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JEFIFRAE 400 °C FRIME o ORI 2 h Z G AT #4855 %
FEEL N 31.5:1, HEEEA 1.2 m/min, $FEH KR
9 60 mm, JEFEN3 mm. FERHERELHIZ AT E
FBIRLE 450 CRINFAA FE-K 20 min, FL#|77 ]
(RD) 5 %t [ 77 ) (ED) A [A], 4 18 YAL I & R %28
20%, Zeid 5 B ELH LS BRI IEIES] 1 mm. FLHI5E
B, HEARTE 300 C R LBk, B KEE N
30 min.

A EMMAL R &M EMBENEE, WEmN
RD-ND & ED-ND [fj(ND Jy#R 13 7] & 77 1)), itk
LRI RSP SR R ST . SV X SR AT AT
(XRD)E, WEEAREHEZ. &80 M0
A AR A T LT 50 i B 0 RO (EDS) 1434 FL
B (SEM) T .

UL IR KA RD. 45°F1f#[7)(TD) 3 4
J7 1 il & RARRE , AR IR Y 12 mm, BEEEA
6 mm. JE I 7 ST AT A A 1 RS . b R

R AR AR

Table 1 Compositions of four alloys

AN AR A5 o i B 1) o i ST 6 ) 0 0 I A T
X107 s, RERRE AR 3 . A4S RRAR
R R E(n B L ) — AR 2 (1 35 5] BB AR T IX
FHE o BIPER AR LY ()i B SR I T B, AR 10%.
Faovg NEEAE 3 DNTTI F HICFEME, & LWF:

I"avg=(7"RD+2r45°+I’TD)/4 (1)
Ar R FIH AR, € LU
AF(FRD+FTD)/2_I”45° (2)

:—EQ’:F“ TRD~ ”45%” r'TD ﬁ%u%‘:{ﬂ?*ilﬁ: RD. 45073["“]*“
TD W r {8 . & & B0 R K H 25 Erichsen #5985k
BRI EE, AR IR SLIGAE g FL IR KA AR -

2 ZR5MIR

2.1 FESHRTERAELEST
PESWRIRHIEAA LA 1 iR, 4 Fia4a

Mass fraction/%
Alloy
Zn Ca Ce Mn Al Si Fe Mg
AZ31 1.23 - - 0.38 3.48 0.07 0.01 Bal.
AZ31+0.2Ce 0.83 - 0.19 0.41 3.23 - 0.01 Bal.
AZ31+0.2Ca 0.87 0.19 - 0.39 3.23 0.04 0.01 Bal.
AZ31+0.2Ce+0.2Ca 0.94 0.16 0.18 0.36 3.30 0.03 0.01 Bal.

El1 FRSHRIER AN
Fig. 1  Optical micrographs of as-extruded

(d) AZ3140.2Ce+0.2Ca

magnesium alloy sheets: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca;
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RAETHENNEHELS G, AZ31 RIESERR A
51, HZ M, BN Ce 5% Ca 2 )5, WRIRFL: &
gkl ST, EAMA Ce #l Ca B AZ31+0.2Ce+
0.2Ca MR FRES Sb SRR A 2140/ X UL Ce Al
Ca JGF ] LM 3E B4 P45 i T 40k dekis o B5 R AR
& BB 2 s, AZ31. AZ31+0.2Ce.

AZ31+0.2Ca Fil AZ31+0.2Ce+0.2Ca B [ 2 11 23 4 5t

(a) ED

©) ED

B2 Frk&SEeEmikE

Max: 23.2

Max: 18.8

FESY RN 2320 21.3. 18.8 A1 10.0. HIRMILIFIHLI N
W ED MR ZRY, LT B A EDR (K 3P AT T
ED), H:t AZ31+0.2Ce+0.2Ca M IR (1) 4Ky 58 FF B AIK,
IR R 1K 5 3G AR TR R R I8 B K.

