Ay M )
Rl = 2 ~ &

B A A AE £ B (Gr/A356) 2 R s Wl ae s AT
A Study on Fabrication and Properties of High Thermal Conductivity

Aluminum Composite (Gr/A356) by Squeeze Casting

GEEREE Y

TR SRR R S
GEEIE

POEN Y L



Ay M )
Rl = 2 ~ &

B Agr A AE £ o (GT/A356) 2 B R EE S Wl Ar s AT
A Study on Fabrication and=Properties of High Thermal Conductivity

Aluminum Composite (Gr/A356 ) by Squeeze Casting

RN 2K
I ERE D FE ER
FI R o

POER R L



B EA4rAAE & 11 (Gr/A356) 2 Fr R 483 flar e AT 3
A Study on Fabrication and Properties of High Thermal Conductivity

Aluminum Composite ( Gr/A356) by Squeeze Casting

Moro2 i Rgy Student : C. F. Chang
hERE P EHE Advisor : C. G. Chao
¥l T.F. Liu

IR R4

LR - 2

A Thesis
Submitted to Department of Materials Science and Engineering
College of Engineering
National Chiao Tung University
in Partial Fulfillment of the Requirements
for the Degree of
Master
in

Materials Science and Engineering
July 2010

HsinChu, Taiwan, Republic of China

PERRA L4 £



B LA &R (Gr/A356) 2 R WA BTFA Y

54 EHG pERE P FE BL

Rzl ~ &

HAFE 81 7 7 TR LT

i &
AP SRS FEER B Gl R RA SR BEER T
SEARR T E AR 23R i 8~ 08 2 [0MPa R 4 SRR > AR

g4 1 550°C > HEfS #-T50°C e A356 458 12 50MPa /R 4 % » o ¥ (B %

P

503 4CH 2 B E FA T A AGE £ OM ) SEM B H 4 6 7 i 22
PR & % x-RECMRA 17 2 522 A356 L FAL ALG T &4 o Bis i
* TPS2500 #: i % 0 dc R RAF B PP e B 9 colicsr SR i o

R RSEHT  F PR SMNARFE B EOMHAS FE 43%
MBS E R Gl 1TAV/IK > A% 5 ¥ 40 » BUR 2 BRI T 5 A
BT R T R G D TA6% 0 A AF & HAHER BET

263W/mK E_A356 244 128W/mK e &5 2 F o



A Study on Fabrication and Properties of High Thermal Conductivity

Aluminum Composite (Gr/A356) by Squeeze Casting

Student : C.F. Chang Advisors : Dr. C. G. Chao

Dr. T. F. Liu

Department of Materials Science and Engineering

National Chiao Tung University

Abstract
Manufacturing=high-thermal- conductivity and high volume fraction
graphite-reinforced aluminum matrix composite was taken by squeeze casting
procedure. Mixing several different ratios-of-flake ‘graphite and particulate

graphite, then those mixtures pour into the mold and pre-pressed with pressure

10MPa.Graphite was heated up to . 550°C-and the melting aluminum alloy (A356)

with 750°C was infiltrated into the interconnect pores of graphite by 50MPa

pressure. A uniform and nearly pore less graphite-reinforced aluminum matrix
composite can be obtained. After the observation of the surface morphology and
microstructure via optical microscope (OM) and scanning election microscope
(SEM), as well as phase analysis by X-ray diffractometer, there is no Al1,C;
compound between graphite and aluminums interface. The thermal conductivity
and thermal diffusivity were measured by TPS2500 thermal conductivity

analyzer.



The test result shows that graphite volume fraction is only 43% and
thermal conductivity of aluminum composite is about 174W/mK with all
graphite particles. Owing to the addition of flake graphite, the volume fraction
of graphite can be increased to 74.6%. The thermal conductivity of aluminum
composite is raised up to 263W/mK which is 2 times higher than that of A356
(128W/mK).
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Composite thermal conductivity [W/mK]

Composite electrical conductivity [MS'm]
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(a)

FMAELE el. conductivity=37 7 MS/m (237 WImEK)

.

ide
¢
.

