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(57) Abstract: A steel product reduced in the
inclusion of alumina clusters, which is produced
by casting a molten steel prepared through the
deoxidization using Al and then the addition
of one or more of rare earth elements (REM)
of Ce, La, Pr and Nd, characterized in that (a)
the content of REM oxides in the oxide-based
inclusions containing alumina and REM oxides as
primary components is 0.5 to 15 mass % relative
to said oxide-based inclusions, or (b) in addition
to (a), the mass ratio of the total REM to the total
oxygen (T.O), i.e., REM/T.O is 0.05 to 0.5, or (¢)
the total amount of REM is 0.1 ppm to less than
10 ppm, and the amount of REM forming a solid
solution is less than 1 ppm.
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LIRTE D,

LAL, Nbix0. 1%%2#8Bx2T, VI¥0. 3%% 82T, ¥k
Tik0. 25%2B2CHEMTDL, YEZERIBZIh DD
50T, NbiX0. 005~0. 1%, ViZ0. 005~0. 3%
. TilZ0. 001~0. 25%&¥ 5%,

BIZMOBANEZRNEI Y, BREZ2BEDEIERTH-T, 0.
OO0OO0LNULEEFERZIZLITL-T, IORELZED D = &
TE 5,

L2™L, 0. 006 %%2BXxTHEMTEL, BOWEYWIEML
. HEEBERIBEZABDEDOT, BiZ, 0. 0005~0. 00
5% &7 5,

SHIL, AEHICBVTR, BHOXTA 2HETELNE T A
XTI ITAF—DERERZTLIO00 umBTFRBFELY, 2hiX. 7
MIFITGAI—ORKERLO00 pumE VKX WL, M2 MM

12



WO 2004/111277 PCT/JP2004/000139

mICMT Lets, REARBOARRGEZRRTIERE RS2 T
b5,

The, AERILBVWTE, FHFOAT 4 2B TELDND 20 4
mUEDOTNVIF I 525 —OEEITZ2ME, k g A TFTHRHFE LW,
IhiZ, FEBEES2E/ kegXVBnE, EEKIL. BEXED
NBRERELDZZ LB DENLTH B,

BRMP~OREMOEMIE, flxiE, ZKEFEBEDOCASKE
HEBXCRHABHREB2HE - THEMEHEBR LZBILITY>. REM
i, Ce. La%fiéBE, REMARBDOEELELIIMER DA
EOVWTNTH X<, BRIE, SR, BR, 21, v v—&7T
HoTH LW, |

REMODEMEBEZIBHEELRDOT, BRFOREMBEZ2H —IzF
S, RHABHEATOBREMP ~FEMLELY, £, W
MTHEMULER, Ar FVAETHEHBTIZLBEEI LY, £k, ¥
VTIA YV aRELRBHENOBM~REMEZEMT S &b T
%,

(EhEH )

(EHH 1)
BWZ27T0t0BRFIZBVWTKREL, 20%., TEDOREEE
L THM L, SRR TEEOBMES ICHEL, A1 T
B L%, REM#%Z, Ce, La., Ivy¥azx&L (flzif. &
E%TCe :45%, La:35%, Pr:6%. Nd: 9%. F
FERMyNbR2E8E) . £ik. YV AIN, SIBIV
Fe@%ﬁ(Fe—Si—SO%REM)@%%T%MLKO%@
RROBMORIMEEZELITFT,
RICARTHROIBROBENEZ, EEMTRNERSEERIC LY., &

141
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EBEELI. 0~1. Sm/min, FVvFovvaNEMREELS
20~1580CHE&MHTHEL, 245mmEX1200~22
O0mmEOHFE2HE L,

TO®, TOFFIic, BHEE. B, Sbic, BEIEKEL T,
WHELZZREL., RERAE2To%, AEEEROKEIZI2~10
OmmTdY, GHELZEHOKEIZO. 2mmThH 5,

BRADPOERMULEYF VIV DE, BRIFTRE—FR, 7T RH
—EE., FHNEDERBLIORBRERERELHAE L, 20K
i, R2IRTLEBYTH B,

K26, XERANR, THVIFTIF5RF—CBRTASEKE X E
REBIZEBRTS2HbDOTHDHZ LE2HBTE S,

BB, R1ER2BID %1 ~%xT7T0F%RIZ. UTFToLRBY T
b5,

*1 : REMiE, Ce, La, Pr, NAdOAEHTHS,

*¥2  MM: Iy ¥arin, BE»T, Ce : 45%, L a:
35%, Pr :6%, Nd: 9%, BXW, RABARMIL N5
&, MMSi :REM—-Si—-—Fe&d&, HRRITIREM: 30%

Si:30%, BEWEF e,

*3 HANEPOEERMELEZLOBOAEYOEK D EYE
o MR, EDXMEXSEM (Scanning Electro
n Microscope) THREL®L,

¥4  BRRIIFAF-BOPEFEE., (1x0. 1) k gDt
FPORAT A LAEMETHH (BIhAy>v220umz#ER) L
THENEELBEBRETEERE (401) L, BERELENEDY
DEELEEOEHEZETONEY TROT, TOEHEDOE KX
EBEHRERKIZIFTAEZ—RFRELT,

7 7AZ—@EIE, (1x£0. 1) kg DHEAPDLRAT A LAER
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ETHH (BhAyvya220 m2FEA) LEAEYOBERKTHY
CHEFEBEME (1004 THELL20 umUEl0L&TORNEY
OEHEZ, 1k gV OEKICHRELLZLDOTH B,

¥5 : RMEBAEE. UTFORIL D,

BWIR R RECTORY S—ERER (= (RYAN—FOKRE =
ANVE) X100 (%) ),

ER :MERTOUSTRMBEEREZIZEAL—v a VRESR
(= (RGBPRELEROK / BRELEROBE) X100 (%)
) .

