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Table 1

material in present work (mass fraction, %)

Cu Mg Mn Si Fe Zn Ti Cr Al
562 088 050 025 0.16 0.06 0.02 0.02 Bal

Measured chemical composition of initial

(S phase)*
3 3.l

(6 phase) o « 3
r ¢ (Al;,Cu,Fe)
... (S phase) .

Particles and pores
3 ] 5

oy

(@ phase) *

(Unit: mm)

Bl WEEME OM . SEM A& A1 XRD 1 Sz 1R T HUR 2 K
Fig. 1 OM photo (a), SEM image (b) and XRD pattern (c) of initial material and schematic diagram (d) of specimen cutting
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Fp-2, 23 51 5@ Ak A S AH . 0 AH A AL Cu,Fe 41 53
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FARE AT AN, 3B E A S A AT ALCu,Fe 21 73 AH 1k
gy, EHUCHEIT S AR AR TS S T A T B RO TR
AR

F2 E 1O PSRl S TR S &
Table 2 Element contents at each point in Fig. 1(b)

Mole fraction/%

Element
Point 1 Point2 Point3 Point4 Point5

Al 77.85 9271  96.68 74775 9542
Fe - 0.37 - - -

Cu 22.07 4.17 1.59 25.14 2.44
Mg - 2.59 1.54 - 1.93
Mn 0.08 0.17 0.18 0.11 0.22

Fine grains’

&2 7ERT HIELABARFEA A X ) OM B A

1.2 REHE

T ELRA HPT BRI 2A12-T4 554
PRI R ST 58 N d 20 mmx2 mm. HPT 5 % 53 5%
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7179800 MPa. %6 7E [# & T 224 AL E & H
HPT B H 1 5e i, W EE HPT by TR 2
V), 3830 B R 4 UL 2 B S P HPT AL SRR 1)
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iR RO R R ZH ZUM SR, DI B R R
LA ATR . B FE D ARHT BE e 5, {F Zwick /
Roell Z010 ftil B HL 7 73 B2 338 L 56 B iR A
WAE, PRI 2 3% 2 N 2x107" mm/min. B G
I R AT B AU BRI K T, &
B 4 A PR i 3 BB B A OHEF) < OHCY - IHNO,) -
V(H,0)=1.0:1.5:2.5:95.0 MR &R IZ 1. S AHZA
ZIRIEAE N 2= B Lo, WO ZIRLE. EDS
AR LA K W 3R R AE 3 7E Sigma 500 HL 1 s
e AR 3IRAGUR S, SRR
HSP- 25 ok )]SF, K FH Image-pro plus #4448 156
TR R .

Fig. 2 OM photos of different positions of torsion deformed specimens at RT: (a) MA of torsion deformed specimen with
0.5 t; (b) NEA of torsion deformed specimen with 0.5 t; (c) MA of torsion deformed specimen with 1 t; (d) NEA of

torsion deformed specimen with 1t
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il 5 0.5 (TR IRFEAE L, 1 o
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404k, NEAFISRANGFREE = T MA. 1Ak, 7R
% 0.5~1 t (A2 T2 4UFE (1) MA FTNEA 4 3 0] I %2

72!
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(@~C)Frm. R, M393 KIG % 513 K,
HPT 22 T AFE H NEA {9 9] 1) °F 3 doki )R ~) B 6 um
P54 um, 275 7 HPT AL H SUL IR .
5513 K 1t TEARAEAEEL, 633 KAHHE 1t
AR TEAARE o NEA IR dob RO R AR /NI R . i 4
TCRR[22-2414R0E, 633 K CUA R &5 iR, BE
AR THFT HPT AR W #ET, 2A12-T4455 6 A B
decRE R AR T /NIEEE R . 7E 513 K4 Sl 2 (W

