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Figure 1.2  Structure of pressure-sensitive adhesives.
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Adhesive Pressure

Substrate

Figure 1.3 Mechanism of adhesion (Contact in molecular level).
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Adhesive polymer chain
Interfacial bonding force

Adhesive

Substrate

Figure 1.4 Mechanism of adhesion (Interfacial bonding).
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Interfacial Bonding Force \

Backing —_
Adhesive ———3 |

v ’/"7’/"//'" VY o
Substrate -——-——"" % Z /

Figure 1.5 Mechanism of adhesion (Peeling-off process).

iR SREDBREEZRTHERENRIETS. oT, BT —70H
EHIMERNREGRAEAEE2FS 2L, TORETH FRBEERHE <
&, MEBERIDEEIZEVEHEIBIEZ I ENERTHI LHMTES.

1.4 ¥EEWROESRERRK

MET —TDHE, ¥EFIERKEET Pressure-Sensitive Adhesive(P SA)&
RETHLOIZ, ERICH VD AEEHATENOREBEFICHET DL S258E
INTHY, ZOHSRAEREE (Tg) IT—#IZ—10CUTTH3.

HKolL, E-LRBERRICE oTHEONDIMET —TOREHIZIE, EF/
WMEARAICHI T2 FRMEEER EMEBERIDERIZLZBHIENEEERT
B, FORRIIRATRTCENTEREEZTLS.



*&H(P) ¢ Py XF(R) (1-1)
ZIT, Po:MEFCBEFORBRAFIFET2AmERH, F(R):
EMBELUBRBEESTHET — TR 2ED /L 2 O B4R FIF

FEEEHICEESTI2RRHAFELTIZT7 7T —ILRAH, KkEHES,

EHEEFR, BAEEMEER, NBOR, REVDRLENEFSNB. /NLY
DBEERFIRB S UMENICMEST2RROEB & LTIIHERDSIBRD &
T MR B - EMER, EMOIE - SR  FY, RECORMER - R
oK - WBL, ZLTHEDBEROEE - M0AERHE (FH  XFE - BEL
L) - MEZFTORERM - RBAE - JBEEL CAFETFSND.

ST, INETIZHEREIN TV IHEERROER VIR EIRD RS =
2T 3.

MERMEORERME VWS ERELNHZN, MBIXFLEENELELEITER
REOHERM TH > T, BFRTI2EMOLBEETIFOYRLS, BH¥,
FEEFE, MEHZFE, LAOY—, ZLTECOREREREEVWAAZENT
5. ThP ZBERZHIERT 29T o3 I FLEBRERNIRRIN TS
=.

TNITIE, xEMER, FRELFH, BB, BEE/NNSX—% (SP) 3, #
#3%, LA 02—, WB L (Weak Boundary Layer) i &h32%. LHL, T
NODEDERIIL>THER (KE) ZTRTOBRKEMBEHN—-FT BT &
(ITETRET, EhEER (E) O—ENEEOYEDEAShE PREDER Y
THDIDIZTERN] &M (X1 7FRIZRRTNS.

CORRIISTEALTHS. R, HMAHNSOREEFEMNERIZLD,
BRI EHBEGHORAERIRLF-HARIDE X ITHEORBRENERT 2
EMUONTEL. COEZFIIBIZRERH & FWHRKSD LBEDKD 2D,



ZOMAEEIRE L, #5 L723RXhHt Fowkes™ , Owens 5 ', kaelble 5 ®
LS REZEDRESA, RKESLUREOERICHAINTEE.
ZD%, Weiss™ , Drago 5, F.M. Fowkes 5%, Aubrey 5%, van
Oss 5 77, Buchwalter®™ , Good™ % &IZ&k b Lewis DB - EEABEEA D
SHEATHh, P FREMEEEAMBEOCERER L ERILIZEAI iR, ZOB -
IBEMBERICLZEZAIL, RN SBMEICLIIEEDNREHBELTULEX
RECELARETE, RESHTORFEMATESZ T —IDE, ZIFNEZ
2D0H%.

BT —THEORRE LTHEIh2MEHIZIE, HBMEES L URBEAE
DR, EMPME GRMEX) ORE, MEREBEIOLELUNEET S H, F
MiBRE (REBE) L LTO770-FhEA#5hTWNS.

Bikerman® (Z¥5EHI% 7 v & OMMALIREL, BHERPEILLOMRE R
NAAERBOERN (1-2) 280 .

W=kwf (E,/E,) /#8374t /4 (1-2)
ZZT, W:RiEgams, f,: BMERIOSERDES, E, : $ERIOEMR,
t,  HEFIORZ, w: EMOIE, E, : EMOEMER, § . EMOES

Z0D#%, Kaelble’ [FIFpbmEEE AL, HMISOMERIDOSHIHH S Hikt
A& DABICEMEHNRETZ LA L. M5 2 (IRELFOEELE
CHREMRMEREHES L, BT - TORBEEH (P) LIEELEE (W, )
DRfRE (1-3) KDLSITRLE.

W,+ Wy=P (1—cos@8) (1-3)
ZZT, W, : dEROFETENLERALE, 6 : HMAE
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QO0EBE—-ILMBEHIZBWLWTIX, cosB8=0 7T (1-3) RKIF (1-4) &
w3,
W,+ W,=P (1-4)

xiz, Voigt EF L&, FBEEEBAHAAL, (1-5) KIcFRTLS5 %,
QOEFBICHIFZ2ERAEH LD .

P-C,P'"*V+C,P"2Vv2=W, (1-5)
C,=2(2t,) "2 (3 (E,I,)"*) " (f/ E, ) 32
C,=2 ((E,I,)"?) "(n/E,)?2f
22T, W,:RIBEEE, P:4AH, V: RgEEE, I, EZH0OEMRER,
TR EH, n: HERE

(1-)XDELSZ TW, i [T TW ) &EOFHDORETREIAE. LHL, BRIZH
[FEHET —TOHR - REICHADLIZTEDHMT W, OMRIERRZEC
ZLROANSNED, TWoo [THR TW, | OMRIFHRZEHZEERD AL
LbhadZendlanorz. ZNZIZZODEANH >7=. D EDIIHEEERIZ
HESBRBIRLF-PHHEVCKREIVW &, Z L TRECEOERIFBELL 2L,
ZLT W, 2EERBRTIZEHNERR I ENBIFENS.

ZFD%, Gent 5 ¥ ¥ (£ 90° FBEIZDOLT (1-6) & (1-7) X&BELL.
e=P/t, (1-6) 3"
CZTC, O BRI RILF—, P 18RS, t,: HET-—T0OF
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W=W,xf(R) (1-7) @
CZT, W EEIXLF¥F—, W,:REIRILF-IE, TF(R):FEtEE
% S OHEREIR

Z LT, Andrews 5 * (& (1-7) KE&IZFAL (1-8) XERELL.
6=0,XF(R) (1-8)
ZIT, 6 BRI XRLF—, O,:EOBIBIRILF—, F(R): RE=E
ELRE & STHBMIA

ZF0Di&, Schultz 5 ¥z (1-7) K (1-8) REREIH#, (1-9) X&EEERL
.
W=W,Xg(M.,)X f(R) (1-9)
ZZT, WIBESIhZRBMIRILF—, W, #BOTENIRILFE— (B
BNBLTHEFENRESTRILF-) , 9g(M,) HBELTLWBMOC-CHAD
BIZELWDGFEMAF, T(R): NNILOERIZHS RSN HIEERTF

(1-9) XTIE, MEINZHMETRILF— (W) (T TWol [TLBITZ %
ROETRLTED, READEEINKROTEEINZLS(Zho k.
ZUT, KBTS ™ (X RORIMEE R A TSI EHNMET T2 RR % EMEERT
EEXREEAVTHALE.

9 0OFERIZAD, ZEXP FHMH I LIEBRECH < REHORNTHZ L%
L, TEEDBRSDRRDOKES IIEBROERARIZLZEDTH 2 LEBHF
T35LD, BEORTORFEIERFROBORENICHZ LEBETIHANLD
FHENTHD, Z5ThIEREOMEPLROIEENEEIERERS ICRIRE N
TLBZEEEBBELOPTL. J EaiRTNS,
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Tse!? ¥V | EE P S(IRy hXLMRTOwIRUT—DHPAL LT, &L
BIEEFEEABROEICAF, (1-10) X&RELTVS.
P=P,XBXD (1-10)
ZIT, P:#EE%S, P,:REH, B :HOELEROEHIZLZES
BIEIR, D : WNILO DEERTFIZL 2 BESBIRE

EMARELVFARICAVERBCZEZ, (1-7) ~ (1-10) KFFHLDEZTL
% (1-1) KEFERITEL.

E-LRFBRICHITZ2HDEIDAE, Figure1.6 124 X —YRELTRLUE.

Peel Force (F)

Viscoelastic Term [F(R)]
Stress Decentralization when Peel Off

Stress Relaxation by Transforrnation\

Backing
Adhesive
Substrate

Interfacial Bonding Force [P ]

A : Chemical Bonding
B : Surface Chemical Bonding
C : Mechanicl Bonding (Difusion, Anchor)

Figure 1.6 Power balance of peeling process.

13



1.5 XHROB LMK

MET—7OED (HEEH) IFHMTHERELSIZ, TREEEHERT &
PNV DREMER T IZBARLTE D, OB TRT I ENHERZEEZTL
5. MEDIKET —TORKRBUETHY, zORMICTET 2 EREHRICT
Il MBLEUEENET — TREHCL O THERICEELIETHS. Th
ETIZHBENSEEBINT 220, TNLIOKEERF) 2DV TRHESEH
SIRFEROBRENHZ. FIZIE, MEREERRT L0121, #BEFIZH S
BEDG’ (AFEBEME)L G"(IRKBMR)IIAZ I EHNBELENTSEY, 7
DEHEIL “HHBEDR (ViscoelasticWindows) ” LIEFhTWLBE Y . £1-220
f5amlL, Figure 1.7 , Figure 1.8 IZR LK SIZ/VIL Y D@ttt DB %
BRTEZETIZAR>TWS.

—7%, HEHERDS> 5, REEEHEFIZOVTORFIILEEERFOBS
[ZHEREBDZFEENTEE. ZOXRERBERECORFERFTZI2HE>TEE
FRDE#Z12H 2. FIZIEAEEEHNEFIT SV )ABOLS BRI OS
ERCSEHEATILERMSEZ I ENTREL BB N, REEEHEAFOEL
ERARBICHEMERFEELTS. o TAEERHNRFOHELRLIELHET
— AR EER TS L E#E LD,

LHL, REEEHNEFIIHEMERFELEITHEHEDI L FO-ILTZER
THEEEZAONZOTRERENEFOREBHNADHRERITTEZLIIES
RN ETHD. FFRTEIEHE (REEREHNEF) OFEHSRITSZ
izl TREOEEHNEF) OH2FLIEZIFEELT, TSAVITLBH
BRORMAEEHEAD 2 LITLE.

