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Abstract: In recent years, thixomolding technology has imparted thriving vigor to the magnesium alloy industry.

This paper reviews the development and application prospects of thixomolding technology for magnesium alloys. Firstly,

the principle and distinctive advantages of thyroiodin process for magnesium alloys are described in detail.

Subsequently, the historical development of magnesium thixomolding machines is summarized, highlighting that China

is gradually be coming an innovation leader in the field of large—scale equipment teehnology. Furthermore, this paper

analyzes the latest advancements in research on microstructure and properties of magnesium materials utilizing

thixomolding technology, and points out that this technology can fully exploit the performance potential of magnesium

alloy and effectively reduce casting defects. Beyond the commonly used Mg—Al system, novel semi—solid magnesium

alloys are also being researched and developed. Concurrently, magnesium matrix composites by thixomolding have

garnered attention due to short process and high performance. Thixomolding technology for magnesium alloys has been

applied in consumer electronics, transportation tools, etc., and is gradually expanded to the production of large

structural parts, especially demonstrating strong application potential in the field of new energy vehicles.

Key words: Magnesium alloy, Semi-solid, Thixomolding, Mechanical properties

W LR 2/3 VB 14, [ B PG S A
TUVE BCPE AR R S5 e v, HRREE 5
PR B — R B R T D B S G R s, PR E AL R A% BT BRI 4 T SR TR 2

=
i

EBRB N ALK (1993—) , B H-H0F 582k F5E 05 ) N BE A 4 S W 25 TR BT BB AR |

TAFVER G/NE(1974—) I W27 208  BF9E 05 ol R S 5 e MREHBETH 5 148 L xqzeng@sjtu.edu.cen,
FETH YT RME T (KJ1ZD20231023092902005 )

HHE LRG| AR

B R, ETU, ey, &S F B AEHARB ARG K RIS 2 AR A E T L5 A, 20254): 1-12.

GU L D, LI Z X, SHANG X Q, et al. Development Status and Application of Thixomolding Technology for Magnesium Alloys[J]. Automobile

Technology & Material, 2025(4): 1-12.



c2 - A% T L5 M % 42

AN R A A T T Y U2 B T2 06, 2023
AR RAE LK, [ N BE RN AR B T AR L B
ok T H R RS JR L G R R R
(High—Pressure Die Casting, HPDC) T. 2, ZH & 444
i 3 b R R R T2 L 1930 4F, B AE IR
T R HBE RS SR, BE A G S TR 5 4
AR 107 P 31 T I 22 T Pk R, A0 4 SE AR 4R
UG JEZ ST REE ONE ST BUR S S YNyl
Wy =5 REFERC o LA BB G e Sk A 7 i B rh 5 2 4
e 2 A AL i B 1 S I, S BOME RS B E 4 1)
R B A W N B R e A EROR LT R Y R Y
FAR, LA R A a8 3K R i s T oK

2 [ 25 2 AR — A T RS R [ 2 2 )
037 0 B 7 125 L Flemmings 25 T 1970 4E48 8
Pt B R — el RO A SRR (R ) B
TR T s KRR A AR 15 AN
0 A B AR SR, 2459 43 A TR R, B IR R S i
ARREPE , RDZES 3 VR F R Wl J B0 AR g 0 O s
R Z ARV L, TR R PR SF 2R
LTI TR R A ST A s i e
7L 2 WA S8 s PR A B N AN R AR o i s N S
# AZID BB 4 T R IR ANZ T2 M4 AR S 7
J12F P RE RN PR R AR AT, T
bR A BEOR A, RIS 7 [ 250 A2 TR 95 T 20 5%
R85 S5 LMt R, S BERRHER 2 &
28 13 R T I A BB, TE TR S N R RS
A7 ST RSN B TP R R A A1 S T 2K
BTSSR, i B4 & 5% A
X458 553 1) 23 R A A o) W % WL BT R A% il A2 BE
G I BB EE SR T AR A 4 R ) B 2R AN T B
JEARTE F o DR, 2 11 285 T 4 R B R N 38 T A4
R fih 728 T 5 B AR, R B 4 14 P A
O3, 20 4 K & 21 22, B & %R KR,
WA R RN B 3L 2 A N (| RO S LR E S ) R N
B R A BREE A 4 ) 12 St 420 T 3 e L i S A 4
RZ—.
2 FEESFESEHREIZHEES

mH

PG 40 TS T G U T2 R Ml AR o i 4

A, FEH T BE & 4y 18] 2 4% 2~ 8 25 5 e B
H B S P R AT F PR R, LA R e R i
WEFR . o, NBEG @ 8E# EVTHIR /N IR
NI R- e oy AR (BSR N v S  E RA R (
AT B A kL1 MORESE BEABLE ; BLERT A, SRAT
£ TR 2 TC 5 A/ V88 Jom A i £ 3t % PR CBL i o o 2>
o 5~T7 B, IHERE T 2 W 3t 2 R T ), R
<5 URETE 1] i a6 A1) 3 % b o FA A0 8T 47 5 7E 4L
fa] iR L B 4 A2 BT TR 4 Be Bt T 7= A I 1R AR
P, S B S AL 5 AR R AT i ) iR B R
< R CL 748 D T 20 M ICER 2 L5 A BROE [T AH
(10 2 T 2 SORE, X P RORE R 25 Hh 10 3 v A e
BUNE 5 RS, 1295k ak W vy o v AR H A
o R e TR PR RBE [, AT R A — 2 T
AR B o T 5 58 R, 8 W Y 5 il i
i Ve 26 LS B A 5 B, AT A A 5 2R 3PS
PR LA 2258 A AR Y 26 05 T 58 1 i 2 30 R AR
a8

