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Effects of trace Cr and Nb additions on mechanical properties and
stress corroded cracking of Al-Zn-Mg-Cu-Zr aluminium alloy
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Abstract: The effects of Cr and Nb additions on mechanical and stress corrosion cracking properties of Al-Zn-Mg-Cu-Zr
aluminium alloy were investigated by microscopy, hardness, tensile test and stress corrosion cracking test. The results
show that the Cr and Nb additions to high strength Al-Zn-Mg-Cu-Zr aluminum alloys can significantly inhibite
recrystallization during solution treatment. The tensile and yield strengths, elongation, hardness, stress corrosion cracking
resistance of the Cr and Nb containing alloys are moderately improved, comparing with the alloys without Cr and Nb

additions. By Cr and Nb additions the critical stress intensity (Kiscc) is enhanced from 9.8 MPa-m'? up to 15.2 MPa-m'?

with maintaining high strength and ductility.
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Table 1 Nominal composition of studied alloys(mass fraction, %)

Alloy Zn Mg Cu Zr Cr Nb Trace
No. elements
1 86 25 22 016 <02 Bal

2 86 25 22 016 015 005 <02 Bal
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Table 2 Mechanical properties of studied alloys

Alloy No. Aging HRB oy/MPa o,,/MPa  0/%

1 T6 95.2 710 684 8.9
2 T6 96.8 721 707 9.4
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Fig.1 Optical micrographs of as-cast studied alloys: (a) Al-Zn-Mg-Cu-Zr; (b) Al-Zn-Mg-Cu-Zr-Cr-Nb
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Fig.2 Optical micrographs of studied alloys under different annealed conditions: Al-Zn-Mg-Cu-Zr, (a) Hot extruded condition; (b)
470 ‘C for2 h; (c) 480 C for 2 h; Al-Zn-Mg-Cu-Zr-Cr-Nb, (d) Hot extruded condition; (¢) 470 ‘C for 2 h; (f) 480 ‘C for2 h
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Fig.3 Relationships between hardness and annealing

temperature of studied alloys
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Fig.4 Optical microstructures of studied alloys with T6
temper: (a) Al-Zn-Mg-Cu-Zr; (b) Al-Zn-Mg-Cu-Zr-Cr-Nb
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Fig.5 Curves of stress corrosion crack growth rate v vs stress

intensity factor K of studied alloys

5 AR SRS, TR Infs e MEML12 8L AI3X AR
[A#f, 7EAl-Zn-Mg-Cu-Zr-Cr-NbiR i] Rt JE Bk T 15 3



18 455 6

gk, %% fCE Cr R ND X Al-Zn-Mg-Cu-Zr &4 7724 PE AR g 65 il i 1 5 i 989

PRI (0 3 A8 E L1, B ALXAR,  — J7 X 44t
ABZAGE, AU SRLAI AR 53— 7T, X LR
O R 7 A8 FTT. it S R AT a ZUI AT HLIE T, mIT LA
BRSO 5 AR A SR IR, ATV AR T A 2R (i
ARGERIBN . ArA g™, BHAT 2 A AL S AR
A TT AT, IITIESE T FRES b di A% IR T 1o
TEFRE AR R I R o, /N SRR T R 57
AREASAE R, A di R ORI R i — A A S RS (1
TEFE, A /INRHOR S mT A BELAS K A B i ST RS
P 2 A O I AR, T T P 45 b 1 AT

M 20 LLE H, CrAIND A LA & Al-Zn-Mg-
Cu-Zr& &M 1 # ke . ARIEE R AT 250
AG, grain= K-d
b d W2 RS RRIF AR K RAE M S
XF B SRR A TIAN, A R TR,
V)55 4 11 Jed P R v

X HLAFE AN SR TR s A S D A
&SRR AL & ER B G K AE S 5T
SRR BELAG-FR &5 iy R IR, A5 B IR BRI AR E AR O
1S T 45 it e BT, it (R A0 A0 o DA SIE G 85 R R LU
CrHINb & A7 414k Al-Zn-Mg-Cu-Zr & 445 25 ki
L, SiA K2 LAE 1, CoRINbI] L& 4 10
gidh, EEEERLEEPRFIEENEHN, &
BAFR AL

BT RHOR T2 it ks 2H 20065 5 4 1R s Tkt
PERE ™ LE AR W, 10 /N AR B2 i 5 5O i AT S R
PN F7 Sl 31T e 7000 Z2 A5 4 1K Y. 1 J65 o il 5 S 7
TR, DRI IR R e Y, g S e e e
AEEREW . SR M E G, W AR
KiAe, ¥k, SRR RERT, HELRY)
KA, BT USRS LSRR RS
Res NRE, ICTBRRA RS, XAk S EOLSETE
BT AR AL T IR BN )y 456 4 SN HRARTR R /N A
XS AR ) 68 P AT W Yk PR S o ARV S
RGN SR U, el b, B RO AR AT AR
Sy BEURK A5 7 J oA s SR ARG SR EA T i ]
i ST AR S A, fE— e R B TR
BB i e, AT 83 T AR ) J bk . Cr
HINb BN GE & T G Al 45 dhiae 7y, BRAS T
KL R AEA 4 G T e R FE Rl 52
TG, /N i R R LK AR JE S UG, T
HARFE /N LA I L) s SRR AR T KA A o, A
Sy TG B LE P b ST tH AR, AR T PN ) 8 otk
CAIOEETR

4 g

1) ¥ Cr #1 Nb 1] LL4HAL Al-Zn-Mg-Cu-Zr 542
AL L

2) YN Cr F1 Nb W] L2 & Al-Zn-Mg-Cu-Zr 54
(R P45 A e )

3) ¥ INCrAIND AT LU Al-Zn-Mg-Cu-Zr & 4 75 {4
R (0 R S AN SRR R [N, S g JEg s S ) i 5 R
TKisce H19.8 MPa-m"* 45 %115.2 MPa-m'?,

REFERENCES

[1] JAMETS,JOHN L, WARREN H H Jr. Aluminum alloys for
aerostructures[J]. Advanced Materials and Process, 1992, 10:
17-20.