MEBEFHSHEXREENTZE, ZORTEBELTCEVOESFHEI LT S .
xz, ERREMTOFRAV®E, MEBEHHETS. COL5h TREEEHE
FI ICLBRMENRREZLTEI>TLBEZDIES I EFTRITTEZLIZLE.
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$52%TIX, PIB/PBA, PIB/ VL4 REOREIIHEVTHERT
H3P I BESFHINRE LTHEALBLTLWEAES M EREILE. &SI,
BIETRIIRATILESLIUOLRCBO 2BOEEEE-ET24E% (CA-
BA-AA)ZXTULARBZIWEIG elREHVAERLEE, ThoDERER L
WEGREEOMICHEEER (KRER) NEEZHTHERTLE. Chd =
DOEDREIIZELD, HBFINBEELMDAbEIhZEE, REEEHERFN
@< ermERLE

DTNWT, NI DOKEERTF 2XX7(1C TRESEHERF) OELH
BHZEDLS KBTI 2RI LE. FTE4ETCIRENRIICIERESE
REREOHALZHZI LA RMRX L TERT S XATNEBIZL > THEFRIDORE R
Hzial. BSXTIMERARAICHRETHEEOEALBME TS IINEIZT
Bfofz. ChoDEREHEER, BRATERELZLEFRREICHALEZEIZLST
MBEHODNEDLSICELT I ERETLE.

RRIZ, FOETIIFEFRHEMMEERL, BELLUBERTSAVIZLST
HEFREDHAEZBELELLE, BREAOREAHNEDLSIZELTIONER
AL, 2512, ZORRENLVIBETHIEEH L OHBMERTLE.

BTETIEFRICTEONEREZT LD,
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Figure 1.7 Photomicrograph of stringiness patterns of pressure-

sensitive adhesive tape at backing thickness of 12 to 75 ¢ m.”
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Figure 1.8 Peel image of pressure-sensitive adhesive ? .
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F2E $EGAEICH T I2HBEROLEHED

2.1 [FU®IC

BT - W T — TOREZIYELRENSOERINSBBE LD, EH S
BESIUVEMEZSCHET —T2620R L LM RIERAR & 5 DHEN
R VOB E R ERREE ORBLFNARAEN DB LD BT -7,
WEEICAE D B L OREREE, W0 AEBIRIZET 210 L HE:AIRZR
THRILDIZHIFEZIENTES. BF, HEFMEL LTRAEINS 9y o) T
2h (REEH) 1 FVWThERBEEDSHERZHM T 28ICHIF254TH
5.

BB TIIATEIZR LU= Figure 1.6 DLS (T, BT — T L HBEFOEE
BIZADD MO 28, HER/ HEGHICRRL TV 2AEERHDRICL DK
WERHERTZ. BES OV BERIOEEEERO R E D CRIFTHEICD
WTEHRELTWLED, COEFEICL > TEERSBIZIMb > ZIEHDSE S A, I
BLEISETRANDIIHAL, ZOHER, AHDTRILF-%HETS. LT,
YRR T H 2 BRI O HRIFHEITILRE - FAIRER OV BRTES. 25
LTRONZHEBREORRISEENTHS.

COXENZITE (1-10) X TiirzLS(Z, EEHCHECORAEF
HESTIREMEENL & (/L OBERTIE) ORI T Z2DOTIERL
hEeRLZIZEZTNS. ZLT, HBEFIEHEELORARFIIERNIIKELE
BYE - BEMEFAL COREHENETF Y08, BT > Hh-HRLED
BHHNEFICHTTEZSLEBRELYT (RS, $§B3A, FhZEhORFHE
MTEELTLWADTIXRWNZ EIEES FTHEL.

AJERRI G RS FRAS ORI R UIBLEZ L BIEORIEBRIBITR L, &b
[ZH<BMEIh, BRELYPTL. LHL, BnEbEREICEVLWTHEMIHEE 2
BE, BIZERIMUEROS| ZREBNICLVDEED (RIBH) (TXKELHRERIX
TEEZONZEDFERDDILBHIERINLEEBFIIHEN S R, EE,
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RUZXFLCRETIESIMS WOREEHRST> (SERS) P&HL, RE
ZBFBLTT—>a R VIDNREINDDHZ. HEREHEFOREIZ
BNWTH, BEHESFHOL 77— 3 LI L 2HEHRBMRE TS S #0
ShB3D KHERIOL TF—> 3 VEBI DV THRAINEABFIZRY S,
BB, BOFRAIZBITEL TTF—2 3 L EBICOVNTOHRBBIIRHE Vi &Izt
LLEFELHONTWBDTRIBIETLVEEL.

FETE, THEFILHEBFEORARFHESTI2REEESH NEOR TH
FT3EVSEZFERRT—IN ORI TE2E42E—DEMEL, FETH
Nz TRERF) 05650 TMHEHETF) 2F5T 2 THEHE) 29F2 Lk
HREOEL DIERT R, TEEFIRU I —0ORBENDLBEIER) 51T
o7z, AFMIZEK, B9 FHEORESNICR<FAIATHWBFTIR-AT
REZRAL, HEFRSD AEREICE IS 2HBEFIR Y ¥ —OHBEEE%E in-situ
[CTRFEH L, WEROESF/ESFRAEICHS IF2HEHBHREL 77—
3 CEBOEZI LN SRFTLE.

2.2 FTIR—-ATRZEKIZLD
in-situ MEILBURE A &
FTIR—ATRIATIZFigure 2.1 IR &S IZAERHFTL % > k (IRE)
ERABRDORETHAOLRFIHIES 285, XO—BHRED SERHIBHAH, Z
DERELTHRREBORINZARY MLHESND. REICHITZBHAZN
FINRyvtEY NEEEER, TNRYvEY MNEDXRETOREIZNT LT 1/e 12
WRT SEMNBHAHRE () EEBINAK YV TEZ SIS,
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Penetration depth(dp) PET Film
PBA Tlayer

k///////’PIB Hor

..

Incident rays

Figure 2.1 Construction of FTIR-ATR measurement.

A
27rn,¢s1'n29-(n2/n1)2 ¥ i

dp=

ZZT, dp:BHIAHES ABE O AHH
n,:IREDEIFE n,:HEOEFE

(DXL OKEBEFEBOES A dp LW EK BB LTHER LESS, TNRvt
> NRDBHAHRS(ZMD AR RBEFRBE TRETS. > T, Figure 2.1
DESITEBE I REICHVAEZIRBETFTIR-ATRARY NLERIET
EBHfT5ZLIZLD, BMOEEREICHFZHEENLEE in-situ[CTRETS

LENTED.
2.3 RBRAHE
2.3.1 &S

MEFIODFEICL ZHEEIBERDE V£ 2B T 32012, BEF L
LT, Table2.1 [ZRULEFRRVAVTFLY (PIB) 5 @8Es, E4LT
FE1BREORIVTFAT2UL -~ (PBA)#BWE. PBARKRYIRF
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W(PET) 24)LALIZ20umDESIZEHL, PBA/PETZ74LLEL,
ERICERALE. &8, PBADZEEBIXIToTULARL,

HET - 7OWBEIFEEMED SFIFMEETERIZOEZ N, BEEK
BEDVLEDTHS. BERTIETSRAF vy BERE>ABHEMERRRIZO T,
-0y /N\TIEEHERAZHOSIZOL Y U BERENFAVShTING. 22
T, BOFHEGELTOL Y UBEZEERAVE. DL & UMl BIIIm St
7L (8 0°Cx 3 03 /NAFELICTIERK, TELBEDT g : 24°C) , FEALE.

Table 2.1 Test samples

Adhesives | Mw® x10% | Mw/Mn® | Conc.” (wt.%) | Thickness (nm)
PIB-1 3.0 3.23 5.0 470
PIB-2 9.3 2.81 5.0 600
PIB-3 42.5 1.91 2.5 300
PIB-4 69.6 1.65 2.5 520
PIB-5 343 2.58 1.0 100

PBA 558 3.32 — —

a: Weight-average molecular weight in polystyrene conversion
b: Number-average molecular weight in polystyrene conversion

c: n-hexane solution

2.3.2 FTIR-ATRAI®E
FTIRIZ Perkin-Elmertt® “Spectrum2000-FTIR” %

FEALE. ATRERIZX Perkin-Elmertt8OAETTZEMI REBL, NERET
ITLAHK (IRE) &LTGe—45E%2ERAL, TG SKRESBIZTHRRLE 4
', IBEO¥%8EICTRAIELE.
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2.3.3 HENRBISEREmDin-situllE
IREDFHEIZHFEDERL>FZEPIBEF1 v HIZTRHBELE. B5hH

1P IBORHBEIRXT/NRwEY MNEOBHAHBESdpLHHELY, 100~
600NmTHok. EALLPIBDREESRHEIL Table2.1 [ZRLE. P
I B/PBAREIZHITZHBERIL, Figure2.1 0L 51z, PIB&2HLE
IREIZPBA/PETZ74LL%.80AYE, MhEE69EN S 9 3 6 k5%
ETin-situUZTFTIR-ATRBIERITL, PIBOCH,EIZREI 2
MR (1366cm™') EPBADIRFIEIZBEI A 28R (17 3
2em™) ORXEXE(LEEH L. PIB,/ YL % REREIZHIF 2i58=E
BRIZ, AERICUL YV BEEM DAY, PIBOCH,,EIZBESh 244 %UY
(1366cm™") &£9L Y UBIERBON LK LEIZBES h 2 HMHERY
(1727cm™") ORAEZTLELEBIHLE.

BE, BMIEE 1 HHEBE,SIE, IREICHEEIEDSEIXEETS 0°C
[ZhE L, EF/ S9FREICHFZEELRBOETEERELE.

2.4 HRLEER
2.4.1 PIB/PBARm%#E

PIBEXLUPBADFTIR—-ATRAANRY h)L% Figure2.2 , Figure2.3
2L, PIBORHHBRRE—-2ELTIE, 1366 cm ' IZIBhATWNS,
—C (CH;) ,— BEOAFILEIZLZEA/IRIHH, PBADKMRINE -2
TIE1732cm ™ 'IZBIATWS, TRFILEDHILRZIEEIZ L 2 (BiEiRE
KHlIFons.

PIB/PBARNAEL6SHENS THERETHOFTIR-ATRRARY R
#l% Figure 2.4 , Figure 2.5 , Figure 2.6 [Z5RL7=. BED SHEDZBEE
DETIZED, 173 2ecm " IZBATLWAPBADIRFILEIZLZBRIE —
ONUEML, 1366 cm 'ICBATVWEPIBDOAFILEIZLZRINE —4 i
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mDUTe. ZOWMREEIZNAEZP I BOSFRICEVER>THED, PI
BOYESFRTHIBTAZThOMS ITREE h 3 8 RIROEEEE (LA Z H
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14715
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Figure 2.2 FTIR-ATR spectrum of PIB:Mw=343K.
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Figure 2.3 FTIR-ATR spectrum of PBA.
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Figure 2.4 Changes in FTIR-ATR spectra for PBA/PIB interface

as a function of storage time.
(Storage time:6min, 1day, 3days and 7days. PIB:Mw=3.0K.)

