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Abstract: Ultra violet (UV) curable pressure sensitive adhesives (PSA) were prepared by controlling both the
structure of acryl copolymer and the functionality and content of multi-functional monomers. Acryl copolymer
worked as the base polymer for giving the tackiness. Multi-functional monomers were used to vary the
crosslinked structure and the degree of crosslink. Acryl copolymer showed the reduced peel strength after UV
curing by decreasing the content of 2-ethylhexyl acrylate in the monomer composition. Both the peel strength of
PSA and the content of residue found on silicon wafer decreased after UV curing by increasing the functionality
of multi-functional monomers. UV curable PSA containing 20 phr six-functional monomer showed the higher peel

strength before UV curing and the lower peel strength and the least residue on silicon wafer after UV curing.
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Figure 1. Schematic diagram of polymerization apparatus.
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Table 1. Polymerization Conditions and Physical Characteristics of Acryl Copolymers

Composition(g)

Reaction conditions

Conversion  Viscosity Molecular weight T,
EHA MA  MMA  AA  Temp.°C) Time(hr) (7o) (cps) (g/mol) O
PA-1 180 270 25 25 90 6.5 98.3 6800 390000 -18
PA-2 225 225 25 25 90 6.5 97.2 6200 410000 221
PA-3 270 180 25 25 90 6.5 96.0 6300 370000 -25

Z 8, A36d A|3%, 20129



o)Al Zgstel o7tk ofaE I gl ok

Isocyanate Crosslinking Agent
L-75

Sl

Dipentaerythritol hexacrylate
DPHA

3

0 o
HZCQ/U\O OJ\¢°H2
HiC NN
o

CH, = CH-C~0~(CH-CH,~-0),-C~CH = CH,
Il | Il
0 CH, 0

Tripropylene glycol diacrylate Trimethylolpropane triacrylate
TPGDA

Figure 2. Chemical structures of crosslinking agent and multi-func-

tional monomers.
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Table 2. Compositions of PSAs Prepared with Acryl Copolymers
of PA-1, PA-2, and PA-3

PSA PA-1HA PA-2HA PA-3HA
Acryl copolymer PA-1 PA-2  PA-3
Crosslinker L-75(phr) 2.5 2.5 2.5
Multi-functional monomer DPHA(phr) 20 20 20
Photoinitiator Irg 184(phr) 5 5 5
Il after UV
X\ before UV
1400+ §
= 1200 \
[S]
E 1000
5
=~ 800
£
2
5 600
2 400
0]
9]
O 200 \
0l \ \ D

PA-1HA PA-2HA

Contents of EHA

Figure 3. Variation of peel strength of various UV-curable PSAs
depending on UV irradiation. PSAs were prepared with acryl copoly-
mer PA-1HA, PA- 2HA, and PA- 3HA containing EHA content.
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Table 3. Compositions of PSAs Prepared with Acryl Copolymer
of PA-1 and Various Multi-functional Monomers

PSA PA-THA PA-1TA PA-1DA
Acryl copolymer PA-1 PA-1 PA-1

Crosslinker L-75(phr) 2.5 2.5 2.5

DPHA 20 - -
Multi-functional
monomer TMPTA - 20 -
(phr)

TPGDA - - 20

Photoinitiator Irg 184(phr) 5 5 5

Il after UV
V77 before UV
1400

1200
1000
800+
600

400

Peel strength (gf / inch)

PA-1HA
Functionality of multi-functional monomers

PA-1TA PA-1DA

Figure 4. Variation of peel strength of various UV-curable PSAs
depending on UV irradiation. PSAs were prepared with acryl copoly-
mer PA-1 and various multi-functional monomers TPGDA, TMPTA,
and DPHA containing 2, 3, and 6 carbon double bond functionalities,
respectively.
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Figure 5. Surface image of silicon wafer after peeling of various PSAs
:a) PA-1HA; b) PA-2HA; ¢) PA-3HA; d) PA-1TA; e) PA-1DA. Scale
bar represents 100 pm.
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Table 4. Compositions of PSAs Prepared with Acryl Copolymer
of PA-1 and Various Contents of Multi-functional Monomer
DPHA

PSA PA-1HAO5 PA-1HA10 PA-1HA15 PA-1HA20

Acryl copolymer PA-1 PA-1 PA-1 PA-1
Crosslinker L-75(phr) 2.5 2.5 2.5 2.5
Multi-functional

monomer DPHA(phr) ~ ° 10 15 20
Photoinitiator Irg
184(phr) 3 5 5 5
—a— Before UV
] —eo— After UV
1400 -
1200 -
= 1000
g
S 800
£ |
g 600 -
= |
T 400
[0)
o ]
200 4
o .
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Contents of multi functional monomer(phr)

Figure 6. Variation of peel strength of various UV-curable PSAs
depending on UV irradiation. PSAs were prepared with acryl copoly-
mer PA-1 and various contents of multi-functional monomer DPHA.
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Figure 7. Surface image of silicon wafer after peeling of various PSAs
: a) PA-1HA-05; b) PA-1HA-10; c) PA-1HA-15; d) PA-1HA-20.
Scale bar represents 100 pm.

