#5030 B 5 M
Volume 30 Number 5

rERERERFR

The Chinese Journal of Nonferrous Metals

2020 ¢ 5 A
May 2020

DOI: 10.11817/j.ysxb.1004.0609.2020-35786

MEETEY 3102 B A S EE

LR L2 E T4 R RN

(BB R MU 530 TR, B 200240)

% FE: RAZREMUHLRM T AT AU A ST 3102 SBE S5 ML AEEMTUER KB KT
FE B OM AL S A L RO B H B 1 2 R RE RO . S5 RR I BTN A &L & & T R AE JES BE
%, SEMMLEENEGEAL; SYEEEENZUE, A8 HmEERPIKRSE Aly(Sc,Zr)tf; HTHAHAY
I T A S IEAGT RS R I B AT )y, 1T BAERE S TR Y JOR KOS 2 R B B s . 4TI AR
YA LNIER . W 0.24%Sc A1 0.23%Zr(J 8 73 $0) 70 3= {84557 H [ J8 IR G852 B 26 MPa #2712 89 MPa, #it
B HEE H 70 MPa $2F+ % 122 MPa. AEHUEE 3102 B4R TE 8% A . 600 CIBKJ5, AL+ HEL &k
WK WIS RS, AR EKIAT IS, SUES TR R 3102 A ENELS R, #AE4E

FETRASIE SR K R b iR E Tk

XEEIA: e BUAE; BJG BRI, SRR E KR

NEHS: 1004-0609(2020)-05-0974-11

hESHES: TG146.2

NERERS: A

3102 G4 B AR B o 5 A0 #ohn T
e, BN TAEM R s A M, B
A SR 3 7 AT % . BRA S8 TE A
PRI 500 C, SRS TEST AL H T BT Ak
. 3102 SAA S AR O I FE v A A R A B A 1
g nP BT R B AW ORET B R
R A R B AN 5T, A HR K G il N
A E), il e AR A ORI . T R R A
TERIE Al . HAPSE R, 5B R M AT 4 B AL
H. B ERAER S AR, ) R R A
R LA RS AR H AR BB R . W BLG S M AE
el PRI R I I BT 7 30 A A — A2 A AR
AT gs . WEFCRIL, 2450 R #5245 1
3102 BE & E AT B0 )M EIRIEKE, &
SR R A SRR H AR S K R H A
R )RR R PR B, R R I R
JE R E AT 46 MPa FFREIE K5 21MPall.

B e H LR E MR AR TE AR T B B I FE
SR AL B/ Y AN S U SEET-Y WA R VS B oy et
T BE . AAETRAS T I 1 3102 474 & UM E mriiRaB ok
MR ORFE AL AR E M, — R RTAT R VAl
WRE A= AR 2 AT HH A o 8 B RO R A 4

BEEWME: EFREBRSHIELSEIIHE (51575346, 51705315)
WisBEA: 2019-04-24; f&ITHEA: 2019-11-21

2xxx Ml 7xxx A &) UE A T ARG E A4 T
220 C). EEERE T, REEESSFHRMAES K
AR RS AR, JEAER, ARG &4
BT RG L1, BT HA R SC B4R & S 70 m IR A8 f
Frel 43 A R B8,
TERRA U Se JUE, BB IR & & R %
T B ALSc(L1,) T AP, AlSc HIREHEHR
BEE . A RAET IR T FRE g S
H &SR ST NN N Sc i Al-Mg &4, 1
BELTZTE 45%. 450 CIiB/K 1 h Ja ISR o4
e R AN, Sc fEERE &b B MR R i iR 5
£ 300~350 “C &M N EIJUAN/INSE P, A & B AT ik F) il
FEVEME . {2 AlsSc Ki¥7Em T 300°CHf 5 KA,
IIRIN Sc JUE MR &Mk LA R AR R i AR T B A
PACHL FE R T In TE ks &1, a4
Wi zr J6E, ATUERA ST ALZ(L1)HTH
W T Ze TR Bk, Al-Zr B4R H R
i FE R IERIREN .. WEEN T, FENA LT
FIE 100 h AR R A BEAE Al-Zr & Sxik 2165 i 0
B, HHAEFH R ALZ(L1L)FZE AR,
BERE ST RNRN Sc Ml zr JTERN, IRk
AEFR 5 B & 4 2R b I S A AR B B G L -

