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rheomolding process”™
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Table 2 Comparison of microstructural parameters between domestic and international magnesium alloy thixomolding and

traditional semi-solid slurry processing methods

BBy FEAH TR RS/ um 2SR T E= DTN
AZ91D 32.0 0.72 fil s 545 [67]
AM60 50.0 iR 55 5 [77]
AZ91D 66.6 fi 7 5 B [78]
AZ91D 30.0 fil 7S 555 [79]
AZ91 105 fil A5 565 [80]
AZ91 50.0 il A5 S5 85 [81]
AZ91D 70.0 fil s 45 [82]
AZ91D 453 0.65 iR 55 5 [83]
AZ61 60.0 0.70 PSSR A [53]
AM60B 200.6 0.71 A RAL [63]
AZ80 62.0 0.71 [ A AL B [84]

Mg-10Gd-3Y-0.5Zr 90.0 0.70 [ AR IAL [85]
Mg-3Nd-0.2Zn-0.4Zr 46.0 0.59 EER2 s d [86]
AZ91D 772 0.59 KA R [87]
AZ91-2Ca 50.0 0.70 SIHETE [88]
Mg-2.5Gd-1Zn 180.0 0.29 R s [37]
Mg-Gd-Zn 501.0 0.30 IR R R+ [89]
Mg-6Zn-1.4Y 32.0 0.76 IR [90]
Mg-11Gd-3Y-1Zn-0.2Zr 63.0 TR s S 2 1 [91]
AZ91 50.0 0.81 LRI IR e RTN [92]

AZ91D 453 0.85 INERHE R IR T2 [93]

AM60 65.0 EESS=R7S [94]

AM60 100.0 0.70 RS [53]
Mg-8.20Gd-4.48Y-3.34Zn-0.36Zr 62.0 SIMA#: [95]
AZ80 12.5 0.89 BISIMAL [62]

AM60B 15.1 0.88 BISIMATL [63]

AZ80 15.6 0.87 BISIMATE [96]
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Fig. 11 Microstructures of cold-chamber die-casting, hot-chamber die-casting, and thixomolding samples

TEL A N 0 J7 1, YR OC R B B T
0.05~0.06 I FElHF, AM 2856 4 B 5 5 4 JjB P 5
P AT . UL, Ml T AZ REEA 4, AM R EE
B & BA BRSS!, Song A1

[20]

kPR R R GV T R B A 1 AMS0
G A MW RALE, kA S E A T B A

HRAEFE Y 45 F5 R B S A LB B 4R Xk, 2 T Jiang
EOTIH A AMO0 BE A 4 B oW 2 SR AE 45 A



5510 #

LEAR, 5 PG G W S A S B BOR B ST R 3337

7 o P B R R ST Ik 320 pm (A R A 411G
AL 1 41 LR AE TE AMSOA & 4 TR BE A7 e (WL
Bl 12(a))!", A %t L Anthony %5 "7 il FiT 41 4
FiLF /8% (scanning electron microscope, SEM) 5 H{
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Fig. 12 Microstructure characteristics of AM series magnesium
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alloys prepared by conventional casting and thixomolding
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60% Z [, Fifi % 0] A= 18 AH 25 B\ 5% B30 28 43%, 3
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L 588 2RI HEE 1 3 70 351§ 5 5 240 MPa 1 4.5% H /K
5, M0 A AR B 20% 5, J1eE R Re R PR
SRR BT BB (transmission electron
microscopy, TEM) B RAE (WL & 13) IR, MW A4
[ A 4350 5% 3870 2 43% R, 8 T 2L 7 5 %
B B S A T, S 2 SURH AR TR A A B 1 N
1%, T a-Mg LR STAL 1 pm, IZ A S TS
T W) A= A B 2R AF T, 00 A T AR SO 15 2
AR [B) £ S TR 1 R DR AR ) 5 AZ91D B 4 12
PERE R OCHE N 2R . (HAR I A E, KRG Mg,Al,
PR R R G4 F LML E Ry
JEBAR . I, Mg,AL, &P E RSE L 434 fi
ol B E R AR 1R R

-‘ r— 0.5 um
_ P

Mg,;Aly(112) |

(a) A B KR 5%

(b) #4= [ F 5 B R 43907

P13 bR S B A G PRI TEM JEIR "

Fig. 13 TEM images of thixomolding magnesium alloy specimens
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Table 3 Analysis of mechanical properties of domestic and foreign semi-solid thixomolding Mg-Al series magnesium alloys

