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Research progress and prospects of Ti particle-reinforced magnesium
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Abstract: Ti particle-reinforced magnesium matrix composites have emerged as ideal materials com-
bining lightweight design and high performance, demonstrating significant application potential in fron-
tier fields such as aerospace and biomedical engineering. In recent years, researchers worldwide have
made remarkable progress in the fabrication methods, alloy system development, and understanding of
strengthening and toughening mechanisms of these composites. In this regard, this review starts from
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the perspective of the matrix alloys used for preparing Ti particle-reinforced magnesium matrix compos-
ites, discusses the influencing laws of factors including matrix alloy systems, reinforcement characterist-
ics, preparation techniques, and deformation methods on the microstructure and mechanical properties
of magnesium matrix composites, comprehensively summarizes the strengthening and toughening
mechanisms of Ti particle-reinforced magnesium matrix composites, and finally presents a practically
meaningful prospect for future research contents and development directions.
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Fig. 1 Schematic diagram of preparation methods for Ti particle-reinforced magnesium matrix composites
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Fig.2 Interface structure and schematic diagrams of the grain refinement mechanism of Ti/AZ31 composites
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Fig. 4 Twins near the AICuMg phase
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B, HR AU PERELL A N 327 MPa F 470 17 5 2 Al
20.4% RYIEMRR, PRI, 24 TI/AZ31 & A MR
B TR, BRI LE G H IR & A 5
SR, hE G AN DB A A RRR 2%

#1 TiMg-Al REAME AR
Table 1 Mechanical properties of Ti/Mg-Al composites

Addition . Mechanical properties
Matrix ?artlcle Methods Refs.

Particles Contents/ size/um YS/ UTS/ EL /%

% MPa  MPa
TC4 1 0.063  SC+Ext. 205,193 272,280 17.7,23.2 [40]
TC4 6 8 SC+Ext. 245 327 204 [41]
Ti 1.5 0.05~0.1 PM 143 243 115  [42]
Ti 6 8  HPS+Ext. 199 290 [46]
CPS+Ext. 255 304

AZ31 T 9 10 CPS+Ext. 264 294 8 [47]
Ti 0.5 0.05~0.1 CPS+Ext. 201 304 84  [48]
TC4 1 0.06 PM+Ext. 195 306 92  [49]
Ti 6 20 HPStAE 1838 317.1 115 [50]
Ti 1.2 70  HPS+AEB 2073 3152 78 [51]
Ti 3 10 PM+AEB 2227 3325 128 [52]
Ti 5 15 PM 123 211 218 [66]
Ti 5 5~20 SC 185 313 7.87  [54]
Ti 2 1.15  SC+Ext. 217 345 234 [55]
Ti 1* 10 SC+Ext. 366 456 146  [56]
T 10 15 SC;Z’T” %5 12 [57]
Ti 4% 6.5 SC 150 217 1.84  [58]
A9l T 4x 45 SC+Ext. 257 370 187 [59]
Ti 5 45 HPS 98  221.1 109 [60]
TC4 10 15~53 PM+Ext. 335 370 6.4  [61]
Ti 5 53~75 HPS+Ext. 211 303 187 [62]
GNPs+Ti 1.6 10  EPD+Rol. 160 243 208 [63]
Cu@Ti 5 10 PM+Ext. 238 368 12 [64]
[65]

In@Ti 5 10~20 PM+Ext. 248 378 15

T “R AR M

TIV/AZI1 M EHEA LT TVAZ31 B &M KL
(0 W Ao B VB MR A, R RE 4L A Y
456 MPa 11 40 7 5% B B 14.6% 19 ZE fif #& , {H
TI/AZI1 E A F R PE Bl e R 201, 558 38 N 9 1 5
FEAY 5K 1.84% ~ 23.4% Fl 211 ~ 456 MPa, %2541
BHZEATERE S Hoh & T2 b 3T B R A8 I i
Tk R R BB, e SE bR o] 4275
VEBEAE I T MR ASASAI R AR . B AR,
X TiMg-Al RE GA BN 5, AR VEA