WIEEE: 20K, #a%, s dif: 021-34206459; E-mail: dyli@sjtu.edu.cn



o530 B4 5 0 Z Yl 5 BB ICEON 3102 a4 2R E P RS R 975

Aly(Sc,Zr JHM BRI Aly(Se Zr ) HITE
500~600 “C i o Bl Py LA e I B R e T
KNIPLING ZUTH T Al-0.1%Sc, Al-0.1%Zr
A1-0.1%Sc-0.1%Zr & 4= (1) Sk 2N 221 e, KN
A Al-0.1%Sc-0.1%Zr &4 1 P35 dlobi R 5e/)ys 18
IR TR S, A1-0.1%Sc-0.1%Zr &4 IR i o &
L) AL(Se.Zry RT3 TE 1A 6 i) P4 b 4R
FREENHESNIEEREFE". Al-0.4%Sc-
0.15%Zr 5 Al-0.4%Sc G4&AHLL, P4t ihim i
520 CHETFE 620 CM. fEHEJG, Al-0.12%Zr-
0.2%Sc &4 1E 590 CH%M TRk 24 h, HATTH
b i R AP,

BUES A S AETHE A S M 2 AR fE B B & 4
Fto EHEWIN Ze M Sc TURBEW R BI ML RS S
a2 SR B AT B Ak e Als(Se,Zryy)
KL REs FHASE B Al FHERS, R R B TEA S
P, TERCKEBUIAR A, a6
RS Al-Zn-Mg-Sc-Zr &4 Al-Mg-Sc-Zr & 41
I AT T SR S W Re W IR R R e, A& RATE
o AR TR R (R AE A RS EXS FREL I T 2 REE (6453
Al-Mg-Sc-Zr &4 (R TEE— D 1gsmlT, fEap st
BTG, /N T KA R R R, T B
T ERATEH U Tk Aly(Sc,Zry- VLT 2l 1 &
FLRIKKAT N, RFF T Shi g i Ra e Y ki
A 40 nT DL SR AR A 4 00 T ik M RE R AR B
BB, Aly(Se Zri R TFE FIR A& AF N HA R
JE T, Al-Zn-Mg-Sc-Zr A &b i URE IR R R & F
T M mmRis & &2 MEERR . mInfE Sc Al
Zr JUE G AR A G R B B 1 5 e S R e
BE, AIEA & AL SRR RMREY . Bar, X
A SR TS P 85 A s LI SR A S v RE
MIVEAT b, T N TS B e 48 & S T It 7T 8L
b BEE Sc TTERBMAAWIFEIC, Sc TTHRMHTRH
PRI AT YR TR . BT P e A S B
it AL Sc LRI INE, BT HREE MR
k.

RIAEF G S TR AT TR 3102
BEeEE, RARGETRBISHE8R/E, I
B P AT TR T FIR AR EE s SR &8 o i 7
DA T A FRESHIBKESEEMMRHL;
FHI 5 0T B e & S AT (AR EEA T s SR
HL T 15 BT S O V3R AE T A S & B IR
Fs SFELWF T T Sc Al Zr fA b5t 3102 A& TR
JAB K JEHEIREM . AR SCEE TR A IR
Sc Al Zr X 3102 5G4 &5 R B VERE AN TR 45 AT A )

SN, DAY R Y A 0N T 2R AR A Se e
W -

1 XI§

PAsraisn. BBk, B, BRE BB
BEAR R G &N ERE, K 720 CHRIBRREAE S H i 2k
SRR BT A PRI v 2 R, i) 45
AN BURS 7O R LSS BB Jo 3R I A R (23 e
A &M B Ga)iE. REFIERN 7 Sc M Zr
TOER R A EE S, GRS e T H T .
PR B A e IR 1.

®1 MG SR

Table 1 Compositional analysis of two alloys in this study

Mass fraction/%
Fe Mn Si Sc Zr
Base 046 026 0.09 0 0
Base+0.24%Sc+0.23%Zr 0.70 025 0.12 0.24 0.23

Alloy

FEEFREAT VIR, IR ZEHI 71 2 B 1
AR, HIRJEEFEIEAN 101 mm. A SHTE S
SAEFIRAT I b= = B AT A, G R4
B FLEEAT I BRI I 450 CL 10 he 1E
500 CHIBEFFIA 3 h 5, FAEPEANG RN R .
B R FE R B AT 1N 1 mmy/s, BIRRA &R S
TRSHAE, $E s ER M T2 S50 E . Hri
[ (AT R i 1) s« B IR AME N 25.04
mm, [FEEEE N 1.08 mm, 15 H B R K&
M 98.5.

