830 B 6 FEHEEERFR

Volume 30 Number 6 The Chinese Journal of Nonferrous Metals

2020 4F 6 H
June 2020

DOI: 10.11817/j.ysxb.1004.0609.2020-37587

6082 IS AT IEFNEISBESERITA

R S i

(1. RPN ARER P TR, &4 321007;
2. B DR EOR 2 e TREEOR S A, FRE 210023;
3. SEPVHEARSZR EPER %K TAES, &4 321007;
4. ILTERE T HE TR A K A, A 210023)

. S0 T U AT (EBSD)AIIE S HL T B AMEL(TEM)BT 7t 6082 474 45 7E 623~773 K A1 0.01~5 s ' 4 4H4%
ERER MBS EEMITN. SREW: 6082 tHE & FN S—NAS 2k BIC A B g E, (B RAESISH
i, FHASHERIEE S Z S8 HEMR. 1F InZ=24.9014(723 K, 0.1 s YIJELEN, ShASTH L iR B
B, N 38.6%. SN LR T A B RVIGEIEF N, RrEFRNES Z 2R NERRR, 53
ST I AR AS TR . 454 EBSD Mk 4l BT 6082 fR & SshAS 453 1AL, ARk
L, JRLETRL A T BRI i 4516 I 25 78 T8 1R AT R R S Y, OB I ZE RN T K 2 KA B2 57, AT T B 1)

PGS Bh AR E JFUAG i 57 I A8 1 S 5 AT AR SR SR, /N A7 E R SR K S B B S TR S B A T

e H B 45 i 0 EE L.

KR 6082 tah4; AEHL ML, Zener-Hollomon 41; ES:EIS 45 M

XEHS: 1004-0609(2020)-06-1230-08

FESHES: TG146.2

NERERS: A

Al-Mg-Si ZELERA S B AT IR TN
TR S AR R, T N TR
TRZE DA, X S 2854 e A B L 3
B2, BT MgSi IR Si MKW, F5
Al-Mg-Si RBTLERG &N b K AR 710 A
BE), J1sErERE A LA AL SERR AR BRI, R,
Al-Mg-Si REBTLR G & H BT T2 MR
MRS A AR AT, LASRAS 5] Bl
a2, AT 2 3 3R AR 25 6 71 %
PERE.

6082 4R 4 — P Al-Mg-Si R ARS
&, UG RRAE SR F2FEX 6082
A SR T2 R AT D15 R O
AR AT T WF 7T X1k HE AP 7t 45 S 1
6082 FH - 4o ik JBE I A (] VA Ui 52 1) T v R AL L e T v
Jo PR, HAE 520~540 CF ik B i mfl, T
KR EHUA W T = AR . ) 2 D7 i ok ] 375 A B
JE 1 6082 £R A & G IR A5G, I RS- 35 ki
RSB A A S e (1 18 K T K i B A AR TR

FEIFE R, T8RRI ek /) LR 0 8 v
Tty IR, AR RHMRET, SRR TS A R
Y ESY IR N =R AN =R P (BRI
AL ST IR AN Z AR B . KUMAR 2P 5T
TR EXT 6082 454 & UTIEAINT ST, Ty
SV BE ARG T BE I SE MR, AT 1 HH AR e L
T 6082 Hi &M 5 KA A 45 a4
. MA 5@ ST T TS AA6082
H a1 R RE R, IR X AT B 4 A U 4
B, T HoRHLEE . CHANG 25U it ik 21 4h
PACEE T2, 113 6082 FA G 4 7 PR ] V7 b #E 3ok 2 v
FEA TR G PR GG AR, FFHAT B 2 ) TE o
RN, MR T MR 12 B CECILIA %51
BT RSB ERAIRR T 6082 454 &1E PV K
RN ARREAL . BIAS R R A ER S A i R, R
TS S SRR ST AR . LT 20 A6082 45
HEFAPAAT AT T AR, T
A6082 FHEr G A T 45 AR 00 B 5 B S AL o B
SEEKR, LT ZMEFR S 4 sl T AL

HEWH: Wiild ARFAEE S B H (LY 18E050005); A B #ERHIE 2h3k 415 H (YK 18-13-02)