BB, VYN —RBEBOBREBEET, ERXL—Ya v REDEH
BERER L,
FERORMEHERERDOMIZIBNT, RBAUS TREOHEESIE (U
ST) . EXVv—vaVvRBOEAE (SPR) E#FHLE,
WE . MABTEEBTCOUS TRMHERER (= (RBAKELE
BOBR/ MRELEEORE) X100 (%) ),

6 : —20CTOEEFRARBIIAV . vyF v —HEH
RiE. RBRASADEYE,

* 7 BRICBITIBEROKEFEOKYE (= (3EY RER
BROBMBEBESOBMER  RRIMORABKRF OWEM) X100 (%)
) .
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# 1
0P SO S (HE%. B LREM. T. Oikppm, B ERIZ 8k KX AR W BER i) REM#H0
No. [JBIR| ¢ Si | Mn P S T. Al BETHE REM*1{T. 0| &B*2
FEBFI (Al |##K | 0.0005/0.035] 0.55 |0. 017 0. 0057 |0. 050 | Ti: 0. 006 3 {27 {MMSi &
FEHG (A2 |#4R | 0.002 (0.005{0.76 [0.027]0.0114 (0. 020{Ti:0.01 5 {20 | MMSi& &
FEEAG] A3 AR | 0.004 {0.011]0.14 |0.040(0.0171 [0.070|Ti:0. 012 11 |35 | MMSiE& &
ZEUAP (A4 |#HR | 0.007 [0.019]0.33 [0.007[0.0219(0.034|Ti:0.01 9 [21|MMSied
FEAG A5 |#AR| 0.002 |0.013] 0. 36 |0.019]0.01330.066|Ti:0.03 12 |25 MM
FEEBI (A6 4R | 0.004 |0.018) 0.53 |0.032[0.0190]0.035|Ti:0. 045 20 |33 |MMSi &
F B | A7 4R 0.006 |0.032]0.81 |0.042]0. 0238 }0.015|Ti:0.003 17 | 24 | MMSiB &
FEEAH | A8 K] 0.001 |0.006) 0.11 |0.005!0.0048)0.055]|Ti:0.01 37 | 42 Ce
FUH | A9 |#HR| 0.019 [0.077] 0.65 |0.015]0. 0038 |0. 055 3 |25 | MuSiS &
F BRI |A10 |#4E | 0.038 [0.006( 0.91 |0.024]0. 0105 |0. 030 8 |18 (MMSiA &
FEHABI (AL (#4R [ 0. 067 {0.030( 0. 15 [0.038]0. 0276 [0. 090 2 |17 | MMSi& &
RO |AL2 [$E48 | 0.095 |0.053( 0. 40 |0.005)0. 0238 [0. 032 5 [22 | MuSia g
FUAH [AL13|#4R ([ 0.029 |0.005( 0. 13 [0.017]0. 0152 [0. 045 5 |15 | MMSia &
FoH |AL14 |34k | 0. 048 [0.038( 0. 43 [0.033|0. 0181 (0. 066 8 |18 | MMSi& &
FEAF |AL5 |95 | 0.124 {0.057]0.69 |0.044|0. 0219 |0. 058 6 |14 MM
F B4 |AL6 |34 0.010 |0.084| 0. 88 [0.006]0. 0057 |0. 066 10 j19 | MMSi& 4
FEA%I |AL7 |#4E ] 0.007 |0.013]0.16 |0.033]0. 0143 |0. 087 9 |16 | MMSiE &
FBH) |AL8)#E4R | 0.029 10.038] 0. 39 [0.042]0. D067 |0. 075 14 |21 | mMSi& &
FEBP) |AL9 |34 | 0.019 {0.075/ 0. 58 [0.013]0. 0060 |0. 034 18 |23 | mMsid
504 [A20 |FEHR | 0. 037 [0.007( 0. 88 |0.026(0. 0110 |0. 056 29 |33 La
FBAHI (A21 |EEHR{ 0. 280 {0.290( 1. 08 (0.011(0. 0030 {0.005(Cr:0.5 2 |19 |MMSie g
FEHl [A22 [EHR{ 0.270 [0.300] 1. 10 (0. 010(0. 0040 |0. 013 |Cr:0. 48 5 |20 | MmMSie g
FEAH |A23 |E4R | 0.300 [0.680} 2.53 |0.009|0.0050 |1.200|Cr:0. 46 6 |15 | MISiE 4
B9 |A24 |E#R | 0.110 [0.250| 0.90 |0.010|0. 0050 |0. 065 |Cu:0.2,Ni:0.85,Cr:0.45 | 4 | 9 |mMsSi&&
Mo:0. 35,V:0.04,B:0. 001
B 5 |A25 B4R | 0.060 |0.250| 0. 61 [0.012]0. 0040 |0. 040 |Ni:9. 25 9 |12 MM
FEAH |A26 | E 4K | 0.070 [0.050] 1.20 |0. 008)0. 0005 | 0. 030 |Mo:0. 25,Nb:0.015,V:0.025 | 11 |13 La
FEAF | A27 |80%F | 0.513 [0.360] 1.18 |0. 008) 0. 0238 |0. 008 |Ti:0. 015 4 |35 | MSi& &
FEAH) |A28 |84 | 0.551 [0.019]1.69 |0.010{0. 0460 |0. 009 |Ti :0. 045 10 |28 | MMSi& &
FEAHI {A29 |§M%F ] 0.589 [0.135{0.13 {0.014{0. 0460 (0. 006(Ti:0.25 22 (42 | MMSi& &
FEAFI {A30 S| 0. 618 (0.252| 0.66 (0.004 (0. 0300 [0. 006 (Ti:0.16 43 | 56 MM
S A |A3L [#H%| 0.561 |0.153[0.67 [0.005]0.0504 0. 008|Ti:0.07 34 |42 [ misieé
F M (A2 |88% | 0.580 |0.243| 1.24 [0.011]0.0390 |0. 005|Ti:0.038 32 |36 Ce
ik |BL |#4R | 0.0005]0.011] 0.14 [0.027)0. 0219 |0.050|Ti:0.012 0 |35 -
kgl [B2 [#E4R | 0.002 ]0.013]0.36 |0.019]0.0133 [0.030|Ti:0.03 2 |28 [ MiSi& &
Wil | B3 34K | 0.031 }0.022) 0.21 |0.010]0.0114]0.020|Ti:0.03 22 |22 La
HLige ) | B4 |#4R | 0.038 [0.053] 0. 40 |0.038|0. 0124 |0. 080 |Ti:0. D45 16 |13 [ WiSi& &
g5 |B5 3R] 0.002 |0.025] 0. 60 |0.020)0.0238|0.032|Ti:0.03 69 |81 | MMSi& &
Hi) |B6 |EAR| 0.270 0. 280{ 1. 11 |0. 008] 0. 0050 {0. 028 |Cr:0. 51 0 |12 -
Heiewl |B7 [FEAR( 0.290 (0.310] 1. 06 [0.012(0. 0040 [0.015(Cr:0. 48 1| 9|MmSiede
Heiel |B8 [ELAR| 0.310 (0.270] 1.07 [0.010|0. 0030 0. 022|Cr:0. 49 15 |14 MM
il (B9 [E 47| 0.100 0. 230 0. 88 |0.008]0.0050 |0.062|Cu:0.18,Ni:0.83,Cr:0. 44 0 |12 -
Mo:0. 32,V:0. 03,B:0. 0015
bl |B10 B4R | 0.055 |0.590] 0.27 {0.012]0. 0040 |0. 035 |Ni:9. 33 1| 9 |MmSids
Wil [B11|EAR | 0.072 0.052] 1. 26 |0.010]0. 0030 |0. 022 |Mo:0. 35,Nb:0. 023,V:0.022 | 15 | 14 MM
i) |B12 8945 | 0.562 |0.145] 0,11 }0.012|0. 0340 0. 006|Ti:0.12 0 |38 -
LB [B13 84| 0. 480 [0.370] 0,19 0. 009/ 0. 0238 [0. 080 |Ti:0.018 3 |35 | MiSiEe4
Hipl |B14 8845 | 0.637 [0.144( 1,35 {0.002|0. 0220 {0. 005 |Ti:0. 045 41 |42 Ce
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2

