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Effects of two-step aging treatment on
microstructure and properties of 6156 aluminum alloy

ZHANG Hai-feng, ZHENG Zi-qiao, ZHONG Shen, LUO Xian-fu, ZHONG Jing

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The effects of two-step aging treatment on the mechanical properties, electrical conductivity, intergranular
corrosion and microstructure of 6156 aluminum alloy were investigated by means of tensile, conductivity measurement,
intergranular corrosion experiments and transmission electron microscopy (TEM). The orthogonal test results show that
the pre-aging has no obvious effect on the mechanical properties and electrical conductivity, and the second step aging
temperature and time are the key factors in double aging parameters, which mainly decide the final properties of 6156
alloy. Under the optimum two-step aging treatment of (175 ‘C, 6 h)+(210 °C, 5 h), the ultimate strength decreases slightly
and the electrical conductivity increases. The mode of corrosion changes from intergranular corrosion to pitting corrosion
while the corrosion depth decreases obviously. The TEM observation results show that after two-step aging treatment,
there are plenty of Q' precipitates in matrix, and the coarse and isolate precipitates present in grain boundaries and the
PFZ is broaden, which contribute to improve the electrical conductivity and corrosion resistance while the tensile strength
decreases a little.
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Table 1 Chemical composition of 6156 aluminum alloy

(mass fraction, %)

Si Fe Cu Mn Mg
0.7 0.084 1.04 0.43 0.82
Cr Zn Others Al

<<0.05 0.15 <0.1 Bal.

WS SRR AE MTS-810 HBYAHERRIE L E
HEAT, P APIEER Ky 2 mm/min, FTAFESESTAT4L 1 8
o A RS R0 3% GT/T 12966—2008 #i5E 4 7501
ARG LR EREAT o i (8] ol AR HE ASTM G110
HEAT, T FeR ) 57 g/L NaClH+10 mL/L H,O, ¥
JEE A AR RS P ET AL 2 Lol 20 mL/em®, SE5
W RETEE A (3043) Co KHRFEAER TR 24 h, X
HE, AR A a2 5 mm, JL
0T 1T 4 < AR ) 2% 5 VR BE L A, NG T
Leica DMILM £ AH 2Bt _E 0K 200 £5 042 Ji3 50
SORBE o B LB GERFEL T B FUUUE H At g ki 1
O, FUEAOR 14 TR AN 3/4 W IR A W (AR 4y
), KHWEANA-30 CLUF, TAEHEN 15~20
V, R 80~95 mA. HEIMZAE TecnaiG*20
FESFHLVEE BT, IdE Ry 200 kV.

2.1 EXTWLER

K2 BN IEACRI T G M A R . 6156 154 HA)
I 20(190 °C, 4 h)AbBE 5 &S BTRL R (o) ik
BRI (00.0)~ AR (O FHL T H(p) 731 374 MPa. 348
MPa. 14.7%F1 42.5%(IACS). 5 HZIENFOIRAS T &
G PERRAH LI, ZIEATRE A 1. 6 Fil 8 AU 24 4k
B S5 G G TR PR i i AT =, S B U
UG R AR, SRR R, X3
AN RUR N ROR BRI 195 °C, B B g
S TR A, Py ot BE R et R SR SRS R B, BT
RIEAT _LTh o SIEACRES A 2 F 9 XU b fs &
SrPURIIRSE e RR A R R A L R
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FEARG 2 2 SRR 7%, HFE LT 0.8%(IACS), 22 EXTWIRES

TXPH ARG U I R R 210 °C o IR AT 4 X IEAS S R AT 2= b, VR R — DR 3R
5 RIGRIE N 210 °C, (Hl TS IR FKSE AN ) 2 R S R KA, SR
K, SR HURIT 40MPa, 5558 i RGEE hy 225 C 5E H AR L ERNERES R U o AR 25 S b 4 IR
IR0 I A AH 2 2% 3.

