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Abstract

By studying the thermal deformation behavior and microstructure evolution of 6082 and Zr-6082
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aluminum alloys under different strain rates (10-3~1 s-1), the evolution process of grain structure
before and after heat treatment was analyzed by quasi in-situ EBSD, and the effect of Zr addition on
grain substructure was further discussed. The flow stress curves of the two alloys showed that the
dynamic softening effect was greater than work hardening at low strain rates (10-3~10-1 s-1), dom-
inated the deformation process; At high strain rate, dynamic softening and work hardening reach
equilibrium. With the increase of strain rate, the peak stress level increases, and the flow stress and
peak stress level of Zr-6082 alloy are greater than that of 6082 alloy. When the strain rate is 0.01,
the peak stress increases by 21.1% compared with that of 6082 alloy. After microalloying with Zr,
the volume fraction of subgrain and dislocation density increased, the recrystallization level de-
creased, and the higher the strain rate, the lower the recrystallization level. The addition of Zr
promoted the delay of dynamic recovery and the inhibition of dynamic recrystallization of 6082 al-
loy during hot deformation. In the subsequent heat treatment process, Zr also played a role in inhi-
biting recrystallization. The samples with more substructures produced by morphology change re-
tained more substructures after heat treatment. The samples deformed at higher strain rate have
better mechanical properties. The addition of Zr promotes the formation of substructure. The
hardness values of 6082 alloy containing Zr are higher than those of 6082 alloy in both thermal de-
formation morphology and aging state.
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1. 5]

oxxx REEETEANEGELREEZ, AAMESILENEGSMMERER FI/EHEAREE. TR
Mg #1 Si 2 6000 REAETHRMPFLESEITR, LHRMDER Cu, AJGE Fe, MEMEETE
Mn. Cr. Tiv Zr, &AWL ITE[1] [2] [3]. GE&MEEHERZEGETRIEMER, BEWHAG &K,
BRIE QG uRmMRMEE, WIFR A TER TG SR 4], 8% Mg/Si tikF] 1.73 K4
RETE R Mg, Si Wb &4, 24 Si & &t i) Rede m & e sm B AR A M, (H 23 PRAR BTN 77 i Tl Bk
TR Mg fedma & MPUR ALYy, H2 2 R B R R A B K. Cu 7E 6xxx REETH
VB T K B2 [ A A = AR DL A E I [S]. 76 Mg Al Si [RIRTAZAEIE LT, fEA& 4N Cu fE=
I ERE = AR ORI, HBEE Cu B3 2, && MRt bR h v ge FEA%[ 1] [6].

Zr U R R T Al-Zn-Mg-Cu R 958 & 4 1070, Il 7 37 2L F o BE 45 & & I WE R, 1 7050,
AA7085 55, HT ZRNATHEHFH. FURESAUE[7] (8] [9]. & Zr A &4 A H il k15 K240/ ek
TE LA AZ T 1) AL Ze SREUH , 2 20 IR E0R AN 41 & 5 Ak 0 A, T 2 3 4 M BR A S 2R G MR RE[10]
[11][12]. @JEM B SRR AT AN L L 2S8R TE T, 6 SRR RN H k1
AT RZ RN Z MR RN, OFERIERLE. NMAEE, BRREE U LMMA LR LS. &8 AMES
TRAE T R b 77 AL L G5 A AL B R AL T AT PRAS, @ IRE TR R AR, PRIAE J5 2 3t
I v P Bt o A (B S RN S PG B 0 R AR [13] [14] ASSCRLE R 455250, AR Ze s nte
AT I FE 0T 6082 FR G 4L B ) AN A AL ML 520, LA R HAb BR T f5 X 6082 & 4 bV 2514
e .
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2. KRR ITE

IR RR 6082 f G B AL R G &M WL, FEL AWM WNE 1 R, N T EEEMD L
. B SR AT I S AL B

Table 1. Chemical composition of 6082 aluminum alloy used in experiment/wt.%

% 1. SLIRF 6082 SR A SR FR D /W%

& Si Fe Mn Mg Cr Zn Zr Ti Al
6082 0.85 0.31 0.61 1.09 0.17 0.10 0 0.09 RE
6082-Zr 0.83 0.29 0.62 1.06 0.18 0.10 0.10 0.09 RE