B BIBR G

i ekl 250

HEARRT

BT PIEES

Wi
E1 #6¢¥ESEHRETIZRE

B 4 25V S i AL B AR AR AR RS T
P HA LTS

a. eV, A STEWRET 8L,
A TE SRR T A B 5 4 A B DA 2R A T 22
SR A B, T il <22 4 RIS A e 1) B A 0
[ i £ B W e 15 i B BRI IR T RS S R
LR,

b. SRR . MG T A AR IR )
SRR R A, I UM SF A A £
PR, G T SRR S G T S TR S U T2
AW e A R, A2 A
WAL, 2 —Fha A EROR

c. ARG . A RO T 2R IR AR
2 R BN I RS B = P T [
B, T s 2R T A R A A A e f b SR



1 BER FHESEFESENRBHEAYZREIKRSE AR F © 3.

40
5 A MR T 5 A AR AL S 2 0 0 LT

d. B TEFE D o RAS BE AR FE IR I 5y I
UL, PR AL 5 AR RS e R B AR
A 4 R A ) T AR T AT se B, )
AT S8 0 PR S AR TR A B G, (8 8 1 B 2K

e. JIEVEREIE .~ [ A TE A R A B A 4
B AR A B 1 R R R
IR IO Rt N Rk 1 W N 1 S R
L e 24 A5 ke B B 2, A B S Y i BE R )
P

£RGERTBEE R . P ESBEG & B & R
TR Ty, AT 52 AL % e 45 K 1) A v B, ELE T
Wi e/ DU RERE 4R T, IR L, P A 14 9 1F
INNE R

g BRI . [ 28 T 2R i FE A 4T
&40 e ¥ T ARG 100 °C, B s T 8R4 R X
R bl $RTT TR AR A, A [ AR
BEE A 75 Ay aT ik 20 77 ~ 40 TTREIK

he A4 ORHFIH R TR 85 T2 e BE A
G TR A R e HE R G R R A
R LT 50% . M ZT, F A A T2
AE % W Dk /1N A B RUST T A 3 3 D 6 O A
SR A, BE U5 R IR ORE Y A AR 4R T = 70% L
Lo

LA R R SR SO TR B
< SRS I AR SR TR , R e R
HhRTRE HH B A AN T TR, R B R AR

[S1936— 1977 %% IS 1991
BEFRA

BESSI A

18 [ K ARAE 1936 4F-fifi 1
Bty & M UM T2k

BB BWAEATE
Dow Chemical #§ 2 [ &
ML B T BE G 42 18

e 3h R TRAF 542 300 CAETEHL S A W A

Ql">' 1992 ££

BAEASHEARR

B E S SR A LA
% ¥ Thixomat 2\ 7] £ 13
A s R

PSRRI 1988 B H EASE e M R SE R L A, B Bl R

H A ST 90 R
A S Y DX FF U 47 R 2
A AR IR

jo BEFEREAR . BEA 4 002 18 25 il 5 i % T
SRR JO e ELSOR R AR, SRS
JEFFRA L , v REREAE AT R 1K 50% .

WA, 2 18] 285 0 5 R 2 AR O B 5 4 Y Ak
s AL PR AL T AL, R BOE AR BT A LU0 [ 2
B 4 B 1 T G Ik e I AR A B — 2
o, A7 B A AL S B LA A fE

3 FASFESTEHRBEEENLRE

2 [ 25 S R AIL A BE AR 55 4 AR 5 T B AL
KA AR RGO Sy 3 R il 42 2% Mk Dy A AE
22 5, LR P URAT 5 ML A (I B R T
SANL, B UL, T R FH AR R AR A OF 23 ik R O, 42
T AR I A M

W 2 R BLAE 1977 4F , Dow Chemical 2
FLRE 2 [ S ME B 4, T AE 1988 48 il £
Hh 2 [ A BE A 42 300 R HL . 1990 4F, & kK
Husky 22 7] 5 H A 50 BT (JSW) 2> 7] AH 4k 4 2
[ 245 1 S A 3 4 SR DG I 7 . 7E 2000 4 ~
2010 4F 0], H A B 48 7 xR S ORI 37
B, JF 4 T Bk S A AR R = AR LA,
2016 4F , 43K [l N 2 & el 0y F B S B G 4
WA 450 5, M7 9 [ R 280 ~ 1300 t, 7E
650 t HLAEL 5 EL oA 80% , 3 2L 48 i A HL fiki 72
TR, P2 30 4R R BE S Ak A
B LT E O — Lk WERE 1 B, 550 S T
1 3 W U B R [ 28 0 B & 2020 4F B e U
TR T R P Bh TS e R S R A Y
TG 7 BTG TR WS RIS & — Ak
fBzo15 820237

