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(57) Abstract: This hydrogen embrittlement prevention agent for an aluminum alloy material can prevent hydrogen em-
brittlement in an aluminum alloy material, and is for a use in which the hydrogen embrittlement prevention agent is in-
cluded as second phase particles in the interior of an aluminum alloy material. The second phase particles include at least
one type of particles among Sn particles, Al;;Mn3Zn; particles, AlyCo, particles, AlgMn particles, Al;Y particles, Al;Ti
particles, Al;Sc particles, Al,Ca particles, Al,Cr particles, AlyMny particles, Al;;Mn;Si particles, and Al;;MngCu, parti-
cles. This hydrogen embrittlement prevention agent for an aluminum alloy material can effectively prevent or suppress
hydrogen embrittlement.
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| sMno ;BIF~A | Mn, ;fiFae) THRAKGHESBEHTEZS, T
Df=H, SnHAF, Al MnsZn,fF, Al Co¥iF, Al ;Mnfl
F.AIYHRF, AL;TifiF, Al;SchiF. Al,CafiF, Al,C
rfiF,. Al Mn, fiF, Al ,,Mn;S i HFBLTA | 3;MnsCu b
FOENTEEBNT 2ETRORTLILA, LEERERL D3 0%LUATT
nERTFH, ARBICBITZSnflF, Al MnzZn,fiF AlyCo,
WF, AlLMnBIF, Al YHF, Al TisiF Al ;ScHF Al,
CafiF, Al ,CrfiF. Al Mn fiF, Al ;Mn;SifFELTA
| 3 :MngCu,RFICEFTNS,

L, EZERERISEVANFFEZOMNREZHFLP TV LR FET
X2, FOLH. SnfiF. Al MnsZn,fiF. AlgCo,kiF. Al
sMnilF, Al YRIF, AlsTiRF. AlsScfif. Al,CahiF.
Al,CrEiF. AlogMn,fiF. Al ,Mn,SifFSLTA I 3, Mng
Cu ,MTOENTAERT S A | LADETRORTFLMEZERBERD, S
20%LATITNAHTTHBEDPTELL. EEERERNS 1 0%
RTThARTFTHEIENLYTFE L. EEERERDSS 1 %URTT
NERTFTHD I EMNRFITITFE LW,

—F. AEBTIR. SnkF. Al ;MnyZn,BF. AlgCoHTF,
Al MnfiF, Al YRF, Al ;TifF, Al;SciiF Al ,Cafi
F. AL,CrHF. AlgMn,F, AL Mn;SiMFELTAL ;M
NeCu,MFIIBNFEENT 2ETRUNHETRAERLAHFTH
AFLNRIPETESD, FOLEH, SniF, Al MnzZn, %, A
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| gC o fiF. Al MnKLF. Al YHTF. Al ;TikF. Al ;Sch
F. Al,CafiF. AIl,CrfiF. Al Mn, iF. Al,,Mn;Sifl
FELVA 3 MngCu fiFORRTEEBKT 2 ETTRUMIHETR
BB LTS, ARBICBEFT2SnfT. Al ;MnyZn,fiF. Al C
0, fF. Al gMnfiF, Al YHF. Al Ti#fF. AlzSchiF. A
| ,CafiF, AIl,CrHiF, Al Mn iF, Al ,,Mn;Si¥iFH&
VAl 3;MngCu,fiTICEENS,

L. L1 2BEORNFEENT 2RXInHRUMCEE L TWIHE
TRERNDPEVWADNFTEOMREHAFLPTWIERFRTES, TDLH.
SnfF. Al | MnsZn,liF. Al CoHiF. Al MnkF, Al,
YRF, Al,TiRF, Al;SchF. Al,CafiF. AIl,CriiF.
AlgMn fIF, Al .Mn;STRIFHEETA L 3, MnCu  ITOEH
FHEBRTIETRUMCER L TWAHETREN, Al TRICHLT3O
ELBUTTEBLENTFTHEZEHFTFFELL, 1T OEILBUTTERAL
FRFTHIIENEYTFELL, 1TELBUTTERLENFTHE L
DRFICHFE LW,