No. | M EW ML *3. mass% |BKITA-R| J7M-BEK | RpBRER | HEEIK BEFE

Al, 04 REMEE 1 4 #4, um 4,8 /kg #5, % TiMET-%6, T (REY fE*7. %

FHEH (AL 96. 3 0.5 62 1.2 0. 20 - -
0 1 {A2 96. 6 2.4 <20 0.0 0.11 - -
F BB A3 94.3 3.9 <20 0.0 0.08 - -
B4 A4 84. 8 6.4 <20 0.0 0. 26 - -
B4l |AS 90. 3 7.3 <20 0.0 0.18 - -
L B | A6 87.1 9.8 <20 0.0 0.22 - -
F B A7 87. 8 11.3 =20 0.0 0.25 - -
T BE 4 A8 83. 8 14. 4 52 0.7 0.10 - -
R (A9 90. 7 0.5 65 2.0° 0.23 ~ -
#BE [AL0]  91.0 6.6 <20 0.0 0.26 - -
B H [A11]  96.2 0.6 48 1.1 0.21 - -
FUH |A12]  96.8 2.3 <20 0.0 0.20 ~ -
B |A13]  94.3 3.9 <20 0.0 0.09 - -
RBAH (A14] 84.8 6.4 <20 0.0 0.15 ~ -
B (Al5| 91.6 6.0 <20 0.0 0.11 - -
P |Al6| 88.4 8,4 <20 0.0 0.12 - -
B H {A17|  90.0 9.0 <20 0.0 0.16 - -
ZEA % |A18]  87.1 11.1 <20 0.0 0.08 - -
F BB [A19 78. 6 12. 6 31 0.1 0.11 - -
RO (A20] 82.8 14.8 42 0.8 0.12 - -
RO (A21] 94.9 1.9 43 1.0 - 39.8 -
FEH |A22] 96.6 2.4 <20 0.0 - 40. 2 -
B (A23]  93.1 1 =20 0.0 - 36.5 -
S |A24] 84.3 .9 <20 0.0 9. 1(UST) - -
FEAH |A25]  86.0 11.6 23 0.1 4. 8(SPR) ~ -
FEHG |A26] 82.4 14. 4 43 0.6 - ~ 58.5
FEAH (A27{ 98.5 .5 59 1.0 0 ~ -
FEEA ] [A28] 93.7 .5 =20 0.0 0.0 ~ -
2B [A29] 83.3 .9 <20 0.0 0.2 - -
FEA% |A30| 85.0 12. 6 46 0.2 0.1 - -
B9 [A31] 83.5 13.3 31 0.2 0.2 - -
RO [A32] 84.0 15,0 65 1.2 0. 2 ~ -
sl |B1 98.2 .0 172 5.6 0.8 - -
i il [B2 91.0 .2 115 3.1 0.6 ~ -
B 4 |B3 80. 4 17.3 105 3.5 1.2 -~ -
He g 4 [B4 74.9 22.0 284 7.5 1.4 - -
B2 45 |BS 83.7 13.1 152 3.3 0.7 - -
Bk 45l |B6 99. 0 0.0 181 6.8 - 21.6 -
i il (BT 98.0 0.2 103 2.5 - 26.5 -
P i | B8 72.1 19. 2 172 4.8 ~ 22.3 -
Wi (B9 99. 0 .0 186 7.3 21. 5(UST) - -
gl [B1o|  98.0 .2 108 3.0 13. 6(SPR) - -
W Bl 72,1 19. 2 167 4.3 - - 31.0
B |B12|  97.6 0.0 126 5.7 1.2 - -
ol f {B13|  91.1 0.2 101 2.9 1.4 - -
gl [Bi4|  80.7 16.9 168 3.7 1.1 - -
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(EHH 2)
BWMZ27T0t0BFIBVWTKEL, 0%, EDREEE
CHELTHSALE, 2KEHTEEORARS S ICHEL, A1 T
PR L7c#, REM#%Z, Ce., La, I vvax&r (flzid. &
E%TCe :45%, La:35%, Pr:6%, Nd: 9%, &
HEAMOI 2D 25448) . £, Iy vaRrFA, SiBLO
FeD&t& (Fe—Si—30%REM) OBEBTEMLE, 20
RROWHMO LK Z R 3 ITFRT,

RIXRTHROMEROENME, EEBITRERSEE®ICLY . &
EHEE]1. O~1. 8m/ min, V5S4 v =2NEMREBELS
20~1580CH4&MHTHEL, 245mmEX1200~2 2
OO0mmiEDOGHHFE28EL &,

