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Research Progress on the Interface Regulation and Properties of Carbon
Nanotube Reinforced Al Matrix Composites
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Abstract: Carbon nanotube reinforced aluminum matrix composites have attracted special attention due to their
lightweight, high strength, and high corrosion resistance, and are expected to become a new generation of structure-function
integrated composites. The formation of a good bonding interface between carbon nanotubes and the aluminum matrix is
the key to making full use of the excellent intrinsic properties of carbon nanotubes to prepare carbon nanotube reinforced
aluminum matrix composites with high performance. However, there are significant differences in the physical and
chemical properties between carbon nanotubes and the aluminum matrix, and their interface bonding is weak. How to
improve the interface bonding strength between carbon nanotubes and aluminum matrix through interface structure
regulation has always been the research focus of researchers in this field at home and abroad, and significant progress has
been made thus far. Accordingly, the regulation methods for the interface structure between carbon nanotubes and the
aluminum matrix are reviewed in this paper. In particular, the main interface control methods such as in situ interface
reaction, coating carbide/oxide on the surface of carbon nanotubes, coating metal on the surface of carbon nanotubes, and
carbon nanotube oxidation treatment are discussed in detail. The characteristics of different interface structure regulation
methods and their effects on the interface bonding state and properties of composites are analysed, and the existing
problems of these interface regulation methods are summarized. Finally, this paper closes by looking ahead to the
development direction of interface structure regulation between carbon nanotubes and the aluminum matrix in aluminum or
aluminum alloy.
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Fig.1 Microstructure features of CNTs and interface between
CNTs and Al matrix after tensile test: (a) as-prepared, (b) heat
treated at 873 K for 0.1 h!"™
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Fig.2 Cyclic thermal expansion behavior of the 1.5%MWCNT/Al(volume fraction) composite: (a) as-prepared, (b) heat treated at
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Fig.3 Schematic diagram of the organometallic chemical deposition and sintering process™

& 4 Si k3 F1 CNTs BRES IR A M iR kot #27R8 B & (a) Si Uk AT CNTs J2 H B9IR A i 72, (b) Si Wik: Ao 4% i3 2, (c) 78 CNTs
BRI SiCP
Fig.4 Schematic diagram of milling, mixing and high-temperature annealing process of Si powder and CNTs: (a) mixing process of Si
particles and CNTs, (b) Si coating process on CNTs, (¢) formation of SiC on CNTs*!
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Fig.5 SEM images of the cross-section of CNTs-Al composites coated with different thicknesses of the SiC transition layer and their
magnification: (a~b) 1.2(5CNTs-1SiC)-Al composite and enlarged image of the white frame area, (c~d) 1.6(5CNTs-3SiC)-Al
composite and enlarged image of the white frame area, (e~f) 2.0(1CNTs-1SiC)-Al composite and enlarged image of the white
frame area
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Fig.6 Microstructures of CNTs@AI1,05/Al composites:
(a) TEM image, (b) bright field TEM image®®!
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K 7 1 H,SO,-H,0, AL CNTs #5# (1) AIVCNTs & A # R LS5 44 < (a) TEM B3 K14, (b) (a) 75 T8 21 HE [X 5k
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Fig.7 Microstructures of AI/CNTs composites reinforced by CNTs oxidized by H,SO,-H,O,: (a) TEM image, (b) HRTEM image

in the red box area!

3]

8 k4K ) TEM K% : (a) MR A P /5 A BEH] CNTs, (b) FRANHEJ5 4 CNTs, (c) BRAL LG A B4 CNTs, (d) B kb 35 4%
Bl CNTsB4
Fig.8 TEM images of CNTs: (a) uncoated CNTs after acid treatment, (b) copper coated CNTs after acid treatment, (c) uncoated CNTs
after acid treatment, (d) copper coated CNTs after acid treatment™!



<606 -

FOUNDRY TECHNOLOGY

Vol.44 No.07
Jul. 2023

B 9 24 #kk i B 45 89 i) HRTEM 4 : (a) K854 CNTs
HI AL LR ] FLRIZ5H , (b) B4 CNTs 5 Al {4 i) St i 2 414
Fig.9 HRTEM images of the interface structure in the
composite:(a) interface structure between CNTs with Cu coating
and Al matrix, (b) interface structure between CNTs without Cu
coating and Al matrix™"
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LN PN eI

J5 Ll 1, Jagannatham %5 PS4 fF 58 T CNTs 55 1
Ak =7 5 B 191 Ak 36 CNTS/ALE & b4 RE L 1 45 4 Al
JieEvERe s BRI R UL, A AR AL S Y
CNTsZ: A6 Fi i Ak 2D B8 s AE JL R Ak 24 954, &
R4S min (1) £k 4 58 47 T B 18] 58 CRIE Cu by 20 45 7
FECNTs R 1 H A2 Bt % | I H 9% 8 5 79 46 16 1o 72
Al LU 008 0 CNTs H Y kB, i 107 . | T
CNTs H i e okl 21> 1 9% 4 F5 CNT/ALSE T 45 & R3S
(B3, 2% (0T k43 500 9% H CNTs 3 5 AL & &
LY 5 BE 3K $1]474 MPa

So %P} 3 1 HEF /£ TiN/SiFEAR_E [ CNTs#E 47
TR AP AITUAL B PR CNTs IR 5 45 fil ALE 5 1l
# T CNTS/AIE G A RE, Hol g i B 11 s . R

& 10 JURREFE] 2 45 min A KT 45 min () CNTs ) TEM [&]
Fig.10 TEM images of CNTs with deposition time of 45 minutes and longer than 45 minutes®!

% 11 CNTs FEI#% Al K& AI/CNTs & & 8 ki % i #8218 < (a) CNTs 7EHE MR E 3 EHES), (b) /£ CNTs EHBE Al (c) Al 1E
CNTs b iR 2, (d) CNTs/AL &2 4 kR Be &k i fL e
Fig.11 Schematic diagram of electroplating Al on the CNTs surface and preparation process of A/CNTs composites: (a) CNTs
vertically arranged on the substrate, (b) electroplating Al on CNTs, (c) Al rewetting process on CNTs, (d) sintering process of
CNTs/Al compositest
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TR0 T 08 LD 1 T X3 1 A ) 08 )

Fig.12 Microstructures of CNTs: (a~c) top view, side view and enlarged side view of white square of original CNTs without aluminum

plating, (d~f) top view, side view and enlarged side view of white square of Al-plated CNTs!
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Tab.2 Mechanical properties of CNTs/Al composites with various interface regulation methods
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