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Abstract: This paper reviewed several recent progresses of advanced aluminum matrix composites in the nano reinforce-
ment, nanocrystallization of matrix, architecture design and advanced manufacturing technologies. High-performance nano
reinforcements could provide high enhancement efficiency, while the nanocrystallization of the matrices could introduce a ser-
ial of nano size effects; the architecture designs (e. g. bimodal or multimodal distributions, laminated or network architec-
tures) provided new routes for property optimization of the aluminum matrix composites; and the advanced manufacturing
technologies (e. g. advanced powder metallurgy, severe plastic deformation and additive manufacturing) provided techniques
for the preparation and processing of advanced aluminum matrix composites. It can be expected that the application of nano
reinforcements with better properties, structural effects at different scales and new manufacturing technologies would be the
hotspots in the future research.
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B,C particles/Al composites with a

bimodal distribution of matrix grain sizes(b) [35]

3.2 BERE

R R H AT 3L R A MRk & R A A —
AT, Z2AHR R 1) 2 PR ) 18 i e 0 VR 5 1 D) 1R M i3
BN ARV 207 0] B oy RN [F 2 A R PR RE, R
BRZ BRI H R 6, W AR LR s R £
EE T BRELD D Bl RRBR
WA T A s AR A NG B LB AN [ R £
JEARERIEE SR, XS ERM RN RE 72 5 & 45 P AH
MR ERE, BN R S MR R T — SRR 45 1
BN o

HE, AFEEZ A RS 1 AR I 1 P8 R DT Be SE P A Rk
ZEAVERERYICHD . Chawla %7 BF5¢ 28 9 25 ~ 50 nm )

SIC/AL YR Z RIS K B, X P A & 2 2 A 52 2d
e, REIEL 62 B9 95 U1 AR T R AR )2 ) 4% 5 A (] 3a,
b) A A 32 Bk SR SiC R R, TR AR A 3 B
EPTERRZN, (12 A B R s i B BE i Rl i, 3
RERAT Ry 2Bk

SRJe, BRI JZ 5 AT E = 22 1) B4 58 B RE 8 4
R R AL R R A RE R FE AL, B AR A DA
TN AEAR 52 7 53 A2 ) Launev %5 £ A & ) ALO,/
S SRR SRR B, BT 7R ALO; =
MART, fa ez PR e R R
T RO (K 3e), R TR REUR G, LR 2]
PEIA S 40 Rk S & M AL O, i o TR A vk T 53 ik 1
B,

AHOPNEST
=10/20 i)

I3 SiC/Al Z2 2 HE AR FERINR AT (9 SEM % (a) 7,
SiC/ Al 22 )2 IR e B I 3 53 A1 9 BR OGRS #0285
H(b) BT K AL O,/ BRES 42 R B RHRHIY 248
PREBS A (o) )

Fig. 3 SEM image of indentation of SiC/Al multilayers(a) "), the
finite element simulation result of stress distribution of inden-
tation of SiC/Al multilayers (b) ") | and the crack propaga-

tion path of a laminated Al,0,/Al-Si alloy composite( c) [**]



5 6 1]

W RAESE . Joib BRI S RHIT S BTt 421

JAE RAL RLAE A0 56 52 A MR TR B AR B 1 R AL
ROR, (HZAR R ARG % B A e — A,
WEAZ I A T TR AR R iR 4 D i
B ORI BE 2 R R R B B A A R
I Ff 9 3 Ao B B DR B A AR A A K R ARk TR B 1
FOARERAY, SRIG SRR G &, T8 )5 220 k)
KRECE AT N T R, A BB A ) 4 K 3 8 A -
BEIRE AR XFOTIERESLBLAN K AL O, . CNTs,
GR SRR FER & & F 0K . WHRUKEIRE & # R
Pkl g, HA BRI B 2 RH s, Ba)
VE] ) 2 R T 5
3.3 W&En

Xt FER A RV R A MR, AT AR A
B A 5L 23S [ O 4% 5 S o A R B B A (. B, AR
H Hashin-Shtrikman #5803 4 {4 5 25 ] /9 4% 1% 22 43 1
B, 4% [Pk A bR s A f K