BADPOERBMLEY VI NVIZDE, BRI FTAF—R, VT RAHA
—E, FEROBE / AVOPERRELZAE Lz, TOKRIT
VRARLRTERBYTH B,

RADPD, ABEBHAB, TAVIFT 75— ICEBRTLHE KRG
RKBIZERTS2HbOTHE I L 2HETE 3,

BB, RILFARXBITIDI %1 ~%x40E%iz, LTFDELBY T
b5,

*1 :REM (£REM) ¥, Ce, La, Pr, NdOA&E T
b%, REM&T. O, REMEMM D 1 HETOBMIEKERL &
BT 7LD,

*¥2 MM: I v var2Zr, BEE%T, Ce : 45%, L a :
35%, Pr :6%, Nd: 9%, BXW, RABLAML» >3
A&, MMSi :REM—-—Si—Feédéd, HKIREM: 30%
. Si:30%, BEF e,

*3  RRIIRAI-BOREFEIX, (1x0. 1) k gDt

14
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FPORATA LABRECHE (BMAYy¥ =220 mz2HEA) L
NEVEZECEMECEERE (401 L, SEBELEZNED
DEEZELEEOLHELETONEYTRDT, ZOLHEDOFK
EEERKITAZ—L LT, |

P SAF R, (1%£0. 1) kg DBERMD T4 5B
BETHE (DA RAyva20um2FEA) LEAEYOEETHY
CEFEME (1LO0OR) THELLZ20 umlEOETOREY
DEFKEZ, 1k gdeVOoBECBRELELDOTD B,

4 HERIC, BE/AVORNEBEIZNELTHED O E R % H
BLl, HFAFMIZB TS 10 R0ERDFEHEM™ S, / X )VEHAE
RUZUTOLIIIT, VX4t Lk,

O:NEEE 1 mm#EH

A:fEEE1L~5mm

X MEEZS5mmi@
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% 3
B SO (FE%. A LREN.T. 0idpon, BEBIZS R R FBER#4) | REM/T. 0%1 |REMIEID
No. || ¢ Si Mn P S T. Al BRI REM|T. 0 £ B2
B | A1 [ ] 0.0005(0. 035/ 0. 55 (0. 0170. 0057 |0. 050 | Ti : 0. 006 327 (0.10 MMSi& &
RHH (A2 (K] 0.002 [0.005( 0. 76 |0.027(0.0114 |0.020{Ti:0.01 220 [0.12 [MMsi& &
UG |A3 [HHR| 0.004 [0.011] 0. 14 [0.040(0. 0171 [0.070|Ti:0. 012 5|35 |0.16 [MMSi& &
FHA A4 [ ]| 0.007 |0.019( 0. 33 |0.007/0.0219 [0.034|Ti:0.01 5|21 |0.22 [MMSi& 4
FEAF (A5 4R | 0.002 |0.013| 0. 36 |0.019]0.0133 |0. 066|Ti:0.03 6|25(0.25] MM
561 | A6 | AR | 0.004 |0.018] 0.53 |0.032]0.0190|0. 035(Ti:0.045 10] 33 | 0.31 |MMSid &
FEAH A7 |3E4R] 0.006 ]0.032] 0.81 |0.042]0. 0238 |0. 015]Ti:0. 003 8] 24 ]0.35 MMSiS &
FEAH A8 [J4K] 0.001 ]0.006] 0. 11 |0.005]0. 0048 |0. 055]Ti:0. 01 2142 10.49( Ce
FEE A9 [MERR] 0.019 |0.077] 0. 65 |0. 015|0. 0038 | 0. 055 3|25 [0.10 MMSi& &
FH G [AL0 7R | 0.038 |0.006( 0.91 {0.024(0.0105 0. 030 4|18 {0.23 [MHSi& &
SEBAFI (AL [HEAK| 0. 067 0.030( 0.15 {0.038{0. 0276 {0. 090 2|17 {0.10 [MMSi& &
FEEAGI |ALZ AR | 0.095 {0.053] 0.40 {0. 005{0. 0238 |0. 032 2]2210.11 musig &
FEA5 |A13 [#4K | 0.029 {0.005( 0.13 |0.017{0.0152 0. 045 2|15 }0.16 MMSi& 4
FEAF |A14 [#4K | 0.048 [0.038] 0. 43 0. 033{0.0181 |0. 066 4|18 10.22 MMsig &
FEAH |A15|#4K | 0.124 |0.057] 0. 69 |0.044/0.0219 (0. 058 3]14(0.21) mm
FEH |AL6 MR | 0.010 |0.084] 0. 88 |0. 006 0. 0057 [0. 066 519 10.28 |MSi& &
FEH |AL7 [JE4R | 0.007 |0.013] 0.16 |0.033]0.0143 [0. 087 5] 16 |0.29 [MMSi & &
FH) [ALR AR | 0.029 |0.038] 0.39 0. 042]0. 0067 |0. 075 7121 10.35 |MMSi& &
