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Influence of Aluminum Alloy Matrices on the Strength of SiCpcg Fiber
Reinforced Preform Wires by Liquid Metal Infiltration

Yoshikazu IMAL, Yoshikazu TANAKA, Hiroshi ICHIKAWA and Toshikatsu ISHIKAWA

Synopsis :

Recently, SiC fiber from polycarbosilane (SiCpcg) reinforced pure Al “proform wires” with high tensile
strength have been developed by means of the continuous liquid metal infiltration method.

In this paper, using this method compatibilities of the fiber and various Al alloys as the matrices were
investigated. The matrices used were Al based binary alloys contained each 5wt% of Si, Cu and Mg, and
practical Al alloys such as A2024, A5052, A6061 and A7075. No wire with high strength was obtained in
any matrix.

The results observed were precipitation of crystal Si on the surface of the SiC fiber in Al-5Si,
Al-CuAl, eutectic crystals coupling fibers in Al-5Cu, and diffusion layer of Mg into the fiber in Al-5Mg.
They were considered to be the reasons of degradation of wire tensile strength. And also in the case of
practical Al alloys similar tendencies were recognized.

From the experimental results, Al-3Cu-2Ni alloy was originally designed, and contact time of fiber and
molten matrix during the infiltration were shortened. The tensile strength of the wire obtained was about
1.0GPa (at Vf0.4) near the wire strength of pure Al matrix.

Consequently, it is concluded that compatibilities of SiCpcs fiber and Al alloys could be improved by
adopting optimum processing variables and alloy compositions.

Key words : silicon carbide fiber; SiCpcs/Al alloy; preform wire; composite material ; fiber reinforced

matal ; liquid metal infiltration ; tensile strength of composite.
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Table 1. Chemical compositions of Al alloys used as matrices (wt%).

Al alloys Si Fe Cu Mn Mg Cr Zn Ti Ni Sn Al
A1050 0.06 0.08 0.01 0.01 0.02 0.01 0.03 0.02 0.02 0.01 Bal.
A2024 0.29 0.27 4.33 0.69 1.69 0.03 0.08 0.05 0.01 0.02 Bal.
A5052 0.21 0.23 0.01 0.04 2.52 0.19 0.04 0.03 0.02 0.02 Bal.
A6061 0.65 0.41 0.32 0.06 1.02 0.17 0.09 0.06 0.01 0.02 Bal.
A7075 0.23 0.26 1.71 0.11 2.51 0.28 5.73 0.06 0.02 0.02 Bal.
AL-01 0.05 0.15 2.83 0.24 0.02 0.01 0.03 0.15 1.92 0.03 Bal.
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Table 2. Tensile strength of preform wires and
the extracted fibers (GPa).

Matrices Preform wires Extracted fibers
Al-5Si 0.34 0.97
Al-5Cu 0.63 2.15
Al-5Mg 0.27 1.98
Pure Al 0.91 2.44
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(1)Al-5wt%Si (2 )Al-5wt%Cu (3 )Al-5wt%Mg ( 4 )Pure Al

Photo. 1.

(1)Al-5wt%Si (2 )Al-5wt%Cu ( 3 )Al-5wt%Mg
(4 )Pure Al

Photo. 2. SEM photrgraphs of extracted fiber
surfaces from preform wires of various matrices.
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SEM photographs of preform wire fractural surfaces of various matrices.

