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PIVIZVALGEMBLTVTTIVI =7 AGEMDKEMICRH LA

[0001]

[0002]

[0003]

[0004]

53K a g

AZBL. PLIZVLAEMBLVTII Y LEEMOKERIILE
#FICET %,

B Rl
LERAREETBTIIZT LGEMIE. KRECENLE L ZEED
HY. COBBEAETEIENMREBEINTI WS BFFXR1 ~4 B8R
) o

BESTE 1 ICIE, BB%ICT, Zn 4, 0~6. 7% Mg:0. 75
~2. 9%, Cu:0. 001~2, 6%, Si:0. 05~0. 40%,
Ti:0. 005~0. 20%, Fe:0, 01~0. 5%%R~2&H &
e Mn:0. 01~0. 7%, Cr:0. 02~0, 3%, Zr:0. O
1~0. 25%, V:0. 01~0. 10%0—@E@FEEUEA, 1.
0%=Fe+Mn+Cr+Zr+VZ0. 1%0OBREHELELTESH.
BENA | BLURTERIMANSRZTINIZDLAEHEREETDE L
Hic. 8FFE (% | ACS) ' FisdFe. Mn, Cr. Zr, VORFE
BEECOEFET. BEX (%) 2—4. 9X (Fe+Mn+Cr+Zr+V
) +40. ODBEFEEBEL., HD, 0. 2%MAN275MP allETH
%, MAERCEECBNEEESABRETILIZY LEEMIBEHIN
W3,

WBEFXEi21Cid. Znb5, 0~7, 0%, Mg1, 0~3, 0%, Cu1l
. 0~3. 0%%=&HL., »Cr0, 05~0, 3%, Zr0O, 05~0
. 25%, Mn0O, 05~0. 40%, Sc0O, 05~0., 35%M>5hH
HEENL1EL LIE2BLULZEEENO. 05~0, 5%DHEERNT
EBEL. ILICAMPMELTS i 20, 25%LLF, Fe®x0. 25%LF
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[0005]

[0006]

[0007]

ICIRBIL. BRERAA | BLTZOMOREH R E LA —Zn—M
g-CuRT7ILIZVLEGEERAL., ZTOHRIC, 450~520COHH
ROBET AU LRFET2HECAEETA >R, HRENIT2E
BICBWT, DA EE400CETOEEAMNEEZ100C/ h rlE
ICIREIL, ED®%300~44 0COEERNDBETE Omml EDORESE
THEELEEZ TR > %, BRRE - BANS L UATRSLEEEL.
FAEYRETO umZlR 22BERLEMORERERE 2% UT & LEERE
B2, BESLIUVERICEBNLZTILI =D LEEEROEESEN/ZHIN
TW3,

REFH3ICiE, Zn4. 5~8. Bwt%, Mgl. 5~3. Gwt%
. Cu0., 8~2., Bwt%ZeEBL. I5IK, Mn, Cr, Zr, V. T
i EDRCES TREESEL. BEA | BLUAHEMNIOREZTIVIZVA
BEEBELLYHEI Y avEBT2HEMICKETZICEL, 8&F0
Fe2BE%0. 15wt RUTICREITIHNET 2, ABAERENMEIC
BhmBEA |l —Zn—MgR7IIZVLAGEIBEMDEERENGCE
ThTW3,

RHErHt41Cld, Zn5~8E8%. Mgl. 2~4, OEE%. Cul
. GEB%%#MA4. OEE%MUT. Ag0. 03~1. OEE%. FeO
. 01~1, OEE%, TiO. 005~0, 2&E8%. V0. 01~0.
2EEWEZHAL. D, Mn0. 01~1, 5FE%. Cr0. 01~0
. 6EE%. Zr0. 01~0. 25&E8%. BO. 0001~0. 08&
E%. Mo0. 03~0. SEBE%DOHDLAEH 1BELIF 2L
EEH. BY TIVI =0 ARURAER I, S A2 NEEEINEICE
NEBEBEMARSATILIZV LG BRI TV S,

AT RS

SEHBE

W] E2009-22156 684K
IS SCER? - BI2011-05804 724
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[0008]

[0009]

[0010]

RSErCER3 AT 1 - 025 38680
WErCEd : [EFE2915487%
FEADHE
LR LD & T2HE
LALABAS, MEBPFHEEZEICKO SN LN TKEREE+2IC
PREICRHIE AW LIPFITEZ 7L I 20 LEEMIERShTWih o,
AZALNERL & 5 & T 2B, KRMLEDRBITEAL W LIFIT
XZTFINIZVLEEMBLUTINI 20 LAEEMOKERNEILE % R4
T5IETHD,

RBERRT B DFE

ARBICLNE, BEDEEMENEETIT7I Iy LGeM, FLRER
EQEZMHRFHAORDITIIZT AGEMOKERRIBLERICLY, K&
AL EIRENBHFEAVWLIFITEEEERH L, LREFEEFRL
DL RERIEF. FRALEETHD, FIHXEA1~41T1E. J IS H
4100:2014 [PLIZVALRVTIIZVABGEDRKRTE]
BEESTOL0IKBVWTFeEMREELYBBEWVA. WTHEARFERD
TPIVIZDLEEMOBENTH S,
BlZ I, Rk 1 0K 1 OFBRFI6 DM/KIES i : 0. 21EE%. Fe
: 0. 28HEERRETHY., HXHM20FE1 1BR1OELADHERIES
i 10, 21E8%. Fe:0. 28EEWRRETHY. BFNH3IDE4S
BE1ROFBVA4DEMIES i : 0. 10EE%. Fe:0. 19EE%A
ETHY., BIXMAIDELBH 1 ROELBES 1 ODHMKIE. Si: 0.
10EHE%. Fe:0. 20BE%RRQETHBN. IhbldWThdAREA
DFNIZ)LEEMOERNTH S,

LERRBEERT 2OOERANRFERTHIARBPOEN ., ARHAD
173 LWERELTICEEHT 2.

[1] TAI=0LELERN. FTR7ZILI=VLERER (1) ~ (7
) DWTIhDTHZ, TIVI=TLEEM,
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P2y Lhaefmk (1)

Si:0. 30EE%LT. Fe:0. 35B=%H. Cu:0. 20&
E%UTF. Mn:0. 20~0. 70BE%, Mg:1. 0~2. 0OBE%
. Cr:0. 30EEB%UT. Zn:4, 0~5, OEE%. V:0. 10
BE%UT. Zr: 0. 25EE%UT. Ti: 0. 20BERUTTHY
. XBICA | BT,

TINIZDLERER (2)

Si:0. 12BB%LT. Fe:0., 15E8%HB. Cu:1, 5~2
. OE&%. Mn:0. 10EE%IUT, Mg:2, 1~2, 6EE%, C
r:0, OBEE®MUT. Zn:5, 7~6., 7TEHE%. Ni:0. 05%
B%UT, Zr:0, 10~0. 16E8%. Ti:0, O6HERLUTT
HY., IBICA | 2B,

TIVIZ=D LAEEEM (3)

Si:0. 12BE%LUT, Fe: 0. 2588%#H. Cu:2. 0~2
. 6EE%. Mn:0. T0EE%MUT,. Mg: 1. 9~2. 6EE%. C
r:0, O4BE%UTF. Zn:5, 7~6. TEE%. Zr:0. 08~
O. 158E%, Ti:0. O6EERLUTTHY., THICA I ZET,
P LEREKR (4)

Si:0. 40BE8%LT. Fe:0., 50B2%HB. Cu:1, 2~2
. 0OBE%. Mn:0. 30EE%MUT, Mg:2. 1~2. 9EE%. C
r:0, 18~0. 26E&E%., Zn:5., 1~6, 188%. Ti :0.
20EEWUTTHY, ILICA | 2ET,

FPINX=0 LEEEK (5)

0, 7H8%<Si+Fe, Cu:0. 1T0BE%LUTF. Mn:0, 10
HEWUT, Mg: 0, TOEE%LUT, Zn: 0. 8~1, 3EHEHTH
Y, ISICA | 25T,

TIIZU LAEEMEK (6)
Si:0. 12EE%LUT, Fe:0. 12EBE%HB. Cu:2. 0~2
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. 6EHE%. Mn: 0. OG6EE%LUT,. Mg: 1. 9~2, 6EE%. C
r:0. O4EBE%LUTF. Zn:5. 7~6. 7TBEE%, Zr:0. 08~
O. 15E8%. Ti:0. OEEBRUTTHY. ILICA | 22T,
TV LEEMER (7)

Si:0,. 40EE%LUT,. Fe:0. S0EHE%#B. Cu:1. 6~2
. 4E8%, Mn: 0., 30EE%UT. Mg:2, 4~3. 1E€8%. C
r:0. 18~0, 28E&8%. Zn:6, 3~7, 3B8%. Ti:O0.
20BEWUTTHY., THICA I 2B,

[2] TFAIZ9LESMEMRNS. PII=0L68&MEK (3) THDB. [
1] ICERBOT7II =0 LEEM,

[3] ¥BAWHYRELIYBBEVKRINSy TIRXANX—42BTBE=
BRTFEST, [1] F4E [2] KEHOTILIZU LAEEM,

[4] SHEZHKRTFHNAI,Cu,FeliFThs, [3] KRHO7ILI=
T LEEM,

[5] 7PILIZ0LEEMOKRNEILZHLTE.

