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MATTIKA BUNMA : EFFECTS OF PARTICULATE-INJECTION
CASTING PROCESS PARAMETERS ON MECHANICAL PROPERTIES
OF SIC,-REINFORCED ALUMINIUM COMPOSITES

THESIS ADVISOR : TAPANY PATCHARAWIT, Ph.D., 103 PP.

SiC,-Al COMPOSITE/PARTICULATE-INJECTION CASTING

This research studied the fabrication of SiC,-reinforced 356 aluminium
composites by particulate-injection casting. A hydrogen degassing machine was
modified for SiC, injection into the aluminium melt at 590°C via argon gas for 20
minutes at a stirring speed of 1000 rpm. The process parameters of this study are 1)
argon gas flow rates at 5 and 10 I/min, and 11) casting temperatures at 620 and 680°C.
The composites were prepared by using 0, 10 and 15 wt.% SiC, additions. The
obtained specimens were assessed via microstructure analysis by using optical
microscope, density by Archimedes’s method, Brinell hardness test, tensile test, and
fractography by using SEM. It was found that argon gas flow rates and casting
temperatures are significant parameters affecting microstructures and mechanical
properties of the composites. Increasing the argon gas flow rate from 5 1/min to 10
I/min caused melt turbulence during SiC, injection, leading to non-uniform
distribution of SiC, and higher porosity in the castings. Inferior mechanical properties
of the composites will result in this case, as compared to those without SiC,
reinforcement. In the case of casting temperature, semisolid casting at 620°C, giving
high mixture viscosity, caused higher porosity and non uniform distribution of SiC,.
This resulted in reduction of mechanical properties. However, as the casting

temperature was raised up to 680°C in the liquid state, the mixture viscosity was



lower and facilitated more effective hydrogen degassing, yielding higher mechanical

properties of the composites.
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Method Range of shape Metal Range of Damage to Cost
and size yield volume fraction | reinforcement
Liquid Wide range of Very high, Upto 0.3 No damage Least
metallurgy shapes; larger >90% expensive
(stir casting) size; up to 500 kg
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perform shape; expensive
up to 2 cmrheight
Powder Wide rage; High - Reinforcement Expensive
metallurgy restricted size fracture
Spray casting Limited shape; Medium 0.3-0.7 - Expensive
large size
Lanxide Limited by pre- - - - Expensive
technique form shape;
restricted size
HUYLYe 910 “Metal matrix composites production by stir casting method,” Tag Hashim,

Looney, and Hashmi, 1999, Journal of Materials Processing Technology, 92-93: 1-7
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U

Temperature Hydrogen Solubility
°C °F (cc/100 g)*
0 32 0.0000001
400 752 0.005
660 Solid 1220 0.036
660 Liquid 1220 0.69
700 1292 0.92
750 1382 1.23
800 1472 1.67
850 1562 2.15
*Measured at a pressure of one atmosphereiand a temperature of 68°F (20°C)

UYL 910 Aluminum Casting Technology (p.21), Tag Zalensas, 2001, United States of

America: American Foundry Society Des Plaines, [llinoise.

ﬂ Purge gas

Flow field set

by impeller

Attachment of particles to

the rising gas bubbles

;s;ﬂﬁ 2.7 ypuamna lamsmsamadie Rotary degassing (Warke, 2003)
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vapor

solid

3 1/7 2.8 Sessile drop test for contact angle measurement (Hashim, Looney, and Hashmi, 2001)
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a ' A v W 3 o &
Y, 09 UT9A9RI5E M IIHIFIREVE U0 NN

0 v'ldnaumin2. 1-(Hashim et al., 2001);

(2.1

a I a o @ S o
y, 09 139A9isEr AN EuAE UeIeeuT I UAe uva)

a U a o w . &
Y, 9 UTIAIH2TEHINFAUREY0 0 UM a TN 1

{ v o T Aw o Jdaa
A5 2.4 LLﬁﬂ\ilqliJﬁiJWﬁﬂW]N”]LLﬁ%ﬂ{(]ﬁiJWU‘ﬁT]LﬂEI’JﬂSI}@Q

Strength of solid/liquid Strength of liquid /liquid
Contact angle | Degree of wetting
interactions interactions
0=0 Perfect wetting Strong Weak
Strong Strong
0° < @ < 90° High wettability

