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Effects of up-quenching on age-hardening behaviors in Al-Mg—Si alloys

Hiroyuki TODA* Masayuki MOTOE™*, Kazuhiro KADOUMI**
Yoshihiro NAKAYAMA™** Masakazu KOBAYASHI™* and Toshiro KOBAYASHI*

Inspired by a success in applying a fluidized bed furnace to high-temperature solution treatments, the present authors
have attempted to modify the age-hardening characteristics of Al-Mg-Si alloys by utilizing its superior heating rate.
Two-step ageing treatments have been applied to five kinds of alloys with different Mg,Si and excess Si contents. Heating
rates for the first and the second ageing treatments have been varied as well as ageing temperature for the first ageing
treatment. It has been clarified that the rapid heating to the first ageing temperature enhances strength compared to the
standard T6-temper for all the alloys tested, especially for a balanced alloy with a low Mg,Si content. It has been con-
firmed that small precipitates are formed in high density in such cases. In most cases, the improvements in hardness have
been observed by adding the ageing treatment at 353 or 373K for only 0.8 ks before the ordinary ageing at 450 K. We at-
tribute this to the suppression of unfavorable clusters which ordinarily form below those temperatures during heating.
(Received April 24, 2009  Accepted July 20, 2009)
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Table 1 Chemical compositions of the Al-Mg-Si alloys used (mass%)

Mg Si Ti Fe Cu Zn Mn Cr Mg,Si | excess Si |excess Mg

0.68B 043 0.29 =001 0.07 =001 | =001 | =001 | =001 0.68 0.04
1.56B 1.01 057 =001 0.16 0.31 0.02 0.02 0.09 1.56 0.02
2.68B 1.74 0.98 =001 0.09 =001 | =001 | =001 | =001 2.68 0.04
0.67S 0.42 117 =001 0.08 =001 | =001 | =001 | =001 0.67 0.92
0.785 0.49 0.44 =001 0.16 =001 | =001 003 | =001 0.78 0.15
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Fig. 1 Schematic illustration of chemical compositions of
the Al-Mg-Si alloys used. The differences in Vickers hard-
ness between the rapid and slow heating in one-step ageing
treatments as well as those between the one-step and the
two-step ageing treatments are shown as numerators and
denominators, respectively.
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Fig. 2 Comparisons of age-hardening curves for one-step and two-step ageing treatments with high (H) or low (L) heating

rate to the first and second ageing temperatures.
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perature are demonstrated.
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Fig. 8 Bright field TEM micrographs of alloy 2.68B, repre-
senting the effects of heating rate to 373K in the alloy.
Heating rates are (a) 3.0K/s and (b) 0.02K/s.

SR O S ISREINT R OB S <, Do N
ThdHIENDLMDE, INUNDOELTDH, [REOMHEIFE
Do,

4. & 3

4.1 ZBEBIMTOREEEDOHR

— B H I sh &t A 373K-86.4ks IC[E]E L 72 Fig. 2 D F i
FERTI, BRI O 5 B & 0 b et & 23
AL R LN, L L, HLMOAEKE L, FhifiE
PN R O R 2K L 72 Fig 5~Fig. 7 Tl&, ¥ ~xXToH
S THROUESEIE O B hi— B M % fcs i & ¢ R[] 2
fEREB ST, BREMSE b6 Lic—B HRFRAE L, 353
MW LIE 373K ThH D, 333K kT b —Eiizhz blnl 2 i
WEA2 oI/ T RN TOELTHAET 5, TDTE L
D, 333K LI ETOREhF HEFED 450K TOZ & —F T
LEAGLTHBY, (KETO TR ) O —i%
M EbLOTEEZ LN S,

