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Abstract: Thermal conductive acrylic pressure sensitive adhesives (PSA) were synthesized by solution polymerization.
The adhesive was mixed with (30, 60, 90 wt%) alumina (Al) pretreated by silane coupling agent. Adhesion properties
of the PSA/AI1 composites were investigated by measuring peel strength, holding power, and initial tack. Thermal con-
ductivity was measured by a laser flash analyzer. Peel adhesion and intial tack decreased with the alumina content, and
holding power tended to increase. Adhesion properties of adhesive tape using modified alumina decreased compared with
using pristine alumina, and thermal conductivity was increased by 10%. It was confirmed that the interfacial bonds
between the PSA and the modified alumina increased because of silane coupling agent. Thermal conductivity of adhesive
sheet containing 90 wt% modified alumina as filler was 0.242 W/mK, which was significantly improved compared to
pure PSA sheet.
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A71= 22 aluminum nitride, boron nitride, aluminum
oxide, CNT, 2% 59| ¥dA=Y & y1FHste] +
AE5GA ] SAEEE 7= ol ARSEL TS
W AEA|e] GHEEE PIATN7] s e HEZZE o)
H] 50% o)de] te] eyt a7kt ey S48
745, AEAF mE ete] vke AHAGE o= Qs I
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2 AFox =
31, 2-ethyl hexylacrylate %
methyl methacrylate, acrylic acid® A2 st= 49
FHAE F/dsted, 3-glycidoxy trimethoxysilaneS AH&-5}]
FAHOE AT AAET GdRrUE £st] A= B
dolmadHFZAE Azt 5L A s, 49,
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AEXE. ¥ Ao A = 2-ethylhexyl acrylate(2-EHA,
Aldrich), n-butyl acrylate(BA, Aldrich), acrylic acid(AA,
Aldrich), methyl methacrylatea(MMA, Aldrichy2 @2 A}
2313} 7IAIAIE 2,2" azobis(isobutyronitrile)(AIBN, Junsei),
2= ethyl acetate(EAc)S A3t} 71wA| =2+ isophorone
diisocyanate(IPDI, Aldrich), AZFAZHAI= 3-glycidoxypropyl
trimethoxysilane(3-GPTMS, AldrichyE AFE-31ATH AT
a2 A7 5 um(Ds)e] T (spherical)®] &FPILHALO;)
(BAK-5, EPORT Trading Co. China)S A+&-3}9]t}.

HaMe M. 2 d3dA = Table 13 2] Initial
Charge, Feed 1, Feed 2, Feed 32 U7o] ¥HS-S 21331

o =2

Table 1. Recipe of Polymerization Used in the Study

(unit: g)
Initial charge  Feed 1 Feed 2 Feed 3

EAc 130 20 80 40
2-EHA 36 74

BA 16 34

AA 33 6.7

MMA 33 6.7

AIBN 0.04 0.1 0.2

o)L=

sle 1 Qe w3
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t}. Initial Charge= F 34821 7HA] ©AIE ©HEFA ] 2
7+ &S =S Feed 1914w 2824 AEe] Addt

AR A&5H0Z HSIAIA -2 Y3, Feed 2914 =
3o $48 Fst7] fldl ke gule} MMAAIE FY

sl AGE LS AAJSL Feed 32 IGe aFE 3
FS A Al HEFe] s FYskAnt A3A =
1000 mL &3] $7-4] Hks7]old i £9)71, 150 rpm2)
WL 78°Ce] YT L2 FAIE] AR
18- 305 ©]%, dropping funnel2- ©]-8-3}%] Feed 19|
A A L IAAIE 2417 30 B F A7 30
A8, Feed 2014 1A17F 3082 F9) & 147k 308 5%
ste] ZHR @RS bdd] FEetaAl skt

20|t Xt FHME. GFut Yxte] EHslE WA
2= 93t pHE 4.5~5.02.2 A3 95% MeOH &
100 mLell 1.0 g(3-GPTMS)E 3718l 307t 723l g
I % 150 LFRUE AHrete] 1ARE EF wwket § 9
AR 7)E ol g3ste] dEo ulE EElsiTt EEldt &
FrUE ofd ¥ AFES F, 110°C B4 12417 A%
ST