Weak Weak
90° < @ <180° | Low wettability Weak Strong
6 =180° No wetting Weak Strong

HULYe

910 “Constitutive relations in the wetting of low energy surfaces and the theory of

the retraction method,” Tagy Sharfrin, Zisman, and William, 1960, The Journal of

Physical Chemistry, 64: 519-524
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Matrix material and process Content of Tensile strength Hardness

reinforcing material

Al-Si alloy (melt-stirring and squeeze-cast) " 15 vol%SiC, 480-490 MPa 50-60 HR
A359 Al alloy (centrifugal casting) 20 vol.%SiC, 300-370 MPa 75-97 HR
Al alloy (powder metallurgy)"” 10 wt.% SiC, 110-150 MPa 80 H,

nanewie " 910 “The effect of applied pressure on particle- dispersion characteristics and

mechanical properties in melt-stirring squeeze-cast SiC /Al composites”, Tag Seo

and Kang, 1995, Journal of Materials Processing Technology, 55: 370-379

@ 910 “Microstructure and mechanicalibehavior of functionally graded Al A359/SiC
composite”, Tag Rodriguez-Castro, Wetherhold, and Kelestemur, 2002,

Materails Science and Engineering, 445-456

® 910 “Characterization of a powder metallurgy SiC/Cu-Al composite”, Tag Wang,

Zhang, Hu, Wang, and Huang, 2008, Journal.of materials processing of technology,

43-48
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Matrix Reinforcement Process Property
Type Shape Amount uTs YS EL E.
MPa MPa % GPa
Al-128i-Ni—Cu - - 0 squeeze 297 210 N.A. 7.9
AlLO; casting
(saffil) short fibers 20 vol.%% 312 283 N.A. 95.2
SiC
(tokai) whiskers 20 vol.% 384 293 N.A 111
Al-3Mg Graphite part 75— 1. 5wt 9% gravity casting 7 48 4.8 N.A.
125 pm
i
4.5 W% 49 40 45 N.A.
part 180-
250 pm 15 wt % 85 64 33 N.A.
Al-3Mg zircon® part 125- 10 wt.% gravity casting 78 68 55 N.A.
180 pm 30 wt.% 68 62 2.6 N.A.
part 180-
250 pm 10 Wit % 86 70 9.3 N.A.
Al-75i-Mg-Fe - gravity casting 121 73 29 N.A.
SiC part 50 pm 12 wt.% 81 65 0.4 N.A.
(Alcan) squeeze 190 96 58 N.A.
SiC part 50 pm 12 wit.% casting 163 61 22 N.A.
Al-T8i-Mg-Fe SiC 0 gravity casting 302 148 16 77
(Alcan) part 310 pm volie +aging-T6 2 183 1 98
Al-T8i-Mg-Fe - 1] squeeze 214 106 10.3 77
SiC part 5-10 pm 15 yol.g¢ casting 195 127 1.5 N.A.
(Alcan) part 5-10 pm 20 wol.Y 216 148 1.3 N.A.
0 squeeze 359 302 9.6 70
part 5—-10 um 15 volfs casting= 195 127 1.5 N.A.
part 510 pm 20 vol.%e aging-Te 408 37 14 105
Al-4,4Cu-Si-Mn-Mg SiC part 5—10 pm 15 vol.9% gravity casting
(Alcan) -+ extrusion
+aging-T6 450 342 1.6 107
*65.99%Zr0,, 32.2%Si0,, 0.3%TiO5, 007% Fe,0,, 1.53% volatiles.

NUYLNS 91N “Practicalization of cast metal matrix composite (MMCCs)”, Tag Taha, 2001,

Materials and Design, 22, 431-441
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27 NYUOINMSHAN (Rule of mixture) HazmsmmIneilszinavosaniinves

(Y] a & a A a Y an d
'Jﬁ@l‘lix‘]‘ljﬁ3ﬂ@“lJ‘WNGZQN!‘Htlllm’iﬁl!!539\’32]@‘&!511?]“!5@?1@14?]1imlﬂﬂ