A A = gtk vhsA @A DPHAE 20 phr
ooz sl F7F A E 3l A A5t &
el dAEs e «11 ol | Hol = HFA
TAEO]l Stk AdFE Rtk ol& 6354 DPHA
greko] Arhek 739, A9 Al 9J8) 32k 7Rzt
9= 2 1]144 TEAAILEE o] SEA o] 253t u)
2} 37kl Whgo] mE £x S HA] Kefo] Ao
2 uukS DPHASFO] Z7tal7] W29l Zo 2 Aths el
oh whebA wbmA] Azl 28817 flste] 3 g

B = 5/d0] f-rskal w3 LS '71A] S A
Aol A& A3t AHAAE A2l Y E HFE
A4S el o3l A e FxEe ol 37438}
EXo] tgAsA dFA e A5 g a3 ol
7t 9 AL sk &= ).

4 EB

lﬂ-g‘—_jﬂ x—]]z_x.x-loﬂ ;Gﬁ_o}ﬂ _r]o}o:] ;GZ} ol m-aﬂ-c
zpol7b A5 S FA o] TALE F71A] e ARl st
HHA S Axstarzt st ol5 98 HA5H S vet
We ot2E FEdAY Fx, 343t 549 tisA
A o] A H S HSIAIATI ek Aol
e LR R L

olad FEFAE YA 2 9
MAS) S WA Ttk pael AR 4H5A S
ek A 2k o8] Frhak AL S e
thsd BAR e o3 AT #5717} 298, 39
57, 635799 DA E AHa] 3349l Ffa Tz} 7)
WEEE WS 2 A3 ol=d S5 EA 71EFA 0l
AJA = EHA®| FHaFo] HATFE e A $9

&2 A= EHASH

Polymer(Korea), Vol. 36, No. 3, 2012



320 FEE el - A3 -

vz Hag o] fadhs A4S Jedith oA
FA o] FFo oAM= BA 0T AT HsAel SIS
TE Ao 2AFF Thad ot Frbste] vhe] A
7Ash Bk ol vhg] & glojy] Wl JA He
A ZAMEE A JAEE AE st T3 6
A TEAle] st QoAM= 20 phrS Sk F7talE
PSA7} Ak AL A HEHE o] a1, A9 AP - u)
Aol va, vkg] $ ¢o]H ﬂﬂoﬂ A He " 2A
ZrtEo] AL WAE R kol viEA] AZFAHE A

Aok WAAZ Mg 5 54 dehhle

o O, o r:l

EOBLF

ZAtel Z: 2 A7 AABAR, 2471Ed T3] ¥
EAZAY Y3 ¢ x]—xﬂl:ﬂ HEEA MCP 341 7)< 7

Al Aol el AU,

i
o
rot

a

1. D. Satas, Handbook of Pressure Sensitive Adhesive Technology,
2nd edition, Van Nostrand Reinhold, New York, 1989.

2. 1. Benedek, Pressure-Sensitive Adhesive and Applications, 2nd
edition, Marcel Dekker, New York, 2004.

3. C. M. Ryu, Y. H. Nam, S. H. Lee, H. I. Kim, D. H. Lim, H.
J. Kim, and K. M. Kim, J. Adhes. Interf., 10, 134 (2009).

4. M. Nakazawa, J. Adh. Soc. Jap., 36, 28 (2000).

Z 8, A36d A|3%, 20129

10.

11.
12.

13.

14.
15.
16.
17.

18.
19.

el e Al b iy

. S. W. Lee, J. W. Park, H. J. Kim, H. I. Kim, and C. M. Ryu,

J. Adhes. Interf., 11, 3 (2010).

. T. Kauffman, Adhesives Age, Sep., 8 (1999).
. M. Okido, Adhesion, 43, 23 (1999).
. K. Ebe, H. Senom, and K. Horigome, J. Appl. Polym. Sci., 90,

436 (2003).

. K. Horigome, K. Ebe, and S. Kuroda, J. Appl. Polym. Sci.,

93, 2889 (2004).

H. Coyard, P. Deligny, and N. Tuck, Resins for Surface Coatings:
Acrylics and Epoxies, 2nd ed., SITA Technology Ltd., London,
2001.

N. Numazawa and Y. Mineura, US Patent 5,955,512 (1997).

H. Noguchi, N. Numazawa, Y. Mineura, and K. Ebe, US Patent
5,976,691 (1997).

N. Umehara, M. Amagai, M. Kobayashi, and K. Ebe, US Patent
6,007,920 (1998).

C. Decke, Polym. Intl., 45, 133 (1998).

R. Malik, Adhesives Age, Feb., 35 (2002).

M. F. Tse, J. Adhes. Sci. Technol., 3, 551 (1989).

K. Ebe, H. Narita, K. Taguchi, and T. Saito, CRCA’88IN Tokyo,
Japan, p 250 (1998).

L. B. Kim and M. C. Lee, Korean Chem. Eng. Res., 46, 76 (2008).

S. Hayashi, J. Kim, M. Kajiyama, H. Ono, H. Mizumachi,
and Z. Zufu, J. Appl. Polym. Sci., 71, 651 (1999).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