26



0.67_

06 |

0.5 |

after 1day
L

0.4

0.3 |

Absorbance

02

after 6min

0.1_

0.00
] 1 T T T T T T T T 1
1800.0 1750 1700 1650 1600 1550 1500 1450 1400 1350 1300.0

Wavenumber (cm™)
Figure 2.5 Changes in FTIR-ATR spectra for PBA/PIB interface

as a function of storage time.
(Storage time:6min, 1day, 3days and 7days. PIB:Mw=42.5K.)
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Figure 2.6 Changes in FTIR-ATR spectra for PBA/PIB interface

as a function of storage time.
(Storage time:6min, 1day, 3days and 7days. PIB:Mw=342K.)
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PIBDRKHRIRELT1366cm "IZIEAZAFILEIZLZRINE—4
2RV, PIB/PBAMDAE6DEICHIFTBZXAFILEOBRKEE100LL,
RFICLDRAEDORLRE KRS, BEIZHLTTOw LU, Figure2.7 5187=.
PIBSF&ICL5PIB/PBAMELBMEEDENNESHER DT,

RIZ, BHEOP I BYMAESICLZEREMETILHITPIBAFILE
DRLBIE & TTHtdE R THEILL Figure 2.8 %187,

BHRE=(At-Ai)/(Af-Ad) (2-2)
ZIT, At - BRtIZBIFBRAE
Al REDEE 6PERDORAEE
AT : 93 6RAERDOBRNE

90
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Decrease of methyl groups (%)
($))
o

o O

0.1 1 10 100 1000
Storage time (h)

Figure 2.7 Absorbance decrease of methyl groups at PIB/PBA
interface as two functions of storage time

and molecular weight of PIB.
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Figure 2.8 Experimentally measured absorbance data for PIB
through PBA measured at 50°C as two functions of storage time
and molecular weight of PIB. Absorbance has been normalized
with respect to the initial (Ai) and final (Af) absorbances.

WTFhOEAEHLEIZTE VW TE R D SR AR R R & RSB T
(ERREDIEMABHERRD, ZOIALELEADIZIP I BOFFENFBVIEERE
MRIZ>7 MUz, PIBEPBADMEAME/NS X —% (SPfE) % Fedors @
® OHho5kHBZEPIBTIX7.6, PBATIX9.8%%. Th&hPIB/
PBAIXIFBIBREEFEZD ZENTE, FFRBAMR) Y —HOHEEHMEREL
TW3ZEllR%. COSFERIZLZMLEGHOZV (IHERDOL 7T -3 >
EHVETRLTLWBOTIEAWH,EEZ ,Figure2.9 O LS ICERIAREM(T,)
EIRBMENO .5 L4 2M(T,)&%ke, PIBLAFEIIWMLTTOvV ML,
Figure 2.10 , Figure 2.11 %1§7=.
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Figure 2.9 Determination of T, and T, time.
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Figure 2.10 Relationship between T, and Mw.
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Figure 2.11 Relationship between T, and Mw.

Figure2.9 ICRRTRULEZ 2EDEROEEZH S, REICHITILEHBLE
ABIENTEZMBMOBRE [D (t) ] EBAMICITRROBENROH SN,
t<T,TIRA)B)KDLSIZP I BOAFRICLWERNREDH SN,
Mw: 10Xx103ki@: D (t) ~tomn~onr (2-3)
Mw:40x10%AE: D (t) ~t o000 (2-4)
t>T,THORXDLSIZP IBOSFEIZMHS T,
D (t) ~t 0808 (2-5)
THo7z. t<T,TIEPIBOBFRIZLNEMEDEENRRZEELSE
A, t>T,TlE “Polymer Interfaces” ' [Z5@#I hT L2 TREIZELET S
B FHRERRBOBR (~t ¥) 1 ITEWVENSESHh, PIB/PBAREIZH
(F3L 77— aEBHaZFLE.
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Figure 2.10, Figure 2.11 TlZ, 9F&® 10X 103U LEUTT2HR0DE
BRI RDON, ZFOMEHNSARICTRTOFELEORENESNE.

T1~M1.4 (2—7)
T,(Mw: 10X103%ki%) ~M!'® (2-8)
T,(Mw:40x103U L) ~M'? (2-9)

WIFhE~M V4 8 <, “Polymer Interfaces” ™ [ZEE#dhTUL3L
77— 3 &8Iz kB Diffusion front length & X FEDBIFE) , TRE%R
RO 2HOMEDPFEDOMFR] REIZ—8 L7z, TIDiffusion front length | %
FEBODESTZTT I eh SHHEBREOBRMTH D, REIZ THREEXD S
o) tREOBMBTHD, T,, T,:9FBOREINA—HLEZEIE, ¥
ZOPIB/PBARAICBIFZLTIT - aEupaxiFELE. £, 9F2 1
OX10°ULEEUTT2HROERIZANNZDIX, ZOMIZP I BOBRSF
E(Mc)WEETEIILETHRLTED, ThL 75— a>EHEXFT3
R,

2.4.2 PI1B/Z2BERmER

BIIRERHRICP IB/ YL 9 U EBRAEICE T 2B ERIELE. 9L Y >
ZROFTIR-ATRARY MIL%E Figure 2.12 IZ5RLE. BL 4 iR
OFHRRE -V TIE1 727 cm "ZBBATWLWRHDARZIILEIZ L ZHEIR
BhHIF5NB.
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Figure 2.12 FTIR-ATR spectrum of urethane paint film.

PIB/oL % 2D &EE, RBSHOETIZED, 1727 cm 'IZH
NEZRODILRZNEIZLZRIRE - H4EML, 1366 cm '[ZRATE
PIBMERDOXAFIEIZLZRIE-IHFDLE. ZOWEREEZEYAE
ZP I BHEFIDDTFRIZEVEL>TED, PIBREBRNESDFETHIE
ERZhDOHSITRBE S N 2 HERIROEHEEIKEN S 1=,

BEOFHERIRELT1727cm "IZRALEDLRZILEIZLZBRINE —
V%RV, P I BYERI/BIERED B E 6 DRIZBIFZHDILRIILEORALEEH)
HELLTOLL, BBICL2HILRIILEL -/ OIEMERERS, BRIZHL
T70w hL, Figure 2.13 %#187%. PIBOHFEN3.0Xx 103 LV9.
3X10°CIIBEIZBBINDZINILRZLEORINENRIGL L 12K 18
L, 936 BSRAEIZIZ6 50%E 49 0%MiEMEL >, P I BYFEN
42.5X10°ULTIXFLAEBRAEDHMIADSNT, 93 6BEET
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3%DIEMK (P FB:343X%X103) [Z1tFEoT.

FI#RIZ L TP I BREFIDOMHMERINE LT1366cm '[ZRAZXFILE
[ZLZ|NE -2 %RV, P I BREHI/ZBIRRED A4 6 DEICBFBAFLED
BAEET100LL, BRICLZAFILEORERERD, BEIZELTTOY
L, Figure 2.14 %Z187z. P I BMERIDD FENELFEFERERDETHE
<, PIBZFEN3.0X10°OHKTITBERYADLERBEHMT20~3
0%DELHIROLNZNDPFENI 43 X1 0°DRRTIZRIEEY bt 1
O ORRIEX TRANROSh Aoz, ThIZP I BHBERINMESDFETHBIE
CRBRAEBADHEN RN EERLTED, ZOHBEEILZP I BOSFEN
9.3X10°ATF&42.5x10ULETKRECRAEB T EN Figure 2.14 &9
BAohemof. COFFEOMIZERIFE (Mc) HELEL, KEF—TD
MEFIBAERSE LTHERAT 258, McUTEU LTI ESHEIZKE A
EVWHIRNDZEETELE.
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Figure 2.13  Absorbance increase of carbonyl groups at
PIB/urethane paint interface as two functions of storage time and

molecular weight of PIB.
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Figure 2.14  Absorbance decrease of methyl groups at
PIB/urethane paint interface as two functions of storage time

and molecular weight of PIB.

RIZ, SEEODOP I BYESICLZ2EREEETIEDIZPIBAFILED
BOBISETTHME (2-3) X THBILL Figure 2.15 %187,

WFNDEFAEDLEIZEVWTER D SbE 1 BEH SBDENMEMLE. 20
R1blZ 5 0°CINEIZ L BB EMREEZ 5N 3. B AbE 3~8KED
TRIETIXDEHIBEECNIERD, PIBIFENG9.6 X1 03 ULOHRTIZIF
[FFBELR /. 1 ORI S IIBUCREIEM L. v L5 2 BEIENHAGE
LT ETHOFERAL TR N ZDEILRIGIEIRLIZIIRTLTES TN SbE
RICIEED Do K DETL, EBMEELIEZI TR ENEZSIAD.
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Figure 2.15 Experimentally measured absorbance data for PIB
through urethane paint measured at 50°C as two functions of
storage time and molecular weight of PIB. Absorbance has been
normalized with respect to the initial (Ai) and final (Af)

absorbances.

Figure 2.15 &0, ftdDREME [D (t) ] &BRMIZIZIRRD L S LBAFEA
ZHohnt.

O.1~1KsfA%RIL : D (t) ~t ™ (2- 9)
1~ 3 KFfEIRIE : D (t)~t (2-10)
3 ~ 7 W[ pR 15 : D (t) ~t? (2-11)
1 O FRsfiLL_E SR : D (t) ~t ™ (2-12)
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FBIMITHEALEDY, BEHIZIE TRERFHIFFET2REEREH) & TN
VY D¥EERFIR ) HIROETREL TR EEZITNS.

ZLT MREAF) E LTRTIZRTLS1Z, AEESCOR - EREEERL
EO TREMFHRF) 2L T, BHHRTREHRL D THENETF e
nNEZONS.

- RENEHNREF— 77 >FILD—=-ILRAH
KEHES
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B - BEMEER
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BETIE, TREEEHEF 0550 EHNEFICHES T 2HERRY
—DILHEREE ) 21TV, HEROESTFHEGL OBV AEREAICSIT 24
BEERENTLTT—2 a3 %8 THPETEDZZLEBESICLE.

