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Abstract: With the increasing demand for lightweight and high-stiffness structural materials in advanced manufacturing,
aluminium matrix composites (AMCs) have attracted increasing attention because of their high specific strength, excellent
thermal conductivity, and good workability. However, the relatively low elastic modulus of conventional aluminium alloys
(typically approximately 70 GPa) limits their application in stiffness-critical fields. To overcome this drawback, researchers
have explored various strategies to increase the elastic response of AMCs, including the incorporation of high-modulus
reinforcements, interface engineering, and structural densification. This review systematically summarizes recent progress in
improving the elastic modulus of AMCs, with a focus on the design of reinforcements (such as ceramic particles and
carbon nanomaterials), interface control strategies (including load transfer efficiency and residual stress mitigation),
microstructural optimization (in terms of particle size, alignment, and densification), and processing routes (such as powder
metallurgy, melt processing, and additive manufacturing). Particular attention is given to the emerging role of multiscale
synergistic reinforcements and structure-function integrated design, which provide new pathways for achieving simultaneous
improvements in modulus, strength, and ductility. Finally, future directions are discussed, emphasizing the potential of
modulus-oriented design strategies for next-generation AMCs in intelligent structural fields and extreme service
environments.
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Tab.1 Mechanical properties of several commonly used
aluminium alloys

No. Ultimate tensile Elongation ~ Young's modulus
strength, UTS/MPa 1% /GPa
1035 80 30 71
2A12 460 17 71
2A16 400 13 71
2A10 400 20 71
5A02 250 6 70
5A05 300 14 70
7A04 540 10 74
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Fig.1 Influence of interfacial properties on the E of composites: (a) K; (b) Poisson's ratio™
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Fig.2 Comparison of the E of SiC/1170Al composites with
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Fig.3 Effect of the interfacial phase on E increment: (a) E; (b) Vi; (c¢) length-thickness ratio*
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Fig.4 Influence of the particle microstructure on the E of the composites: (a) particle morphology; (b) particle size!"*"
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Tab.2 Properties of typical reinforcements™

Reinforcement Melting point Density Young's modulus UTS/MPa Thermal conductivity Coff. of thermal
particles /C /(g-cm?) /GPa /(W-m'-K") expansion/(10/K™)

AIN 2200 3.26 330 2100 150 33
ALO; 2043 3.15 380 2070 30 7.0

B.C 2763 2.35 425 2 690 39 3.5
Mg.Si 1102 4.50 120 4.4 7.5

SiC 2730 3.21 450 2280 120 34

SisN, 1900 3.18 207 530 28 1.5

TiB, 3225 4.52 560 3300 24 8.0

TiC 3067 4.90 400 1540 110 9.0

vC 2810 5.77 430 4.1

wC 2870 15.52 640 500 60 5.1

ZrB, 3246 6.09 350 140 7.4

Zr0O, 2715 4.84 350 2070 33 7.0
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Fig.5 Microscopic characterization of the Al-9Si-1Mg-0.7Cu/TiB, composite with 14 wt.% TiB,particles: (a) SEM image; (b) the
interface between the a-Al and TiB, particles via TEM analysis®™”
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Fig.6 Microscopic characterization of the (AL,BC+ALO;)/Al composite: (a) SEM images; (b) EPMA images; (¢) TEM images™!

https://www.cnki.net



SRl ES PRI

(EEEFARN12/2025

HER, E . RES AV REN RHER

<1153

22 Gkt RIEEE R

W B 8 UKL A1, G BR A R 5 A A A 4
BAAET B A B 45, GNP il CNT 1A i Al BRIp A5
B (594 1 TPa Al 1.2 TPa), H E 88 Ky kb % 1
TP AA A 2 630 m¥/g) 5 Al ke i FLir VR LI . 7
BRFER I A D B GNP B AT 7 okt 35 W1 B 3 25,
Bhadauria %5 B9 52 56 50 4 2 s, 76 28R 3 i
0.5%(JiT 1t 73 Z0O)GNP B AL H s P 455 5 AL 70 GPa
T2 89 GPa, -3 hE 0.1%(JF 43 0) IS i 57 ik
2y 4 GPa MRLIEI RS, IR H R ACR A NI 38 AL
. ONT RyBERRR0N L E A3 2 . RS T
Mg g 1 A il £ 1 AL-12% (7R BLUAR 50 ONT A1k, H
SRR AR T2 40%), BRI TESE MRS R,
CNT R A L5 M358 7 7

