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Effect of quenching technique on properties of forged
aluminum alloy AA7150 with minor Sc

XIAO Dai-hong, CHEN Song-yi, CHEN Kang-hua

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The aluminum alloy AA7150 with 0.3%Sc was prepared by melting and casting technique and forging
deformation method. The effects of different quenching techniques on the tensile strength, exfoliation corrosion
properties and microstructure of the alloy were investigated by using tensile testing, exfoliation corrosion, optical
microscope and transmission electron microscopy (TEM). The results show that the air quenching at room temperature
decreases the tensile strength and exfoliation corrosion-resistance properties of the alloy after aging at T6 treatment. The
elongation of the alloy with water quenching at room temperature is higher than that of the alloy with oil quenching at
room temperature. The tensile strength and exfoliation corrosion properties can be improved after (80 , 30 s) water
quenching+15  water quenching or (80 , 30 s) oil quenching+15  water quenching. Prequenching at 80  can
improve the grain boundary precipitation of the alloys, which is the reason why the properties of the alloy after aging at
T6 treatment are improved.
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Zn 720
AA7150 450 24 h
430 15 mm
Al-Zn-Mg-Cu 90%
480 2h
Sc ( 1) 120 24 h (T6
Sc  Zr )
[3-6] 1
RRA Table 1 Quenching methods of samples
Sample No. Quenching and aging condition
o 1 Air quenching - (120,24 h)
Al-Zn-Mg-Cu
DORWARD [ 2 15  water quenching - (120 ,24 h)
AA7050 T6 ou 3 15  oil quenching (120 , 24 h)
1z (Step-quench and aging, 4 (80  hot water, 30s)+15
SQA) AAT050 water quenching - (120, 24 h)
M@ 09 @ WD 5 et
LIN [ SQA((470 1 hy+
(200 1 min)+ + Té 15 mm>3.5 mm><
d)+(120 24 h)) AA7050 2.0 mm Instron 8802
AA7050 73 1.0 mm/min
3 Tecnai G*
T6 RRA  ( )
15%~20% [14] 30% 70%
Al-8.0Zn-2.0Mg-2.3Cu ASTM G34—
Zr ze =01% EXCO (4 mollL
NaCl+0.4 mol/L KNO;+0.1 mol/L HNOs)
25 15 mL/cm?
Sc KH-7700
AA7150 ASTM G34—79
0.3%Sc  AA7150
T6
- ASTM G34—79
- - HNO; -
N P
1 EA EB EC ED
AAT7150 03%Sc 2
Al-6.5Zn-2.65Mg-2.2Cu-0.3Sc-
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100 | > 3 4 5 Table 2 Corrosion grades of samples immersed in EXCO
Sample No. solution for different immersion times
600 (b) Sample 5 Sample N Corrosion grade
— ample No.
500} Sf"“r"“mJ lh  4h 8h 12h 24h 48h
- Sample 2
Sample 1
_ 400} 1 P- EA EA+ EB EC ED
= 2 N P P+ EA EB- EB+
2 300F
2 3 N+ EA- EA EB EB- EC
@
2001
4 N P- P EA- EA EB
100 5 P- P EA—- EA EB-
0 1 2 3 4 5 6 7 8 9
Strain/% 23
1 (a) — 1~5 120 24
(b) h TEM ( 3) 3
Fig.1 Tensile properties (a) and stress—strain curves (b) of T6 5 7'(Mg,Zn)

alloys at room temperature
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3(c)) 80 30's 15
n(Mg,Zn) (PFZ ) 4
( 3(a)) ( 3(d)) 80
3(b)) 3 30's 15 4
2( 5 (3

EXCO 48 h

Fig.2 Surface morphologies of samples
with different quenching and same aging
treatments, immersed in EXCO solution
for 48 h: (a) Sample 1; (b) Sample 2; (c)
Sample 3; (d) Sample 4; (¢) Sample 5
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Al-Zn-Mg-Cu

Fe

TEM
Fig.3 TEM images of samples with
different quenching and same aging
treatments: (a) Sample 1; (b) Sample 2; (¢)
Sample 3; (d) Sample 4; (¢) Sample 5

3)
(PFZ )



20 2 Sc AA7150 231
80
PFZ 4 (3] T6 550 MPa
7% 80 T6
PFZ ( 4) 80

n(MgyZn) T6

2)
80
( 1)

3) 80 15

X,

REFERENCES

GB Distance

Fast quenching

X¢ \
\ A quenching

Distance

PFZ
(b)
4 PFZ (3]

