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Fabrication and Wear Behavior of Al/ALOs/C Hybrid
Metal Matrix Composites

H.D. Bong®, J.I. Song®, Y.C. Yang® and K.S. Han*

ABSTRACT

Al/ALO,/C hybrid metal matrix composites(MMCs) were fabricated by squeeze infiltration
method. From the microstructure of Al/AlL,O5/C hybrid composites, uniform distribution of
reinforcements and good bondings were found. Optimal aging time of Al/AlL,Oy/C hybrid co-
mposites with 2% carbon was 4 hours and that with 4~10% carbon was 3 hours. The hardness
of Al/ALO,/C hybrid composites increased with increasing the relative quantity of alumina with
respect to 20% volume fraction of alumina and carbon chopped fiber.

Through the abrasive wear test and wear surface analysis, wear behavior and its mechanism
of AC2B aluminum and Al/Al,O3/C hybrid composites were characterized under various sliding
speeds. The wear mechanism of aluminum alloy was mainly abrasive wear at low speed and
abrasive and slip wear at high speed. In contrast, that of Al/ALO4/C hybrid composites was
abrasive and slip wear at all speed range. The addition of carbon chopped fiber to Al/Al,O5/C
composites gave rise to improvement of the wear resistance. Specially carbon chopped fiber
played an important role in interfering sticking between the counter material and MMCs. The-
refore, the wear resistance of Al/Al;O4/C hybrid composites was investigated superior to that
of Al/Al,O,/C composites and aluminum alloy. The wear resistance of hybrid composites was
invested the best when carbon was 6% at low speed but increased with increasing in relative
sliding speed between the counter material and specimen. Consequently, Al/Al,O/C hybrid
composites were found suitable to high speed due to solid lubrication of carbon.

Key Words : Metal Matrix Composites(F%E¢#]8), Squeeze Infiltration Method(7}3+-%
AW}, Wear Mechanism(#F27)%), Adhesive Wear(-230}5), Abrasive Wear(gi4lvts)
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Table 1. Chemical composition of AC2B Al alloy[21]

Mat. Cu Si Mg Zn Fe Mn Ni Ti Pb Sn Al
AC2B |2.0~4.0{5.0~7.0]0.5max. | 1.0max. | 1.0max. |0.50max. |0.35max. | 0. 20max. | 0.20max. |0.10max. | Rem.
F24 FEEE ACBR FxA0] 1 & Fuvt whAdfo) E& Egste] H7de] 10mmal
22 HE&HYrE Wol Zaa Aelx, FelH 95% 4Fnv} B3 37 Ballmilll Jarol)] €& :?:,

-4, MBnit] S22 AM-EI 9l ARl
AC2B9] 3EA2E Fo Cut 7FHAS $A8H:
AL 7FR 3, Si9] kel Wolxw dAAASE
HaAle AHE 7P Qdh

AB2Bel ok FAIAQ e AR R F
Adell & 72 Table 13} Table 2¢) z+zF el
SrH21].

Table 2. Mechanical property and heat treatment
condition of AC2B Al alloy[21]

Mater- . Heat Treatment
ial Mechanical Property Condition(T6)
T.S. | Elong. HB Solution | Precipitation
ACIB (MPa) | (%) H.T. LT,
500C for | 160 for
245 | 1190 Mo Shrs

FERYNEL) WS 2RAE TFOHAL

03) o HAA A2 (0 & A3l e, dF o=
ICIAS] Saffil AlO; RF grade®] =424 5-72
o], 5% HEe] F7148A 4 silica® EF
832 9le}. B+ Kureha®] 78k -§ PitchA|

SHHE A4S T ERS) L A ke A

Lo 2 ole] 3tk AL Table 33 71%‘4[22~23].