[ (% a dy a A A Yo = vAa 1 [ 9 1
ﬂ"li‘W@J‘LlW’Ji"f@]‘LGIN‘]J53ﬂi’]”]_l‘Wui’)zle.!EJEJLW@Elﬁ’Jﬁﬁ]iJﬁiJ‘UmﬂumWW@]’J ”l,mm 374

a 1

< o AL J o ' { ) <
e Taqunn iy Wiminu nudems I¥ungurgiige nuademsdnnsou 1a 1ilu
Y % A { Y ' va [ a Y 9
AuaaIsminlglumsia Taslsznavesauiavedidgadalsznou aunsomdlons 14
Y H
. 9 ' o o a wa 1
NYVOINMIHEN (Rule of mixture) Tagdz lgmsnlrnihmiinvealiinas leamdsvesaniiauday

Y 1o dy @ A @
wla (1dun AAQNUUALITATTULTY) AIAUNIT 2.8

P.=PV +PV 2.8)
Tasn
= 2
A9 auU (Property)
\% Ao daawdal5H1aT (Volume fraction)
Y
c,m,r o Ta91H31)52 N1 (Composite material) Ta9 N1 (Matrix) 1oz AT UL
(Reinforcing material) ANAAY
271 MANUHIWUY (Density)
AMANUHUILY (p,) VoI aqdalsznoun laninauns 2.9
pc = pme +prvr (29)
Tasf
p A9 AINWHUUY (Density)
\% Ao dadnFel5u1as (Volume fraction)
Y
c.m,r A0 JAQF1/52NoU (Composite material) JARNY (Matrix) 1oz AT

(Reinforcing material) 14 SR

272 mmeanuieu (Thermal properties)
4
ﬁuﬂizﬁmmieusnammamm?au (Coefficient of Thermal Expansion, CTE

g
30 a) vesiagFalsznoudunsowldninaums 2.10 MinmsAnsMuMFulszans
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9 Y a dy a A a 9 an 4 =
NNANUITOU (CTE) 6]]'0\1’Jﬁﬂl%\‘lﬂigﬂﬂﬂwu@gqullllﬂil!’ﬁ'iiJLL‘i\?ﬂﬂﬂ%aﬂﬂuﬂ1ﬂﬂﬂﬂ3hﬂ1

anaa Ieudad BT AT VeI TaqIaTITI Fadaaaagii 2.15

_a, VK, taV.K,
‘ Vme + K‘KI‘

a

1 o

a Y =}
9 AANIzANTN1AMUTOU (CTE %30 o)
8 daa 3915 u1a5 (Volume fraction)

9 AINTUINNY ?au (Thermal conductivity)

Y
=

~ < R
) ) ) b

q

(Reinforcing material) 9106191

(2.10)

9 189159152001 (Composite material) JaANY (Matrix) Hag Jearquersuisa

Modified Rute of Mixtures

Coefficient of Thermal Expansion (CTE or ¢.)
am i I’:‘h‘ L K:m _!_ al' -‘P:' -KI'

. v, Khpd - K de {107 °C)
K = thermal conductivity 30
25_
L
- @
20 ® s
157 .3,
L ] : 2
Coefficient of thermal expansion 107 o
versus volume percent reinforcement
for Al - SiC composites 57

0 i . r . T ;
0 10 20 30 40 50 60 70
YVolume Percent Reinforcement

d‘ 1 % a QO)
517 2.15 Mdulszaninieanuiou (TALAT Lecture 1402: Aluminium Matrix

Composite Materials, online, 2009)
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273 MANUNUY (Hardness)

1 <3 o a o o o
ﬂ’]ﬂ')’]llLLGU\TGUfN'Jﬂ'ﬂ!f]ﬁ‘l]3$ﬂ@‘llfi]$ﬂ']u')mﬂ'm']ﬂﬂ'NiJﬁiquﬁﬂﬂﬁllﬂ'lﬁ 2.11

iag 2.12 (Kim, 2000)
Hyp=V,H, + V.H, Q2.11)

Hiw=V,/H, +V,/H.) (2.12)

Tail
H,way H, @0 snnundieuoawlanda (Hard value of hard phase) Uag A1n1M
udaveal@®ou (Hard value of soft phase)
v, wazV,  fo  dediuFaFimasvoawlani (Hard value of hard phase) 1oz
dagamlsinsveudoou (Hard value of soft phase)