FBF) |AL9 4R | 0.019 0. 075 0. 58 |0. 013 0. 0060 (0. 034 9123 (0.39 {MMSie& &
FEAHI {A20 |#EAR | 0.037 {0.007! 0. 88 {0.026{0.0110 |0. 056 16|33 | 0.48 La
F B4 (A21 (AR 0. 280 |0.290( 1.08 {0.011{0.0030 (0. 005(Cr:0.5 2119 [0.10 [MMSi& &
RO F |A22 [EAR| 0.270 {0.300( 1.10 {0.010{0. 0040 [0. 013 |Cr:0. 48 2120(0.12 [misig &
FF |A23E4R | 0.300 |0.680] 2.53 |0.009!0.0050 |1. 200 |Cr:0. 46 3|15 |0.19 [mMsi& &
FEEAS |A241E4R | 0.110 |0.250| 0.90 [0.010|0. 0050 {0. 065 |Cu:0.2,Ni:0.85,Cr:0.45 | 2| 9 |0.24 |mMsie &
Mo:0.35,V:0.04,B:0.001
F B |A25 [E4R) 0.060 |0.250] 0. 61 |0.012]0. 0040 |0. 040 |Ni :9. 25 412 ]0.36] MM
F B |A26 | E4R| 0.070 ]0.050] 1. 20 |0. 008 0. 0005 |0. 030 |Mo:0. 25,Nb:0. 015,V:0.02 | 7] 13 10.50 | La
FEH) |A27 |98 0.513 0.360] 1.18 |0. 008 0. 0238 |0. 008]Ti :0. 015 4135 ]0.10 [MMSi & &
FEE |A28 |80 | 0.551 10.019] 1. 69 [0. 010 0. 0460 |0. 009 Ti :0. 045 5{28(0.17 MMSi &2
F BB [A20 (S| 0.589 {0.135(0.13 {0.014(0. 0460 |0. 006 [Ti:0. 25 11( 42 [0.26 (MMSi& &
FEEAH (A30 (87| 0.618 {0.252( 0. 66 [0.004(0.0300 {0.006(Ti:0.16 2756 (0.49| My
FBHI |A3L (SB[ 0.561 [0.153| 0.67 |0.005(0. 0504 {0. 008 |Ti:0.07 17| 42 |0. 41 [mMSi& &
FUEF |A32[$HE| 0.580 [0.243] 1. 24 |0.011|0. 0390 |0. 005 |Ti:0.038 16|36 |0.45| Ce
Hig il |B1 |#4R | 0.0005[0.011] 0. 14 |0.027]0.0219 (0. 050{Ti:0.012 0| 350.00 -
Ll {B2 |3E4R [ 0.002 [0.013]0.36 |0.019(0.0133|0.030|Ti:0.03 1)28]0.04 MMSid &
Hedgfpl (B3 |#E4R) 0.031 J0.022] 0.21 [0.010/0. 0114 |0.020]Ti:0. 03 11722 ]0.52] La
ikl | B4 [#4K | 0.038 |0.053] 0.40 0. 038)0. 0124 0. 080 |Ti:0. 045 8113 [0.63 MMSiA&
ik |B5 |EAR| 0.270 10.280] 1. 11 |0. 008]0. 0050 |0. 028 [Cr:0. 51 0112 {0.00 -
tikfl |B6 |EAR| 0.290 (0.310| 1. 06 |{0.012|0. 0040 (0. 015 (Cr:0. 48 0| 9(0.05 MMSid&
gl (BT [EHR| 0.310 [0.270( 1.07 (0.010{0.0030 (0.022(Cr:0. 49 8|14 [0.55| MM
thigei (B8 [EAR | 0.100 |0.230( 0. 88 |0.008/0. 0050 |0. 062 |Cu:0.18,Ni:0.83,Cr:0.44 0| 12 |0.00 -
Mo:0. 32,V:0.,03,B:0. 0015
thikgl |B9 /B4R | 0.055 0.590| 0.27 [0.012|0. 0040 |0. 035 |Ni:9. 33 0] 910.05 |MMsi &4
Wi |B10 |E4R | 0.072 [0.052] 1. 26 |0.010]0. 0030 |0. 022 |Mo:0. 35,Nb:0. 023,V:0.02 | 8| 14 |0.55] MM
Ik |B11|8H4F) 0.562 |0.145] 0.11 [0.012]0. 0340 |0. 006 | Ti:0. 12 0)38/0.00 -
B [B12 8B ) 0. 480 |0. 370/ 0.19 |0.009]0. 0238 |0. 080 | Ti:0. 018 1{35/0.04 [MMSi &4
W) [B13 8B4 ] 0. 637 |0. 144 1. 35 0. 002]0. 0220 (0. 005 | Ti : 0. 045 22142 10.52| Ce
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x4
No. |BERIIAR-R | 1o2h~E % B2
#3. pm #3 Ml /ke | FER x4