SR, AR A RHE S8 S AR Th it e 22 5 1A
RBOEHWRACR R E 2R KW EZFERZ —, K
Grffizn) B, AR R 2 S TR A A
TR T SR R G W B B Ak 2 SO DR
% (pyrolytic polymer-assisted chemical vapor deposi-
tion, PP-CVD), 7E fll—44 LB 57 R 2 1 B v A K
CNT,JE 24k CNT/AL 2 &8 K B G 49 b
45 B AFE A5 BUm PR MR, SEI R 1.5%(5
T3 E) CNT B8 i AT A5 8 45 55 23.7%, 3.0% (5
BB T E 74.1% , ow HA7E 3 58 AH 4 50 45
A SECEA I T FEA/EHT ,CNT %R B A W%
B
23 FUEBEBERSERENERE

biE 2 RERE A BRI, ok—akaei
SRR R Z BN AL, X R R i OB P R4
RIS, o R o — 3% s AH 5 AT 3R 5 WAL ) R 3
i B SE B G AR A TR R BT
1E 43 nm SiC 52 & & 5~10 nm CNT A9 i & 3 5
R F i SiC A RO ¥ R AR A2 47 JF 2 3 CNT
B o) oA AR AR T 50— MG s AR R AR 12.6%5,
Li 450058 3 J5i 67 4k 27 AR T AR (chemical vapor depo-
sition, CVDYKF 44>k 9% CNT 3425 L BUE Sk 9% SiC,
F Y HE T “SiC,(CNT) "2 fl— 24 £ Jl 34 5 2T, LA
K SiC, R AR 740 ONT , AL H T 40 K AR
R, vl G R 4 T AR R
SIR G, DI 8 35 oA A A1 it R 1) 20 B o AR
T A& 48 SiC/CNT/Al A4 fb ik &, RIS LB T 2
9.4% M s PERL R T, 7 Al-Cu-SiC-GNP & ie 4= 1t
EEMEMAZ S, W50 H BE— R T -0 0RL
[ 1 58 ) 5 17 9 N DLl T MLER A7 T T Ak GNP
EEGERL SR, ST RS Al-Cu &

https://www.cnki.net

ST 18.6 %I ERE R B,

iR 2 RUBE 35 3 SR W AE 25 R R L 1 g b K
W= BEN AR SR R TR HES B R 4 i A T
SR AR EE R AR R I E R R T N = A 48 L5
G546 ST A TR SR A8 N R T Al 2T A R 4 L UK T
FUCNT #4453 G 38 Ao i 38, 78 $1H B A I T B W 22
FRE I P R AR AR 2R I WP i AR X T A
2 98 GPa, ZEPE CNT X 3 o 5 i % #% 1 g 42
PR e PEfiE , SC L E5 4 5 D RE I — IRk iR e Xk
BT SRR T A1 i AR R AR B R 1 v i 22 4k
W, WHT L RBENRMELS SMEZE TH
RUELA

3 HIFERARNEE R IMEIE @R

3.1 MKREEE

Wy ARG Ak R AR I G A R R R & H R
Z— HTZBEORHREREG R R | b5
A J R SRR B AR AL B LA O AR T TR
Bt 2 ) 3 0 A 5 SR A TS L, T S R AR A A
PR ER B X 50 43180, A S i A T R R R 1A 5
BRES 1 B PR T A AR 1 G RE EAYY, JUH R
BRES B[] A o 55 08 W3 1 Ak, ELEE D T 1 o
AHI 5 B A1 MR 25 GRS . 6140, Zhang 555
SR WA BR B + 40k SiC I8 45 7 Hmg |, {2 F GNP Y
P51 B, #E = GNP & AR 0Bl T AR L2 & ¢
REBAVER R $2THE 90 GPa, By A A 4 10 55— kil
PTE T BB A F 2 b 3 B A Ak B g A T
i P BE A5 DR H 2R 1w AL R Tk M SIS 5 4
BEIRA, Mibbes—HEr i T2 il 25 ks 45
s FEaE A RAH 12%(R B3 50SiC/Al #1
Bl Hpp R K 97.2 GPa, B sE it 525 MPa,
giatERE R MR

TEM ARG 4 T 20 BRI SR b, B 07 R B 5
GBI Be s T 2000 A ok 32 3 MOk Bk 2 G i Ko,
— 3T - [ N AL A Be s T s A, il
n, Hu YRR G AR Rl T 2 R
FHIX, 51 & ByO5 SiC 5 45 3 44 (] 1) S5 A7 2 17, B 2
AT i ALBC 5 SiC (95 & 454 UL K 4K ALO,
HEREA B S A5 A AT T — R T BUR
4L A P A A e B TR 118 GPa( 7)., X —4%
BB, BRIB & T EARUER R 412U E0% Al
TR S5 50 M T LA A, ok D A7 3 5 A 1 A
A SR T S0

Wy ARG & T2 A Tl b (4 07 e F Bl 2, an
FE ACAM 2 H) T B M AR v G B N T 1l i



SRl ES PRI

- 1154 - FOUNDRY TECHNOLOGY

Vol.46 No.12
Dec. 2025

B 7 (ALOs+SiC+ALBC)/AL & & #1 8 TEM AR
Fig.7 TEM analysis of the (ALO;+SiC+AL,BC)/Al composite™
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