7 ' 2 A = ] Aa
H,, GUE’)‘]JLGU@’SUE)\‘]?]WTJ']MLL‘INWQQV]q@ﬂlﬂﬂ?ﬁﬂl“ﬁﬂﬂﬁgﬂﬂﬂ
@

H low

o)) )Y
©

()]

v <A : @ a
YOULAVBIAINNMVINAN AV DITAQF 52 ND

274 MANUUTINGE (Strength)

1 < % a a 1
fﬂﬂ’ﬂlllLﬂl\‘iLLi\‘iﬂJ@Q’Jﬁﬂl%Qﬂi%ﬂE]‘1Jﬁ]$°1J‘3$L3J‘L!%WﬂﬂWﬂ’NiJigﬁuﬂNllj\‘lﬁ\‘l"U@Q

1
[

Tagdadnu ldnnaums 2.13

c.=o,V,+oV, (2.13)
Taeh
A 1 9 =2 .
o A9 AINNNUATUNIULTIAY (Tensile strength)
v Ao daaudasu1as (Volume fraction)
Y
c,m,r A0 JAQF1/52N0U (Composite material) JARNY (Matrix) 1oz AT

(Reinforcing material) 9114 2191

275  MANUNTANSA (Stiffness)
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AYaaVIdd (Young’s modulus, E) ¥3ouogdavedaningandy (Elastic

= Y ¢ g w ' y a . A
modulus)  EWITOVBNAITTAVANVLTUNTWOITee TaemuegaduesanInganguiiily
AT 1AINOATIAIUTTNINANUAY (Stress) ADANWIATEA (Strain) Tuglh 2.16 14

v o 1 1 @ @ a @ a @ a
Llﬁﬂﬁﬂ’ﬂu’fmwu‘ﬁigﬁ’JNﬂ11!’6@'a’dﬂlf)\‘lﬁl\‘iLL@%ﬂﬁNWﬁiﬂl@\i’)’ﬁﬂlﬁﬁMli\i ﬂlﬂﬁﬁﬁﬂl“ﬁ\‘lﬂi%ﬂﬁ)ﬂ

Y
=

Aa A Aa 9 aa 4 4 1 1 < < @ a dy
HuozgiifonasunsdIesanounIs lug wuamuudaunisvesiaqdelsznouny
a A a 9 aa o 2= 9 A d%’ d' a [ a Q' dgl
pzgiiiouasunsadiesanouns luauuud Idumuduielsmnasvosiaqasuns anuiy
d@MIUAT Young’s  modulus Y9ITAQFNTEN0Y EAIUIUINANNST 2.14 (NI TAQFY
Ysznouasuussdleodiulonuuend) tazauns 2.15 (nsdiaqilsenouaT unsauy

o 7 .
FULALYDOT) (Kainer, 2006)

E=EV, +EV (2.14)
v o1-v.]”
.= ry (2.135)
E  E

1 { o a < 1 4 1 @
N1INIA1 Young’s modulus ﬂiﬁﬁ?ﬁ@]tﬁimlﬂlﬂmmﬂVbJG]E)LﬁEN (Discontinuously) ¥4 189
a { 1 o a J .
m‘immﬁagiugﬂmm particle 1Y whisker VLAIUIUIINTUNITNNAUAMTATUDY Tsai

Halpin ANeUNT 2.16 Ltag 2.17 (Kainer, 2006)

E (1+2
o _ E,0+25q7,)

c (2.16)
1-qV,

_ (£ E, )1

= 2.17
1T E JE)+28 @17

Taeh

? ANDYAAVDIN

=)

0 aad 915195 (Volume fraction)

“vn < Iy
o))}

1 4 a an Jd
9 ANNARDT NS VIR (aumamamumﬂm A1S=2)

o))

[

4
c,m,r Ao JAYFIUTENOU (Composite material) TAQNU (Matrix) Haz IaQIaTuNs 3

(Reinforcing material) 1WA
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Young's Modulus (GPa)
200 _
Rule of mixtures
180 Spherical Particles
160
L ]
140 /*/ e
120
LN ¢ s,
¥ o
80 - 5iG,
1 L 1 1
0 10 20 30 40 50
Volume.Percent SiC

A [ <3 < @ a dy Aa A a 9 an o 4
g‘]J“VI 2.16 ﬂ”l‘ﬂ'l"llll;lﬂl\?l;ﬂﬁfi'Jﬁ'ﬂ!cb'ﬂ‘]_ligﬂ@‘llwu@ﬁigllluﬂllLﬁﬁullﬁﬂﬂ?ﬂ“ﬁaﬂGUﬂWiqﬂﬂ