BF SR | BRREARRERR

H A Tl 490 T B 4 7 | B B R0 T b 4 B

280 t £ 1600 t 2 [ A | B A S

LA I 470 AL 5 e HL R A A

1650 LAY & 80%, B E BF & HE 3 000 t

BHTEICABMSEIER & 4000 1 KA B

il it B e I 2 S AR 18
bR RS 4
A ] 25— A A R
INEEFS

2 HASFESEHMEKRNERRHE



C 4 SEEAE

%44

R ABAE S 1 300 t 88 & 4 28 1 250 4t
IR (BRI B R TR A 2 5 kg, AL REH /2/
T o A A A R T SRR Y A
PEARE IR BN AR AL T ok . AR ik
F i 1 A TE R R A%, JF Rl 824t 3 000 ~
4000 t (8 R HYBE A 4 2F 8 SR 4, nER 1 R,
NIRRT A 4 b B ) 22 B B T 0L L 25 N T TR A
PR o (Rt FRPIL F ) S A R A
PR FAR (0 i TR T %6

®1 ERSMISREEEEFETESTHENSH

VWA, ., BHE RKHEIETE
EPTER G BEU  i Re
;ﬁ?&f’? 3 000 =k 130 53
R4 )R 3 000 =l 150 10.2
AR e 4000 — X 170 17.4
Rz 3200 =k 160 11.0

TE BRI A 2024 49 J1 30 H ok A TATFHOR .

S, - I 2 S B I R AR K e, R
T AP A AT 0 i R T S BB T, B R
TUS 5 SR I QB BT AR A w55 1R BE TR AR A9 B 114
I Al AR AR TE S R 5 T ) 4 i
LR RGBS . B2 TEBES G R
S BSR40, P ] )2 7 TR S IE R

5, R B Al I M Y A SRR AR AL T AT T Y S
%O

4 SEEFERTTHEERTEANTRES
Iz

2 [ 28 R T 2008 T B — e B DX ) Y
B AR R X TS, SRR X i B
RO, 7 [R5 4 Tl AR 75 PRI , £L 2 ™ i 5 e L
FEIURE )5 AN, BB A 0 O £ T EE R IR
AR PRI B v T R AR AR AT A . AT, R
A TE S R T2 3 R R B bR
AZ91D Fl AM60B, 3% 2 Fl 5 4 K Al JC R % & A XS
B, WRAE 2T AR
41 AZIIDH#¥AE

AZ91D & H HI W e R 7 W BE A A, H
E [ X [6] Ky 437 ~ 597 °C™, JR B AL S5 G 2
B BE FT . Okayasu ZE"XF L T AZ9ID & 4 75
eI N AN o I S PO S ViU B
ML J 2 PERe , i 3 R, ok 2 S
SFF R T2 A% B A R RS ) /N T A E
&% T4 /N FRERSE T L, R, SR
T, e 12 T G R T2 B B R AR
L, % T4 UM B AZ9ID & 4 14t fe B %
M T At 2 F T2, BAA Y g R BE R L R A
MK 2 PR .

Tz %5 K WAL Rk

TZ

F

kil

(a) GARZL

(b) &l

E3 ARSETE THENAZIDASSIRELAS RIRE™

Gu X R ] 2 [ 2% 1 B R A IR (R R
5] [ A0 28 4514 ) F AZ91D BE 4 4 1) 20 41 5 1k R
77 2GS, W 4 B, b6 I B ) 7

1, A SR AR AL . 2 R R R P Ol 580 °CHT, 49
e o =Mg ) [ A R 5 T 40% 5 24 Bl Y IR BE O i
610 CHY, [E AH %W F f% =K F 5% AZ9ID &



A BER FHESEFESENRBHEAYZREIKRSE AR F

L Bk DN 2 2R SR T B Ol R T
Sy PR MCAE o SR R R B A R I, R AR SR 8
v RL ROSE I/, AELER A A 2 A O IR 2 AN 1
A1, HB i By T BORCR i B A T fh
PR L, IR RE R B Z AR LG
M, 7 v A R T RE T AT A e ) R D S i
R (A ERRIE, AR B AL T BE
B8 73 A 45 2R, XI5 BE 11 B4 52 Wi ml RE 23 A B AN TR
URAE X I Bl P SR AN T B B0, v AR R A
b DR A A R A RE A8 B AT A b 0 D 4 R
A E [ Wi 4 G5t BEq , DA T 28 45 B G ) 58 JEE MDA i