Wi BH: 2019-07-19; f&iTHHEA: 2020-05-28

BEMEE: WIER, B, WL, HEik: 18851998736; E-mail: springer 1028@163.com



2530 B 6 W

IRT, 5. 6082 A G ERL I P RIS A AT 1231

A NI RO IR AR A O A 2R AR 4k,
DA B RAFIZEE 1 ERE, AR A5 S
LA A 40N B AR Sk 4. s TS SE N
MEASML E B F B —, —H22ERIE T
SR B L LTI Je 425 il S5 7 AT I O . K
HILLR AT, BEAREG %R ZH s B
TR R ERENSEE, Wb RAEEFHLS
At Ot DU I 4 AR S BN S A R . {H
&, BB T BMEARNIRRE, W05 /N R & ST
DL I o B TS (EBSD) AR Bl 223 . SAKAL
212 g) EBSD BARWMEE ] 7475 456 & M/INAFE &
Gt BRI G R b S50 o RIS R B, Bl AR T
(IR, SV s S H i 22 32 ) e SUAE I B 28 K A
B db A (HAB), T B BR T 80 19 T 45 d dd R o
PARVIZIAN 2531537 7 6082 #8544 HVE T F2 i
WA ZR P ZN AR, B EBSD BRI E T 6082
A SR G R R S0, FRIET LA sh 4
TS I SAE R T H AT .

ARSI GE A S R ARG . 3B A T R AT
(TEM) 5 HF 5 U AT S (EBSD)Y R ARBF 7T 6082 44
LRFERATEEAT T I SR R AU, &
S S BhAS TR A AR, R B A A s L,
NEFEE 6082 F5E ST T 2 HR A S0 4
HB A .

SEEG AT AR A G N T B Ik B A A PR A R SRR
6082 4G E M, HALER (RS E, %)W F:
Si 0.95%- Fe 0.18%. Cu 0.06%. Mn 0.45%. Mg 0.65%-
Cr0.12%- Zn 0.005%. Ti 0.03%, HA N Al. Kttt
LR UNEIRL d 8 mm X 12 mm (1 [RFEAAREE, Bismin 16
& 0.2 mm (P[RS, R Y IR E R (75% F 52 +20% 1
Th+5% AR = F 28 I (5T 570 500) DA/ N BE 4556 182 77 4R
A LR FRHE K1) Gleeble—1500 Fufsill sk
B EXT 6082 FAA 4tk AT R e TR 4 158, B
1 °C/s, FRUZISIE S min, SESHNAFEN 70%. &
A THIRE N 623, 673, 723 M1 773 K, ASHZE A
0.01. 0.1+ 1 F15 s FFUREE 45 HE 37 BKaURE ik
FPK PR LA S8 R AR A2, 8 T AT 5 (1) 5
T EH ZURFAE

43 WA H EBSD #1 TEM X} 48 T J i 20 23 34T W0
W53 A, LI AL B 35 e 40 i R 1 O B A 51 18D
EBSD UFF 56 F /KD 4% i KL 3 40 8% 25 20007, 75 F i

JEHLREAT MLk 28 3R T JC R Dy 1 (S NIE 65,
FIEEN 3 pm F1 0.5 pm), 6 58 B R &8 7 I
U 5 min, WA R BT RARILOG, JOOGHBTN 90%
HClO4+10% C,HO(EFA 73 %0), #tE N 20V, H
WHNO03A, IEEN-273 C. TEM LSRR 4EHL
TR THE S e BE 2 100 um BAF, T LIS B
Hod 3 mm BEES RS, A5 FIREEEE
MTP- 11 2R XS M58 Y80, A ol A5 A7 UM L, e gk 78 22
300 nm BA R, XU N 10% HCl044+90% CH;OH %7K,
TAEHEAR 20V, HHN 0.1 A, REEHN-273 C.

