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Abstract .

Among all the structural metallic materials, magnesium alloys have the lowest density, relatively high specific

strength and rigidity. However, under plastic deformation conditions, magnesium alloys can exhibit the phenomenon of

plastic instability, i. e. serrated flow or Portevin—Le Chatelier (PLC) effect, showing serrated waves on the stress—strain

curves. Recently, research works about the PLC effects of magnesium alloys are widely carried out and increase annually.
This paper is mainly concentrated on the research progress on PLC effect of magnesium alloys. The occurring conditions of

PLC effect,

characteristics of serration,

effect of alloying elements on the PLC effect and relevant mechanisms are

reviewed. Finally, the existing problems in current studies, research emphasis and direction in the future are also pointed

out.
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The strain rate employed is 5. 6x107* s7' 1]

HE, EAEETHEEERALNEAEEAETFER
AR e, EEMMBEMT D, 78 HH
AL, W AR S AR AT A R
B, TR R RO B A A R R — o =
WA KRG, FHt, BHAEEERTHS, MHE
TRE) A BN AR f FLIE SR AR o 5 N AR o R R AR
WIREAHEZEVINER, X Mg-0.8% Ca 54 1%
T RBYEFIEH, Peng SR BMA S TEER T H I PLC 5L
O JIT 5 ) L 10 A 2 [ 2 7 7 o 3 ) 398 7 1 348 A
Sha % &I Mg-3. 5% Li & 4 7F 0. 5 mm/min [ 57 f# £
FN I PLC RO T 75 1 I SR AR (BN 6. 7% , T A
5 mm/min P 7 i 38 ZE T bR B I L AE K 9. 39% 07
KH &G AR, Trojanova ZEHF 5% T AZ91 B A 4 %5
TS I AR T R AR A Y 7 AR B R AR
T SRy &R /N AR A I L, Bl G B8 M I AT,
XL/ N AT AT 2 B Z2 30 & 0, DT BS n AR T A
ol i JR &8 N AR B, E A 22 W AR O R iR B
% FIHAR Asv, = 77, WIS RIAX — i,
K, Ae BB WSIENFRMNYEE, v, E2ZEHH
R i AR Y 2 0N AR R Y N AR
BARET, SO 85T B AR 5 % B RAIL, AR IR A
AR N AR N, SR R B A, SR LT
WY g, WA N AR & R, RS Y % R
B, G 3 ) /NAR T A BB DT I 3G B A AR IR Al T 5
RN AR, R R AN e, R R
. 118 % LA 5 R

TEEA 40 1A e A U 7 1 I 5L 107 722 1L B2 17 56 3R F
FEH, Zhu B R B WES4 5 S AR N 150 ~ 225 °C Hl
RN 5. 6x107 T ISR T HAT PLC B00,  HLXEREAY
I 1 7 d 2 i R T e T OB/ N SR ARS8 3
BT, Cai SFUEW] T8RS & Hh PLC &AW & A= IF X B i
T AR B 2 IR O T TN AR O R L A,
Wang %5 K& B Mg—2. 7% Nd-0. 6% Zn-0.5% Zr & 4 %
PLC O I Xof 7 ) i S 0078 e, 5 T BE A S 22 ] B A 2k
PEOCR, TR B A W ) T v S RIS T AT,
PLC 508X I A ik 5 7 728 1 2 2 b IR TR E 1Y, 6T
B, Wang $2 15 TR ROMES, B0 F5T FLA S 14 1
o 7 SCP( Critical Strain for Pinning ) FI7 58 MET A8 IE 520
o, (Critical Stress for Unpinning) ' | 3-8 B EIG 2 % 1k
TR TSR T FLAL SR X N A I S e L5 BLET I
XERLAGIG S ST o, IR FENAE &, | itk B R TR HE T
JESFZ IR ER, IR 2 fion, Hob, e (HBEE R ER T
R MRS, o, EREEIREER TR TN, 240 (o) k%)
PR ET B (I S0 ) o, TS & /NTALESHET 4L
GRS o i, B oo Ml o<s, , MK, b
TR ARE R, BRI A BT 5 X AL Y £ T FLAR
B, YL (o) BN BET LT I AL €, TN
J1 o /NTALERIET s B9 S0 00 o B, B o <o, il &>
g, , WXEIV, PeAet AR, FEEBETHLIY
RIAEARXENET . 2NAE & IABIAAEBEETHLAT T Y e 0 A8
&, , N1 o WIkBINARILET BT i AT o 0, BRI o>
o Me>e, , WXL, ke aek s,

