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Microstructure and properties of CF/Al composite
manufactured by hot isostatic pressing

YU Si', LANG Li-hui', YAO Song?, WANG Gang', HUANG Xi-na', XU Qiu-yu'

(1. School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China;
2. Institute of Chemical Materials, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Aluminum matrix composite reinforced with continuous carbon fiber (CF) was manufactured by hot isostatic
pressing (HIP). The morphology, grain size distribution and phase of the powders were investigated by scanning electron
microscope (SEM), particle analyzer and X-ray diffraction (XRD). The microstructure, fracture surface morphologies and
CF/Al interface reaction characteristic were observed by optical microscope (OM), scanning electron microscope (SEM)
and energy dispersive spectrometer (EDS). The mechanical properties of the composites were also tested. The results
indicate that, the powders are nearly spherical, the particle size is mainly 150—180 um; the composites are compact and
the interface bonding is tight without porosity defect; compared with the aluminum matrix alloy, the tensile strength and
clongation of the composites increase by above 5% and 54%, respectively, and the fracture mechanism is brittle fracture;
the fracture of the Al matrix is along the powder interface, carbon fibers are pulled out and fractured in the CF/Al
interface zone; the interface of the CF/Al appears element diffusion, and the interfacial reaction product is Al,Cs
intermetallic compound.
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Table 1 Performance parameters of M40JB carbon fiber

Tensil Tensil
enstie enstie Elongation/ Density/ Diameter/
strength/  modulus/ o (@em’) m
MPa GPa ° & W
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Fig.1 Schematic diagram of experimental program
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Fig. 2 Schematic diagram of standard specimens for tensile

tests (Unit: mm)
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Fig.3 Surface morphology of 2A12 Al powder
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Fig. 4 Particle size distribution of 2A12 Al powder
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Fig. 5 XRD pattern of 2A12 Al powder
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Fig. 6 Metallographic micrograph of composite: (a) Optical
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micrograph showing CF distribution; (b) Optical micrograph of
2A12 Al powder
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Table 2 Relative density of points 1—4 in tensile sample

shown in Fig. 1

Point No. 1 2 3 4

Relative density/% 99.5 98.7 99.2 98.3
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Table 3 Mechanical properties of 2A12 Al alloy powder and

composite
Specimen Yield strength/ Tensile strength/ Elongation/
P MPa MPa %
Powder 158 263 42
Composite 156 277 6.5
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Fig. 7 Stress—strain curve of composites
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Table 4 Theoretical and experimental values of composites

Value Tensile strength/MPa  Tensile modulus/GPa
Theoretical 307 37
Experimental 277 32
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Fig. 8 Fracture morphologies of Al matrix: (a) Lower

magnification; (b) Higher magnification
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Table 5 Mass fraction of main chemical element in crack

(mass fraction, %)

Al Mg Cu (0] Others

80.05 1.62 4.65 7.15 Bal.

Ay~ B i)Y EDS 1% . SAEMEHOWRNIE E 24 3
Flre 1) G AR AR R A S R S, T4
G AR S RS AR 5K, RABOE Rk 5
PRI s 2) SRS i i AN A i B A oy
T2 12840 R R B G SR AR (1 IR g I, iAoy
KAWL 3) W SRR i AR T i T e P R
SRARTRPEIN, WA o PERE A b FLBR K B B AN KT
KA, I 9T LUEH, CF/AL ZAMERHA KR
BUBRAR S A, BieF 4 2L AN 1 30550 CF/AL
T IBAFAE ST s 308 53 W 2 448 1) A 0 o A D 284
MG KB T YEORFFAT How B AR SR A T 4 s
BITES, TS AU AL R R AR
XJE T S IE R AR T AR R, v
M FERAL S BN AT Y, {274 S5 IEARTUR, 2748
AR B AR RIAT BB, i T PR RS RO, A
AL ST A AR BV s T R R /D BT A T 5 A B
B, X T I R T A L
ZUGRIE, B AT SEIE B T AR RN Ty, A R
AT LR WA 5 25 . AR 4R W R4 B vt v T Al
AR, X P RAOG$E T AR R R .

ST A PRI T S SR RE S R B A AR S
TGRS RN P LA o AL 4 G, ki e
BB )2 RE B 1 AT R N S AR KR
GBI G, EBE AR )R .
9(b)F(c) IT & H, S DBy Al FEARFNET A 3R T4 2
HHC ILEM Al L. UL LUK, fF HIP oL FE
1, CF/Al SR E TR RKAE T 8. T
R R LN 0, iR RIRLT e fin Sk i
AL RN AR T ALCs &) Mt &

455 1E 6(a)FIEl 9(a) BT AT A, L4 S AT AR
A IR 7 M, X T HIP R, RS
AR AR 2, WK TSN, 4T
T BT S AT I HEA , OB R AN SR
BEAE R AR B, AR 4E I RIS 5 80 (7] 43
A FHE S8 R 9 BOE B AR 98D, [RIA b T[]
B FICENY HOEBEBAG, FmR VAL, WARER
MK ALOs 763 CF/AL () FL I SR, X ek 254



2750 PR R AR

20154F 10 H

TPHCF/AL FHIERL IR AR, P I SO 2T e B
LR R SR R RO e TR 2T Y - A T
WIRRINANE 1o dr 1 F i Ak (R Bl AR S50 e i A
KA, SRR, SRS RS
PN, FEIER R H TN, sh, fE
I ARBR I H AL 2 BN SR LS, OB RE X
SEFRAL A ET 4 52 s N 7 3 KT AR R TR s [R] I
Wy 1AL 2T AEWT R R AL AN 2, B U] T AR AL 2T
YEPFTSZ TR Ao HEARSIG T, KT RRET4E
T A SR TT T AR RO R B U
.

C M
Cu
(0)
Cu
e A
0 1 2 3 4 5 6 7 8
Energy/keV
© [l
CO Mg
W/IC:LJ Mn, Cu
o L N Nl :
0 1 2 3 4 5 6 7 8
Energy/keV

B9 SAMRHAINT I TESRIRERS /)4 45 9

Fig. 9 Fracture morphology and EDS results of composite:
(a) Morphology of composite; (b) EDS results of point A;;
(c) EDS results of point B,
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