GMEM HEAHNE MZE. E4=A HAFEE Table 29+
7ro] wgtste] Azt SFu (A tiH] 30, 60,
90 wt%)et 7k A IPDI(0.8 wi%)S S 3ted 4225 °C)ell
A 2087+ 1¥HEFI T MEYER-BAR COATING DEVICE
(1ule]elE], KP-300V)E AH8-8le] Ae)& I8 H o3 PET
LE(50 pm)ell 50 um(AZ F F7ANE ZEE F 120°C £
HollA] 2087 &S A AL 714 PET 550 pm)S 3
Agk -, 50°C QEOlA 2447 7hHHS-S FZIA 7] A
AHAEE 4431 F FA 150 pme] AES AT

24, 3E ofmE aEAle] He] B4 2 ATAEH
Al ost GFrvte] NP EHE HFsl] flsl] Fod &

d

s B24712 A3t} FTIR(PerkinElmer, Spectrum 100)
2 724 4000~600 cm'e] L)X 163] 27t =4
shaAth. A 2A| o] EAFS GPC(Agilent Tech, 1200 series)
£ sl SAsI
Table 2. Formulations of PSA/Al Composites
(unit: g)
Synthesized PSA  IPDI p-Al* SC-Al’

1 20 0.16 0 0

2 20 0.16 6 0

3 20 0.16 12 0

4 20 0.16 18 0

5 20 0.16 0 6

6 20 0.16 0 12

7 20 0.16 0 18

“p-Al: pristine alumina. *SC-Al: silane modified alumina.
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Table 3. Main Factors of Synthesized PSA

(g/mole) (g/mole) PDI
Synthesized 128270 325870 2.54
PSA
Conversion Solid content
99.4% 39.3%
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Figure 1. Transmittance of synthesized acrylic PSA.
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Figure 2. FTIR spectra of pristine alumina, modified alumina, 3-
GPTMS.
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Figure 3. TGA thermograms of PSA with various alumina content.
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Figure 4. DSC thermograms of neat PSA and PSA/AI(90 wt%)
composites.
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Figure S. Thermal conductivity of PSA with modified alumina and
various alumina content.

o

g FRAES] A kAo o]gh 71aghg- o] 2je] A
EA] AZFAI L7 HEA mjER 2] Ft2EA ]9}
whgsto] ARES] frEAS ABHA717] wjitolet e A ETh
P, 4T o] e XA HAFES] &
AEE WSS Figure 590 VERASITE GFuuke] el 5
71 wet GAEE gho] HA kel A 2 4 Aok &
53 HAHES dHAEEE (0.110 WmKSE B3, 53
LFHUE 90 wiY 3= 749 0.223 W/imKe] k& UE}
Wtk g B3As dubEel gfuue] dHreel
24~35 WmK®E T} 2k dAEE 3he UeRT) o] vjE
gaol I Aole] AH EAHOZ 21t scattering?] 57
2 phononell oJ3+ Fo] ZFo] AA|=]7] wiwolt. A
A0S 90 Wit L3e1= AR ES] ATEE (0242 W/
mK=Z °F 10% °1d S7HtaeS gl ol dyje}

)

o}, dukd o g vleve slwsst Eoldsg sl B
ohe A7k g Ryt 22 deE xske 59
o] 735 D] o] F7kel SR AXE HFYL B
oAt vl e Fasle AES Btk
Figure 6014 Lnute] gheo] Zrlekg kel e 7+
28k 25 VeRlia Aok ZlA S HEZA g 0.8 wiv
3

3
Fagol Z715F LTI Alole] PO <)
alel s} Rhshs 2 BT 5 Adch HAE 27
A 7 Gl F7lol meh vl gwst

H
k. ol Fre] 9|3 Sgwat o]

-

Polymer(Korea), Vol. 40, No. 5, 2016



726 QAZ - A - Y

3000 1 B2 PSAISC-Al

SR

L 22F

Table 4. Holding Power of Synthesized PSA as a Content of
p-Alumina and Modified Alumina

2500 ~

2000 +

1500

1000

Peel Adhesion (g,/inch)

500

0 30 60
Filler (wt%)

Figure 6. Peel strength of synthesized PSA as a content of p-alu-
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—a— Al
—e— SC-Al

Ball Number

T T T
30 60 90

Filler (wt%)

o -

Figure 7. Tack of synthesized PSA as a content of p-alumina and
modified alumina.