WK 3 fiR, FESRIEE 450 ‘CIB K 20 min J&
pbDRE K K. 4 MEE&SHE Bk, B =8IRS
FOERAELE M ESAAL R 4 FiR. 1E5 B KR

(b) ED

Max: 21.3

OOTD

(d) ED

Fig.2 Pole figures of extruded alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d) AZ31+0.2Ce+0.2Ca

S TRV, 11108 T -
i \'F‘;:‘."'JM'! .

;-‘ d‘ ‘.“

B3 $HEBASEEEME

Fig. 3 Optical micrographs of extruded and annealed magnesium alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d)

AZ31+0.2Ce+0.2Ca
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Fig. 4 Optical micrographs of rolled alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d) AZ31+0.2Ce+0.2Ca

5, 4 FESHLRBRRIKET Y . BESL
HTE RN, SRRLRETAL . T LR AT,
AZ31 GEHLFMR T KENBYAT. A, 7EF
FEALH T 24T, @8 =8 kmig,
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221k AlgMns+ Al,CaAly Ces Al AlgCeMny, 2555 — 4.
1 Al,Ca 5555 “ARRL T2 TEAZ (PSN), K& AE i)
FAk R A AL AP, 2 SR IR S HOM (41
o TiH, Cefll Ca JLEMMMAZGIEAEITHE R



OB, S TR Ce Ml Ca Xt AZ31 HZRIHAR Ko VM B R 05 433

2529 B 3 W

R S T Tt o L e P TR o R
b ‘%’??g.%‘ef:«‘siw gvonnd UKy a'gv{’g@’.}d’: lo¥
4 .‘ﬁﬁ;"vﬁg{o"i‘ﬁé? A s A2 i«!’:“}'":" %&"‘3}’%“%.{0’-_ 5
R b SRR M Yo AR RN

(X T I ) .\!'(\‘ * Y N
AR NP DU

//
<
"5" : e
o 184V, !.4
(R ““I’w !‘o"";‘
o ‘.g i

IR

¢J
)

24
5
Ses

Q
3

5
R
-5

e
Oy
RS

MNP Ry S
DR Py
4! ."?’Q}\" ’s':g“é’b
90 y‘t’&ﬁu.‘e'
(26 ”s"'\'ﬂuf s
D W2 ot SR
AR ey
008 e ""‘:.wib;!?;"
S5 et
ol 20 e O
(o) RN AR A Y AT Sl
0 eah g e\ B B
s e s
DY LR w\n"‘a‘\ l""l"f"]
9, a-. ‘b’;’m"!' v',..
L RS .6"?"" A
v

R N g |G
o N

g g

3 o
Voo,
() PR

Bl 5 ALHIER KA AL
Fig. 5§ Optical micrographs of rolled and annealed magnesium alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca;

(d) AZ31+0.2Ce+0.2Ca

Bl 6 LR KA A ER A A
Fig. 6 Second phase particles distribution of rolled and annealed alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca;

(d) AZ31+0.2Ce+0.2Ca
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RN, H AR GURRRIE R A R .

Bl 7 B N ELR KSR (B T AR ], AZ31,
AZ31+0.2Ce AZ31+0.2Ca Fl AZ31+0.2Ce+0.2Ca ¥ f4
(FE R TR 30N 6.3+ 5.7, 3.5 F13.2. 4 fh &4
B I35 9 RD IAUEZN, Hrdr, AZ31 #
AZ31+0.2Ce tRAM ARy 34 MR, KAy RD. 5
ZAHEE, AZ31+0.2Ca Fl AZ31+0.2Ce+0.2Ca W A4 23 F4y
S JE R 5 HAEM M TD KA. XU Ce F
Ca WJUAE RGN AZ31 &4&HEmAN, S&EM
Ce 1 Ca (& & 59 RCR A & - AZ31+0.2Ca A (1)
SRR FE L AZ31+0.2Ce [MTESS, (HZXIFA KRG
Ca LRI PR E#®. Bl T, AZ31 &4
Al 25 Ce TR KERMNAEREENED, HEE
FEBAII) Ceo T BT AN, Ce Fl Ca B44b 1]
PABRE Mg &4/ c/a Bk, Mi3stbEEm4Uy. =
&, X c/a HELRIEARIR /N, EAE 0.001
e, BUE TN OB R TS S SN B B S5 A
5 R 45— B 9T . MACKENZIED 22
REPK T HF AL TS S S RSN, 44
TR RIS AR RIS S A A%, B Ak
P45 R AN B B R RO, AT LSS Ak B T
G o ARSE RN Ce £ Ca M7, TR SR —AH
R, SR EE R M TA &R 5 RrE
BRI, Ce fl Ca =[£Ik AZ31 & MZEHFE,
R, JEREEE RER S 8, MNmnsEi
Hma . LB SMALROLE 9P FEEKERZE
mhs T FR DURCZR A R 1 JE B2 X SR P AR s,
EFIE R R DL R AR i 15 5 2N IR 58 T ) A 7