SnfiF. Al tMnaZn,fiF,. Al Co,fiF. Al ;MnfiF, A
| s YHIF, Al T ikF, Als;SchiF. Al,CakiF. Al ,CrHiF
AT Mn T AL MnsSTRIFBLITA T3 MnCu fiFaid
MY BETRUMERL THIWHETRE LTI, FICEIRE VA,
RROFPINIZOLEEMIIEET2TRROBRELETEIENTED,
Bz, BROTPLIZOLAEMAA I —Zn—MgRABEDKEA. Zn
Mg REEBIFRIENTES, LENST, Al Co,MFDFEIE.
Al =Co—-Mn—-MghbRBMMFTH>THELL, IO BHFRRA
HFBDA | ;Co ,MNFILZEN S,

HMEBTENSEBLAESnHF. Al MnsZn,HF, AloCo,fiF,
Al MnfiF, Al YHEF. Al TifiF Al ScHiF, Al,Cafi
F. AI,CrHF. Al Mn d8F, Al ,Mn ;S isiFELTA | 5 M
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[0024]

[0025]

NeCu,biF BIZIEAI —Co—Mn—MghbRBMFTHBA I Co
MTRE) OFE. EMETRE BZEMnTHREELIEM o) 1A 1T
R L TENTRAMILIC30OELBUTTHE &M FELL. 10EN
AT THBIENLYFELL, TELBUTTHE I EAFITHFE LWL
o T, BHETRZOEE BIAEMnTHRE L UM g THROEET) A
THRICHLT30ELNUTTHEI EMFELL. 10ELBUTTHD
CEREYFELL, TELUNUATTHZZEMFITHFELL,

IS, AEBATIE, SniiF. Al MnsZnBF, AloCofiF
AL MnfiF, Al,YHF, AL TifF. Als;SchiF. Al,Ca
WP, Al,CriiF. Al Mn JF. Al ,Mn;SilFHELGAI,,
MneCu  MFOENFEERT DA | LADETRORFILIMLEERA
B 53 0%BUARTT N, B2, BRTEBKT 2ETRUNCHETRY
BiA LA F CHRBAMRNETE S, BHTEBRT2ETHRORT
LEAMEZERAAR D S 3 0 %URTTh, D, BRFEERT 28THRU
ACHEBTRIEB LM FE, AERICBITSSnF, Al 1MnzZn
2T, Al gCo,siF. AlgMnif, AlYRF, AlTiMF. A
| sScHF, Al ,CafiF. Al ,CriF,. AlMn diF, Al ,M
NS I MFBELTA 31 MngCufiFICEENS (HIZIEA 1 —Co—M
N—MghbHRBHFTHDA | Co, 4MiF~A13C0, HFRYE) ,

BMF - IEEHBEOS niF. Al ;Mn,Zn,HiF. AloCo,MF
Al MnEF, AL, YRTF. Al ,TifF. Al,SchiF. Al,Ca
WF, Al,;CrfIF. Al Mn,fiF. Al ,,Mn;SiRFHLTAI 5,
MneCu MiFETINIZVLARPICHBIEEZ&ICLY., KFEfEE%E
BALEAWLINEI T2 ENTES, ThLDRTFIF. BRTT7VIZVLE
SHRICHBMIE AN, FILI =V ALAGEHMOKERLERELPLTVERS
MoIRIFELV, £EL. BBEETTNIZVLEGEPICHBIEEZ 2L
23 DT,

ETRNTORRE, R, BRER AR AR IHE EFE
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[0026]

[0027]

[0028]

[0029]

. BERAEDEL DIRDZEF LN, FFEL IBBRFLIZEBRIRTH
%

E_HENTFOEEEZIO. 05~10. 0%THBZENFFELL, 0.
1~5, 0% THDENEYFELL. 0. 5~2. 0% THBIENE
ICIFE LV, BTHENTORERIE, BIZEXBINESS714— (CT) K
£BIDMFICLY., TIIZVLESMOKRICKRT 2B BT ORKE
ELTEHT BN TES,