FETIX, TREMFHNEF) ELTEHCEEIONZSOEREDFRTE
ET—TIZBVTRRNEBERTHI DL RFIILREIZTFLEERA—5S
FHRICFLETIHEBEFEHAHE LTRY, B EEEOHEGRTICNET 3
FEEY (B2 FEEEEROREL) DLWTKREETo 1.
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HEF - BT - TORHCEIPEERED SOERNADBEEL D, B2
BELUEMESCHET — 72650 RE U RMSEER 2D 5 DHSE
VDM ER E MEGREE ORELFNLFEN BB LS. ERLD, &
ERZREGICM I AbERBE, MEHLBREFEOREMHEIZS VTS T
BT L, PFHEMITERAEVNELB L, BLUBREHENELZ &
BRELDIZERMOWMAYSh TV S H, ERICEAINEBFILDARN YD, 5E
%, RE - MOBOSTEBEOMENEMEL, XPSY -EHMFTIR? - BAM
X2 TEMGEEAWTRABLUREOFMAHRNTEEL A>T,

ZLOMET —TEZEM 7 A L LEKERDSEEIATED, EM T 4L A
CHEFREORAS LURE, L THEFRELLERLI SDOBEORE
IZRAT 2 18MA°, BUEMET - TORRICE>TEETHZ. —MBIZ, 74V
LNFRMEET —TERAT UL RO &L S IR EEICAE D SbhE 26, AT
Eﬁﬁtﬁb,ﬁU7DEb>ﬁ®$5&#@ﬁﬁ§%ﬂ%bébﬁtﬁ,ﬁE
TOREBEHLEFIDBL. COBRBREHEFME, ALRFILEEEST
KERIZEREVW I ENRBRMICHIBIN TS D, EMEEOEINUNCRER
FHCRASHDEIIEETNS LRI NS,

FETIBIFHHOREIFICRFAINTLWBFTIR-ATRETHE
HT2ABRFILACN (IRE) #BBGLEEL, BEFIZHT ZLES
REABOHNRFINBEETIIATFILEOSFRMEEBDEVNZOVWTRIET
,37:.:8)9)10)_

oI, FFEEEFRESIZRC TEREINET — 7L LTHER, BR
SIZBIEEI L, HERBOESIARIZARASHOREBE LTVB I ENEZ S
N%. ZCT, FTIR-ATREABLUFFTIR—-PAS (REEIRY L)L)
B THEBERRABOAILRFIILEEIRAFTILEDREIS ST E, ZOEAL
[ZDNWTRET T /=.
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3.2 SRRAIXE

3.2.1 =¥
ALRES NEDBHETS 2HIZ, DLRESLEES<CACHTOSY b

>T7oVL—=K (CA) =TFL72UL—-Kk (BA) =72 ULE (AA) =
THESE (CA-BA-AA=100-26-25) 2EALE. COEFLEH
DANLRFIVIINELUEBIEIBLZE, 210&ho2. COMBHREEZISOumD
RUZRTI (PET) Z40LVLEIZZTUr—%I2TEHLEE, >UD->
RIB L= RIBEE AL D &b, Figure3.1 [TRT LS kBT — TRICHER L.
NEETILHET —7OMESZEXI50umTH 3.

din
N

<—— Release Liner

i Backing(PET:50 i« m)

Figure 3.1 Construction of sample.

3.2.2 HEHOERELAEAHE

E-L¥EEAHIZIIIS Z0237—199 126V, FIETIER LEET /LA
ET-7%IE20mm, RE100mmOKXES(CYIML, ®BEELTSUS
430BARXRTYLAREAL, 2kgDEBO -5 —TEELER, BER(E
FRRA—FIST7AGT100AESERDEABREZFERL, 5IZXHALAE180
EIZTAELE.
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3.2.3 FT-—1IRKIZLZIEREHSE

FTIRIZ Perkin-Elmert#t® “1760X—-FTIR” %EAHALE. AT
RE&EIL Perkin-Elmer #1HOABEIZEMI REERE, Ge—45ENDIRE
EEAL, TGSRUEBSBCTAELE. MERMHITEES 7 NOEHMETSILED
[Z9fERE1 cm™ ', IRELEH3 0EE L.

FTIR—ATRETIZIIRELHKODAEMTHDERFTHIEEE B8, HD—
BAREO SHBZBHAH, ZOHRE LTHEREBORIZARS MLHR
bh3. REICHIFTEEHFAHFNTIT/NRyv LY MNREFEEIH, TNNXRvE2 b
BHREMTOREBIZHELT /elZRETZEMINEBHAHFREST (dp) LER
ah, (3-2) XA""THEILNDE. COBRFAHFRINFTIR-ATRIELCS
(TRREHNSOPMES LS. 2T, IREOMELEAFAEZEZIS LI
LDBEREIORE>EFTIR-ATRARS ML (REHEMBH) 21852
ENTES.

A
27rn,¢s1’n29—(n2/n1)2 (3-1)

dp=

2T, dp: BHRAHFRE, AUEE, 6 :AHA, n, IREDEFE, n,&HE
DFEITE.

EEIAMPHTIZIIREELT, Ge—60E, Ge—45%, Ge—30E,
ZnSe—60%K, ZnSe—45E%2AVWTFTIR-ATRARY MILDA
EEITL, BONEARI MLELOBRAELEFOHERIToRZ. KL, I
RE (Ge—45F) ITETIET -T2 EabLERRET1 48, B
BEEToE. 8ONEFTIR—-ATRRRS MLDBI% Figure 3.2 TR L
7=.
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Figure 3.2 FTIR-ATR spectrum of CA-BA-AA

pressure-sensitive adhesive.

FTIR-ATREALOVABOREDHARRBTEZHEELTFTIR-PA
SEN®HS. FTIR-PASHKIE, FARINFHRAIRRE N, BIZENLL
Lb0%, EERLE LTHBZECRBIAAEZTA /074 2 ICTRET Z8E
FET, ZOSMRESZIR-GER/ VLV BIEE (us) & LTRE DY (2
TEtEBTBH2EeNTES.

us=¢2ks/47erpc (3-2)

CIT, us :AMER, ks : ARHEE, V. . BOBBEE, v B, o
WE, c: L&,
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FTIR—PASX~R% MLIX, MTEC Photoacoustic ¥t842 0 OBIP A S H
#EFEAL, S5-BHEEXO. 1cm sec, 0. 2cm/ sec, 0. 4
cm/sec, 1. 0Ocm/sec, SfFfEdcm ', HELCH100E~80
ORICTRIELZ. 2LT (3-3) RIZTEIFAIHEHELE. BOAEFT
IR-=PASARY MLDBI% Figure 3.3 [ZRL 1.
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Figure 3.3  FTIR-PAS spectrum of CA-BA-AA pressure-sensitive

adhesive.

3.3 HBRLEE
3.3.1 KEHOERZEI(

EFLT7HIULKRISY— (CA-BA-AA=100-26-25) #SUS43
OBAXFULARIZEED, Bon=BEHEBELLETFILTZHY L — hRE
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RUR—(PBA, BA=100) OMEHEAZ(LEL L$IZ, Figure 3.4 (TR
Lz, LERIZAVWEPBADKRENIIBETEIZLALELLLAD S EN, EF
L7 VNLKRII— (CA-BA-AA) OBEHEAZELIX, 2BRATHT. 9
Loz,

w
o

N
(3]

N
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—
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Peel adhesion (N/20mm)

Aging time (day)

Figure 3.4 Peel adhesion between CA-BA-AA pressure-sensit
ive adhesive and SUS430BA as a function of Aging time.

3.3.2 FTIR—-ATRZEICLZEHBEHS 7N
IREIZETAT7VVLRINY— (CA-BA-AA) 280 ShERIRETOD
ALNRFIIINBEETIIATFIINEORAERBELE, MV EAbEEEORLELE
HE(ZAENRAEZTILE LT, Figure 3.5 & Figure 3.6 [ZRL7=. AILKRFIIL
B, IRFTILEESIZRAEIZIBEETHEML, ZORRELE. ZORKE
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DEmMIL, ¥1. 2ETHoI=.

Figure 3.5 & Figure 3.6 TEALG A& AR >EEBIZL2BRNEDEMIE, IR
ECREDEDLELMBRIOI /) OLEMEENIEBINLIZZ EI2L2EDEHMT
3.
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Figure 3.5 Absorbance of carboxyl groups in CA-BA-AA
pressure-sensitive adhesive as a function of aging time.
(IRE:Ge,45degrees)
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Figure 3.6 Absorbance of ester groups in CA-BA-AA pressure-
sensitive adhesive as a function of for aging time.
(IRE:Ge,45degrees)

48



REIZHEEFAOEIZLZHENRAPT LW — 2 BROELERRE. ©
— VR DEBEILIL Figure 3.7 , Figure 3.8 I[ZRTLSIZ, BEh &b 4H
BETHLRFIILEDE — 7 BBRIZPREBEAIZS 7ML, TRFILEDE
—VIBBIEXRECHEREAIZO T MT2 L VWS RBRLELETLE. E— 4%
DRALIEXD FREEEROEILETELTH Y , WLRF L&A TEFigure3.5 ,
Figure3.7 &0, BV BHLERIZIBEAALESPDKASENLT, I REEH
DS FRBEER OkEHEE) VIO THEITL, 2FRBNGIRI A, 208
RE-IVIBERBAINS T NLEEEZONS.
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Figure 3.7 Peak shift of carboxyl groups in CA-BA-AA pressure-

sensitive adhesive as a function of aging time. (IRE:Ge,45degrees)
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Figure 3.8 Peak shift of ester groups in CA-BA-AA pressure-

sensitive adhesive as a function of aging time. (IRE:Ge,45degrees)

TRTNETIZ Figure 3.6 , Figure 3.8 £ 0, HILKRFS LKL IRESE
DD FRMEEFR CkEIES) OETIZLD, TRFILEICHTZALEFS
NEDEENBLL, AbE TEIFHDOEIL 7409 — MBS FSIZES L
R, E-VDERBRIZS T NLEEEZIBND. ZhIZALEFSLEZ
EDTIRTINBEBEDKRBEEEMITTELD, IREXFEDKERS TR
LEESHEDIRLF-MIZRETZ (REEBEITRLF—HELT2) &
ETELTNS.
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3.3.3 FTIR—ATRAERRKLZIFEIHQDH
EBEEATREDHAILKRFIINEEIRAFIILEDE — 7 B8 % Table 3.1
[ZRU7. Table 3.1 [ZRT LS ITEBEIZLERATRIETIIALRFDILE,
IRATLNEELIZBRARAARTIDREVIELRRERIAS 7 NLTED, EBEL
DERXKT MIZATILETIEIVYAFR6. Tecm ' [2EHER>TWS. LHL,
ChIZFFRMBEERICLZ ST MTlEh <, BBV IZEL GExsh TV B R
HEHFE (n, ) ORESHIZILZS T NEEZSNS.