Fig. 3 OM photos of NEA of different HPT deformed specimens: (a) Torsion deformed specimen with 1 t at 393 K;
(b) Torsion deformed specimen with 1 t at 513 K; (c) Torsion deformed specimen with 1 t at 633 K; (d) Torsion deformed

specimen with 2 t at 513 K; (e) Torsion deformed specimen with 4 t at 513 K



=

=N

2177
BN

R4

S,

el

/

AFETE

FHI)
;

=]
H

N

Z

EVLaC

FHRSF A
40
135

FHRBRIRS

=
Z)

one3uo[g

%

S

4

SN

1F 633 K [ HPT A8 JE 3 F  ,
EE| T e 4R kIR, {5 HPT

=]

+
B, TR

F
W

AT T R BT

¥

KT IR HIHN
RHIAT L

S A, %

RSO IR B3¢ e TS A8 1) 32 22 R A 2

3
z

<t

Ul
R

N
N

H

{ITIL

>,

AT

=X
F
Ja

1|7

/N o

KRR 5

=}
A
RSP P2 6.6 pm,
34 um, éEH/J\

1 AR

G
Ern

’

TS HETE T 56%, FILH AT

SAHLL, RTHI 1 AR

2

Uiz

U

N

BATIR IR

W& S PR, A — R, i

IR AN OR

LEAh,

iR
=l
7
pi
2

=]
=1

LEE
FITSHE, WK 4(a)fr

UEREETY

O
FE T
FETMA

ih]

+ FESER
St s

ES
X

(ITTL

H
(Il

=

A

] Tensile strength
Elongation

9%/UONESUO[

1
i
i

N

2

Uz

PR BUN

AFE
800 | (b)

i

i

Ny

2

2A12 406 4 0 58 42 IR IR AT PRI IR IR EE 7931
7

1E 390~430 ‘C 2 [f]F1350~370 ‘CZ [a]. T8k

BFAKFEN TS

BUHAE R K&
AR IBVER R
TEFM T
a2 UNIbEE

ariy

s

LIRE/ 551

/}E

i

AT

41k,
F0.2~2.3 um.

v

40

edIN/YISuL1)s o[ISUa],

9%/uonesuory

ERRRRRRRRRR
RS
[ Rotetetetetetotetetetetete!

FEAHEAR I 2A12 a5 S SRR S W RAT A

AR

2N

7.

T AE il JBE >
RRAENES L

=]

=)

AP SURFAEAL, A5

i

s

o

HARB AP

H

’

TERE T MA B R
¥ EL {5

AL TS FIEL 45 it 45
PR~ g i . |

3

fRuEDE, %
AN

BWGRER

13

e
S E WAL B RE ). RS,

PN

AT
HPT 2%

2
B

E393 K. 513 KH¥0.5 t (A8

HES
SR HPT i

3
L5

A HPT
AN

N
1

4
I
"
]

2N

B

ZN

2

N

ENE

7
N

Tensile strength

eJIN/ISUL13S 9[ISua],

%/6/Uo1ESUO[q

Tensile strength

HPEIRSF A

K 4 Fr
R, WSk
RER

AFEM) EL B 3K

i

N
>,

U7

B2t 4 o, AT NEA 1 doii 15 215
—ditt, YIS SR RS N 4.4 pm, W1 3(e)

B
T L M PO /G A (A RE iR SN Y e E R AR Sl

R 4nr L, 7R <513 KI(RT~513 K), # TR
R, HTSHEBHRS 7HERA . H59)42A12-
TR B R A R R

A%, HPT A TR iR FE

o532 %5 8

£ 3(d) 1t AT
2.2 HPTiR®

T4 &AL,

EL {H ¥ KA T ¥ 46
513 K633 K),

edIN/ISuans 9[ISua],

BJIN/ISUQ1S 9[ISU],

11
B

N
H

VA

z

2o
=N

ANEZAF R HPT 2B TR 1Y
Fig. 4 Room temperature mechanical properties of HPT deformed specimens under different conditions: (a) RT; (b) 393 K;