2 FER5STHE

2.1 ERA-METRhZ%

B 1 fis i 6082 $5 6 4 E N ARTH R 0.01~5 s Al
TR 623~773 K 26 1F T IR Sj—RAZ dh 2. MK 1
HT LG Y, TBNIRL ) 52 AR T i R A0 A T3 26 [ 5 e
BORB, WA A TR R T i B0 A 5 26 1 PRI
Xof NE (U AFL I 7B PR A o B ABEAN [R) AR R 261
0 B0 3~ AR 2 T DU IR, 7 A1 A T3 R (L
1()F1(b)) 264 F B /NRAE (0.1 72 40) Bl EHE ARSI
ML, BB SRS A R . R BB R 1)
AW, FEBARS AL HEZ T MR SIS BAE A
Wikgsi, Hn TR IR TR s AR R (L
B 1)) AR HE L 0.3 DLJE A TR R NSRBI
B M NFRAS 5 R A AR — AN e EH, R
BRI S A AC S N TAAk 2 18 IE B — 52 1P i 2
I 5 L P EROR AR SE  F FEAIK 6082 #5 & B
N F1IEET N P E ARSI B, NS R
e S I/ T ) A TR A RSB g, FETRe R A T
AT MIG . MOBHRER 848 ih 25
LA GG IR E R T, RPN Y
FURA T S ASE MY, HE, RAEACET AT 2
K TR RLAR T2 BIA] Tt A2 E 20 25 5 45 i BB T 4R K
4

SELLARS %5UHi Hh— i, £ 2 245 7 45 Sl 0 g
O FVRTEIRE T XU IESZ A8 AY,  FH -4 34 e T 2 1
SRR AR N ST AR TR DL R N AR R
P MNEERR. N T LREHENALE RN
TR X A A5 s, 51N T Zener-Hollomon
KT Z 24

Z= é‘exp(%j = A[sinh(aa)]n (1)

A H: Z A Zener-Hollomon Z%; & NNATHE(s™);



1232 o E A 48 2020 E 6 A
50 60
(@) (b)
623K
40 f’_\&,? K 50 //—\
[ o]
a a, 40
=30t 613K = ///\673 K
% % 30 /\723 K
£ A—— R A e
2 L
& £ 20
10} 10k
0 1 1 1 0 Il 1 1
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8
True strain True strain
80
(©) (d) 623K
623K 80r
60 f
§ 63K %‘3 60 —673K
2 23K 2 723K
&40 g 773Kl
@ /’ 773K 2 40
: :
E ool =
20
0 1 1 1 0 1 1 1
0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8

True strain

1 6082 £5A L 1E AN [F) N AR T 2T (1) 30N ) — B0 A% 1 28

Fig. 1 True stress—true strain curves of 6082 aluminum alloy hot compression at different strain rates: (a) 0.01 s '; (b) 0.1 s°';
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Table 1 Critical strain under different deformation conditions

. Critical strain

Els
623 K 673 K 723 K 773 K
0.01 0.168850  0.101060  0.095826  0.095415
0.1 0.271242  0.185107  0.081699  0.068627
1 0.271989  0.094398  0.192717  0.098039
5 0.284080  0.264006  0.220822  0.119048
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Fig.3 Relationship between Z parameter and critical strain

i Ik LUR WS PRI BE RS By, (R AE M okAL, AT S0
B LS SR AZ KR, R Origin #AFZMEI S
BRHEHERGRANE e, 5 2 ZHRALRIER
N

g, =0.00462"12% )

A 4 AR 0 5 R AR 2 T [ 9% A
RLRSE R 73 438 9 -

XDRX:I—exp{—k{g;gc} } (3)
P

dppx =a-dg' -&" " {exp[Q/(RT)]}" =c-Z™ “4)

K Xopx AZENEERMERDIEG o 6 Me, 25l
N AR TSR RS L I SR AR FIEEAE A s ks
m MEFEEG dorxs do 730 BN TS5 AR 46 &
FIRSE: & T il AN AR R AR TR : O NE)
AL EOERE: R NBERAETEEG av nis nps nas
kv my ARPEVEHL