Fx2 AEBELZTHENAZIID &L MR

TZ JE ARG EE/MPa FHISREE/MPa SEfEH22/%

%5 R 167 258 35
P gl 159 220 1.5
e [ A A 174 281 3.7
2 [ A T 170 273 7.2

Zhang R GY T WRAT 5 AU 2 [ S TR I
R AZOID F5 & O A 2L 5% 1, K B0 Bt 25 DB AT
TR, 9 AE a-Mg [ AH S B S L7 1T A AR
ARBIERIR , FE 2 BOOIR (09 5% 48 | 8] B 25735 RsF
FF L2 /N o Murakami 5"V 98 T 7 S 0 B Xt
AZ9ID & 4 AL V5 YEBE R S, Je R o5 1 ) ok
JI RE 05 200 Ak S 15 20 20, (R85 1 N 3 B B i) 1R R
BBz IR, e RE Az 2 AR R
) R, 3 o 5 3 B R 08 3 A5 e e R
UE A, Zander ZEPOXE o B 58 T AZ9ID A 4 7E 5
B 2 [ 2 0 S R 2R B e M e
RIR A A R e R T Rk
Ao TR S il R i o DA Tl A (1R S) SR, 5 4L AN
e85 T2 T 0 & 4 200 80T B 9 8 fhoad 42
BT RS R AEEE , W5 KA, HL
2T N A 2 U % S AN IR B AH SR
5] H AN/ SRR SE SR /INER BE 1) AL Zin i A7
A S B 22 11 B A 2tk , RE AT AT 280 1 ot e BEL A1
PR, 7R R KR T, H S bl R R R TR B S
) 50% o

(b) 55

(o) B A4t
El5 AZ91D# A £HIE MR LY



‘6 - CEE AP % am

42 AMGOB& 4

5 AZ9ID & &M L, AM60B & 4 — it H AT 5
o 4 S e 3R o ] A A G R T TR R A
T AM60B A& 4 , I H AR 05 AR 45 LU e 95 00 & 19 ) %
PERE(F3) o SRMTAE SEBR e T o, Sy 4R A5 JLAEL 1)
RIZCR , AM60B & 4 1 2 [ 25 Bl 24 i 8 5 5 10
AZ91D A 421 10~20 “C. Patel Z%f HLAF 5T T2
[#6] 245 T 56 L AZ9 1D FI AMGOB (4 AL 1 R | Doy 222
HLH 5 MO SURHAE , B 52 45 5L o, il T AM60B
PG A AL S IR, FEE S I B A ZUh Y
Mg, AL, i PEAH & 4K T AZ91D, 7E & 6 it 7 Y B
FE S, AZ91D 4 4 11 W 24 1 FF 0T 47 42 7 3 4
SER I 2LE0, T AM60B 45 4 11 W7 24 1 B 0 o 1 R
FAR 2L, 52 B P AL 3R A TR B ) R
fiE, LA B (2 1 o Patel S5 P4% 2 [ 45 4 5t
HLAS AM60B & 4 #EAT T 9% 55 P AR il I, K MG 4
AR 47 2o R e MR R R G R Y 3R R
2, Hpr g o5 PERE W] AR T A58 . Chen %™
JH 2 25 1 55 78 AM60 M 44 Ry SRR, 78 HJE
UL Y 2 VR b — 2P it #A 5L AR TR b 3, AT
i R R ST P RS N R R R R AR R
331 MPa, H W20 PE 88 & i — A% .

£3 FEFESHRE AMGOB 5 &K S F1ERE

T4 JE IR E/MPa PLRIGRIE/MPa FE{HI3/%

TR TR R 45 130 225 8

HI-HOR I 135 240 10
#[27]

2 [ 25 I
R 1L 142 266 24.2
#[28]

A K2 [ S R T 2 5 1 Y VIS T
MGG DU B s | PR B A i, A
B il 3 s PR REBE A AR BT iR A . HIER T
TGt e FLHI T2, B ek A [ A T A R R
FLH ™ B I B AR, EA /N 5T 1 o 2
YU, AR RE T 5t , A 28 5k AR ] I T ORI e
AR, L s L U, A (U R AR AL Al
P B A, B2 SN R B A Re g B &
SIS I 12 E R

(h)AM60B

E6 REZESEEA SO SEME R
43 WBEFESEESE

WFFE N A A 25 R 2 T S B A 4
BORORE, LATE G b b T2 1 25 03 S B AR e R
PETHE I PERE o Tsukeda 25858 T Mg—Al-Ca &
&5 AE42 & S WA TS R T A8 S M
Al , & B N Ca T F 8 AH WOIR 41 2158 £ H B
B3, KRS TH5 S 7E m iR T 19 77 27 Pk 5
AR PERE SR 2 Ca & i 3 @ I, S REAR G 4 0 2
P, UL, BARIRIN Ca b E WL BB HES &k
i 4% 50 5 B3, H 40 S AL Ca 5% Mg, Ca Jifi 7 4H 19 %%
WU ZHFUELHEES T WEMRBIRKEKR,
Suzuki Z5E Mg-Al-Ca £ 4 FE At bk — 2 43
TIRG M LT E, IFHEAT T 24 1 A T Ak K
5, KB IR A W b (BT 40 5029 0.1% ) fig
AP v T AR R R (F A R S 0 £ R I A 5
BE o X FE S IE 4 8 kA g
BATK, B 7 froR A E IR A T ORE
O 2R 2 5 ) AT it e O A e ) O 45
Fa 2 P o Buzolin 55" SY T & A sl it Ca Fl Sr T
Z M MRIIS3M & 4, JF % H 5 AZ91D & 4 78 2k
[ 24 v S AL S 0 A UM BB AT T EE 2 B 4
4 FE kA B S O T o i B B T2 A