B il (Al 62 1.2 O
ZEMG A2 =20 0.0 O
FHBG|A3 =20 0.0 O
A A4 <20 0.0 O
U |AS <20 0.0 O
R (A6 =20 0.0 O
&R (AT =20 0.0 O
A (A8 52 0.7 O
A A9 65 0.9 O
F A F |AL0 =20 0.0 O
FEHH AL 48 1.1 )
F A F 412 =20 0.0 O
24 (A13 =20 0.0 O
S A (AL4 <20 0.0 O
S |ALS =20 0.0 O
FE BRI |AL6 =20 0.0 O
SEE A ALY =20 0.0 O
B4 [A18 =20 0.0 0)
F& B (A19 31 0.1 O
B 41 1A20 42 0.8 O
B 4 [A21 43 1.0 O
A B [A22 £20 0.0 O
A H |A23 <20 0.0 O
ZE A B |A24 <20 0.0 ®)
B4 |A25 23 0.1 O
RHHI (426 43 0.6 O
R Fl (A27 59 1.0 @)
E U (A28 <20 0.0 O
Al |A29 =20 0.0 0
& B 5 |A30 46 0.2 O
% B9 41 |A31 31 0.2 O
A4 {A32 65 1.2 O
b 84 {B1 172 5.6 X
b 5% 4 [B2 115 3.1 A
gkl |B3 105 3.5 A
e 4l |B4 284 7.5 X
KLk fi B5 181 6.8 X
Wikl |B6 103 2.5 A
b4 |BT 172 4.8 X
b 5450 |B8 176 6.3 X
b i 4 | B9 98 2.0 A
te 884 [B10 177 5.3 X
S [B11 126 5.7 X
W84 (B12 101 2.9 A
b g 4l [B13 168 3.7 X
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=5
2R, SO 5y (B & % . {8 UREM}Zppm, 7555 13 86 & O R 738 A 4)
No. [FBIR| ¢ Si | Mn P S T. Al BT H £ REM#1 | [ 7AREM*2
BB | Al 3R] 0.0005(0. 035] 0. 55 [0.017]0. 0057 {0. 050 | Ti:0. 006 0.1 <0.1
FEOAF (A2 || 0.002 {0.005|0.76 |0.027|0.0114 {0.020{Ti:0.01 2.6 0.3
FeoAfl (A3 MR | 0.004 {0.011]0.14 [0.040(0. 0171 0. 070(Ti:0.012 0.9 0.2
FEAHI (A4 (#EAR]| 0.007 [0.019] 0.33 [0.007(0.0219 |0. 034(Ti:0.01 6.2 0.5
FEAH A5 [#HR( 0.002 |0.013]0.36 |0.019(0.0133{0.066(Ti:0.03 8.3 0.4
FEAH A6 (3R] 0.004 |0.018]0.53 [0.032[0.0190 (0. 035|Ti:0.045 9.5 0.7
FEOAH) | A7 [HHR | 0.006 |0.032] 0.81 |0.042|0.0238 0. 015|Ti:0.003 7.8 0.6
F A | A8 [4K] 0.001 |0.006] 0.11 j0.005|0. 0048 |0. 055 |Ti:0. 01 5.5 0.9
FEAB A9 [MEHR] 0.019 j0.077] 0. 65 |0. 015]0. 0038 0. 055 3.5 0.8
ZEEABY |A10 [J4R | 0.038 [0.006] 0.91 {0.024]0. 0105 |0. 030 1.1 0.7
F5BA 4 ALl |4k 0.067 [0.030]0.15 |0.038]0.0276 0. 090 0.2 <0.1
FEHF |AL12 ¥R | 0.095 0. 053] 0. 40 {0. 005]0. 0238 |0. 032 2.8 0.5
FEAF |AL3 4R ] 0.029 (0.005]0.13{0.017{0. 0152 |0. 045 4.7 0.2
FEF |AL4 |34 | 0.048 |0. 038} 0. 43 (0.033]0. 0181 |0. 066 6.9 0.3
FOAFI |AL5 |41 0.124 (0. 057 0. 69 [0.044]0. 0219 |0. 058 8.9 0. 4
FBF |AL6 74K | 0.010 {0.084] 0. 88 |0.006]0. 0057 |0. 066 0.7 0.1
FKAF [AL7 |#4R | 0.007 [0.013]0.16 |0.033]0. 0143 |0. 087 7.3 0.6
F M [AL8 4R | 0.029 {0.038) 0. 39 |0. 042]0. 0067 |0. 075 5.5 0.2
FEAH) |AL9 |#4R | 0.019 |0.075] 0. 58 |0.013|0. 0060 |0. 034 3.7 0.8
F BB |A20 |#4R | 0.037 [0.007} 0. 88 j0.026]0.0110 |0. 056 1.4 0.4
FEAH |A21 EHR| 0.280 |0.290] 1. 08 |0.011]0. 0030 0. 005!Cr:0. 5 0.9 <0.1
FEHH) |A22 R | 0.270 [0.300{ 1. 10 {0. 010{0. 0040 (0. 013 {Cr:0. 48 2.6 0.6
&R (A23 (EAR| 0. 300 (0.680] 2. 53 {0.009(0. 0050 (1. 200 (Cr:0. 46 4.6 0.2
FEBAHI (A24 |E#R| 0.110 |0.250( 0. 90 [0. 010(0. 0050 [0. 065 | Cu:0. 2,Ni:0. 85,Cr:0. 45 6.2 0.8
Mo:0. 35,V:0. 04,B:0. 001
FEAHI |A25 | 4R | 0.060 |0.250] 0. 61 |0.012]0. 0040 |0. 040 |Ni:9. 25 8.6 0.4
Z 41 |A26 B4R | 0.070 [0.050]| 1. 20 [0. 008} 0. 0005 |0. 030 |Mo:0. 25,Nb:0. 015,V:0. 025 9.8 0.9
Fp |A27 (8% ] 0.513 [0.360] 1. 18 |0. 008} 0. 0238 0. 008 | Ti:0. 015 7.2 0.6
FEHApI |A28 |#H4F) 0.551 [0.019] 1. 69 [0.010]0. 0460 |0. 009 | Ti:0. 045 5.5 0.6
FEAHI [A29 |$R4F] 0.589 |0.135] 0.13 |0.014/0. 0460 |0. 006 Ti:0. 25 3.8 0.8
F A |A30 W% 0.618 |0.252) 0. 66 |0. 004] 0. 0300 |0. 006 Ti:0. 16 1.1 0.4
S A |A31[8WE| 0.561 |0.153] 0. 67 |0.005|0. 0504 |0. 008 | Ti:0. 07 2.0 <0.1
BB |A32 [0 ] 0.580 [0.243] 1. 24 [0, 011(0. 0390 {0. 005{Ti:0. 038 4.4 0.2
W (Bl 4R | 0. 0005(0.011( 0. 14 0. 027(0. 0219 {0. 050 (Ti:0. 012 0.0 0.0
Ehigfl |B2 [#E4R | 0.002 {0.013]0.36 {0.019(0.0133 {0. 030 (Ti:0.03 10. 2 0.5
i B3 [34R| 0.031 (0.022]0.21 {0.010]0.0114 0. 020|Ti:0.03 3.5 1.2
g B4 |34k | 0.038 [0.053]| 0. 40 (0.038]0.0124 |0. 080 |Ti:0. 045 9.5 1.9
B [B5 |#E#R| 0.002 [0.025] 0. 60 [0.020]0.0238(0.032|Ti:0.03 51.3 11.5
gl |B6 |JE4R| 0.270 |0.280] 1. 11 |0.008]0.0050]0.028]|Cr:0. 51 0.0 0.0
4l |B7 B4R | 0.290 [0.310! 1,06 |0.012]0.0040]0.015|Cr:0. 48 18.2 0.9
i) |B8 (B4R 0.310 ]0.270] 1. 07 |0.010] 0. 0030 0. 022Cr:0. 49 9.4 1.4
Hmef) |BO [EAR| 0,100 0.230/ 0. 88 |0. 008 0. 0050 [0. 062 |Cu:0. 18,Ni:0.83,Cr:0. 44 1.8 1.1
Mo:0.32,V:0.03,B:0. 0015