R, Fig 3 o—BHIFEBEEZOES (Ko7 — %)
WWERT 5 &, —BHOMERE T cREFRL B EIC,
SR L O DTG LB ERED S,
nid, —BHRNRE~OFEIICAERT 57 525710k 5
BRI TH 5, %7, —BHIFNRE F CRdAimol;
&, VWINOGeTb—BEREAR X b ZEHNYT oK
SEREG S A BT 5, S, FEAPICAERTE 7 528
IR BHDHEBIFI S hIFEREEZ 5N 5, Fig3 (@) D
0.68B# T, FRiC 3Kis FRDOESICHON S X D1, 373K
H3h < DL 13 100ks TR O B IRIFH O % ICBIF I S5
%, Fig. 3 (b) @ 0.02K/s F-## T, 068B# &[6] U & 5 73
RN R SN 201, BT s 52 5 HEKIckD,
373K REFH D GP v — v I E 3 2 s fafIEA TR 342
Lo SR E N5, LI EOERIF, 343K &85 L Tyl
Horz o2y (EEM: 2525 (D, @@l : 2524
(2)) BARL, FiE 3@ OREEE T O LEB DI L,
HEG AL LB LI Bk 5 & O S oI
wad 3 DI —F T, Maruyama 5 9 RFAHS Y oET
BARBRICELKEL B & s b, RFFEOHPHTIE, —B
HIEZhRE A~ OFRE R ICH S PELLIEROK Fe L, =
USRS 2 R IEIABIC IEERD S s,

Fig 4 13, {KEFEPT VL 333K fRIFHIZ 7 5 2 9 ARk
TH5IEEREICRKT S, —/, Fig 4 (b) T268BH%
373K THxhd™ 254y, (EFEM T B KU B 51

B4E 59 (2009. 10)

RIERELVWHDOD, Fig 3 T/RLAES F EAERAZRE
T3, BD X 51z, dilis o T H 323~363K O
hcESHEI I REBE LR ATuRw Y, Th
3, TOREOREHHTRZ 925 EGP Y/ — vt
RS EIRFIC A T L, HARPTIC S E 3 i O I B O s sk
EharbEEbh s,

LI AT, Fig 2 T, RBENT v 258 T EdAR
X0 EEshF coRENEME N, TRENS v 2548
TEHEEAZE, SGEENS VAEETEYIELES NS &V
SEHEMNR SN, Frz, @S G4 Tl T ORISR
BoNEMhote, T, MASHREST L1, o
HE4D Mg,Si B OE O THERES N2 hE s 0 12,
o O ORI DM RN TR B 57 525
R OGEIEIC L D EEINDE I EERELTWSD, I
T H 5,

4.2 —EBERVERHN_EBVRORSESICRIITE

488

Fig. 5~Fig. 7 T, {KEE NS v 2H5& B4
LEMESROE L Kot F, KEE NS v 2EE£THE,
— B H 5T 373K-800ks & E M OB & IS Ol &
NELNTWE, —7, AU 333K TR O —B H k%)
Tld, 450K TO—BRIF & b SIS RZB VTR &7 -
foo KBE, Fig 4 () OFBESKENIC S, K#EFE DB L
3BK AFFH (~8H k) OEFRZ{LRIE STV W,
1, 393K-800ks ®D—ErHENEMETIE, D% 450K TD
BeshfiffbidZ L<, ThioEov—EHoREER T\,
450K TO—B X DS BELS - T d, TNH0H
Fid, BphEbicEcE 595 ORI E LTIk
W52 5250 GP V' — VI3, 373K PR TEEHE L 2245
BT AR L T2 D D 450K T OIS L 2 (g
T30, TNL0EHREE O LIRE 0 KETOR T, i
X E L THRDBEEL VLA ZITELT VLD RS
Nd, i, 393K TO—EHERNTIE, B HBKRD BT
4 s07c, KEFEO—EHEGHLD B HOEE LY A X
DETARELZDTRIE VWA EHEES NS,

WIS, SEEANS v 2E840 268BH T, Fig 4 © 373K
IR THEE 7 5 2 5 HERERIDSED 5N b, & A0, Fig
6 T _EEHMEIRIcREEE b e 59 DI, 353K-08ks &
T EREEES OB A TH B, Figdhbbhr b ki, T
DEMFETERER 7 525 DEBGEREOFEITH S, i,
ZDHBOEENTGP V' — v B HICER T 2 S O L
Dy 52y B—BHBITEL 384T, RilkHE LTS
FREPT A XD BRERD O, HELLEICERRO—
BIEIRIFE LS RVWELEZL OGNS, /NKDIF, NF VR
BEOEEcoOVWTRIL Y, BEEASLLBIEL,
GP V' — v B HOFEKIH &2 518\ 5 2 & R L9
WEREER LTV b, RIFEORERIE, okl coii
ELEFELIE O,