ERAMTFOREEILO0. 01X10'7,/m3~100X10'7,/m3&7
5ENTES, BEHENFORFEEIZO, 1X10'7,/m3~10x10"7
/S m3THBIEMFELL, 0, 2X1017,/ m3~6X 1017/ m3CH
22ENEYIFFEFLL, 0. 2X1077,/ m3~3X10'7/ m3THdDI &
HPEICIFE LV, STHENTORBEE. FIZ LEEIMRES 1 umETO
EOMREXBINEYSST74— (CT) ICLB3DWIICLYERT R &N
TE5,

BZHENFOEIRNFRIF0. 1~20umTHBIErFFLYL, =
B FOEIMNFEOLREIRTOumUTTHEZ ENFYHFELL, 6
 OumBTTH2 I EMHICTFE LY., BIBENTFOEERFEO TIRE
130, BumltTh2IENLYIFE LV, BIHEATOFHRTRIL
BIZIEXIENESZ74— (CT) ICLB3DAEMICL Y EMTHE LTE
HIBIENTES,
<TNIZ) LESHOKERILM ESE>

FPINIZD LEEMOKRIRERE HBVRBTILIZV LEEMOD
ELER ISR ICHIRIE AL,

BEROTNIZDLEBEMIIH LT, SnHlF. Al MnsZn,MF.,
Al Co,iF, Al MniF, Al,YHF. AIl,TikiF Al,Sc
WF. Al,CafiF. Al,CrfF. Al Mn, HF. Al,,Mn;Si
RFSLITA T3 MnCu  sUFDIELRLEH 1BEZECTIVNIZY
LESMOKRRIEEHEREMBRFTHEIEZET, TILIZUVLE
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EMOKRMEILEBRLETE 3,
FEROTIVIZILEEMICH LT, ThHo0 1 2BEORTERMLT
bk <, BEBICINSD 1 2FBONTICHIRT %27t% (Sn, Co. M
n, Y, Ti. Sc, Ca. Cr, SiF/tiECu) £RMLTINASD]1
2EREONTEHERIE TRENICINSD 1 2TBEON T % KRMCHLE
FELTAWTELW (A MniFRLIE, BROTIVIZULEEMD
MnigE%s EIF2%) . BHRGREZFEPREZGIHELRV, GERER
OMIBWEBICLY, ChEDRTEHRT 2 ENTES,
FEROFNIZDLEEMIE. Al 2ELHETEREBELIELEBIES
MHAEEREINZRORMESMTH> TH L,

[0030] EMOFTINIZvLEEM (RRBEEMTH-TEHLIW) &, BE £
I, BEHLV/ FLIEIHEETI2REAMOTIRICLY., PIVIZVAEE
MEBETZZENTES, AFKATIR. BEOPLIZVLEEME, &
BLT, P2V LESMEEETEI LN, MHMADKRIN S Y TOD
., TRLEBAIFEREOMFHOSRANLFFE LWL, HIL. BE€EFL
FEBILEMNELLINIFOREMESICN LT, HERIC1 2EHR0D
RFICHINT 27m% (Sn, Co, Mn, Y, Ti, Sc, Ca, Cr, S
| W Cu) ZWROTINIZDLEEMEHETEHBELY EE R
LT, SnKlF. Al MnzZn,fiF, Al CofiF. Al sMnfiF
CALLYHEF, AILTiRF, Al ;ScHiF. Al,CafiF, Al,Cr
WF. Al Mn B F. Al ,,Mn,S i BIFBETA I 3, Mn Cu,F
ERBHICHERIES I EMFE LW, o, B0E, FE, HE51ThA
<THEW,

[0031] @Iz, BEROFNI=0LG&MEATI—-10. 0Zn—-1. 06Mg
ELT, Al=10. 0Zn—=1, 06Mg—M (MiZE4tER) OILFHA
R CHERIC 1 2EBDNFICHR T 2 TRERNT 2158, F4TEDR
MNELO0. 05~5, OOEE%THIZENFELL, 0. 10~3, 0
OBEEBUTHBIENLYFELL, 0. 15~2. b0EERTHBIE
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[0032]

[0033]

[0034]

