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Fabrication And Mechanical Properties Of Aluminum
Matrix Composite Materials

T. Lim*, C. S. Lee**, Y. H. Kim**, and K. S. Han""

ABSTRACT

Aluminum matrix composite materials containing SiC whisker and Saffil alumina short
fiber are fabricated by the direct squeeze infiltration method. Optimum processing condi-
tions for preforms and squeeze casting are suggested. Microstructures show the uniform
distribution of reinforcements. For the minimum damages of reinforcements, the relati-
vely low pressure, 25 MPa, is applied.

Mechanical properties of Al/SiC and Al/ALOs composite materials are investigated.
Tensile properties such as Young’s modulus and UTS are improved up to 70% and
60% by the addition of reinforcements, respectively. Predictions of elastic modulus
and strength are proposed by the transformed laminate analogy, and combination of
modified rule of mixtures and shear lag theory, respectively. Proposed preditions show
good agreements with experimental data. Tensile strength maintains their 85% and
70% level up to 150C and 300TC. '

From fracture surface analyses at room and elevated temperatures, it is found that
failure mode is ductile on microstructural level and it is getting more ductile as elevated
temperatures appear to be mainly on account of overaging and softening of the matrix
alloy.
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Schematic illustration of experimental set-ups for the direct infiltration process.
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Table 1 Specifications of SiC whisker and

Al 203 fiber

Material |Composition| Density |Diameter Length |Aspect ratio] Tensile | Young’s |Use temp.

wt2e) | (g/em® | (um) | (um) (/d) (GPa) | (GPa) ®)

strength | modulus | stability to

Al,Os Al203:96 3.3 1.5-6.6 3-110 4-38 2.0 310 1600
(Saffil Si0,: 4
RFGrade) Av, 3.5 70 20
SiC SiC: 100 3.2 0.3-0.6| 5-15 10-25 3-14 [400-700 1600
Toka- (in air)
whisker) Av, 0.45 8.4 13.5
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Fig. 2 Microstructure of (a) Al/15 vol. % SiC
and (b) Al/15 vol. % Al:0; composites
fabricated by the squeeze infiltration
method.
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Fig. 3 Dependences of hardness on volume
fractions of reinforcements in Al/SiC
and Al/Al,O; composites.
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Fig. 4 Effect of aging conditions on hardness
of Al/25 vol.% Al,Os composites.

EA98,9]. £ dFoAEe GdFuF 71 B
B HA AEAEAL dolur] $5le, A&
SES} AEAZHE HER Sl ARE 2A5y
o}. 7 A= Fig. 40 & vl glew, 0.23~0.
258 BARES 7MY HAY AEERAL AELeE
150Ce) A= 67]12), 180T AE 44 7ko)c}. uiw)
6061 &FulFdEe] %= 180CAA 8A7F A
Zolth. Fig. 5% AV/ALO; B389 3588
oE HH AlEzzle] WEE R T oo, e
A|BET oA ] EEo] 0.058uE FA A EA)
7ro] 7~8A|zkel L, 0.25¢ = oF 44 7kelx}, o]
2 A2 B Ego] Fr1e] nel HEEe
AR A& 27} welx]s] oo},

AR BgAEY G5 QAAEE B3A
vl duk3F, B 7)) o] %3] (aspect ratio of fibers),
2AASE 717 9] JAA A, ARAdd=, A
T8, ZAA 1A ele] AT w2
2hxich,

Tsai® Paganot 2% random &89 7
4= (stiffness) & oh&-3 Zo] o &3sbsici20].

1
E:—g(\gEL’*‘ SET) .................................... ¢))

55

45 - ° 1 ALAS vol.% Al Oy

oA 25 vol% ALO,

Rockwell Hardness Number (B Scale)

35 T Y T T T

Time (Hour)

Fig. b Effect of the volume fraction of reinfor-
cements on aging conditions in Al/Al,Os
composites(Aging temperature ; 180
).

