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TEREFE I, A7 4 51 52 9184 12 3% - Ming Z5U417E 350 C
X 2A14 FBA & AT Z S, RILEEE N AR K,
I SIS B B o, BRI S H ALCu #
ETHLALHE, PHAE T &5 d fobo of AL R Al-Zn-
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L3, f£B) XRD. OM. EDS. TEM, WfR{EEHIE
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s AR o DUHA D S DB @ 7034 £5A S A r ek
oA 72 25 E — E 1 ER R Al
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SO AR N S UL I 7034 HE A &, DITHUR
S8 @30 mm*40 mm B AR AT AR BB RIS .
7 [ B\ T BH 38 4T 1 Deform-3D 4 T AEUTI45E 5, %)
W G E L2 S BN H R 350 C. &
WP 1 mm/s, FFEE 40 BRSO AL R B A
[ 5 + B 2% Fof 2550 R0 O 20 (] 3 -+ 0L 20 W) 238 2 ol o) E 8 4T
AL B, IF R AL B S B ARE P RE EAT X LE A BT R
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KALER, Z 5T 120 CORUR 24 h 5 /K% o T ALK [
T+ AL I 35 A B o) BE O FE 460 C ORI 2 h, #ET
FHi % 480 CLRUE 1 h, A5 IRHEBAN 50 ClKH
HEAT VKA TR, 2 )5 80 ‘CARiE 10 h, i 120 C{Ri%
12 h Ja K% . % H D/IMAX2500V B X 5 28 107 55 43 %t
WAFE AT XRD WK, #K4 0.154184 nm, HEH
JE AT 9 40 KV AT 40 mA, FHHFETEE N 10°~90°,
HK N 0.02626°. [\ —ik LR AT B JEIOL, R
F Keller 55 % i B 2E 4T & 1S 7€ MR5000 % 1
e N AT H AW %R, SR A Image Pro Plus ##F X} %
TE R0 HpTA) B a5 43 b ok RS AT St
P Y48« KA MH-3 804 R B2 1 2 ) 4 52 ¢
Jo RIS R4S R AT B EE MK, OR R IR 2 15 s,
BT LRSS 200 g, VRIAFE EAR D7 IR 10 AN
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T 82 - S50 4H g 1% o5 S AR B 5 AR . = IR A R B T
Instron B4R 58 AL k47, H AR R AR R~ w1
FioR o SR Ml 20 6x107 5. Ja H 400# 1) b
AR FE R E K BEH] 50 um, ARJE E P FLHL N b i
AN mm W A, H 30%10 65 BR FFRE ¥ kAT
FL AR O ek R, Rk AR R AR ILE 20 V A A, B UG
# F§ TECNAI G2 F20 S-TWIN #U3% 5 s 7 5 o 45 W0
SR FE, HECHN 200 kV, 3 FEEN 0.24 nm. 7034
BAEESEAFE XA SSRGS wE 2 s,

R5
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Fig.1 Dimensions of tensile specimen
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Fig.2  Overall profiles of reciprocating-extruded samples with

different passes
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A B2 5 308 b A0k I 1 R R R T & A
BI51, RN W AR B R T8 O T B A 2 s
BT AT 5 AN TR X AT A M 5. & 4 AT S
53R 350 CANEE IRAEZ 55K T 7034 555 4 Mk
TH] AN [A] DX 35 1 4 A 2H 23R S b R Geik . 1 TE A
BB R R O R R ST AN R, B E
KR SE SR, PSRRI SE N 16 um, 1420 HIF
B AL RSE N 9 wm, IS AL ) AR R ST 3 N T
e 2RI G, OIBAHR SRR 13.2 pm,
B R R~ )y 8.1 pme 3 IR G, fkLig R
SHR R R A, DG FERRS R 7.4 pme R
JUST B8 AR T8 R IR, o B JE R R A B
JE RS, AT KRERAA, XA HAHE o
geEFER), I HBEE DR E 3G N, A8 W IT
GRIG N, IR IR IR A /) BRI o R AR 3 Y P A
i f R 20

R, DB A A S AR, 1
I, O3 b3 2R AL 1 7 38 ok RS K 7 pm, T 3 38
UCS, O0FBF Y SRR SE A 2 AR K 2.5 pm, AR
B 1 JE R 3.05 F %S| 3 BRI 0.8,

2.2 XRD ¥4

K 6 NS HRRILAING &40 XRD K. F22

ATy Al BEARRTS I, 58 —AH ) 32 22 MgZna,

Rz1 T34 BEETNHERS

Table 1 Measured chemical composition of 7034 aluminium
alloy (w/%)
Zn Mg Cu Zr Fe Si Al

11.52 2.61 1.15 0.14 0.007 0.02 Bal.

K3 7034 BBAERIPIIE S AHH

Fig.3 OM microstructure of 7034 aluminum alloy
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Fig.4 Metallographic microstructures of cross sections of 7034 aluminum alloy under different reciprocating extrusion passes
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Fig.5 Statistical histograms of average grain size and its
standard deviation in the reciprocating-extruded samples

with different passes
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Fig.6 XRD pattern of alloy before and after reciprocating

extrusion
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16, R T 7034 5544 350 CAEEFE AT Ja s RERE R
T I 5 3030 I 4 A R 20 AT, il 7 s 7034
BR O G T R A T (Y B R A O B & 2 BT A
BT ERFEL SRS, QMR EN, B%N
AT B K, BT DA 2 P R A K T A R A
SUHEHFELEE, BT REEFOAEMNE,
B HAER Y, R SRS, BARRENE, &
B A4 IE B 52 B PG I 5, 5 B0 R B E v 4a
B3 7B E T, Hh 2 BRI R, P
FE(HV) A 1029 MPa, BHIIEREARE T 23.5%.