1. Type Aand B E Type C
pe—

Serrated Flow

i m
A\%

N
= 3

Low 250C 275C

Temperature

Critical strain for pinning €,

During Deformation
True Strain
SsanS aniy,

300°C high

Critical stress for unpinning O,
Critical strain &€,

K2 PR TEIFLAAR I AL &, , REBBETRR SN o, ,
WGSBS &, , HRIA I ZERYAAR TR IR BE 1 G /R ZE 1 1)
Fig. 2 Diagram of the relationships among critical strain &,
critical strain for pinning &, , critical stress for

unpinning o, , serration types and temperature (39]



812 Hh L b A

535 &

3 RiAEREEH

BEA A U5 i IR 00 2 A B T B3R B — s B0 AR A
T R — 2 1 A0 A A G AR T T R 2R R AR 7E
WFFE 855 Mg—2. 7% Nd-0. 6% Zn—0. 5% Zr( NZ31) B 5 4
R T EAT A AR Y W S R A 4 AE 200 °C
250 °C i F B BH b 0 B 1 T R 4, LS e 23R o R
BTt R e TS BRI BRCR LS, X R BT IR
IR s 17 JeE A B ) 5 | A 1 T R A v O SO M 1
Ko MEBEART 200 CHY, & 4 rN )R AR I 48 19 %
BRGNS, X FE KR T 2452 sh g 114K,
BT AR AT DL — 2P A s s B, MR, iR
S OIS SR AR, SLAS T AT S8 A, AT
BET PLC R, FLHIAE Mg-2.74% Gd - 1.06% Zn
(GZ31) A 4TE 150 ~ 250 °C v [a] 8 B A AR 4% Ry 1 x
107 ~ 1x107 7' S5 R EAMEAS TR, OB 23 ) B0 27 e Al
MG, (At A BT Cai 5 & B K E A
) Mg—10% Dy—1% Zn & &t HAE AR 3R K 51072 57
RIS A 150 ~250 CHRISMT, Hik B RS A &
R T Mg-Y-Nd A4 i, H PLC R BT
BRI A RN 5. 6x107 571, Frds BASTE IR E N 150 ~
225 € AEXT Mg-4. 9% Y-4. 2% Nd-0. 56% Zr 454
ST R AR 40 B R 45 AT M W AF S, Azzeddine 55 &
WA BAEMRIBEARIE 4500 T & A PLC 2800 T 75 1 i B
9300 CHI 400 °C, FFes BRI AE H H N 1x107 s 407
Wang 21" %3 T4 1 T6 #5 Mg—4% Zn-3% RE ( ZE43) &
S ANAE 120 ~240 CHRLE X ARSI, i E
TEEAF T A, YA 5x107° ~1x107 57!
B, B AZ81 BE A 4 &L PLC &0h B R B 35 [N
125 ~200 °C, MY R AR HR R 5x107 s 0F, A4 kL
PLC %500 B 3R B 35 Bl R 150 ~ 200 €120, SR, 76X}
Mg-3% Al-1% Zn-0. 1% RE 44 PLC 20 [ BF5E 27 |
Qiu ZE R FLY RN AZH RN 1x107 57" I, &4l 18 393 ~
453 K AR XA S B0 PLC RN, 171 24 1 28 5 Rl S
107" ~ 1 7", &4 ANAE 453K IR F 3 PLC B0,
Sha Z%F Mg-3. 5% Li &4 11447 kAT THF5E, &
A4 0.5 mm/min F15 mm/min $7 {3 R T BA B &
1 PLC %8, {BAE 0. 05 mm/min F1 50 mm/min 57 {§1 5 %
A £ 2O 9, JC PLC A48, Hidalgo 25 % Mg —
1% Mn—1% Nd(MN11) &4 19 B Z5 L IR BE (150 ~ 300 °C)
e B ARG RN 45T T Mk . HCP 5 BE &
SAEPRNREAY, <cra>NifEMEsh 5N 1 57
JEREER, HITE TR 1107 s 1Y N AR R T B
B AR BT A T R RS SR B T I A