RD

(@)

B 7 LR JSHROR S A

AZ31+0.2Ca Fl AZ31+0.2Ce+0.2Ca Wb S A 1)
TD K5 KM HE R &R A .

23 HFIRASESIRMBIIFE M EE

Bl 8 Ay 4 FPELHIR KA & S 1 B SE R
F-RiAR 2R, Hidh 1. 2 13 22 HALE NS RD. 5 RD
B 45°T7 R AT TD HRRE, H O MEREN R 2. Ce
Al Ca WEetbE, WM MHHREY 2itm, B8
WIN Ce F Ca M IHTH R EE IR & 149 40 MPa. 5
G ININ Ce FT Ca HIA SR B S by, FEWr KR
1E 45°77 1] LB T 28%. IWSINfE Ce Ml Ca 5, &
SRA) n EWEIE I . n (2R A SRR
PERFRIEESH, o (K, PORHEHLAE T RS
R, BSR4 A SR A A {8
KNKFZN: AZ31 > AZ31+0.2Ce > AZ31+0.2Ca >
AZ31+0.2Ce+0.2Ca. AJLLFEH, BEFE Ce fl Ca TG
S, WM r HA &S EE KK,
AZ3140.2Ce+0.2Ca &4 Ar {HH AZ31 5411 0.37
BEAE] T 0.040 BRI r HE SR BRE B DIARDE, i@
OGRS, r AEBUN, M IS o Ak B, 3
1) R R GG o

FESHAR W25 SEM B & 9 Fros. it
W4T 55 st B AT DR B b 08 B 4 AR A 1 22
Fto AZ31 AT AR Z /NP, AHELZ T,
Ce 1 Ca G405 W AR RS, MR Z W5,
AR BB AR 0 53 (R O /NFR FEAR 25 573X 2 A
AR IR LB R[], AZ31 vEAR TR, HoAl 3

(b) RD

Fig. 7 Pole figures of rolled and annealed alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d) AZ31+0.2Ce+0.2Ca
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Fig. 8 True stress—true strain curves of rolled and annealed alloys: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d)
AZ31+0.2Cet+0.2Ca

2 GRS I oA R
Table 2 Mechanical properties of rolled and annealed alloy sheets

Ultimate tensile

Alloy Direction Yield strength/MPa Elongation/% n r Tag Ar
strength/MPa

RD 207 325 21 029  2.63

AZ31 45° 196 304 17 028 234 252 037
D 210 306 17 028  2.78
RD 203 328 20 029 1.86

AZ31+0.2Ce 45° 197 332 23 030 234 223 021
D 212 338 23 030  2.39
RD 186 342 21 029 1.12

AZ31+0.2Ca 45° 188 331 20 029 136 127 0.18
D 191 330 20 029 1.24
RD 206 344 23 0.32 1.03

AZ31+0.2Ce+0.2Ca 45° 179 343 28 0.33 1.07 1.05 0.04
D 185 344 26 032 1.01

Tl & 4 R IB WL, AZ31+0.2Ce B $1) 85 1% B ATHL RS 24 AEWMMIIERAFIEERE
FEFE L AZ3140.2Ca HRFT I, AZ31+0.2Ce+0.2Ca % K 10 Firzn A 4 Tl G AR 1 = I Erichsen AR 98 52
M S i, AR ERT. IS4ER . AZ31. AZ31+0.2Ce. AZ31+0.2Ca
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Fig. 9 SEM images of tensile fracture surface: (a) AZ31; (b) AZ31+0.2Ce; (c) AZ31+0.2Ca; (d) AZ31+0.2Ce+0.2Ca
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s ! [E=6.0 mm

