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Metal Matrix Composites for Future Application
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Abstract: Metal matrix composites are developed toward higher strength, good ductility or toughness and high performance
in order to meet demand of a wide application. For this purpose, attempts have been focused on multi scale strengthening,
nano carbon reinforcing and architecture design. A review on the present research indicates that the synergetic strengthening
of ultrafine grains and reinforcing particles could provide high strength and good toughness. Based on that, addition of
dual-scaled reinforcements is effective for improvement of comprehensive properties such as the elastic modulus. The nano
carbon reinforcements are highly effective and multiple for strengthening metals due to their ultrahigh mechanical and
physical properties. As to the hierarchical architecture, it is highly feasible for effectively strengthening metals without
sacrificing ductility and toughness, and challenges for these studies are addressed. In the future, modelling and simulation
for architecture and interface between nano carbons and metals should be conducted. Furthermore, novel fabrication methods
for mass production should be developed. Research of metal matrix composites has entered a new era, and it is one of

important branches of novel materials.

Key words : metal matrix composites; architecture; carbon nanotube; graphene; ultrafine grain

i

1 I

FHRHZ SAL R T B A A8 T0 1k AR AT ) 25 5 PR RE 1Y
B, ORI R B E R 5 1] B Jm 5 R R AR AR
RSN T ARG ., S Lk
Lo it PR A 7 T AL e, T T RBL R A B L
MR T TR BRS TS ARG B
A A, B T Al LA Tl B, PR <6 A

W EH: 2016 -07 - 10

EE&WME: FEZEELSILME AR5 H (2012CB619600)

E—1EE: HAAME, B3, 197547, D50, AR, Email
blxiao@ imr. ac. cn

DOI. 10.7502/j. issn. 1674 —3962. 2016. 09. 04

SR E OGS m AR LU AR R

SR, TINS5 45 il i 7K 5% TRk, A5 e ) Pl e 34
SR R AR AR e R i B IR R, — R P Y 5
EHEBRACRRAL, AR L IR B i S BE S
PERERRT RIS, FEAR T IEREDLS 5 —Trim, Kbt
P REAR BB 2O A AR PR A T S AR 22, AR
TN TS B nlFE bk . X LR N SRR E A
BB K 5 LT o

N EPSL A RERE KR T RS, 1 i e 2 R
SEAR . BT R GA KA G SR AR | PR SR SRS S
SERRAR AT . U AR E ER A AR s e
R REUEE . S350, AR B R B R R 5 A Y
FIAE TR SRR B AE Y BRPE REA R R A



559 1]

PR T 1) R A B B 2 T S 52 5 kL

667

A RS SRR AR —— IR AR 2,
IA T BRI TAE BT B [RIE, X Al e 4 <6
JE AR 2 55 Wy B AT R SR 1 S A 7 1) AT
TIER, DU e RE SR G AR A R f LI e

2 ZREMELEESHE

2.1 BETHIES SR

A 250 1y W 5 R X R 45 0 2 1 e T 14 5 s R B
BRI . FLAE 20 40 90 AEACh A WS & B,
TR AR FEE TR B 9 K G, X B 05 7 2 R T A F)
THORMORL Y -+ LA, 1T L e T 78 1k e AT 4 & LA B
G AR IEORLG RS S RO | MR A AR
WA HAEH, PG fE s m 2 ik, Bk, 99Kkm
KL LRI FRIG N, TR oA 5 AR IR ik R s =
I SO IS e X AR AR AR R O, BEIS L AC
YK B ABUREAE 3550 43 I BT TR ) AV TR X 38 T 5k 3] L
TR IBURL B B0E f, RN A2 JLAe] w5 287 45 (GND) 1
JLERMRMERG AN B T A BC, SR A A O A R
25 WP AR T L 7 A TUART A A ol T I s 251 o7
Rl B T IR SR R (S D)

Ao = \/(Acyy)” + (Aoey)” (1)

n
- N

g Sl - M
g 100+ "&. e P2
£ b I, im
(e)) g

c 1 a2
L ° e - A

000 005 010 015 020
Englneering Stress(MPa)

P BEPEREASIN T8 45 B 40K AL Oy M3 AN SRR 5 ) 24 Pk

Hodh Agy, Jy S P 4 T 5 3O ARG I &, Aoy,
RIS R A O B G B AR IZBIT, 5 wi% TR
B0 K g B 8 U T AR T A P AR R A S T R
IT 200 MPa [¥) )i Az 58 FE 39 1R, 15 3] 20 wi% & & UK B
RAH R AL R 54k K F

B T A (A, A A R T LS RS AR
71 Orowan B 4K, 33 R HL i 75 44 A JBURL 14 5 52 A 44
o, SRR AT IR HEE S A A
SRS BRI K UL, Orowan AL A B B2 W /E ™,
WeAN, S AAE SN UK RA  — N EEAEM, S
S A5 AH AR R 3R o TREALRE 7, T AR i A A
FERHEIPE " XEWT & i ) 5 A M 4 et
2.2 BHREEESHRE

Gl IR A MRl R BOR A B, R g8k
Wk R AR, 25 S IRIREREE SR S Al SRR E A 4
Fb, AR5 JEE i 800 ~ 1000 MPa' ! | {H SR FE i R
A ~ 1% ) o 32550 0 BB 40 i & 4 SR & 1 R 3t
Ie) T W A PR3 Pl T AR v R s 5 T A SR
I, Hoom TR AR Ik, &F 5 R AT R
BT EEEE B E SRR RS 4, AT
DA AR iR I s A sy L, — 2B E L
HETIE, (HASSBECRE TR A B e

(d)
300- — — W
e HETT R
© 2504 F - |
£ 0
1
= || !
g 150 -0,
& o=
S 100 \k P
= * P2
0 1\ s 5
o l -
. m

0.00 0.05 0.10 0.15 0.20
True Strain

(a) FuffAT, (b)fir

fF, (o) TR - WiAEi 2k, (d) ELR Ay As k71

Fig. 1  Microstructures and tensile properties of nano Al, O; reinforced ultrafine grain Al by friction stir

processing before tension (a), after tension (b) , engineering stress-strain curves (c) , and true

stress-strain curves (d)[!7-1%]
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Table I Comparison of the performance of typical ceramic and nano-carbon material

Elasticity modulus/

Coefficient of linear

Density/ Thermal conductivity/

Materials Strength/GPa CPa gom expaill;sio?l/ Win-1K -!
10 °K
SiC ~1 450 3.25 4 ~ 100
Al, O, - 430 3.5 7 ~ 100
Carbon fiber ~1.9 230 -412 2.2 - 1. 4( Axial dierction) ~355
Carbon nanotubes >30 ~1000 1.8 ~0 900 ~ 3000
Graphene >50 ~1000 2 ~0 >3000
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Fig. 2 Schematic of processing for friction stir processing and rolling of carbon nanotube reinforced Al

(a), orientation of carbon nanotube (b), and comparison with composites by other methods
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(b), and stress distribution before and after the origin micro-crack as well as at crack tip (c) [57-59]
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