SN SRR, WE 3 iR, AT, Bl IR
(T, AE LT <c+a> 5% K SR, I,
MN11 &4 PLC 8 S5HEF i <c+a> P45 A 3 R &
R,
120
110 10-3 s-l —&— Basal

—m— Prismatic<a>

100 + *—

—*— Pyramidal<cta> 2
90+ —A— Twinning /.
|

80 1
/

70
60
50 *

401 , —
30 %Q/\ *\
20 o o
10
0 T T T T T

-150  -50 50 150 250 350

Temperature (°C)

B3 RARHEN 11073 s~ A, AN S HLHIAE I 116 585 ) 5
J1(CRSS) SRRy & 43)

Fig. 3 Critical resolved shear stress (CRSS) values for the different

CRSS (MPa)

1 [43]

deformation modes at 1x107% s™1 as a function of temperature

LE LR, BEG A TR A A ) AR I I X[
W& A PLC 0N, HCB R AT A80an e . YR AR
IR 9 HRe 18 25, AL A Bl B A BELAS L R v
(SRRt Y, ASBETE B X B AT A AT HL, BER
AT o B Il R A R B R, AR T AR AT O M
MWy iz g, Z R RS R g, Y e AR
TEMR X (B N SRR AR TE B, ¥ LI F 9 B S 3G ag, T
DAXT AT Sl 48 S il A e T 4L Bl I A8 R (0 e,
NG SIET, SBUN I T RE, AR5 T R ET FLAN
JRET . ANAESR , UL R B ARG JE IR S . M HE
RS T ARG, R S A A — R s 8,
PSR G RAEET, WA &R AERAE, il T
PLC %%

Thh, R THEA &P A AE PLC W I IF 5 %
0T 7 A8 SR A AN T 1107 s B4 1F, SR,
1E— YU LA B A W AR g AR RS L, A R AR R
i 1x10° 57", APRHYARTEAT It S KA . Feng S5 7E
Xt AZ31B 85 A 4 1Y 15 IO A8 T R A AT N BB 5 R
RPN AR R KT 1397 s i, A e bk L
HH I S AR G R S B G, L R ORI AIE i S 34 B I v IR
RIAS R AT TR, WA 4 fis, FFE, Hidalgo %5 % 31
MNI1 A 4 6 PR AR 0 107 s sk AR 85 147 7 28 2500 A
RIFE) ) Dudamell 2548758 H MN11 4 4 7 = b 48 1 R
SRMF T SLTE B T 1 B DI N sk, BLAR SR X PLC
RN R 25 L 38, T HER A TE R N AR R



B

PSR B G S YBEAIL i  rh A R B G A S 813

ZEPETR AR AT S I B R AR S e b, A LB
PERIERERAR G Z | 5518 AR R A R PR e A A 1 i
R ANTERE

-3
450 ——20C-1E /S

20°C-1397/S
20C-1511/s
—20°C-2367/S

W 13075

15118

400

350

300

250

200

Stress( MPa)

150

100

50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Strain(%)

