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Development and characterization of Metal foam
by the LED heatsink

Hyeong Il Jang

Department of LED Convergence Engineering,
Specialized Graduate School Science & Technology Convergence,

Pukyong National University

Abstract

LED is attracting the interest due to its important impacts on illumination
industry. However, currently, the thermal problem that is brought by heat
generated within the LED itself is still a barrier that limits the stability,
reliability and lifetime of LED. Therefore, effective heat dissipation of LED
packages with low thermal resistance are significant to improve the
performance of LED. The previous method of manufacturing the Aluminium
heatsink needs high temperature. This generally leads to growth of
manufacturing cost. It is possible to make the heatsink without high
temperature for the melting process of previous method.

In this study, first of all, the metal foam heatsinks were fabricated by using
various metal powders and binders. The component of metal foam were
investigated by using the energy dispersive X-ray spectroscopy(EDS). The
microstructure was examined through field-emission scanning electron
microscopy. The compressive strength was measured by universal testing
machine. The Strength of Zn based matal foam was about 4.14 MPa, whice
was the highest among various metal foam. BET surface area of Zn based
metal foam was about 9.467 m?%g, which was much higher in comparison with

other metal foams. Finally, the performance of heat dissipation were measured



by using a thermal imaging camera. The metal foam heatsinks and the
commercial aluminium heatsink were combined with each LED lighting fixture.
We measured the actual heat dissipation effect of heatsink, the temperature of
LEDs combined with Zn based metal foam and Al based metal foam is about
48.6 and 48.2 °C, which showed an efficient heat dissipation by 95% compared
with commercial LED heatsink. These metal foams are expected to fine

potential application such as heatsink of LEDs and other electronic devices.
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QAAE | Q275 44243

(300 K 71%)
12 Mg n} v % 156.0
13 Al AT 237.0
22 Ti ElElg 21.9
24 Cr = 93.9
26 Fe =] 83.5
29 Cu 7-g 403.0
30 Zn o} 116.0
47 Ag o 429.0
50 Sn T4 66.8
78 Pt Eiiy 72.0
79 Au < 318.0
82 Pb =) 35.3
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"3 . A ¥
NE Cash(Official) FIHEE A AL (L) WEE(p
25| 5/26 | 5/256 | FA®) | ¥l & (%) 5/26 5/25 5/26 | 5/25
Cu | 7705 | 4636 69 1.49 155,975 | 155,250 725 | -450
Al 1,553 1,639 14 0.91 2,539,900 | 2,544,325 | -4,425 | -8,575
/n 1,882 1,821 61 SE35 385,025 385,075 -50 =775
Pb 1,667 1,646 21! 1.28 185,275 185,550 =275 | -1,050
Ni 8,375 8,340 35 0.42 400,896 401,874 -978 -588
Sn 15,725 | 15,500 225 1.45 7,045 6,980 65 -15
E 1-2. dE2FQA AR 714 2 AHF (&9 @ 28, E)
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212 €938t do #3 g8 71A 4

ol

dAde A F AEgH= 29 4 4 (2-1)3 o] A% (conduction),
B Al(radiation), o §F(convection)®] Al 7}A] &F° &3} Zom dAdAYE
Wi webA Z42E ARG = EStol A del #ek S BRY v 2

o},

QTotal - QC’onv U, QCond + QRad (2-1)
dt
QC’ond 7 k‘A% (2-2)
-kt Thermal conductivity[W/(m-K)]
A Surface area(m?)
dt : Temperature difference

dx : Thickness

QCOTL’U — hA( ]zt) - TEnv) (2_3)

- h : Heat transfer coefficient{W/(m? K)]
A Surface area(m?)
T : Temperature of the object’s surface and interior

Teny - Temperature of the environment



Qpmir = ed AT (2-4)

: Emissivity(0<e<1)
. Stefan-Boltzmann constant(5.67x10° W-m 2-K?)

. Surface area(m?)

