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Fig. 1 Recrystallized microstructure with concurrent pulses (500 C, J= 2.0 X% 10* A/ mm?)
(a) =10 min; (b) —20 min
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Fig. 2 Recrystallized microstructure without current pulses (500 C, J= 0)
(a) —10min; (b) —20 min

T=773 K
0—J=0
| ®—J =2.0x10% A/mm?

[ S

0 5 1'0/ 15 20 25
t/min
B3 HLBHBE I A AR A
Fig. 3 Changes of electric resistance

with hold time B B R BELE I B LR 4t R A B B e A 7
W 2 2 4 A AL U WA B 22 7 B2 R o 3 BRI REEE T R AR R, T /ELRUR 10~ 20 min B Bx, H
B AR AT G B R A PR ETHIE SR SR R S
MR 1075 A%, P 3 H 5 R R 7 R 3EL S~ 10 min [ BRI Gl iy A 3 H U A Ve H B B T I R )

R/10°%Q

B4 JsUUR {45

Fig. 4 Original dislocation structure
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Fig. 5 Dislocation structure(500 C, J= 2.0x 10* A/ mm?)
(a) —5Smin; (b) —15min
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Fig. 6 Dislocation structure( 500 C, J= 0 A/ mm?)
(a) —5Smin; (b) —15min

R R AR, 45 5 BRI . B
T R R W], T8 AR R UL I TR AR
PRl ALV R BER, W 5 AN 6 P . R4S
HARRY], A ERH LA E S AR R R
U AR 1 R 5T T v R A RS
FEMEA NG 0, ALAR I ZERS LI B T RE 1R 19 2,
O A R T RO R R R L A5 R A
51 A B B E N T F (T OB TR T
HIRAE IR, TN Rk o e, — D T L T R
XILET A ES) 1 (K o J ) ZAL R 520 5 51
A AR T AL R A RIAR AR ), %A
M5 RE 7 e S 282, i1
DR N3 Js 3™ HC T o BRASE i 2R A 0 N It 11
R DIk, bk e R AL RE TR TR, AL
Fi 5 DR\ T R S IR s A O,
TS AL [P 52 % P 5 el R e

SCHR[ 14] KW, KA A A AR KT

BN, ZAA R M, X E 3R AT Y
JIT T B P T 45 o T A% 5 D A 5 Ak P T B ) 22 K F
— I AR, iZE 4RO A ERER, 2k, #
A AR . RS B e, R
& i R ROR, T R R B e T R S T 1 £
JER G BE R 25, B E, 22Y/ r ( E.—51H
PRI RE B 25, Y —FL I R T RE; r, — AT
(RREA2) o SCHRT 91 AR W, ok HhL I PRI 45 ot T A%
T R 320 P A 22 T PR TG P 5 R KOO, 3R
AT SEIE SR W], ik el S0 DR it P9 S 4 1) v
K, BEAKFRSE AR

PRI,k FLIAE X 445 ot 0 55 ) AR kg PR A
D 1) TGRS HEN T S 2R o R A
1 K R B o R T 46 R T 4G O TR A BT T R I
M), RPEE A4 T AZ 28, 2) 0o s A A B 9 K,
PTG ooz S 10T P 322 ) e 2 170 PRI P 46 i it b R
KIKE .



. 840 * o 4 R AR 2000 4 12 H
3.2 BERShFESHR JD 5
H ER T (Ko Q8 NiRZT) (5)

BT DA A, 6o itk e b A D O P 5
N 2E AT T . AEHT 28T, VR A E:
1) PSR R im /N TAL I B s B, %
FEALEE B2 1L FE N [F] 52 K B 45 A T B IS ) 2)
PG TEAZI, T g T AR A7 B A Bk AR R 3)
FREE S TERE N T, 4) LA S i R AR
XEALEE BI4E F 1 /NS AT DL 2B
3.2.1 g REZER

REASFE 6 2 WU A7 B R N TE R K T R
T, MmN, R TR AR R
W: 1) FGERARIE B DA IR FEBR B, 2) Wkap HE R
VEFIAELLES b B HE J73& R B S A0 3) Bk ap HLUR
I« B X EEE SR BB AL .

TR E AR R T Al R

. AnD\Z[ C(R) - Cof

J1= In(2Z/b) (1)
LF DI —WNT RS 7 =S AU AL YL
FIEEE; C(R), Co—Pi4H O 2 R BEE AR ATk
JE R CER AT b —H RN .