Table 3. Specification of short alumina fiber and
chopped carbon fiber[22,23]

Mater- | Density | Diameter |Length| Aspect |T.S.| E
ial | (g/em®) | (um) | (um) |ratio(1/d) |(GPa) |(GPa)
ALOs

(Saffil) 3.3 3 150 50 2.0 | 310
Carbon

Kureha) 1.85 16 144 9 1.2 | 276
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(e (d)
Fig.2. SEM photographs of preforms. (a) Ai,05-20 vol.% (b) Al,O3-16 vol. %/C-4 vol, %
(c) (d) AlLLO412 vol. %/C-8 vol. %
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(b)

(e)

Fig. 3. Microstructures of Al/Al,05/C composites fabricated by the squeeze infiltration method
(a) AVAI,05-20 vol, % (b) A/AI04-18 vol, %/C-2 vol. % (c) Al/Al,05-16 vol, %/C-4 vol. % (d) AVALO3-14
vol, %/C-6 vol. % (e) Al/Al,0512 vol, %/C-8 vol. % (f) Al/AI,05-10 vol, %/C-10 vol. % Left : perpendicular

to pressure direction, Right ; pararell to pressure direction
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Fig. 5. Effect of the volume fraction of carbon on
hardness in Al/Al,0,/C hybrid composites.
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Fig.6. Effect of sliding speeds on wear behavior
of Al alloy and Al/AILO0,/C hybrid composites.
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Fig. 7. Wear surfaces of Al alloy(AC2B)
sliding speed ; (a) 0.51m/s (b) 1.97m/s
(c) 3.62m/s
Sliding distance ; 400m, final load ; 12, 6kgs,

counter material ; SCM4

ol E-S F3AE Zlolt). Fig. 7% B9 0.51m/s
oA Qdatutre) £l F9) 9 ¥4 (ploughing) 2
€ 7 Utk S5 FvlstEA SAvlEe] £



28 o_a‘o"/"ok‘xo’}?’l

AR

veldz £57) 3, 62m/sol A2 &2 Ak A 5.2
YA B 4 ot $3vEE A0 Ee
does of ¢ o, WHEAAL vkR Al
sAukiko 2 B4 FHrl epde g o 4 9

Fig.89 #4E2¢AE rlide 24Y $x71 0.5
Im/s¥ & Fig.7 (B} @& Fddds &
4 ork ol FEEFA B} AEA Z1AA

(b)

(e
Fig.8. Wear surfaces of Al/Al,03-12 vol. %/C-8
vol. %
sliding speed ; (a) 0.51m/s (b) 1.97m/s
(c) 3.62m/s

Sliding distance ; 400m, final load ; 12, 6kgy,
counter material ; SCM4

B} o @e dARRE ke AE B
a3 £E7) 3.62m/sdule AR BHIANE
2 4 ook =g 1.97m/sol M FEEEAEe] 2
He 2w BAsL Z1A A 2 e Ae
F 3 B7A S wlER2 77}t v i
e A& B 5 ol

Fig. 9% #5589 A% v2E=r] 3.62
m/sdw] A5 WAALS #Fs] S84 o
mels] BEEE SEM AROE BAY Ao ]
AAe AR AN By e T 5
ek

BArEg FE5ETA48e vl EAS Fig. 694
o} o] gFuE RAANEY FEETARY
vpg G4 vl Belvh, 234 228 2
FEEFARE STl FAT %ﬁ—?—%@z}}i
B} yjnlEAde] 20~30% T AL
olzld AL wA] IAEE dA 7l°x_‘}~‘:—.
Reg wae] whEsizArh A
s AdAlel AlEEe el % E}E-E— |

i e



B4, B4, 199412

Al/ALOYC E¥

FEEAge Ax g nltuAE 29

Fig. 9. Wear surfaces of Al/Al,05-12 vol. %/C-8
vol. % observation of fiber pulled out or
slipped

sliding speed ; 3. 62m/s, sliding distance ; 400m
final load ; 12, 6kg;, counter material ; SCM4
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