N o 0

. Temperature(Kelvins)

2 (2-2)¢] FE oA (Fourier's law)oll A A= dAEES =3y ol &



2.2.1 AA WAY FALAAEHZ (FE-SEM : field emission

scanning electron microscope)

Aurnel B3 @Avige] Feols We Amwe EAS] ARE F

& ol wabg o] olel A= AE AH Wuel g SE gAY

aL, o] d HAAHel =AAEE 7R AlEREH YAEHE YA o iR
o] & TAow AgAH, U] A= A8 TAHAUAE 7] == A
YA71aL, AR AFeEe AgoA vfer YteA " o W o7 7HA
BARE 72 A E WEsHA HH ol A3 FollA 23 A5 £ 5H
FZE7E ZE8) Sdd o|u %= CRT(cathode ray tube)o| ‘}epwQic =

X)X (characteristic X-ray)< &34, o] EA4XA oyA Ft

Py

o,
J|m

& &8t AP Alse A4 % AFEe @+ Utk
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222 Bl WA Z=AAAX (Surface Area & Pore Size Analyzer)

H W2 =442+ @A e (activated carbon), A& #}o] E(zeolite), 2
FH(silica) 5 A =2 v F W A (specific surface area)o|v} 7] &9 =

7](pore size) B ¥ 3¥E(distribution) 5= 7|1AGHHS ALESY] SAHS =

a¥ 2-2. ¥ EHE SAFA A
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2.2.3 5 A E A ¥ 7] (Universal Testing Machine)

A (servo) 4k Aol Alx®E ol gate] FxEel A He FH
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g3k AR A5 A 262 YERTI = g

p)\<T)+Oé)\(T>+T)\(T): (2-5)

o () +7, (1) =1 (2-6)

o714 pi= WA} & (reflectivity), a= &5 & (absorptivity)ol™, = F3
& (transmissivity) o] o}, REAE(p), ST7€(0), FHE&(De e 22 2

@-7)el oaA YERE S 9l

Reflected flux

s D% 1 )
P incident light flux 00% 2-7)
Transmitted luminous flux
- X
! incident light flux 100%
o= Absorption luminous flux < 100%

incident light flux
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® Ad2 LED =49 s|EAJARS] A& Fad oz 7HA 5450
ot dss 7HAW AlxzHA o] tdetal FATE e w5 AR
= Axstr] o8 APt o, &FuE(Aluminium ; Al), -2 (Copper;
Cu), #(Iron; Fe), ©}d(Zinc; Zn), =& (Chromium; Cr), B Eb&(Titanium;
T & Z7e] 5% 23 o]ibsht&(Si0y), &gt I (activated
carbon), HATAYE F(sodium silicate), A3t (H00), S5 (H0)
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TR E (a) (b) (c)
gAet Ed(g) 0.00 0.00 0.00
dFuE EH(g) 5.00 10.00 15.00
o] 2k}t 2 (g) 5.00 5.00 5.00
&9 (ml) 450 4.50 5.00
N A4 EF (ml) 10.00 10.00 10.00
F4Est4= 4 (ml) 0.25 0.25 0.25

E 4-1. &5 F §Fd 0E &¢FvFE 2E2AY FAAH(D)
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A ES (a) 00 g, (b) 05 g, (¢

o xk3}t 229

10 g, (d) 15 g, (e) 20 g, (f) 25 g, (g) 3.0 g, (h) 40 g, (1) 50 g7}~

MehA A Ad @ wzale] whabda A

-

JRER

ebar,

=
=

o= g & RAAE S B

7] o1 2l

3

A]

7ol

bl

15 goll A 40 ¢

H7hgol

o] 45}t A ]

7}

g

o)

&fo] o] ikshat 4

=
=

Y 4-2. o|A3 4 %S (a) 00 g, (b) 05 g, (¢) 1.0 g, (d) 1.5

2:5‘_]_—

g, (e) 20 g, (f) 25 g, (g) 3.0 g, (h) 40 g, (i) 5.0 g AL-&3] A ZF
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TFAARE (a) (b) (c) (d) (e) () (g) | (h) i)
G &
b () 150 150| 150 | 150| 150| 150| 150| 150 | 1.50
T =g
vl
bl () 20.00 | 20.00 | 20.00 | 20.00 | 20.00 | 20.00 | 20.00 | 20.00 | 20.00
T =\g
SRE RS
(@) 000 050| 1.00| 150| 200| 250| 3.00| 4.00]| 5.00
g
= (ml) 150 200| 250 | 250| 3.00| 300 350 | 4.00| 550
o
TFAHYES | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00
(ml)
z }1\1" /‘_/lk_
* (§]r1;r 025 025 025| 025| 025] 025| 025| 025| 0.25
m
B 4-2. olAtE A T Fd WE EFrE YxA Y FA4H
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a¥ 4-3. ¢FvFE £2S (a) 225 g, (b) 25.0 g,