9 IR E AR T RO RN

D

j2: ﬁKeWJQ (2)

XA b —BUREERE; T 4R Ko —R
B} JHREE;, QR HR) .

B A AR NI, De= Di(WNTTHER
), AW mAAELEKN, D= Dy( MAT HBAR
)

XT38 IR 2 2 AR B R 3 Ol m R A
P A O

D) &R B /NI, 2R8I S N O
>,

jF:%W®ﬁJ (3)

2) Y A BRI, S SO A
AR, |

. WDb.M *

A Ny, N AN R T EE; P—HE
K eZy , eZi —HBE T BN HE R0

fif; w —m AL D —AhRLEAR .

XA TEAZ, A A AR NI, MR
Wi RS N BT, Rk, B, (2),
(3) Z FIAT 13 B 1 R P9 Bl o8

AnD\Z/ C(R) - Cyq]

] = In(272/b)

. £ T E R N P I R A TR B B, 4 R
FA BN

ezirnp (6)

RO —IE R Do —RELE R E A n, —
A5 BB R

Je= 2 (5) ARAR(6) B S H7
R 458 6 KK

d0 D, ATZ[C(R) - Cqo]

dt = Do In(22/b)

Lk, 0r nipzi ) ()

1 7) FUA F 1745 M T 45 L 5 AR E T 4
(B Qo KK ZE AT TR I T A JEE O, T 5 BRI e
to=
D Do( B.— 6y)
ATZ[ C(R) - Cy] I
In(22/b) T KT(Kuo @+ NIRZT)
(8)
VL RGN N, IR SR P AR U
F B 1) T 52

A= 1/%(613— Lpj)N (9)

AP do TR SR YIEA AR
ﬂf
Dy

WP R AL, BRI n
AN EZITIRTE R, W ar= o, HIEX(8) FH(9) 74
e

N =

t= nte, n= 0~ (

6 D,
T di- nD3)Dof 8- )
ATZ[ C(R) - Cy]

In(2Z/b)

[

ET (K o Q+ N¢sz)} (10}

A (10) R E R (J) BOK, N B, A
R, JRE SR do) B/, N K. T Do, 6
SRR AFRE A K, WARREBR, Do s/, T 0o
R, N K. xRY, (10) 54 mER
8.
3.2.2 R4 KORHEER

RN HS Rz O RERKK, HEXW#EE
SR AFRe T AR R:
D, E,
ey (11)

G =



55 10 5 6 JY)

XA SC, & kb AR T 2001 SR8 A 4 TR 45 sl ) A RS i . 841 ¢

X 6 —HERKARE, E, —EENZIKER
WArRE; A —Ludl 2L .

F 3 ik L AR B — 20 R ARV R, I
T AR AT R T PRAR P 45 K R R L AR wir T
BT P 0, E bk e R 0T A7 A 0 38 e B 9 R
AT E(2) #iE, HJE De= Dy, kel R
B S BT R s i X (4) RIS, H2
A BRI AN R R iz B RGT, T2 &R R iR
pn bR/ . B TIERZKOKR, JREG fRLAR N, AEAE
AL PR R IOTR LA K 5 4 i S )P 5 o A% [ I ) o
WK I OL S, AR R I 2 8 J5 46 &oki AR ] KRR
H

D = do+ Do- D,
X D, —KRKEREZER . BIAA(4) B
R B L B A ) SRR

() IR b 30 0P 4 ol ) A KK T R
B, KRKHEEH SR8 Eo AKX . k50, B
KRR, RIS TE BB 28 A6 I 38 s HR 7 6 T 2K,
MR AT BE Eo RIPEH AT L ZS . Rk, B BLE
3B RIAT A5t o A ) R G

) DyJ N .
= er(kwgn-ggiﬂﬁjj—gazh) (12)
P b X AT HEAS RS IS TR) 3 A B RS RN &
RGBTk &)
dic _ Db Q.] WNb *
a = krp (Fen @+ G T p —pR%)
(13)

A1 Tk LR AR, 3 O AR A B A B
I T) B 0 i 2D, 5 < A9 T AR I A7 AR B I T 19
MFEAR o B AE i T, TEAR A7 RE 5 A7 1 20 B
IEWHI, E,= CN (C HEE), WIEAFRERIAR A n]
RINNA

dE, _  dN,
de Cdt (14)

XFC(11) SR TR 28, IR 13) 1 ( 14)
NI AT 135805 7 F2, 85 R B I aa K
K

Dy  Eo

Go= Y7 ° "\
A5 H B A O KR R R A A

G
G = E?E&-cmﬁmwx¥0—0w+

* # 172
NywRZy In == ]} (15)

M 15) AT H, P45 il 1 R 5 Rs B ik o v
E LI R R . T AN BRI 4 A R

Eo K.