F2 ERRRIT R SR
Table 2 Orthogonal test design and results

Testing point 6,/°C ti/h 6,/°C t,/h oy/MPa 00,/MPa 0/% Y(IACS)/%
1 165 3 195 3 3759 351.1 16.9 41.8
2 165 6 210 5 350.0 3232 16.1 433
3 165 9 225 10 296.6 250.3 15.5 45.4
4 175 3 210 10 334.8 307.0 15.8 43.7
5 175 6 225 3 331.5 302.8 15.8 44.0
6 175 9 195 5 370.4 347.2 17.6 42.5
7 185 3 225 5 320.5 288.2 15.5 44.8
8 185 6 195 10 364.5 340.5 17.1 42.7
9 185 9 210 3 351.8 326.5 17.6 42.8

F3  IERREMZE T E R

Table 3 Range analysis results of orthogonal test

Factor Value o,/MPa oo./MPa 0/% Y(IACS)/%
165 334.8 308.2 16.2 43.5
Pre-aging temperature/C 175 345.6 319.0 16.4 43.4
185 345.6 3184 16.7 43.4
Range 10.8 10.8 0.3 0.1
3 343.7 3154 16.1 43.4
Pre-aging time/h 6 348.7 3222 16.3 433
9 339.6 308.0 16.9 43.6
Range 9.1 14.2 0.8 0.3
195 370.3 346.3 17.2 423
Second-stage temperature/‘C 210 345.5 3189 16.5 433
225 316.2 280.4 15.6 44.7
Range 54.1 65.9 1.6 2.4
3 353.1 326.8 16.8 42.9
Second-stage time/h 5 347.0 3195 16.4 43.5
10 332.0 299.3 16.1 43.9
Range 21.1 27.5 0.7 1.0

Influence intensity H2>t2>91>t1 H2>t2>t1>91 H2>t1>t2>91 H2>t2>t1>91




1028

A G A R

201244 H

AR 22 AT T AR S 88 0 I AL P RS
[R5 4 1 A PERE R SR A E BN %, ]
v TS N RS RN TR (R . Bl RN A
EEM 195 CTHEZE 225 'C, A& Pihramn itk
54.1 MPa, L3 %T 5 2.4%(1IACS); Bl —J %
JEM 165 CTFE A 185 °C, IHEM 3h K E 9h, &
SPUPLR A T R LR Rt . Sk E,
G RO FERT A A YRR R K, B I AR ] R
s RPN 30 4 1) YL F AN T P G Ve B 23
AA IR

2.3 WEBEITZHNK

/i 7 o =3 vl 1 R N L L5 DS R o Y
s, Dol Gr 4 028 SR R, B e B —
BHIEE N 175 Cy 6 he IXFRHE T A SR BB
MK, (A I SR AN AR &, I T AS AR K,
WE1 T REsE, AR T oK, WRARRE . &
SE 195, 210 F1225 “C 5 — g i g, Mk 744

450 30
(a) *— 0y
®*— o2
400 + =—J 125
£ 350} R ——— 120
E ‘\o——o\_’\‘ -
S S
2 300+ 115
& -\-/I\_.‘.
250+ 110
200 1 1 1 1 1 5
2 4 6 8 10 12 14
Aging time/h
400 30
(©) ¢ Oy
o2
e—J 125
3501
%‘3 \ 120
& 300} S
S Y
5 -\\ 115
S
250t ﬁ
110
200 ; - : : 5
2 4 6 8 10

Aging time/h
1 ANFE GNP N A G A TR REN L G R

(175°C, 6h)+(195°C, xh). (175°C, 6h)+(210C, x
h)MI(175 C, 6 h)y+H(225 °C, x h)IIS2EpERERIHL G
ek, MImHE— LA o BEAT (8], LK 1
7R o

MRAEE 3 R 1 T, B NGRS 195 C
I, A S Re S B I RO B, A R AR
ks SRR EE N 225 CHE, BEAR A4 G%
W ETE, (RN TR, SOX AN AN IE
VERZA M NSO B AHLLZ N, 2 gL
TRSEA 210 CHF, BN R (K, 75 G wR e
BEAR, TSR i s U BN S h 2
B, AR e 350 MPa LL L, L SR 4R
e, R IR BN R 210 °C, BRI A
4~5 h.