DYRFICEFE LW

CDGFEOHEITRZORMEOLYFELVWERHO—FIZUTOLEEY T
B3

BATRNICoDFAE, 0. 065~0. 50BEWHFIFFLL, 0. 10
~0. 30EEW%NELYIFELL, 0. 15~0. 25BE%NRICTFFL
L,

BATHRENScODIFA, 0. 10~2. O0EE%HFFFLL., 0. 50
~1. BOEE%NLYFFELL. 0. 80~1, O0EEWIEITIFZL
We

BATENT i DIFE. 0. 10~2., O0E=EWHMIFFL L, 0. 50
~1. 50EEWNLYFFELL. 0. 90~1. 1 0EEWIFICTFFL
We

EATEAMNDBA, 0. 50~5. O0EEWHFFELL, 1. 00
~3. O0EEWNNLYIFELL., 1. 50~2, BOEEUNRITIFFEL
<, 1. 80~2. O0EERNFYRITHEZ LW,

TOMOBEFTEICOWTIE, BRA2009-22155652KOD [0
034] ~[0042] KRBOHEEZRATEIENTE, TORAHDA
BEZRUTABHEEZICHEAATNS,
el

PUFICE A & BB %2 ZF TAFEPEZ X HICEAICHRIAT %, UTO
EREAICTTHE. ERE. B4 WERAR. WEFIREE. AFBOBE
ERBELAWRYEEERT S ENTES, o7, FRBOHHRIGUT
AT EAFICLYIRENICERINZREHDTIEAW,

[EHEF 1 ~5. L&BI1~8BLUEEH 1]

Al—=10, 0Zn—1, 06Mg—M (MiZE4TR) DIELFHEKER
I TINIZOLAEEMEUTORETER L, COTIVI=T LEEM
. Al ZERDELTCE0BEWULEEL, Al —Zn—MgEETHH
%o
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1 3D E4 TR (M) ORME (B : BE%) 2FaRR1ICRLE
o CORMER. PIIZVLBRICEREINLEENOREEIRARE EAQ

DEHICHEBLEEDTH S,
[0035] [&1]
4 wEM
=hiE
iiéﬁ IIJ\JJH%
(BE%)
2L
wwmL| Y | -
(Std.)

g2 | Nb 1.00
HEEEI3 | Mo 0.94
tEE5I4 \Y 1.00
&S | Sr 0.15
JudIR 1) Ni 0.10
HeEE7 | Zr 1.19
=01 Fe 0.15
thEsI8 Cr 0.26
B Ti 1.02
Ehet2 | Co 0.19
=3 | Sc 0.94
EhEFI4 | Mn 1.91
EHE5I5 | Sn 0.38

[0036] A1—10. 0Zn—1, O6Mg7LI=VLBEMEHEETE-00D
MEHIH L. ISICABICEATROMBERML T, B2HENTFELTH
BRI TERItEL, BAEMICIE, 500CT241EOME (Homog
enization), 450CTOM% (Hot rolling)., b5
OOCTHEMBEEOME (Solution treatment), 120
CTA40REELT180CT7HEDME (Over aging) &7
o2f. BONERRENIOTZINIZD LEGEMICH LT, KBTOREM
T (EDM) &7\, KREZEMIELHARBRF ZFR L,
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(00371 [&¥4]

[0038]

[0039]

[0040]

< MNETS71—WEGH>

BEEE, REBHBELTBERHN I OTILIZILEEMORREICOW
T, BEHXT/ FETS7 1 —WBREERE L.

BHEATF/ NETZ74—TEHE L, 7N I 27 LEEMREBORIE
MEAEE1 (a) ~ (e) KWL,
EHEFISOTNIZV LEEM (BATEMNSc) OIVOMEBOME
7274 —WBGBOREMEEZR1 (a) KKKk,