A7, B B 47} duigko g wjgdy
A SRS 2GR IYg) FAEolh
olell ¥} 8te] 334 random E-FA|Fol| o slodA=
o3 Zo] FAEE &g 5 9lg21].
(EL+Ep)?

—_— } ............... (2)

(2E.+3Ep

Fig. 63} Fig. 7 o9 4¥x9 njung
HAFT 9ok SiCHAA} e g2 At
of wel g EL 4 70% 9 40% A= Z7}she
th ellA] G HEH o]&d whet (DAL 2
242] 7o (22212 3309 A$o] 2 L=y
20 AFAES F 45 4539 704 95
gtk ole BAAEC] 2343 334U Apolg]
Wad-g 27 dfEelch. v, AV/ALO, B3
22 At A¥AFAY} 334 <& F e} vz
Z dA e ol ARFA A Figte] 97 B
7EA 8] shel 7lQlshe Aol AdE oA,

de] AHgEE gk g uidd wge B
Azl AAAE <AL o3} Zei20].

1
E='§{ (3EL+5E,—

Ic .
oc=or(1-5) Viton Ve 5 1e<1
T
GC=EVr+GmV : IC>1 ............ (3)



ulg71A BgAae Az 9 AARE AEHEA 53

BaB, W1, 1991 6 4F
130
120 4 Bl Experimental dawa
17 Tsai- Pagano
2; Lim-Han
—~ 1104
ks
=5
e
2 100 o
=
3
= 90
%
o
5 80+
>
70
60 T T
0.0 0.1 0.2 0.3
Volume Fraction
Fig. 6 Comparison between theoretical and

measured modulus of Al/SiC composi-
tes.

4714, 6o ot ond A7 BIHAE, BAA,
179 QA7 zelx, 13 de X7 Aol
A7, ontE X7 &S A 71A] 9
o]t} = YA S FEAHD S, 6061%

N

[+

2oy 59 A% 1=0.550,,°132, = $AR
A Aol L=cd/tE FEAE. 19 4] o

glod 23k o 3x4 WG e AR HARS]
dFale o3 o] $x23 4 o2zl
2298 A,

1 Ic
G= 26(( )Vr}'cm o 3 le<]
1+l
GC:E—(—I_ Vf+cmvm s 1C>1 """""" (4)
31}'%_-4 OT’
1 lc
o=oi(1=5) Viton™ Ve 3 1e<
1+
A ZE Vit oaVa 3 le>] erereeer (5)

120
1
| @ Experimental data
1o 1 ; Tsai - Pagano
2 ;Lim-Han 2

= 100 1
[
o
5 90
=
B ®
= 80
w
o
j=4
8
2 10y

60

50 T T T

0.0 0.1 0.2 0.3

Volume Fraction

Fig. 7 Comparison between theoretical and
measured modulus of Al/ALO; compo-
sites .

Tl
= CE“ Vit onVa

714, Ce B7AAe #XF ZAste el
wgeeld] bl 2249) wide] A+ 0.5°13 33
49 7A-%E 0.25°0.

Fig. 8% Fig. 9% °|&
Holth, A= BAAL A7l w=h Al
SiCe A$ <oF 60%, AV/ALO:S A+ ¥ 25%
Fa= gk, A/SIC B8ARS] Ay A=
FoE-go] oF 23%F YoM Zadzted o=
A A B85 /E(25MPa) 22 ke £-3
o] 23] deojulA] Wsghy] wlEolch. AFAH F
Hg FAAAEN AR fAToRY EF
439 AxE FAY F Yok 2,
Al/ALO; B3AIEe ASE B2 R B-golAx
QA7rEel vt FAHA Gk o9 e
Atz e alwa & 25MPa] sl Al
/SiCe A$-& <F 20%, A/ALOS 75+ °F 25
%9 RIEE7HA Az FEEE ¢ 5 dAd

Aot APAE ¥

He
o o

R

G gl A gl o] AT ES] APAEx 225
32k A S o7 éi’—}% Abelel] $1A] 1A =
= ol BAA <] %i* }22} ol 4] 33k Aol =
< Fazkegel 3