2.4 WERBTEE E XA & & 8 FE i AY 20
Kl 2 flizs A 6156 544 T6(190 °C, 4 h)A Mtk
JE IR (175 °C, 6 h)yH210 C, 5 h)AS il ) J8g

450 30
(b) o
*— o2
400} "—J 125
£ 350 20
S °
S <
2 300F 115
N .\N/.——ﬂ\'_\.
250 110
200 : ! ' . L 5
2 4 6 8 10
Aging time/h
46
(d)
45+

4— (175°C, 6 hy+

7 (IACS)/%
-9
i

(225°C, xh)
+— (175°C, 6hy+

(210°C, xh)
e— (175°C, 6hy+

431 (195°C, xh)

42 I I I I
-1 1 3 5 7 9 11

Aging time/h

Fig. 1 Tensile properties and electrical conductivity of alloy after different second aging treatments: (a) (175 ‘C, 6 h)+(195 C, x h);
(b) (175 "C, 6 h)H210 °C, x h); (c) 175 °C, 6 h)H225 C, x h); (d) Electrical conductivity



522 %5 4

TR, S5 RN RCRIEERT 6156 Fa-G AL ZURIPERE IR M 1029

MBS . WE 2@ LR ], EZA484 T S )E,
RAK TR R R Rk, R R RAH TR, A
s R 2 R R e, T IR R L
80.29 pum, JLr, S KEBARRAE]T 121.60 pm. H
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DL SERG g mTn, SRR N 3 T ZHE AR
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Fig. 2 Intergranular corrosion micrographs of 6156 Al alloy
after different heat treatments: (a) 190 ‘C, 4 h; (b) (175 C,
6 h)+(210 C, 5h)
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6156 ftr GBI L. W 3@ LA A H, T6
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R UL AEE BN B (MgsSig ! 5341, 1 3(a)
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B3 6156 G440l 190 C, 4 h WAk HLE ) S 21
Fig. 3 Microstructures of 6156 Al alloy after (190 C, 4 h)
peak aging treatment: (a) Precipitation phases in matrix; (b)
SAED of matrix ((001) axis); (c) Precipitation phase on grain

boundaries
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Fig. 4 Microstructure of 6156 alloy after (175 ‘C, 6 h)+210

C, 5 h) two-step aging treatment: (a) Precipitation phases in
matrix; (b) SAED of matrix ({001) axis); (c) Precipitation

phase on grain boundaries
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1 w(Cu) < 0.25% B = a3 4 F0 [ %5 & —>GP
X —p"(MgsSis) —p'(MgySis)—A(Mg,Si);

M w(Cu) >2.5% W« o 1L A % K —GP
[X —f"(MgsSig) —0O'(Al,CuMg,Sis)— O(Al,Cu,MggSis )

M Cu FrEfamnt, BCESZER. A8
A PR S O AR AT R R 5, IX AN IR T g
[ B A

KEHFFLLE TR, 6x00x i G E LI R A
N AR AT H RSN YRR ERIRAR B, Al Ak B i
KB o AHFFH 6156 G G40 PRUER AL S, I
WIRIEEAT K= g, BRIk 4h, /D8R O
FHATH,  IXPIRAT A S A TG e 5 A T, XA
BT ER, G S8 E K. 1%
A BN RO BEAL B, b A AT HE Y B
FERAL, 853 prAH v BEH A prAH B O AR I AH
U(UL(MgALSi,)E% U2(MgAISi)), [FIH AR QA
HHWABHZ, PR AN RS R, B
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