M X BSER FHESLFASEHRBERGLEIRSE B % -7 -
B 2 LA R, A 3F MRI153M A 4 1 J5 b 3 28 g G A MBI T ST, KB RUK LR Sic ks

BT AZ9ID & 4, X R Ca U R & B AER A
o—Mg [ i S B AT, B it i o -Mg Jay FR U il o I
Hh, Mg=Zn M Z 02 — Flols 76 1038 T 2F [ A v 2
B TR B SRR, Mg—Zn &5 & B A K5
5 8] X812 76 5 B0 R 4% T2 5 e AR S
G SR JH 2 T 285 S AR B AR A R KR AR A
Mg—Zn & 4 A ELT 0] o 4 Gu 55558 o f [ 25
E S R A AR B T £ T Mg-10Zn & 4, BE A5 AL
AU BE JEAL R 0.9 mm (1 RE R, a1 41 5
A A/ Mg—Zn 35 WARAH , AN R B 8 i A e
i iR G il A 50 B ROUF R 3 VR L S A
RECE A 1171 W/m - K),

(a)AXE6300  (b)AXE6301 (¢)AXE6320
E7 FMARSEREHINFEESTIHKE Mg-Al-Ca
AEHTEM BiRALRR

IR, 08 2 [ 285 1 5 i B R Y B 5 4
FERIT R85/ o B A IV PP RE 2K 1 52 T 22 4
A SR A HE I, R ke X B 2L [ 25 B A AT
WAk L . Add s B A, o A
B A I TF T 2 Y R S T2 B
Wh 7 L G 4 TR DX )RR VR AR £k [ i 5
s A 1 e A UM CAN R 28 — AL B ) 15 &
G MR I R S R OB TR T2 i Y S
filf b, v PR RE Y A [ S BE S B BRI B R A A
Pab AL, DL S I s A0 S PR R
44 FESHEESHH

SR T2 8 285 0 2 B T 20 o B R A A R

— ol QB T I Wb BN TR a7 R
PR A [7] B i A8 2 AR 0RE , O] R AT 74 55 17

IR AR A o BT A R S KR B S
0 A e U A L L OB R O B B A5 b
B, 35 B — U G R B AR AT A Rk
Yo A% G P15 3 T 20 B O A 5 B ORL
AT SR BT R, [A] Bs 7 A T 0 AR % 32 1 72 . Rauber
SOV o 1 S5 B R SiC SR 3 5 AZO1 1 AJ62 BE

AEUE 7EFE AR 3 5) o3 A, b, B Tzl & T2
AR EE A, A RO S T AR S R AR 2 ) R
Az Al 2 RN, B e 3 A Y I A BE A8 1 3 R T2
WA BEA A0 1 2= PR . Gu P 2 B S R 5
B Mg-10Zn & 4 Bt #2 v WS i T SiC-ALO, it
R, A T ORE AL 1 mm BB LA B
BEACIRFE G o TE TR N BT A 43 RO 10% P g R
UKL, 5 BRI 5 BE B2 T 3T 20% , AT ff SRS A
AR, (E AT 5 T 6%, #E— UK T 20T fili 6 5k
G MR AR TR S 0 5 R - R DT P, LR
HWAERT . MR TSGR
BARE PR RERCR WE R, R 4R . &1 8

JoR TR A MBI SR SUR IS oF B A B
B 4 I IR AL ZURRAE 5 A DL I 450k 7 41
R B LA, 7528 A S A MORE b, 1 5 UKL 1 5] 9%
oA, A BLIAT R . B RO AR B T 5 T
WRRIVER 8504 a—Mg & A= filf 18 , L[5 4 F
TR AL o A ST N D E e S T
BT ZAEEA S P BS IN g AKRk B A 280 55 ik
W BT, S A S I DR AA BE 08 1 — 2D At Ak kL 20
2, B0 RERL G I BN R ) AR RS, 28 T
WP EASFN M T2 EE R SEEE A
AORE 7 T 2% B HE AR A A A B AR B SR A
(=R AR

R4 TEHEIZHBESEESSMENNZ SR

-
b R A R
/MPa
Mg—10Zn/ SiC-AL,0 .
%Jﬁﬁg}ﬁm%% 5186 6.8 e ] A5
Mg-3 AV I ATk 135 2.4 [
AZ91D/15% SiC 134 1.2 g R
AZ91-T4/15% SiC* 93 25 kR Rt
AZ91-T6/15% SiC1 158 1.3 T 4%
AZ61/1% SiC*! 108 4.5 PP
AZ61/2% SiC* 100 3.4 ErERR o
AZ91D/10% SiC 171 1.4 TP
Mg-10Gd-3Y-1Zn .
364 0.2 Bt s
~0.4Zr/A1, B0, ”
AZ91/14% SiC"® 200 1.7 e upn el
AJ62/12% SiC"®! 166 2.9 bE np il