BB T DTN =0 LE5eM (BATEMNAZ r) OI/DHEBOME
7574 —kiBGOREMEZE 1 (b) IKRLE,

WG4 OTINI =) LEEM (B4 TEMAMN) O3/ OHEBOME
75741 —WBGROREMEZRT (c) KRLE,

LE&B8 DT I I =D LAEM (BA4TEMAC r) OI/VOMEBOME
7574 —WEBGROREMEEZRT (d) IKRLE,
tBBIeDTINIZD LEEM (BA4TEMMAN i) OI /7 OEEOME
274 —WEGROREBEEZR1 (e) ICRLL,
ZOMOEEBEH. LB SLTSER1ICOVTIRRREEIT 2,
B1 (a) ~ (e) &Y, BERBFDTIVIZVLEEM T, BEITHEM
FHAMBRLTHERINTWSE I &b ok, T, BTHENTIE. 7
AYVA—4—T, BBEIC. DML T. FELTWA I &b oTz,
BB, COFEOEEMEERL150nmTH D, EEOTFLIZILE
EMICIE, TREINTVWAVNWTI SO nmUTORFESHLTWEEEX
Y (-
<3 D fEfr>

EXRMEH. SURFASLVSEFIOTIVI=ZVLEGEMERRHAT / b
TV 74—ICLYZRTHICEHAIL & (3 DERHT) o

FonfkiERe FiExR2ICR Lk,
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[3k2]
4 7EM BT
N HEE | FEER iFi’—J
= 107m) | %) RFE
{(pm)
T - - _
(Std.)

FEBE2 Nb - 0.03 0.21
fud LT Mo - 0.01 0.22
LB 14 Y, - 0.01 | 023
HEEMES Sr - - -
teEle Ni - 0.18 0.5
L& | zr - 0.05 | 0.25
SEH1 Fe - 135 | 0.36
feEpIs | Cr 3.4 031 | 0.26
L Ti 0.2 0.01 | 0.21
EHEE2 | Co 1.5 0.81 | 047
3| Sc 1.6 013 | 0.25
Ehefl4 | Mn 6.3 1.66 | 037
ESiT Sn - - -

[0041] <BISRABREBDNETS 7 1 —WIEH>

Engineering Fracture Mechanics 21
6 (2019) 106503ICEULFEICLY. FEEHKO. Tm
m, HiEEO. 6x0. 6mm2D FEYS 7 1 —BEAUINSBRAEAWVT
LTIV LESMOERADIRERET > 1,

SIEREBREDEEREH. SLEEBAHSLVTSEH 1 OTILI =V LEEMOD
RERAICOWT, SRS/ N TS T 1 —HBRERE L .

EEETFHEMHETHRE LEL, ET7LI 2V ALAASMIEOREHE 4K 2
(a) ~ (g) IKRL%,

BIRBABREOLBF I OFNIZVLEEM (Std.  BEA4TREMAL
) ORMEER2 (a) KLk,
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[0042]

[0043]

SIERABEOLEH T DFINI =D LEEM (B4 TRMNZ r) OB
mER2 (b) IZRL7,
BIRABEDOLBFBDTINI =) LEEM (B4TEMMNC r) O
mE&EE2 (¢) IKmLik.
BIRRREDOERAISDTINIZILEEM (B4 TREMHS c) DK
mAEK2 (d) 1L U7
SIREBREORBHADTINIZD LEEM (B4 TRMBEMN) OB
mAEHE2 (e) IR L7,
SIREBEDRBH 1 OFNI =D LEEM (BATRMDT i) OB
HzB2 (f) KWL,
SIERABEOLEFI6 DTN I =D LEEM (B4 TRMMAN i) ORI
mER2 (g) ICRL7E,

ZOMOEERREH., SHBHHLTSEH 1 ICOVWTIRRREERT %,
<BlaREAEa% OWME £ OKRMLHE=R>

B2 (a) ~ (g) BROTICARTDEDOMOZERH, &LEHS LT
SEF ORL Y. BIEEEREROEERL. BUBESLVSEFI1O7
W=D LESM OWEE LICH 1T 2 KRIEHERE (BAXRBRES LR
RIIE) OmER (KREHEEEREHWD) ZEEEHIL TRk, 5
NBREZR3ICEHE L, 5. KRMEIBHEREDRWNMEEFE LU,
H3 &Y., EEFHT1~50TII =) LAEGEMOKERIEHIERIZ. 7L
SZVLEEMOBANERBELWRMAICHLERVWLIFETE, LI
LEEHMOKRRIEFHLRE LTEBOTEMTHD & ¥bh o1,
ILICE3 &Y. AREBPOFE L WEBRICEINIE. AEBOTILI=U L
BEMOKRMEAHLERIG. 7V =0 LEEMORRKIZES MRMICHL
BROWLIEITE, 7ILI =V LASMOKEREHER (RNARKES L
NEIRWIE) EWETEXZI &b ok,
<BlsRAREDKY >

