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Analysis of the Formation of Porosity and Segregation in Al,O,/Al
Composites by Squeeze Infiltration Method

Young-Ho Seo’ and Hyoung-Kook Lee

Abstract

The squeeze infiltration process is potentially of considerable industrial importance. The performance enhancements resulting
from incorporation of short alumina fiber into aluminum are well documented. These are particularly significant for certain
automobile components. Aluminum matrix composite automotive parts, such as diesel engine pistons or engine blocks are
produced using squeeze casting apparatus or pressure die-casting apparatus. But the solidification process gets complicated with
manufacturing parameters and the factors for porosity formation have not fully understood yet. In this study the formation of
porosity during squeeze infiltration has been studied experimentally to achieve an improved understanding of the squeeze
infiltration process for manufacture of short-fiber-reinforced components, particularly the mechanism of porosity formation. Al-
based MMCs produced under a range of conditions were examined metallographically and the porosity characterised;a kind of
maltrix, an initial temperature of melt, and a volume fraction of reinforcement. The densimetry and the microscopic image analysis
were done to measure the amount of porosity. A correlation between manufacturing parameters and defects was investigated
through these. (Received March 7, 2001)

Keywords : Squeeze Infiltration, Metal Matrix Composite, Pore, Densimetry, Image Analysis

71549 Vo, Amount of porosity calculated from p; and p,,
-]
¢,  Volume specific heat of fiber (Jm'K'] V,, Amount of porosity estimated by image analysis
¢, Volume specific heat of melt [Jm K] [-]
H, Initial height of preform [mm] W(a) Weight of the specimen in air
H.  Final height of preform(i=1, 2, 3) [mm] W(c) Weight of the coated specimen in air (g]
7, Melt iquidus temperature ["C] W(fl) Weight of the specimen in distilled water [g]
T, Initial preform temperature ['C] W(fl) Weight of the coated specimen in distilled water
D, Melt superheat (K] [g]
V. Volume fraction of fiber estimated by image P, Density of composite measured by a specific
analysis (-] gravity balance [g/cm’]
Vi Initial volume fraction of fiber -] P, Density of composite calculated from Vp,
V;  Volume fraction of fiber estimated by and p,, [g/cm’]
geometrical shape {-] p.; Density of composite estimated by

TN 71 A A Aq] A H(Division of Machine System, Dongeui Institute of Technology, Pusan 614-715, Korea)
"E-mail : yhseo@dit.ac.kr

(19)



—164 —

Z1HAe) o7 ALOJAI SRR 713 § WA WA da FHAT - N - T

geometrical shape [g/cm’]

P, Density of composite estimated by V; [g/cm’]

p(c) Density of the lacquer [g/cm’]

p(fl) Density of the liquid [g/cm’]
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Fig. 1. Schematic diagram of the apparatus used for fabricating
filter formed preforms,
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Fig. 2. Schematic illustration of experimental set-up for
squeeze infiltration.
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Alloy Table 1. Experimental parameters
Parameters Conditions
— ""’ Matrix LM6, 6061Al
Initial melt temperature T, [°C] 900, 1000
Volume fractions of fiber V, [%] 10, 15, 20, 25

Composite /
Y

Yo @
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Microstructure

)
Density Ly,
Measurement
Observation

Fig. 3. Cutting of specimens for density measurement and
microstructure analysis.
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Table 2. Chemical compositions
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Mat. Comp. [%] Remarks
. : : BS 1490 LM number
LM6[20] 10.0-13.0 §i, 0.6 Fe, 0.10 Cu, 0.50 Mn, 0.10 Mg, 0.1 Ni, 0.10 Zn, 0.20 Ti ASTM : Ad13.2
6061A1[21] 0.40-0.8 Si, 0.7 Fe, 0.15-0.40 Cu, 0.15 Mn, 0.8-1.2 Mg, 0.25 Zn, 0.04-0.35 Cr, 0.15 Ti IADS designation
0-ALO,{22] 96-97 AL, O,, 3-4 SiO, Saffil alumina fiber RF Grade

