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Table 1 Chemical composition of 6061 aluminum alloy

(mass fraction, %)

Cu Mn Mg Zn Cr
0.15-0.4 0.15 0.8-1.2 0.25 0.04-0. 35
Ti Si Fe Al
0.15 0.4-0.8 0.7 Bal.
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Fig. 1 Heat treatment flow of 6061 aluminum alloy with
parking effect
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Fig. 2 Microstructures of 6061 Al alloy under different quench delay time: (a) 0 h; (b) 6 h; (c) 12 h; (d) 24 h; (e) 7d; (f)30d
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Fig. 3 Grain size of 6061 Al alloy under different quench

delay time
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Fig. 4 Effect of quench delay time on 6061 Al alloy hardness
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Fig. 5 Relationship of quench delay time with yield strength
and tensile strength of 6061 Al alloy
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Fig. 6 Relationship of quench delay time with elongation and
yield ratio of 6061 Al alloy
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Fig. 7 True stress—strain curves of 6061 Al alloy under different

quench delay time
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Fig. 8 First-order differential of stress and strain curves of

alloy
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(a) SED image; (b) BSD image

SEM images of aluminum alloy parked for 2 h:
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Fig. 12 SEM images of aluminum alloy parked for 12 h:

(a) SED image; (b) BSD image
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Fig. 13 SEM images of aluminum alloy parked for 24 h:
(a) SED image; (b) BSD image
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Fig. 14 SEM images of aluminum alloy parked for 15 d:

(a) SED image; (b) BSD image
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Fig. 15 SEM images of aluminum alloy parked for 30 d:
(a) SED image; (b) BSD image
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Fig. 16 Microstructures and elements distributions of 6061 aluminum alloy parked for 2 h: (a) Microstructure; (b) Al; (c) Mg; (d) Si;
(e) Fe
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Table 2 Elements concentration of 6061 aluminum alloy parked for 2 h

Mole fraction/%

Spot -
Al Mg Si Fe Cu Cr Mn
1 97.48 1.79 0.37 - 0.07 0.14 0.05
2 89.23 1.67 3.12 5.22 0.18 0.39 0.2
3 91.08 1.74 24 4.02 0.1 0.52 0.14
4 81.18 1.18 6.17 10.09 0.48 0.62 0.28
5 97.23 1.71 0.63 - 0.06 0.13 -

Fig. 17 Microstructures and elements distributions of 6061 aluminum alloy parked for 12 h: (a) Microstructure; (b) Al; (c) Mg;
(d) Si; (e) Fe

=3 512 h i 6061 8 E TR RIWRE

Table 3 Element concentration of 6061 aluminum alloy parked for 12 h

Mole fraction/%
Spot

Al Mg Si Fe Cu Cr Mn
1 97.36 1.96 0.3 0.14 0.12 0.12 -
2 84.93 1.61 0.11 11.64 0.68 0.75 0.28
3 84.21 1.69 0.67 11.73 0.67 0.75 0.27
4 90.92 1.92 0.65 5.58 0.35 0.44 0.15
5 83.68 1.4 4.69 8.74 0.48 0.73 0.29
6 86.7 1.64 2.98 7.42 0.42 0.62 0.22
7 97.58 1.72 0.38 0.19 0.05 - -
8 85.55 1.54 3.9 7.8 0.51 0.47 0.22
9 97.47 1.53 0.4 0.27 0.14 0.16 0.02

Feoh 1.864 2.49 }¢ 2.00, HEMI a-AlFeSi AH; [FIET, 18 Frm NIETH 24 h N &<a RO A LRI TT R

B2, B3 5A 4 BT Fe IRFEEIREIIEE —AH, A, R 4 FTHIRAS BICERIIE R H. 5K 18
Hodr Si AN LA S I E ik E R Fe TRtk &9, %5 FFRATTUBE, S 1. 2. 3. 4 HEEWRE Fe 15
TAH R Z LB BCIR SR . TR, H Fe IKEHE— BT, 5 A
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Fig. 18 Microstructure and elements distribution of 6061 aluminum alloy parked for 24 h: (a) Microstructure; (b) Al; (¢c) Mg; (d) Si;

(e) Fe

T4 [EH24h I 6061 RG-S ITTRIRE

Table 4 Element concentration of 6061 aluminum alloy parked for 24 h

Mole fraction/%
Spot

Al Mg Si Fe Cu Cr Mn
1 70.82 1.22 0.09 24.66 1.27 1.3 0.63
2 78.88 1.67 0.21 16.63 0.95 1.19 0.47
3 72.59 1.34 0.15 22.67 1.43 1.22 0.6
4 70.1 1.29 0.18 25.19 1.17 1.49 0.58
5 90.9 1.17 3.37 3.75 0.31 - 0.15
6 85.41 0.93 5.44 7.09 0.54 0.41 0.19
7 96.64 1.95 0.22 0.68 0.24 0.21 0.07
8 97.52 1.79 0.34 0.14 - 0.18 0.02
9 96.77 1.6 0.95 0.21 0.16 - 0.07