Al ;Cu,FefiFhbLRD, TILI =) LABEMOKERIEILE LA,
[6] TE7ZIIZVLEEHEMR (A) THHITINIZVLEEMDKSR
Melb =Bt TE S, [5] ICREBEODOTIVI =0 LEEMOKKRKEER LR,
PILIZU LEEHERK (A)

Si:0. 40BE%LUTF. Cu:2. 6EE%UT. Mn:0. 70&
E%LUT. Mg : 3. 1TEHE%UT, Cr: 0. 30EE%UT, Zn : 7
. SEEWUT. Ti:0, 20EENUTTHY., ILICFeBLTA
22U,

[7] TFE7ZNVIZoLEEMEK (1) ~ (7)) OWThHATHZT7ILI
=) LEEMOKRRELZBLETES, [6] £kid [6] ICEBEDOTILE
= LEEM DR LEF,

TILI =D LEEMEKR (1)
Si:0. 30EE%LT, Fe:0. 35EE%#, Cu:0. 20%
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E%UT. Mn:0, 20~0. 70BE%, Mg:1. 0~2. 0BE%
. Cr:0. 30BE%UT. Zn:4. 0~5. OBE%. V:0. 10
BE%UT, Zr: 0. 25HE%LUT. Ti: 0. 20EE%UTTHY
. IBICA 1 EED,

TILIZULEEERK (2)

Si:0. 12EHE%MUT. Fe:0., 15HE%#HB. Cu:1. 5~2
. OB&%. Mn:0. 1T0EE%IUT, Mg:2. 1~2, 6EE%, C
r:0, O6EE%LLTF, Zn:5, 7~6. 7T88%. Ni:0, 05%&
BT, Zr:0, 10~0, 16EE%, Ti:0, O0EEWLUTT
HY., ISICA A5,

T LAEREK (3)

Si:0. 12EHE%LT. Fe:0. 25EE%H. Cu:2. 0~2
. 6EE%. Mn:0. 10EBE%LUT,. Mg: 1. 9~2, 6EBE%. C
r:0. O4EE%LUT, Zn:5. 7~6. TEBE%, Zr:0. 08~
O. 15EE%. Ti:0. OCEEWLUTTHY. THLICA I Z2T,
TP LEEEK (4)

Si:0. 40EE%LUT,. Fe: 0. 50EE%#HE. Cu:1. 2~2
. OBE%. Mn:0. 30EE%LT, Mg:2. 1~2, 9EE8%, C
r:0. 18~0. 268&%. Zn:5. 1~6. 1EE&%. Ti:0.
20HEWRUTTHY. ILICAI BT,

TP LEREK (5)

0. 7THE%<Si+Fe, Cu:0. 10EE%LUT. Mn:0, 10
BEE2%LUT. Mg: 0. 10EE%LUT. Zn: 0. 8~1. S3EE%TH
Y, ISIKA | 25T,

T LAERMEMK (6)

Si:0. 12BE%LUT, Fe:0. 12HE%#B. Cu:2, 0~2
. 68E%, Mn:0. O6EE%IUT, Mg: 1. 9~2, 6EE%, C
r:0. O4EE%IUT, Zn:5. 7~6. TEE%. Zr:0. 08~
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O. 15HE%. Ti:0. O5EEBRUTFTHY. THICA | 23T,
FIIZo LEEEK (7)

Si:0. 4088%MUT. Fe:0. 508E8%HHB. Cu:1. 6~2
. 488%. Mn: 0., 30EE%MUT. Mg:2, 4~3., 1EE%. C
r:0, 18~0. 28E&%. Zn:6. 3~7, 3EE%. Ti:0.
20EEWUTTHY, TLHICA | ZET,

[8] TET7NIZVLERER (A1) ~ (A7) OWThOTHBT
WIZOLBEMOKRMEEE/MLETES, [6] Fkid [6] IKEHDOT
VX = LEEMOKERNELR LA
FIIZoLE&MEM (A1)

Si:0,. 30EE%LT. Fe:0. 35EE%LT. Cu:0. 20
HBE2%LUT, Mn: 0. 20~0. 70&%. Mg: 1. 0~2. 0EE
%, Cr:0. S0OBE®UT, Zn:4. 0~5. OBE%, V:0. 1
OBE%LUT, Zr:0. 2588%LUT, Ti:0. 20EE%NUTTH
Y, ISICA 1 EED,

PIIZDLAEEEK (A2)

Si:0. 12BE%LUT. Fe: 0. 158E%UTF, Cu:1, 5~
2. OBEE%. Mn:0. 10BE%LUT. Mg:2. 1~2. 6EE%.
Cr:0. OBEE%UT. Zn:5., 7~6. 7TE%. Ni :0. 05
BEWUT., Zr:0. 10~0. 1T6EE%. Ti:0, O6EEWUT
THY, ILICA I &8,

Tz LEEEM (A3)

Si:0, 12EBE%LUT. Fe: 0. 15EE%MUT,. Cu:2, 0O~
2. 6EE%. Mn:0., TOBE%LT,. Mg: 1, 9~2, 6EE%.
Cr:0. O4EE%LUT,. Zn:5, 7~6, 7TE8%. Zr :0. 08
~0., 158E%, Ti:0. OGEERWUTTHY, ILICA I ZZT,
TIIZULAEEEK (Ad)

Si:0. 40EBE%LT, Fe:0. 50EE%LUTF, Cu:1. 2~
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[0011]

[0012]

2, OBE%. Mn : 0. BO0EE%LT, Mg:2, 1~2, 9EE%.
Cr:0. 18~0, 26E2%. Zn:5. 1~6, 1%, Ti:O0
. 20BERUTTHY., ILIKA I ZET,

FIIZo La&HEM (AD)

Si+Fe=0. 7TBEE%. Cu:0. 10BE%LTF. Mn:0. 10
BE%LUT, Mg:0. 10EE%LUT,. Zn: 0. 8~1. 3EHEWYTH
Y, ILICA I 28T,

TIIZoLEeiK (A6)

Si:0. 12BE%UT. Fe:0. 1288%UTF. Cu:2, 0~
2. 6EHE%. Mn:0. OBEEWBUTF. Mg: 1. 9~2. 6EE%.
Cr:0. O4BE%UT. Zn:5, 7~6. 7TBE%. Zr:0. 08
~0. 1T5EE%. Ti:0. OCEEWRUTTHY., ILICAIEZ2T,
TP LERER (AT)

Si:0. 40EE%UT. Fe:0. 50EE%LUTF,. Cu:1, 6~
2, 488%. Mn:0. 30BE%LT. Mg:2, 4~3. 1EE%.
Cr:0. 18~0. 28HE%. Zn:6. 3~7. 3EE%, Ti:O0
. 20EERUTTHY., ILIKAIZEBT,

FEADMR

ARBICL NI, KRB EDROICH LBV LIFEITESZPILI =V A

AEMBLVTINIZV LEEMOKKRIMIEFZRETH &N TES

[ T D & &2 7% 3 B

[B1IK1 i, EEHITOFPNI=LEEM (High Fe) OI/0OM
BOMNESZ 71 —MEBRORBUTETH 5,

[BI2] 2 &, Z@Bl1 OF7INI=vbscEM (High Fe) OREO N
V571 —MBBROREBMETH S,

(B3] 313, BEH20T7INI=vbst&t (Low Fe) DNEVSY
1 —WIEBROREMETH 5,
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[0013]

[0014]