K8 NERHFEAEMNEERAML. &2
YA R B AR T J5 4Rk Jee R 5 JEE A0 o 5k B 42 T
FIRC R BN I i, 43 BIA E] 253 MPa F1 394 MPa, FH%
FHIERESRTE T 80.6%A11 34.7%. 40t 3 BRI )G,
AR B4 JeE Al ik R0 8 B 8 2 T RS A TR AR,
337 MPa. H1IE 4 7p#rnl s, B R AR R, 7034
BRG 4 rORLR B T4 b R ZE R R AL, A5 95 S A R
o T AR I, 5 R AR T 1 5 ik b A R 11 38 4 R
By, LA IR (28 A P o, R AR A At 21 4 FE AU 1
DRI, 3 T VR A A PR R 254, 4 v T M RHY
SRIZ; H—5m, WRIE LR XRD S, BELE
IR, AL IS EA I R, 45 MgZn,
FAITEAZAL SS3G 2, A D0 B AL (V5 5 7 i et
S MegZn N HH B 2, $Em T AR .

SHER B 3 8RBT 5 I & & 2R 47 TEM
Mg, Wil 9 fioR. XFHT AT EDS s .
SERWE 2 PR GG CHR23]r TR, ERES
SEARHT DR IR EL AlsZe K, BB T SR ZIAT 4L A
SRR, RS B0 Zh A P45 S IE R, BB
MR SRR G ik 2 T s, ek
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Fig.7 Hardness distributions from the center to the surface along

the cross section before and after reciprocating extrusion
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Fig.8 Tensile curves of the sample before and after reciprocating

extrusion deformation at room temperature
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Fig.9 Morphology of precipitated phase of alloy matrix after

three passes of reciprocating extrusion
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A QO R W Sy ey ) T O A kB R s |
N 608 MPa il 747 MPa, 7 B WG FERE & T 164.3%
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Table 2 EDS analysis results of precipitated phase in matrix

Precipitated phase Element /% at%
Al 51.24 65.87
Mg 8.36 12.35
MgZn» 7n 35.24 17.69
Cu 3.17 2.84
Al 59.63 81.07
. 2
AlZr Cu 8.76 7.26
Zn 2.09 2.42
Zr 27.35 7.97
Al 68.61 82.21
| Fe 7.28 5.31
AbCuFe Cu 20.24 9.26
Zn 1.63 1.35
a
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Fig.10 Tensile curves of the samples after heat treatment at room
temperature: (a) single-stage solutiontsingle-stage aging;

(b) two-stage solution+two-stage aging
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Fig.11  Morphologies of intragranular precipitated phase (a-b), high resolution images of intragranular precipitated phase (c-d), grain

boundary characteristics and interaction between dislocations (e-f), and secondary phase under two passes of reciprocating

extrusion and different heat treatment (g-h): (a, c, e, g) single-stage solution+single-stage aging; (b, d, f, h) two-stage solution+

two-stage aging
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Fig.12 TEM images of 7034 aluminum alloy after two passes of
reciprocating extrusion followed by single-stage solution
and single-stage aging: (a) dislocations pile-up and

(b) sub-grain nucleation
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Strengthening and Toughening Mechanisms of 7034 Aluminum Alloy Subjected to
Thermo-mechanical Treatment Based on Reciprocating Extrusion

Xue Kemin, Zhang Junyuan, Yan Siliang, Xu Bing, Li Ping
(Engineering Research Center of High-Performance Copper Alloy Materials and Processing Ministry of Education, School of Materials

Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to improve the microstructure uniformity and comprehensive mechanical properties of 7034 aluminum alloy, the
optimization design of the severe plastic deformation process and solution and aging treatment based on the reciprocating extrusion was
carried out. The mechanical properties of the material, the size distribution of grains and secondary phases and the quantification of
dislocation configuration evolution were characterized, and the relationship of plastic deformation and heat treatment with the
microstructure and mechanical properties of 7034 aluminum alloy were established. The results show that the average grain size is refined
from 59 pm to 7.4 pm, and the standard deviation of the average grain size decreases from 3.05 to 0.8 after three passes reciprocating
extrusion. After solution and aging treatment, the precipitation strengthening effect is better than the fine-grain strengthening effect,
resulting in the reduction of elongation from 15% to 4%. Compared with the two-stage solution and aging treatment, the MgZn. phase after
single-stage solution and aging treatment is smaller in size, higher in density, and mostly semi-coherent #' phase, and the dislocation
pile-up evolves into sub-grains. The interaction between them is stronger and the strengthening effect is better. The optimal heat treatment
system is single-stage solution+single-stage aging; under this condition, the tensile strength and elongation reach 747 MPa and 4.3%,
respectively, which are better than those under the two-stage solution+two-stage aging system.
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