$Fi37E F W
2018 7 H

mh [+ #igt R
MATERIALS CHINA

Vol.37 No.7
Jul. 2018

+ % A # )

SREFEVMHNIARARREE

M, R

(1. HPRREMEIRLA 5 TR B, BIK 400044 )
(2. HERRE HEES B LR DL, B K 400045)

W OE . R R BRI N W TR, SR SR A IF S T & 1E 32 3 [ 9 S 10 )T e N
FH, LR T E NS EE R AR N R TS IR, MR T T4, A A bl R AT A (] 5 i 45 4 4 38 p 00k 1) 1 S
BB, ST SRR AR TN R, IR T RSB S v e B A S EE S ST IMA—E BN A £ T
R, M E A TR B SR AR N e UKL | RS A A A R R A, R IR m R SR SRR R SRR T
B BESE AR IT S B RTAETE A0 TR AR, I X145 R BT BE S bRl & SR R ST T R,

KW : Poa,; WHBE,; G4k EaR; R

mE SRS, TB331 ZERERIRED . A XEHE: 1674-3962(2018)07-0526-06

Research Status and Prospect of High-Modulus

Magnesium Matrix Materials

TU Teng', CHEN Xianhua'"*

(1. College of Materials Science and Engineering, Chongqing University, Chongqing 400044, China)
(2. National Engineering Research Center for Magnesium Alloys, Chongqing University, Chongqing 400045, China)

Abstract: Tt is of great importance to increase the modulus of magnesium matrix materials for enlarging its application. At
present, the research and development of high-modulus magnesium matrix materials have received much attention all over the
world, and consequently many researches have been carried out. In the paper, the latest research progress of high-modulus
magnesium matrix materials are reviewed. The effect of process conditions, alloying and composited process on improving the
elastic modulus of magnesium alloys are illustrated. The internal mechanism of elastic modulus improvement and mechanical
property of magnesium matrix materials are analyzed and introduced respectively. A certain amount of alloying elements are
added to the magnesium alloys by alloying process, and various reinforcements such as ceramic particles, whisker or fiber re-
inforcements are added to the magnesium matrix by composited process, in order to significantly increase the elastic modulus

of magnesium matrix materials. Finally, the main problems existing in the study and the future research direction of high-

modulus magnesium matrix materials are discussed and proposed respectively.
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Table 1 Physical properties of common intermetallic compounds

e e S
Al Ti 3.36 1610 166~230
Al;Ni 4.00 1160 116~140
Al Fe 3.61 1420 130
AlyZr 4.12 1850 196 ~205
Mg, Si 1.99 1085 120

Mg-RE &4 2—F BA m AR e 25 i p ),
BT AR Mg-Gd-Y G e BABEA, WEEHL
SREE R AR ERE, AR, AR BR T X R 4
M) 2RI Zhang 7 R G &7 51 RS R 1Y
Mg, Si %55 AR F, #2057 Mg-Gd-Y R G 4 1 b
i, WP R R ATE Me-8Gd-4Y-INd-1Zr A4 HE N 1%
[ Si, A SIERE-TS & F MR 44 GPa #2271
F 51 GPa, Ga&MMER GRS THN T &P ERT
o A mB Y Mg, Si(120 GPa) , Si,Gd,(168.4 GPa)
I Si,Y(136.4 GPa) KL ¥, HEE#E Si i m, 64
AT T Sl B AR, R 4 1 o % LA R b
RIS, 4k 2 7 Mg-8Gd-4Y-Nd-3Si £ 4
HFRINT 3% Zn, 1T Zn TR S5 A SEER PR Mg Al
RE JCHE KA R AE B S, FRART & 2 m R0 45 5
[, Zn BEUGE T ARG R, Poes REy]
Mg-8Gd-4Y-Nd-3Zn-3Si #i -85 4, 1EHFE-TS & T AYaH
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E N AR Mg-Nd-Zn RA & S5EIMFLZR &+ Y
HIBEA 4 WES4 ML, Mg-Nd-Zn R4 TERERFEE, %
TRANE R R EE S WES4 AL, {5 Mg-Nd-Zn 5 & 4 1y 5tk
BB, U 40~45 GPal ™) FETIERIG, X1 CA
FEHTE Mg-Nd-Zn RA4EPUIN AL Li o, BT &
BAPERE R O BOIR TR AL AL Li, ff Mg-Nd-Zn &4 43515
TR SR AR AE R WIE To UL BEZR T Mg-
4Nd-0. 6Zn-3Li-4A1 F1 Mg-3Nd-0. 2Zn-Li-2A1 45 4x AR
Sr5EE] 60 155 GPa, HIMLAAT 5 E 45 78 Mg-Gd-
Y ZE4PEIN-—Em AL F Li JT0E, JE R P
SRALAR AL LI, %8G 4 Mg-Gd-Y-Li-Al 3 53 #H 1 A 4
AbBR TR T SRR 50~ 60 GPa, SIS 18
BEA4TRING4ETE Y M NifEREETR, B
AH LPSO, E&IMALLH] Ca Ml Zr, 455 T Zr 75 S5