&I, R Sifk DB, —BRR) & B D &
WH/hNS <, ho—BRENDEMFICbIMETH S &N
Fig 7 £ b b» 5, Fig 4 (o) T, 333K F TOFRREEIC
X 5T —EHNRGER (KAl OBEKHIDUIE/ NS
BEAR > TH Y, 3BKLUTOEKIETD 7 5 2 & A pkf#n
BFZLWwEEbnd, —7F, 3BKAFRICBEAERL 2 5 2



J.JILM 59 (2009. 10)

SRR O N %, £7, 333K £ TOEEABM TR 2 5
2 5 HERSEAE T <, 33K E TORBAREMTIE S 5
2D BEE TH B T EN D, 33375 373K % TOHIPHD
EEARBEET 7 5 R I ERPELTWE L TcE 5, C
DA, Fig 3 (o) Ois ERMEAEHEALTED, 333K
UbTHEC27 529 P bR b LTEHBY, TALFD
EEETAR T 2 00fE, 0 LEIRORE 32 5 2 5 OFFELE
HD5VILEEZIED 5NTV, H o305 St 444 % 373K T
BhL, oo 528 (2) EFERT 525 O A Xk
mL, Mg/Sithd —Elicilnrid 3 &a2HMELTWE W,
KL OFERIZ, WoNny 524 (1) EFESYIHZ 524
OHERGEIEOIELE & V>, Fig 3, Fig 4 TligRshizs
7 25 Etkied TR S 0N 5 v 254 LR
Sig&sTRELEOZAMNM S, LrL, BHEDOH, nd
% ERTH-DOHRIFE SN TV,

b, #& El

SO N S v 2B & OEE Si KO Al-Mg-Si R A
LaRMV, —BEEE & O T BRh IR TR £ TR0
FiRT AR AT, BT RBEE SR EED SN
hotcbon, —BHIEREF CRUsFIRT 2 B
WEETE, WINoGe8 T Bk 0 s 23 Ld 51
BHEEDSEAE L tce TG, BEDLERERE & C{REAE L 72
Btk L £ oo RhiEbicE S5 Liswvw s 5 2 7 OARK
D, AHFEICE VIR TE A D EEZOND, BT, K

575

BEONS Y ZBETETOMBRPRORKE L >, R
SHILFRII TEMICb a2 bEx b 5908, < EHE oM
BT, 2B ORI ERS 2 5 K & SR
5N 5G4 IR L 7o IR O R LR % 85 o Ish
BELALENCEINT 5 2 &3, ERAMK RGN T 260 &
S b,

BEE

MRS & i, 87y 26 (DHE #E, Lok
FEEG, PEIIEBIKIC L 20 D& DEHEL £,

2 £ X #®

D &k BULEE, 37 (1997), 161-167.

2) AZNE, FHnZ, Wz, IERS, £ & BeE,
55 (2005), 159-163.

3) T. Nishimura, H. Toda, M. Kobayashi, T. Kobayashi, K. Uesugi and Y.
Suzuki: Int. J. Cast Met. Res., 21 (2008), 114-118.

4) G. W. Lorimer and R. B. Nicholson: Acta Metall., 14 (1966), 1009—
1013.

5) D. W. Pashley, M. H. Jacobs and J. T. Vietz: Philos. Mag., 16 (1967),
51-76.

6) M. Maruyama and K. Hono: Acta Mater., 47 (1999), 1537-1548.

7) A. Serizawa, S. Hirosawa and T. Sato: Metall. Mater. Trans. A, 39A
(2008), 243-251.

8) WA, h¥r Af @ efE, 50 (2000), 23-36.

9) EIFHZE, 5K FH, OORAK BR4eE, 28 (1978), 553-557.

10)  rhpliskdk, kil @ B4, 55 (2005), 199-203.

1) B i &eE, 56 (2006), 592-601.

12) WAHfE, abEy o D RS)E, 53 (2003), 457-462.

13) JAKRFHRE, MHE—, FHHEHE  $#eE, 56 (2006), 667-672.