[B4IE4 13, BEFI2OTNI=Y bLE&M (Low Fe) OBEODME
75714 —WBGBROREMETH D,

[B5]E51E, KERZ Y FICLDn /A | RADHRDOEAKTH S,
[B61E6 1%, FII=ULEEMOROEIVOBBOKENS Yy TTRIL
¥—OHEROHTH 2,

(7] 7iE. Al ,;Cu,FefTDFEREE (ZEEP4 mnc) OER
BMTH5,

[R8IX 8t =MEfHl1 (High Fe) B8LUBEHI2 (Low Fe)
DTFNIZILEEMOFOEY A MINS Y TENIKREOET ST T
Hb,

[B9IM9ik, IMC (Al ,;Cu,Fe) RIFADKELE (H at [IM
C) &, ¥EBETENREADKRSE (H at n,) & KRt (8
~XFE) mEEQCFOBRREERLETZITTHS,
FAEERET 50 OHRE

BFICBWT, REBICOWTEHMICREYT 5. UTICEET 2ERES
DEiRIE. KEMLRBHEBCEGHICESVWTRINEZZEDH DD, K
REBEEDL D BERFRICBEINS E DTGV, BB, KBEMHSICH
WT I~] #BVTERINZHEBEL [~ fIRICTEEHIN2HES TR
ESLVCLRES LTECHEELERT 2,

[FNI=) bBE&M]

ABEBOTILIZVLEEMIE. TILIZULEEMEN, FR7INI=
D LEEMK (1) ~ (7)) OWThHhTHS,

T = LBEMEK (1)

Si:0, 30EB%LT. Fe:0, 35E8%#. Cu:0. 20&
E%LTF, Mn:0, 20~0, 70EE%,. Mg: 1., 0~2, 0EE%
,Cr:0, 30EE%LT. Zn:4, 0~5, OEE%., V:0, 10
BEWLUT, Zr: 0. 25E8%LUT,. Ti: 0. 20BERUTTHY
L XBICA L EED,
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PIIZoLEeMEK (2)

Si:0. 12BE%LTF. Fe:0. 158&%#HE. Cu:1. 5~2
. OBE%. Mn:0. 1T0BE%LUT, Mg:2. 1~2, 6EE%. C
r:0, OBEE%MUT. Zn:5, 7~6. 7TEE%. Ni :0, OHE
E%UT. Zr:0. 10~0. 16EE%. Ti:0. O6EEWUTT
HY. IHICA I 25T,

FINIZD LERER (3)

Si:0., 12BE%LT. Fe:0, 25EBE%#BE. Cu:2. 0~2
. 6EE%. Mn:0. 10EE%IUT, Mg: 1, 9~2, 6EE%, C
r:0, O4EE%UT. Zn:5, 7~6, THE%. Zr:0, 08~
O. 16EE%, Ti:0, OGEERLUTTHY., THICA I 22T,
TN LAESEN (4)

Si:0. 40BE%LTF, Fe:0. 50BE%#E. Cu:1. 2~2
. OB8%. Mn:0. 30EE%MUT, Mg:2. 1~2, 9EE%, C
r:0, 18~0. 26EBE8%. Zn:5. 1~6. 1&8%. Ti :0.
20EEBNLUTTHY., ILICA I ZETE,

PIIZO LERMEK (5)

0. 7TEE%<Sit+tFe, Cu:0. 1T0BE%LUT. Mn:0. 10
BE%LUT, Mg:0. 10EE%UT. Zn: 0, 8~1., 3EERTH
Y, ISICA 1 EBT,

TIIZy LERHEM (6)

Si:0. 12EE8%LUT. Fe:0. 128E%#H. Cu:2, 0~2
. 6BE%. Mn:0. OCGEE%IUT, Mg: 1. 9~2, 6EE%., C
r:0. O4EE%LUT,. Zn:5, 7~6., TEE%. Zr : 0, 08~
O. 16HE%, Ti:0, OEEBRUTTHY., TLHICA | 23T,
T LERMEK (7)

Si:0, 40EE%LUT, Fe:0, 50EE%#HB. Cu:1, 6~2
. 4BE8%. Mn:0. 30BE%LUT. Mg:2. 4~3. 1E8%. C
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r:0. 18~0. 288E%. Zn:6. 3~7. 3EE%,. Ti:O.
20BEWUTTHY. THICA I ZET,

COBRICEY ., RFEBHOTINI =T LEEMIE. KEHILEDRBICH
LERWLIIHITE S, RIS, MEBPFEERICROLNS L NIV TKE
b &2 +DMIRIRANCTHLERW LIIFITE 3,

[0015] fiEsk., BB E KRN EDBERICOWT, SEIEREBRIH > 1,
KRMelLZERBLETSFEE LT, (i) HRETEVOSHEZEES LU
KeETH, (i0) HREA BUhA) 2hE<T3 GrBEabre T
%) . (iii) BERENEHMEELT 5. O3BY OMEBHIENEIMRREINT
Wi (BIZIEX, FEERR. IRt E. EAEE. BBREB. Al -2Zn
—MgXRe&l . B8&E, 38 (1988), p818~839%8MR, 4db
. P8220DFKIC, BEMELTAI,;Cu,FeERFRDIHEHY) , LD
L. ShoDFEOBENERARATHY ., ERNLBELRATH -, B
WERRTITHZH, KRERIEORIEZEE LTERICITObhTWS VL]
ZOLRIOLBREDEETRORME. £&8 (i i) e (i i) i
EDO<C8DThHo T,

[0016] CZhicH L., ARBTIE. PII =V LEEMOHORBAMWRKROD S
EPCEREPN. KEREENEXZEK TSI EITER Lk, BIC. K=k
te6b LTWBXERFIE. fTEMICASy TENEKRTHB I &I
FBL7- (Engineering Fracture Mechanic
s 216 (2019) 10650388 . TLT. 7LI=ZVLD
BI/VOMBEKREDBOBEI RN F—EKRD, PILIZVLAELHOD
ROKRDBESET D EICEY, KEMIEEZELLTKRNS Y TH 1
NOKFZEETEENICHEBIEL, TOLT, KREBAKK IS TTERY
1 MAKBREFRIEZIEICEY, TIIZTABEOKRMLEHRIIC
BIERWLIHITE 2, REDCESEHMEMOTINIZVLAEEMERB L,
Flo TOKRMS v THA bELT, #BENEMABLY EB/VKER
SYTIRNF—EBTIHEMAUFEZAVEIEERH LA,
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[0017]

[0018]

e, BABTI2ARBOTINI Z0 LEEMDKRMECREIERL, LD
KENSY THA bE2ETSH. Al ,Cu,FeiFhbRD,

BB, KERMEBENICIE, HRENS LTBAZRENS,HY, RAEBET
IFRFICRA THREN DRI LRV LIS TX %,

PAF, ARBOFE L WEBKREZFRAT 2,
<TINIZv LEEHER>

AEBOTILI =D LEEMIE TILIZD LSRR, FIROT7IL
= LEEEKR (1) ~ (7) TH3,

INSDTNI=ZVLEEEROPTE, AFPATR, FILI=ZVLEE
fHEAY, BRDO TN I =D LEEMMK (3) THDEIEM/FF L,

AZEBOTINIZVLEEMIE. TILIZVALGEMOLKICHT S, F
eENO. 12BEWHETHDIeNFELL. 0. 1 5EBEDHETHBZ
ENEYFFELL, 0. 25EBERBETHEIEMRFICFELL, 0. 30
HEWULTHDZENLYBITFE LV, FeBOEMICHEY, HEA
F (FEULLEAT;Cu,FetiF) OBHER, EZHENTORBES LV
EZRNTORNFRBIBMIEZIENTES,

—7h. FeE2Q LREFFICHRITRWV, BIZE FILIZOLEESHD
EICHTE, Fegld, flxIX, 1. OBE%UTETEZIENTE, O
. BHEUUTETEIENTE, 0. 6EHEWUTETEIENTES,
FeENChODOLERELY H0BVEE. EZHENTORRER, BBES
JUPHRFREHZIBENILT, BIBRATHIRELTRET S &ICE
MR OE T A E LY 30,

BRE, RAEADOTIVIZILAEME. FTVIZOLEIRDETHED
THY, PFII=ZL%0., 50EERULSUIE/FELWL,

FIWIZLESHEROISICEFE L WEEZIRICERAT 3,

ThWIZoLEelK (1) BUTOEBY THD,

Si:0, 30BE%LT, Fe:0. 3588%# Cu:0, 20&
E%LTF. Mn:0. 20~0. 70EHE8%, Mg:1. 0~2. 0BE%

i
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[0019]

[0020]

[0021]