2 A8 2o} segagte) S8 Al o) 7h

WES] FTIe) A AT AREFA YR Qg AR
o] AR HAHFES] BAEE UFe Z0= siXdr)
Figure 7 ball tacks ARE-3F 2714385 L}EMLTL A}

27133 dird o2 Y ke, 2 2]
A2E S Zhe AFAE w2l Aat Eof HFAL] o
&g FHE U Aok e v R E 2713

BHABLE = ghol LA, Tabe
Ao A%E ey
Aurz oz LHE pel gEel Sk
Fe ot ladEe] Sl me $42e)
o8 W) A Fste] G

oI5E %*Xﬂf\lfﬂﬂ}. AR AU Bl w57}
= L5 AR ETF AR B

1 Aoz nel, o AFne) vjEe

Zan, 41404 A55, 20163

Content (Wt%) 0 30 60 90
PSA/p-Al (min) 85 90 110 120
PSA/SC-AI (min) - 130 125 150
27ke] s}eh Aol B3 U] $8& 7717
wj o2t A€t
2 B

B ATl ME AAAE L SlEgae) B89 I
A W ol AR BAL Al B0l AL iyl
acetateS S| 2 A8-3F 2-EHA, BA, AA, MMAES T4
2 She 49 olad AAAE P, AWASYAZ 2
A28t GFnUS ALgske] v o}ﬂa AZAS A 2319
o} 3w F&A) d2olM 71awA IPDIS LFrUE 20
7+ ksle] WREAIFIT F A 50 um(A% F)e] A2
& Az AL FROE AT HAAEE OF
vhel Fgel Z7H Wt fH2e] S7heka, wel
= % 2IBARE YL, ol AF A=
1 2 A2Ale] 718719k whgsle] Tk
ARzl 5

Ae] 7akg 09)9] i}i‘@‘ﬂ A%E el

ARE-EE A9l Blsl 10% 6o
Bk Aol sholziel 2
Awsl 48 0w s

L/

#HAR 2: o] =22 F=7IenSu gt A=

ZAE(2016)2] Aol 9]sle] Y=

1. Y. C. Liang, J. N. Zhang, M. Li, Y. P. Guo, and J. S. Yuan, Prz.
Electrotech., 88, 328 (2012).

2. R. J. McGlen, R. Jachuck, and S. Lin, Appl. Therm. Eng., 24,
1143 (2004).

3. A.J. McNamara, Y. Joshi, and Z. M. Zhang, Int. J. Therm. Sci.,
96, 221 (2015).

4. B. Tang, G. Hu, H Gao, and L. Hai, Int. J. Heat Mass Transfer,
85, 420 (2015).

5. Y. Fu, Z. He, D. Mo, and S. Lu, Appl. Therm. Eng., 66, 493
(2014).

6. M. J. Yim, Y. Li, K. S. Moon, K. W. Paik, and C. P. Wong, J.
Adhes. Sci. Technol., 22, 1593 (2008).

7. W. Trabelsi and M. F. Mountemor, Surf. Coat. Technol., 192, 284
(2005).



10.

11.
12.
13.

W oby BAA AE

. N. Nishiyama, T. Asakura, and K. Horie, J. Colloid Inter. Sci.,

124, 14 (1988).

. Y. Xie, C. Callum, A. S. Hill, Z. Xiao, H. Militz, and C. Mai,

Composites: Part A, 41, 806 (2010).

Y. H. Bae, G. D. Park, H. O. Jung, M. C. Vu, and S. R. Kim,
Polym. Korea, 40, 148 (2016).

S. Akiyama, Polymer, 41, 4021 (2000).

M. R. Parvaiz, Polym. Compos., 33, 1798 (2012).

A. Yim, R. S. Chahal, and L. E. St Pierre, J. Colloid Inter. Sci.,
43, 583 (1973).

9% 7 Qoo st

15.
16.
17.

18.

727

. Z. Czech, Inter. J. Adhes. Adhes., 26, 414 (2006).

Y. H. Choi, J. K. Kang, and W. K. Lee, J. Adhesion Interface, 10,
1 (2009).

D. Sowa, Z. Czech, and L. Byczynski, Inter. J. Adhes. Adhes., 49,
38 (2014).

Y. Yamamoto, S. Fujii, K. Shitajima, K. Fujiwara, S. Hikasa, and
Y. Nakamura, Polymer, 70, 77 (2015).

C. H. Lim. H. Ryu, and U. R. Cho, Polym. Korea, 33, 319 (2009).

Polymer(Korea), Vol. 40, No. 5, 2016