T3 7 T B DR 3RR Ca 76 i A A= A0 il PR 5 T ) A 3
WAL G A S, Hm G a kR, PR AR
W] Mg-Y-Ni-Zr-Ca BE G 42, ISR T2, HofvEfia
I FIAE] 55 GPa, iz R LW T — 2RI mRES
4, Hh Mg-Gd-8Si-5Zn F1 Mg-8. 9Dy-8Ge-1Zn i i #H i
AL PR 5 TE 2 T RSP  23 ik 5 67 1 66 GPa,

Wit A e IR RN, INA—EBNA LIRS
TICER UGBS S AR R A T T
IMARTCRRE GBS R h A TR R AR, L
ELA v S AR B (0 5 AR ORGSR AH DT SE A4 A
ISR R R, R 2 B T A mAE RS
ST EERE, MR, BEE S Zn IR,
Mg-Gd-Y F A4 A0 3 PR it i, (H O BR i B2 e
SR P R B Al i e A e B 4 9 P o AR
RN E T 10%,
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Table 2 Mechanical properties of high-modulus magnesium alloys

Elasticity

Ultimate tensile Yield strength

Alloys (wt% ) Process modulus/GPa strength/MPa MPa Elongation/ % Ref.
Mg-8.0Gd-4.0Y-1.0Nd-1.0Zr extrusion 44 423 357 5 [17]
Mg-8.0Gd-4.0Y-1.0Nd-1.0Zr-1.0S1 extrusion 51 392 347 2.7 [17]
Mg-8Gd-4Y-Nd-3Zn-3Si extrusion+T5 58.5 345 317 6.5 [16]
Mg-4Nd-0.6Zn-3Li-4Al T6 60 300 - - [19]
Mg-6Gd-5Y-5Li-6Al T6 60 330 - - [20]
Mg-15.5Y-1.8Ni-0.35Zr-0.6Ca extrusion 52 500 375 4.1 [21]
Mg-8.9Dy-8Ge-1Zn extrusion+T6 66 423 - 5.1 [22]
Mg-Gd-8Si-5Zn extrusion+T6 67 430 - 5.5 [22]

4 BEREZESAHMH

SIRIEE AR (MMCs) BT 57 & B 2 8US T
BRI, 76 Kelly ™ 1 Lloyd ™ 2538 B A7 48 i 17 £
SN LR TR B R R IR 2 BRI G b I 4k 40 S
HEEMEZIEH N —BA5%8 MR ERIEZ A MR,
M A SR AL, T 7EBE A & AR i i g
SRR A BE I A MR, SR B B SR SR AL 1Y
—FhE TR BEELE ARV H IR N EES 4,
AIBERE Al AR N LR, W LR A & Mg-Al, Mg-
Zn, Mg-Mn Fll Mg-RE REER 4, BT L6 HE AR J7 1 ik
17 REEIBFGE, FEIERL T 5 B ORGSR A | 20T
SRAH ., ZF4E AR A, ARG — B &2 KT KA
(CNTs) Fl 47 85475 ( CNPs ) 3% 5 AH 25 Eb A4 3 04 19 vy S it
B GMEHAR

4.1 FpiigsEiE

Wk aR R 4 E (AL, Mg, TiJE) BAT(RALAS, mfb
W, OFOREE, B, 5P HldE S, BT
WoRIESRAE A . ALO, . SiC. B,C. TiB,, AIN, Si,N,.
NbN ., Si0,. TiC. WC. ZtC. ZB,, Zt0,, MgO. MoS, .
Mo,C, F1 8855, & F 4% 5 OB () 1 BB 48 b an & 3 i
AR PN AR A BUR B SR, R DL 4R
BH B A/ 1 SR UG (5 B8 R AR A AT
LR, SRR E SRR A RAFIGHMPERE