-§ 3T IE=3.4 mm -‘f
N\

o 1 2 3 4 5 6

Deform value/mm
B 10 FLHIE RSB ER Erichsen AR SLHEE R
Fig. 10 Erichsen tests of rolled and annealed magnesium

alloys at room temperature

AZ31+0.2Ce+0.2Ca #Z#4[¥) Erichsen {E(IE) 774 3.4+
4.1.5.5 A1 6.0 mm. & Ce 1 Ca S MR T AZ31
HeRFRBIGIER . AP, BOKH o H AT LT

PURAM BB A, SR dAYE B 8 7. CHINO 2519
R RN, FLHIA AZ31 Wb BB BN » I,
WOMTEJEFE J7 1] E AT RS 5y o ARIEARTELIR 5, 4
FPCRA Erichsen {H 1R/ K R 5 ZE U 3R L 1R 6 &
—F. Hr AZ31+0.2Ce+0.2Ca HUbF 3 T 2R B0
55, SRR TD K HL, H Erichsen fHixfm, &
F) 6.0 mm. EAEREMRZ, HINARDRNEEITTER
(0.2%) M 1) & T B PERE L 5 3 5k . Rk, =R
R RE RS s ] LLS IR T U Bt . 5O r (8
FKI 0 fE, Ce F Ca JEF1E L BUAEF LU ) 72
H A R .

3 Zip

1) Ce fll Ca Juz AT MR #EZh A FES f A%, (8 5¢
FEASAR -5 R SE I ST 40/, JR S5 R3S
Rz EE T TEAY (A
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2) Ce Fl Ca 1] LAGSGAELHR K ZHRM LT 21
M, AZ31+0.2Ce+0.2Ca & a IR MM 55, HEiH
ZIMSRE N 3.2, AZ31+0.2Ca Al AZ31+0.2Cet+0.2Ca
BRI T SR FEAR F) TD R B, SRR st 32 B
HTAEnR IR R R SE.

3) Ca 1 Ce f8 AZ31 ARAF 1) - FEFN & 170 7 14 ALK
Hrp AZ31+0.2Ce+0.2Ca HA 1% 1m) ML 8 55, FL r
fE9 1.05, Ar B9 0.04, R & ) S5 r FRAR S A
Py e B DA 2

4) Ce fll Ca KiE#ER T AZ31 AL = iR %
JEAERE, Hrr AZ31+0.2Ce+0.2Ca MM 1) Erichsen {E
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UGS . BN r AR n B
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Abstract: The effects of trace (0.2%, mass fraction) Ce and Ca on microstructure evolution and formability of AZ31

alloys were investigated desiring to develop low-cost and high-formability magnesium alloys by improving the

microstructure and texture. The results reveal that Ce and Ca can make the recrystallize grains of the extruded AZ31

sheets more uniform and smaller. Ce and Ca can weaken the basal texture of the rolled and annealed sheet, Ca can cause

the basal pole of AZ31 sheets to spread towards TD, Ce and Ca also decrease the » value and anisotropy of AZ31 sheets.

Ce and Ca greatly improve the room temperature formability of AZ31 alloy sheets, the basal texture of
Mg-3Al-1Zn-0.2Ce-0.2Ca sheets is 3.2, r value is 1.05, A » value is 0.04, and its Erichsen value is 6.0 mm. The modified

texture is mainly due to the change of the slip systems caused by the alloying elements, the reduction of sheet anisotropy

is closely related to the modified texture, and the improvements at room temperature formability of the alloys can be

attributed to the modified texture, smaller » values and larger » values.
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