[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a) A-Mg-Cul 000000000 DOO0DOOOODOOOO
Title(English) Age-hardening Behavior with Evolution of Nanostructures in Al-Mg-Cu

Alloys
oo@a) oood
Author(English) Mami Mihara
oo@a) O0:00@0),

oOooooo:0oo0ooa,

000 0:00104400,

O0000:20170 30 260,

ooooo:0o0o0a,

OO00:00 00,00 00,00 00,00 00,00 00
Citation(English) Degree:Doctor (Engineering),

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1044001,

Conferred date:2017/3/26,

Degree Type:Course doctor,

Examiner:,,,,

oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(5 L3Fe)

Doctoral Program

wm X EE

THESIS SUMMARY

B dol 2 HREhr FUody) © it 2

Department of 1%*4’]:% E‘QI& Academic Degree Requested Doctor of ( €L )

SR, - - FRREE () :

Student’ s Name —J R Academic Advisor(main) AR ARR
*Eg%ﬁﬁ (l%lj) . %E‘ {QZ

Academic Advisor(sub)

#E  (Fo3C 2000 FFEEE)
Thesis Summary (approx.2000 Japanese Characters )

Ah ST (a4 SHTFFEIRICNALE T 5 A4 2 FFo Al-Mg-Cu A48 B L, $rR (L3875 et h
WPE O BOAIARR D TE A B 20 L7z, 72, FEx OERFEEZBEMHOICHND Z & T, Al LHS O
REEZOND, T/ MBOIEREEIZHLMNCLEZ., &I, ~fz7ur7nuA 7 aHEe LTHRNA Ag RN
WWEBAL, AgIRIIOEZBIZOWTHOLMNZ L7z, KimsUL 6 Eh oMk, FEOMEIILITOMEY TH 5.