Table 3.1 Wavenumber of functional groups

Method Carboxyl group Ester group
(cm™ (cm™
Transmission 1710.0 1734.7
ATR Ge-60 1708.4 1730.8
ATR ZnSe-45 1704.6 1728.0
Maximum shift —54 —6.7

FTIR-—ATRZRIMLED, ALEFILE (1700cm™ '), T
ATNLE (#1730cm™ '), ZLFILE (81450cm™ ') ZhZhoOR
KkE%E, 3-2) RCTHELEALRFILKEEIIFLEO7ILFILECHT
BZRAEELLDRTI HFRADHOEREITo = (Figure 3.9 ) . ZL T, EFILEE
T—7 (CA/BA/AA) ORBIEEFIREL, kEH % 6 ORTKICEMIEL
BOFERIHMD % Figure 3.10 [ZT7RL .
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Figure 3.9 Depth profile of ester and carboxyl groups in CA-BA-

AA pressure-sensitive adhesives. (immediately after release)
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Figure 3.10 Depth profile of ester and carboxyl groups in CA-
BA-AA pressure-sensitive adhesives. (after 6 days)

Figure 3.9 DRI HHTIL, ERICHEALEZABRFIL A hOMHEIZLD
Ge (BAAHRZT :#90. TumllF) £ZnSe (BIHAMESIH:0. 7
umilt) TEFEEERLE. ChIZEBEIRER (n,) OREIHORELE
Abhd.

EETAEC L, BEFREIGET L, ALRESLE/7LELEDR
HEL (#91700cm ' /1450cm™ '), TRAFLE/FLFILEDORN
EBEE(#1730cm '/1450cm™ ") L&(CIBMERLEZETHS. %
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LT, Figure 3.10 [ZRT LD IZHER ELRITIEMI L LEDFEIHFEIHT
(& Figure3.9 (2R, AILKRFIIILEDTOT7 74 ILEIFATS Y MZEELE.
LD, REARDIHORRIEN, DRESBOERIZLZRBTOLHET
EFBZIZC, AHDNE—DHESRIN-—THB LD, BREEDER (F
%) TRl TW3EEZONS. B2, FBEREN S ESREICEDLSZ 2
EIZEDHBERIRE 1 ~2umDBLRFDIINEIRERIANEBIZEDAATULL
(R¥ET2) CLaETHLTWNS.

3.3.4 FTIR—-PASHKEICLBDRERDH

FTIR-PASEKEIZKZPRHBMEEREE L -ERDRSITRIHEMERE T
BREZSICIEMES EZEDRI FRIDHEDLLE % Figure 3.11 , Figure 3.12 (Z
~Lz. FTIR-—PASKETIE, #EFIORAIGEGFKIELEHLRFIILED
RELLE TR TIIEOBELLNEMIZIBINTE 707 7/ IILHR5N, EBRITE
MIETERIFTEDHIXFLAERE LGNS .

FTIR—-ATRIETIE (3-2) KIZHBL5I2n, OEBERIZRTZ28,
JFoONEZTOT7 74 LNDHMIZARLRNZSDD, FTIR—-PASETIX (3-3) X
DLSICBILHEICZNn, NE&FhiW. FTIR—-PASEIZLS Figure 3.11

, Figure 3.12 ORZTAMEPH T, BEHFIOREIEM K EEALRFIILE

DBELLE TR T INEOBELLNBHMIZIBMNTZ2T707 74D ®E5Hh, FTI
R—ATRZEDTEHFEMERWNZTO 7ML EXFTTEERERoE.LHL,
LEHRIZEMI BT TERIPAPFIIFEALENET, ERIEMORBIIRE 1
~2uUMETT, 2umlEORABEIEEZRZFLVWIEETELE.
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Figure 3.11 Depth profile of carboxyl groups in CA-BA-AA
pressure-sensitive adhesives.
@: measured immediately after release

A : measured after air exposure for 7 days
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Figure 3.12  Depth profile of ester groups in CA-BA-AA
pressure-sensitive adhesives.
@: measured immediately after release

A : measured after air exposure for 7 days
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3.4 F&o
FTIR-ATRZTHEAT 2 IREARBEGLATL, HEFTHEEORE

EIZHT 2REEHORBET L.

IREICRDEDLELRFREABOL — V BMEHEHTIX, ALKRFIIL
HEOE -V BENEREBRIZS 7ML, TXFILEDL — 38 I EREAIZS
ZhTBH3EVWSHRLBELMERELE. E-VRROELIIDFREEEROE
LETE LTS D RENFNEAFOEEEXIFLE. FLT, KESIPOHILR
L ELHEEEOSTAENR (REREHNET) MSEHICHE 5L
TWBZENERTEL.

B2, $BRREBTEHALRFINEELEIRTILENRE HEIZN LEESY
L, ZOHR, ABBICLERRABTIEIAILRFIILEOERADLECA>TWS
CELETEITIERNEONE. LT, HEFRELZ2EKRICHAELHS, 5
FIRERB1~2umDALRFEFIILNEDMERIASIZEDAA T (EHEEH
RETZ) CeETHRTIERNBBONE.
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4.1 [XLC®IC
AT, MFEEROM D @b RECH T 2 EHLED LA, REHF

MEFICBEET 2L EZ SN HMBRRATEHE L BREGLOEEMERIZDONT
DRETEITo L. FORER, BEFIFOHILRFIILE L BREGE DD FREER
ERIHEHIZECKBEE LTSI L EBASIZLE.
WET—TOREHIZIE (1) ROLS ITHEFR - REFORARFNETS T
ZREEENVROETHELTED, REREHEFEELIEAISHEHN
ZLTB2EEZITNS.

*EAH(P) oc PoXF(R) (4-1)
IIT, Po:MERERBFEOREBEAFHIFSFT5REEREN, F(R):
EMB L URBFEROHET —TR2ED/NIL Y OREEREFIR

REEEHEFEOAEELSE, /NI OHEERFIAIIELETITEL L
LTEZDZEDERDIMEET —7THHRNMERTE, TOHANTHEHETET
BIENTENEILRICRUEEZFOZEMNREFTES. AEEEHEFR
DHEEILIEZFEE LTRARARIEZONS. ZLT, EFFMHHROKRE
BEFEE LTIRRAICTRT LS REEONELENMS ATV S.

TRFZODRLD, HET—TO/NILY O EERFIEAEZTICHREEED
EFIREELI DI LIPHFETEINREL LTTSIVAEEEFEAL, B
HEITOE.

59



— BRaE a0FMENE

M Fo—HEBLE
N AN ER ERFSZX TR
AV FSXIES
RXDE | suxsens UViLE
1A nE ‘ BrQnE
HE L nE A 4 AL B
L—H
- seosnm
A=-F LoXE::]
__ B = hn FE TS5 -8
eI WEBETINE
ERNE
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T3 ARNBIES FORMDICFIMER MBOMEOWMBEEEZ S &N
TEHZREUEBED—DOTHS. COFETIRTSANVFOERETHSEF,
47>, BLUSTHIL BB FRALOHEEERIZLD, iR EEEINES
FRAICHEAIAKRARENERETND. BF, 8 FT0T 5 IAVNETIIRY)
[ZKFESIEREDEE, RWT, STHINER, FFIHHUMT, SHILOBES
RENEEZ VY. Z0OER, EREORA, B9 TFHOBERK, KD FEK
DERBEHNBLFRABICRELURTLZ Y . BRI HhZREEILES,
H1OnmODEZTHD, BFFRERONLIIZEREBEZRIEIT V. ZOHR,
TS5 AV TCHRESINZDEIESFRHOREFELZIFT, NILIFHREIELLLE
nWeLWSEHERELTWLWS. —#K&IZ, 7SXAVAERBEIRIYT NS TILAOIFL
> (PTFE) »RUxTFL> (PE), RUZFOEL> (PP) &&, &M%
DF X TIXIEEUDITRS LD, HHEOEAESDOEICHIREBTIHED
EEMWE V7O p, BkMRELCEBNELERR " fTbhTNS. LM
L, BT —7OHEREICTS AVNEBERET LERERAIIRUZSHL.
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REEENNMSRFE LTEEEEZE L 215S, HESHNERDL S L EMH
BTILEE - EREMEEERICL2RNIPF/TES. 20H4, EEMERES L
UBRMEREZNZNICOVWTREITES ZENEE L. 22T, XET(EN
Lo DOHEMRFIEEEATIC, PIV - PI R COERMEETRELLE
FIREBICEALZEET —THHOEREBIEL, EXRTSIAVARBICTHE
FIOREAEERS7Z. Z2LUT, HET - TONEFRTE 7S5 XUIE L =8,
REABEDNEDOLS ITHBEECEEERIITONMIOVWTHEETOE.

4.2 KBRAHE
4.2.1 HH

—MROKERZIL, F—ETHRRELSCKESPGIFTT I VIILREERET
LRMEFIDDHDZ. FARTIE, 7O UILRKEBRHORRELTRY TFILT Y
YL—F (PBA) %, JLZMBRIORARELTRUAVTFL>Y (PIB)
ERWLE.

PBAIZEARMIMEIE LTAIBN (0.2%) #BuV, BFETFILIBKRPTES
(60°CxX10h) L. @ohEEHDORFEIEIRUIAFL VRET, Mw=5.1
X105, Mw/Mn=7.2T&%-7. PIB (BR%&: EX¥%Xwv4H X MML-80,
Mw=6.5%10°, Mw,/Mn=1.67) (XT/V> T IhILthSBALE.

WETF—TOEM T4 NLELT, RUZXFIL (PET) 7404 (ELS,
WIZ5— §-10, [B& :38um) &RUTOEL Y (PP) 7404 (RLE, K
L 27 >B0 40 - T2745, [Ex : 40um ) &EAL L.

PBAXET— 7KL, PBAOEKBETFILAREPET 74 L LIZERL
EkL7=. PIBHET—78HEZE, PIBON—AT9 BHBEEPPI7 1L
(2% LI L2, MEBEFIBROBHEITTU T -9 &ERALE. BRIOEIRE,
WIFMIZ T8 0°CX 3DMITo 2. BR¥IER, PBAKET — 7 IXEFIRES
(12Mrad) % 1To7=. (ER L35l T — TR B O BERIBE S (X0umTH o 1=.
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BBk %EFigure 4.1 [ZRLT=.

//__IBABOuNI

PET:38 um

Rubber-based model PSA tape : PIB/PP
Acrylate-based model PSA tape : PBA/PET

Figure 4.1 Structure of pressure-sensitive adhesive tape samples.

4.2.2 EBETSALE
HEFRREDD TS XL Figure 4.2 I[ZTRLEEVE—- M TS ATNERE

DDA, MIBREBIIFRONALYIRHASAFa—7 (ER:45mm,
B 1000 mm)EAFERORTF UL RAF v > /N— (ER:300mm, & : 300
mm) HoEEEIhTWSE. ALY I RAASZAFa-TOR®IZIZETZ XL
BAZERAZOBAOL 2MOMBIR TS X EE (A% : 13.56 MH z) HER
D{FIFShTWE. AFYLAF v UN—[ZIZEEIRT A (BER>T ;320
1/min+#ER>7:550 1,/s) hEEIhTwWa. #LT, SMLv”)
ZAHSAFa—-TIlE, XA b20-VUTERBVWEZSIEML, ATULR
FroN—IZERmEINATNS.

