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1.1 BEREEe&rEaElE

LA T6 25 Al-Zn-Mg-Cu & &5 R (R Wik 1 A
F)RIERL, BT 1 BRI A B R S I AR T
TRFEFEAT [E VA I R AL B (473 C BV 2 h+135 T 16
h)o SELOHT, VIHURSTA 25 mm X 25 mm X 68 mm [1]
KRl R RX R 51148 2 Bk )k
F) 350 Cla, YRR R @IS R KA S AT
53N, 78 RZU200HF B AL R Be BT
ERMTT RS, PR 0.5mnys, HHEECN 1
IR 2 3B L K 4 TE IR

#£1 Al-Zn-Mg-Cu & &ALy
Table 1 Chemical composition of Al-Zn-Mg-Cu alloy(mass

fraction, %)

Zn Mg Cu Zr Impurity Al

8.9 2.6 23 0.15 - Bal.

Plunger

Die

w =37°

1 ECAP HAL5 7R EE
Fig.1 Schematic diagram of ECAP die structure

1.2 ERRLEIM

A Sy 1) 375 S L8R 43 2 A FEI TECNAIL G2
S-TWIN F20 H45 FiEATHY, B 20kV. ASCIGH 4
PIBIE AR O B T 5 R 7 mY) AL 5 mm XS
mmX 1 mm FJEH, FAPAKITESR 0.1 mm 3H47H
FEAUE IR, FARRY 10% HClO4+90% 75k (57 &2y
BOWR G, HHEHN20V.

1.3 EihsELg

HAL 2 R ] CHI604e b g & HE ik 2 T 4%
uli, KA UM S ER/HoR A S LR B AR
N EAR AR AE = F R GE, BN 3.5%(F &
DEOVEACENEIR . SR TERAEREAT T6 b3, Wik
RO AT R I, VA R e 3R 5 )5 T4
WhEE, RREFWIRE B IIE AR ORE 10
mm X 10 mm B . 2 =R F B,
RIS AL B AR AL AT BH AL . BT E
MR IS TR T BB i ri 7 T HEAT,  FF B BH T S
R [KYEE Y 10 MHz~10 kHz, SMI$EE115 58 10 mV,
WAk & E 2N 0.5 mV/s.

SR IE S IA A 3.5% M S AL BN R
TEREPI ARG R 2 J5, 1ERMNER A ESR
7 24 ho 7E JSM—6490LV B4 i1 B Ase B it AT %
WTESAAEE ,  HX B R UL B 4333847 EDS A

2 GHREDH

2.1 WML

20T NYIIES L. WTUE A5 A
SRR, BWTERIR AT A S T ARAR B R RRSTHER
AN, FEABAOIRVAKER, 2iRE M. AE 2(b)
AILAEH, 4 TERERAFIELIY G SR R 401k,
MATEEZS ) 9.86 um 4HLZE 1 um PLF, TERE G KA
FE e S AN SR A S 5 A RS R MR TR )5 B
BEK, MYILEESH 53 nm FHLE] 416 nm £4, H
FHRES AR FAGAE R A . SRR,
B AT R I, 55 AR [l SR R A T R
TN AR, B4R A B R T AR R R B AL AN A 5
B, S SRR A A TS R A,
D R FEA SN 8, A S & IEN
FRAR AL B, (R T 0 R L S DA R A S A
RAEMRFTOLE 3), AN BREE R, B
FE BRI AN E S AN 53, XL S8 S
AT A 2B B RLR R 58 — AR B 2(0) FTs iy
4 TE IR BT R AR TEARRR 20 [V i A5 A B ) ) 21
21, ] DU H AAAC 2 235 K IB PR AR T A 2R X ) B i
F BRI bR R R B R AN B A (Y R b
iy SYIEAHLL, IR RAL, HE AHM &
FHRAT I GIRTS,  n TR S —AH B B R R,
55 TR 3R B R A/ NBURDIR R 00 A H IS SRR T

LA A S Prhi A 305 MPa, 4 TEIX ECAP
IR PAEI S , R PURL R R 24 713 MPa.
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2 AFREEFER TEM B

Fig. 2 TEM images of samples at different states: (a) Initial state; (b) 4 passes of ECAP; (c) 4 passes of ECAP+heat treatment