4 Z=RT, AZ31B &8 M Sl FIER S S0 50 0 TR
JIWiZE e
Fig. 4 The engineering stress—strain curves of AZ31B alloys under

dynamic and quasi-static tensile tests at room temperature (44]

Side view,perpendicular to atom probe tip

BRI HCR A IR LS, B a1 b T R
BILHR G PLC B M WA TEEH — B KR,
Rodriguze " "> K BG4 (1 SRR, 46 D i 2 i )
St SRR N ORLEE N i RO 2, ] O I A
SRR 200, RN T AL S IR R T2
[l 2 AR

4 AETEXEAEPLC RMAIFNT

BETCEMABNBEILAR T, I8 A [F] v 5 174 [ ¥
&, FSEmF A 41 PLC 0% . Stanford Z5EHF5Y 3
SFH T 4Bk Mg—1.4% Gd Fl Mg—1% Al = Fp k4 Rl 7E
200 °C AR TR 25 T ISR AR AT 2 L SR =48
TFAREFER, KW T TR TR A, RIS R T Cd
TR (A0 L1 A 12) 5 A AR TR A
Cl fi1C2), il s fm, SEAS ]S o 100 7
30T, R Gd JEFAENIAE b vl B RS A T i 2 F5 1) I
MHEIEE (A AL A Mn) 209504 W BB EH S

[&]

b Joua l
, =]
L2!
!
]
i c1 c2
e | @

BEl'5 200 CHEET Mg-1.4Gd AL AHRELT Gd ILEM =40 E . () ITH Gd JEF Mo,

(b) ~ () SEFRUSE Gd J5LF-f 43 Aii iz 126

Fig. 5 APT reconstruction of the Mg—1. 4Gd alloy after strain rate jump tests at 200 C: (a) image showing all

detected Gd atoms, (b) ~ (c¢) images showing the high concentration locations of Gd atoms

TERFEAE Zn I AL JTCE S R Mg-Zn, Mg-Al Fl
Mg-Al-Zn EHFEES S %47 AT, Corby X
PALA AZ91 BEA S AFE AR IR0, L, AL A0
Zn BFLFIFEFTS AZ91 A4 FPAFAERY PLC 800 2% DIA 2
Lukac 25X LR AT T R AL PR e %, — =y
WL . BUREE Zo S (XG0, A m v AL B A 5 D) hy
Fr¥E I RIs N, e VBRI s R v, R 1A A 1 R TR
SCU RS T L MR B 2 B 23 ke in - 3800l AL JF 7]
ALY BIOHL 17 07 B RS B, I 2k BT FLA 45 19
IR, BT Zn BEFAORAZ L AL K, Zn §HUEE S AR X 858
%, Ft, Al =B R AERS R R b Zn R, 0
FEYHALE] . BVEEA S e AR i R 3 i R S B
M B A2 465 1, 300 1 W R vh, ki iE 2
TR (RETAD) PR T W A B Rt AR T
POHERT, AROLES 2 BERWTE N, 28l BT A5 MRt o £
LrgEZERN, TRIRS, AS045 ARt Bl 2 28 T8 (1% 384 R T 14 22
SEAS IR AT DUB L TR 2 A A, 5 R T R A RO

[26]

JO7 AR AR AT AN A 22 R AR S U R A 4 e
SRR G, L, Zn MAEF BRI EES, BAE
LN, T AL R T A] 8 I B HORL X £ AT AT
L, BAHE AZ91 A&V EIRIS

