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Abstract: Two-phase multiscale nickel-coated carbon fiber and Zirconium carbide particle reinforced aluminum matrix
composites(C(Ni)-ZrC/2024Al) were prepared by spark plasma sintering. In order to improve the interfacial bonding
strength between carbon fiber and matrix, electroless nickel plating was carried out on carbon fiber, and the effects of
sintering process on the density, microhardness and tensile strength of the composite were studied. The results show that
when the sintering temperature is 480 ‘C, the sintering pressure is 30 MPa and the holding time is 10 min, the aluminum
matrix composites with compact structure and excellent properties can be obtained. The density of the composite is only
2.71 g/m’, the microhardness, tensile strength and elongation are 105.6 HV, 330 MPa and 10.2%, respectively, and the
mechanical properties are higher than 2024Al alloy. The improvement of mechanical properties is attributed to the good
interfacial bonding between the carbon fiber and the substrate, the ZrC network distribution structure, and the dislocation

enhancement caused by the mismatch of thermal expansion coefficient between the reinforcement phase and the substrate.
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Tab.1 Basic properties of the T-300SC-12 000 carbon fiber

B it 24 B HAL /um W /(g/em’) i 156 B /MPa SRR /GPa MK R B /(109°C)  MPRE /%
T-300SC-12k 6~7 1.8 4900 230 0.2 2.1
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1 2024A1 47 ZrC Ky g TIORL A B 6% 2T 48 1) SEM
Fig.1 SEM images of 2024Al powder, ZrC ceramic particles and nickel-coated carbon fiber

2 RREIFESEEIE T C(Ni)-ZrC/2024A1 & AR XRD &
Fig.2 XRD patterns of C{Ni)-ZrC/2024Al composites at
different sintering temperatures
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Fig.3 SEM images of C{(Ni)-ZrC/2024Al composites at different sintering temperatures (P=30 MPa, (=10 min)
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4 C(Ni)-ZrC/2024A1 5 & #4 Ht b 25 W A Y EDS s 45 4 18]
Fig.4 EDS point scanning of each phase in C¢(Ni)-ZrC/2024 Al composites

R2 REIKRLEIRE T C(Ni)-ZrC/2024A1E & # #H 59
NFGREMEE
Tab.2 Mechanical properties and density of C{Ni)-ZrC/
2024A1 composites at different sintering temperatures

FEM PSSR SLORTERE  RUEREEE RARGRE KR HE
¥ /'C (HV) (HV) /MPa /% /(g cm?)
1 440 88.5 97.7 255 59 26l
2 460 100.0 111.8 301 74 267
3 480 105.6 1265 330 102 271
4 500 104.8 132.6 319 89 272
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o, X EE R TERRARET 26 MBS0

515 Bl 2T A 0 4% S 1 Ak v A 82 0 3K T O
Fig.5 Indentation of hardness test at the interface between
carbon fiber and matrix
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(Ni)-ZrC/2024 AL G 14 6} 1) ik A T J32 3 3 1 K, %
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Fig.6 Tensile stress-strain curves of C(Ni)-ZrC/2024Al composites

sintered at different temperatures (P=30 MPa, (=10 min)
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[l 7 T=480 °C,=10 min B R BELE K )T C(Ni)-ZrC/2024 Al B & MR O 25 # SEM &
Fig.7 SEM images of C(Ni)-ZrC/2024Al composites under different sintering pressures

R3 FEIKLEE /1T C(NI)-ZrC/2024A18 & # 1 H9
NFEERMEE
Tab.3 Mechanical properties and density of C{Ni)-ZrC/
2024A1 composites under different sintering pressures

FEbh BEZEIET) JEORRERE BUmRERE hIMREE MR %R

F%5  /MPa (HV) (HV) /MPa %  N(g/em?)
1 20 90.8 106.1 265 35 2.63
2 30 105.6 1265 330 9.8 2.71
3 40 116.8 1145 280 52 2.67