B {B1O (4R | 0. 055 (0.590] 0. 27 {0.012(0. 0040 [0. 035 |Ni:9. 33 19.8 9.0
Hhiss g (B1L[8H% | 0.072 [0.052| 1. 26 {0.010(0. 0030 |0. 022 |Ti:0.038 15. 4 0.3
Ml [B12 [$M%°| 0.562 [0.145]0.11 (0.012]0. 0340 (0. 006|Ti:0.12 0.0 0.0
gl |BL3 M4 | 0.480 |0.370! 0,19 |0.009}0.0238 |0. 080 |Ti:0.018 2.8 1.5
P {pl {B14 |04 | 0.589 |0.135| 0,13 |0.014|0. 0460 |0. 006 |Ti:0. 25 7.8 2.8
Pl |B15 | $M4F| 0.637 }0.144] 1. 35 |0.002| 0. 0220 |0. 005|Ti:0. 045 41.2 1.8
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* 6
No. |BekI7rh-| porh-A%K | RMeFeER | HBRRIX WEF® |68/2 vBHE
3, nm %3, 18 /kg *4, % TIVE -#5, T [BE D [E#6, % KT+

SH | Al <20 0.0 0. 20 - - @]
B | A2 <20 0.0 0.11 - - O
R | AS <20 0.0 0.08 - - O
SO | Ad 25 0.2 0.26 - - O
040 | A5 46 0.7 0.18 - - 0
FH | A6 81 1.6 0.22 - - 0
A | AT 42 0.6 0.25 - - O
AP | A8 <20 0.0 0.10 - - O
FAH | A9 23 0.1 0.23 - - O
FBHF | AL0 < 20 0.0 0.26 - - O
FEBAF | AlL 31 0.4 0.21 - - O
FEHF | AL12 <20 0.0 0.20 - - O
F A pl | A13 <20 0.0 0.09 - - 0
FEHAF | A4 21 0.2 0.15 - - O
B H | A5 65 1.1 0.11 - - ©)
5 | A6 21 0.3 0.12 - - ®)
BB | A7 48 0.5 0.16 - ~ O
*BE | AL8 <20 0.0 0.08 - - O
FHEH | A19 < 20 0.0 0.11 - ~ ®)
F M | A20 <20 0.0 0.12 - - ®)
| A21 24 0.4 - 39. 8 - O
FEHAH | A22 <20 0.0 - 40.2 ~ 0]
FAH | A23 <20 0.0 - 36.5 - O
RHH | A24 25 0.3 4. 6(UST) - - O
EHH | A25 49 0.7 9. 3(SPR) - - @)
FHH | A26 93 1.8 - - 58.5 O
R | A27 38 0.5 0. 00 - ~ O
R BFH | A28 <20 0.0 0. 00 - ~ O
FEMH | A29 <20 0.0 0. 20 - - O
G | A30 <20 0.0 0.10 - - 0
B | A3L 27 0.2 0. 20 - - 0
R | A32 <20 0.0 0. 20 - ~ O
kg | Bl 152 5.6 0. 80 - - A
Wkl | B2 115 3.1 0. 60 - ~ A
Wikfl | B3 127 2.5 0. 56 - - A
H el | B4 158 3.9 0. 60 - - X
ik fl | B5 232 3.3 0.70 - - X
thige | B6 134 6.8 - 21.6 - A
L84l | B7 193 2.5 - 26.5 - A
Pl | B8 155 4.8 - 22.3 ~ X
s | B9 122 2.1 16. 3(UST) - - A
Bl | B10 201 3.0 23. 6(SPR) - - X
th 4 | B11 172 4.3 - - 31.0 A
il | B12 166 5.7 1.7 - -~ A
Wl | B13 120 2.9 1.4 - ~ X
Hhig s | B14 152 3.5 1.6 - ~ A
Wil | B15 217 3.7 1.1 - - X
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I. AlZAWTHBL, Ce, La, PrBIVUNIdD1ES
RIE2EUEOFHLHERE (REM) Z2HRML-BME85E LM
MThoT, |

TAIFEREMBIMNEERS LT 5REMFNENTOR E
MBIV OEHREN, ZBIEUNEDICHTIEES T, 0. 5%
UE1S%ETTH B
CEERBETETAIFIFRAE—DH RV,

2. ATZHAVWTHEBL, Ce, La, Pr8IUNID1ES
X 2BULOFZLERR (REM) 2B ML EBHEEE L6
MTHo T,

MHFOELREMDEME (T. 0) K+ 3EEWL: REM/
T. OBM0. 05LLEO. BUTFTThHD., o,

TVITEREMBIUHEERD LT OIBRILURNEYFORE
MBILUOSHER, ZMIEONEWICHTIEE% T, 0. 5%
UE1B5%UTFTTH 3B
CLERBETOITAIT 252 -0 08,

3. AlZHVWTHEL, Ce, La, Pr®RIUNIdD1ES
RZ2BEBULOH/LETE (REM) 2HEML-BMEEE LM
MThHo T,

éREM%ﬁO.1ppmui10ppm$ﬁfbb\mo\

BEREMEX 1l ppmkETH 3
CLERBLTDITANITZISRE—DD RO,

4. ATEEMIM A, EEHT, C: 0. 0005~1. 5%, S i
0. 008~1. 2%, Mn:0. 05~3. 0%, P:0. 0
01~0. 1%, S:0. 0001~0. 05%, A1 :0. 00
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5~1. 5%, T. O:80ppmlTFTZEBEL., BEMNF e B
CRABARMY P DR L BB ETIHEROBEEL~3 00N
PHPEEBOTAIF TR — Db R VEH, |

5. ISR, Ibic, BEE% T, Cu:0. 1~1. 5%,
Ni:0. 1~10. 0%, Cr:0. 1~10. 0%, Mo : 0

06~1. 5%D1BELI2BULZEETI b2k HLET
PHERDEBMARCEROTAVIF I TRAE —DHRVEM,

6. FBIRCEMM 23, s bk, BE% T, Nb:0. 005~0. 1
%, V:0. 005~0. 3%, Ti:0. 001~0. 25%D
IBERR2BUL2EF T2 L2BMLET B R0O&EM4 £ -
XSICEBDOTNVIF I TRE—DDH RV,

7. EIGRMAM ., b1, BEE% T, B: 0. 0005~0. 0
OS%ZERTHILEHBRLTIFEROHEFEA~6 DT
TBHEHOTNVIFZFTAE—DS VM,

8. MMM Z AT A 2B LTELNDETAIFTIZIFTRAI—D
RREPR1O0O0 pmUTTHDIZ L2EBMLETEHEROHE L~ 3
DNTHNPZEBEOT NI T I TRE DRV,

9. HIR7NVI T I/ IRF—ZBVWT, 20 uml D7 I F
7ITAZ—DBEBER2M/ kg U TFTTHI L2BBHLTEERD
BLHSICLBDOTNVIT I TAI—DH R WM,

29



WO 2004/111277

TFHSAE—EZ(um)