(c) 513 K; (d) 633 K

El4



2022 £ 8 H

2178 T EA R R

6.0 —e— Average size of coarse blocky second phase 9
;ﬁ —=— Average grain size in twisting direction
2 550 8
B g £E
23500 78%
S 9 L
o < R=ERS]
5845 6 &8
02 ;D ~
NE & &
2 940F 583
% s g
<
s <
% 3.5F 4

3.0 X . ~ '\ 3

N 5 : N
«Qgs ‘FQ ‘G'Q '5”)‘5
S S P
& \i «2»

5 AR T HPT AR ulE K MA SRR HOR S —
A2 RUSE AP35 SRR~

Fig. 5 Average size of coarse blocky second phase and
average grain size of MA in HPT deformed specimens

under different conditions
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Fig. 6
specimen with 2 t at RT

Fracture morphology of torsion deformed
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Table 3 Element contents at mark points in Fig. 6

Element . Mole fraction./% .
Point 6 Point 7 Point 8 Point 9
Al 73.36 93.08 66.73 63.92
Fe 9.26 - - -
Cu 6.98 2.12 17.63 18.86
Mn 4.82 - - -
Mg - 4.79 15.64 17.21
Si 5.58 - - -
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T YUY AN FE FE B A vy, R R I K gl
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P 8 JT /s AN A HPT AR FEARFE I BT 3. #H

7 VIEMRIFIRT~633 K4 1 ¢ AR T RFE DTSR

Fig. 7 Fracture morphologies of initial material and torsion deformed specimens with 1 t at temperatures of RT-633 K:
(a) Initial material; (b) Torsion deformed specimen with 1 t at RT; (c) Torsion deformed specimen with 1 t at 393 K;
(d) Torsion deformed specimen with 1 t at 513 K; (e) Torsion deformed specimen with 1 t at 633 K
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Fig. 8 Fracture morphologies of HPT deformed specimens under different conditions: (a) Torsion deformed specimen with
0.5 t at RT; (b) Torsion deformed specimen with 4 t at RT; (c) Torsion deformed specimen with 0.5 t at 513 K
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Fig. 9 OM photos near fracture of initial material((a), (a")) and torsion deformed specimens with 1 t at RT((b), (b))

B 10 RIEZLE N HPT 2R NEA [ SEM 1%

Fig. 10 SEM images of NEA in HPT specimens under different deformation conditions: (a) Torsion deformed specimens
with 0.5 t at RT; (b) Torsion deformed specimens with 1 t at RT; (c) Torsion deformed specimens with 1 t at 513 K;

(d) Torsion deformed specimens with 1 t at 633 K
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Microstructure and mechanical property evolutions of
2A12 aluminum alloy subjected to high pressure torsion and
its fracture behavior

ZHONG Xiao-xiao, YANG Zhi-gang, ZHANG Yao, XU Yan, GU Yong-fei, JIA Jian-bo, LUO Jun-ting

(Key Laboratory of Advanced Forging and Stamping Technology and Science, Ministry of Education,
Yanshan University, Qinhuangdao 066004, China)

Abstract: The high pressure torsion (HPT) deformation experiments of 2A12 aluminum alloy with 0.5-4 turns
were carried out at RT, 393 K, 513 K and 633 K, respectively. Through the observation, measurement and statistics
of the microstructure and mechanical properties at RT, the variations of microstructure and mechanical properties
with HPT parameters were clarified. The fracture behaviors of HPT deformed specimens were studied by
combining fracture morphology and microstructure characteristics near the fracture. The results show that the
tensile strengths of HPT-(0.5-4 t) specimens have been greatly improved within the temperature range of RT-513
K, among which the elongations of torsion deformed specimens with 0.5 t at 393 K and 513 K, respectively, have
been greatly improved at the same time, showing a better strengthening and toughening effect. The torsion
deformed specimen with 1 t at RT shows the maximum value of tensile strength in this study without loss of
plasticity. Its tensile strength increases to 156% that of the initial material, showing a mixed fracture mechanism
dominated by transgranular fracture.

Key words: 2A12 aluminum alloy; high pressure torsion; mechanical property; strengthening; toughening;

fracture mechanism
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