T A48 5 B R HR B 0 26 44 R — B0 ALO,
SICH A TR 10 1 2 P 4% 55 4R IR B A, PR A AT Y
SR A RIVER LA () U S B2 5 4 . Pl T 4 1) g iR AR )
KRB AR 2t I AR T B TR SR . PR AT,
HELE KA BRI SR SR A L T NI . B
T AENERE

SR, L% N4 38 5 10 6P 3 B B bR P o 8 10 i
R R AR AR R 22, MRUIN T R, BRI,
A s B O 45 o3 A AR AR 22 1 R 6 5 B M R B i 2
EAMTI T,

I JR T Tlk K 2 4 Kaveendran 45 1 75 1 58 A [0 2%
SRR BUEKIE A AR BT SR b, I AR BRI 4R
9 2 T 9 D A6 s 1 i 75 1 2 2 () 4% 43 A AL Zr ok
AL O, 94K JBURL 3G 35 1 47 5 2 G M RL (I 4) , M LG E
T BRI 35 50 4 O SR AR 1 52 G R RE, B 4% 43 A 4
AR T 4.8% , MERETI12.5%,
1730 3 25 A R 5 | 3 M B R i A, B MR A
B, AR MR R T 76. 9% , JR LM T R ik dE
HELEMGE MW AEREE SR E KRR
7.

4 SBESESMHREHBIERAR

BEE A G RPR R A, (LGB . 1RiE
PAPERGY | DTN A5 D7 vk X DL BT L AR AL S b
Aok £ IO T R T T A SR o B R R R R B BOR
RIBYEAETE | 34 b ] 3 45 T BEAE A0 B 52 2 BB A 1 45 |
T e b EA AR i A g A AR R PR, 2 35
PERRIES G PRI R E AT iz B

B4 FISHE AL Ze UKL, AL O, SR TR AR AL 4 b
LR ZEE (a) A SEM R (b) [+

Fig. 4 Schematic illustration (a) and SEM image (b) of network
architected Al;Zr particles, Al,O; nano particles rein-

forced Al matrix composite!**/

4.1 FEBFEEHEAR

W ARG 4 7 1 T 70 B R I 5 DA O BE 5 1 52
ST, AT s 6 kN33 i A 7 5 K Ay SR T 3R LD B v
TR B A A ] 0 8 2 S5 R R A T 3R T
ALY, [RINHEER S5 A bR BT LR D7 v Aok T
A/INE SRR, PR B AR AR S A R T AR R T
SYEE N WA AE R R S B i AR
XA A S 4% B R A A AR I e

— SR P AR A 85 L3 T AR A S 3 6 A F R
FITAS e ) S B, 3 ok S B R B A B A A K
SRR, 0l 25 Ak W S R I R R B R I S 3T
RO S v AR B I A3 A AT 30 2 B P LB A 2
[ A

AT — BRI A 1 AR T Sk R 2o R ) R T
BISMEUSTRIR . BB ARTE S, A0 AR AR R B 4E
QI3 1 K ] 2 AR BRI 2 BUM SR AR B AL & & 1™ L IR
REREE A

BRI HTR AOR A B AR T S BB
YRR 0T A R 2 405 k45 M 5 T T 2 ke
N, 3.2 FER I HORB ARG AT R Rh R
T R RE R GRS AT AR BEA TR An bl . HET SC LA
FERHGSF R A 0007 T o T A 4 R IR M R Bk S 5 3 4 1tk
Wk, BEEA R R R AR AT R, R



422 Hh [ AR 2

JELpE S A B A S AR R A Sy
fasa], MRERSTE R A P B i AR NG 5% UFG, FF4¢
RERIBE i p S Y C3 TR e T E BN S R 137 N N 37N
FRY, IRREST BT AN A i (A R B AL 2R AL
4.2 KREBMITH

TEASFPREMASIE T 2w, MRt AR AR,
WEEME RPN & 59, HAE, 1 R
TEAALRERS B ANk b VR T, 38 BB/ 47 3 52 A5 44 B
TG, SR L EOR B, [ A AR R R R A S A 4y
MR SIE . FERRFEE ARk, RN 0 R SR AR
FO7 T 4y R REERE Y | RIRERE Y L R R RA
G0 1T S SRR IS T D ok R A R
FEIRAEE S BAREELTY | BEpk EE T S e AR Ik
I I