. Cr:0. 30EE%LTF. Zn:4, 0~5. OEE%. V:0. 10
BHE%LUTF, Zr:0. 25EE%UT. Ti: 0. 20EE%UTTHY
. ILICA I EEBT,

TIVIZOLEEHEM (1) Tk, Fe: 0, 35EHE%HB1. 0EE%
UTTHBZENFFELL, 0. 35EHE%HEO. CHEUYUTTHEI &
P& YIFE LW

TIIZoLE&ER (2) RUTOEBYTHS,

Si:0. 12BE%LT, Fe:0. 15E8%HB. Cu:1, 5~2
. OBE%. Mn:0. 10EE%UT. Mg:2. 1~2, 6EE%. C
r:0. OBEEB%UT, Zn:5, 7~6. TEE%. Ni:0, OGE
B%LUT, Zr:0, 10~0, 16EE%, Ti:0, 06EERLUTT
HY, ILICA | 28T,

TILI= A4 (2) T, Fe:0. 1588%#B1. 0EE%
UTFTHBZENIFELL, 0. 15EBE%HEO. 6BEWUTTHDHZ &
NEYFE LW,

FIIZAEEEH (3) KUTOEBYTHS,

Si:0. 12EE%LT., Fe:0. 25B8%#. Cu:2. 0~2
. 6BE%. Mn:0. TOEE%UT. Mg:1. 9~2. 68E%. C
r:0. O4EE%UT. Zn:5, 7~6. 7TE8%. Zr:0. 08~
O. 158E8%. Ti:0. O6EEWUTTHY., ILICA | 28T,

FILIZ9LREMM (3) Tk, Fe: 0., 25EE%HE1. 0EE%
UTFTHBIENFELL, 0. 25EE%HB0. 6EEUUTTHBE
W& YIFE LW,

TIWIZOLEEENK (4) IIUTOEBY THB,

Si:0, 40EEB%LT, Fe:0, 50EE%#H. Cu:1, 2~2
. OBE%. Mn:0, 30EE%LT. Mg:2. 1~2, 9EE%, C
r:0. 18~0. 26E8%. Zn:5, 1~6. 1E8% Ti:0,.
20BE%UTTHY, IHICATZET,
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[0022]

[0023]

[0024]

[0025]

TIZI=9LEeHME (4) TIE. Fe: 0. 5588%#B1. 0EE%
UTFTHBTEPFELL, 0. 55HE%HE0. 6HEYUTTHEE
Mk YIFE LW,

Ty LEE&EE (5) IUTDEBY THS,

0. 788%<Si+Fe, Cu:0. 10BE%MUTF. Mn:0. 10
BE%LUT. Mg: 0., 1T0BE%LUT. Zn:0. 8~1. 3EEXTH
Y, ISHICA T 2ED,

FINI=oLEEMK (5) TR, 0. 7TBE%<Si+Fe=1. 0F
BB THDIENFELW, /. Fe: 0, 35EHE%HB1. OEE%L
TTHDZEPFELL, 0. 35HERBO. BHERUTTHD LN
FYFELW,

TILIZLEEMEM (6) KUTOEBY THD,

Si:0. 12BE%LT. Fe:0. 128B8%H. Cu:2. 0~2
. 6EE%. Mn:0. 06EE%UT, Mg:1. 9~2, 6EE%. C
r:0. O4EE%T. Zn:5, 7~6. 7TE8%. Zr:0. 08~
O. 15EE%. Ti:0. OEEBWLUTTHY. THLICAI Z2T,

FIVIZOLAEMERE (6) Tk, Fe:0. 12BE%H#B1. 0BE%
UFTHBENFFELL, 0. 1 2HE%HBO. 6EEUUTTHD &
P& YFE LW,

TIIZ9LEEBE (7) KUTOEBY THSB,

Si:0. 40EE%LT. Fe:0, 50EE%HB. Cu:1., 6~2
. 4B8%. Mn:0. 30EE%UT. Mg:2. 4~3. 18E%. C
r:0. 18~0. 28E8%. Zn:6, 3~7. 388%. Ti:0.
20BEWUTTHY. THICA I 22T,

FIWIZOLEEMME (7) TR, Fe: 0. GOEE%HB1. 0BEE%
UTTHDENFEFLL, 0. 50EEN%HEO. 6EEWUTTHSL &
ML YIFE LU,
<&&MOMIR>
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ARBEDTI I ZI LEEMOTBRIE. BICREIRARVL, FILIZV A
BEMIE. MRTHOTHIHFRTHoTHLL. BIRTHZ I ENFFFEL
W

[0026] <55 _#BHIF>

AEBOTILI =V LEEMIE, ¥BENEMRAELIYEFTVKRINSY
TIXNF—EBTEEMMNTFEELIEDFELW,

BT E, BEOBRDEREIGERZEROHTOEEE D, 7
WIZOLEEMOEZEN TR, Al FLEEOTIVI=TLEEMEIR
ERZERDHAFTHD,

FESMENRBLYVIBVWARIN Sy TIRILF—2ET2E_MENT
ELTRFICHRIAV, B—REFEICLY, FBETEVARELYER
WKRERNSYy TIRLF—2ET2E-MBUTFAERDDIENTE S, H—
RSB R, YalbT1 v A—FRA%E (ERT—IPRBASA—4%
AVWTIC) BEMICECZEICE> T, BRWICETREZRTIEAEWD
o THERMIRCTHY. BFERE. ZOMDOKERNT Y THA FOBEPK
REDREIRINE—HDD, ErNSYTHA MIHDIKRODHEEET D
ZENTED, BB, BEXINET S 74 —TTILIZVLEEMOERB
BROBREZITWN, 3DFELF4DEGRUEBLZT DI EICLY, PILIZDUL
BEMOFRICEHSNT 2E MR FEBIL TREHOBHEES2 A% 3D
YyEVITES, 3DEXDHNOBRMAENICHERIEMS L CHETHIC
DEREN, RTEAORESHEHETE D,

AFBATE, FEAMEYREALYVIBVKRIN Sy TIXLF—%2ET
BPEMENTONA I, Cu,FeRiTTHAIENTELL, BB, Al : C
u:Fe®BEFLAT : 2: 1 DEZERERNS3 0BREThAHT (
BIZEA 1 ;Cu,Fe, ;MF) THRKGMRIEETES, b, 73
ZOLBEMOPORI I OMBOKRZNS Yy TIXILF—-DO5, Al,C
u,FefiFIL0. 56eVTHD, L., $BENHMAEMDO. 55
VEUEBWKRIN Sy TIRNF—%2FT2, Al;Cu,FeRFUAD
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FELWEZRNFELEI7O0EBIEELZNONTLARL,

[0027] HEBZHEATORRIE. 3RIX. BHRERK AFR HER IHE BEFE
. BRRREDEL OBRLNEFLN, FF L CBEREZBBERFRTH
%,

[0028] H_HBHFOEEEIGZO, 05~10. 0%THBEMNIFELL. O.
1~5, 0%THBIENLYFELL, 0. 5~2, 0% THBZ &
IKFELV, BIENTORERE, BIAEXKENESS74— (CT) K
£B3DEICLY., I IZVLAEMOFREICHT 2L BN TOKE
ELTEHTRZENTES,

[0029] B AR FORBEIR6. 5X1012,/m3~100X10'2/m3ThH3
CEMFELL, 10X10'2/m3~50X1072/ m3THDBIeNLY
FFELL, 20X1012,/m3~40X10'2,/ m3CHBTEMNFICITFFEL
W, BZHENTFORBER. FIZIEEEIEEDS 1 umETORDEEREXIR
NEZST74— (CT) ICLB3DBIRICLYEHT B ENTES,

[0030] HEZHENTFOFHRNFRIZO0. 5~20umTHBIENMFELWL, EZ
ERFOTINFROLRERI T OumMATTHEI &AL YFELL, b
COumATTH2 I ENRFICHE LY, BTHUFOFERFRIE. FIZ
EXIBNESTS 74— (CT) ICLB3IDETICLYBEMTEHE LTERT
BIENTED,

[0031] <T7NI =7 LEEMDEERE>

TINEZ) LEEMOEERERRICHIRIE AN,
BROTIVIZLEEMICHLT, Al ,Cu,FefiTNbR3T7ILI
= LEEMOKRMEEF 2 HRRNBTHRIEE & T, 7 I=
LBEMOKRIEILEHLETE S,
BROTFNIZ0LEEMIIHLT, Al ,Cu,FefiFaRMLTEL
{, BUERICFeARIMULTA | ;Cu,F e FATBITTRIEMICA |,
Cu,F el FEKRMMEAE LTRAWTEHLW,
BHOTIVIZoLEEMIE. Al ZIXLHETIEEETLIIEEBLLE
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[0032]

[0033]

[0034]

[0035]