KHRE LD, %5 Al 5 Fe BEIREL 2051 2.87.
474, 320, 2.78, ZEEAMTHEN AlFeo B4, A
5. 55 6 A a-AlFeSi .

i 2500 2 R AT H A AN T S AR I R O E
ik R R > R T B SGP X —op” M —
SIUVU2/B'IQ FH —p/O/ KR +Si o &F IR 7 #H AT #E IR
BIUVU2/BIQFHEEHAN R WASAR, Atk B AR 2%
SRRSO SO R R, I R R TR
e GP X. 2 GP XM RSN FIG AT, B
BRI GP XK 2 75 N B 250 S8V N [V A4, TS
RS T REC, GP X RSPk, fE 12h i, GP R
SRR AT NIRRT, AR EE, AR
JEF SR, (BAORER T2 GP X, A

T AR E, AR R N LR, Mg #
Si JRF4REEmE R GP XAmE KK, FIF bR
BTt 130 24 h )5, A5 AR R AT TR, R
L HE R (1 [ > 200,
WRIE2115CHR, & & Fe 158 AR T 7ES1E W
BUAfELE, kB 5 LIV BR . EAF O R, (2R
KK Si FENVRRIERRE /N T Mg, FEGRE, &
e, 5 Fe X a-AlFeSi, i) AN TR R4
Mg,Si AHBT AR, FRAR T BT s 3R, A
SRAAHECE R D s SR AR BRI R RANAS T 2% BUAR NS
SRR, B LIRS R AR N . R
BRI 12~24 h i), 6061 & 4 I5REH T N4
HaHR N BRI R A R R R E R 454 SED
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A1 EDS SR AL, BEE SN (8] TR, & & Fe 1
FEMRLT(EEN a-AlFeSHKRFEE R m: 215
A 12 h N, & Fe A58 MDA B 5 15 F5ON 1)
RISER, HAVNRTESE R T2, NEUAH
FURBIBCRAR, X APRHRRL R RE ™ 4 T fom, 33
HApR R,

3 &g

1) 1ERUS TR 6061 FAA 41 SRR~ oK
W, SEHE KRN SN R 6~12 h B,
AL RS B OO 74.5 pms (RO TR 24 h S5,
WL RSP IZ A /N 2 59 pme

2) 6061 A& G AEIET 2 h W A1 BE AR AL /N
TR TR NS 12~24 h IF,  drom B A st A 5
B BAIC, BRI S, JESRILEIC, MR At
RERAL; ARSI Ot 8], A sm B R T, 20 15
dJG, Btk TRE.

3) ISR 6061 £5 -G Gt K BV I B T
(IR AR /N, AELX 3 9 P A T e 3 o BB A KR
{57 Oh REER TG HT, JE RS, S046 48 T X B
s 457580 12 h BURE R T A% KRS, AR T3 SR
45 EEPLERTT 1~2 mm 4.

4) BEE SRS K, 6061 A & W D)
B HAMREABIG I, 28 AR RST A
K, TEAREERIR, FPIRIZEEE A BCR . Hok.
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Influence of quench delay time on mechanical properties and
microstructure of 6061 aluminum alloy

KOU Lin-yuan"?, WANG Guan"?, MA Chao', BIAN Dong-wei'

(1. School of Mechanical Engineering, Ningxia University, Yinchuan 750021, China
2. Ningxia Key Laboratory of computer Aided Engineering Technology for Intelligent Equipment,
Ningxia University, Yinchuan 750021, China)

Abstract: The dependence of the mechanical properties and microstructure of 6061 aluminum alloy under different
quench delay time were investigated by the combination of macro-detection and micro-analysis. The results show that the
quench delay time has a great influence on the grain size of 6061 aluminum alloy, and the grain size increases first and
then decreases. The quench delay time has a great influence on the elastic-plastic transition deformation of 6061
aluminum alloy, but has little effect on the elastic deformation. The 6061 aluminum alloy has no obvious change in
mechanical properties during quench delay time of 0—2 h. After deformation, the surface of the specimens is smooth and
the deformation coordination is better. When the quench delay time is 12 h, the tensile strength and yield strength of the
material are minimized, but the elongation increases. Meanwhile, the surfaces of the specimens show the appearance of
orange peel and the deformation uniformity is poor. When the quench delay time is 12 h—15 d, the strength of the alloy
rises and gradually stabilizes. The results of microscopic analysis show that, with the increase of quench delay time, the
diameter and depth of the dimples of the 6061 aluminum alloy fracture increase, and the sizes of the second phase
particles also increase. The shapes gradually change from spheres and ribbons to plates and blocks. The optimal quench
delay time of 6061 aluminum alloy is 12—24 h. The research results can provide theoretical guidance for the optimization
of 6061 aluminum alloy processing technology.
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