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Formation mechanism of layered grain structure during
superplastic pre-treatment in 01420 Al-L.i alloy

YE Ling-ying, ZHANG Xin-ming, LIU Ying-wei, DU Yu-xuan, LUO Zhi-hui

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Fine grained 01420 Al-Li alloy sheet was produced by thermo-mechanical processing. The precipitation
behavior of the second phase particles and their effects on the distribution of dislocations and gradient recrystallized
grains were investigated. The results show that after aging, a gradient distribution of the large particles through the
thickness occurs. The particles in the surface layer (SL) distribute homogeneously with larger content whereas the
particles in the center layer (CL) mainly distribute parallel to the rolling direction with smaller content. The subsequent
rolling results in a corresponding gradient distribution of high strained regions around these particles, which is the main
reason for the formation of the gradient grain structure. The SL contains a fine, equiaxed grain structure with an average
grain diameter of 10 pm whereas CL contains coarse elongated dimension with average grain size of 30 pm X 12 um,
each layer accounts for about 1/3 of the whole thickness.
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Fig.1 Typical microstructures of 01420 Al-Li alloy: (a) Original
8.5 mm thick plate after solution treated at 470 “C for 2 h; (b)

Thermo-mechanical processed to 1.6 mm thick sheet

22 FEAWE

Kl 2(a)~(c)Frs AR B T2 01420 #8EE
ST AT A, AERINERIZE. G484
120 ‘CHI2 12 h Ji5, A H E A% 10~30 nm FIERIE 6'(AL L)
SRAAT L T 2(a)) o 2 iy I 280 8 0T LASRAS B S kLR 1)
Fr A, Wil 2(b) ()R, &<AE 200 CHFRL 48 h,



1746 T EA G ER

2007 4F 11 A

55 AR RAFEE 0.1~0.5 pm, M AE 300 “C IR 48 h,
FrH KB RS 1 pm R 55 MR 1.

B3 BRI & 442300 °C 2% 48 h LA FL A mirxt
AT 400 CHRE 4 h JE PR AR ki 7
%, B 3o B B R iR Rz, &
3 FTRESI E )2, ST 3(a)Fi(c) T LL
Fill, B42300 CH%48h, S AIAEREM &
AR R HAT A XOEOR . FEFE SR I, 5
AR S A AR, R O JE T AR A
W 2 BEAESAT T 4L ) B AR AT . B ARSE
B0 K H I U AR S 01420 £5 885 & GG 1 1(a)

AT, 5 B R L R A LA S (R 2T 4 41 2R,
AR LT ) S AR A, BRI REAE 56 i A
FL AR e AR T 5 LR e i o B RO
02 R R T 02 0, BURASIE J5 M 1 2%
2502, AR TR A LA S = R
E. VA ALER A (X e fif e A SRR, B4
N 2500 R 2 T2 X e P AT F 5L 7 1 1) o 7 DA A
FI AR TR AL T H A B i e 2 58 A2 T B A%
MK BN E . 300 CHFRL, il 3w, fEFf
AR E S AT LI S M A%, K123 Ai Ll AsE 34
Ao MAERER LR, G AR R LK

Bl 2 01420 H1# A 45 MK TEM B30

Fig.2 TEM morphologies of second phase particles in surface layer: (a) Aged at 120 C, 12 h; (b) Aged at 200 C, 48 h; (c¢) Aged at

300 'C,48h
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Fig.3 SEM secondary electron images of second phase particles in 01420 Al-Li alloy: (a) Aged at 300 C for 48 h in surface layer;
(b) Aged at 300 C for 48 h+400 °C for 4 h in surface layer; (c) Aged at 300 C for 48 h in center layer; (d) Aged at 300 C for 48
h+400 C for 4 h in center layer
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Fig.4 Volume fraction of second phase particles larger than

0.8 pum in surface and center layer produced by various aging

treatment
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Fig.5 XRD patterns of 01420 Al-Li alloy produced by
different treatments: (a) Aged at 300 ‘C for 48 h; (b) Aged at
300 C for 48 h+400 ‘C for4h
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Fig. 6 Schematic evolution of grain structures in surface and center layer

Dy =Ng'"? Q)