AR R IBPEAR T LA 0@ 1 3. 1 op B ad (e B Ry R0
SHEAR, REREWSXERESROER, BE2E 5
BHE GBS —2E . B TR A SPD J7 BEAEROW I X 4 oK 3k
FEINT., TEARIANAl . B sR AR 431055 5 TAH e B ik By
— B, AT G AR LS 8UF bt
T, TR AR BE A 2 Y [R)

BRIV AR I 7 32 B 4 X B A A7 R S P AR T
T, —HRE AR EIG—2 . YUK SPD J5ik
AL E A NG, UFG (483 G0 kE, e dF s sm ik 5y
o B, b ERRE B UL BR AR RL 2 [ K 505 & 1 Liu
U R HUBIR A5 BRI CNT/AL & S kPR kT 238
UIAPEFEEEBEIN T, 50800 T AR A FLBR S B, 38
55080 CNTs FR44 sk A0k B 40 5 R, AR & T4
RH 2B
4.3 EHFEIE

TR IR = . AR RE 2, B R BULIRTE R
AT T A o 24, i T ) B — R AR A
BRI, AR, AL, R AR
i SR B4y 2 T 3 AR A R i R R
FERREEE AM R, WM SRR BRUS B . K. IR
MDA IR RS, NGRS T AR IR A MR N T
TN T PRIXE 4 () B, 6 BB T 48 0k . 3R A5 5 Bl &
TFBRICHERIG ARG S 450, L 2 RRE il & 12 48 T i dE
LB A E— R AR R

WRAHE L 122 KK Sercombe 26 ifi I e BRSO
WRESHITE:, H 6061 R Sk R H Rl i EA B 2R
PBRASRIAR, T8 S /AR RN, FE BRI i FL B R T
TR AIN RIPEESE, K5 PR RIS A 4, IRIE
BN A FRGCE(E 5) o FHEREES . BLBOIN T Mk 4
R, RO, T A2 R T A R R

IS BEHRPEROER A AR B 4 0SS A bR )
Fig.5 Aluminum matrix composites components produced by

selected laser sintering'*)

S R BR K 1 Kong 26 5 1o 745 [ 45 (1 Jr 1%
T B TR i 2T Ak (0 72 2 P R, ek TR
AR BARPN T AR I TR, I HA TR
BEARH BURAIBARICIC G S 27 4 . 53R B AIR B 1627 55
TG T BES A A 1Y 3003 S &= Ak,

5 % i&

B NATTO 60 2R 5 A AR REZOR A R 1, St
PERRIER SRR BT S 3] T I ) R . R EE
FrEF, CNTs, GR, BNNTs 45 P REANK I S (A1) 1
SR TN, R R AR A TR R T i 4k
A R B RO R 0 oA B R A bR £ 5 P RE i e 1L
TR R G AR U R B i
AL RIERE, TEBORBZ BIPT 5 E R E A 1788
HTUERIEE SRR A RO T, AATIEAS BT % St
AT R . X LEHE TR R AR B AT 2 2 5 4
B LAS B 2R

(1) I 5 o 1 10 8 5 A L R A B L ) 484 i 2
FIIE SRR 5

(2) AL A B 9 RUST RO A4S R 50y, it
PORTEE S =REw p b L NN 2 N PN I ORI EEE o RSN
BT F A AR LR G YERERT H R

(3) MR AN [R] F) 52 & 1 28 A0 A2 A U 3 Sl i ) o)



5 6 1] W RS Joilb R S AR Ot 423

FHOR, SEBURTRY A G R AN TR R

B, AR MER A MR G EE, 2
B AR T T 7 A TARZ B DTS R . BEE BEE
PR, BA 25 A TERE A 41 2 52 5 AR
Rz BT T B 22 9 4 A4

SEZ Xt References

[1] Zhang Guoding ( 5K [ %€ ), Zhao Changding (X 2 %€ ). Metal
Matrix Composite( % J& %% 24 b1 %) [ M]. Shanghai: Shanghai
Jiao Tong University Press, 1996.