BT —TENAL VI RAASZAF 2 —-TDARE, AEEOR LI S>—FEDIE
B (0 mm ~ 800 mm) [Ctw hL, NIBRBRICEEZEHRELBARK, BLZ
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1.3X107°PadRZIZLE. 88, BERAXARIZ 10 cm® (STP) /mi
n&lfkz. BERTSIVARL, REE%13.3Palz@b8h5, HH100W
TI0RMITokE. TSATNBRMRTE, LWEBREBAZREATI LI
LV RAEXRIEICRL, 7S XATUNBEIN 48T —TERVHE L.

RF
Generator
Sample
Matching
Network
A
7 \ \ Vacuum
SR - .
System
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ass Flow L Gauge |
Controller
Origin of Sample Position
Gas
Cylinder

Figure 4.2 Schematic representation of plasma reactor.

4. 2.3 E—-IL¥EHAE
E—LKENEIIS C2107—199 11z, BBk LTSUS 4 3

OBARTULRAREAW, FHMAE1S0ETUEL:. EF—7 (15:20m
m, R& :50mm) #SUS430BAXFULRARIZ2 k gO—5—11F18I2
TN &Y, BERICTABRERER, 1> O 91 FSEEBRH (S Xt
THE, TCM-1kNB2Y) £fEA L, RIMEE :300mm,/ mi nlzT 180 P — L&
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BEToE=. E—ILEHIEIN/20mmDEHRITRDT=.

4.2.4 EMAANE
BETSAVIZTAUELI=ET —TOOEMBIL, 200CIZTTIILY—D

G-1 RiEMAEZAL, 10BIOREERITL, RXELR/IMELIMEER, 8BIDFE
¥ifEe LTRIELE.

4.2.5 FREAWEIHE
BETSAVICEL TR L EFREAORAESIL, TN -4 2RY

AW (DI) 8, Nanoscope lll a [F-FRIHBEAMBE (AFM) 281, 3

8O RE-RDT A=A =TV OEEHSTELE. T+ —-RD-T&
Tld, REWS (ZERTHRE LTUEINS. 74— A -TREIZEABLES
SFLIN—IE, HE: Si;N,, (FREH: 0.6 N/ mMOFREEALE. &8,
74 —2H—TDHMIIE 6 MITHERS.

4.2.6 XPSH=E
BETSAVUBLUEHERREOXP SARS ML, N—F>-TILT— -

77 AR ESCASA00 X P SIZTRIELEZ . METY IV ARELTMg K alfk
Ao, Ty XL H :15kV, 20mA, REE :3X107°PalzTiTok. Xk
EFOBREBEIIY > TIOREIZHLASETRHELE. XEFOHESIRIL
F—(F, Fr—STvTHROEBERETZHIZ, R{LkE (CH) I2L3
ClsE—/ DRI RNF—%285.0 e VIZHHIEL .
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4.3 HERLER
4.3.1 ERTSAVNEBULEMLET —TOED
BT — T ORBEDIIEM S L T ERIEB OB EPIBRICL > Tl
BEEOBEREMETIMELRRTHS. 2L T, —RIZTSIIUEBIEZP
TFE (RUFFS700TFLY) PE (RUITFL ) hEO#EEEH
BORMUEBIZHEAHAINATED, L LB 2ET2EBRREEA 75X
VAE LIRS, CORIZRZDONMRERFIIEN. Z0LD, BBEFRADTS
ARMNEL, TERTSAVURBICTHERORMKKIZTEL,? ZLT, ¥
EEBHIZLTZI2ON? ZFLT, REXRICEDIEHILIEMTIOHL? &
DIIZON? ) BE, RERRVEETH 2.

PBA, PIB¥ET—7OERTS>XAEE 100 WT 120 #R5 (LU 100
WXx120 S &£582Y) 7o, ZLT, ERTSIAVUEBLEEET —TOE—-L
MEHEAELE. ARNBE-LBHOERE, TSIATNEBREOY >V
IWGIBEEEE U T Figure 4.3, Figure 4. 412RL7=. hd, E—ILEHRE
ROWIRE — N2 THREWEE - FTHo 2.
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Figure 4.3 Peel adhesion of nitrogen plasma-treated PBA
pressure-sensitive adhesive tapes as a function of

sample position in plasma reactor.
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Figure 4.4 Peel adhesion of nitrogen plasma-treated PIB
pressure-sensitive adhesive tapes as a function of

sample position in plasma reactor.
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Figure 4.3 & Figure 4.4 [ZTRTLSIZ, E—ILBHIIEBE TS XN
LNKELENRWLE., BERTSAVUEBIZLZHEBEHDADOHRIE, P B AsLEH
EPIBHERTREDERE G, ERTSIVUEIZLD PBAKERIT
(A5 AHHYET L=, P I BIEFITIIAEHIEIMLZ. PBAKERITIE
Yo TIWUBIZEKEETRLED, 4.I9mN/20mmHh50.1N/20mm (>
IR :0mmDFE) £ 1//TIETLE. SO TIIARIE, $ET — TR
TSR = o LWELIZERIMNENEEBKRTS. 300 mmOY >~
IWIBIZHFZE—LEBEHIE1.2mN/20mm, 600 mmTIZ1.9N, 20 mm,
ETSARI=UIGEWY Y TNUBEE TS INEBRTL DRBEHDET L.
FLTRLTSA) - BN 800 mmDY > FILLETIL, 6.0 N/20
mm&7SARUEBRIL VBN ELE. 75XV -2ILHETLKIFEE -
IEBEDANMES B> TVEDIE, BETSIVUEBHREI RSB >TNREHT
H3. HoT, BERTSAVNEIL TP BAEFIOHEEHICBELEERIFL
=1 LYIMTEIENTES.

Frz, ERTSATNEGP I BHERICH L TEHEBEREERLLIEE. &
ET7SATMIBIZED, P I BIEFITIE3.IN20mmAs7.0N/20mme&
2.2 1%, E—L4EAONBINLE. E2, E-LHEBEHRY > T LEICIKESE
L, 300mmT6.5N/20mm, 600 mmT6.4N/20mm, #LT80mm
TIX6.1N/20mmEkofz. E—LEHDEIL LA, ¥ > TIAEHIGE
CBRBIZHWMETLE, ChIZBETSIIHENRBL LELOTHS. #-T

MZRTSAVIEIP I BRARFIOKBERERELL) CHMTEIENT
5.

4.3.2 EBRISAVLBULEET —7T0EMA
EETSAVAELEP BAKEFIE P I BRESD, KIZHT2EME%

Table 4.1 (2R U7z, KAEDP B AMBHIDEMAZ 120 ETHo1=h, BR
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TS XTNIBEIZ106 L o= F LT, RUEDP I BHEFRIOEMA(L 107
ETHo1=h, BETSATNBRITINZETH=. ZORKRHLL, BERTSX
THIBIZ LD PBAKEHE, PIBRERLELSIIKOEMAND LETLEN,
LEFRAISFRKEICER 2 FEEIEZARVEEDOHEAL RLTH>7=. LHMLIR
D_DODORENELCS.

E1DORM : HEFDT glIIERIZENWDTER L =EREEILLLBAERMT
HEFINBARETZ2DTIERVA? FOHE, 75 ATNEBREERIOFM®IE
MIBEOZBEMICEDELLTLESENDLDS.

E208%M  EMAOENNIVWILIITEEDEAE LBV LETTO
nh? ULhL, EXESSIINEBICELD, BASMIHERERXRLLLTVS. &
DYBEHOELIZREABREREIFELTLWRLON?

Table 4.1 Contact angle of water against nitrogen plasma-treated

PBA and PIB pressure-sensitive adhesive surfaces and their atomic

composition
Adhesive Sample position Contact angle Atomic composition
in nitrogen plasma of water N/C at. Ratio O/C at. ratio
treatment (mm) (degree)

PBA (untreated) 120 0.00 0.25

0 - 0.14 0.33

300 - 0.19 0.30

600 - 0.05 0.33

800 106 0.03 0.35

PIB (untreated) 107 0.00 0.00

0 - 0.10 0.15

300 - 0.28 0.15

600 - 0.19 0.16

800 92 0.09 0.15
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F1DORBMERSHCTRZEDIZ, 75 X ALIB1E D IEAR B DARRE T AL & 3B T
L, #R% Figure 4.5 (7R L7. 75 XTMBEBEDEMA L 1 BRSEIZ 12 <
WML, 24 AU ETIZE—F (P BA : JLIBE 106 E—>108~109%, PI B :
WIBEER 92 E>98~99 F) Lo, ZOREL, 2L5 ONTS X4 L
ERUZOELUIZOVDTHRELTVA LS (T, BERIREICERLESEEA
ERETHERNBARELTWAZEERLTVS. #oTTS XTI
FIOFHEZ, 7S XTUBEROEHERERPTITS L L EHEENRELE
BITSESIRROLLBHITOPLTVELNTES. COREL Y , BHRRIZH
17375 ANEBIEROFMEIL T TS X TIIBE, =:8(2T 48 IR LR
Lrik, RELE.
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Figure 4.5 Contact angle of water on surface of nitrogen plasma-

treated pressure-sensitive adhesive as a function of aging time.

F2ORMEALSNITELDHIZ, EXRTSIVMIE L P B AMERIS L
PIBMEROREAXPSIZTHHL,ZE@mDON/C 0/ CORFLE &R,
Table4.11ZRL7%. N/CEO/COEFLIE, Tabled. 1 IzRT LS5 72E"
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SZIMIBTKRECHEMLE. N/COEREFLLIZP BAYEHR|, PIBRERL
£120.00A80.03 ~ 0.19~, #LTO0.00A°0.09 ~ 0.28~LiEMLE. ZL
T, O/COEFLIZPBANHN, PIBXERIEEIZ0.25510.30 ~ 0.35
~, #LTO0.005%0.15 ~ 0.16 ALi®METRLE. ChIZEXREHEELHEEE
BEENZBETSIVNIBIZLD, PBAKNFIREAS L UP I BAERIREICK
AN LaBHT2. BEETHREEI TS IVAET W ZHERNKEPITERD
HENE, BETSATVICLZKES SREIRICTHEFIRIICEKS WK
ESTHILIZ, KEPOBENFREL, ERINEZEDEEZSIENTES.

H-T, EMADOTLIZVAEDN >ENEREOCEASHDLVERFERTY, &
ZHh D DEDEEEHNBAIATVWSE I EHRBTERL. ZLT, ZOERE
DB DELRICHFEELTVWREHRUTEZENTEL.