(TALAT Lecture 1402: Aluminium Matrix-Composite Materials, online, 2009)

2.8 na"lnmsaﬁuﬂ3mm‘?auﬁﬁ'mmgmmfﬁwm (Strengthening mechanism

by particle reinforced composite)
[ @ a dy o dg' "o o 9
AAANYUVIIAAFI TN UL TanzazgafiuatazyuediUanY My 1S3
A
yamaveiaqFelszneuuaziiduddsznidgiunantazdaqasuuse lnganyus
9 d' 1 dy = 9 [ dy [ 1 1 =
Tnssaigamannaniazasoungudelnssas Wuediaguunan wu dulsznoumani
yua/g3U519909n5 Y gaunniedvelaseadendn n1sanazneuveudaiidos
T : { ' ) g &
(Precipitation)  tazIaseadevealananansaNisen3n Second phase 15U 1o iFud lag
a a @ a @ <
Y51as wila vune 31N MInNgza1eaa naziAn1eamsEesdIveseynn udu
A < . . 4 o
MINWUANULUVIUTINNOUNIA  (Strengthening from particles) “dﬁﬂﬂﬂﬂﬂhlﬂ@lgmﬂ
) A 1 = dy 1 < A A < Y 1
wFunsInnaDatazueondy 2 Uszan An MINNANNLUAITIAEDYNIAVIIA T

. . 2 < < . .
(Large-particle composite) LlazﬂﬁmJJﬂ’Jm!HNLLN??II’JEJ’EJHmﬂGIIHMLaﬂ (Dispersion-

Y v
A

: Ay o o 1 @ @ [ a a @

strengthened  composite)  ANUFAUWNUTIZU T NUNANUAz TaaTNIzNaTY luTzAY
A < a Ao & < Yy
92ABVYIB luana uenINHYUIAYDIDYMAEINLIINIAT] U YMAVIIAEGN FZABINYUIA
] 4 ' o o A [
FURIgUINANTZNIN 0.01-0.1 Tuasou (Fischer, 2004) dmsuna lnmsiiuanundiaus sdie
9

sumavzialuneymailffsnnuaaTanty  Tasordena lndaTandudaniuoynin

(Dislocation cutting a particle) w?aﬂa“lﬂmsTammﬁﬁiam%mam ?UNA (Particle looping)
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[ Aaov Y 9 1 A < 9 a []
Lmiuﬂm%ﬂﬁﬂzmuﬂanﬁamwwmimummumuim’mmgmﬂmmuiwumclwq‘l

. . . . A a Y £ v Aq Y a A @ A
(Large-particle reinforcing material) mmmn'lﬂ G]NﬂaUlﬂ‘ﬁaﬂVIGLGBE]‘EUWEILﬂEJ’Jﬂ‘UﬂTiLWiJﬂ’Jm

< a a @
LL%Q!L?Q%ZQI’]@‘E‘UW&I@ElﬂallﬂﬂWﬁI'ﬂ‘UaUﬂﬂﬂﬁialﬂ%’uiﬂﬂﬂ BUNIA

311 2.17 ugasna lanisimasuveda Tandurueyna

A < a @ 1
MINNANVLT T IeNa inng TeuseUeynIPYeIAd Taindu w3eNiTond1 Orawan
. £ ~q 9 Aa < ~ (= v A o
mechanism &uiluna’lnildlumsesineaawudaissieyninvua lvginsiaE ey
9 H E4
Incoherent AUIAQNUWAN (Metries) IagAd landuNNalNazianyaIZIUY Bow 1azAIM
9 = o Yy a Aa @ [ ~ = = ~ 9 A
AunsaReN v liinaad Tamsis Bow cut dauaaliugii 2.17 sassasunldlumsigou

vosaa landu ansasuia ldanaums 2.18 (Fischer, 2004)