PR, HEA AR T IR 2208 T 2 stk Ve, PEREIY
PETHI T Z2 M AR T 20 S Ak | 3R fer ik i AL 5 4
FAESAL B AL
42 TiFUkigss Mg-Zn Z2E SR

R AZ RIVEES 4 I R0 851 R RE AL
G IR T FIEBE R S B M R R G 42,
(AHAETRFE | PURASYERE R 2w ALV 1 7 T AF A s
BR . e fift i 5 3 e 1) B AT B v Pk B VS 0T 1Y Mig-
Zn-Mn fil Mg-Zn-Ca 54 . XRELEHERLETM
ERmaERZ—, DHEAT & Ti Pokigs
PR A MBLEATT TR

RSA B ZM61(Mg-6Zn-1Mn) 4% &4 & 14 1%
JE AR L, BB AH T AL B S 0 R B R 4
TIZM61 & & M R i AR S B 2 —
FAN %5 N\l % 7 A Ti POk & &/ ZM61 &
EMRE. ZIE KR 2%Ti/ZM61 5 4 b kLR
W L2 G PERE: JE ISR BE | Brhrsm B R o
W% 288, 383 MPa il 22.1%., X ELIAH T Ti i
BN N 51 B S SR AN Tl CF 2 ok R SF 4.77
um), A5 AR A A SRR AL, RIS i e
FEFTHANE K 2 BN DT e S5 PR R AR L [ 3T T Ak
fit. Mn /EA Mg-Zn-Mn &4 R TR EERITER,
HE B BB WE S MR SR =28 | 55 A
I3 B B AR T, FAN 28 A g —2F
5T 2%Ti/Mg-6Zn-xMn(x=0. 0.5%. 1%, 1.5%.
2%) ZAMEL . BfiFE Mn SN, Sk RS AT I
INFR A, KU SE R FEAE AN 2, QniEl 5 7R 4R
AR RS, BRI MgZn, AR R 5 Mg 3t
A ELAT AR A 7] G 22 19 Mn,Ti A, % Mn ¥ N
H1.5% B}, dkbidnfk . 55 —AH584k . HDI 54k Fnsg
R P45 5 ORI B A, LR G T 2= ik
SR, SRR | PUHmm B AR RSk E] 239,
366 MPa 1 20.6%.

Mg-Zn-Ca & 4 2 HAT R 4F I A7 L AT
R i 1k DA K 7 24 P e T o 8 S A A, A HOR 3
Rt kA HE G M EUEIE B R )1, FAN
ANV B TS TR BT R IR R AT AR Ti Uk
X Mg-6Zn-0.2Ca 2211 ) 2= e RE A sE AL ] . AF
FERIN, BTG IRATE SN () Ti ORI 85
J7 g hr KRR AR, X — TR S AR SR o T
FAh DRX fhbi e, 15 91K MgZn,
IR SIRT I, B PR RR AR EZLR A . 7F 240 C.
0.1 mm/s B FF R 44 T, Ti/Mg-6Zn-0.2Ca 315 T
Y IR 9 R (24 383.6 MPa) | i P OR (4
404.8 MPa) FlIAH 4 I LE(H1R (2 4.8%) o
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(a)x=0%; (b)x=0.5%; (c)x=1%; (d)x=1.5%; (€)x=2%:; (£)2Ti/Mg-6Zn-1.5Mn &S+ fki oA
B 5 #ED 2Ti/Mg-6Zn-xMn( x=0.0.5% 1%+ 1.5%: 2%) & &#1#} EBSD £ R
Fig. 5 EBSD analysis of as-extruded 2Ti/Mg-6Zn-xMn composites with varying Mn content (x = 0, 0.5%, 1%, 1.5%, 2%) '

