDT
»5) IO Cr,O5 [3-2 Cib 7=k 5w, XEFEHTIT
X oT, HEwhic FeO-Cr0; ¥ X FeO-Ti,O5 23
FAET D C &R EINz. L, Table 4 2R TY
b X 5w B L LTH FeO SpififHIzd £ DA
(LR BRI so7z. Tihbb, BlRTHEOCATY
@ Bp BEFT5 & Cr,0s &IFHEK L, —J%, Ti,0; &
AT ERDEE LN, Do, FeO-Cr0; &
X% FeO Ti,05 o Fnrhic FeO E&flHrT52 L
13T & Dz, L?‘:ﬁi“)‘f, Tl Lk, CrO,
FLO TiO3 (3-7-4 i) 2ERTHLOE LTHR
=171 BOGE Fig. 3I0mT &, 27 7O
B Bk X oT, Mn-silicate 35X O} CryO; & piH
K L7-. 7n¥s, Table 2 kX (f Table 4 75, 255
o> MnO £ » YAR7E4 &+ @ Mn-silicate 35 X OF Cr,
0, BoM%% Fig. 4 wmt &, #FEAIHO Mn ED
WMz k2T 5 7D By R LTH Mn-silicate &
(7272 L, 27 7'Ho MnO & 8.86% Pl L) 3KV Cry
O, BIHEAET, BE—EEEZMHEBLTVWS. Lk
ST, WEHIEO Mn ERRIUTHDHEE, ATTD
By pséAkcTiuE, Mn-silicate 35X Y Cr,Os DARE
AT S EEZLNS. RERICKT DWEELBHO
Mn-silicate 35 X 8 Cr,O; B IANC L VWDIE A5 &
O BL BAEVEHITHLHILDEFZZONE. Tiob
%, Mn-silicate, Cr,0; O T 5 EIX#HERIF O Mn
BLADRATIVOBEBEORELZTLLEEILNS.

3.7-4 Ti-oxide

WAEFRICIE VT — v (TIO,) BERITHAFSNTE
D, AT s o TiO, pNEm I T ElficiA
L, FeO-Ti,O; 23Ef L, 1¥BEMIMAPICEACAD LN
BriEEsnG. Kk, 27 rio TiO, DTz o
TRz 72721, 25 7o TiO, ORTEIMET
HHTENEZ BN, BWBgALRE TL R, 225
wEgibxns LS, Ti 3R TERr27eD T,
25 7o TiO, phgEmah T Ti 24U, ~iXb
iw TiyO3 ZAK Uiz ERE LT L7z, Table 2 3
I} Table 4 2n5, 235 7o MnO &L EELEH
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O Ti,03 BEO%% Fig. 4 wri¥&, #HEHIFHOMn
BROMIMZ X 5T, 25 2o TiO, OETTEISHE A L
72 FTiabb, 25 5do TiO, vk Mn 12 X >CET
INBEZERS»5. —F, Table 2 ¥ X ¢f Table 4
Dy AS T OREE L BEERETD Ti,O &ORMGR
Z Fig. 3 wRdT L, 550 By OEWKIZLDOT, &
EeEho Ti0; BIXES LTws. Thbb, #E
Alf> Mn E23FE U ThhE, 255D By oiikic
2T, 2570 TiO, OFETLENBOTEHEHE L5
hs.

3-7-5 Al-silicate, Ca-phosphate s % TiIN

JuEik o Al-silicate, fiko Ca-phosphate s 1 (g}
Ko TiIN LB MEwRIZ SRR WEZEh, o
AL Os, P05 kX OBERIAE N & RIZEEEET O
ZNEFERCCH D, Frbfmdie T 448 F0h T
S. Lo, OfEdo Al-silicate, Ca-phosphate
3 KO8 TIN Sy Ui SCEGH L &
EINB. —TF, 2T Fhic ALO,, CaO % Xt TiO,
BEENT WS 2, Al-silicate, Ca-phosphate #5 3 (8
TiN ORI AT FOREDS B2 50555, WS
TER» o7

3.7-6 Fe-oxide

Bk D> Fe-oxide ¥—1, DETEH 52 5p D
NEDFIC LIE LIERWEIRS. La L, BELSED
fdk (Fig. 2) 5 5 BE Mn-silicate % L35 720
FeO RT3z L3z p72v. —F, 250 % X
FREIET CHFIFN,  a-Fe,O, (hematite) :HEXh 5
EBIHEE* DBRBDO LN/ LI ERD, BELLZXT IR
BERAEhicdoLiffEIns.

4.

il

19Cr-9Ni 2 7 > L A A7E & B OMILATEN % 1,
-CH;OH 2\ 2 8 & IR AL 3 X OE IS 5
WRHEIZ X 0 U, BEAEC o v T, XER[ElR,
KB HGIEIE, EPMA RZEZ{TR20TC, N EMDE
R, ERGRRRR EERBE L, DTORERE:.

(1) T-CH,OH-EEE P BRI X o fli L7cik
BT, 2MnO-SiO,(tephroite), MnO-SiO,(rhodo-
nite), FeO-.Cr,O; (chromite), FeO-Ti,O; CryC,

¥ 27 VOXEEHICBNT, 2X¥D L 5T Fe, O3 MfEREINI.
Slae J4A 3.71 2,70 254 2.22 1.86 1.70
A8 \Iohs. M VS S M M M

Fe, 0314 (dA  3.66 2.69 2.51 2.201 1.838 1.690
(ASTM) (I/I; 25 100 50 30 40 60

TiC, TiN 235475 2 & B XA X > TED Sh
7. '

(2) 5p LLEOANTEMmE LT, kiko Mn-silicate,
HT 2R IRDAE D72, HIRE X OVBEIRD SiO,,
RO Al-silicate, $Hiko> TiN I X Ok Ca-
phosphate p3gH Sd, Sp AT OALEMIEEEILNTEY)
RO 90% & 5D, ZTOKRESE 1p BREDORRKD
Mn-silicate, X >72® FeO-Cr,0; 3k tX FeO.
Ti,05 ORF T 5B T L2357z

(3) BENEMOERRIZIR S 7V OEHKEDTE
XFHboLEFE2LN. Tihbb, 25 5OEEES
EH»5H X 51T T 5L Mn-silicate, Cr,0, &8k L,
—77, SiO,, Ti,O3 EIIAT 5 & & 23450507z,

(4) SiO,, Al-silicate, Ca-phosphate, TiN jZ.02fi
FICAFET 5 T B Lic e B 2 bhvie. $1,
BAR DKL FD 7524 LiE LiE Fe-oxide 23R X,
ZHNE RS FICIFET 5 a-Fe,O, (hematite) 23#s %
RENTHDEHEZ ST

BRI, AR O TR RS L b o7 B
AMEFLSEBHHEWRAEHLT, BESTCHELR
W D737 B AL gk (kR) 2T E R S B T L 70 S O
CRRA B RICERLHEZRT 5. oz
T LT 7o i Tkt FRlE e RT3+ % .
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