TR R SIS T B SRR R K B T E A M
A B P ORI BEZE TR T 3 K A S
TR 2T 4 L1 45 5 A5 FL IR, 2 00 58 T Ak 1y s
W, RIS BLh ik i J480 °C, 4 ik i 1] 4 10 min
W, AN RIBeh 1 R 2 A MR - AR L, A
O] AL B 45 TR A 30 MPaltt, & A AR

B8 AIEBELE A1 T 1 C(Ni)-ZrC/2024 Al 52 45 14 % 1 Fi
N 7= A5 1 2 (T=480 “C, =10 min)
Fig.8 Tensile stress-strain curves of C¢(Ni)-ZrC/2024Al
composites sintered at different pressures(7=480 C, /=10 min)
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ELi3 2ok

Tab.4 Mechanical properties and density of C{Ni)-ZrC/
2024A1 composites under different holding time

BEAD (UL SEORRERE SLmORERE PO MK R W

Jr 5 /min (HV) (HV) /MPa /% (g/em?)
/1 5 92.5 105.8 303 6.5 260
2 10 105.6 126.5 330 102 271
3 15 110.7 130.4 308 85 273

2024A1 10 84.2 237 3.1 270

9 AR B ] N C(ND)-ZrC/2024A1 54 BB fOWL 25 #) SEM ]
Fig.9 SEM images of C{(Ni)-ZrC/2024Al composites at different holding temperatures



<422

FOUNDRY TECHNOLOGY

Vol.43 No.06
Jun. 2022

F1R) 52 J3E A, A6 AR TS 8] R 15 minf) | & A bR ) 5
JE e 273 glem? iX 5 42024 A15 4 1 5 R LT
AT, T8 WA I A B8 i 2T 4 R AL B M B I, A
B 25 BE AT DR A AR AR 7K P o BR 2 80 %R
A AR S T DX IR i R AR B AT, RS
I (T B 18] R &2 A 4 A B AR A AN T 10(a) BT s 45
A RARE 10(2) 7] 0, A BG5S A 19 52 A b R T
B R AR 3 TR OR R g, AR RS DX 3 A A
A 0 I o O ek B ] A 358 g 34 0, AS B 5 12024 Al
B4 B R84.2 HV, C(Ni)-ZrC/2024 A1 £ b Hl ik
PRI S105.6 HV, FHIEE 4126.5 HV A4 (1) B
BWHINSE B T AR B I, BT XY
o R v T A A TR T, R T AR A S 4
Z, RN E R G YA B R [RIR X
B AR B A RESEAT T, R R g - Ry AR

WE10(b)Ir 7, 1] UL 24 LR TR (8] 54 10 minf | &2 45 44
RS B fi i, i SR fe b AR A 5T T )RR T
2B H2024A15 4, R 5 B A R 4
4237 MPafl3.1%, 1iC; (Ni)-ZrC/2024A1% & 4
HRL A 5 A K R 4 0 O 330 MPafl10.2% , 2
1 139.2%H1229% , &4 bR A5 B ALK R 1
P B LT LA . OmER 4t SE 1A |2 47
EEA RS B S N R K N LI WY YN S N
i B B LT 4, B 2T 4 AN S 2 A 2
PR HAR | THAE i BT 2L RE ; @ ZrC R & 1) i i 2
WP 235 ) fil R ST A IR Z5 A B e, 3 T e
JE AT, A PN A SRR X S B0 S A B AR L Ok
2T Y F LR D) K ZeC 5 3 A 1) 30 Pk 3R BIORH 25 4%
K AEBE s it 23 7= A K 4, 7 5 0 o 1) T S
RELAS-E FH DA T 07 85 34 5

10 C(Ni)-ZrC/2024A1 &4 18 71 24P e
Fig.10 Mechanical properties of C{Ni)-ZrC/2024 Al composites
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