MEHEE BIR) SLUBMBORRAENES/S 71 —BEBL, %
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[0044]

DMERE % BRETICL Y KD D 2 & T, BIERERBOSEREG. & LEfp
BLTBEHTOTIVLIZILEEMORY Z XKD, BONELERER4
ICERE U, Ad, MBI, RYBBVIREEFELL,

R4 &y, AEBOGELVERICENIE ARBOTILI =V LEEM
DKRMACFHLEFE, TS =V LEEMORY ERETEZ M bh -
7o
<THRAMC L YR I N BT OBSEEE>

TRANCLYERIN B TFORBRREE (B—REHAEETIV) &£0
KERNSY YA MEED (a) ~ (¢) IKRLE,

Eiehl3 (BATREMASc) THERINDA | ;ScHTFORBRBELT
DKZENSY TH4 bEEE (a) ITRL7,

EHEFIT (BATEMDT i) TERINZA T i NFORRBEST
DKFZENZ Y TH4 MERSE (b) ITR LT,

EiEFI4 (F4TREMPEMN) THRINZA | MniITFOHEREEE T
DKZRENZ Y TH4 bERSE (c) ITRLE.

ZOMOEREH. LB S LTSEF 1 ICOVWTREREERT 2,

B5 (a) ~ (c) &Y, TRENDOEZBRTFOREICIE, HEELC b
YT TEDBKRINIY THA MDD ENHERTE B,

—hH., BEBOR3ICLNE Al Mn, fuF, Al ,Mn;SifFELV
Al ;MneCu liFABEHUNTE L THEREICEEIEZ S, F0OK
FErSyTIXNF—IEFNENO, 785eV,/atom, 0, 656e
V/atomL?0, 883eV  atom&iAlY, WIFNHESHTHY
REDO. 35eV//at ombLUEEBESHTHYRENDO. 55eV a
tom& YB3, BRBOHTICRINRFRBOKEZENS Y TRV
F—BAEHBREEBEREQEOEELY., Al gMn fF. Al ,Mn,
SINMFBELTA | 3 Mn;Cu MFEEMBRFELTHHRBTICZES
U2BEETINI =V LEEHM OB ERBIEEDRMOICEALL WL LIFIT
X2EFRTE, INOORFHETIVI 2 ALEMOKERBHIEFEE L
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[0045]

TEWNTHDEEZOLND, INHDORFICEAL, Al Mn RFOEREE
EDEXEERS (d) 1. Al ,Mn,;S i HFORIEEDERHAH5

(e) I Al 3 MngCu, fiFORRBEDEALERS (f) IKRLE
<KERDDEIRRE DT>

EEMEH. EHBHBLTBEFNOTILIZILEEMIIOVT, £
O FICRR (GB) . BEWHEMAE (n,. coherent (ma
x) ) ¥BEWHEY (n,. semi—coherent) OKRELE%
 EtETOERICEYRDE,

B-REHEILLY, PLIZVAGEMHORI I OHEBOKRINS Y
TIXNF—EHELLERE, EBELEMHTF (IMC partic
le) DEFLVWKRI Sy TIRNF—5MO6ICRL, M6, I
MBIEIC, SEAER (Screw disl. ), HRE&f (Edge
disl.), Hi® (GB), . (Vacancy) . B&a&trE®RE (
Ni. coherent (max) ) . ¥ESFHMWARE (n,. semi—
coherent) . EBELEMNF (IMC particle)., R
7#&E (Pore (surface H)). RPHAPFIRKE (Pore
(H2) ) =K7Y,

B6 &Y. KEHEHEDEIEIC SV TERMED EEIC & 2 BRI, T
YMADOKE Ty 7OHE. TRDLEAXRKBEOMEICHRATIE AW
ZENbr ot MEMEKRDBEIRLF—IE RTICRWTHEL, K
FOMSY THA MNBELIBWVWI b o, KROBEHEICED <~
XHEBBOIWMF D /DICIE. KREDHEEIRILF—DHEILY $5<,
NSy TH4 MBELTHICBEWY A NMBHRICERITIUENHZ &N
hbhof, B6&Y, EBEEEMNTF (IMC particle) 0K
BZRZyTIRILF—R, PR EHESHEMRE (n,. coheren
t) ®0. 35eV//atomdYgaVnIENNETHD,