SiC UKL 58 BE He 52 5 4R H R RIF 5T 5 22 10 5 B
HAMEZ—, SiC FR HARMRAS: A HEE, fERR
e R RERE, HIL R IR S IR B I A AR
WCH FE R, AR ARAE R IR AR A Sk A T
SiC JURCIG SR MBS SRR AAPEL, BFFEERIIVR AN 10% 1Y SiC
UKL RE 35 B2 = MBS BERE G & iy bRt SiC/MB15
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Table 3 Properties of common reinforcement of magnesium matrix composites
Reinforcement Crystal Densit}i Melting point ~ Thermal conductij/ity Expansiori cotifficient Bending strength Elasticity
structure /(g - cm™?) /°C /(W= (m-K)™) /(1076K™) /MPa modulus/GPa
SiC Hex 3.21 2700 59 4.7~5.0 400~ 500 480
B,C Rhom 2.52 2450 29 5.0~6.0 300~500 360~460
TiC Cub 4.92 3300 29 7.4 500 320
Al, Oy Hex 3.98 2050 25 8.3 221 410
Si0, Cub 2.66 1650 7.6 ~1.08 100 73
7x0, Mon 5.89 2680 2.1 10.3 83 132
TiB, Hex 4.50 2980 27 7.4 129 370
SizN, Hex 3.2~3.35 2100 2~155 3.0 980 330
AIN Hex 3.25 2300 10 6.0 2069 350
BN Hex 2.25 3000 33 3.8 600~900 90

ARG B 5 A 48 GPa 3713 62. 2 GPa,
AR B A R TR A T SIC ORI iR 15% 19
B BB B MR, DRS4S SRR W] 15%SiC/Mg-Ho-
8.9Y-Zn B AMEHEZ IR T #tEB k%] 72 GPa, filfit
AREE DR R ECR 3% 48K AL O Mg-Zn JE{R 4
&b, BFEEES RN E AR A F] 58 GPa, =5k
JERAK AL O, TURLAE > 3% i UKL BE 2 21 40 14 & b 1 4
M, A5 FE AR R A2 69 wm, AT BH IR A7 455 3l A
s Ak 4, TR 20 1k il kL BE 0 1S ) s Y i FE
4 R PR s 1 300 nm 1Y TiC, RS AZ91
PHAEEG, WM TIC /AZO1 B4 bR b 15
BRI, 7% TiC,/AZ91 B2 45 4Rk i 5 JBE FIASE & 1K T
3%TiC,/AZI1 B A RPAH 5 BE AR, T i (R AR I,
X TiC, AR BUE YSRGS R
4.2 EIIESEE

A Ao 4 Jm 5L A MORHE & B SR A M BHI — A
FEEI L, MU RIAR EEALSE . Mg,B,0,, ALO,. SiC.,
B,C Fl TiC mA s, WIRREE MZil( Mg,B,0; ) J&—Fh P REL
S, AR MREE B O HL AR A, 2R [ AR R B A
B, W TR RN 209 W BE S AT B AZ91D BE S
EAARRE, H R ERE L AZOID JEIK S &4 T BiR
&, BAEAM BRI 42 GPa #2755 50 GPa; &
T6 AL 5, ZA M EHOE R NEAR 50 GPa 25 &
54.3 GPa; MEJZIRE TiO, BEIZNF, ST/ MR Ak 2
ML 1 MgO 20 4L, fli 52 & M RHBL 1 3 — 20 42 5 3
66 GPa, M HL IG5t 2 Ab PRI H2 5 T 32% ., &9 Me %" H
FLE S RBIREA N 5 TRF BN 33% M RR B¢ & 2k
W AZOID B FEE A AR, Mg,B, O, ff 450 Y 5 M 4 2
264.6 GPa, £ AZ91D HAR & &35 i, RK1GH

Mg, B, 05, /AZI1D PR G A EA AL I LH LU EE Ky, L
M 45 GPa #£5 % 54 GPa, #Lt AZ9ID KA 4 42
T 20%,
4.3 LFHErEsRiE

RYESG TR A R R R | A S R R
e, ERdesgam ] DUAE 4 8 S5 52 5 AR B 10 5k B N
MRS LF4ERgaRAH E2H €, Ti, B, ALO,FlSiC £F
Yl BRET ARG R EE I (C/Mg) B A M RHME QR S 1A
St RAERRMERS, BRI AR BRI S, &
WA SR P T vt 45t 4 TE A2 P-4 T300 Bk 2T 4
H5R AZO1 BEEE S B MORL, AHLL AZO1 BRIAG 4, INAT
HERRLT HEREA R = A R B i (59. 65 GPa) . 5
THAE AR g8 T —FiBR AT IR A B B B L A R B A b
B, TR RRAN = RS B EF 4E AN AR R 3~ 10 pm
PRV TR 25 O BR AL AR, 5 Mg-Al-Si-Re [WIAREES
SHRE B, 25 DR R AT 4E 3 5] 43 ik, fdoke T
B SR 2 2 i) 1 i Y 1) A, ok G T VR 2 UK il 4T
A PIEIER, (18 G A B R Bm ik E 135 GPa, XI5
T DIRFRIY BN 20% (A Rk R4S 48 4T 4 ( A1,0,-Si0, )
Sy R g B EIR B T2 & T (ALO,-Si0,) /
AZ9ID HEEE A MEL, B 38.5 GPa #2555 %) 61 GPa,
AHLE AZ9ID ARG S48 5 T 29 58% .
4.4 WK EILIEE