[2] DAVID AL,RAY M H. Strong aluminum alloy shaves airframe
weight[J]. Advanced Materials and Process, 1991, 10: 46—49.

[3] NAIJJAR D, MAGNIN T, WARNER T J. Influence of critical
surface defects and localized competition between anodic
dissolution and hydrogen effects during stress corrosion cracking
of a 7050 aluminum alloy[J]. Mater Sci Eng A, 1997, 238(2):
293-302.

[4] X4kt Z% 3k, FBE L T X X X RIVEA N ST
HINTEIL]. B RRE SBIEOR, 2001, 13(4) : 218-222.
LIU Ji-hua, LI Di, GUO Bao-lan. Investigation of stress
corrosion cracking of 7 X X X series aluminum alloys[J].
Corrosion Science and Protection Technology, 2001, 13(4):
218-222.

[5] MULLIS A M, COCHRANE R FE. A phase field model for
spontaneous grain refinement in deeply undercooled metallic
melts[J]. Acta Materialia, 2001, 49(12): 2205—2214.

[6] LEE S, UTSUNOMIYA A, AKAMATSU H, NEISHI K,
FURUKAWA W, HORIA Z, LANGDOR T G. Influence of
scandium and zirconium on grain stability and superplastic
ductilities in ultrafine-grained Al-Mg alloys[J]. Acta Materialia,
2002, 50(3): 553—564.

(71 BUKER, SKETY, BRMESE, FEEEIE. ik Sc Rl Zr X TAS5 4

PEEA AL HLEE]. h R R4k HARRLERR, 2005,
36(6): 919-923.
HE Yong-dong, ZHANG Xin-ming, CHEN Jian-mei, TANG
Jian-guo. Refinement mechanism of trace Sc and Zr as-cast
7A55 alloys[J]. Journal of Central South University: Science and
Technology, 2005, 36(6): 919-923.

[8]  HUKZR, sKFHA. fH: Cr. Mn. Ti. Zr 44k 7A55 455464
FEALM MR S HLEI]. H EAT G 24, 2005, 15(10):
1594-1601.

HE Yong-dong, ZHANG Xin-ming. Refinement mechanism of



990 T EA G R AR 2008 4 6 H
trace Cr, Mn, Ti and Zr as cast 7A55 alloys[J]. The Chinese CHEN Kang-hua, ZHANG Zhuo, FANG Hua-chan, ZHU
Journal of Nonferrous Metals, 2005, 15(10): 1594—1601. Chang-jun. A high strength, high toughness and high corrosion

[97 KMALONEY S, HONO K, POLMCAR I J. The chemistry of resistant aluminium alloy containing Nb. China: 200710035433.
precipitates in aged Al-2.1Zn-1.7Mg% alloy[J]. Scripta [P], 2007—-7-25.

Meteralia, 1999, 41: 1031-1038. [15] 7 3, BRSUK, TEME, MRkl Yol AlCr-Zr-Nb &

[10] KEAMS M A. The mechanism of phase transformations in S BRI a5 TR, 2001,
crystallinne solids[J]. Light Metals, 1996, 59(17): 713—720. 24(5): 7-10.

[11] MOHANTY P S, GRUZLESKI J E. Mechanism of grain SU Yong, CHEN Yi-qing, DING Hou-fu, HUANG Xin-min.
refinement in aluminium[J]. Acta Metall, 1995, 43(5): Microstructure and precipitation process of rapidly solidified
2003-2011. AL-Zr-Cr-Nb  alloy[J]. Ordance Material Science and

[12] ENGDAH T I, WARREN H V. Investigation of fine precipitates Engineering, 2001, 24(5): 7-10.
in an Al-Zn-Mg alloys after various heat treatments[J]. Mater Sci [16] KUMAR K S. Ternary intermetallics in aluminium-refractory
Eng A, 2002, 327: 59-64. metal-X(X=V, Cr, Mn, Fe, Co, Ni, Cu, Zn) systems[J].

[13] ROBSON J D, PRANGNELL P B. Predicting recrystallised International Materials Reviews, 1990, 35(6): 293—328.
volume fraction in aluminium alloy 7050 hot rolled plate[J]. [17] SINYAVSKII V S, ULANOVA V V, KALININ V D. On the
Mater Sci Tech, 2002, 18(6): 607—-614(8). mechanism intergranualr corrosion of aluminum alloys[J].

[14] BREESE, 5K 5, Treedf, PLEA. P el g dmind e Protection Metals, 2004, 40(5): 537-546.

4. " E: 200710035433, 0[P], 2007—-7-25.

(Wi (FE)



