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Table 1 Chemical composition of 2219 aluminum alloy

Si Fe Cu Mn Mg
0.19 0.3 6.32 0.28 0.026 0.062
Zr Zn Ti Cr B Al
0.12 0.028 0.042 0.003 0.021 Bal.

K TecnaiG*20 43T v W 5 I kA4 S el
28, Mgl 200 kV, IESFEM EASN 3 mm, £
JEARMEE 0.08 mm, £F MIT-IT B XUmE e 4% 1
70%CH;0H+30%HNO; (/A F 53 50) i AU s i, R
PR, XU B 7E—25~-30 C, Hififiik
PEtAE 20 V 224

P SIS R RIS N A 3 ANFE, $% I
GB/T16865-2013 K i ThrfiildE, Wkl 1 Fior.
7E CSS—44100 B J7 BRI AL b EAT R fii ok Ge il
W, BN 2 mm/min, 3 RS S HEECE S 1
N A S A5

Cu Element w/% x/%
Al Al 4625 6691
Cu 5293 3251
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TWRAZN. 5 T6 &M, HRZL 10 h 5 HFEM
S T ARRLF A BCER S0 P KON (R B 10 h B
12 h I, 58 AR RO RN B, B A is 2
KH170 °C, 15 h) PRI AR B, 55 k1 T R A
B, JF H R I R ESAOLE 1(d). BT
BT H AR, R AEAE IR PE AR T B fEbT AR A et
e G AL RAARTEAN I, FEIRL A, 1R
JIIAE R N A4S 25 D SR TP ALK, 5 kS it 1] BT 2
FEE A 4 ATl RERE IR T, 2R
AR E ARG E N ALFT Cu, BEIRELZN 2:1,

El1 4 PGS AR ) SEM A1 EDS %
Fig. 1 SEM images and EDS patterns of 4
specimens with different states: (a) T6; (b)
T6+(170 °C, 10 h); (c) T6+(170 C, 12 h),
(d) T6+(170 ‘C, 15 h); (e) EDS of Fig. 1(d)
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Fig. 2 Feature on grain boundary of samples aged at 170 'C
for different aging time: (a) T6+(170 ‘C, 10 h); (b) T6+(170 C,

12 h); (¢) T6+(170 °C, 15 h)

(170 °C, 10 hbPEfS, JoH] WM S FEICHT AT, 7E b
S R EESORIE S A AT AL 2()): PRI
12 h, AEYEM AT A, SEEEZ92 40 nm(
Kl 2(b)); # 15h, PFZ 9622 140 nm, &5t EAEH
K HFEAELL S A (AT HAHOILIE 2(c)). B IR0
HEAT, PFZ BEREXGIN, & & dh A AR b HoAH B 2oL,
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FEpRP IR, AR AR SRR IR, PRGN HTIE S,
X Ao B A A R E s 0 A AL S AT
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Fig. 3 Aging precipitate phase and diffraction patterns of 3 specimens at different states: (a), (b) T6+(170 C, 10 h); (c), (d)

T6+(170 C, 12 h); (e), (f) T6+(170 C, 15 h)

ST HAH BRPIRES B LR A AR FH AR « ) Tmaged A
T 2219 856 4 OB F 30N TEM AR AT H
AR R AR 2 2, ik 2 ol i oTgs
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Table 2 Statistical results of precipitates size and volume

fraction

Aging condition Aspectratio  Volume fraction/%

T6+(170 C, 10h) 12.6 4.69
T6+(170 C, 12h) 11.1 7.98
T6+(170 C, 15h) 9.7 8.12

WEAREA 0 Mk, 251, 2219-T6 &4 B
Z3L(170 °C, 12 h) PR ROAR RN, & 4 AF e KR
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Fig. 4 Mechanical properties and stress-strain curves of samples treated at 170 ‘C for different aging time(Each aging state
sample was tested three times and the curves were labeled as red, blue and black, respectively): (a) T6+(170 C, 10 h);
(b) T6+(170 °C, 12 h); (c) T6+(170 C, 15 h); (d) Effect of aging time on mechanical properties
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O ARG A ) e RE P~ A U R, I 0 AR R
SCRENLT 041, R DN S0 R P I s S R P A
Wi, ASEAS KA (1 5 FEE ALt BB A ) R B PFZ 6 50K
140 nm, 76N IAAE N ALE 75 S e AL B 1Y) PFZ
WM, SR SRR, 5 AR B SRR A
RIMG, HESHARGE G R AEZTEAIE, BRI
R, PRI A TR, i I
HODIE R B R, SRR L T N RO A
ZrbpTik, 16170 C R 12 h, MEEPTh
it IR 2 0531 &g 406 MPa F 314 MPa, iK%k 5
8%, LrErthRemAL, Wik 3 Fral,

F3 BEEAFINE TG
Table 3 Mechanical properties of samples with different

aging time
Aging condition oy/MPa 092/MPa Js
T6+(170 'C, 10h)  340%10 225+15 9%+ 1%
T6+(170 'C, 12h)  406+3 314%10 8%t 1%
T6+(170 'C, 15h)  403%5 312+15  55%+1%

3 g

1) PRI 25 ) 5 A G PO 2 204 B 25 S i,
[ 10 h B9INE) 12 h, A& HT AR 5 H0E K,
AR R IREC AT 1) 0" IR A NI o3 A (6 0,
FETCHT H A B8 SEBE N, A5 A bt 9] s b e 45 A
B3 .

2) MPEI R TR RE K AR 15 h, 55 AR B
WIBRIG, S FTCHT A SR RIE S, & 4arh
BT ARG B8 Lk, oA S N, A AR T
FaAf 0, A ORI AT AR 0, U 4 I 2k
A

3) 2219-T6 B 4 XOBIR ) J) 5tk R 5 s 20
(A7 B S (i DG R, RS N RO R AT, KRB
A7 N I 0 e U Y2 R B N R R N ]
¥, 2nk(170 °C, 12 hy P ROh s, FEHTR R
ILF] 406 MPa, Jit RS0 A 314 MPa, KA 8%,
FLy SRR RS M 2 G s i e
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Effect of reaging on microstructures and
mechanical properties of 2219-T6 alloy fork-like ring

HUANG Yuan-chun®2, WANG Ye-junl’ 2 XIAO Zheng-bingl’ 2 REN Xian-weil?, XU Tian-chengl’ 2 LIYin"?2

(1.State Key Laboratory of High Performance and Complex Manufacturing,
Central South University, Changsha 410083, China;
2. Light Alloy Research Institute, Central South University, Changsha 410083, China)

Abstract: The effects of reaging on the microstructures and mechanical properties of 2219-T6 alloy fork-like ring were
investigated by tensile test, scanning electron microcopy (SEM) and transmission electron microscopy (TEM). The
results show that after reaging at 170 ‘C for 12 h, the tensile strength, yield strength and elongation of the fork-like ring
are 406 MPa, 314 MPa, 8%, respectively. Increasing the aging time, the mechanical properties of the alloy has fallen
greatly because of denser precipitates and wide precipitate free zones (PFZ). Compared to aging treatment (170 ‘C, 12 h),
the aspect ratio of precipitates decreases and large number of 8" precipitates transform into 8’ precipitates, some of that
become thick 6 precipitate.

Key words: 2219 aluminum alloy; fork-like ring; reaging; microstructures; mechanical property
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