.8 - ARV 5 M %4

5 BRASFESEHMERARREA

Hur, 86 &k S ESRAEARCEEZA
Uz N e S L (3OO AT B Y
FHAUR (1 9) o 2 A TEGH A vz B T2 104
HL A 19 A/C/D FE 3 3 2EAE S SN UL (8 A 0 e
TR JO et RN R o B A TR A U B AR AN 5
PUJE AR T 1 mm (43 BE B, OB OR T EE R
B SO 1 | AL P 2R N N LS A S S B 1 4
AN A AR TR AL AR VR/AR R BE B
ZRAE TR A | A E 7 S IR SR AR AL T
A EHE TR, W 2R TE A ML SEIR A
B S5 S5 AR AL T SR 2 [ 2 T S U T 20, A
BN R A E T e E €

(a) VR/AR HR 454950

(b) WEXRHLN AR

(¢) FEAHK DT

(d) EABLFEM
B9 HBRTFREANSGHHE

T AN % 0 2 (8 25 T S R R N P
SRR AU . AT, B 1A B A R 4 3 i A
BREAL AR W BE G A A O A 4R N R A D7 i
At R SR BTt o B 4 AR T I R R i
0 ) 38 54 52 A HERE IR EL RO e A A
P8, b bl Al (181 10) , oot & SR 5 ik 28
MR GE =R BE, R RE5 MK C i 1.5 m.
A [ 2515 7 B8 0 R T2l B AR A I U A A W
Rt o A ARG PEE ) R E 3CAT A 1A
FArdrinE.



BER FHESEFESENRBHEAYZREIKRSE AR F <9 -

(a) HLJ5t

(b) =Hkht
E10 AEHERFER

Ok B 22 1 28 38 T B 25 0 1 1 WAL GG
S P B 2 1o 2 [ S TR SR RO TS, A AT 4R L
P AL B A AR B L SR A e 1) 45 R 11 B,
XA it R A R A R R SR o A [ A 3 A
AAAT 4 T LA B A 0 RTS8 B S8 B e Y
FARHRHI A

(b)PIAE L B 4 fe 4%

(VAR ) 2 2
B ZEIASEHEH

AT 2 AR A T 25 0 S B B R BT8R
TR S HEAE M PE AU, A A A 2 [ 25 el R
B R SHLT LA — R URD 58 AR B R S
20T RE IR AL KT AR SR RE AR A 12 o,
A B R B e KB R 13.5 kg (fH AR AE D o
KRR B 4 2 18] 25 3 0 180 R 2 A AN W il 37 1% 4
4 [ 25 Y BRI SR, TR I, AR R A 2 T BE
I R B AT, L ZE REAE AR LS A5 F R S B B
WY, R TR B A L B P L T o
S5 5 AN R o A TR S T B 4 A S T
A T L5 HLUERE , 757 AT I [E A
ESTEAINIR SO Rabe S ok N AR FREPLE 8T Rt
IIFTAERIA

(b) FHLIA



10 - AE T 5 %44

6 ZERIZ

£ 4 2 I 25 0 S RS R A Sy — et 4

PR H S0 il i B R M TR e R 5 4

AR 1 Z A, B A LRE S i LR

PERE LB ] 5P 5 00 24 1 3 B AR R

RN A B A7 i (0 RF L, 288 AR 1 5 A

2 T 285 R T 2058 T R — s B XA Y A 4

K2, 1 Mg—Al il Mg-Zn 25 & 4. il i 4% T

202 AT R o A A L AR SRR g L DTS T

AN ) BE R A 3 o A 2 [ 25 T S AR 4

ARIERE BB B 52 A A RE, 92 B oy A R R R G

AR VERE o PRI, 2 [ 250 5 B RS2 FE 40

RIRGEG GV REIsa A T 22— ik

AEOR [ N TR BE A 4 2f [ 28 T S B AR 4 0 5 1

S BTS2 A T S B AL ) R B AR Ty

) R o 2 A T R R R )z N T 36

i MR A B s 18 S S5 A F O B AP 4 e =R A

REEEER . B 4 BRI A X 4% s Al i 75 K

(9 b T, 2 T 2 00 S AR e R A e e itk — 2D

G EINH.

S0k :

[1] LIU B, YANG J, ZHANG X Y, et al. Development and
Application of Magnesium Alloy Parts for Automotive
OEMs: A Review[J]. Journal of Magnesium and Alloys,
2023, 11(1): 15-47.

(2] K A=, 22240, B, %5 &) RS TH AR M. db
a4 Dol L, 2012.

[3] 43 32 7R . 2K [ 25 6061 51545 4 1Y SIMA 75 1 £ 1. 22 e fih
ROEHEFED]. i ISR, 2018.

[4] DU X H, ZHANG E L. Microstructure and Mechanical

Behaviour of Semi~Solid Die-Casting AZ91D Magnesium
Alloy[J]. Materials Lett, 2007, 61(11): 2333-2337.