RANKAE CNTs #PEREEWN = (E=0.4~4.5 TPa, F
YIME 1.8 TPa) ™ HAAFaE ML, B H A B R A S 4
o, BUASRAGHN S SR SRR R N O R AR AT,
SR R B L AT A M R B R AR ) A A R A
S DOL SR TP A5 3 I ) 45 T CNTs/ZMS 83252 A bR,
JIA 1%1) CNTs B, 524 FEHBLEE N 70 GPa £ 5 %1

=
H
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104.3 GPa, AHIL ZMS5 JERG & @ T 29 50% ., 1R
TR DR R L R R CNTs 33 AZ91D BE3L
G, A 2% CNTs I, #5158 63.0 GPa; SRJ5R
FIARIE T 20145 19 1. 1% CNTs+3. 0%SiC,/AZ91D $E 55
HRPEE, BEAE] 70.8 GPa, M AZ9ID IEARA 41w
T 57.3%, HomaE S Ll AM60 BE 4 4 A FEMA, it HLAR
PR LRI 45 T A CNTs/AM60 SE 3L S At RE, in
A 1.2%1y CNT i, #i5EM 47. 67 GPa #2555 65. 04 GPa,
AHLL AM60 JEAR A 1R T 36.44%, Liu %7 R AL
A FFE T g 5 7 D A A B £ CNTs/AZ91D BEJE
BAME, 1.5%CNTs/AZ91D & 4 b BBy 8P 45 2 A
[ AZ9ID Bk &4, H 44.3 GPa &% 64. 3 GPa, &
SRR B R A SRR (R AR A S R SR AR, LA

SV VA BuR ke b~ S NS N TE T LD S 7 = ¢
S ANAEJEYE  Li %1 W5 R WIS 1. 5% /9 CNTs g
R R Mg-6Zn JER A &R, Btk 40 GPa 215
F| 57 GPa, 1. 5%CNTs/Mg-6Zn & & H A s £ 14
FZIAKF CNTs 1y =B RR L CNT 5 3 it 2 [7] & 47
MRS

ARG T RS E A MR S A T 2 e
FR AT UL, WRINCRCGSRAE | ARG SR AR | ZF 4ERG SR AH |
CNTs SFHEaR B A AR, SSRGS, B3R
BRI B | Prbs A R B T, (A
KRmIK, SEammEsEs S, Zabmsiet
SR AR A NME R, (R e A
MR BESR ARSI BT, Ab3E T 2 AR 2%

R4 BEEBHESAMHBERNZEE

Table 4 Mechanical properties of high-modulus magnesium matrix composites

Alloys( wi%) Process mﬂj‘fi‘jgpa Uj:r‘::l‘;/t;‘;f Yiel‘/lhzt;zngth Flongation/%  Ref.
MBI15 extrusion+T6 48 295 230 10.5 [26]
10%SiC/MB15 extrusion+T6 62.2 387 302 3.9 [26]
3%TiC,/AZ91 cast 55.54 281 146 4.11 [29]
T%TiC,/ AZ92 cast 69.23 288 152 3.32 [29]
AZ91D cast 45 165 138 7.3 [31]
33%Mg, B,05,/AZI1D cast 54 265 262 0.95 [31]
20% (Al,04-Si0,) /AZ91D extrusion 61 238 225 0.8 [34]
1.5%CNTs/AZ91D cast 64.3 157 104 1.38 [39]
Mg-Zn extrusion 40 271 157 22 [40]
1.5%CNTs extrusion 57 308 197 10 [40]

5 % iE PE, [ EREPEREOL S . M AR IRAR G & 0T R . KA

VEREFG AR FI I, by T8 & 4 s PR I AT
SRBIEA RS, SOLW NS A KRG a2, fREasEa
SRR R B S S P TEIT  S kA K R Y
PEAIELE | WA A A B DL BB AR I 7 AR T
AAEXT R ARL AR A R BN, W B A
EARTHA R, i S e o] DU s s v, FEBE S
TG AT LIE 5 600 3R sl Al & W A w15 i 5
MR AT LB e A R AR R IR AT S B B
RIS A PRI BE 25 4R T SRR EL SR AT Y
P  (H LR v B B S RS A 412 T ) LB i
AR, BT AR, 475 A A R R A
SRR EPRDL . PRI, W5 e A B S R S A
RTHAHLER, JFukE— DR m B AR B | iR N 0

AT 7, R JRARBA | o 1k R A e A5 i B S A BRI
JEARN K R T5 1]
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