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Abstract

This thesis presents the development of a high pressure centrifugal infiltration
process for fabrication of aluminum matrix composites using the aluminum grade A356 as the
matrix and silicon carbide (SiC) as the reinforcing material. The research method includes the
design and production of the high pressure centrifugal casting system, the production of SiC
preforms for reinforcing aluminum and the property testing of the aluminum matrix composite
(AMC). AMC is produced by the high pressure centrifugal casting process using four SiC
particles size are 13.5, 25, 68, 100 um at the rotation speed of 1,800 rpm (4.26 MPa) . The results
of the microstructure study show that molten aluminum can infiltrate in small gap between
particles of SiC preforms part. AMC of SiC 100 um has the highest bulk density and hardness but
the lowest wear resistance. On the other hand, AMC of 13.5 um has the lowest bulk density and
hardness but the highest wear resistance. This thesis also studied the effects of the molten
aluminum pressures on the infiltration value using 100 um of SiC as a reinforcement. In this
infiltration study, the results show that the molten aluminum pressure values must be higher than
the threshold pressure (resistance force due to capillary pressure), which can be calculated using a

threshold pressure equation derived from a theory.
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No. Material Hardness | Tensile strength | Elongation | Density
(HB) (MPa) % (g/em’)
100 ZA-27 unreinforced 116 410 8.5 5.01
101 ZA-27 10% (vol.) SiC (28 - 40 ym) 120 350 4.2 4.89
Loz ZA-27 10% (vol.) Si,N, (20pum) 123 361 2.0 4.84
103 ZA-2710% (vol.) AL O, (40 um) 116 347 35 4.68
104 | ZA-27 10% (vol.) graphite (30 pm) 88 245 0.5 4.44
105 ZA-27 10% (vol.) B,C (20 um) 135 4.62
200 ZL-109 10% unreinforced 92
201 | ZL-109 30% (vol.) SiC (28 - 40 um) 116
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Composite | Density | Porosity | E (GPa)’ | MOR
No. (g/em)) | (%) (MPa)’
1 2.79) 54 226 | 183
2 2.75 3.9 162 | 184
3 2.75 3.9 164 | 157
4 2.73 7.5 165 | 251
5 2.85 2.1 235 | 193
6 2.67 7.9 185 | 190
7 2.82 2.8 206 | 298
8 2.83 2.8 232 | 219

*

Eolugaamstanguuay MOR Tugaanisuaniin

fin1 : Pech-Ganut (2000)
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(Paet al2003)
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Infiltrate SIiC VicKelesxure strengioull
microhardnesd/1Pa) | modules
FeSi | NFO/860 - 375 10
FeSj | NFO/860 1380 635 27
FeSi| NFO/860 1400 420 28
FeSj | UF-15 1550 610 14

FeSi | Monolithic 700 410 25
FeS] | Monolithic 750 485 28
FeSi| Monolithic 850 280 20

fin : Pamans (2003)
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Sample D (um) CalculatedERperimeptal P
(MPa) (MPa)

S24| 19.490.56 0.59 1.05
T2 | 1.7 ({059 7.69 6.50
Ald| 0.9 (0.48 9.32 9.65

AO3d 0.58/0.41 10.89 9.58

fim . Wannasiflemings (2005)
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4.1.1 andANINMEMNUDIDZ UL 1D3A A356-T61

TumsnaaedIdemsvae TanzuuumMIBIRIBANUAUGIEIMTINTUNT AT

A Y di’ a A Y o A 9 a A g di’ Y
INDHARITANTNIDDSQUIUYY ]'I,ﬂ‘V]1ﬂ”|ilﬂi’]ﬂ1‘]51f]ﬁ$’f)$@jll!u8‘11 NIA A356 Wuidenan n9
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Lo
Be

pulimsfny Az doyaduinvetezgiiion INTa A356 FIUAAINIAITINN 4.1

M3199 4.1 aufAvetozgiiitien 1n5a A356-T61

auvA 148 Metric 11428 English
Physical Properties
- Density 2.67 glem’ 0.0965 Ib/in®
Mechanical Properties
- Hardness, Brinell 70.0 — 100 70.0 — 100
- Hardness, Knoop 109 109
- Hardness, Rockwell A 36 36
- Hardness, Rockwell B 53 53
- Hardness, Vickers 96 96
- Ultimate Tensile Strength 255 MPa 37.0 ksi
- Tensile Yield Strength 179 MPa 26.0 ksi
- Elongation at Break 5.00% 5.00%
- Modulus of Elasticity 72.4 GPa 10,500 ksi
- Compressive Yield Strength 195 MPa 28,300 ksi
- Poissons Ratio 0.33 0.33
- Machinability 50% 50%
- Shear Modulus 27.2 GPa 3,950 ksi
- Shear Strength 155 MPa 22,500 ksi
Electrical Properties
- Electrical Resistivity 0.00000440 ohm-cm | 0.00000440 ohm-cm