2R a0 10) =X 15) AT %0, kb B R = P 4
i, PRICH4S KRR, M e 4
AL T o XL A S S ER S5 R — 2.

1) ket v 9 A 3 T 7 N I R 2R AR
A7 A A R BN PR T 2 v PR 5 i TR AR R

2) BRI e AL BT R, BRI e A
A7 BEAN 45 i b K

3) Sk B AL AE LA 5 T R A A S 4 P 4
HETTE VAN 7 24 N

[ REFERENCES]

[1] Laudauer R and Woo J] W F. Driving force in electromi
gration [ J]. Phys Rev B, 1974, 10(4): 1266.

[2] Das A K and Peierls S R. The force in electromigration
[JI. J Phys C: Solid Sta Phys, 1975, 8(11): 3348.

[3] Genoni T C and Huntington H B. Transport in nearly
free-electron metals( IV) —Electromigration in zinc [ J].
Phys Rev, B1977, 16(4): 1344.

[4] Gupta R P, Serruys Y, Brebec G, et al. Calculation of the
effective valence for electromigration in niobium [ J].
Phys Rev B, 1983, 27(2): 672.

[5] Paul SH and Thomas K. Electromigration in metals [ J].
Rep Prog Phys, 1989, 52(1): 301.

[6] Sprecher A F, Mannan S L and Conard H. On the mech-
anisms for the electroplastic effect in metals [ J]. Acta
Metall, 1986, 34(7): 1145.

[7] XU Zherrsheng, LAI Zu-han and CHEN Yong xian. Ef-
fect of electric current on the recrystallization behavior of
cold worked aTi[J]. Ser Metall, 1988, 22(2): 187.

[8] Conrad H, Guo Z and Sprecher A F. Effect of an electric
field on the recovery and recrystallization of Al and Cu
[JI. Scr Metall, 1989, 23(6): 821.

[9] Conrad H, Guo Z and Sprecher A F. Effects of elec
tropulse duration and frequency on grain growth in Cu
[JI. Ser Metall, 1990, 24(2): 359.

[10] Conrad H, Karam N, Mannan S, et al. Effect of elec

tric current pulses on the recrystallization kinetics of cop-
per [J]. Ser Metall, 1988, 22(2): 235.

[11] LIU Zhryi, CUI Jianrzhong and BAI Guangrun. Ef-
fect of current pulse on superplasticity and fracture be-
havior of 2091 AFLi alloy [J]. Acta Metall( Sinica),
1993, 6A(4): 264.

[12] LIU Zhryi, CUI Jian-zhong and BAI Guang-run. Elec



. 842 ¢ o EAT 4R A ) 2000 4E 12 H

tro-superplasticity in 2091 AFLi alloy [ J]. Trans Nnon- [14] Sakai T and Ohashi M. Dislocation substructures devel

ferrous Met Soc China, 1994, 4(1): 85. oped during dynamic recrystallization in polycrystalline
[13] Gudmuddsson H, Brooks D and Wert J A. Mechanisms nickel [ J]. Mater Sci Tech, 1990, 6(10): 1251.

of continuous recrystallization in an AFZr-Si alloy [ J]. [15] Hirth J P and Lothe J. Theory of Dislocation [ M].

Acta Metall, 1991, 39(1): 19. New York: McGraw-Hill, 1968.

Effect of current pulse on dynamics of

recrystallization in 2091 AFLi alloy

LIU Zhryi', LIU Bing®>, DENG Xiao-tie', LEI Y{°
(1. Department of Materials Science and Engineering, Central South U niversity,
Changsha 410083, P.R. China;
2. Department of Mechanical Engineering, Petroleum University of China,

Dongying 257062, P. R. China)

[ Abstract] The effect of current pulse on the dynamics of recrystallization in 2091 A} Li alloy has been investigated. M etallographic
observation results showed that current pulse accelerates recrystallization, and decreases the size in diameter of grains fully recrystal-
lized. TEM results showed that the microstructure in the specimen held for 15min with concurrent pulse is recrystallized grains with-
out interior dislocations, but that without current pulse is substructure with chaotic dislocations. It was indicated that current pulse
decreases the size of grains fully recrystallized because of increasing the nucleation rate of recrystallization and decreasing the growth
rate of recrystallized grains.

[Key words] current pulse; dislocation structure; recrystallization; AFLi alloy
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