ERETSATNIBIZELD, PBAKNKISELUP I BRHEFIIEOEEDRS
FTHEINEN? PBAMET - 7HLUPIBHET—70OT EMMEE
BEHSHEEALE. i, TEMBREABSIAIX, BET - TEaNERILLTZ
LI TRBEE, VSAFSATLREVILINS IO -LITTHERLE.
Figure 4.6 [CEE /S XAVMIELZPBAYET—TBLUPIBMET 70D
TEMMEER (GWEARAEDSOMESER) 2R L. RILEDOPBAKE
FIBHLUP I BUEFIBEIBILL T -OLIZLK>TREEIhGH >N, BER
TSATMELEPBAKEFIRESLUP I BAEFIREIXRRBEINE,
hEBOEIIBLF2 ~50nmTHo. CORBEBIBRT S ATUEIC
Lo TERLELHMTES.
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PSA surface

PSA surface

Dyed layer

Figure 4.6 TEM photograph of nitrogen plasma-treated PIB and
PBA pressure-sensitive adhesive tapes.
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4.3.3 EBEJSAVUEBUEMET -0
RMFHE L /L - Hig

(1) XTRULELSIZ, 5T —TOREHIZIREERE D & /N U DRsEY
EFIROEICLEAITZEEZTINS. KIFTIIERT S I VUE(Z L 24558 RE
FOELDERERRAELE. NLOBESLUREFORRELT, Yo U=
EREMIERBAE. RH-FEHHROVMBORO-THhov > FRESHEL,
Table 4.2 2R L7z, KRALIBDOP B AYSMHIDY > IR 0.12%X10° N/ m?, 2=
FTSXYLIZPBAMERIODY > JRKIZ0.13 ~ 0.16X10° N/ m2L koL,
—7%, PIB¥ERIOY > VRIRUEYMT0.85X10°N/ m?2, ERTS IR
TO0.73 ~ 1.02X10° N/ m2 &L FEAEEDL D OE. DED, BETSS XV
WL, HEBEFIOV > IRIZIFLEALELEE S RD O,

AFMODA L FLN—-DEEHZEMT ZHIIIEREITNS L, AFMD74—-2
H—TTEEEO LK KRAIZHIF2MBHENEOND. AFMTIEEBIZMZ
LbNBHIFEEIZNETL, TOAFMO+—Xh—-T8EETIE, BEHOMHELER
(X SN, BUZTHEIIEZELVWEEZIZIENTES. #oT, 74— H—
TDEENST/ONIREABES IRREBO—IEOBMUERTHILEZZ N
T&3%. AFMOA—XA—-TDEEHIS/ONEREES % Table 4.2 [ZRL
=. RAEDOP B AKBFITE, IRHVFFRHISBIA LR RBIFELIMFEL,
7A—RD—TDRHENTERN >N, BRTSIVUNELZP BARERD
REESX0.08 ~0.11&io/kz. ThiX, BRETSXAVAUEIZELD PBAKE
RIOREESINFLIIEMULAEZ L EXKT 5. P I BEFITIX, KRUEPI
BUEFIOREEEH0.14 T, BETS IIUIEBHKIZ0.12 ~ 0.18 N/ mehk
h, FEAEZILLEMZ. ThiZ, PIBERITIX, BES>XTANE(IZ
LEAREBEIDOEIIL, FeAERI>EZIEEZRLTWS.

ChODERNS, PBAKEFIEP I BREFITIIERTS IAVOERIZE
WHiHZLHMTES. BRIVSAVAEZELD, PBAKERIOREIFEL &
D, PI BHMEFOBEIELLaLo=. REFESDEMIZP B AEERIDL
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BHETICEELTNRLEZZIENTES. &, REBSOEMIIPBA
R ¥ —SHDRIZ CASING(CrossTlinking by Activated Species of Inert Gases)'
[CLBEBNEELHEERTES.

Table 4.2 Young’s modulus and surface indentation rate of ni-

trogen plasma-treated PBA and PIB pressure-sensitive adhesives

Adhesive Sample position  Young’s modulus*1  Surface indentation rate*2
in plasma treatment (x 10° N/m2)
(mm)
PBA (untreated) - 0.12 not measured ™3
0 0.16 0.11
300 0.15 0.10
600 0.14 0.09
800 0.13 0.08
PIB (untreated) - 0.85 0.14
0 1.02 0.18
300 0.73 0.12
600 0.75 0.12
800 0.85 0.14

*1: calculated from the initial slope of stress-strain curves.
*2: calculated from the AFM force curves.

*3: the surface was sticky.

4.3. 4 EBFEISIAVNBIZHIFIHNEERS
BAIATIE7TSXVANEB L - BFIOREFEIC OV TR AT 2. BE TS
ARAIBIZED, PBAKMEHRIEP I BMER CIIRERSIZBVLWTELR K
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HHRNEONZ. PBAKEBRITIE, KEHHIET L, REFES XEMNLE. —
75, Pl BHERTIE, ENIRLL, REBSEFELLANSE. ZODEL
(X, BR7SAVNEBIZL > THIERZSNZ2RARBERGDOZVLDSELTL
LEZONS. 22T, REAARRIEEBBRIZT R, EETSIATUELE
PBAKERRESLUP I BRERREEXP SIZTSHLE.

BERTSAVNIEL/=P B AKEF EAEFTDOP B AREHID Cls xRS ML
% Figure 4.7 , Figure 4.8(Z, 01s X% M) % Figure 4.9 , Figure 4.10
[ZRUZ.BRTRLELSIZCs ARY ML I~ EOE—-SIZHBTE 2.
FhZEhDOE-—71%, 285.0eV(CH), 285.5~285.6 eV(C-0 & C-N), 287.3eV(C=0),
288.3~288.9eV(C(0)0)DLSIZBE O TES. E— /9B LRI OEMAILE
(X Table4.3[Z7R L7z RALIED P B AR EHIDCls R <4 MILIZCH,C-0, C(0)0 ,
D3BEDE—-VIZHHMTE, ZOMAALEEI 75,11,14% %= >, ZORRIZPB
AR EH| D16 48E (-CH,~CH(COOC,Hy ) -) b S St E X h 2 Rk LER(ZFh 2h 72,14,
BELUT 14%)IEVMETH> 2. BERTSIATUNEL/ZP B ARLEF|D Cls XX
JMUIZCHECOEC-N+COBELVCO0DAEDOE—VIZHBMTE, ZOMHE
REE®E(E 72,14,7,7%EZo1=. 75 XTNEBIZL D, KUEBDP B ARERD
C(0)0 s hiimr L, ( C-N+C=0) skah$rL <3&ML =2 &% L7. Figure
4.10IZRUIZRNIBOP BAKEFIO0Is ARSI MNLIZZ V2 ULEDI X TILIE
EIZIBBRTE, 532.0eV(0=C) & 533.4eV(0-C)D 2%k (58% & 42%) 22—
DBETE/z. Figure 4. 9IZRULAEEETSITUNE L P B ARLERID 01s A~
2 ML 532.2eV(0=C [ZJR/R) & 533.5eV(0-C IZIRB)D 2 k5 (67% & 33%) I
E—V3MTERL. ChXBERTSITUREBIZELD, 0-CHHEL L 0=C Ht8IL
EleERLTWS. BERTSAVUELLZPBAKERD Ns <Y MLIZ
400.2eV [ZIRN, H(ffEIX 2.6eV Zo7/=ht, E—VRENRFLOTE — - SRR
HixIThaho=. LHL, NsDE—-JGBLD, BEET7SIIUNEBIZLD P
BAKMEBRIREICHEAINLEREREE, 7I /& (NH2-), 13/ E(NH=2),
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73X RE (H-C(0)) 3L >7/E(N=C-)TH ", 405eV HEIZIRNZ = k
OF(NO2-) 2= hOVENO-) @ TlEBLWEEZS NS, XPSIXNXZ MNLD
N5, PBAKERIOT VUL ED—BHERTS XTMEZL DT L,
ANVRZLNENERS QLY TE.

Table 4.3 Chemical composition of PBA and PIB pressure-

sensitive adhesive surfaces treated with nitrogen plasma

Adhesive Atomic composition Cls components (%) O1ls components (%)  N1s component
O/C at. ratio N/C at. ratio CH C-O0 C=0 C(0)0 O=C O-C  (peak position in eV)
C-N
PBA  untreated 0.25 0.00 75 11 14 58 42
treated 0.33 0.14 s 14 7 7 67 33 400.1
PIB  untreated 0.00 0.00 100
treated 0.15 0.10 86 5 S - 33 67 400.2

[nitrogen-plasma treatment condition]

rf power:100W, treatment time:120s, sample position for plasma zone:800mm

291 290 289 288 287 286 285 284 283 282 281

Binding Energy (eV)

Figure 4.7 Cls spectrum of nitrogen plasma-treated PBA

pressure-sensitive adhesive.

75



c/s

1000

281 200 289 288 287 286 285 284 283 282 281

Binding Energy (eV)

Figure 4.8 Cls spectrum of untreated PBA pressure-sensitive

adhesive.
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spectrum of nitrogen plasma-treated PBA

pressure-sensitive adhesive.
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Figure 4.10 Ols spectrum of untreated PBA pressure-sensitive

adhesive.

BATEI-EREDEE, ERXR/SAVNEBEE»2FICHBELETZIY - 7
I ROLSLIBEEMERSEERENERTLZ2ON ? 2EBRRIZT 2 LDIZER
TS XRABHEDKERREBICOVWVTFTIR-ATRAHEToE. (&
AEDRIUNY RIZEBIZR oA 201700 cm™ 'HEDHE(LHFRD 5
hr=. 1800~1700 cm™ " $EIBDOF TIR—-ATRAAXRY k)L % Figure 4.11(Z
TUE. BERT7SAVAEUKEERIRECIE 1700 cm™ HED> 3 LT =N
Y RAEMLTUWE. ZORIRNY RIZBEHILRFDILEIZBREINS. L
L, DLRFINEIZLZKRRER/N RO BVWZE, FLTXPSR
RO MNILOBITERL VEREREDMICEREEENEETZIZENEID
1700 cm ™ '"hED S a VT -2 RIET7 I RELYHMTE .
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Figure 4.11 FTIR-ATR spectra of nitrogen plasma-treated and

untreated PBA pressure-sensitive adhesives.

PBAXERIDT 7 VIIREOIRRIGHP BARY v —#RDEE A5 £
CTELRRBTHBEEZSONS. Figure 4.12 [ZEUBHERZ AL 7 0+ X DHEE
MzxrLZ. Z72ULRBEOIELKESIZREZICLD 2BBEORESIHIL

(Radicals I & II)N%ERT 3. RWTSTSHILDBEHES (Routes 1,2 LU 3)
HEED. AROURTOERAEBFRL yHREAVEBEIRILF-—KREHKYE
THREIhTNE D),
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0
-CH;-CH—

Figure 4.12  Cross-linking reactions initiated by nitrogen plasma

treatment.