—RNEOUT, BhAS T4 AR B R R AT
I AT R A UL SR TS A SN
LMfE. (HE, HTINEFLE SRS EE E
T F A 5 SR TEAZ R R DA R KRR, TR
RIS, ShaS L b v R s It
WATREE PR, AT A3 OS2 30240/
M AS TGS Sk, B2 HBURAS I 5 1 dikr )] <) &
M EE SR A AR AT SRS E R IR, SR A X 31
SN TG, 5 SRR JRUG SR A A R K. {5 B EBSD
KR E ST EIIE S, AT LSRR 45 bR
B a) 22 K/ RO o3 A 45 AR 2R AR (5 . 6082
BESEREATRATLRE 723 K. RASER 0.1 s
AT %) EBSD Bl sUg Bl 4 B . #R4E EBSD
S8 BB PR A BRI RS KNSR FP344E, DA
T BRIEZAL A TR RS AR ETEAR
TR AR, IVt SR iy I S ) 22 — Rn]
N 3°A1 15°, FFH Channel 5 %44 /) Recrystallized
Fraction Component Jj & 7] LAIR15F % dnofr Y [m) 22 (AL ]
4b) LS ERESE(LE 4c), LI, XFRE InZ=
24.9014, Xprx=38.60%. ZHRIFIFEM T, nl LTS
AR T RIZhAS 45 AR B P35 SRR /N R
InZ 4dE, Wk 2 iral.

BRAPEARIRANAG) M (@), TFE 6082 S84
SN P SBh I RTR

1.486
—0330{8_1%} } Q)
gP

Xprx =1-exp




1234 hEA O RYR

2020 4 6 A

Area fraction/%

010 30 50 70 90

Grain size/um

B4 6082 f5AE&AREZKM T EBSD B A 4 E

110 130 150 170

20

Number fraction/%

10

10 20 30 40 50 60
Misorientaton ange/(°)

Fig. 4 OIM of EBSD for 6082 aluminum alloy: (a) EBSD orientation image (before deformation); (b) EBSD orientation image

(723 K, 0.1 s71); (¢) Grain sizes (723 K, 0.1 s "); (d) Misorientation between grain boundaries (723 K, 0.1s")
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Table 2  Experimental data under different deformation
conditions
TK 6/ Xpuls ~ MVeragegrain InZ
size/pm
673 0.1 25.7 87.7280 29.2680
723 0.1 38.6 40.7168 24.9014
723 5 27.3 222.3950 28.8134
773 0.1 333 55.1573 25.1418
773 5 13.2 312.200 27.0538
dprx = ¢+ Z™ =0.08032%%° (6)
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Fig. 5 Microstructure of dynamic recrystallization softening of 6082 aluminum alloy: (a) Analysis diagram of grain boundary angle;

(b) Grain morphology; (¢) TEM image; (d) Sub grain boundary structure
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Dynamic recrystallization behavior of
6082 aluminum alloy during hot deformation

XU Zhen-yu"*, HU Dao-chun®*

(1. Mechanical & Electrical Engineering College, Jinhua Polytechnic, Jinhua 321007, China;
2. Engineering Technology Training Center, Nanjing Institute of Industry Technology, Nanjing 210023, China;
3. Academician Wang Weihua Expert Workstation, Jinhua Polytechnic, Jinhua 321007, China;

4. Jiangsu Research and Development Center of Precision Manufacturing, Nanjing 210023, China)

Abstract: The dynamic recrystallization behaviors of 6082 aluminum alloy at the temperature range of 623—773 K and

strain rate range of 0.01-5 s

were studied by electron back scattered diffraction (EBSD) and transmission electron
microscopy (TEM). According to the experimental results, dynamic recrystallization occurs during hot deformation of
6082 aluminum alloy, although the true stress-strain curve has no obvious single peak characteristic, and the degree of
dynamic recrystallization is closely related to Z parameter. Hot compression with In Z=24.9014 (723 K, 0.1 s ') gives rise
to the highest fraction of recrystallization of 38.6%. The initial critical strain of dynamic recrystallization was determined
by work hardening rate. The quantitative relationship between critical strain and Z parameters was established. Based on
the results of EBSD analysis and measurement, a dynamic recrystallization kinetics model of 6082 aluminum alloy
during hot deformation is deduced. Microstructure analysis shows that the subgrain structure formed in the original grain
is coarsened by grain boundary migration, and the orientation difference increases continuously until the large angle grain
boundary is formed, resulting in dynamic recrystallization grains, and the likely mechanism is continuous dynamic
recrystallization.

Key words: 6082 aluminum alloy; dynamic recrystallization model; Zener-Hollomon parameter; continuous dynamic

recrystallization
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