M3197 4.1 (s19) AuAUDIOLQiItioN IN3A A356-T61

WA

aunA Y428 Metric

Y2 English

Thermal Properties

- Heat of Fusion 389 /g
- CTE, linear 21.4 pm/m-°C
- Specific Heat Capacity 0.963 J/g-°C
- Thermal Conductivity 151 W/m-K
- Melting Point 557.2-612.8 °C
- Solidus 557.2°C
- Liquidus 612.8 °C

167 BTU/Ib
11.9 pin/in-°F
0.230 BTU/Ib-°F
1040 BTU-in/hr-ft>-°F
1035 - 1135 °F
1035 °F

1135 °F

Processing Properties

- Melt Temperature 677 - 816 °C
- Solution Temperature 535-540.6 °C
- Casting Temperature 677-788 °C

1250 - 1500 °F
995 - 1005 °F

1250 - 1450 °F

111 : Automation Creations, Inc. (2010)
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d' B2 an o 4
M1319N 4.2 auumawaﬂaumﬂm

auiin woarh-Faneumslua | Jm-Faneumslud
a—-SC p—-SC
ANDAMISTUUNAN
- ﬁ”mﬁﬂimaqa (M. W.) 40.10 40.10
- ANNAUMUUNNNGE] (TD, g/em’) 3.21 3.21
- Tas9a$19wan (crystal structure) e Inuoa Avdn

=Y o a
auiamamoes Tu'lauinuazanuiou
¥ A o A
- AuIANNSoUNANNAUAIT
(C,, Jimol.K)'
- Ul (AfHozgg J/mol )
[ =1 a o
- WIS veInUd
(A/Gom JkJ/mol )
o
-1euINst (S 20, J/mol.K )
- 9AvaINHal (T, , K)
4
- Futlszansmsversdiniennuiou

(0,107 /K)

- M Nuseu (K, W/m.K)

298-662 (1NAIU)"

662-3200 (tNAIU)"
-71.6
-69.1
16.5
3103
5.12 (298-1273 1Aa 1)
5.48 (298-1773 1AAU)
5.77 (298-2273 1AAU)
41.0 (293 1AAIU)
33.5 (873 1AAI)

25.5 (1073 1AAIU)

298-678 (1N IU)°

678-3200 (tAAIU)"
-73.2
-70.9
16.6
3.8 (473 1AQIU)
4.3 (673 1A8IU)
4.8 (873 1AQIU)
42.0 (300 tAAIN)
19.0 (1000 tABIU)
13.0 (1500 1AQ )

anvaANIeNa

(NQauvigd 293 MaIU)

- §aueqasid (E, GPa) 408 432
- ANUNULIAR A (O, MPa) 350+ 40 560
auamalniih
(ﬁqmﬁgﬁ 293 INAIH)
anudumu i (px10®, Qm) 4x10° 0.17-1)x10°

d' an = a
NUT : ATNT AINNYTADIT (2547)
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NATOULULTOANAA (Rockwell hardness test) ¥11d FUTURE-TECN 31 FR-LeA #4317 4.4
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Z.F. Zhang (1995)

155 + 5 (kgfmm ")

565+12 (10° mm’)

matrix: Aluminium 6061
reinforced: SiC 1.8, 4.5 um
Hardness test:

Vickers microhardness, load SN
Wear test: pyramidal diamond
indenter, apex angle of 136°,
velocity 6 mms ', wear track

6 mm, load 10 N

Sui Xiandong (199 D)

4.89 (g/cm3)

120 (HB)

matrix: ZA-2[ ]

reinforced: SiC 28, 40 um
Hardness test: Brinell hardness
tests, load 62.5kg, 2.5mm

diameter ball

M.I. Pech-Canul (2000)

2.85 (g/cmS)
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S.M. Seyed Reihani (2006)
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-1.2

matrix: Aluminum 6061

reinforced: SiC 16, 22 uym

Hardness test: Brinell hardness tests, load 15
and 30 kg, 2.5mm diameter ball.

Wear test: load 150 N, revolution 2000 rpm,

sand flow rate 350 gmin '

This thesis

2.94 (g/em’)

0.0933

64.1 (HB)

0.00515 (g/min)

matrix: Aluminum A356

reinforced: SiC 13.5, 25, 68, 100 um
Hardness test: Brinell hardness tests, load 500
kg, 10 mm diameter ball.