" matrix el. conduciivity=29.4 MS/m (185 W/mK)

1] 0.2 0.4 0.8 0.8
Diamond fraction of reinforcement [-]

(b)

Il

Pl &

P E A E i (b) MipgAs T2

15

[22]

BT %



3-1 R
3-1-1 HFE

AF T 2 R A BR E R EER T s (B 3-1) ¥ 51 EEF
PR RO REN Imm; EAE Y G R 6 R 5 A356 0 H L
ded 3-1 #7157 -
3-1-2 3 e

B ot BI( 32)MBERT & ETR PR RE S0 B AR

i

AL A RT BR ISASE s & p e TR R~ B AR 0 RS

BB YRSV R AR EIHIRE

3-2 3 & Bt cih R
3-2-1 F R R AR

AR SR BRI ARACR] 3-2 Hr T
3-2-2 RERA

Bl % - & 15em > /S 6x6em ek 3 AR > ¢HiE G 2 s 10em 2 ]
AL - e BB A oAU e LAE s A L R
N Y o
3-2-3 B % % (B 3-3)

L NRBWIET S - KAl E o XA %l - el RTRE S

16



HEE 13 4o R B @R > 5 4 10KN #48 24 A B 2 3
3-2-4 45 R8IER

ARG EREE A HERN > 202 I0MPa 2 B+ FE R & H

&

2 -? T Z_gf o
3-2-5 sk A8 3E A

MM BB ST B At L e BARE LR R
PR T B R BT F IR L LA Mt SAELR R R RS 550
3-2-6 R AR

¥ 5B R FES50°C A i Bl s ) 2 Bke 750°C A356 458 -
N I (7R 0 LR 4 FaE SOMPa PR 120 45 0 £ A

'mllb ’Kf‘i&“‘ TF&gﬁ-J’\T%‘*%ﬂg]q,/}ﬁ ﬁ’»w‘g’fﬁ—g"n—up °

3-3 Bz L7
3-3-1 % ARl

RAFHE T L 100C L 3 -k F 20 pr s By £ H A4 R AL
FERIL R TRINIFE S BacR Y BRIIBRE Wo e iR B ke

fsBldizzE Do

oy o D 3
AR E‘.—D_S (g/cm’)
Lia )iizl_s (g/cm’)

17



332 B EMMA TP
PR &2 PR SRR A 5 VA
2.1V +2.68(1-V)=%8 % &
3-3-3 T L-4EAH R G A
F% Xk Hebtth AR R_A356 82 7 5 L E A5 ALC F Bk > 1 E A4
IR (T %ﬂ F] 20~80 & 2id jB] » * 12 MDI ade5.0 s 48 & {7 ¢ % o
3-3-4 B R&E EPERR
ReAR R AF & MR AR R F L] R R (SIC)F) STk B od #220 o
#400 > #600 > #800 ##1200 ~#1500~ #4000 F fris» £ 12§ it 4ERE iR
(A1203)1.0pm,0.3um,0.05um & {7 #& 6 > JeF Kof B B~ 7 Ak (Acetone) ® 1Y
REABRTBRTIAEESS 205 ’%E%T’—i“f’ﬁ%-éﬁ%‘v}iiﬁé‘}“*;’é%‘f
M BLE T 52 A356 it i o A i 8 & AR o
3-3-5 ¥4 ;8 T F B i (Scanning Blectron Microscopy,SEM)
BB FF L ERERRETE CEEPI BI040 R T A B
A 7 > 41 % Hitachi JSM6500F A # 47 3% & & BACELBELZ F & &2 A356 cha
Lz d H2 Wafha e
3-3-6 # B HE G P
Bebr A & HOREE A 8 50x50x1.5mm E 5o B R E LS G

BE A R L HER RS MEET Y SW 2 e

18



014y > @7 F34e3-5 08 > Sdha BRA > Hdhs FHER - 2 ps

BFafficihii - FRFPFEREREL LT > ot i@ s XT3 P 2 #

LR R O 3]

19



45
%31 2 L& A356'I“i%?[ :