IS A TR 6082 45 A Gt FHBUR )2 @100 x 150 mm () [EAFE AT B SEaG,  TRORMEOHLIR &
N 500°C, NASHERSHIN0.05s . 0.1s s 025y 03s ', MATEN 20%, 1 4000 MBS ENL ik
ITHUH SRS . FESRIORHT AT, MOREL 10°C/s MR BEETFHER, BE/SIRR | /NS R T &AM B IR
OIATYET . TEBORLEAT Z 01, AEPRRL AL Rt v AR AU A 2, > BRSO AR L OB, AT
TRAFRFE 51T o SRR R AR (IR AR B 7738 e 7 UL im0 A B s Semh &, R THFSE 6082
A S BAFARIN Zr 111 6082 456 4 SR 4B FEAE AL R /T S5 RO L4, Jlxt ZEISS EVO MA10 i
TR I L U AT S (EBSD)X AN FRRAS T I A SRS TSR AE, AR S T s
(BRI 707, S HL T RN BIRE S B BOR T A% EBSD 16RE, SRJE B I S AEREHEAT IR B RIAR 22 Bl 1 ok
PN LI A N RN S S NS BT e T Y S W e e S SR A AR S P v = e R WY (VA= K AR i) =i
TR EAFRFELTT 550°C/1 h #HACFESBI/KEE, X BROR I X 38 BG4 T EBSD $if%, $-15#ER {7 EBSD
K. fEHESEAL EBSD BT, Rt P35 RE i BB A AR 8 s, AR DGR R <1 pm.

T BB RN Y 20 KV, e uR 707, TAEEEEN 15 mm. EBSD 54 7E 10 vol.%
HCI10, #1190 vol.% C,HsOH VR & BRI 34T MY, VIR N 25°C, HE N 20V, HLRI TR N
8 s. FTf32IM¥ EBSD %4l K Fl HKL Channel 5 %fF3EAT 2041, I B2 BER ISR R, 3R 224
2°~15°[X [8] B & A /Nf B d - (low-angle grain boundaries, LABs), FHZiriR. IAIZE KT 15° KA
SRR S B & A (high-angle grain boundaries, HABs), FSEZFRiR. th4h, #E4T EBSD 204 LAl FH 26 PR iR
PRI R 1A S ALY A AN

3. ZR51TR
3.1. AR Zr SEBRASHANT - AN L

ANF Zr R 6082 A & AR 45 RIS A S00° CATLIRER 107 7' ) 1 s (RN AR E R N AT,
TERE T FE IR M BN Fy - NS IIZE AN 1 iR — Mok UG, 0 LA AL A Bh 25 3 A0TE 4B ARk
FAPEAR T R AR A B S R, A S A A RO 32 A S A B R B A FRAS AL . 7E
TR RES, HRNG RN B RN TR B, ik B AR N ) R KA SIS AL, HE
AR LE R

RN AR R R (107 s 10727 1 107" s, W& 1(a)~(0)Fin), HiRARR ARG 5, M)
Bt AR A3 R R I N B (X R A B SRR, B ] 5 AN B 4G A LIRS T i
PR G4 = A . UAER ISR (a0 ] L(d) ) FARTER, AR R IE B 5, R N
MR, BhARIE AN TR AR Bl TF 4, HtihZeta TP2. shah, RIS EBIFAR N A (E
77K B B AR R (I I, X 5T AR T A S m R AT NI SRR — 3 [15] [16].
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Figure 1. Typical true stress-strain curves of the two alloys during hot compression: (a) 0.001 s™'; (b) 0.01 s'; (¢) 0.1 s™'; (d)
1s
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Figure 2. Peak stress evolution of the two alloys at different strain rates
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T Zr HEEEWM. B2 W T A Zr FE A S IR AR N N AR R L, B 4 I AE
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Figure 3. Microstructure of two kinds of aluminum alloy billets: (a) Zr-6082 IPF diagram; (b) Grain boundary orientation
distribution diagram