(c) 30.0 g, (d) 35.0 g ¥33 LFrjE TEA ©H A
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(a)

(b)

1.50

(c)
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22.50

1.50

1.50

1.50

25.00
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35.00

4.00

5.50

4.00

4.00

4.00

10.00

6.50

8.00

10.50

0.25

10.00

10.00

10.00

0.25

0.25
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(9),

a9 4-4. E 22 (a) 05 g, (b) 1.0 g, (¢c) 15 g, (d) 2.0 g,
(e) 25 g, (f) 35 g, (g) 45 g, (h) 55 g £33 L Frg LEH Y
o9 ARR
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TR E (a) (b) (c) (d) (e) (f) (g) (h)
e 28 (g) 0.50 1.00 1.50 2.00 2.50 3.50 4.50 5.50
&
B ) (o) 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00| 30.00
T =\g
o) AF B 2
] fl—) 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
g
=9 (ml) 5.00 6.00 7.00 7.00 7.00 7.00 8.00 9.00
o)
AU EE 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00 | 10.00
(ml)
b /‘\_]__ & /\—/]\_
ket 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
(ml)
=3

44 24a &2

o AHFE

=

73]
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a9 4-5. (a) &F"F, (b) &, (o °t4g, (d) "HEF, (o) 74,
) 3§ 5L A8 AxT 35 2 A9 g AR
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e I (a) (b) (c) (d) (e) (f)
oA e
1.00 1.00 1.00 1.00 1.00 1.00
o (g)
3000 | 3000 | 3000 | 3000 | 3000 | 30.00
5 8 (g)
(AD) (Fe) (Zn) (Ti) (Cu) (Cr)
O] AF B} 2
] f})ﬁ 400 4.00 400 4.00 400 400
g
Z 54 (ml) 6.00 4.00 5.00 3.00 450 3.00
o2
FAUES | 1000 | 1000 | 1000 | 1000 | 1000 | 10.00
(ml)
b /1\_]__ S /\5\_
* (g}; 0.25 0.25 0.25 0.25 0.25 0.25
m
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Intensity (a.u.)

Intensity (a.u.)

a9 4-7. 78 XA Y FAHAALE
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Intensity (a.u.)

I¥ 4-10. 25 TXAY FAAE R "ATE

Intensity (a.u.)
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Element Weight(%) Atomic(%)
O K 2751 39.08
Na K 2.05 2.03
Al K 57.49 48.42
Si K 12.95 10.48
Totals 100.00
X 4-6. &€FvF TXA Y FAHALAL v &
Element Weight(%) Atomic(%)
O K 28.33 54.93
Si K 16.34 18.05
Cu K 55.33 27.02
Totals 100.00

_37_
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Element Weight(%) Atomic(%)
O K 2751 37.08
Na K 5.07 7.72
Si K 10.16 12.67
Fe K 67.82 42.53
Totals 100.00

X 4-8. F XA FAHALAL ¥ &

Element Weight(%) Atomic(%)
O K 14.29 37.42
Na K 3.91 7.13
Si K 3.52 5.25
7/n K 78.28 50.19
Totals 100.00

_38_

E 4-9. ofd TXA Y FAEALA ¥ &




Element Weight(%) Atomic(%)
O K 26.36 47.40
Na K 5.28 6.61
Si K 17.36 17.78
Cr K 51.00 28.21
Totals 100.00

£ 4-10. 3¢ 2EZAY FHLL v &

Element Weight(%) Atomic(%)
O K 57.34 69.95
Na K 3.11 6.89
Si K 31.64 21.98
Ti K 291 1.18
Totals 100.00

E 4-11. HEtwg XA FA4LA H &
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43 H 283 £4(BET)

¥ 4-12%H O 4-172 747 a4 wx Ao v 1WA (Surface

:
Arca) HlolBE FE ezl 4 U413 A 4-DE Boke] F& W
- 7

At o7 v WAool =545 it FEsiy =& dHEREE A
S g JoH22]. wekbA BlaEH A o] Y& old, AF, &FHlw YEAE 9
ENARZ ALY A a9F8A ddgs ¥ Ao=E g F v

1 _C’—l(P)+ 1 D)

P —P -1 wo,C P’ o.C

- v . Adsorbed gas quantity
Vi - Monolayer adsorbed gas quantity
C : BET constant
P Equilibrium
P, : Saturation pressure of adsorbates
1
Um T AT T 42
- A : Slope
I/ © Y-intercept
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56