_ (2.18)
L-2r

Tagh
dadiulsuas () Imnen
A A
T A9 usINOU
=) [ =)
G o uoQAALIUNDY
b AP YUIAVDY Berger’s vector

v A

Ao sellvesoynn

~
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v o ' A 4 o qY @ 4 £
NAANUTURUT VOIS 2.18 WU L tindu vz I¥ineives L — 2r iiuvu a
1 A ~ 9 A a @ [ z <
auwsunounlylumsideuddlandu (7,) anas asiuanuudusiveslanzazanas
s < 44 2 gy ~ Y A A a o Y
uonnInt Anuudwssiminiu lannmsfeumadumsndounvesad Tandudan laan
anuaui ¥ lumsiaeudalandu Tasl¥aunisves Orawan-Ashby AauaaIaun1sh 2.19

(Dieter, 1988)

0.13Gb
L-2r

In (2.19)

S|~



UNN 3

(Y] q cé A as
a6 Qﬂﬂﬁﬂ! INFOND HAZIFTNIINAAD]

(Y] d A A
31 a0 Q‘llﬂiﬂ! uazammuﬂumswmam

311 Jagililumsid
v 9 4

Faanldlumsitenssdl gniaaslugld 3.1 Felsznoudae

q

a A & Y I zﬂy v R A A [
DIAUIUYUNTNINGA 356 %Qi%!ﬂuiﬁﬁzwuﬁﬁﬂ PFINTUUANINNYNTINAN

uanalunisa 3.1
PN s s =& v I A a A
- oumaganauns e ¥ ldndueuniaaiunss Jvuiaeyninnie

9 10.5 Tunseu nanTasn3HN SIGMA-ALDRICH
avanuiaman laud ezgiiion- lnnidion-Tuseu (A1-STi-B)

mslingUnsidugmvedlnseas wginaansanou laun aasouiion

A A <3 7,
- HUNUTY.(99.99 Lﬂﬁ)il“]ﬁuﬁ)

[

307 3.1 Jaqluanady
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J 4 ! av

312 qinseinaznsesiefldlumsive
4 A A Aq Y Ao dy 1 1 9 Y o dy
ginsaitazinTelon1dlumsidetiannsauiamunguns 1o la dail

4 A A ) [ = 1 9 1 d?
n) Qﬂﬂ’iﬂ!LLﬁZLﬂi’t’)\‘]MﬂﬁTﬂ’iULﬂﬁ‘c’JlJﬁ’TL!Wﬁmm%ﬁlﬂfiuﬂigﬂﬁuﬂﬁﬁﬁﬂﬂlu

A A

v A A
Yiaqalsznevinuezgiiioy

U

QN

- gmaen Iilinszueniieniy (Blectric Induction Furnaces) W3 0@
auguaangll (Wszneudie i lianuseusonnugaiuguansalsumas il e
{ o J 4 2 o o o a oy o { g
waouniwnnuns lla nazimes lwaehadmsuldiaguugliiTany)  fwmdhdlu
1 Y 9 A o oy a A [ A
unasInanuSewiesiimsvasuiih lanzezgliflouwdy asgii 3.2 (a)
4 a o @
- geuhdhwienginsainuauguugll  1¥dmiveueuninves
an 4 o Y] ~
Fanouns lud lunszuaunsi Surface treatment 931/9 3.2 (b)
A o ol 4 Ay L .. .
- asesihdama lglasnumaouinionginsaina (Injection Mobile
. . Y ' J v & J 9 LI
Degassing  Unit, IMDU) 1J5gnoudis uiauns bild demaeisnouniouginisiiiia ae
L4 < y o o [ Aan o s £ A o v ®
ginssimuguanusiseulumsilu vazdedmsunssgsanouns lua Funioiidaniy
A ~ 9 L= dy 9 o v Aan o o Ig}
leTaswwndounniovginssiniafin: ldnsfvnsoininvossanouas luaasgiilans

[

A931/1 3.2 ()
1a o . . Y o :l
- o uiNuN lavie (Cylindrical permanent’ mold) Wi@ﬂqﬂﬂimmﬂmu1
Y Y
1 a <
Tang 1 lunszurumsnaayuglsuanndluginsanszuen (Cylindrical shape)
- inseaFias M ms U @09 aumauae
d o [ = Qy @ a dy a A d'
v) insald1Mium TN uIaqslsznouiivosgiiiisuine
asdouInsedd nyamaLaznadoUAUIAITING
A A A Y Y o [ Qy
- nseudeeAouda lavie 1¥dmsudasuaulave
- In50uARe TarznUAUTN U Hacksawing Machine (Ercole 280A)
4
T¥dmsudasuanulany
A = = S A .
- InsoINddazRAUNTT AN ¥O3U Universal Centre Lathe (SUI
Yo @ = 9 2K A 2
45A) Tgdmsunasniulan tagndamiFuau
- 17399NA9 CNC (Turning) ¥03U MAZAK (Super Quick Turn 200M)
Y o o =< Qy A =<
1M UNAITUNUNONATOLLLTIA
A 1 a 9 9 A 1 a [~}
- INTPINABDITFUAIBANIOU FDTU Struers LaboPress-1 HAZITFUILA