A E Ry Jit A BE /M Pa PRI/ MPa SEAI/% WY Iy i E=P G
AZ91D 169 299 8.0 filh 5 545 [15]
AZ91D 192 279 10.0 fil AR 5445 [20]
AZ91D 240 45 fib S 555 [67]
AZ91D 180 230 4.4 fih A% 55555 [771
AZ91D 245 3.9 fi 5 S [110]
AZ91D 285 7.6 filh 5 545 [111]
AZ91D 253 43 fih A5 S5t 55 [112]
AZ91D 170 3.0 fib 2S5 54 [113]
AZ91D 170 273 72 filh 25 S 5 [71]
AZ91D 158 256 6.0 iR 555 55 [114]
AZ91D 145 248 7.4 WAL [34]
AZ91D 138 225 45 WA R [115]
AZ91D 144 200 25 RS [115]
AM60 127 192 5.0 fil AL 545 [15]
AMS50A 138 268 20.0 fib S 555 [22]
AM60B 147 278 18.8 i A5 5 45 [22]
AM60B 160 240 7.2 fi 5 S [77]
AM60 140 210 54 filh 5 545 [116]
AM60B 146 269 11.0 fil A5 S5 55 [117]
AMS50A 140 269 7.8 fib S G54 [118]
AM60B 102 155 8.0~9.0 R [103]
AM60B 141 5.3 1o R [119]
AM50A 103 55 FEE [120]
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S5, AR TR THEE G 4 r T R Tl
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casting, TRC) 5 fi 45 5 5 il #5 9 AZ91D Bt & 4
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Fig. 14 Top surface corrosion morphology and cross-sectional SEM images of magnesium alloy specimens with different processes after

immersion in 5x10™ mol/L NaCl solution at room temperature for approximately 4.5 days
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Fig. 15 Comparison of fatigue properties between thixomolding

AM60B magnesium alloy and counterpart Mg alloys fabricated by

. [124]
conventional processes
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16 Mg-Al-Ca &4 KR & Mg fRIBAHZA "
Fig. 16 Phase line projection of Mg rich angle in Mg-Al-Ca

alloy system"”"
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Fig. 17 Mass fraction of Mg ,Al,, compound in AZ91-xRE
(Ce, Y, Gd, x=0, 0.3, 0.6, 0.9) alloys"*”
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Thixomolding "+ At 3¢ [# M [C AL 2% A & F 20
22 80 AFAQEH YR T Tk 2R 7™ 0 1991 4F, B %
A2 8 A R MR W T 26 [ A 3 ST Thixomat
8l BL “Thixomolding™” } B bR 44 Fk, P[] H A il
M HT (Japan Steel Works, JISW) #E#E1Z T 2. 69tk
NEFH, SEBR T B e [ 2 Al A S OB R
S Tl A i

[ S B IR D BOR S 2T 2000—
2010 4R [A7E HASE M, W], ISW 23w AR 4k H 26
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F PR, A 2016 4, o E KR X CE
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A5 A% 32 N AR 7R 3C ATk i LA T
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AR B LR SR, I B Al S M
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K18 TR o

F4 ERIMNBSIEEHIEFET 3000~4000 t FiESSMITFHERPHNSH S

Table 4 Parameters of 3 000—4 000 t thixomolding machines from selected domestic and international

equipment manufacturers

[70,136,139-143]

wEl K B B ML/t BRHLY PEFF H A/ mm BRI kg BT F— AU ML/
H 7 #9 Fire JLM3000-MGlleL 3000 =it 130 8
MREIE HMG3000 3000 = 150 10 5000
Pz UN3200MGII 3200 =it 160 11 6600
AR e MTX4000D 4000 ek 170 17

(a) JLM3000-MGlIeL

(c) UN3200MGII

(d) MTX4000D

18 KIRUGEA 4 fi 28 S 45 B p 4 0136, 1401421

Fig. 18 Large magnesium alloy thixomolding equipmen

t[70,136,140-142]
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Research progress in semi-solid thixomolding technology of magnesium alloys
JIANG Jufu"*", ZHANG Jinze"*, CUI Jingbo"’, WANG Ying', ZHANG Xiaodong"’

(1. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China;
2. National Key Laboratory of Precision Hot Forming, Harbin Institute of Technology, Harbin 150001, China;
3. School of Mechatronics Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Because of their low density, magnesium alloys are strategically valuable for lightweight
transportation equipment. Nevertheless, conventional casting processes encounter technical challenges, including
shrinkage porosity, gas porosity, and oxidation. Thixomolding—an innovative forming process based on semi-solid
processing principles-provides a viable approach to overcome these limitations. This work systematically elucidates
the fundamental mechanisms of thixomolding, reveals the formation principles of non-dendritic microstructures and
preparation methodologies for semi-solid slurries, and comprehensively analyzes the technology’s enhancement
effects on the comprehensive properties of AZ-series and AM-series magnesium alloys. Currently, this technology has
achieved industrial-scale implementation in consumer electronics and transportation equipment sectors. Supported by
next-generation higher-tonnage forming systems, its applications are progressively expanding to large-scale structural
component manufacturing, demonstrating exceptional development potential within the new energy vehicle industry.
Among other crucial areas, future research should focus on defect control mechanisms for large-scale components,
multi-physics coupled modeling of the forming process, and composition design of innovative thixomolded
magnesium alloys.

Keywords: magnesium alloy; semi-solid forming; thixomolding; mechanical properties; lightweight
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