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Abstract: Nanocomposites exhibit very different physical-chemical properties from traditional materials because of small
size effects, quantum effects, and surface interface effects. In nanocomposites, the interface has the characteristics of high
surface interface content, large free energy, and strong reactivity. Therefore, the interface has more significant impact on the
service, failure and fracture of the material. In order to achieve precise control of the properties of nanocomposites, interfa-
cial structure design has become the focus of research. Nanocomposite interfaces, including physical bonding interfaces, re-
active bonding interfaces, and transition layer bonding interfaces, have been extensively studied. The preparation methods
and interfacial structure characteristics of nanocomposites are summarized in this paper, and the interfacial interaction is dis-
cussed in depth from three aspects of microstructure interaction, precipitation interaction and load transfer. Based on the
structure features of interface, the strengthening mechanism and fracture behavior of nanocomposites are comprehensively
summarized and analyzed. What’s more, the future development of nanocomposites is also forecasted.
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27.3%, [FIFHEAARF TE R, HPERE, Wang 551 R
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4 0. 3%H) GNPs/6063A1 S5 M4k}, FH i B A Fe pA 42
T 22.5%, [FIREEERAI R TR, KRS T2E
SR A G R A MR . Yang % R E
HIRB T2 4% T kAL ik 99 K 2k (SiCow ) TR TR 23 BN
15%11) SiCnw/6061A1 & 45 41 kL, If HAUSMNR I Mg JT &R
XoF FEA e [ i 38 T AR 09 Mg &5 EATAME:, fARi% A

A AT RL T IR B I B S, VAR B2 A PR TR il
GBS aRATR A, AR 25 5 K A T RN,
AT LA K — 5 f X 5 A AR T A T S5 A R4
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B ROME A B A 2 AR AR 25 A B b R % T 1
HOeW T R AR B 1t AR RO e, BT
ZHIN RS, WL BB E A T2 £ 208 M-S
FERUEY | W IURURI AL 45 B8 T4 45 (spark plasma sinte-
ring, SPS) %%, Hi SPS J2—MEZE MM B & T2, 1]
T AT A L I A S s A A SO A R, SR AL )
(R e A be 4 . Saba 25" 3l 1 MUBRIR A3 2 45 7 TiC-
CNTIRARAR, Fst SPS T2 %14 T CNT i/ 5h
1. 5% 50 CNT/AL S ARRE, o IRGE AL Al L 44
P2TFT 53%, Zhou % FIF] SPS T4 T 02 B4
(FLG) 4350k 0. 42% 1) FLG/AL 54k, ESH
BHE C-Al FLEAME T AL C, 99448, -5 T C-Al A
I ARE 11, SPS T Z0%& ik i I o A i B e AIG, T
DRSS @R TIE VA SN | 51 S I 9 A e O P | -
TEGUK S A AR 5 T T I 0 & R R
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Table 1 Comparison of nanocomposites preparation technologies

Preparation technologies Advantages Disadvantages
. The preparation
Simple, L
. Hot press . temperature is high,
Solid . . designable, R
sintering . o and the crystal grains
wide applicability
are easy to grow
. - Hard to disperse
Stirring cast ~ Low cost, efficient P
nanophase
Liquid Low requirements  The preparation process

. . of enhancement and is complicated, and the
Infiltration . . .
matrix, high volume  pores are not easily

fraction discharged

Low temperature , Hard to prepare
Solid-  Spark plasma -p . p P
o L fast sintering, systems with poor
liquid sintering

less side reaction conductivity
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Fig. 1 TEM images of directly bonded interface in SiCnw/Al compos-
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Fig.2 TEM images of CNT-Al,C,-Al interface!'?)
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Fig.3 TEM images of transition layer bonding interface!'®> 22> 24]
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TEZ G MR, ALRE A ST FLRNIT 302 54 b1 5
FEBPE RIS, L 5T S T Al #5528 BAE
XFRBH 2 EAT T T A S S LA R A A BAR
M FZ R A BAE R | A5 52 BAE AN S —AHZE HAE
Mo TEAARE SR, Mg EAERJC RN, A
RSB R P[] 4 T S
4.1.1 SRREZHAER

A CHIRS:, &5 (grain boundaries, GB) X} i 4 iz
A BEAFAET, (H [ i 2 R g B v 5 S0k R 98 1 e
i, Lu 2 ®IHF5E & B2 5 b B (twin boundaries, TB)
AT A iz 3, IR 32 REBVEASIE | A7 B T 3 5 bt
BERIAPE FE TR SR AL BRI Al R, A SN s AR
SRR, T AR R UK A 2R A, X TE A
JEA RN PR SR, FHARE SRR
e AT - AR LR, AT DTSR OR 52 G AR 25 0 M g
SUCKZEE AR BIE AL, Dong %670 R B E# vk
il # T SiCnw PR B4 80 R 30% (1 SiCnw/6061A1 & £ 41
B, JFEEE] T 4K SiC i TR AR SIE R AR
MUSIN SiCnw BN ECE 30% 0, % E G MR AET
KLY SiCow-Al AR, 8 AL SEOR DI B A T/ X 48
AT ALJERFN SiC AYFAREZIK R BORVERL, 75 B BC N
BERTE, G HRHFE  AE T OR R )2 5 AR
P R R, S A 1. 2% 10" m?/m?
BF, 75 AL BRI A 2o R 25 HLs R s AR 5w AR H
HAEGKE GBI T LIS, fEUL IRl 1, flfi1id 3t
BT AR QARG SRAARTE BRI 1 S A2, Ik 2 i
XTAKRE AR R R TR AR SRR
4.1.2 1ZHREZAER