[5] R AR, 2240, BA R, 5. P B HAS R AZ91D £
B E AL S5HEREL]. #3E, 2002(10): 583-586.

[6] MATHIEU S, RAPIN C, HAZAN J, et al. Corrosion
Behaviour of High Pressure Die-Cast and Semi-Solid
Cast AZ91D Alloys[J]. Corrosion Science, 2002, 44(12):
2737-2756.

[7] LIU B, YANG J, ZHANG X Y, et al. Development and
Application of Magnesium Alloy Parts for Automotive
OEMs: A Review[J]. Journal of Magnesium and Alloys,
2023, 11(1): 15-47.

[8] ZHU Y B, MIDSON S P. The Status of Magnesium
Injection Molding in ChinalJ]. Solid State Phenomena,
2019, 4723: 436-440.

[9] ZHU Y B, MIDSON S P. The Status of Magnesium
Injection Molding in ChinalJ]. Solid State Phenomena,
2019, 4723: 436-440.

[10] DECKER R F, LEBEAU S E, WILSON B, et al
Thixomolding® at 25 Years[J]. Solid State Phenomena,
2016, 256: 3-8.

[L1] JE85 J8 7). A RS TS %25 1 JSW3000T 86 45 4 T 4 A
#1 HLFF #L iZ 17 [EB/OL]. (2024-04-23)[2024-10-29)].
https://www.yzweekly.com/xyzd/qiche/9067.htm.

[12] P40 . 3 K 42 J8 HMG3000 £ & 4 1 S s L IE
& i [EB/OL]. (2023-05-16) [2024-10-29]. htips://
www.gichecailiao.com/news/show—29037.html.

(131 FEF ). [BIHTH AR A7 14 000 R AVEE & 42 ) [
75 1 5 % 8 AL [EB/OL]. (2024-05-23)[2024-10-29].
https://www.yzweekly.com/xiangguan/9144.htm.

[14] AT (A4 Jm . P2 5% 3 200 1 [ AL A 4 ST
BB Y Th 22 457 [EB/OLY. (2024-04-01)[2024-10-29].
https:/news.smm.cn/news/102690678.

[15] LIZ X, LID J, ZHOU W K, et al. Characterization on the
Formation of Porosity and Tensile Properties Prediction
in Die Casting Mg Alloys[J]. Journal of Magnesium and
Alloys, 2022, 10(7): 1857-1867.

[16] OKAYASU M, FUKUI T. A Study of the Mechanical
Properties of a Mg-Al-Zn Alloy (AZ91) Produced via
Thixomolding[J]. International Journal of Material
Forming, 2021, 14(2): 271-280.

(7] B4R, W R, £, & . 290 IR 45 1 F py 3
SR X fih A5 R B AZOID BE A 4 1 2 P 19 5



A

BER FHESEFESENRBHEAYZREIKRSE AR F - 11

(FOJ/OL]. FPIEAT (O 424, 2024: 1-25[2025-02-17].
hitp://kns. cnki. net/kems/detail/43.1239. TG. 20240625.
1732.014.html.

[18] ZHANG Y F, LIU Y B, ZHANG Q Q, et al. Microstruc-
tural Evolution of Thixomolded AZ91D Magnesium Alloy
with Process Parameters Variation[J]. Materials Science
& Engineering, 2006, 444(1): 251-256.

[19] MURAKAMI Y, MIWA K, OMURA N, et al. Effects of
Injection Speed and Fraction Solid on Tensile Strength in
Semisolid Injection Molding of AZ91D Magnesium Alloy[J].
Materials Transactions, 2012, 53(10): 1775-1781.

[20] ZANDER D, SCHNATTERER C. The Influence of Manu-
facturing Processes on the Microstructure and Corrosion
of the AZ91D Magnesium Alloy Evaluated Using a Com-
putational Tmage Analysis[J]. Corrosion Science, 20135,
98: 291-303.

[21] ZHANG Y F, ZHENG J, XIA Y T, et al. Porosity Quanti-
fication for Ductility Prediction in High Pressure Die
Casting AM60 Alloy using 3D X-Ray Tomography[J].
Materials Science & Engineering A, 2020, 772.

[22] ARz, B /NED, T SCIT . BE A 4 DB I8 1Y B2 TR 45 1
S FE A5 s A A 4, 2010, 30(3): 240-243+
192-193.

[23] PATEL H A, CHEN D L, BHOLE S D, et al. Microstruc-
ture and Tensile Properties of Thixomolded Magnesium
Alloys[J]. Journal of Alloys and Compounds, 2010, 496(1/
2): 140-148.

[24] PATEL H A, CHEN D L, BHOLE S D, et al. Low Cycle
Fatigue Behavior of a Semi-Solid Processed AMG60B
Magnesium Alloy[J]. Materials and Design, 2013, 49:
456-464.

[25] CHEN Z, HUANG J, DECKER R F, et al. The Effect of
Thermomechanical Processing on the Tensile, Fatigue,
and Creep Behavior of Magnesium Alloy AM60[J].
Metallurgical and Materials Transactions, 2011, 42(5):
1386-1399.