R & Bk T & A356

% & (g/cm3) 2.09-2.23 2.09-2.23 2.76
8 E A #(W/mK)|  140-500 150-500 128
v 4 (J/kgK) 100-250 710-830 900

% 32 F B SR B R 25

sx sSErk & () gt E s (g)
A 2.5 47.5
B 5.0 45.0
C 75 4.5
D 10.0 40.0
E 50.0 0

20



(b)

B 3-1 (a) B R - 2 oh i@ (b) Bk - B K & &

21



B 3-2 (a) #k 7 & HETFALE (b) R FERE G

22



YE A3

A3064F B

fe# 3 750°C

5 ~ 487

12 50MPak 4-F/k

PR1204)

T

Bl 3-3 B4R AL

23




B A

593

Bl 3-4 BREESHE 7 i F

g
B 3-5 H#rR&EHUT L H

24




@] 3-6'TPS2500 #: & F- 8 |7 % #

Temperabre [K]

18

D T T T L Lt T T I T T L r T T

0.005

B 3-7 TPS2500 & % % B3

B

016 030

[36]

25



MR R S 2 W (R 4-1) 57 38 @35 A LSmm-~ £ % 4
5 50mm N E & 4EAAF EHALE R gAY P AR ETE PR Y
%R (£ 41) ER YT E Wb T2 A3ERR T 5 2 T HRES

B IR T RIS o IR DR AR A F LT E-4F
RAFEH o B R EMAEALF Y 43.690 o FH S FREFNRS 5 P § M
Bk T B R AR E L e E s e RS B4R~
WA & MR ek @ P e & R S Bl o S
B4 RS T R A GRS /**[ Mo i ) msicae
VoA AWML S I 0% B B ] R A hopd B AR
BB FRRER T R RARE ) R R A F A 2 Al BT o T

CUREE AR 0 T A R FEER B R NP A R
PR OT EARTRE > U H AT SR TR 0 BD R S T 5V
&ML REAR A o

44 41797 E ARYOHBAER] a ERF AR L
PRIFRLER - d £ 41 FHRD ARPHOEEMBELS FEREF E RS
FEMBAFEM (£ 42)  VEP FBLRFENE LY ant blAxE pF o

TR SRS TR AR ARE AT SRS (TR IS i

26



BECY > TR EHEY SMES FT A R k1 43.6%H 2 3 73% - B
43 5 AT E T ®24F E ik B Misiz £ 4P *%\« (R4 23X 5100

B RS PHT PR kT AR B R

]
X
\ N
8
i

g;

()
=
e
=&

AL BRMA T LB EAEAAEH o S AP

i3
B it i gk 2 & g RS AT T TR 0 AR HD

.-\\
-

S B A T EBRTE FFIVHERE B HRES URRE 4

A
e

CIER TS

FENEN T EB T ERMBZ Y > RN R HEAF SR A A o F

ﬁ VA 3}—“4 %Ké}fﬂ'&?‘}%#%% ’ u;}{t. iﬁ’;@]ﬁ’ﬁfﬁifﬁﬁg‘}g?"'E’f']ﬁfbi

TR

Wi 41 915 > SHEBRES S UL N L 4ERAF LR EiLl

S‘

FHEF A2 - 2o F L WA PI* G s pr i gt 0 A356 iR R
R EZ a2 B BREIR T R AT RIP I E L
EEP G VRAFIETADFEMELSTES > HER T R B

s TP A R ISR AT BRI N E R A A H ARt 2 A
MEEARY B - SRF O ORBRT R MEa2 e s NSt A B
FEHRapIRA S Z3 5 RPN FPAKWERPERRF > B A 9ik

PRMPESHEBR

27



4-2 R R AR 2 B A 1
b 3 pl-4E2 BB IR F 0 FIpeRd I K- R4 & RS ’FT

AL m,j* LR 4RE T & oehde & iR E_F 24+ F_ 41 * Hitachi JSM6500F

AFH TSR FE MR - Jd B 44 (a)(b) mrugd o4 é
IRRA G A356 AEL £ HAH o MR A L R R H 0 g d 50MPa