Wear test: load 1.5 kg, revolution 252 rpm,

abrasive water proof paper No. 150 c.c.
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Material Composition (%) Condition Temperature(°C) Properties
C Mn Ni | Cr Other U.T.S. Yield stress0.2 or 0.5% Elong. Reduction in
elements (MPa) proof stress (MPa) (%) area (%)
Armco iron 0.02 0.03 - - - Normalized R.T. 334.52 182.47 45 69
200 440.96 182.47 27 54
400 304.11 - 15 67
600 106.44 - 34 49
700 60.82 - 53 55
0.14% C steel 0.14 0.6 - - - Normalized R.T. 410.55 243.29 38 -
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0.17% C steel 0.17 0.7 - - - Normalized R.T. 433.36 258.49 43 68
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Material Composition (%) Condition Temperature(OC) Properties
C Mn Ni | Cr Other U.T.S. Yield stress0.2 or 0.5% Elong. Reduction in
elements (MPa) proof stress (MPa) (%) area (%)

0.21% C steel | 0.18/0.24 | 0.4/0.6 - - - Normalized R.T. 440.96 258.49 34 62
200 456.17 220.48 28 54
400 364.93 182.47 36 67
600 182.47 98.84 48 76

0.25% C steel 0.25 0.6 - - - Normalized R.T. 471.37 243.29 34 -
200 501.78 228.08 22 -
400 440.96 197.67 31 -
500 334.52 182.47 32 -

0.35% C steel 0.35 0.8 - - - Normalized R.T. 593.02 304.11 30 -
200 623.43 304.11 17 -
400 577.81 212.88 29 -
500 425.75 - 32 -
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Material

Composition (%) Condition Temperature Properties
C Mn Ni | Cr Other o) U.T.S. Yield stress0.2 or 0.5% Elong. Reduction in
elements (MPa) proof stress (MPa) (%) area (%)
CARBON STEELS
0.40% C steel 0.40 0.6 - - - Normalized R.T. 593.02 334.52 33 53
250 623.43 288.91 19 41
450 471.37 - 36 59
650 167.26 - 57 95
850 60.82 - 119 99
0.90% C steel 0.90 0.7 - - - Normalized R.T. 980.76 486.58 14 20
250 965.55 - 10 18
450 593.02 - 38 77
650 281.30 - 60 82
850 60.82 - 84 99
LOW ALLOY STEELS
0.50% Mo 0.17 0.6 - - Mo 0.6 Normalized R.T. 501.78 311.71 38 69
steel 400 501.78 228.08 34 73
500 410.55 220.48 33 77

N Higgins (1973)
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(Westbound engineering Co, Ltd., 2009)

319N ¥1 antiaveatlzidy (gasket) %19 non-asbestos [30 - 550°C 111 thermopak 400

Thermopak 400

Oil Resistant | on-Asbestos Gasket sheet

Thermopak 400 is an oil-resistant non-asbestos gasket material made from specialized

thermally resistant fiber and oil-resistant synthetic rubber by vulcanization and compression.

Application: Suitable for sealing gaskets for connection of oil pipeline, connection part in
diesel engine and flange connection of refining equipment, distill pipeline, aero engine and air
conditioning system. Stable in medium of fuel, lubrication oil with petroleum base, animal and

vegetable oil, hot oil, etc.

Colour blue
Density 1.6-2.0 g/cm[
Tensile strength 14.0 MLd
Compressibility 12% (£7)
Recovery >50%
Maximum temperature 400°C
Working pressure 4 M4 (40 bars)
Size available Thickness: 0.5mm, 1.0mm, 1.5mm, L0 mm, 5.0mm
Width x Length: 1500mm x 2000mm

fi1 : Westbound engineering Co, Ltd. (2009)
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Thermopak 200

| bn-Asbestos Gasket sheet

Thermopak 200 is a non-asbestos gasket material made from specialized thermally resistant

fiber and synthetic rubber by vulcanization and compression.

Application: Suitable for water, steam and gases, as a sealing gasket for middle load

requirements machine, vehicle, ship, pipeline construction, chemical and power engineering,

pumps and others.

Colour Green
Density 1.6-2.0 g/cm[
Tensile strength 14.0 M| 4
Compressibility 12% (£7)
Recovery >50%
Maximum temperature 200°C
Working pressure 2 M4 (20 bars)

Size available

Thickness: 0.5mm, 1.0mm, 1.5mm, L0 mm, 5.0mm

Width x Length: 1500mm x 2000mm

fi11 : Westbound engineering Co, Ltd. (2009)
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Thermopak 400 (Chemie & Oil)

Chemical & Oil Resistant |_on-Asbestos Gasket sheet

Thermopak 400 (Chemie & Oil) is a chemical & oil resistant non-asbestos gasket material

made from specialized thermally resistant fiber and oil resistant synthetic rubber by

vulcanization and compression.

Application: Multi-purpose suitable for sealing gaskets for connection of oil pipeline,

connection part in diesel engine and flange connection of refining equipment, distill pipeline,

aero engine and air conditioning system. Stable in medium of fuel, lubrication oil with

petroleum base, animal and vegetable oil, hot oil, acid, alkali, solvent, chlorine solution, etc.

Colour Grey
Density 1.6-2.0 g/cm[
Tensile strength 8.0Mld
Compressibility 12% (£5)
Recovery >45%
Maximum temperature 400°C
Working pressure 4 M4 (40 bars)

Size available

Thickness: 0.5mm, 1.0mm, 1.5mm, L0 mm, 5.0mm

Width x Length: 1500mm x 2000mm

fiun ; Westbound engineering Co, Ltd. (2009)
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