[26] XVIE, TR, Tk, 45 B HEESHERE TR
iR K R A D). R 5 il O A 4, 1999(5):
55-58.

[27] DECKER R F, HUANG J, KULKARNI S, et al. Thixo-
molded and Thermomechanically Processed Fine—
Grained Magnesium Alloys[J]. Materials Science Forum,

2010, 962(654/655/656): 574-579.

[28] YOSHIAKI H, MAKOTO H, TAKEHIKO Y, et al. Influ-
ences of Carbon Addition on Mechanical Properties and
Hydrogen Evolution of Thixomolded AM60B and AZ91D
Magnesium Alloys: Mechanics of Materials[J]. Materials
Transactions, 2020, 61(11): 2156-2161.

[29] TSUKEDA T, MAEHARA A, SAITO K, et al. Mechanical
Properties and Microstructure of Heat—Resistant Mg—Al-
Ca Alloys Formed by Thixomolding[M]// KAPLAN H I,
HRYN J N, CLOW B B. Magnesium Technology 2000.
Pittsburgh, PA, USA: The Minerals, Metals and Materials
Society, 2000: 395-402.

[30] SUZUKI M, SHIBATA A, MARUYAMA K. Creep
Behavior and Microstructures in Grain Boundary
Strengthened Mg—Al-Ca  Thixomolded®  Alloys|[J].
Materials Science Forum, 2012, 706-709: 1249—-1254.

[31] BUZOLIN R H, VOLOVITCH P, MALTSEVA A, et al.
Thixomolded AZ91D and MRII53M Magnesium Alloys
and Their Enhanced Corrosion Resistance[J]. Materials
and Corrosion, 2020, 71(3): 339-351.

[32] VERISSIMO N C, BRITO C, SANTOS W L R, et al.
Interconnection of Zn Content, Macrosegregation,
Dendritic Growth, Nature of Intermetallics and Hardness
in Directionally Solidified Mg - Zn Alloys[J]. Journal of
Alloys and Compounds, 2016, 662: 1-10.

[33] WEILER J P. Exploring the Concept of Castability in
Magnesium Die—Casting Alloys[J]. Journal of Magnesium
and Alloys, 2021, 9(1): 102-111.

[34] GU L. D, SHANG X Q, WANG J, et al. Development of
High Strength and High Thermal Conductivity Semi—
Solid Magnesium Alloy by Thixomolding Process|J].
Solid State Phenomena, 2023, 347: 97-106.

[35] bl A2l K2 . — R4 Jm 56 52 5 B i 1 &y vk
CN202110438409.1 [P]. 2021-09-14[2024~12-22].

[36] RAUBER C, LOHMGLLER A, OPEL S, et al. Microstruc-
ture and Mechanical Properties of SiC Particle Rein-
forced Magnesium Composites Processed by Injection
Molding[J]. Materials Science and Engineering: A, 2011,
528(19): 6313-6323.

[37] GU L D, SHANG X Q, WANG J, et al. The Influence of
SiC - AI203 Reinforcements on the Deformation and
Fracture ~Mechanism of Thixomolded Mg—based
Composite[J]. Journal of Materials Science, 2024, 59(22):
9892-9907.



12 - A% T L5 M % 42

[38] HASHIMOTO Y, HINO M, YANAGIYA T, et al. Influ-
ences of Carbon Addition on Mechanical Properties and
Hydrogen Evolution of Thixomolded AM60B and AZ91D
Magnesium Alloys: Mechanics of Materials[J]. Materials
Transactions, 2020, 61(11): 2156-2161.

[39] HASHIMOTO Y, HINO M, MITOOKA Y, et al. Effects of
Fixing Carbon Nanoparticle to AZ91D Magnesium Alloy
Chip Surface on Thixomold Forming[J]. Materials
Transactions, 2016, 57(2): 183—-187.

[40] AKAZAWA S, FUKUTA T, OBUNAI K, et al. Improve-
ment of Tensile Properties of Injection Molded AZ91Dal-
loy by Adding Carbon Black[J]. Journal of Japan Institute
of Light Metals, 2015, 65(4): 113-117.

(4117 BRI ST . 2 [ 285 10 5 i Y i vk o 4 2B 0 2 0K e/

AZ91D BERIL A MR T2 M MEREWFSE[D]. K b
K27, 2020.

[42] WANG X J, HU X S, LIU W Q, et al. Ageing Behavior of
As—Cast SiCp/AZ91 Mg Matrix Composites[J]. Materials
Science & Engineering A, 2017, 682: 491-500.

[43] HUANG S-J, SUBRAMANI M, ALI A N, et al. The Effect
of Micro—SiCp Content on the Tensile and Fatigue
Behavior of AZ61 Magnesium Alloy Matrix Composites|J].
International Journal of Metalcasting, 2021, 15(3): 780-
93.

[44] Bk 52, ZEBF IR . BEA A2 R A 1 5 i B o 1 5 %2
BILCY 55\ o [ 85 3 P 23 AR 2 SCHE . il h
[ #iE Ph2x, 2022.