MAELILINBRDERESMTH> TH L,

REOT7IVIZ0 LG (RRREMTHTHLW) & BUE, £
T, BESLV S FREETIREANOIRICELY., PIIZVLEE
MEBETEIENTES, AFRATIR. REROTIVIZVLEEME, &
ELT, PIVIZDLAEMEERETZ &N, WHMADKRNS Y TO
Il TRbERAIEBBRONFOBERNSFELL, BIC. BE&EEL
EEBEEMPIEEEINZORFESMICN LT, HERICF e 21K
DTNV LEEMERET2HELIYEERMLT, Al;Cu,Fe
NFEBBNICERIERZEMFE LWL, Tk B0E, TR HEET
L TH LW,

ZOMOBEFEICOVWTIE, BEH2009-221556E080 [0
034] ~[0042] KEBOLEERATZIENTE, TOAKRDOA
BESRLUTABHESICHEMATN S,

[PIL2 =) LASMOKERYELHLF]

AEROTPILI =D LEEMOKZERCBHLFIE. PILIZDLEEMD
KEMILEBLETE, Al ,;Cu,FefiFhbh3,

Al;Cu,FefiFid, BEOFZILIZVLABHICEETNTVEI L
BHBD, FILIZDLAEMOKERICHLEFRTHS I EIEHLNTVWEG
Mo,
<BEROTNLIZ)LEEM>

KRR EBLETERREBIRBOTIVI ZV LEEMIE. ARBOT
WEZOLBEMTH>TH, BEDOTILIZVLEEMTH>THLL,

ARBEOTIVI =D LEEMOKERIEHLERIE. TRT7NIZVLER
B (A) THBTINIZVLEEMOKRILEZRFLTEZZEAFEL
Wo
TV =y Agaim (A)

Si:0. 40EE%LT, Cu:2. 6EE%LUT. Mn:0. 70&
E%LUT, Mg :3. 1TEE%LUT, Cr:0. 30EE%UTF, Zn :7
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[0036]

[0037]

. SEEWUT. Ti: 0. 20EERLUTTHY., THICFeBLTA
ST,

KRMIEFLETERREBIFEROTIVI =) LEEMARREBD 7L
SZVLAEMTHIEE. REBOTILIZ) LEEMDKERILB LA
iE BIROTINI =0 LEEMEK (1) ~ (7)) OVWTIANTHETIIZ
D LBEMOKRMACEBETE S EFFE LW,

KERMCEBLETERREBIRROTINI =V LEEMPREEDTIL I
—VLEEMTHEZBE. KRBOTINI =) AEEMOKERRCEIEFIE
L FETFNIZVLEEMEM (A1) ~ (A7) OVWThATHBTII=
DABEMOKRRIABETEZZENMTFE LY, L. KERIEER
LIDRREBRZRHEDTINI VD LAEGEMIBREBEDTINI O ABEMT
HhdEE, EELYEEZHENTORMTRENILL, POOBHIET, K
ZFMEEBELP TS T BT EAFELL,

FPII=o La&EmK (A1)

Si:0. 30BE%LUT. Fe:0., 358E%UT. Cu:0. 20
HE2%LTF. Mn:0. 20~0. 7088%. Mg:1. 0~2. 0BE
%, Cr:0. 30EE%MF. Zn:4, 0~5. OEE%, V:0. 1
OBE%LUT, Zr:0. 25EE%LUT, Ti :0. 20EEWNLUTTH
YU, ILICA I 28T,

Ty LaaEmM (A2)

Si:0. 12EB%LUTF. Fe:0. 15E88B%UTF,. Cu:1. 5~
2. OBE%, Mn:0. TOBE%UF, Mg:2. 1~2. 6EE%.
Cr:0. OBEE%LUT, Zn:5. 7~6. 7HE%. Ni :0. 05
BE%LT. Zr:0. 10~0. 16E8E%. Ti:0. 06EE%UT
ThHY, ILICA | 23T,

TII=o LE&HEM (A3)

Si:0., 12BE%LT, Fe:0. 1588%LTF. Cu:2. 0~

2. 6EE% Mn:0. TOBE%UF, Mg:1. 9~2. 6EHE%.
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[0038]

[0039]

Cr:0. O4EBE%UT. Zn:5, 7~6. 7TBE%. Zr:0. 08
~0. 158HE%. Ti:0. 06EERAUTTHY., ILICA | EET,
FILIZU LEEHERK (A4)

Si:0, 40EE%LT. Fe:0, SO0HEWUT. Cu: 1. 2~
2. OEE%. Mn:0. 30BE%UT. Mg:2, 1~2, 9EE%.
Cr:0. 18~0. 268E8%. Zn:5, 1~6. 18E%, Ti:0
. 20BENUTTHY., ILIKAIZBT,

TINIZ saElEs (AD)

Si+Fe=0. 7TEE%. Cu:0. 10E8E%LUT. Mn:0. 10
HE%LUT. Mg : 0. 10EE%LUT. Zn:0. 8~1., 3EEHTH
Y, ISICA 1 EBT,

TIIZo LEEEMK (AB)

Si:0. 128BE%LT. Fe:0. 128BE%UTF. Cu:2. 0~
2. 6EE%, Mn:0. OGEE%LT, Mg: 1., 9~2, 6EE%.
Cr:0. O4BE%LUT. Zn:5. 7~6. 7T88%. Zr :0. 08
~0. 158E%. Ti:0. OLEHERUTTHY., ILICA I EET,
FIIZo LEEEK (A7)

Si:0. 40BE%LUT,. Fe:0. b0EE%LUT,. Cu:1, 6~
2. 48%. Mn : 0. 30BEWLUT. Mg: 2. 4~3. 1EE%.
Cr:0. 18~0. 28HEE%. Zn:6. 3~7. 3EE%. Ti:0
. 20EERUTTHY., ILIKAIEZEB,

FLIZoLa&m (A1) ~ (A7) 2FRR1ICFEDD, AE.
R1BPOEEESIE. JIS H 4100:2014 [PII=Z0LRY
FIWIZDALABRORRUVE] OEEESEERT 5,
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[0040]

[0041]

[0042]

[0043]

[0044]

=l

PUFICE S & BB 2 FF TAFERZ X 5 ICERRICHRAT 5, UTO
ERGICTT MR, BERE. B4, WERA. UEBFIEFE. AFEBOHBES
@B LBVWRY BEERT S ENTES, iE>T. KFEBAOHEHEIGLUT
RS EABICL Y REMNICERINEARELD TR,

[E/E5I1]

TPIIZDLERER (3) BT TILIZVLEEMELT, Feht
0. B0EE%DEEH 1 OFINI=vse&M (High Fe) #UF
DHETEBL L, COTNIZILEESMIE, Al 2EHRPELTE0E
B%LULEHR, TORICZn, ISICFORICCuUBESZLEL, Al —=2Zn
—Cug&TEH 5,

JIS H 4100:2014 IPLI=ZILROTILI=ZVLEED
RRUE] OEEREST 05 00K, TADBTILI =Y LAEEHER (A
3) EWMLETTPIIZVLGEMZHET 2OOMBIIH L. I HITHE
WICFeZ®mMLT, Al;Cu,FefiFaEMNuFe L THBRNETHKR
It
[BE£F1 BLT2]

JIS H 4100:2014 [PLI=ZLRGTIIZILEED
WREUE] OEEESTO0500MMK. TAHLETII=TLEEMEMK (A
3) BRI TINIZVLEEMELT. Fenh0. OLEEXDSER
DT7NIZILE&M (Mid Fe) BLUFen0. O1EHEUDSE
Bla2o7I=wssett (Low Fe) 2#fEL7,

Eujiill
< 3 DT>

B, BB BLVP20T7NI =0 LEEMEXBENETZ 71—
LY SDEFT LA, BONKLBRETRR2ICRLE, TRR2H, HF
Eld. Al;Cu,FefiFaRKT 2,
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[%2]
Material Feg HFDORER NFOREE FFE
' (mass%) (%) (10"%/m*) (pm)
High Fe 0.30 1.0 35.2 4.6
Mid Fe (.05 0.1 6.7 1.7
Low Fe 0.01 0.05 6.3 1.7