RS B VNP EBEEAM AR A - e T RA S

AEIRRIE T i PR AT o

4-3 FEEFEAFEHFL N0 A7
E Rt A AR E MR PRt R A M ETE T ER
ﬂggﬁ@%mﬂ,g{Aﬁ6ﬁz&ﬁ@giAmzﬁﬁw’%%gﬁ@
oL e @ R 'ﬂt“%ﬂ?ﬁd X-ray kg2 A356 2 F 2 F &AL F IR °
4o 4-5 97 0 T BT ALCs e s 0 Tl AFRREG F R F ALG 2
o B H € E AR & MR R R .
FI* Fh T HEMREM B BFEBZASCELER G 0 10000 & >
Bl 4-6(C)D) P> A6 - EFa £2 2 F > 7~ ¥ @mP A356 &

FEATE R B4 E ALC -

28



44 EMHBASFHRAGEGEK

FEAEA E MR XA P 50x50x1.5mm + o) i
ek, ¥ -TPS2500 s BB & ~ i B iR B2 F ot A (B 4-7) 3 E
BB E G ek 4457 0 F R EMB A TR B AGE Gl T
B2 3 263.1W/mK[ B 4-8] - 134517 A K A2 riF 2 M R - V3 E DgF L
HoRz b # S AR TPS 27 B B E G 2 £k 7 @9 Bk
Frernt B SAF S MR B drd 430 £ 440t 0 F B EMAEA FH
foo BB R G S OF AR A BRI R 0 P F D2 v

; J”Lr.‘“b"élb#ﬂ&?% iR LT Bk ,gé’yﬁ,:k\ ‘-z‘»_\,l__';g:;f‘n,,ﬁl\*ﬁ R o

o

135 Gustafsson =038 > R R B PR Pl R Z 8 H e B el (g o
AABEGE A RBRTHEY R BRE AR L - E mFHRTETR
= 2 &0 B 4-9 ¢ g s TPS2500 #r& FenBIE> & 288 WA & S AI(F
4-9) 4 ¥ i E0 AT £ ML AR ARS6 il il A (£ 3-1) o
A356 5 & T EERLY AR A pd LT EEREPI T
HESGF L2 2ABMATHRY X2 RTIHBBUEIRAFIRPIT BF L

4
ﬂ@%i[]ﬂﬁ “EFRASA B AR TSN R R

E=|

AR EAFIZERL B R EY A FIHRERMER AR ED > AT
FROTEER S R T e § RO BRE B E GRS § A

B B J N RS EAHTHRELS A BRE R

29



Fad PR @ OB GRGET 2R 0 F16 SR E TR G

T TPS $itwipl £ 8 @ % D deps > & g » R P chB R 2 <]
Fi AR R BEERFEZ Y RALE SN PHIEE (F4-10) 3 b % | 1
ERIE  HEEBFET DI ) E LRDFERTTAR > TILEF LT
i O R e B < o Ao B 4-10 % RIATT 0 STIRIE S R R Rk ank L
o E R R E P R AR RIEE R o R B K R iR E By

ARHVED G FEMRFLS FH A RBE G R RS  F
FEREDEGEES HIRATIEHNY  THEFFEOREERET L
Begik P L X RS AR F T T Rt 2L A

LR EEL Y REE L E NRTT

30
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E 2.434 2.431
242 FEHPEaMBAREEWEAS

= 5 AR EA S (%) A A% R (gem’)
A 74.6 2.248
B 64.1 2.308
C 59.3 2.336
D 50.2 2.389
E 43.0 2.431
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#5 | PEMBTAI%) | MR At
(g/em’) (MJ/m’K)
A 74.6 2.248 1.905
B 64.1 2.308 1.976
C 59.3 2.336 2.009
D 50.2 2.389 2.092
E 43.0 2.431 2.140
% 4-4 TPS2500 & P& &

7 ERA A F %) LA #2 M /KD W o (W/mk)
74.6% 2.035 263.1
64.1% 2.111 243.2
59.3% 2.179 205.8
50.2% 2.253 189.4
439% 2.269 174.6
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