Table 3. Mechanical and thermal properties

Properties 1.M6[19,20,22] 6061 Al[20,22] 0-Al,0,[21,23]
0.2 % proof stress [MPa] 120 (Die) 275 (Temper T6) -
Tensile strength [MPa] 280 (Die) 310 (Temper T6) 2000
Elongation (in 50 ) [%] 3 (Die) 12 (Temper T6) -
Young's modulus [GPa] - 70 300
Median fiber diameter [m] - - 3
Density [g/cm’] 2.66° 2.69° 3.3
Expansivity [10°°C] 20 (20-100°C) 23.6 (20-100°C) 7.7
180 (at 25°C ; O temper)
Thermal conductivity [W/mK] 142 (25°C) 154 (at 25°C ; T4 temper) 27
167 (at 25°C ; T6 temper)
Specific heat [J/kgK] 963 896 (at 20°C) 1000
Latent heat [ki/kg] 389 - -
Liquidus temperature [°C) 575 652 -
Solidus temperature [°C} 565 582 -
Melting point [°C] - - 2050

Superscript® : Experimental value
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(a) Densimetry

Calcudate the density using egns. {1) & (2)
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(b} Predict the density from the geometrical shape of a specimen
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, H, :
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— , = Vi
Hj : Initial height of preform
H.; : Final height of preform( i=1.2.3 )
(c) Predict the density from image analysis
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Fig. 4. A method of measurement and calculation to predict the amount of porosity.
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Fig. 5. Comparison of solidification type between gravity casting and squeeze casting.
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Fig. 6. Schematic representation of the solidification process during squeeze infiltration.
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alumina fiber preform tested at 323K.
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Table 4. Amount of porosity measured by the image analysis

Mat. Porosity, Vi, [%] Mat. Porosity, Vp, [%]

(Vo/Ty) Posit. ] 2 3 (Vo/Ty) Posit. 1 2 3

MEALG A 2.79 0 0 O LAVALG A 10.91 0 0
23 23

(10 % / 900°C ) B 1.63 0 0 (10 % / 900°C ) B 0 0 0

C 0 0 0 C 5.01 0 0

LM6/ALO A 0 0 145 6061 A/ALO A 0 0 0
23 2+3

(15 % / 900°C ) B 0 0 0 (15 % / 900°C ) B 0 0 0

C 0 6.23 4.72 C 1.92 2.07 0

LM6/ALO A 081 0 0 6061AVALO A 0 0 0
23 23

(20 % / 900°C ) B 0 0 0 (20 % 1 900°C ) B 0 0 0

C 0 0 0 C 0 0 0

MOALG A 0 0 0 A 0 0 0
s\ 6061AVALQO;

(25 % 1 900°C ) B 0 U 0 (25 % / 900°C ) B 0 0 0

C 7.25 0 2.02 C 0 0 0

CME/ALO A 12.04 0 0 61 AAL A 4.68 0 0
) 0
2473 ANS]

(10 % / 1000°C ) |—2 0 v Ol woa/10000c)y | B 446 | 42 0

C 0 0 0 C 18.32 164 10.22
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0
213 Pt

(15 % / 1000°C ) B 0 0 0 (15 % / 1000°C ) B 0 0 0

C 3.36 10.26 8.01 C 0 0 0

LM6/ALO A 0 0 0 6061A1/ALO A 0 0 0
2 223

(20 % / 1000°C ) B 0 0 017 I 0%/ 1000°C) B 0 0 0

C 6.08 6.51 26.78 C 0.44 0 1.06

LMG6/ALLO A 0 0 43 6061AVALO A 0 0 0
2V3 23

(25 % / 1000°C ) B 0 0 0.74 25 % / 1000°C ) B 0 0 0

C 0 0 2.13 C 3.77 2.35 0
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