[0045] EER24Y. FeEDEMIIHW, Al;Cu,F e NFOAREXRLIEM
THIENDhhoT,
[0046] <M EVZ 71 —WEH>
RIC, BHEGIT, BEFVBLP2OTIVI =0 LEEMDNET ST 1
—MrEGE /R L.
EEGII1OTIIZVLEEM (High Fe) OI/OBEBOMES
274 —MBGORBMEEE 1 ICRLE, . REHTOTILIZVA
&M (High Fe) OWBEADONETS 71« —WBHROREMEEX2
WKinllie, M28&UR4H. QCFId. BAIHKMZEREE (Area
fraction of Quasi—cleavage creak) %
BT 3,
SER20T7IVIZULEEM (Low Fe) ONETZ 74 —WEHR
DRBHEZE3ICR L, o BBH207NVIZVLEEM (Low
Fe) OIRE®DNEV S 7 1 —MBGROKRBMEEZR 4 ICR L.
B, BEHTIOVTRERE ST 5,
[0047] BT &Y. EHEBIIOFLIZVLEEM (High Fe) TE Al
Cu,FefiFEW)BEMUFIMBABTHERINTWE & bh o1k
o Efes Al Cu,FefiFlE, I/0VF—4—T. BEEIL. M2
LT, FELTWR Z &M DDA ok,

—h, BSIKRLESEF2OTINI=T7LEEM (Low Fe) TR
BIENTFAMBRBTEEAEBRINTWEW EDbh o,
[0048] XHIKK2BLUH4A, BLTICAEROSERN 1 OFBRL Y., EHEH 1

(High Fe).,3Z#l1 (Mid Fe) 8LU'5EH|2 (Low
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[0049]

[0050]

[0051]

[0052]

Fe) ICBTPHMEICSITAHAZHME (Quasi—cleavage
creak) DEEERQCFAXKDE, BoNiERETIERIIKRLE

o}

[$&3]
BASHBEOEER
QCF (%)
High Fe (0. 30HEE%) 8. 1
Mid Fe (0. O5E=E%) 18. 8
Low Fe (0. 0188% 22. 4
tRER34Y. KRBIAEERTES, FeBN0. 0 1EE%HSO0,

SEHEWRIKEBMTS&ICLY, BATHREOEREERQCFIE, 22, 4
%NH 58, 1BIHEVT RN ok, BAZHEWEOERERQCF I
. KEMACBRERICHLE TS, BEOTILIZVAGEMLYEF
eBABMIET, Al,Cu,FeRFEEZMBNTE L THHRETHEK
IHET, I/AVF—F-T, 2EE. DOOWMIEDE L. KEMEEZER
T2 &Mooz, T2 Al ;Cu,FeNFIZTILEZOLEEMD
BN SRREENROICH LSV LRI TE, PILIZ0 AEGEMDKER
ERLFIE L TR TEMTHD I &b o1,

<IKRDDEIRE DT>

b1, BEQ1BLVSEF20TIVIZILAEMIIDOVT, 24
O#A\DKREH at IMCE, ¥EESHHEY (n,. semi—coh
erent) DKRE (H at 7.) OXKREBZ, HETOEALLYK
B,

(1) HFEBEAFHMATOKERIC L 2 ERNREH

F—REHEILLY., KEINSYTILLDn /A | RAOHBETELL
o BONEHERE-SICR L,

B5 &Y, $BEEHEHMAE (n,. semi—coherent) ICKE
MRt T2 &, REANMFERNICHEL. ThAKERIEOERICARS L
Nhhot, s, ZOFBRIF. TILI =T LAEEMOFRDKEREDHFR
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[0053]

[0054]

ANZXLTH?,

(2) IH/OEBOKRN Sy TIRILF—

B-REREILLY, THIZVLEEMFOEI I OMEBOKENS Y
TIXNF—%5E L. TONLERERGICRL, H6H, HEAD
LIEIC, b AEN (Screw disl. ). BEMgET (Solu
te Mg) . FMRE&fil (Edge disl. ). #R (GB) ., ZH (
Vac. )., EAHHEHMAET (n,. coherent) , ¥BERHEYRE
(n,, semi—coherent). Al;Cu,FefiF (IMCp) .
RPRE (Pore (surface H)) . RFPRFFRKE (Por
e (H;)) 2R,

B16 &Y, KERMEEEDEIEICES W TERLIE L EEIC L 2 HEBEIEA,
YINDKZ STy 7OWE. TROLEAXRBEOMENHRATIE AW
ZEDb o, MEMEKROBEIRILF -G, RT7IRWTEL, K
ROMZy THA MNBEEHEVWI &b o, KRSEHEICED (A~
SEBEOMEIDLOICIE, KREDBEEIRILF—ITHILY EFL.
hSy 754 FBEHTRICRWVWYT A NEMRAICEITIVENHD &N
birort, B6LY, FIVOMBOKRIN Sy TIRLF—DI>B. Al
Cu,Fefi¥id0. 66eVTHY., BEHEMARE (n,. cohere
nt) MO. 35eVHBLVTHEEAREMAT (n,. semi—coher
ent) ®0. 65eVIYBmLNI LN DA, ThbB, Al,Cu,
FehFid. KRIEIEOBLEICHMRATHS, FBETEMRELY HEL
KENSYTIRNX—%8BTS, A, Cu,FefiTORERESE (2

BP4,/ mnc) #2715 (Bown et al., Acta C
ryst., 9 (195606), 911&81B) , M7&Y. Al ,Cu,

FetFRERICIE, HEBS MY TTERZKEN Sy THA MDD L
MR TE D,

(3) KEDODEIRBDEE

TIVIZD LEEMHADKEDDEIREERT L 7,
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TROBRON 1 ~XIICETE, E-REHETKDEKRZEINS v TI
RNF—ZERWT, BIERETOKZODEREEZEE L, BHRLRE
Bld,. Engineering Fracture Mechanics
216 (2019) 106503ILELLAETIT .

[0055] [#41]
1B

\
G B E(FEFMH)

[0056] [%2]
K2 ;S THA raOKESTR
My HMEE  KREE
(o784 &

o
k597 *J‘\ﬂﬁrfﬁ
(F&-FH)

[0057] [#43]

[« N
REE FEEELIEF KR & KFRDERE LML~
DAELFRTU vl

[0058] RoONLEREM8IIRLE, K8, MEAZLNLIRIC. #BFHE (Lat
tice). BEMgRF (Mg) . 2 (V) . WA (L) . Al;Cu,
FehiF (IMCp) . BE&HEYNARE (coherent) . ¥ELRY
MAE (semi—coherent), K7 (Pore) MI/OMKIC
ENEThRNS Y TEINFKREERT, FI/70EBICBI2 250875
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[0059]

Zid. MEAZRDSEREGI1ICEZETZF eENO0. 30BEW (High
Fe) D06, MAARISSEN2IHETZFeEN0. O1EE% (L
ow Fe) DBEERT, BB, BEH1ICHETSFeEN0. 055
2% (Mid Fe) OBAEDHERIIHNS TIREWL.,

B8ICRLEESY., FLIZVLEEMOPOKERIX. Sy TIRIL
F—EXIHLT, FI/70EBICORBIND &N HD B,

FeEn0. O18E% (Low Fe) &EVWEEH1ERAREDOT IV
IZVLBEMTIE, FEEHHEY (0, semi—coherent) &
HiC. REMCKRDIDEINS, Th'. KERREOBREARZ RO
H55R) .

—%. FeEh0. 30EE% (High Fe) tR/VEREA1T &RAR
EOTIVIZoLEETIE, Al;Cu,Fefi® (IMCp) ICRERLK
FZNDEIND, INITLY, FEENTEY (n,, semi—cohere
nt) RELEOMENREDKRRENMER I, KEMLEBLTEL
ZEbhok,

D EDFEBEREHOICE D, B9IE, IMC (Al,;Cu,Fe) M
FADKRHE (H at IMC) &, HESWHMAENDKRHE (
H at 7n,) & KZHMit (BAIFEHE) AEXQCFORRLLE LR
L7357 THd, EHid. ER6I1. ZE01 B8LUBEH20T7ILI=
VLBEMICBITAFeERRT,

CIT. BIROKRI LY, PIIZVLEAEMPDOF e SIBINICHV, A
| ,Cu,FefTORBEREIEMTZ&rhhor,

K1 DERBIVROILY, TIIZVLEASMBOF e BB,
Al,;Cu,FeliFAKREINS Y TTRZEMEAT (F; H at |
MC) |, WHHDKEENFELL (H at 7,) . kERL (BAXER
) ZWRICHLDVWLINEITES I &Mook (QCF)

Fr, Al,;Cu,FefiFid, JIS H 4100:2014TREX
NBERAMODERDTINI =T LEEMEFHET 2ODOMB &AW 1E
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BICH, BIRENTE L THBREICERI LI EICE&Y., PILEZ9 A
BEMDKEHALB LR E L TOMEEMRENICET D& bhh o7,
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[FEKIR1]

AR DEH

TIVIZoLESENRD. FEET7IIZVLERENX (1) ~ (7
) DWITNITH D, TILIZT LEEH,

T LESER (1)