DT AYIZVTS5[RMEL 0.1~0.2GPa TH
n, MBMEFO (T2bbERENALTID) 74
DB EMBICHNKEET LA, 2B, REELL
FTRTOT A Yid, HNELIES C il 4 e
5 CRERTL T L 3 gD TEEAMKV: & Bb s iR
PITH) S EMTEL o7,

Photo. 3 12 Al-5Si & Al-5Mg D7 A4 Y OBEHE 2R3
A%, BEENIC R SN A HERME ORI I & & ICSEHR Tl
HHECTHL L ERITHAETHS., -2 hb0
MBBHEORE X, WTFho< ) v 2 2DGEDEHR
MAHEDOTFELREREEIELY, 2D LBt
ENR SN Al-5Cu B X UL Al Tid/h S 2B EHS
BAE L T\7:. Photo. 4 (2iF Al-5Si, Al-5Cu B X U
Al-5Mg D& %777, Al-5Mg TRREMAIC—RRIZE
FshTws, —7%, AlI-5Si TRERahiT Ty
AYTHLRONIMBYsHERELE ) L) ICv %
IFITHTH LT A,

UEDXSIRMITRERIrEL2L EER_ SN T TOY
AYTH, MBLEBEOT A Y TH 71 Y OWRAEEES
UMD E L REAFBENRLDL I b o7, &
NAWIMITR LML ORIDIC LB bR 0H», Thi
LbEEL LTOERICBIIANMM L2 EOBBNICLDL LD
ORI AREROHEFHEANTIIAHTSH 555, GL&0fEE
W& o CHIMEICE R 2EENRLRYD, ZhANERTTA
YOBERM Al DT ) 7+ — 274 VOB EHRE S I
NRTETFTLELDEEZONS.

2T, HAMBRICHEHEREZERT 229, oMM
MEFTSICRESE T/ YREsRESEL-DD
BEERMITR I L ICHE - 7.

3:2 AFSiRVY AUV

Photo. 2 (1) DEH L /2% £ Al-5Si 7)) 7 4 —
AT A Y HOHE LBEORRICR SN Y * X
WEICRIE L. B, & Sio—23BH5H



68 g & 4

8 76 4F (1990) £ 1 %5

(a)Al-5wt%Si  (b)Al-5wt%Mg
Photo. 3. SEM photrgraphs of pre-
form wire fractural surfaces of various
matrices after heat exposure.

(1-a) and (1-b)Al-5wt%Si (2 )Al-5wt%Cu ( 3 )Al-5wt%Mg
Photo. 4. SEM photographs of extracted fiber surfaces from preform wires of various matrices

after heat exposure.

(a)After heat exposure (b)As-produced
SEM photographs of extracted fiber
surfaces from preform wires of Al-5wt%Si matrix.
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Fig. 1. Effect of running speed on tensile strength

of preform wire with Al1-5Si ( Vf0.40).
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Fig. 2. Relationship between preform wire tensile
strength and added elements contents in matrix

(V£0.40).
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Photo. 6. SEM photrgraphs of surface and
fractural cross section of extracted fiber from
preform wire of Al-5wt%Cu matrix after heat
exposure.

(1)Al-1wt%Cu (2 )Al-4wt%Cu
(3 )Al1-12wt%Cu

Photo. 7. SEM photographs of
preform wire cross sections of
various Cu contents.
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cross section of Al-5wt%Mg matrix after heat
exposure. Line analysis means Mg intensity in
reaction layer.

photograph of preform wire
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Fig. 3. Effect of running speed on preform wire
tensile strength of various matrices. AL-01 means
an originally designed alloy (Al-3Cu-2Ni).

. (1)A2024 (2)A5052 (3)A6061 (4 )A7075
Photo. 9. SEM photographs of preform wire fractural surfaces of various practical Al alloys
matrices.
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(1)A2024 (2)A5052 (3)A6061 (4 )A7075
Photo. 10. SEM photographs of extracted fiber surfaces from preform wires of various practical
Al alloys matrices.

Table 3. Tensile strength of preform wires with
Al alloy matrices and the extracted fibers (GPa).

Matrices Preform wires Extracted fibers
A2024 0.52 2.03
A5052 0.84 2.25
A6061 0.37 1.41
A7075 0.65 2.12
AL-01 1.03 2.52
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HZEIZEY, PCS % SiCHiMn Al 6& L n@ESMH
BHETCELIREUIHLODEEZD.
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