48 -
— 404
~
£
=) 324
=0
—
s’
3 24
=
—

16

3 T ¥ T . ] Ll
0.02 0.04 0.06 0.08
Relative Pressure, P/Po
BET summary
Slope = 559.518
Intercept = 1.783e+00
Correlation coefficient, r = 0.999970
C constant= 314.776
Surface Area = 6.204 mig

3¥ 4-12. ¢ FvlE XA 9 BET 2= 2 HEHH
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1/[W((Po/P)-1)]

72

0.12

64—1
56
48
404
324
24 T T L] ] L]
0.04 0.06 0.08 0.10
Relative Pressure, P/Po
BET summary
Slope = 596.573
Intercept = 3.105e+00
Correlation coefficient, r = 0.999998
C constant= 193.126

Surface Area =

5.807 m¥g

3¥ 4-13. 78 XA BET 2= % HEEH
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1/I[W((Po/P)-1)]

88

80
72
6_4_.
56
48

40+

32
0.04

ll.ilﬁ . 0.;]8 . (!,III]
Relative Pressure, P/Po

0.12

BET summary
Slope = 726.179

Intercept = 3.816e+00
Correlation coefficient, r = 0.999997
C constant= 191.309

Surface Area = 4.771 m?g

a9 4-14. 2 2 ¥A 9 BET 2= 9 HEH3
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1/[W((Po/P)-1)]

64

564

48

404

16
0.04

T T T T T T T
0.06 0.08 0.10 0.12

T T T
0.14 0.16

Relative Pressure, P/Po

BET summary
Slope = 366.357
Intercept = 1.493e+00
Correlation coefficient, r = 0.999891
C constant= 246.311
Surface Area = 9.467 m¥/g

9 4-15. ofd ¥ A9 BET 2= ¥ HZHF
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1/[W((Po/P)-1)]

64

564

48

404

32+

24 4

16

» L] L L]
0.04 0.06 0.08

T
0.10

Relative Pressure, P/Po

0.12

BET summary

Slope =

Intercept =

Correlation coefficient, r =
C constant=

Surface Area =

497.206
2.561e+00
0.999997

195.163

6.968 m?/g

a8 4-16. 28 2 ¥ A9 BET 2= 9 v ZHF
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1/[W((Po/P)-1)]

88

se-.
72
64
56
43-.

40+

32

0.04

ll.llﬁ ‘ 0.:]8 l lJ,IIl]
Relative Pressure, P/Po

0.12

BET summary
Slope = 761.455
Intercept = 3.972e+00
Correlation coefficient, r = 0.999998
C constant= 192.685
Surface Area = 4.550 m3/g

a9 4-17. Hely ¥ X A9 BET Z¥d= 2 HEHF
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Load (kgf)

120

Aluminium
Max-Stress : 0.20 kgf-”mm2
100 - 1.98 MPa
80 -
60 4
40 Mazx load
107.2 kef
20 4
0 T T v T T
0 1 2 3 4

Stroke (mm)

19 4-18. &¢F 7w XA A=
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Load (kgf)

160

140 -

1 Copper

2.84 MPa

Max-Stress : 0.29 kgf}’mm2

120

[

=

=
i

80
60 -
40

204

140 kef

|Max load

0.0 0.5

a9 4-19. 78 22AY d5A=

Stroke (mm)
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Load (kgf)

140 -

120 -

Iron

4 Max-Stress : 0.26 kgﬁ"m.mz

2.56 MPa

100;
se:
60;
40;

204

Max load
138.8 kef

Stroke (mm)

a9 4-20. E 22A Y ¢SAE
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Load (kgf)

250

Zine
Max-Stress : 0.42 kgi‘f’m::n2
200 - 4.14 MPa
150
100
Max load
504 210.8 kef
1
0 T v ) ¥ L) " L)
0.0 0.5 1.0 1.5 2.0 2.5

Stroke (mm)

Y 4-21. ol 2 XA Y =L
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Load (kgf)

70

60 4

{ Chromium
Max-Stress : 0.15 kgi}"mmz

1.43 MPa

504

40 4

304

204

104

Max-load
60.8 kgf

Stroke (mm)

Y 4-22. 38 LEA Y =L
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120 4

100 -

Max load
120 kgf

Titanium

Max-Stress : 0.23 kgi}'mm2

2.30 MPa

0.5 1.0

Stroke (mm)

1.5

a9 4-23. HEF $XA 9 YFAE
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