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A Study on Fracture Toughness Properties of Al;sB403:/AC4CH by
Binder Additives
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Abstract

In this paper, the effect of binder additive on the fracture toughness was metal matrix composite produéed
by squeeze casting method. In this study using the matrix is AC4ACH and reinforcement used Aluminum
borate whisker. Each MMC was produced by add inanimate binder (SiO,, AI20;, TiO;) to whiskers for
increase the binding together of whiskers. Fracture toughness test were carry out in accordance with the
ASTM E-399 standard test method, W=25mm, b=12.5mm CT(half size) specimen. However Base metal
AC4CH was not meet the qualification of Pw/Po<l.1, so that test were performed Jic test. K, value was

measuring by Jic value change into Kic. Jic test was carry out in accordance with the ASTM 1820.
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Table 1. Chemical composition of ACACH
aluminum atloy (Wt. %)

Cul Si{Mg|Zn|Fe [Mn| Ni |Ti| Pb [ Sn | Cr | Al

0.2|7.5/0.45{0.1}0.1[0.2|0.05]|0.2{0.05[0.05 { 0.05 | Bal
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Table 2. Basic properties of reinforcements.

Reinforce- (K20)-6 | ALO3 - SiOz |AL03(96-97)

ment | BO® oy | @rs3y | sionz-4)
p(g/em®) | 2.93 - 2.6 3.2
Dia.(zm) | 0.5-1.0 | 0.5-3.0 2.8 3.0
Length(xm)! 10-30 | 10-100 | 20-300 200
o0 (GPa) 78 13.0-50 1.4 2.0
E(GPa) 400 280 120 300

Whisker | Whisker {Short fiber| Short fiber
MI12 Kaowool Saffil
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Table 3. Specification of preform

Type Raw material |Blended quantity
Aluminum
. 9ALO; * 2B,0; 120g
borate whisker.
Ton water 1000ml
oly vinyl
Organic binder poly iy 2ml
alcohol 10%
Coagulation polyma 2% 2ml
o Si0,, Al Os,
Inorganic binder . 13g, 60g, 19.9¢g
TlO2
g i AFEL 20%E 3R, A FTHE
g0 o8l AL
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(a) Tensile test specimen

2-06.3
7/
/ —————————————
5
. = — —
ih
—q-|~—l<—/A_/ v
™M
Olo . N

‘/V—(_ }

s1,25

(b) Fracture toughness test specimen

Fig. 1 Configurations of test specimen
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Table 4. Mechanical properties of each Materials

. o uTs oYs E Elongation

Materials

(MPa) | (MPa) | (GPa) (%)

AC4CH 278 186 68 4.07
Nobinder | 373 218 88 1.77

Si0, 307 152 72 2.46

ALO; 345 143 84 1.95

TiO, 375 208 90 224
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Table 5. Fracture toughness valus about AC4CH

and MMC
Fracture
Critical Maximal o, toughness
Materials| load load Elongation
(MPa) Ko
Po(kN) | Pm (kN) o3
MPa-m
Nobinder| 1.95 | 2.12 231 1.77 8.70
Sio; 1.64 1.66 176 2.46 6.97
ALO; | 1.89 192 | 143 | 195 | 8.02
TiO, 2.18 2.19 205 2.24 9.28
Jic Kic
949821  26.9
ACICH 77752 os 107 | 269
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Fig. 7 SEM photographs fracture toughness of
ACACH and MMC
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