[2] Zhang Di(5k #k), Zhang Guoding(iK[E %€ ), Li Zhiqiang( Z=
). BRI G BR S K R [T]. Materials China
(R RHERE) , 2010, 29(4): 1-7.

[3] Surappa M K. Aluminium Matrix Composites: Challenges and Op-
portunities[ 1]. Sadhana, 2003, 28(1-2) ; 319 —334.

[4] Qin Shuyi(Z&&j#E) , Zhang Guoding (TR [E ). MUk
SRIEZEMEIBVE IR IR SPLHI[T]. Chinese Jour-
nal of Nonferrous Metals ( "1 [E 75 0.4 J& 2# ) , 2000, 10(5):
621 —-629.

(5] Zhang Guoding(3EFE) . 48 HA A bR R M) ). Chi-
nese Journal of Materials Research ( #1 %} BF5E24%) , 1997, 11
(6): 649 - 657.

[6] Han W, Ista L K, Gupta G, et al. Handbook of Nanomaterials
Properties: Siliceous Nanobiomaterials [ M ]//Handbook of Nano-
materials Properties. Springer Berlin Heidelberg, 2014 ; 963 —993.

[7] Bakshi S R, Agarwal A. An Analysis of the Factors Affecting
Strengthening in Carbon Nanotube Reinforced Aluminum Compos-
ites[J]. Carbon, 2011, 49(2) ; 533 — 544.

[8] Bakshi S R, Lahiri D, Agarwal A. Carbon Nanotube Reinforced
Metal Matrix Composites: a Review [ J]. International Materials
Reviews, 2010, 55(1) : 41 —64.

[9] Jiang L, Li Z, Fan G, et al. The Use of Flake Powder Metallurgy
to Produce Carbon Nanotube ( CNT)/Aluminum Composites with a
Homogeneous CNT Distribution [ J]. Carbon, 2012, 50 (5): 1
993 -1 998.

[10] Wang L, Choi H, Myoung J M, et al. Mechanical Alloying of
Multi-Walled Carbon Nanotubes and Aluminium Powders for the
Preparation of Carbon/Metal Composites[ 1. Carbon, 2009, 47
(15): 3427 -3 433.

[11] Jiang L, Fan G, 1i Z, et al. An Approach to the Uniform Disper-
sion of a High Volume Fraction of Carbon Nanotubes in Aluminum
Powder[J]. Carbon, 2011, 49(6) : 1965 —1 971.

[12] Jiang L, Li Z, Fan G, et al. Strong and Ductile Carbon Nanotube/
Aluminum Bulk Nanolaminated Composites with Two-Dimensional
Alignment of Carbon Nanotubes[ J]. Scripta Materialia, 2012, 66
(6):331-334.

[13] He C, Zhao N, Shi C, et al. An Approach to Obtaining Homoge-

neously Dispersed Carbon Nanotubes in Al Powders for Preparing

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Reinforced Al-Matrix Composites[ J]. Advanced Materials, 2007 ,
19(8): 1128 -1 132.

Cao L, Li Z, Fan G, et al. The Growth of Carbon Nanotubes in A-
luminum Powders by the Catalytic Pyrolysis of Polyethylene Glycol
[J]. Carbon, 2012, 50(3): 1 057 —1 062.

Tang J, Fan G, Li Z, et al. Synthesis of Carbon Nanotube/Alu-
minium Composite Powders by Polymer Pyrolysis Chemical Vapor
Deposition[ J]. Carbon, 2013, 55 202 —208.

Xu Run(# W), Li Xinda(ZS73%) , Li Zhigiang(ZE &8 ),
et al. BEE YRR A BRAIK /50 5260 R B N 3
L)), T Inorg Mater(TEHLATELA4) , 2014, 29(7) : 687
-694.

Wang J, Li Z, Fan G, et al. Reinforcement with Graphene
Nanosheets in Aluminum Matrix Composites[ J]. Scripta Materia-
lia, 2012, 66(8) : 594 -597.

Yamaguchi M, Pakdel A, Zhi C, et al. Utilization of Multiwalled Bo-
ron Nitride Nanotubes for the Reinforcement of Lightweight Aluminum
Ribbons[ J]. Nanoscale Research Letters, 2013, 8(1): 1 —6.