Fig.4 Schematic diagrams of effect of quenching rate on PFZ
width!"™: (a) Quenching vacancy concentration profile; (b)

Curves of PFZ width and quenching rate

PFZ

[16]

80

1)

(1]

(2]

[3]

(4]

[3]

(6]

(7]

(8]

IMAMURA T. Current status and trend of applicable material
technology for aerospace structure[J]. Journal of Japan of Light
Metals, 1999, 49(7): 302-3.5.
[I. , 2002,
12(Al Special): 22-27.
CHEN C Q. Development of ultrahigh-strength aluminum
alloys[J]. The Chinese Journal Nonferrous Metals, 2002, 12(Al
Special): 22-27.
, , , . Sc AA7085

[J]. , 2008, 18(12):
2145-2150.
XIAO Dai-hong, CHAO Hong, CHEN Kang-hua, HUANG
Bai-yun. Effect of minor Sc addition on microstructure and
properties of AA7085 alloy[J]. The Chinese Journal Nonferrous
Metals, 2008, 18(12): 2145-2150.
WLOKA J, VIRTANEN 8. Influence of scandium on the pitting
behaviour of Al-Zn-Mg-Cu alloys[J]. Acta Materialia, 2007, 55:
6666—6672.

R R . Al-Zn-Mg-Cu-Zr
[J]. 2006, 35(6): 913-915.

DAI Xiao-yuan, XIA Chang-qing, LIU Chang-bin. Effect of Sc
addition on microstructures and mechanical properties of
Al-Zn-Mg-Cu-Zr alloys[J]. Rare Metal Materials and
Engineering, 2006, 35(6): 913-915.
DVYDOV V G, ROSTOVA T D, ZAKHARO V V. Scientific
principles of making an alloying addition of scandium to
aluminum alloys[J]. Mater Sci Eng A, 2000, 280: 30-36.
MELVIN H B. Three-step aging to obtain high strength and
corrosion resistance in Al-Zn-Mg-Cu alloys. US 4477292[P].
1984.
OLIVEIRA A F Jr, de BARROS M C, CARDOSO K R. The
effect of RRA on the strength and SCC resistance on AA7050
and AA7150 aluminum alloys[J]. Mater Sci Eng A, 2004, 379:
321-326.



232

2010 2

(9]

[10]

(1]

[13]

FENG C, LIU Z Y, NING A L, ZENG S M. Retrogression and
re-aging treatment of Al-9.99%Zn-1.72%Cu-2.5%Mg-0.13%Zr
aluminum alloy[J]. Transactions of Nonferrous Metals Society of
Chin, 2006, 16(5): 1163—1170.

NING Ai-lin, LIU Zhi-yi, PENG Bei-shan, ZENG Su-min.
Redistribution and re-precipitation of solute atom during
of Al-Zn-Mg-Cu alloys[J].

retrogression and  reaging

Transactions of Nonferrous Metals Society of China, 2007, 17(5):

1005—-1011.

DORWARD R C, BEERNTSEN D J. Grain structure and
quench-rate effects on strength and toughness of AA7050
Al-Zn-Mg-Cu-Zr alloy plate[J]. Metallurgical and Materials
Transactions A, 1995, 26(A): 2481-2484.

OU B L, YANG J G, YANG C K. Effects of step-quench and
aging on mechanical properties and resistance to stress corrosion
cracking of 7050 aluminum alloy[J]. Materials Transactions JIM,
2000, 41(7): 783—789.

LIN J C, LIAO H L, JEHNG W E, CHANG C H, LEE S L.

[14]

[15]

[16]

Effect of heat treatments on the tensile strength and
SCC-resistance of AA7050 in an alkaline saline solution[J].
Corrosion Science, 2006, 48(10): 3139-3156

, , , AlZnMgCu(Zr)

[J]. , 2007, 28(6): 45—49.

LIU Shen-dan, ZHANG Xin-ming, YOU Jiang-hai, ZHANG
Xiao-yan. Effect of quench rates on fracture behavior of
AlZnMgCu(Zr) alloy[J]. Transactions of Materials and Heat
Treatment, 2007, 28(6): 45—49.
PORTER D A, EASTERLING K E. Phase transformations in
metals and alloys[M]. 2nd ed. Champan & Hall, London, 1992:
304-307.
SYNECEK V, SIMERSKA M, BARTUSA P, LOFFLER H,
GERLACH R. Structure of the grain boundary region in an
Al-15 at.% Zn and Al-2.0 at.% Zn-1.3 at.% Mg alloy aged at
elevated temperatures[J]. Crystal Research and Technology,

1983, 18(10): 1261—-1276.