50, ARBOIFELWERTR. £BELEMHT (IMC par
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[0046]

[0047]

[0048]

[0049]

ticle) OKRMZYTIRILF—IE FESWEMRE (1., sem
i—coherent) 0. 55eV/atomdVYsanae&riFEL
W B—FREHEICLY., KRM SV TILLD 7 /A | REOHBEFHEL
o TOWER, FEESTHYRE (n,. semi—coherent) ITK
FNRET D&, RENFERMNICHBEL, INDKRMREOEID—2IC
RBZEDNDOMN 2T, BB, CORRIE. TIVIZV LEEMDRDKE
EDFMAN=ZZLTH 3,
FIVIZDLEEMADOKROSEIRE ST L,

TROBEROA 1 ~XIIKETE, BE—REHETROEKREINS v TI
FNF—ZAVWT, BEHRETOKEODERELZSE L £, BERNGE
Blf. Engineering Fracture Mechanics

216 (2019) 106503ICELEALETITI- -,

[#1]
1 BT
i 2
(FovTHYAL)  HEBE
o
5B E(RFHE)
(2]

K2 FISYTYA FADOKESER

bMYIHMEE =EE
(;IvTHA) &

: \\\‘.3; . e
N5y 7 K7 EEOH
(&R
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[#43]
S | MAAH £ BT ORME EBL4LF) O

A

k\ : 1 <
HEE ERELRTFRIKE WEREOEBEI O -
DIEFERF I

[0050] M FABMOKEZEFZY TIXINF—EERBREZTERIICTN LT,
[0051]
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[%3]
: eVialom
1 ACy 023
2 MgSi 02
3 ACGr 013
4 AFe | 002
5 AV -0014
6  MgZn, 008
7 Az 0.12
8 AFe 0.143
9 AN 0.17
10 ACa 0217
11 ALCeMg - 0218
120 ANe . 0229
- AlpCuzMng
- (Als:CusMns)
14 AS . 0278
15 AlgMgshn; — 0.289
16 AlMo = 0362
17 MePeli 0 098
18 AhCoMgs = 0.368
19 AW 0378
20 Moi(TiRk) = 0448
21 AWCo, = 0485 KRR
22 AsMa . D48s RIERM
23 Ay 0.524
24 NGTi 0555 SEHt
25 ACwFe | 056
26 ASc o 0802 RSB
27 ACa . 0611
0.637
0833
0811
149 RIEWS

[0052] FR3 &Y. ZBIT~507II =0 AEGEMOKFNLBILF % F
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[0053]

[0054]

MFELTHMBREICREIES L, ZOKENS Y TIRILF—HEEN
H¥ARE (n,. coherent) 0. 35eVatomd¥Ymiid
ZEDbhh ok,

IOHICAFEROFE LVWEROEREF 1. 3FLBEOTIIZVLES
MOKEMICHERZBEZANTFE L THRREBICEEIES &, TOKR
RSy TIRNF—DEBEFEDARE (n,, semi—coherent
) 0. 55eV / atomd¥YEF/LABI &N o/,
<KERZy TIRNF—&, BISRAREOWME LORA X RKEAE>

HFRBOBADKENSY TIRINF— (Max imum trap
energy; Ey) & BNIRKREERSEER (Area fractio
n of QCF; Agr) OERERTICRLE, B7H, QCFREAZ
BEMEiE (Quasi—cleavage creak) #8KT 2,

M7ic&Y, RIFREIOKENS v TIRILF—&, BAXHBBEER
ICid. EQOREBELH S e TmAEN, 5I5RABRE OREE L DKENL
BilbaTEBZ &b ok,

BE&Y, Eef1~507INI =0 hEaEMOKRELRALEE% E
RFeELTHBRBNICEEIEZ L. KRKEAZBRTE2Z & bh o1k
o Tl EEBIT~4DTNIZY LEEMOKERICBLERIE, 7L I=
DLABEMOREIC, 2/OVF—F—T, SBE. HAOSMLTEETH
&N ot