Lahiri D, Singh V, Li L H, et al. Insight into Reactions and Inter-
face between Boron Nitride Nanotube and Aluminum[J]. Journal
of Materials Research, 2012, 27(21) . 2 760 -2 770.

Zhao Y H, Liao X Z, Cheng S, et al. Simultaneously Increasing
the Ductility and Strength of Nanostructured Alloys[ J]. Advanced
Materials,, 2006, 18(17) : 2 280 -2 283.

Hu C M, Lai C M, Du X H, et al. Enhanced Tensile Plasticity in
Ultrafine-Grained Metallic Composite Fabricated by Friction Stir
Process[ J]. Seripta Materialia, 2008, 59(11) . 1 163 —1 166.
Suh Y S, Joshi S P, Ramesh K T. An Enhanced Continuum Model
for Size-Dependent Strengthening and Failure of Particle-Rein-
forced Composites[ J]. Acta Materialia, 2009, 57(19) : 5848 -5
861.

Suryanarayana C, Al-Aqeeli N. Mechanically Alloyed Nanocom-
posites[ J . Progress in Materials Science, 2013, 58 (4): 383
-502.

Peng L M, Zhu S J. Creep of Metal Matrix Composites Reinforced
by Combining Nano-Sized Dispersoids with Micro-Sized Ceramic
Particulates or Whiskers ( Review) [ J]. International Journal of
Materials and Product Technology, 2003, 18(1) . 215 —254.
Sakai T, Belyakov A, Kaibyshev R, et al. Dynamic and Post-Dy-
namic Recrystallization under Hot, Cold and Severe Plastic
Deformation Conditions[ J ]. Progress in Materials Science, 2014,
60: 130 -207.

Nayak S S, Pabi S K, Murty B S. Al - (L12) Al;Ti Nanocom-
posites Prepared by Mechanical Alloying: Synthesis and Mechani-
cal Properties| J]. Journal of Alloys and Compounds, 2010, 492
(1): 128 —133.

Meyers M A, Mishra A, Benson D J. Mechanical Properties of
Nanocrystalline Materials[ J]. Progress in Materials Science , 2006,
51(4): 427 -556.



424

Hh [ AR 2

H34 %

[28]

[29

[

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Kai X, Li Z, Fan G, et al. Strong and Ductile Particulate Rein-
forced Ultrafine-Grained Metallic Composites Fabricated by Flake
Powder Metallurgy [ J]. Scripta Materialia, 2013, 68 (8): 555
-558.

Vogt R, Zhang Z, Li Y, et al. The Absence of Thermal Expansion
Mismatch Strengthening in Nanostructured Metal-Matrix Composites
[J]. Seripta Materialia, 2009, 61(11) . 1 052 —1 055.

Ashby M. Designing Architectured Materials[ J]. Scripta Materia-
lia, 2013, 68(1): 4 -17.

Brechet Y, Embury J D. Architectured Materials: Expanding Ma-
terials Space[ J]. Scripta Materialia, 2013, 68(1): 1 -3.
Pandey A B, Majumdar B S, Miracle D B. Effect of Aluminum Par-
ticles on the Fracture Toughness of a 7093/SiC/15p Composite[ J].
Materials Science and Engineering: A, 1999, 259(2) : 296 -307.
Jiang L, Ma K, Yang H, et al. The Microstructural Design of Tri-
modal Aluminum Composites [ J ]. JOM, 2014, 66 (6) . 898
-908.

Arpon R, Molina J M, Saravanan R A, et al. Thermal Expansion
Behaviour of Aluminium/SiC Composites with Bimodal Particle
Distributions[ J ]. Acta Materialia, 2003, 51 (11): 3 145 -
3 156.

Ye J, Han B Q, Lee Z, et al. A Tri-Modal Aluminum Based Com-
posite with Super-High Strength[ J]. Scripta Materialia, 2005, 53
(5): 481 -486.

Wadsworth J, Lesuer D R. Ancient and Modern Laminated Com-
posites—from the Great Pyramid of Gizeh to Y2K[J].
Characterization, 2000, 45(4) : 289 —313.