9 o v a . : 1 o aaa v & () v o
dddmsunaouuy e Phenolic Fanuanuiougauaz luilgasendume ddmsui

v

[l Y
FoUTVFUMMNO AR N TIUTFUN UV TaRI TN wIi Tdasvaeudnyas Tnseadia

o—

GERG
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a [ Yo v @ 1 o y aa
- WIWNIULNAN Gl“]fﬁ’l?‘iTLH]'IJL'J'@’ligﬂ31Qﬂ1ﬂ1iaﬂ/ﬂu@1§ﬂ1ﬂ%aﬂﬂu

Y
g ludlni Tangezgliiounau

InTP9UARY  ¥o3u BUEHLER Wiougaaunyu Mdmsudamson
A
AU
- AITAENTIE 1D 180, 400, 600 1AL 800
o Y [ a 9 ] Ia a o [
- gUnsalvanioumitariamys Usznouaie uHumItloAad 11y
v A Qy Y A 9 = o % 9 o [
UsvaruauInGey M Induna @EHITVNINYITVEIA 9 JuATaN) RUNnuna (115 UK
Mysvua3 Juasen) wazin lulasuna (Gmsunanysvinal luasen)
d o o vAa o Aa
) gUnsaldmiuasnaeulnseds nganmatazaulavesiaqslsznoy
= a A
WuTanzozgiiiioy
v Y
- yagUnsaitasianuruuniuuuuunui lddmusuianiai
Y
HUMUUYDITUIIY
Y g Y d 9 o o
- naedganIsALyuLaInIengaglnIsiatenin lsdiusuns
= [ 9 [ A
ATAOVUAZTUNNNNANEDIZ IATIET WYaNA AT 3.3 (a)
4 [~ a 4 [
- ATOINAROUA MUY INT VT IUA Gdb’E]i;u Wilson Brinell Hardness
Y o [ YY) v < Qy I A
Tester 15d1131U3AA1A210LVIVDIFUINY A3 3.3 (b)
- 19TBINATVITIA (Universal~ Testing Machine) 'i:u Instron 1%
9 [
dmsumsnageurunuIag¥Falszaeaeglin 33 ()
‘a 1
- ﬂgﬂﬂﬂaﬂiiﬁumaﬂﬁﬁ@uu‘]J‘Uﬁ@ﬂﬂﬁﬂ (Scanning Electron
Y Y
Microscope, SEM) 31 JSM-5800LV l¥dm5uasinaoudnbai iuAImsuaninvesduaiu

o wa 2 o A
NMINANNMITNATDUTNUALLTIAN ﬂ\‘lzﬂ‘]ﬂ 3.3(d)
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J Y wva o a dy Aa A
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WADUDERHEN 356 + AL-STI-B + 8¢
Wiz Mg MK 700 ©

HIERRDUAIT e dunTzun1 s
Surface Treatment HQMHAM 1000 C
i
U3 wmd Wiy 0%, 10%, 15% lagd in

Y

arAlunaunsanauas lud

2
T Tavzosgilalsy

l

! JI 1=
watefiu g i Tavg
(GEMDHN 620 Uaz 630/C)

Y

RIS RN
AL ST LKA 1000 SEUALTH
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TN s viaan i wn nouanEn 7
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2
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r
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o Ths e §1aana