FHE S S P AE HATAT SR R AR B 2y 533817
NPFHEREIR L Guo %57 ST SiCnp/ Al-Cu-Mg (R R K,
i JL A 05 75 47 75 ( geometrically necessary dislocations,
GND) 2 AESEL 2 G MR I S T A 1, 255 90K
FEIRMNR, A BUZE SRR SR 2B SiC 41K Uk
KLU/ TG 3G, PR, BIF ST N BN O O T Y
GND £ 7341 XA By 10 3 AR o) 9 K 3G i ARG 7
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Table 2 The minimum interface area required to form a stacking

fault in different nano-reinforcers!*’)

Vol Content of
Reinforcer Parameter 0_ ume interface
fraction/ % 7 2, 3
/(10" m*/m”)
Diamet.
SiC particle rameter 10 1.2
of 50 nm
Diamet.
SiC particle rameter 30 1.2
of 150 nm

Diameter of 1 pwm,
thickness of 0.34 nm

Single-layer 0.21 12
graphene

Diameter of 1 pm
GNPs ’
s thickness of 5 nm

Jiang 25U AE GNS/AL & AR R AL AL K& BT 17 455 9
TR, K 4 FT7s, GNS B5) 40 A fE Sk, B,
TREN) GNS-AL BT ; i e S AIAN ] LB A 48 1) 1%
&, WREREE KB GND, Bk R i, teabh, #F5%
B, BT AR NIEZACT OGNS, ZEAMIRN 1 F,
Al RS ATE, PR AN SRR S, 85 A
PARET ks AR TR RN A B ik B, AT A B T AT S 4
RN N D N SO A 0 N VA i R o L = AP i e
G2 Zhao S50 SGRFSEE KB RO A R ALAT R 5
A BB RS ONRSTFRER S, KRSFARIEEN L) A X,
A R, TEA SIS RI AT, A1
T L-RGO/AL B & MEMHEAE, S-RGO/AL & A M RHYAE
PIA = 0 R4 B, WA, S-RGO/AL H &
MR GIORTE 75 R 48 B 2 A8 T R 28 s g SR AR TR i
L-RGO/ Al B A A RIS 78 F 455 B H 807 58 o 9 468 194 e 58
BRI ZRRIE, 5 AL LRI W2 MR, oeah, AFoR
A FOMEER] RGO/ AL 5 G OB 75 A8 T2 2o 72 vh A 1t
(AL FRAR BN, B 8 A AT BT K R, T8 U
SR
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Fig. 4 Tllustration of the origin of forest hardening and back stress hard-

ening induced by GNS-Al interface in GNS/Al composites**!
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Y& CLS(confined layer slip) ¢y, 74 1 76 L
Wb B S TFLRN AT b 2 58 A 45 B8 o, [ IS o A T Ak 5
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FORE, T il R A B A A R R YE T Zha 255 N
He % R 20 R GE T 07 455 1 58I IS HAT N,
KA BIFOIBI AL T 3R P 5 1 B 3, AL
PR TH R T DR S 4 13 8 o %) D R R B D) 1 ) A%
B B
4.1.3 H_HXEZHEA
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3D-GLNN/Cu composite

J RGO/Cu composite
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RGO/Cu EAMEHETF T2 25% ; Ji ISR 4L Cu JEAALR
THT 150% , %AEZ#E RGO/ Cu B A BHET T 55%, B
— WIS B, A1 SR G = A 5% A R A LA R
B 5, HELERY GLNN PR T Cu fkIAg K, )
TamEERACTER s 55—, GLNN ¥y5) 4 fi fe e,
JERUT Kt GB, BLAG THREissl; 1o, ML T1E5
MORLALET, GLNN 943 A1 25 M B R Al ks, A A4 Z [R1 A
HARE, 3R 3D LT RRAE KR LT T Cu-GLNN FHHi i)
By ISR (29 graphene-Cu LT 3 £%) , A B M 28 Ay
i e T 158 4 KA AR T IR
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Fig. 5 Microstructure and performance characterization of 3D-GLNN/Cu composite
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1T SiC Ry ER AR AL SLUAR B Ik R EOE RECR, 1S
Mg JCE B 5 T 26 A HAMm SR (W& 6 FT7R) , M T
FLE MR N S, BER T R R R, Pu Y
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S ST HAE T AR RN A e, AR AT A
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IYRAR B AT G SR RIGALRE S &, AR T2 00
BRI S, (EHERT RGOS R HEAT . GOKERA R SR AL
G AR S T H G, Shao 5 1E
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Fig. 6 Microstructure image and aging performance curves of SiCnw/6061Al composite
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KARATRE S AL AR R e 22 BB K A Al
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YN GWI A 5 ) B AL FE S A Mk AT I 4 S T [ 50 5 oy
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B, ALO, J&—FAHXT RS 1, SRR AH, T Al
T Ak, KT IR AL SRiE A B A A=

HeSZEE Al R4 A AR R I Rt . Zhou 25 F FH A
PO ECAAC A SRR ALKy, PR HGE ST SPS T T be
45 BRASII T & ALO, 9 RGO/AL B SR Rl £
A OB R A B U S R S0 £ Je e 5k
FEMEMI A BAE, MEIE T AL O, E K ik 2 a] LA SZ 31
LA (0 AL 3, T AL O, (A7 SR Y i AL R
RN TR KA AN, B ST UE B A AR s 4 AR e el L
S A MR A AR Ju S R B R R A
RN SR O SRR E bE (PDMS) , AT LS BLIZ A A
PS5 M GNPs-AL,C,-Al ] GNPs-AlL0,-Al BI5E75
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