(a) Grain| boundary

v &

® Solute atom

3 FEA-EFE T RS R E R

OVacancy @O Vacancy-solute
complex

. Secondary phase

Fig. 3 Principle schematic diagrams of diffusion of vacancy-solute complexes towards grain boundaries: (a) Diffusion of

vacancy-solute complexes; (b) Coarsening of secondary phase particles
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Fig. 4 Potentiodynamic polarization curves of initial and

ECAP processed specimen
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Table 2 Corrosion kinetic parameters of Al-Zn-Mg-Cu alloy

2 Al-Zn-Mg-Cu

Sample state Ocor/ V Jeon/ (WA-cm )
Initial state —0.64 5.1
1 pass —-0.61 4.2
2 passes —0.58 1.2
4 passes -0.56 0.65
L] S c
—e— | pass R
8 -—v— 2 passes /A/M <
—a—4 passes &
~ 6}
=)
<
a 4r
:N 1 j
0r
—2
0 30
’/(Q cmz)
5 WIMHBMEALTEE IR EIS Nyquist 15

Fig. 5 EIS Nyquist plots of initial and ECAP processed
specimen
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23 EREBEITA
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BRI, TEEE IR, TR BN 2% R,
T 58 B A S R o DRk AT DA Sl R P
IFEFER M RIEE « RS8R A& 4 1
ERE . B 6 B AN RIS T KA AREE NaCl(3.5%,
i B B IR 24 h S R SEM 1. M
JE PR TSP LA Y, WA RE 1) 3R T a5 1470 85
FERER, SR BRI B M e, ek 6o et [ 35 1)
EDS RAEFH, &k B 7RSS A B, R
n(MgZn)AHF1 O(ALCu)AH. BEEZTZE R M, K
FERTH A R Bu H B Ssb, RSFB R, I
HAEMNR BT RRA, KPR 2
J R PR 6 bk R A5 B B B k% o £E NaCL¥E W,
nMgZn) A< O(ALCu)AHFT a AL)FEAAR R Ay HLA7 2540 H
A AU Tk L, (Mg Znp)FH AL B ae( AT ZEAA )
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A AL L a(ADFERIG R, AL FEARAE BRI S i
filts FHCOALCu)H BT RUE BN, Cu TN
PRy E S, BAMED,

B 6 3.5%NaCl 25 1h 24 h J5 R 1 SEM 1%

Fig. 6 SEM images after soaking 24 h in 3.5% NaCl solution: (a) Initial state; (b) 1 pass; (c) 2 passes; (d) 4 passes
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TEAZ i, A RIT TR s & s 8 P
i I R 15 2 B AL B A R T B R S A 1) B
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B0,

Corrosion pits

(@) (b) (c)

7 EER A RS B R
Fig. 7 Schematic diagram of aluminum oxide film formation
and damage on surface: (a) With barrier layer; (b) With barrier

layer and porous layer; (¢c) Damage of oxide film
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Corrosion behavior of a new ultra high strength aluminum alloy
due to high energy defects and secondary phases

WANG Bo-xiao-tian', XUE Ke-min', YAN Si-liang', BO Dong-qing?, LI Ping'

(1. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China;
2. Intelligent Manufacturing Institute, Hefei University of Technology, Hefei 230009, China)

Abstract: Ultrahigh strength aluminum alloys were prepared by equal channel angular pressing (ECAP) and solution
aging treatment. The microstructure evolution and electrochemical corrosion behavior of the alloy were studied by
transmission electron microscopy (TEM), scanning electron microscopy (SEM) and electrochemical workstation. The
results show that grains are refined to submicron level after ECAP. Solute segregation and discontinuous dissolution
caused by severe plastic deformation lead to the coarsening of secondary phases particles and segregation at grain
boundary. Partial secondary phase particles in Al-Zn-Mg-Cu alloy are refined and dispersed in aluminum matrix after the
process of severe plastic deformation and solution aging, which demonstrates the decrease of secondary phase
segregation at grain boundary. The dense and stable oxide films, as well as the fine secondary phase particles with
diffused distribution, have beneficial influence on the improvement of corrosion resistance of ultra-high strength
aluminum alloy. The dense and stable oxide films with high adhesion are formed by fine grain structure and high energy
defects. Intergranular corrosion is depressed by dispersed fine secondary phase and decrease of grain boundary
segregation.

Key words: ultra high strength aluminum alloy; equal channel angular pressing; high energy defect; secondary phase;

corrosion behavior
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