A Ny HERAARINER KT dy 5 AR 4L
H o

A LSS AR/ S o A B RE B 2 45
BRI RN e ARSI Y, A AT SRR RO I
T2 B it J2: AR AR 3 B K A3 A JE AN R 3 30 T e 4
IFR&S fh AR R R IR AT o 5 AR AN 5 o AT
XIS 3 AT B e IR P 4 LA s i 1) 6 o
TERE IR, RS 28 —AHI A 0 A T,
XA JORE T E 2 S(ALMgL)H T A(Mg,Aly)AHZH A,
1115 S ARLEFL IR A AR S MR A (1 200,
DRI A K RS 0 [ T S D v o7 At 2 88 DX 3l 25 1)
AP AT TR, XS R A O 2 AL, R
JEAE P 4 e R rpmr USRS (R R ) R A
B, HAEEE S A ARG A (1) A T34, mT e
BELAS & FERIT RS, T LA T2 B SR ZH 2L v 2 A
PEZEAN /N SR . TERE A D 2, KRGS
TARFEER S ELET AT I AT LB 3(c)
(d)), IXHEO A BB T 25 5 T BUR TR AL TE 1,
AT Ay L st e it o A 3 8 K RS R Jo BT 3 1 o
B R IR G VA ST ) AR AT, TR S
ARG e VR ALy ) o0 A T4k 0, TR 6
T LIRS TR TR IR/ INRL Tty o ZEBE T SR IR 15 45
SRR, X B AR 3 A (R e (7 DX sl A sk
TREE OB ORI TEAZ AL S, IR S AR 1K BELAS
o FEGE ) g7 ) RS, TR TSR AR
Ty

BT AR BN K TG SRS (3 AR AT A
IR — AN TS R A%, BT IR R Wk 1

RS A R B, AE 120 2245500, dil 6 AT
H, FERE i IR 12 0T DABOR P45 St T AX IR 56 AR 1)
TN 4.8% (D), KT ZER) 3.7%, X
FEAEAR TG R T, FERRM (R 3 10 J2 mT DASRAS B 22 (1)
A v A RE I DRI, R T4 R T e DA
ZIITEAEAT B, Ak 5 I PR A, i AR L2

T4, HTRE SRR I S LR, LR
T B Ss L B R, BT LAERE i (12 B T2 B
AR AT LASRAS FE i i e PN L ALAR XS & e 3R
WAEAE B IS TEAT F AT LA bR 25 4 A,
Jll Y 200025 D J2 SR 2 R P A AT

A\

4 TE

45
1) 01420 B8 &448 300 CHIRL 48 h )&, K
RSE 38 ARV RO TR0 o) SR 6 S 0 AT, B8 ARAERR
MR E o0 AT 385 B 5ok, e i 2
W) 3 BT SR e i B0 A B AU

2) HLHIHTA CHEAT 300 CHIRE 48 h 5 IOFE &
28400 CORH 4 h, TLME BT IR S8 —AH 3
FAL, R Z AT E B AR i 4.1%80 2.9%38 1
A 4.8%K1 3. 7% (AR H0), T2/ NR - U [

3) S AHVEAOM TR ) SRR Ox A, 3L
AT S AT X B~ Ji] BT RS 11 e 7 5 DXl 52
FESIAT, X IR T 2R T 2 dt ZH R B A
KR P S 2R THT J2 PR P45 S LR A /NSl R 24
10 pm, O R GOR SR A E 5 10 P34 RST 30
um A7, BRI A RSFZ R 12 pm, %5249 R
KRR 173,



1750 T EA G ER 2007 4 11 J]
alloys[J]. Hot Working Technology, 1997(1): 20—22.

REFERENCES [12] Ellz, KB, EEE, KBS Al-Mg-Li-Zr &4 B M6
MRFFE]. #4 08, 1997(5): 50-52.

[1] Smolej A, Gnamu$§ M, Slacek E. The influence of the WANG Shu-yun, ZHANG Xiao-bo, CUI Jian-zhong, ZHANG
thermomechanical processing and forming parameters on Cai-pei. Studies of superplasticity in an Al-Mg-Li-Zr alloy[J].
superplastic behaviour of the 7475 aluminium alloy[J]. Journal Light Ii/Ietal, 1997(3): 50-52. )
of Materials Processing Technology, 2001, 118: 397-402 (13] RETIE. SEL e SoEPEBUM 94 U G R [D). Kb

