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56 F Al-Zn-Mg-Cu & 4 AL 5T S MR 58
Bedeft, AEEIE TR IR, HAk 22
SEARIEE 1. SEIGRTTHRREIT (480 C, 2 h)fE
Hi+(120 °C, 24 h)Isf A3, 658 —AHA A . K
PRRHIN T A% d 30 mm X 5 mm F 5 A0 Rk, S5
BEERNER, MEEILR 1.1 GPa(E B AT N
800 kN), % f3# A 1 r/min, FHFE B K4 500 1.
2. 5E.

#£1 Al-Zn-Mg-Cu &4 FELLZE Sy
Table 1 Main chemical composition of Al-Zn-Mg-Cu

alloy (mass fraction, %)

Zn Mg Cu Zr
11.0-12.0 2.3-3.0 2.0-2.6 0.1-0.2

Ti Fe Si Al

<0.05 <0.05 <0.05 Bal.
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MR D/MAX2500V 2 X R AT, I3
W Cu FREERIS KN 0.154184 nm, EHE. H
WA 40kV. 40 mA, ATHHAEEA 10°~90°,
KN 0.02626°. XRD K i 15 5 46 Z 4 SR
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XF d 3 mm [ TEM SR AT A 2 LA 3, R
FEI Tecnai G2 F20 S-Twin K417 & S &5 45 34T
WO LA EE, SLI0 AR L 200 kV, 73 #F5%HN
0.24 nm.
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Fig. 1 XRD analysis of Al-Zn-Mg-Cu alloy(a) and relative
content of second phase(b) before and after high pressure
torsion deformation
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Fig. 2 TEM images of MgZn, phase before and after high pressure torsion deformation: (a) Initial sample; (b) 1 turn; (c) 2

turns; (d) 5 turns
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Table 2  Size of second phase in different state

Sample Needle-like Block-shaped
Initial 1.3 pm (L) -
1 turn-HPT 1-1.3 um (L) -
2 turns-HPT 150 nmX20 nm (L X H) 80 nmX40 nm
5 turns-HPT - 50 nm (D)

L is length, H is width and D is diameter.
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Fig. 3 HRTEM images of second

phase with different morphologies:
(a) Needle-like; (b) Short-bar-shaped;
(c) Block-like



2386 hEA O RYR

2021 £ 9 A

@ bQ Dissolution
4 QP o O
' ' —)
& O O

Second phase Second phase

Dissolution

Matrix
B4 5 MR R AN PR T 5
Fig. 4 Two ways of surface area reduction of second
phase particles: (a) Mutual fusion process of second phase
particles; (b) Second phase particles merging process into
matrix
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Fig. 5 Schematic diagram of dislocation directly causing
second phase back-solution(a) and TEM image of MgZn,

phase at high pressure torsion of 2 turns(b)

RLAS I . MgZng AH A A0 & K Sz s ) A g it
MgZny FIAEILRAE, S HEAR T AL T AR PRI,
M 6(c)mT LLF BEE 7 MeZng A AT H A
AT RIS o SN T A NS MgZn, H 1 RE
I, FiREAN IR BT RSO MgZng H 1%
SR Bt TARmIIREh Jy . BAE, BR AR RE
(EEEENEINEOE e Al A N | S AN D S = T
HEARILREDS, A, g AR B BT AR 2
NI, AT AR R 2R B,/ MR — b 4R
e, hutarbigH, BVE R R EAERE RS
t, AR B, EmE L.

B2 — M R OR I R i RE, XA
LR AR AR T WO sl . A2 PR
AR ERE I SRBN T, AL A KER) Zn )7
T Mg JE 7 B A, Rk, ESRIR YT
AR B IR L IR iRy B A S e 1) P 0 T
PAMERHY B R . AK P AR RS
I T, WRISEEA RIFMAE S, ERRH
FERIARES R R Y, DAL, IR A 91



FE3HBE M

Z ¥, % Al-Zn-Mg-Cu &4 5 “HTE M EHE R b BT

2387

Dissolves at edges

(R BT LA s T AE i R L AR T A =
R AL . AR S AL ARG, RG]
M9 R E 3G b0 & 2 S AL, Zn SR TR Mg SR
DLIX SEER AR A E Y B, AW s NI
KIBIE AR 5 A R E A, A
X S AN AR SO R VA TR o 243 1
BRI DI, WA AR — i RSTRE, Bl
TR TS, XN MgZng I EASE AL 1 3K E)
11, 1RAE MgZn, AH RV BIFEAR . MgZn, A 1 B
N 7R AT FE R R Y KR — e (BT,
T R AT 56 N KA, TR 1)
MgZn, FHRURL . FH T R BEPEAR Y 5] DB AR SR A% 1) 5
FEMGAR, ¥ TR IRRRILHS R RN AR = 1AL
Redfin, (I REEN, MR, STk
TE LA B, A 538 GP X AR AR Toi% e
Y, RAE SHAREA IS R E M A e AR AA
AT, TR A O R AR AT R . BT H R
FLHE 1) MgZny AHBTRLIE I 7 BURE Y ST e, 1X 30N

El6 A5 s MM
Fig. 6 Interaction between dislocation
and second phase: (a) Dislocation
distribution between second phase;
(b) Internal dislocation distribution in
second phase; (c) Dissolved state of

MgZn, phase
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Back-solution behavior of second phase of Al-Zn-Mg-Cu alloy in
high pressure torsional deformation

LI Ping, XU Bing, XU Hong-lei, LI Yun-Hui, YAN Si-liang, XUE Ke-min

(School of materials science and engineering, Hefei University of Technology, Hefei 23009, China)

Abstract: The effects of different torsional number (1, 2 and 5) on the second phase of Al-Zn-Mg-Cu alloy were
studied by means of XRD, TEM and HRTEM based on the high-pressure torsional process. The results show that,

under the condition of room temperature and high pressure torsion deformation process, the MgZn, phase

dissolving phenomenon happens; because a large number of acicular half coherent second phase in the matrix into

the second phase, the stable block incoherent interface mismatch degree increases, then the thermodynamic

equilibrium provides driving force for back-solution of MgZn, phase. The MgZn, phase is cut by a lot of

dislocation generated by plastic deformation, causing the MgZn, phase broking, and improve the diffusion

coefficient of zinc and Mg atoms into the matrix, prompting MgZn, phase back into the solution, then into the Al

substrate.

Key words: Al-Zn-Mg-Cu alloy; high pressure torsion; MgZn, phase; back-solution; dislocation
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