2 MEET TiMg-Zn RE SRR J1241ERE
Ti/Mg-Zn RZE SRR A L sk s vE &,
I HLH 50 B VR RE i b R, SR fIK R A AT 3k 2
366 MPa', Fe LM RELL & M 383 MPa AU BT 5 &
M 22.1% BYIEMRFRST ) % TR E SRS, 45
A SRR TR R T Rl AR Ti WOk AR I T2
FIEEIE T, PV TE ah A T RS | & B 4E AL
HDI 38 Ak S 24 5 S 077 R ) 3 A % i e Ak
BERRALHLE] . HRTY TI/AZ61 RE A PHRHIRFSE
Wb, RRZE A MRS oAl . e ik
TEPREE Ty TR ELA A K A 52 25 (B A, FH A o

*2 TiMg-Zn RE A2
Table 2 Mechanical properties of Ti/Mg-Zn composites

Addition Mechanical properties

. Particle -
Matrix . Methods Refs.
Particles Contents/% size/um 1\‘/([11 Ili;: EOI/;’/
Ti 2 15 SC+Ext. 2838 383 22.10 [67]
Mg-Zn-Mn
Ti 2 15 SC+Ext. 239 366 20.60 [69]
Mg-Zn-Ca Ti 24 SC+Ext. 383.6 4048 4.80 [70]

43 TiPokiise Mg-RE R A4k
R AZ 5 ZM ZIVEEE AR IR B O 9t
Tz ARG B 45 A P35, (0 H g X i i 5
TRPUIRASVERE M 8 AN KL, BRI T A7 i 45 44 440
BB R . R T SRR S VERE RAEHR, BF5T
FATTEE Ti UKL SRR AT B R R SR IR PR 1)
THEB SRR SR AR,
43.1 TiFokiEse Mg-Y-Nd RE &K
WE43(Mg-4Y-3Nd-Zr)VE—Fh) 32 i g

R RS LR A, B SRR BRI A M R
HLFT S AR —, 1R R A 3RS 2 5 B 1 R EHT
AR RS . WANG 28 A7 30 5o 8 P el B 4
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W 17.3% WAL G, HarAutLsil = R F Ti ik
a0 10) R AN T R S e o Vi e |
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X} 6%Ti/WE43 [ WF 58 A AL G ik 17 AR 5 0 9 1,
R IR RIANTE Y Ze-Ti 33025 Y,0, Bk
EUGE T RS AR, R m R G s PR T4
FfiFE ., MAQBOOL %5 A7 575 R 8242, SR T £
FEE T 208 Ti. ALFD Sn 1R &k 5 WE43 & 4,
TR BHE DRI BE 224 MPa T ZE {2655 35 32.7%,
JEEBHL A i B SR ) RO, PR R AR R
TR SR AR TR 5 0k T LA T 2 e i 2
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DL RH £ 502 Nd ARSI () S s i . X —4
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Fig. 6 Interfacial microstructure and elemental distribution of the 5Ti/VW92 composite™
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Table 3 Mechanical properties of Ti/Mg-Al composites

Addition . Mechanical properties
Matrix —:li:/'cﬁ Methods oo o Re
Particles Contents/% W i %'
Ti 3 15 SC+Ext. 241 283 17.30 [71]
Ti 6 20 SC+MDC 255 316 890 [72]
Mg-Y-Nd
Ti 6 12~15 HPS+Ext. 267 337 15.10 [73]
Ti. Al Sn FSP 2243270 [74]
Ti 35 337241 SC 162 240 7.70 [68]
Ti 5 3.25 SC 173 256 590 [76]
Ti 5 325  SC+Ext. 288 371 940 [77]
Mg-Gd-Y Ti 3 8  SC+Ext+RS 370 453 3.80 [78]
Ti 5 7.8 SC+Ext. 255 378 12.08 [79]
Al@Ti 5 1~20  SC+Ext. 319 388 11.70 [80]
Ti 35 SC+Ext+SFT 309 383 870 [82]
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