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Abstract; The pretreatment of homogenization by furnace cooling can improve the microstructure uniformity and reduce the
deformation resistance of 2014 aluminum alloy, but it is easy to induce dynamic recrystallization during hot deformation, thus
reduce the alloy fracture and corrosion properties. How to realize its recovery deformation and obtain uniform subgrain struc-
ture needs to be solved urgently. In this paper, the hot deformation characteristics of homogenization furnace cold pretreated
2014 aluminum alloy at deformation temperature of 370~490 °C and strain rate of 0. 1~10 s™' were studied by thermal simu-
lation compression experiment. The effects of deformation temperature, strain rate and deformation amount on dynamic re-
crystallization volume fraction, grain size and morphology were obtained. The experimental results showed that increasing de-
formation temperature would lead to the increase of average grain size and recrystallization volume fraction, increasing strain
rate would lead to the decrease of average grain size and recrystallization volume fraction, and increasing deformation amount
would lead to the increase of recrystallization volume fraction and the decrease of average grain size. Based on the continuous
instability criterion and irreversible thermodynamics principle, the hot processing map of 2014 aluminum alloy were estab-
lished, and the process parameters to obtain recovery
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microstructure in  hot deforming were obtained: the
deformation temperature is 380~460 “C, and the strain rate
should be less than 6 s™'. And its feasibility was verified by
counter-extrusion experiment.
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Tablel Chemical composition of 2014 aluminum alloy ( w/%) ['*]

Cu Mg Fe Si

Zn Ti Ni Al

4.45~4.5 0.58~0.62 0.77~0.8 1.0~1.03

<0.25 <0.1 <0.1 92.6~92.75

2.2 EWHE

S50 BT FH 95 %5 S0 Thermecmaster-Z ) #0540 1R 4534,
BB, ABUES N @10 mmx 15 mm W RHAR, 78
S B A T R B P U BE AR R R S, g AR

FE A AR ) v 9 it ) A ) 22 S5 o Y0 A5 AR AR T e 1 A 6
Bl . RS EKE T =290 60%, ¥ AR 5 4 5
g 370, 400, 430, 460 F1 490 °C, RAFFA 45K 0.1,
1, 5H110 s™' . L 10 C/s (3 BB RE 2 9000 ik
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Fig. 1  Metallographs of 2014 aluminum alloy: (a) original microstructure, (b) homogenized microstructure

AR o-e WZTT 1580 ShAS 45 R IR 58,
B RS BN 1 Z M SEF A
o, -0

Xowe = — (D)

o, -0,
K, o BB, o, AT, o, WA AL
BN, o SRR R AR T2 Al TR E I A {E
MRHEARIE 3 A8 b 5 A A n RS AR A gl 2 [ml
EPABB, Hi s J 2 ig diaT R I (2) %o
o={o’-(o’-a))exp(-re) | ** (2)
b, r SR, o) S BN TT, M o, MZETE
FORIEMRN ), oAbt r RN ) o, AT e(3) SR A% .
oj—‘; = 0.5r0> - 0.5r0" (3)
fE 00 -0 KARML(K 2), M B, r SRR
A—ERFR, Mk =-0.5, MENVILT « #2250k
o’ M bo-0’ KRMLKITEEE r Mo, ICA LT
HIFRIEAR T o, BIEH o, . o, Mo, A
(1) WP EIAL SR A 2SI 250 T B SRS S AR 4

25000

20000

15000

60/MPa?

10000 |

5000

O —— e

1 1 1 1 \
1400 1600 1800 2000 2200 2400
o?MPa?

B2 fo-o® XFZML

Fig.2 Relation curve between o and o

3 HREHMH

3.1 2014 SBEERBUTRITH

& 3 Ay A BALELAY 2014 SR &S AR T
(R ARBEAEL FE 6 A8 2R, P LA H ) — 3 3 AN ) g 2 okt
R LY S AR 2k i SR — 8, YA R T
ARG R ) B AR B R H, BRI R — A
PTG N AR ORI K, R AR IS B AR B
BN, X AR T AR TR 7 A A 2
PR, S ] PR A AR A f S B0 A O e A
N 7K B A ReE TR

B4 ZRASHER A 0.1 57" AN 60%, FIIE
FEAM 509 400, 430, 460 F1 490 °C BB Wk 2H 28 4 HH IR
Fo ATRE N, 25 Gk R I 25 2 1 45 76 HR 48 7
BRI, FEREA Y R BRS04 i S 1 AT O 3 40 /)N
TGS ok, SEB R AR TE A0 K R Bk 4 S A 4
i B AR, A R 0 v TS R TN A Sk, AR TR R A
B, AR RS s i £t SCER 14, 15 AT AL,
WL DT BB AT R R P4 S A AU, £ 2014
AA e AR TR BE A I E ARG MG AFTE 4141, &l Sa
KA R A 0.1 57 BFFEANRIRBE F AR R IS 2014 B A
Ll AP IR BORPE Y B R RSEGe L, T DL
HH 2 S PR R BRI 389 oA IR 0 Bt 28 T 18 8 T 5 i
WA, 7E 400 CARTERT, mFIREERAL, MR R
TP HRE S, HEMIEB R 10.3%, P
KRS 16,2 wm, BEE BT, FR4S SR 3l )3
K, FELE AT S 430 °C 1Y 20. 2% 34 N F) 460 °C I}
[ 36. 8% , 1490 CHIRHIE KT 52.9%,, BE&E LI RE
MARSETH R, ARREARFERIE R, BVISTE A A5 P4 diokn R
1 430 °CHY 19. 0 3% 460 °C Y 21. 2 wm, 7E 490 °C



1156 rh b R %44 %5
110 100
100} 90F
90 80}
p 80, - s 70
fol
17} 1 (7]
0 17]
% 50 8 50
o 40 ﬁ 40
=3
£ 30 < 30
20 20
10 10
0 1 1 1 1 0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
True Strain True Strain
80 70
[c] [d]
70F 60|
© © 60r « 50
o o o .
= S 50 <
2 2 F i
8 g 40 8
»n n » 30
A o 30 K
2 = 2
= F 20 = 20
10 10
% . L . ! 0 . . . 0 : . . .
.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

True Strain

True Strain

True Strain

B3 2014 fE AR FRIRE T AR A AL R 1 -RAS 2. (a) 370 °C, (b) 400 C, (¢) 430 C, (d) 460 C, (e) 490 C

Fig. 3 Flow stress-strain curves during the isothermal compression for 2014 aluminum alloy at various temperatures: (a) 370 °C, (b) 400 C,

(c) 430 C, (d) 460 C, (e) 490 C
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Fig. 4 Microstructure of the isothermally compressed 2014 aluminum

alloy at different temperatures (60%, 0.1s'): (a) 400 °C,
(b) 430 °C, (c) 460 C, (d) 490 C
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Fig. 8 Hot processing maps of 2014 aluminum alloy at different strains; (a) 0.1, (b) 0.3, (¢) 0.5, (d) 0.7
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Fig. 9 Schematic diagram of reverse extrusion experiment (a) and photo of die and billet (b)
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Fig. 10 Schematic diagram of the reverse extrusion experiment sampling (a) and photo of the extruded piece (b)
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Table 2 Statistics of dynamic recrystallization volume fraction and

average grain size of reverse extruded alloy samples

No. Temperature/ Loading Vo!ume Ave.rage grain
C speed/ (mm/s) fraction/ % size/ um
1 390 3 13.23 25.8
2 410 1 14. 16 26.3
3 430 4 19. 62 27.0
4 450 6 26.39 28.3
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Fig. 11 Microstructure of reverse extruded alloy samples
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