X8 RO i 15 A R AT SR 1) A g PR e
i, PAFRISAETT A ST Zwick 2020 2477 Redp R
RIS EREAT, SR FE PRI BN 6 mm/min. 7E
FLAR I b [ A R HEAT A, (673 A T A2 8%
AT . T [ 2 — PR 2 DA, AEREA T hL i
PRI AN TR I 75 LA [ W i ZE N 263k, SERLTIAR
TEMB 2 B 1(0)FTR. TSI FE A i 9 AR i
FR 0.1 mm/s. FEA 8% MIFETE 600 Chn
PP RIR 1 min. 3 min 3¢ S min, FFHKEEEKTT
P RAEANE =

TE A FH 43 45 B (SEM) AT 2 I8 ol B 0 0 R iy
I, 8 PRI 3 A2 FE TR ED(100), £ J71A);
TD(010), KM A FEE T ED (5 1; ND(001), &
TR E R 7 1] A FAR-K DM2700M AL 5% i it
HEAT S AR AL AR 5 TE FR AR Y S5 X AR W SR T
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Fig. 1 Profile of extruded round tube and experimental
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Fig. 2 Microstructures of as cast A and B alloys: (a) Alloy A; (b) Alloy B; (c) Alloy A; (d) Alloy B; (¢) Back-scattering image of

Al;(Sc, Zr) particle; (f) EDS result along scanning path in Fig. 2(e)
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Fig. 3 TEM images of precipitates in alloy B: (a) Bright field image of alloy after aging treatment; (b) Bright field image of alloy

after aging and preserving treatment; (c) Dark field image of alloy after aging and preserving treatment; (d) Selected area diffraction

pattern of alloy after aging and preserving treatment
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Fig.4 Microstructures of extruded tubes from alloys A and B: (a) Alloy A, circular section; (b) Alloy B, circular section; (a) Alloy A,

section along extrusion direction; (b) Alloy B, section along extrusion direction
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Fig. 5 EBSD microstructures of two extruded round tubes: (a) Alloy A; (b) Alloy B
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Fig. 6 Inverse pole figures of grain orientations in two alloy extruded tubes: (a) Alloy A; (b) Alloy B



980 hEA O RYR

2020 45 A

150

—a— Alloy A
—e— Alloy B
120}
£ 90
=
8
E 60
]
30
[ ] 1 1 1
0 10 20 30 40

Strain/%

El7 A AN B HE R E R ARG N - R 2%
Fig. 7 Strain—stress curves of round tubes extruded from

alloys Aand B
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Fig. 8 Microstructures of pre-deformed tube after annealing at 600 ‘C for different time: (a) Alloy A, 1 min; (b) Alloy A, 3 min; (c)
Alloy A, 5 min; (d) Alloy B, 1 min; (e) Alloy B, 3 min; (f) Alloy B, 5 min
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Effect of Sc and Zr on microstructure stability of
3102 aluminum tube

LI Kai, YU Jiang-ping, LI Da-yong, PENG Ying-hong, ZOU Tian-xia

(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: The effect of additions of Sc and Zr elements on the microstructure of 3102 aluminum alloy as cast, as well as
after aging, hot extrusion, and pre-deformation/annealing-treatment, was investigated by multiscale methods of
microstructure characterization. The results show that the additions of Sc and Zr elements can lead to the formation of
Al;(Sc, Zr) primary phase, which promotes heterogeneous nucleation and refines the as cast grain size. The aging
treatment produces high density of precipitates in the alloy with Sc and Zr elements, and these Al3(Sc,Zr,-,) particles
restrain dynamic recrystallization in hot extrusion of round tube. The additions of 0.24% Sc and 0.23% Zr increase the
yield strength of extruded tube from 26 MPa to 89 MPa and tensile strength from 70 MPa to 122 MPa. The abnormal
large grains appear in the tubes extruded from plain 3102 alloy after 8% pre-tension and 600 ‘C annealing for 3 min. In
the tubes extruded from alloy with Sc and Zr additions, the grain growth is suppressed in most part of the tube. The
additions of Sc and Zr in 3102 aluminum alloy promote recrystallization resistance of grain structures of the extruded
tubes, and keep the microstructure stability in pre-deformation/annealing processing.

Key words: aluminum alloy; pre-deformation; annealing; recrystallization resistance; abnormal grain growth
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