B 1 ECIIAFREOE R E LT, AW T VI =0 A5EOTRILEER © ONT Al-Mg-Cu &4 O R 2 72 IR i
(EZEBNT DOV TIR AT, Al-Cu-Mg AR 12D W T ORI O R R LB DR & U Tkl Z2fiAvg 2
HILTVDN, WEER—IRMEIRIZE > TOZRW. REIOREER - T(arS+T)FHEIKICALE 35 Al-Mg-Cu &41Z
SNWTOHBIIRONTEY, ZOMEBICAE LA S THOTHAED bR DREL H Y, HrHEE
DHFTHBE NI ER TR, EROHEZIE RIS, RO OMAIFLEIE R 28, 22056807 & QUi it
BEZHALNCTHZ EOEENEZERH L. £/, ~A 7 a7 aA r JIEREERORHE LER FICIEFICE
HTHY, FHIBE AT L 2RIZF LL, AEMRICIEE L CRARZHZ 2 HENIERT 2 @5 sh
TW5. Al-Mg-Cu B4 Tl Z HONTHRAHE I TWDER, Holcmish Ty, PLEEIERIC, HE Ag
TN R FT IOV THL NS T Z L OSE.EZR L, AIZEDEFRE BRNEZR L. 82
=Tl Al-Mg-Cu A4 O HARRY 2 Bhif b 6 8hic o C, i S3BR, BXHIEPUNIE, DSC HIE, TEMBlghp Y
OFEE RN CTEEMICKRF L. ZO/E, Al-Mg-Cu 44135 — LM, plateau BRI OV —fi{LE RS =
B TR LT 2 Z & 2R Ln. F7, B LB CITREICREEEL L (170°CRZ T 1 4), Zhucfkn
ERIRPISHE KT 2 Z & 2B 50 Lz, BREPUEINIRE R+ OE S RERICER 32 &5 2 b1, DSC
PEICEY, THUTEEY BB — 7 BNRD BN, —F, ERERZ O TEM B2 XY, 5 (LR GPB
V= BIO SHOBKICL D Z EEH BN L=, HAADF-STEM #5212 LY, GPB Y —idfftz=v o
FEAKRELTHETEZD I 2R L. V=M TIXZEN O OFTHFICINZ, Bzl ZFHEBITHT25 2 8%
BB MMIC L7z, % 3 B ClE HAADF-STEM #8123, 3kot7 b A7 m—71k (3DAP), BE 1ML (PAS) %AW
T, RUERIEE LS 2 2 B I OBHIEAR B @ OWTRET Lz, Z0#E, Cu JFFoHsnw= v b
FTA NG, 1 ORHEVIIZ L - T GPB YV —r D=y MOFR/NEMRAT TR L TNWD Z L&D
THLMNI L., EBIT, 148 L0 1 HEZhE 0 3DAP BHTIC L v, Cu T EPIO Cu A NS &
NPT S TEWZ LR SN L. 77, PASOFED—OTHLRIFFR Ny 7 R0 EICED, 150
REZH BV C ] > TZEALAHE O CudRENRIRICHE R T A Z L 2O Lz, 2 4 B TIE Cu B LU Mg OFIN
BABLEE, AN AT KIE T B oWl SEBR, EXHLIEBUE, DSC HIE, PAS HIE
BLOGHERBRICE > THRFT L2, ZOE, REEICHEITS CulRNEEZHESTZ LT, o GPB V' —
O = Y FOBRENE KL, R EAMEES NS Z EEH SN LZ. —F, PASEHTIC L D Mg
IR A HI0T 2 LI L D BEAFVBRIZEIL B OB R OSRIE S 7228, Bk o m I3 e cldavn. £,
AQMITHBITA5IERBRIZEL Y, JEH-OTHBEICEL—va 3B ETHZ LA R L. ERMES%ZLEL
—vaVIIEEL, BL—va v ERATHEE MY EFBEHFELTND Z &R L. 5 ECIHME Ag
WA b2 B3 K OGRS A 2B B 12 BT T2 B DWW CRERINCRGT L 7. 2 0GR, T M2 - 1
—NOEBITHTI L, KA ORI LT 5 2 AR L. TAISHT 52657 HAADF-STEM #2212
LV, —HTHERRDAIER L TS ZE 2O THOMNMI L. £72, 1488k HAADF-STEM #&l£21c & v,
GPB V' — D=y FEZNOENHEE LRI — U B L TWD Z L ZLMNI L. A4k,
BRI ST L A B R 1 2 53 D A% 1S GPB V' — L 2=~ FTH Y, #E Ag iR k> T
Btk GPB V' — v LXK O Y — U BEAMEEES NS Z EERA LT LTz, E, ME A IRINICE 5T
LV ZEOEINFEANZICHE L, BOBLEEZLZNORHERF SN L 2HOMNCLE. 6 ETIEEE
TELNTEREE LD, ABFEOREE 2R~z
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Characteristic age-hardening behavior in Al-Mg-Cu(-Ag) alloys was
investigated by a combination of the several experimental techniques. The
composition of the Base alloy is located within the (a+S+T) phase field. During
aging at 443 K, the hardness changed in three distinct stages separated by a
plateau, where the hardness remains constant for a long time. The first stage of
age-hardening occurs rapidly and is completed after aging for 0.06 ks at 443 K.
It contributes as much as 60% of the total hardening. This phenomena is called
rapid age-hardening. A large exothermic peak was detected in the A.Q. state
specimens using DSC analysis. This peak disappears after short term aging and
Is attributed to the formation of nanostructures which is responsible for the rapid
age-hardening. In both alloys, after aging at 443 K for 0.06 ks, formation of the
nanostructures associated with Cu aggregates were identified as the structural
units of GPB zone by HAADF-STEM investigation. Small amount of Ag
addition promoted the units to grow to form the spherical zones. The zones
contributes the further increase in the hardness during the rapid age-hardening.
3DAP data clearly suggested that Cu aggregates were formed after short term
aging. Moreover, PAS investigation revealed that the rapid age-hardening in
both alloys is related to the rapid increase of the Cu atoms in contact with
vacancies during aging. It also revealed that Ag addition promoted more
vacancies to be retained after quenching and during aging. At the peak aging,
three types of precipitates were formed and were identified as GPB zone, S' and
Z phase in the Base alloy. The Ag addition changed the microstructure
drastically and improved the age-hardenability. Fine distributed precipitates
formed in the Ag-added alloy was identified as icosahedral quasi-crystalline
(iIQC) intermixed with T phase.
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