TEXA RE IR BE 5 PLC 2800 (16 R PERFFE 1, Gao
SRR Y (0.2, 0.34, 0.86, 1.32 F1. 88 at% ) Xf
TICHEAS A Mg-Y A4 PLC AN BOSEMRALEE ¥ 1E 250
CIRBERMT, JUFF Mg-Y A& H B 21 PLC 800,
HFEE Y a2, Skson i g, e 6a fik,
Azzeddine S5 IAE FIAE R FRAR S5 1F T, WES4 & 419 PLC
KON B5R T AZ31 A4, WK 6b Fin, FIREMIMRE .
BERMAR Y | Nd TR TS50 5SS HAEFHESR T Al Fil Zn
J5F, Stanford ZE0F5T &3 Al FJEFEAR H Mg /N20% , Gd
HIFT2EA2 L Mg K 13% , 1B Mg—Gd 454 H 4 145 35007 21 B
TN 25 LA, BEA 4R PLC RN AN
FH TR T/ AR R 22 A, e S5EEIETI
P HAE ) B R RO e B TR G



814 r ek i 5535 %
(3)200 T T T T T T T (b) 20 UC 400 C. 104 - AT
] ™ 1.88% ’ 1)
(2) WES4
m/m‘\ 1.32% 16
- o !

_ prd | 086% = ()
@ 150 o
o S 12
= =
-~ C
£ '©
o s 8
40—5 100 % /1
v g )
3 af
= =

50- .

000 005 010 015 020 025 030 035 040 0.0 0.2 0.4 0.6 0.8 10
True Srain True Srain

B 6 (a)MIREEH 250 C, WASHE R 107 s WARR Y S H0 Mg-Y & 2R S mi s th2k ) fi
(b) MR AR 400 °C, JWASHZ R 1074 s~ i WES4 F1 AZ31 44 A8 J ARl 2 140 ]

Fig. 6 (a) Segments of flow curves obtained at 250 °C and a strain rate of 107> s~! for the Mg-Y alloys, the labels in image

(a) indicate the yttrium concentration in at% (497 and (b) stress—strain curves of WE54 and AZ31 alloys at 400 C

[40]

and a strain rate of 107% 7!

BUERRNSEITE, MIMABEES AR S
— PR A B AR Mg-Li A4 BT LR
TR/, YrHee AR, H Li AT FRAREE &
S c/a b, A7 AR AR AR S 1H RS Y I A BT YD R T,
Pk, Mg-Li &4 PLC SO S5 LA Mg-Li &
SRTHAT MRS, BEE L SR E, S ems
P4 e He ik s 35500 | HCP 45 (Li: <5.5 wi% ) —
(HCP+BCC) 4544 (Li: 5.5 ~11.2 wi% ) — BCC Z5#4
(Li: >11.2 wi% ), X FhAH S5 i A8 S 4 4 4 PLC
RNE A SE R W AT A TEE, Mg-Li &4 &4 PLC
BOREE DX TR e RS SRR, HEERTE
A TR R A, WTREMARREE . Li IR T EARAR/N,
JFE T HORE LU B v R AL, AT BRI T R
YO A S A N AR AL, XA Mg-14.3% Li-
0. 8% Zn 4 WIKIR J1 2 PERER B IE , Wu SR LA 4
FE-25 F1-50 C 451 HAT e B R i PLC 2, H
Bt IR ERR T Li SR BER T 100 °C AR &0
T, BES Mg-4% Li-6% Zn-1.2% Y 44 07 WURE 7 107
A2k FREEANFI B B PLC RN, B4k, ZEEEEL
SR IAE LAZS32-2RE A 4 (14 4 il 28 v 77 7 i F o 1
RERG S Hod | S/ NI T D s S R
G, B ARRIEG TE W S i P E RIS, XN
PRI B, AT RE R H A SR S L AR BLVE F S IR Y
R ZhAS AR ISR LA, R IR A B 15 B B, T RE
SEHUIAR AR RE R, RIS A R AR A M R AR L
i, FEWFFE Mg-Li-Al 5409 PLC R 2, Wang 45
KL RGO LALL & & 0 RS 585 T A
A PLC BN 1Y LA41 4100 HJER A LA41 &4 %