BR7IL

BRI ZAE—&E(um)

Fi1g.T

320
~_05~15mass%_ .
270 ~
220
170
120
70
<20
0 5 10 15 20 25
NIEYHHOREMBER LM EEE.
(EE%)
Fig.2
320
0.05~05
270

220

170
120
70

<20

0 0.2 0. 06 08
REM/T.O(EEL)

3

PCT/JP2004/000139



WO 2004/111277

BRI TR —Z(um)

200
180
160
140
120
100

80

60

40
<20

Fig.3

0.1BL L 10ppmk i

o &

0 5
1 h £REM(ppm)

%

10

15

PCT/JP2004/000139

& ESRREM<1ppm
O ESBREM= 1ppm



WO 2004/111277 PCT/JP2004/000139

Fig.4

1ppmK i

m X ” ®
W
A OO e e
>
-
B OF ¢ e ¢ o00en

* £REM< 10ppm

<& =REM=10ppm

Lol oot 1 1ot
0 <01 01 9 10
&1 R E3AREM(pom)

Ve



International application No.

INTERNATIONAL SEARCH REPORT
‘ PCT/JP2004/000139

A. CLASSIFICATION OF SUBJECT MATTER
Int.cl” C21C7/04

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl’ C21C7/04

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1926-1996
Kokai Jitsuyo Shinan Koho 1971-2004

1994~2004
1996-2004

Toroku Jitsuyo Shinan Koho
Jitsuyo Shinan Toroku Koho

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y JP 2001-026842 A
30 January, 2001
(Family: none)

(30.01.01),

Y JP 11-323426 A
26 November, 1999
(Family: none)

Y US 6117389 A
12 September, 2000
& JP 11-100611 A

Y JP 10-183229 A
13 April, 1998 (13.04.98),
(Family: none)

(Kawasaki Steel Corp.),

(Kawasaki Steel Corp.),
(26.11.99),

(Kawasaki Steel Corp.),
(12.09.00),

(Kawasaki Steel Corp.),

1-9

[:I Further documents are listed in the continuation of Box C.

[] Seepatent family annex.

* Special categories of cited documents;
“A”  document defining the general state of the art which is not
considered to be of particular relevance
earlier document but published on or after the international filing
date
“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)
document referring to an oral disclosure, use, exhibition or other
. means
“P”  document published prior to the international filing date but later
than the priority date claimed

uEn

uon

“T”  later document published after the international filing date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention
document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such
combination being obvious to a person skilled in the art

document member of the same patent family

«xu

uY»

“g”

Date of the actual completion of the international search
03 March, 2004 (03.03.04)

Date of mailing of the international search report
23 March, 2004 (23.03.04)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (July 1998)




ERRAERE

EEHEES PCT,/JP2004,/000139

A, BHOBRTH5HOHE (ERESFSE (1PC) )

Int Cl7 C21C7,/04

PEET o nF

ﬁﬁ%ﬁotﬁ&ﬁﬁﬂ(@%ﬁ#ﬁﬁ(lPC))

Int C17 C21C7/04

%mﬁﬁﬂuﬂwﬁﬂfﬁﬁ%ﬁo:ﬁ%h%ihé%@

AAEZRFRERAS 1.926—19 964
AAREABERFRARIOI71—-20044
AAERGERTREAIRL1994—20044
BAEERFREHAH1996—20044

EBHECHA L ETF —F N2 (B e 2 D&F. T L i 5

C. PBEET2LRBHLADIR

B ASCHRD

AT AY—x% BIBXHG RUO—EHOBHNEET S L &3, ZORET 3HFOETR

BET
FEROHEOES

KEZH

CHIDBEX L IIMAFIE STV B,

[~y b7 7 ) —itBT 2 HEE B IR,

* BIRAXEOIF Y —

TA) BICEEDOD AR TR . — RO KEEERT
HO

TE) EEHEERTOBEE 3T chb s, ERHER
DBICAR S I b D

[L) EESEHEEIRICEESE 230803 2 U U3 fh 0 STk D 2647
B3 UL oA BB 2T 572 DIB B4 3
Sk (B E AT

TO] ABHIZ L BB, 8. BREIERT 330

TP] ERHEBAIC, M >EEEOTEORLE L 12 5 HE

O B OBITAR Sz 30

[T) ERRHUE R UL B RICAR SN XM TH > T
mmb%ETé%QTiﬁ< ZEBA O R 3B i

DEFOZDICTI AT B LD

IX) BIEEDOH B X Th» T, YUHEXHMO L TR
DOFRMEXITESER N E LI hE b0

(Y] #HICBEOH B TH > T, YUk E oo 11
EoXEED, MEHIZLoTEHTHIHESEI
Ko THEBRERRNEELZLNA LD

T&) F—Fr 77 I Y —3fk

23. 3. 2004

EEmAEL=T L ‘ ESAE RS 0% R
03. 083. 2004
EEAEREOLFHRH TR HIFTHEREE (HEROHDHS)
AAREY ST (1ISA/JP) A~—1F
BEFEE100—-8915
HrEFRERGESE=TE4%3 % EFEES 03—3581—1101

4K |1 7454

M#R 67209

BMAPCT/ISA/210 (B2=—) (2004414)




EpsRass EBESES PCT.JP2004,/000139

C (X)) . BT 3 L:w sk
BIFISCRRD | BhET %
HF LY —* BlAXEG RU—HOBHAEET 3L %13, ZOBET 3EHoER EROBEDES
Y JP 2001—-026842 A (s HXaH) 1—9
2001. 01. 30 (Z73IVU—7L)
Y JP 11-323426 A (JF8Esg XSt 1—9
1999. 11. 26 (Z773IU—7L)
Y US 6117389 A (Kawasaki Steel Corporation) 1—9
2000.09. 12 & JP 11—-100611 A
Y JP 10—-183229 A (liFseg: e 1—9

1998. 4. 13 (Z7xIV—%L)

BXPCT/I1SA/ 210 (B2 —U08E) (200441 8)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