Chawla N, Singh D R P, Shen Y L, et al. Indentation Mechanics

Materials

and Fracture Behavior of Metal Ceramic Nanolaminate Composites
[J]. Journal of Materials Science, 2008, 43 (13): 4 383 —
4 390.

Yang D, Cizek P, Hodgson P, et al. Ultrafine Equiaxed-Grain Ti/
Al Composite Produced by Accumulative Roll Bonding[ J]. Scripta
Materialia, 2010, 62(5) : 321 —324.

Launey M E, Munch E, Alsem D H, et al. A Novel Biomimetic
Approach to the Design of High-Performance Ceramic-Metal Com-
posites[ J]. Journal of The Royal Society Interface, 2010, 7(46) :
741 -753.

Jiang L, Li Z, Fan G, et al. A Flake Powder Metallurgy Approach
to Al,0;/Al Biomimetic Nanolaminated Composites with Enhanced
Ductility[ J]. Seripta Materialia, 2011, 65(5) ; 412 —415.

Liu C, Qin S, Zhang G, et al. Micromechanical Properties of High

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Fracture Performance SiCp - 6061A1/6061 Al Composite[ J]. Ma-
terials Science and Engineering: A, 2002, 332(1) : 203 -209.
Moon R J, Tilbrook M, Hoffman M, et al. Al-Al,0O; Composites
with Interpenetrating Network Structures: Composite Modulus Esti-
mation[ J]. Journal of the American Ceramic Society, 2005, 88
(3): 666 —674.
Chen J, Hao C, Zhang J. Fabrication of 3D-SiC Network Rein-
forced Aluminum-Matrix Composites by Pressureless Infiltration
[J]. Materials Letters, 2006, 60(20) : 2 489 -2 492.
Kaveendran B, Wang G S, Huang L J, et al. In Situ (Al;Zr +
Al,O3np) /2024 Al Metal Matrix Composite with Novel Reinforce-
ment Distributions Fabricated by Reaction Hot Pressing[ J]. Jour-
nal of Alloys and Compounds, 2013, 581 ( Complete) ; 16 —22.
Hashin Z, Shtrikman S. A Variational Approach to the Theory of
the Elastic Behaviour of Multiphase Materials[ J]. Journal of the
Mechanics and Physics of Solids, 1963, 11(2) : 127 - 140.
Huang L J, Geng L, Li A B, et al. In Situ TiB /Ti-6Al4V Com-
posites with Novel Reinforcement Architecture Fabricated by Reac-
tion Hot Pressing[ J]. Secripta Materialia, 2009, 60 (11): 996
-999.
Kang Shaofu ( FEAMY) . S0 BT eI AUk 1 8 43 s 4 52 45 41
FIIFFEHERE ). Hot Working Technology($4/I T T2, 2013,
42(20): 14 -18.
Witkin D B, Lavernia E J. Synthesis and Mechanical Behavior of
Nanostructured Materials via Cryomilling[ J]. Progress in Materials
Science, 2006, 51(1) : 1 —60.
Ramu G, Bauri R. Effect of Equal Channel Angular Pressing
(ECAP) on Microstructure and Properties of Al-SiCp Composites
[J]. Materials & Design, 2009, 30(9) : 3 554 -3 559.
Tokunaga T, Kaneko K, Horita Z. Production of Aluminum-Matrix
Carbon Nanotube Composite Using High Pressure Torsion[ J]. Ma-
terials Science and Engineering: A, 2008, 490(1) : 300 —304.
Liu Z Y, Xiao B L, Wang W G, et al. Singly Dispersed Carbon
Nanotube/ Aluminum Composites Fabricated by Powder Metallurgy
Combined with Friction Stir Processing [ J]. Carbon, 2012, 50
(5):1843 -1 852.
Sercombe T B, Schaffer G B. Rapid Manufacturing of Aluminum
Components[ J]. Science, 2003, 301(5 637): 1225 -1 227.
Kong C Y, Soar R C. Fabrication of Metal-Matrix Composites and
Adaptive Composites Using Ultrasonic Consolidation Process[ J].
Materials Science and Engineering: A, 2005, 412(1) . 12 - 18.
(%% £07%)