o e/a AR, FERITERIE S LA Y, B2 HE
R hG R TR RAHE S . 7R R A&
T, BABRELLE o/a B9 Mg—Li & 4 o 3 1 07 48 1) K 1
(A RUSE W B T 5 ORI A, BB Li A AL 4535
Ji AT VAL AT Y8, 38k, RS i B A
SHAEA PLC BN, 35 WIAH I DM AR TE A5 % U1 i) 56
F, i, Xu 50100 D RE Y S AL TR RE I AR T A% 1
T, BAIMg-4% Li-(6% Zn-1.2% Y) &4 R B H H 51
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Fig. 7 True stress—strain curves showing the effect of statically
aged Mg—10% Dy—1% Zn alloy containing 18R-LPSO
at 473 K (200 °C) and a strain rate of 0. 05 s~ ' [3°]
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Fig. 8 SEM micrographs to the secondary phase particles in GZ31 alloy: (a)before and (b) after being tensile deformed to £=0. 1

at 200 Cand a strain rate of 1x1073 57! [32]
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Fig. 9
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(a) Step-tensile curves of LAZ5322RE alloy tested at a strain rate of 1107 s™' | (b) initial microstructure before the occurrence of

serrated flow PLC effect, (c¢) microstructure corresponding to the occurred severe PLC effect, (d) microstructure after severe PLC effect []
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SIAHA RS T ERA, I, Azeddine 55K WES4 £
B ATE 400 CHIREIRASIE F R PLC R0 3 B F A4 %
SeEhAS A e 140 KA IH Mg-10% Dy -
1% Zn &4 PLC 8N BIIFFEH, Cai 5 K IUFEERAS W AR
bk R rf A 4 i IR S TC I B AE IR, ME— 2
SO HT R G A PR B IR £ 55 {10- 12| S 4b
T SCA 6, gl 10 B,
6 % &

BFREERE & MREY PLC RN JCIS 1 B 88 2 25 45
AR A R, AR AR R) S I A ) B

FIBFSE R, 7RSS I R PLC SR BT 7 A i AL
IE NG S AR L BRI, SRR AN, R

il T IHAESIRERNAS I OE P AT, FHT, BARSAE AT
Beha PLC BB E B W 2, BANAFfE—LE 2451
R BRI, A0 PLC RN 25 BT D04 O A, kS
FEREHLEL, BRI TE R IR G R, 284 5 PLC
MOV AR AE , ST, XBES 4 PLC 20U BN IRIE /5
ZMLLR 5 AT TR ARG . OREE SR A M &
&, Xt PLC AR ZS MM R 2L, KR =457
JRAREA, BERSIAE AT EE ;. @B B LT R F
XA I AR Al I oA a5 RS, A H e 2 19 52
i 5 (3% Sl A 10 A8 284 el e 14 B4 SR 6, 3
IO AR PSR D 7 i RUBE b B I Y 20 2SO0 e
REAE 3B SN B A B U S8, ml A B2 S
HUBEI BT FRE R, LA TR o0 5 Ak PR A5 R B 5 e 7E
ANFEIMEEEA T AL BB SO0, AR ISl 25 AR I ALY
PEFEIB B E A ; @2R i 10 B0 AN [ B 15 Ak FRORR 25 8
4 PLC BN A SRR S ILER AT 3 IR TEIM i B 5



ARIRAE . BEG GBI L R A A i I B p T S i 817

10 5 14H-LPSO Al Mg-10% Dy—-1% Zn & 4B 5 BT A,
ST BB R T PP R T RS0 5 14H-1PSO
P

Fig. 10 TEM micrograph of Mg—10% Dy—1% Zn alloy containing

14H-LPSO phases, indicating some micro—cracks and
14H-LPSO phases intersected with each other during the

serrated flow >

4x PLC RN AN T T 2 808 M A9 AL B 35, B2 PLC &%
N A B2 A:, W LR RS BRI AR X 3k LA AR, LLs
M3 PLC S8 FIRCR .
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