54 Qe - o) % - AR - B4 BEA AR
700
600 00-
g g 1
= 500+ g
5 =
g E0 400+
5 400 5
73 &
% 300 8 2 3009
i‘; ® Experimental data & ©  Experimental data
g 200 4 1; Lim - Han QD) S;-“ 200 1 Lim-Han 2D)
£ 2 Lim - Han (3D) £ 2; Lim-Han (3D
= 100 S5 1004
0 T T v [¢] T T
0.0 0.1 0.2 0.3 0.0 0.1 0.2 0.3
Volume Fraction Volume Fraction
Fig. 8 Comparison between theoretical and ex- Fig. 9 Comparison between theoretical and ex-

perimental UTS of Al/SIiC composites .

HA LxAle 2w dg3) 2
0.~ 693V 310 for Al/SiC
6= 324V,+310 for Al/ALQgweweweeeeess (D

(B4} (DA ezRE Czhe T8l A/SICH
7+ 0.35°1 2, Al/ALOs®] 7% 0.340]c}. ©] 3t
27+ AEA 9 A5 0.59) 3349 A EAe A
0.25 Aol 9] ghelch, SiC #2=# ) 277} FFuli}t
Aol gfel= Eata, wAWsr) fAeHA
Hew AL AzA)e shgkeo] A 2gy] WE

400 [0 6061 Al
- 8 AL/SIC (20 %)
g O3 AL AL, (20 %)
- B Al/SIC (15 %)
E osob
=
w
£~
[
vy
5%}
= 200k
fd
g
&
< ok
=
5
5

ol 1 : \

25 150 300
TEMPERATURE (C)

Fi

g. 10 Effect of testing temperatures on UTS
of overaged MMC,..

perimental UTS of Al/ALOs composites .

ofch. ZEAoz MeAYd 98 FE5ER
B9 AxA, BAAE) Mg RAAES =7
HopE Fo X & 71t o) ZA| 32 wA H}
A 4 ol

R

SYARS A B ek
w2} ok Zpole A A SHAE F 170~180

&Fu]F7)A
Toll 4] oF 4X7} o] 4 A|EE A7 HAAE7} H7

8
T

1 ; 6061 Al (O.A)
a1 AL/ 15% SiC (0.A)
A Al 15% SIiC (S.T)

g
T

t
¥

g0
T

ULTIMATE TENSILE STRENTH (MP)
T

0L ! -
25 150 300
TEMPERATURE (C)
Fig. 11 Effect of the heat treatment on high

temperature UTS of MMC, .



B4, B8, 1991. 6 <

FaE7IA Sgage] Al

Z 3 AR 427} 55

AFge10]. WA AEARAE dEE AR
e B EE Ao AHEEA He AF A
279AA HEE FAE AEH gz B 5
oleh. webAd B A AA AR &
HA7)7] 913 TP AS FAED A

Be ARt ARAEI} Faste ATS A
Bgkrh, Fig. 10:& &%) ot& AVSICEHEA 29

QARE AFE BAF3 gk FEELARS
g Z2dAREE AL

IS E GG 5

e &4 Yok = 1A Brlede] MRS
Fe TeQAREES 2Ed ok AL $5T
2 B BLAA Ak AATES ol

2.
AjHe s 247 A ZAgcha Ale{dct,
ZEgA g9 dXE7 2R vlAE °§
#Fo] Fig. 11 & vielt glr}h. 150Ce A 8- 5
xejgke & Aol FAEY AHE} S5 <
A}% e HAA Hed ole LdFANE =
Zol] G B nE & A A HEA 7 ot

Fig. 12 Fracture surface of (a) Al/15 vol.% SiC and (b) Al/20 vol. % SiC composites.
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(a) overall view and (b) high magnification.
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Fig. 18 Fracture surface of Al/20vol. % Al,Q; composite
at {(a) 150T, (b) 300%€, and (c) fiber pull-out in the middle of the dimple at 300TC .
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