Si:0, 30EE%LUT. Fe: 0, 35EE%H. Cu: 0.
20EE%LT. Mn:0. 20~0. 70E&%. Mg:1. O~
2. OE8%. Cr:0. 30EE%LF, Zn:4, 0~5, 0F
E%. V:0., 10BE%LUT, Zr: 0. 258E%LUT, Ti :
0. 20EEWLUTTHY., ILICA I %2BT,

TII=o LEEMEM (2)

Si:0. 12HE%LT,. Fe:0. 15HE%#E. Cu: 1,
5~2. 0E8%. Mn:0. 10EE%MUT. Mg:2. 1~2,
6EE%. Cr:0. OHE%UT, Zn:5, 7~6. THE%
. Ni:0. OBEE%LT. Zr:0. 10~0. 16EE%. T
i :0. OGEEWUTTHY., ILHICA I Z2T,

TPV LEEMHEK (3)

Si:0. 128E8%LTF, Fe:0., 258E%#. Cu: 2.
0~2, 6EE%. Mn:0. 10EE%LT. Mg: 1, 9~2,
6EE%. Cr:0. O4BEWUT. Zn:5. 7T~6. TEE%
. Zr:0. 08~0. 15EE%. Ti:0. O6EEWUTTH
Y, ILICA I 25,

TP I= LEEEKR (4)

Si:0. 40HEWUT. Fe:0. 5OEE%H. Cu: 1,
2~2, OEE%. Mn:0, 30EE%LT. Mg:2, 1~2,
9OBE%, Cr:0, 18~0, 268&%. Zn:5, 1~6, 1
BE%. Ti:0. 20E8B%UTTHY. ILICA I EZT,
TPII=o LEEEM (5)

0. 7TBEE%<Si+Fe, Cu:0. 1T0EBE%LTF,. Mn: 0
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. TOEE%LUT. Mg :0. TOEE%MUT. Zn:0. 8~1.
SEENTHY. THICA T ZET,
T = LBEMEM (6)

Si:0. 12BE%LUT. Fe:0. 12EE%#. Cu: 2.
0~2, 6EE%. Mn:0. 06EE%UTF. Mg: 1, 9~2,
6EE%, Cr:0. O4EEWLUT,. Zn:5, 7~6. THE%
. Zr:0, 08~0., 158&%. Ti:0. OEEWRUTTH
Y, IS5ICA 25T,

FII=o LEEMEM (7)

Si:0, 40EE%LT, Fe:0. 5O0EE%E. Cu: 1,
6~2., 4EE%. Mn:0. 30EH8%LUTF. Mg:2, 4~3,
188%, Cr:0. 18~0. 2888%, Zn:6. 3~7. 3
BEE%, Ti:0. 20EE%LUTTHY, ILHICA | 23T,

RIETIV I =D LBSMRY, RIRTILI =T LAE&EKR (3) T
H>d. BRBIICEHOTILI = LEGEM,

FESMEMRELIYVIREVKRIN Sy TIXNF—52ET2HEZ
BHFE20, BRE1ILR2ICTHOTILIZY LA,

RIREZEFAA | ,Cu,FeliFTHD, BRAIICZHD
TV = LABEM,

TIEZ LBEMOKFRNL &L T X,

Al,;Cu,FeliFhbad, TIIZILAEEMDKENILE
1518

TEFNVIZVLERER (A) THETFINI=ZVLEEMOKE
Melb Z#BRETE 3. BRESICEBHDT7ILI =V LEESMODKENEL
B LE#,

TII = LEEMEKR (A)

Si:0. 40BE%UT,. Cu:2, 6BEWUT. Mn:O0,

7TO0EE%LT, Mg:3. TEE%LT, Cr:0. 30BE%L
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[5EKIET]

T. Zn:7. 3E%MUT. Ti:0. 208ERUTTHY., &
LICFeBLTA | 58T,

TETFIVIZVLEREM (1) ~ (7)) OVWThATHBTILS
O LEEMOKERNEEEFRLETE S, BKEL £LIE6ICERDT
VI =Y LEEMDKEML L
FILIZoLEEER (1)

Si:0. 30EE%LT. Fe:0. 35EHE%HE. Cu: 0.
208E%LF, Mn:0. 20~0. 70E8%. Mg:1, O~
2, OBE%. Cr:0. 30EE%LT. Zn:4. 0~5, O
2%, V:0, 108E%UT, Zr: 0, 25FEWUUT, Ti :
0. 20EE%LUTTHY. ILICA I &EEL,

PV = LAeaER (2)

Si:0. 12B8%LT,. Fe:0. 15B8%HE. Cu: 1.
5~2, OBEE%. Mn:0. 10EE%LTF. Mg:2, 1~2,
6EE%. Cr:0. OEHEWMUT. Zn:5. 7~6. THE%
. Ni:0. OGEE%MUTF, Zr:0. 10~0. 16EE%. T
i :0. OGEEDLUTTHY., TLICA I ZET,

T = LAEEEKR (3)

Si:0. 12BE%LT. Fe:0. 25EBE%HE. Cu: 2.
0~2. 6E8%. Mn:0. 10E8%LUT. Mg: 1. 9~2,
6EE%. Cr:0. O4EBEWUT. Zn:5. 7~6. TEE%
. Zr:0,. 08~0. 1588%, Ti:0. OEHE%UTTH
Y, ISHICA I 25T,

TV =0 LEEEMK (4)

Si:0, 40EE%UT. Fe:0. 50EE%#H. Cu: 1,
2~2, OBE%. Mn:0. 30BE%MUT. Mg:2, 1~2,
OZE% Cr:0, 18~0, 26EE%. Zn:5. 1~6, 1
HE% Ti:0. 20BERUTTHY., XLICA | 25T,
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IV LESHEK (5)

0. 7THE%<Si+Fe. Cu:0. 10EE%LUTF, Mn: 0

10EE8%UT. Mg:0. 1T0EE8%MUTF, Zn: 0. 8~1,
SEERTHY., ILICAIZED,

TIVIZU LBEMEK (6)

Si:0. 12EE%LT, Fe:0, 1288%#E. Cu: 2,
O0~2, 6&%. Mn:0, O6EE%LLF, Mg: 1, 9~2,
6EE% Cr:0. O4BEWUT. Zn:5., 7~6. 7TEE%
v Zr:0, 08~0., 15EE%. Ti:0. OCEHEWUTTH
Y, ISICA | 25T,

TV LEEHEK (7)

Si:0. 40BE%LTF, Fe:0. b0EE%HE,. Cu: 1.
6~2. 4B8%, Mn:0. 30BE%T, Mg:2. 4~3.
188%. Cr:0. 18~0., 288&%, Zn:6. 3~7, 3
BE%. Ti:0. 20EE%LUTTHY., IHICA I ZET,

[EEKIE8] TETNIZVLEEHMEK (A1) ~ (A7) OVWTIHATHBT
W= LEEMOKRREILERLETES, FAKIEDS £/213 6 ICEEH
DT NI =) LERMDOKERLLEH,
PIVIZOLBEMMK (A1)

Si:0. 30EE%LUT. Fe:0. 35EE®LUT, Cu:0
. 20EE%UTF. Mn:0, 20~0, 70EE%. Mg: 1. 0
~2, OBE%. Cr:0., 30EE%LUT. Zn:4, 0~5, 0
BEE%. V:0. 10EE%LUT. Zr:0. 258E%LUT. T
: 0. 20BE%UTTHY., ISICA I 28T,
TIIZoLEa&MEMK (A2)

Si:0, 12HE%UT. Fe:0. 15HE%UT. Cu: 1
. 5~2, OEBEE%. Mn:0. TO0EE%UT. Mg:2, 1~2
. 6E8&%. Cr:0. OGEE%LUTF., Zn:5. 7~6. TEE
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%. Ni:0. OBEE%BUT, Zr:0. 10~0. 16EE%.
Ti:0. OBEEWUTTHY., THICAIZEE,
FILIZO LBEMEK (A3)

Si:0, 12HE8%LUTF. Fe:0. 15HEYMUT,. Cu:2
. 0~2, 6EE%. Mn: 0., TO0EE%MUT. Mg: 1, 9~2
. 6EE%. Cr:0. O4EEWLT. Zn:5. 7~6. 7THE
%. Zr:0. 08~0., 158E%. Ti:0. 06EEWLUTFT
HY., ILICA I &5,

TIIZo LEEER (Ad)