r
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o
3.2 VHADUNTIINAADI
Qsj a v dy a QSJ} 1 = v 1 dgl v
JunouMINeHIzeT IR LA N TaaIanTzUIUMIHasIuTagisznou
dy Aa A a 9 Aaa o o =~ a” d’ o
WuozgiiionasunssaIeeynIAFanoUA1S lUA NMIIATINFUNIUINDRINITATIVAD
Y va @ a A ~ 4 v 09:
Taseadgamauazauiavesiaqilsznoy Felugln 3.4 Tduaawumudsiunounis
o a aw A Y 9 ' d? 1 = o a [ dy
auunuItue 1t lvihotiu TasludiuveseaziBeasziimioiuesail
o (Y] a aa J ¥ 1%
321 duaeumsiSulzaieymadaneumsluadianuieu
@ a 1<
n3zuAIUMIUT59AIR28A1050U (Surface treatment) 1Humsoulinau
9 1 an o s A A A A a a I [
founnoymaganouns lug emuiaueen leanuinuriveseynia iumstlesiums
a o 4 Q' = 1 g} a a
madsdsznoums luauazimuanyainiso lumsitenszuiaih lanzezgliiisunas
aa o o a v dy o an 4 Y d'
PUNNVDINIFANDUAS LUA Taoluauadetaziinisoudanouns luadaaaiou Tvldn
a =~ < o o’j U Jq ¥ < % A
g 1000 oA usatFod (Wunaiwiu 4 i Tus aniuszilass131diaudrah
b4
gaungiides nowih 114 ludupoumsnandy
2.’/ \ é! v a .&’ Aa A a v
322 Yuseumsnidevusiiaadiwszneuiulanzezgiitisumasunssdigeynn
an d
Fanounis e

aa

A ) < dy aa o 4
1. 1aenldozgiiiowmannga 3564duTaveiivu uazeymasanouns g
. i< @ a A [ d” a
(sic,) iluiaqauns i umslsuilgeaanniiua (Surface treatment)
a A a [ 9 ¢ A a
2. waewozgiiion 5 nlansy Tunlwaouuns lWd Nguwgil 700 0ae
v 9 9
wafed a1 dn1azussemalng sunseRtergilifioued luaniuzveunaliiua wiouna
a /S o o w /3 o Jd o 8o
1@y AL-5Ti-B (0.2 1/es19ud Iagnimiin) Sr(0.03 1lesigud lagimiin) uaz Mg (1 1nlesisua
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Materials | Density, Hardness Young’s Poisson’s | Strength, G Failure Thermal
P modulus, E ratio, V strain, € expansivity
(gfem’) | (kg/mm’) (GPa) (GPa) (%) (10°K )
sic" 3.2 2800 410 0.17 3.9 1.2 4.0
A13567 | 2.68 60 71 0.33 0.160.2 3 24
(as cast)
v 910 Accuratus Ceramic Corporation, www, 2010.
® 990 MRT Casting, www, 201 1.
@nﬁN‘ﬁ 32 meﬁ'eu"lmmimam
Sample Ar gas SiCp content Temperature Assessment Remark
flow rate (wt. % SiCp) casting
(I/min) (9]
1 5 0 620 - Microstructure | * Grain Refinement
2 5 0 630 - Density (0.2% of Al-5Ti-B)
3 5 10 620 - % Porosity » Modification (0.03%Sr)
4 5 10 680 - Hardness * 1%Mg
5 5 15 620 - Tensile * Stirring speed 1000 rpm
6 5 15 680 « Stirring time 20 minutes
7 10 0 620
8 10 0 680
9 10 10 620
10 10 10 680
11 10 15 620
12 10 15 680
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Y 2
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Dimensions, mm
Nominal Diameter Standard Specimen Small-Size Specimens Proportional to Standard
125 9 -] 4
G—Gage length 62.50 = 0.10 4500 = 0.09 30.00 = 0.06 20.00 = 0.04
[—TDriameter (Mote 1) 1250 = 025 9.00 = 0.10 6.00 = 0.10 4.00= 0.05
R—Radius of fillet, min 9 8 L3 4
A— ength of reduced section, min (Note 2) 75 54 35 24
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Si Cu Fe Zn Ni Mg Cr Mn Pb Sn

Al1356

+ 1%AI1-5Ti-B
7.35 1.685 | 0.517 | >3.012 | 0.259 | >0.552 | 0.04 | 0.161 | 0.087 | 0.017
+0.02%Sr

+ 1%Mg
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Ar gas flow rate = 5 1/min Ar gas flow rate = 5 1/min
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This research studied cffects ol pawddr-injection casting parameters on mechanical
properties of $iC-reinforced 356 aliminum cafposites. SiC, with an-average size of 10.3
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rpm by using a modified hydrogen dégmssing michine prior 1o pouring into cylindrical
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