& 3. B S SITRMILELR : (a) Zr-6082 IPF [&; (b) RAREESHE

K 4 ME 5 RO T PR S RN F AR AR N RS . AR TR, SR AR SR RO
WL AN AR T o S ARG, B RAR RS 107 s 89N E) 1™, R RE e N, kAL o
PN G A SN B R A . RSN 107 s I, SRRT BRI, LA
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A R I R S 2 AL MLRIIRTE P45 S Aokt R 96 I TR K TR RS A BRI, i T30
AT I 1R] A R R A I TR, SRS RO AR S R, WURE T2 ARG AR R A B
B V2 R L R, HEEHE NASE ARG R, b SR AT LS5 2

X LU 45 G200 IPF [, UG RIAN & G A ¥ KR/ AR S, BEAE AR N 107 57 i K 2
Us™, Pl b/ PR SR 2 50 SIS AR KT AN BT 22, L5 Zr 11 6082
BESMBLNI ARG EZ M/ T, RUIE Ze 1) 6082 F5 4 RV 45 M 1) 2% BE T e . B AR
ERRBEEN 107 s, BT RAESEEEI, ERE Ze 1) 6082 A& WL KL T sh AT f. W
AL i S L8 B B B 2 A0 KA Bt /NS A R (A B 4a) P IR k), SRTTZE & Zr £ 6082 & 45 1R
MR EHIROR AR . Bl Ze FESINA ot 1 302 ] 25 12 v 5 .45 K e A8 Dy i 5 i 21 21,
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N T BB NS A Ze IR INAT 6082 fh & s A PAL RN, KA EBSD & &4 A&
TERE SR AEA R AR 64 T S AR 0 B 45 R BB AR 2. 6082 a2 MmEHEE
& ARG R AL A SR EN[17], WA 6 Fros, REEE S RIARTEH LR R 2 B v LB
s WL (HRL P 22 A1 G 3 A T 2°~15° 2 8]), BE NS A B HE I, 0 it (AR 70 B0 K, I it AR 70 A A T
FRIE T 22 10 S DR o T e e o 4 IR R A AR A AL 2 A, B AR E R T LAGBs, 774 T4
EZ- 0N TR

P45 o3 BB A AR R 2 PR A5 SRR, AR ISR N, BRI R ARG, S HA R
O ER R, SR A AT NS I (] & IR i A5 AL, X5 K 6 P as f a4 R —
Bl XFLLPRE 4, EMFERERAGT, € 6082 BEE N Zr LU, MEE & AR 00 244
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Figure 4. IPF diagram of 6082 aluminum alloy at different strain rates: (a) 0.001 s™'; (b) 0.01 s™'; (¢) 0.1 s (d) 15~
& 4. 6082 SR A ST E N IERTH IPF Bl: (a) 0.001s "5 (b)0.01s'; (¢)0.1s"; (d)1s
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Figure 5. IPF diagram of Zr-6028 aluminum alloy at different strain rates: (a) 0.001 s'; (b) 0.01 s™; (¢) 0.1s7"; (d) 1 s~
E 5 & Zr-6028 SR A ST ENINERT IPF B: (a)0.001s 5 (b)0.01s'; (¢)0.1s"; (d)1s
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Figure 6. Subgrain integral number (a) and Recrystallization fractions (b) under different deformation conditions
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Figure 7. Distribution and evolution of grain boundary misorientation of the two alloys during deformation at £ = 0.001: (a)
6082; (b) Zr-6082
E 7. MMEEE £ =0001 ZHIEFRFTMEAENDHEE: (2) 6082; (b) Zr-6082
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Figure 8. EBSD of different alloys before and after heat treatment at 500°C/0.1 s': (a) before heat treatment of 6082 alumi-
num alloy; (b) 6082 aluminum alloy after heat treatment; (c) Zr-6082 aluminum alloy before heat treatment; (d) Zr-6082
aluminum alloy after heat treatment
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