ERBII~5DT NI LEEMOKRMBLERETIVI =Y LGSR
MOBRAZFRBEEZ RO ERV LIPFITE, TF L ISRRIELRA
WERWLIEITE, PLI=0LEEMOKERER LIS L TED TER
ThHdIehhbhork,

[Al;YHF, Al ,CaliFELTA I, CriaFERWVWAHI]

—hH, R3IKENIE, Al YRF, Al ,CafiFFLIFAI,CriiF%s
EHRTE LTHARENICEEIEZ2 S, ZOKRMNS Y TIRILF—H
BAMEMAEDO. 35eV./ atom&YBEL RS, BICAI,CriF
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FREA I, CaMFEEMBNTELTHHARICEEIE L, TOKE
Moy 7IRIVF-—DNEBERENREODO. 55eV, atom&VYE<
%, R7ICRINEHFREOKRNZ v TIRINF—LBAIHERZER
BEREOEORELY, Al YHF, Al,CriiFFkizAl ,CakiFs
EZRRTFE L THERASRICEEIE2BAETILI U LEEMOEAE
FREANRMCBIERW LIIHITES EFRTE, ChHDRTHTILS
= LEEMOKERMEEHLER E LTEDTHZEEZ LN,

ChoDRFICEAL., Al YHRTFOERESE (F—REFEETTI) &%
DKFJRNZ Y THA MR8 (a) IZ. Al ,CafiTORERBEE TDKE
NSy 7FH4 hEE8 (b) 1T, Al ,CrAIFORBIBEEZTOKELNS Y
TH4 bEE8 (¢) IKRLE, B8 (a) ~ (¢) &Y., ZhFhDEZ
EHFOREICIE, HEBRC NSy T TEZRRN Sy THA MDBB S
WHERTE B,

BB, BTHOEBBISOTINI=" LEEM (B4 TEMMC r) O
RiE, EBFISTIEA I, CriuFLYE, Al;CriT (KEMNS YT
ZIWF—H-0. 13eV atom) NE{HMEREBICER LD EE
Abhsd,

"2 DA
[0055] 1 TV LARE
2 HT
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AR DI

TIVIZD LEEMDKRLELZRIETE,

RI7ZINI 20 LBEMORBICEZH/ATE LTESEIE MR
THHTINIZ LEEMOKERILFRIEHEITH > T,

BISEEZMBRFA. SnkF. Al ;MnzZn,fiF, AlgCo
2RF, Al gMnilF, Al YRF, Al TiRF, Al;Schl
F. Al,CafiF. AI;CrfiF. Al gMn, fIF. Al ;,Mn;,
SIHFHELUTA I 51 MnCuliFOIBPLEL 1BEES
O, PV LAEEMOKERRCFLAL

RIRT7IIZOLEEMD, ZnBLUMgEDLRLEEED, &
KRIBVICTEHDOTIL I =9 LEEMDKEMILRSLEE,

RIS ZHEMTHN, SnfF. Al MnZn K7, AlgCo
JHUF, Al gMniuF, AL TisF, Al SchiF. AlyoMn
JIF. AL ,Mn,S i HFBETA 5, MnCu iFD354
BEBTREEZ20. FRKBI1ELR2ICEHOTPILIZVLESR
M OKZRHACB L,

RIBEHEZHERITFA, SnAF, Al MnyZn HF, Al,Ti
BT, Al SclF. Al Mn k¥, Al,,Mn,SikFs&
TA 3 MngCu  FDHIBHRLEH 1BEZET, BFKIE
~3OWTNA—THICEHDOT IV I = ASEMOKEMICFHIEH,

FMIREAEFOREENO. 056~10. 0%TH5, BHKRIE1
~4QWFNH—IBICEEDO T I I = LEEMDOKFKRIERIEH,

RIRBEZERTOTHRFEAO, 1~20umTH2, BERIE1
~5QVWINHN—TBICERHO T IV I =) LEEMDOKEMIERAEH,
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