Si:0, 40EEB%LUT,. Fe:0. 50EEB%LUT, Cu: 1
. 2~2, OBE%. Mn:0. 30EE%UT. Mg:2, 1~2
. 9E8%. Cr:0. 18~0. 26EE%. Zn:5. 1~6.
1E8%. Ti:0. 20EBENUTTHY. ILICA I EZEL,
PIVIZOLAREMK (AD)

Si+Fe=0. 7TBE%. Cu:0. TOBE%LTF. Mn:0

10EE%LTF. Mg:0. 10EE%UTF. Zn:0. 8~1.
SEENTHY., ILICA | ZET,
PIVIZOLEEMEMK (A6)

Si:0. 1288%LUT. Fe:0. 12BE%MUTFT, Cu:2
. 0~2., 6EE%. Mn:0. OGEEW%UT. Mg: 1., 9~2
. 6EE%. Cr:0. O4EE%LUT, Zn:5, 7~6. TEE
%. Zr:0, 08~0. 1588%. Ti:0. O5EE%LUTT
HYy. IHICA I 25,

TIVIZOLBEMEMK (AT)

Si:0. 40HE%MUT, Fe:0. 50EHEWUT, Cu: 1
. 6~2, 4EE8%, Mn:0. 30EE%LUT,. Mg:2, 4~3

182%, Cr: 0. 18~0, 28&&%. Zn:6, 3~7,
SEE%. Ti:0. 20BEB%UTTHY., ILICA 2L,
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3. |:| Claims Nos.:
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Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Document 1: JP 2018-513270 A (NOVELIS INC.) 24 May 2018 (2018-05-24), claims,
paragraph [0052], tables 1-21

& US 2017/0121802 Al, claims, paragraph [0074], tables 1-22 & WO 2017/075319
Al & EP 3521466 Al & CA 2979717 Al & CN 107406925 A & KR 10-2017-0138533 A &
MX 2017011840 A & AU 2016344192 Al & BR 112017021490 A2 & RS 58615 Bl & RU
2018119275 A

Document 2: JP 2015-137377 A (UACJ EXTRUSION CORP.) 30 July 2015 (2015-07-
30), paragraphs [0018]-[0045], table 1, L

& EP 2987881 Al, paragraphs [0018]-[0043], table 1, L & WO 2015/111438 Al &
TW 201532882 A

Document 3: JP 2015-7274 A (KOBE STEEL, LTD.) 15 January 2015 (2015-01-15),
paragraphs [0019]-[0030], table 1, test material 18
& CN 104250696 A

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.
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. I:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The aluminum alloy material having an aluminum alloy composition
(1) indicated below:

aluminum alloy composition (1): Si: 0.30% by mass or less, Fe: above
0.35% by mass, Cu: 0.20% by mass or less, Mn: 0.20-0.70% by mass, Mg: 1.0-
2.0% by mass, Cr: 0.30% by mass or less, Zn: 4.0-5.0% by mass, V: 0.10% by
mass or less, Zr: 0.25% Dby mass or less, Ti: 0.20% by mass or less, and
further containing Al.

Remark on Protest |:| The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.
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Box No. ITI Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

Document 4: JP 6-503854 A (COMALCO ALUMINIUM LIMITED) 28 April 1994 (1994-04-
28), table 2, alloy 2

& WO 1992/003586 Al, table 2, alloy 2 & EP 544758 Al & AU 8407591 A & BR
9106787 A & CN 1060115 A & ZA 916651 B & CA 2091355 Al

Document 5: JP 48-11217 A (SHOWA DENKO KK) 12 February 1973 (1973-02-12),
table 1, alloy no. 7
(Family: none)

(Invention 1)

The common feature among the aluminum alloy compositions (1)-(7)
specified in claim 1 is that the aluminum alloy compositions contain Si at
the overlapping range of 0.12% or less, contain Fe at the overlapping range
of 0.12% or more, contain Cu, contain Mn at the overlapping range of 0.7% or
less, and allow inclusion of Mg, Zr, Cr and Ti.

However, the common feature is not considered to make a contribution
over the prior art in light of the disclosures in document 1 (see alloy V4 in
Table 4, etc.), document 2 (see L in table 1, etc.), document 3 (test
material 18 in table 1, etc.), document 4 (see alloy 2 in table 2, etc.) and
document 5 (see alloy No. 7 in table 1, etc.) which were laid open before
application of the present application, and thus the technical feature is not
a special technical feature (STF) of the invention. In addition, the aluminum
alloy compositions (2)-(7) do not have the range of Zn content overlapping
with that of the aluminum alloy composition (1), and thus are not in the
relationship of super-ordinate or subordinate conception with the aluminum
alloy composition (1). Therefore, the aluminum alloy material having the
aluminum alloy composition (1) in claim 1 and the inventions in claims 3-4
using the aluminum alloy material having the aluminum alloy composition (1)
are classified as invention 1.

(Invention 2)

The aluminum alloy composition (2) specified in claim 1 does not
contain Cu and Zn at the ranges that overlap with those of invention 1, and
thus 1s not in the relationship of super-ordinate or subordinate conception
with invention 1 and thus these are different inventions. Therefore, the
aluminum alloy material having the aluminum alloy composition (2) of claim 1
and the inventions in claims 3-4 using the aluminum alloy material having the
aluminum alloy composition (2) cannot be classified as invention 1 and thus
are classified as invention 2.

(Invention 3)

The aluminum alloy compositions (3) and (6) specified in claim 1 do not
contain Cu and Zn at the ranges that overlap with those of invention 1, and
thus are not in the relationship of super-ordinate or subordinate conception
with invention 1 and thus these are different inventions. In addition, the
aluminum alloy compositions (3) and (6) do not contain Cu at the range that
substantially overlaps with that of invention 2, and are not in the
relationship of super-ordinate or subordinate conception with invention 2 and
thus these are different inventions. Therefore, the aluminum alloy materials
having the aluminum alloy compositions (3) and (6) o claim 1 and the
inventions in claims 2-4 wusing the aluminum alloy materials having the
aluminum alloy compositions (3) and (6) cannot be classified as invention 1
or 2 and thus are classified as invention 3.

(Invention 4)

The aluminum alloy composition (4) specified in claim 1 does not

contain Cu and Zn at the ranges that overlap with those of invention 1, and

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. ITI Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

thus is not in the relationship of super-ordinate or subordinate conception
with invention 1 and thus these are different inventions. In addition, the
aluminum alloy composition (4) does not contain Cr at the range that overlaps
with that of invention 2 or 2, and is not in the relationship of super-
ordinate or subordinate conception with inventions 2 and 3 and thus these are
different dinventions. Therefore, the aluminum alloy material having the
aluminum alloy composition (4) of claim 1 and the inventions in claims 3-4
using the aluminum alloy material having the aluminum alloy composition (4)
cannot be classified as any of inventions 1-3 and thus are classified as
invention 4.

(Invention 5)

The aluminum alloy composition (5) specified in c¢laim 1 does not
contain Zn at the range that overlaps with that of any of inventions 1-4, and
thus is not in the relationship of super-ordinate or subordinate conception
with inventions 1-4 and thus these are different inventions. Therefore, the
aluminum alloy material having the aluminum alloy composition (5) of claim 1
and the inventions in claims 3-4 using the aluminum alloy material having the
aluminum alloy composition (5) cannot be classiZied as any of inventions 1-4
and thus are classified as invention 5.

(Invention 6)

The aluminum alloy composition (7) specified in c¢laim 1 does not
contain Zn at the range that overlaps with that of either of inventions 1 and
4, and thus is not in the relationship o¢f super-ordinate or subordinate
conception with inventions 1 and 4 and thus these are different inventions.
In addition, the aluminum alloy composition (7) does not contain Cr at the
range that overlaps with that of any of inventions 2, 3 and 5, and is not in
the relationship of super-ordinate or subordinate conception with inventions
2, 3 and 5 and thus these are different inventions. Therefore, the aluminum
alloy material having the aluminum alloy composition (7) of claim 1 and the
inventions in claims 3-4 wusing the aluminum alloy material having the
aluminum alloy composition (7) cannot be classiZied as any of inventions 1-5
and thus are classified as invention 6.

(Invention 7)

The inventions in claims 5-8 pertain to an agent for preventing
hydrogen embrittlement of an aluminum alloy material comprising Al7Cu2Fe
particles, have different component ranges from those of the aluminum alloy
materials having the aluminum alloy compositions (1)-(7), and have a
different composition which is not in the relationship of super-ordinate or
subordinate conception. Further, agents for preventing hydrogen embrittlement
include the concept of preventing hydrogen embrittlement by being added to
molten metal, the concept being different from the second phase particles in
claim 4 Therefore, the inventions cannot be classified as any of inventions
1-6, and is classified as invention 7.
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