3 ~L

[2]  Troeger L P, Starke Jr E A. Particle-stimulated nucleation of R, 2006.
recrystallization for grain-size control and superplasticity in an DU Yu-xuan. Principles and techniques in  preparation of
Al-Mg-Si-Cu alloy[J]. Mater Sci Eng A, 2000, 293(1): 19-29 superplastic Al-Li sheets[D]. Changsha: Central South

[3] Wadsworth J, Henshall C A, Nieh T G Superplastic University, 2007.
aluminum-lithium alloys[C}//Baker C, Gregson P J, Harris S J. [14] Chaturvedi M C, Kashyap B P, Fan W. Microtextural evolution
Aluminum-Lithium Alloys III. Oxford: Oxford University Press, during superplastic deformation of AA 8090 Al-Li alloy[J].
1985: 199-212 Mater Sci Technol, 2001, 17( 3): 237-248.

[4] Nieh T G, Wadsworth J, Sherby O D. Superplasticity in metals [15] Fan W, Kashyap B P, Chaturvedi M C. Anisotropy in flow and
and ceramics[M]. Cambridge: Cambridge University Press, 1997 microstructural evolution during superplastic deformation of a

[5] DU Yu-xuan, ZHANG Xin-ming, YE Ling-ying, LUO Zhi-hui. layered-microstructured AA 8090 Al-Li alloy[J]. Mater Sci Eng
Superplastic behavior of Al-Cu-Li based alloy[J]. Trans A, 2003, 349(2): 166-182.

Nonferrous Met Soc China, 2006, 16(Special 3): 5137951382 (16]  Fan W, Kashyap B P, Chaturvedi M C. Effect of composite-like

[6] Humphreys F J, Hatherly M. Recrystallization and related microstructure on - superplastic  flow and  concurrent
annealing phenomena[M]. 2nd od. Oxford: Pergamon Press microstructural evolution in AA8090 Al-Li alloy[J]. Canadian
2004 Metallurgical Quarterly, 2003, 42(2): 219-230.

[77 Humphreys F J. Particle stimulated nucleation of (17] Fan W, Kashyap B P, Chaturvedi M C. Effect of layered
recrystallization at silica particles in nickel[J]. Scripta Materials, microstructure and its evolution on superplastic behaviour of AA
2000, 43(7): 591-596 8090 Al-Li alloy[J]. Mater Sci Technol, 2001, 17(4): 439—445.

[8] Humphreys F J. Nucleation in recrystallization[J]. Materials (18] Fan W, Kashyap B P, Chaturvedi M C. Effects of strain rate and
Science Forum, 2004, 467/470(1): 107-116 test temperature on flow behaviour and microstructural evolution

[9] Doherty R D, Hughes D A, Humphreys F J, Jonas J J, Juul in AA 8090 Al-Li alloy[J]. Mater Sci Technol, 2001, 17(4):
Jensen D, Kassner M E, King W E, McNelley T R, McQueen H 4317438,

J, Rollett A D. Current Issues in recrystallization: a review[J]. [19] DU Yu-xuan, ZHANG Xin-ming, YE Ling-ying, LUO Zhi-hui.
Mater Sci Eng A, 1997, 238(2): 219-274 Evolution of grain structure in AA2195 Al-Li alloy plate during

[10] ZRES, MEEL, HIESR, BB, FIE. 01420 &4 rims recrystallization[J]. Trans Nonferrous Met Soc China, 2006,

AT A[0). AOEHITSEAAR, 2000(6): 318-320. 16(%): 3217326. B
[20] KBTI, WHERTE, AETEE, BRI 01420 FHLE SRR T

(1]

LI Xian-min, CUI Jian-zhong HU Zhong-shi, XU Zhu-ping,
ZHOU Qing-yan. Superplastic deformation behavior of 01420
alloy[J]. Chinese Journal of Materials Research, 2000(6):
318-320.

Fillz, wkbglE, UG, KR, WP Al-Mg & SRR RE
Ry EEFFE[T]. BT T2, 1997(1): 20-22.

WANG Shu-yun, ZHANG Xiao-bo, CUI Jian-zhong, ZHANG
Cai-pei. Comparison on the superplasticity of two Al-Mg

KB PR KR (HARHEERD, 2007, 38(1):
19-23.

ZHANG Xin-ming, YE Ling-ying, DU Yu-xuan, LUO Zhi-hui.
Particle stimulated nucleation of recrystallization in 01420 Al-Li
alloy[J]. Journal of Central South University (Science and
Technology), 2007, 38(1): 19-23.

(RE  EITH)