RULIBDOP I BERITIXCHIZBETE 3 Cls XX ML (Figure 4.13) LL
NI Ehhadhodt, BERTSSITUNEBLEZP I BEFITIX Cls,01s,N1s
AR ML Eh, Cls XY ML (Figure 4.14) Tl CH & C-0 + C-N &
Cx02LTCOO0DA4MRIZE—I PEITE, E—VLEKRIZFNhZN 86,5,5,4%
Fofe. BR7SXATMWIELEP I BHERID 01s ARH ML (Figure4.15) [
C=0&COICMRTEZ 2RAICE— I FRBITE, FhZEh B%E6T%TH o=,
BERTSXATNELZP I BHEFIDNIs XY ~MILIZ 400. 2eV( ¥{HiE : 2.6eV)
[ZIRh7=h, E—VRENFVZHE—IFMIIIThEaEN 7=, LALPIBH
BEFOREICERSINZERERERIEL, Ns ARI MNLOE—S{HBHL S, 73
/J &(NH2-), 4 X/ &(NH=), 7 X RE(NH-C(0)), > 7/ &HN=C-)oLThh &
HEIOE.
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Figure 4.13 Cls spectrum of untreated PIB pressure-sensitive

adhesive.
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Figure 4.14 Cls spectrum of nitrogen plasma-treated PIB

pressure-sensitive adhesive.
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Figure 4.15 O1s spectrum of nitrogen plasma-treated PIB

pressure-sensitive adhesive.

BATE-EHREDIESE, EXT7/>AVNEBERAZHICHELE7IY - 7
I ROLSRIBEMERSAERENURTVI0HN ? 4BB8ICT B -HIZER
TS ARNBRIEROERIREBICOVWTFTIR-ATRAMEIToE. B85
NEFTIR-ATRARI MLBELUERAXRY ML % Figured 16 [ZTR L =.
BERTSATNEREICIE, BT O— KA 3300 cm™ " DRYR/N> K& 1700
cm™ ORI/ RAUEIL T, 3300 ¢ m™ ' ORIR/NY RIZZDEAD H
SIKEEA LEKBEIZBRETES. 1700 cm™ "ORY/SY RIZEBEE, AR
FULEIZBEBENE. LML, DLRFIILECLBAREE/V> KA 3000
cm™ "SEEIZEROSNABVIE, FELTXPSARY NLORIFERTIIEES
BEEDMICERERENBFEETIIENS, ZD 1700 cm™ "ORIR/N> KX T
INELYMTES.
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Figure 4.16 FTIR-ATR spectra of nitrogen plasma-treated and
untreated PIB pressure-sensitive adhesive. Upper spectrum is
plasma-treated PIB, middle spectrum is untreated PIB, and lower

spectrum is difference between the upper and middle spectra.

BRTSAVNERNEOP I BHER % THF (T M E KOTS 2)ITAREL,
ZOHFES%H % GPC(Gel Permeation Chromatography)!Z TiRISE L 7= (Figure
4.17). DFEBIZIHRVXFL DBREIZTRLUE. ROEOP I B¥ERIE, oFE
3.59x10° & —-2 & LEVEDDE—VERLE.BRTSAVAUELEZPIB
EFIEDFEI.6X10°L 2.12X1PD_DDE-Y & RLE. ZOE—-VDE
—VERLIZ 92:8 TH o= RNBKER EBRT S AVUBKERITEL -2
DHFEIZELIZROShRL. LHAL, BRETSIATUELEZP I BHERIC
(FEDFRB(2.12X10°)KBHUBA Tz, ThiX, BERTSAVUNEIZLD, P
I BHMEFIODBRIGHEELILEETRLTVS.
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Figure 4.17 GPC curves of nitrogen plasma-treated and un-

treated PIB pressure-sensitive adhesives.

GHa  GH,
¢ =CH <+ + -H
CH; CH,
L g e g o
- . - > —C- ~C- — Degradation produc
Hz.gl-ls z-gHs Hz-gHaE * gH:CHz-gHs with low-mo(l):cﬁlar w:isght

|

'CHz-? =CH, + *CH,
CHy

Figure 4.18 Degradation reactions of the PIB pressure-sensitive

adhesive initiated by nitrogen plasma treatment.
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Figure 4.18 IZORRSOEEREZ TR LIZ. BETFSXTIZLD, PIBKRY
Y—DC-CHESUIMINRE, 2D0D5 1 TDRES SHI DR TilkiRIZH K
Ihd. KFITRRZZHILEBTIBERYIEA ) TV —&FKL, SKRY
[ZAfafIRimL 3. FAHROPMBRCIIBFRELy BOLS BT RILF -5t
RILEBIZTHISN TS W,

IhODFERNS, PBAKERISLUP I BEFITIIRETS XTNE(Z
LAHBRMICKEGEVWDHZ LERTES. PBAKERTIX, REETP
BARUY—SKMIZIBRIGHES, RENE< ok, FLT, PIBEH
TIEDBERIGIZK BEFFERDDHRAICEKLE. COLSBBUVDKET —
TOMBRECEREERIZILEZEEZIOND. RBICIDVRABHKES Lo ZP
BAKERILENAMENETL, ZOBRPBAKMET —TDRT > L AMBEEIZ
NI 5ENNETLE. PIBHMEFIORAEIZCER L =Z9EERWIE, T4
RUEBERRSIZEON I BT ESFOL S (ZHBERORIMEUREECL, Bh
MERLItE, ZORBRRAT UL ABRBEEEDOEBEHNELLE.

4.4 F&&
WET — 7ICED N BB ORERENR LB EH OB EFRLE.

EFIDRRELTPBA(RUZIULBTFL)EPIB(RUAYTFLY)
ERY, BRTSAVNEBICTHERORAAR 21To2. HEEHOFME L
TAT UL AHBEIIHTIE-IILEENEANELE. ERTSIVNEIZLS
RENXEDRIIUTOLSICEFLEDZ I ENTES.

(1) BRETSAIUNIEBIZLD, PBAKMEHSLUP I BEEEF & IZHEBSN
NE{ L. PBAMENIOEETSSIVHETIZRAT L ABEEXIZHT
BE—ILEHIETL, PIBREFITIZRLELE.
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(2) BERTSAVNBTITERMEEZ DI ENEKZ7 I REREENP B AL

EFRASLUP I BENFIREICHEKIhE. EESSIIUNBIZL K
HIh3XRER (AKE) ODEXIE 2~500m TH o /=,

(3) PBAKEKISLUP I BRI TEIER /S AVICLEBRRRBIZKE K

BWAHoMk. PBAKERITIX, REBTPBARY Y —HRII 48R
hEE, RENE<R>7%. PIBMEFITIIRRISIZLZESFEXS
HRRMEIZERK L=,

(4) BRTSXRICLZPBAKERSLUP I BERICHT 3842 RS,

REIHEBEDERVLLEZ SN, REZMBICLINECE>EPBAD
REEFYv oKD, BhAENETL, BRELTPBAMET—TDXT
VL ABBEIIHTIRBEAIMETLE. PIBERITIE, MENXEE
[ZER LD RBERMD, RBFERIOLS (2EE, Bhitsrmtatd, 2
DERAT VL ABEBEELOEHNERLELE.
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B ETINET —TORBENIIHTZEZIFEFOCERAEROENE BT,

FB2ET(E TREERH) ITRETRZEEZSNZREICHIFEESHFEOMN
BEBHIZCONWTRITEITo 2.
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RTH TS XML O D, WL VR T I TICREEIC TR s BAT 2
CEDTEZRHETHY, BETSATUBTIZHLRFILBEES O ALK
SLVEOBANETES. TSAVNBEOHMITI B 4B THALEDT S
ITIIRET 3.

5.2 RERAK
°0.2.1 &E¥H
ERIZIZHE 4 MEA—HECTHRO TR LR AR LR

AWEZPBAKET—7HKRLP IBKET — THEOBRKEFigure 5.1 [
TULE.

/_ PIB:30 um

PP:40 ;.4 m

/_ PBA:30 um

PET:38 um

Rubber-based model PSA tape : PIB/PP
Acrylate-based model PSA tape : PBA/PET

Figure 5.1  Structure of pressure-sensitive adhesive tape samples.

9.2.2 BETSIATNE
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88



%ut(ﬁwmsi).$ﬁﬂm#mu%4ﬁmrﬁ%btmf::fuﬁmt
5.

RF
Generator
Sample
Matching
Network
T
4 3 N Vacuum
Vacuum —
ass Flow Gauge
Controller
Origin of Sample Position
Oxygen
Cylinder

Figure 5.2 Schematic representation of plasma reactor.
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9.2.3 E-/L¥MEHAE
E-LKEDIEIMERLC, JIS C2107—199 1126, Mk

ELTSUS430BARTULRREAL, FMAE 10 ETRIFE LR, e
T—7 (E:20mm, RE :50mm) #SUS430BAXFTLL IHRIZ2 kg
O—-Z—-1ZRICTDEE, ZRICTISRRIKER, (> O>v 1 T3
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REABRME (S RE 7MY, TOM-TKNBY) A(EA L, RIEEE 300 mm./ mi n(z
TI0EE-ILHAREIToE. E—ILEBEHIIN,/20 mmOBETRDT=.

5.2.4 XPSHlE

BRTS AU L IEEFIREDXP SARY ML, IS—%> TV — -
774&&BMMM¥XPSKTWELE%&HWﬁZﬁ&LTMgKaﬁ%
AL, Ty RBHED:15kV, 20mA, EZE :3X10°°PalcTiTor. #
BEFORUEAERY > TILOREIH U SETUELE  AEFORKITRILF
=&, FYr—IT7yvTHROEEBERETIEHIZ, PEREICZLBZC1sb—
JDEAETRILF—%285.0e VIZIBIEL =,

B2, BREEE, BICHLFRZLEEIZTFLEERNTZEDHIZNI T
FOTS/ - LERVESIEMHX P SEX D ZTHMFLE. 7S XINELE
KEFIREEN)ZLADIS/ —ILIZTEIRIERE, SSIHME/ 4044
7T SSX-100EX P SIZTHRIELE. 8Ty o X8 LTATK affEAL, T
VORBED :10kV, 20mA, XBEFOREAE :BETATELE. BER
REICEAINLEALRFILERBIISI > EEENSHE L.

9.2.59 FTIR—-ATRARE

BARTSATNIELEZPBA, PIBMERKRENDFTIR-ATRIRY F
WL, IN—=F> - T —%tH Spectrum 20008 F T—IREMI REZERST
TOeY ) -RERLTRAELE. #FLT, TE3RVEXABOFTIR-AT
RARY MLE®BEHIZ, ATREABRSFTIL X (IRE) &LT, #
BABRREIDFZENTILYZOLTYXL(Ge 5E)EFEHLE.
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9.2.6 TEMAIE
BR7SXVWELEPBA,P I BYET— 73T EMBROBMLEL LT,

BIELTZOLERWREBETToE. Z2LT, 4544 RTLFEYIL FZ X
20 b—=4 (54 H%t% : REICHERT-NISSEI FCS + EM-ULTRACUT-S) @b 17)
FEFRL, B H-T100FAZI T EMIZ T EEE A8,

9.3 BRLER
9.3.1 BETSAVHMEBLEMET - TOREH
PBABLUP I BYERREMEBE TS IUNE (HH : 50 ~ 100 W, L
BRI 030 ~ 120 #) L, AT L RBBEIZHTIPBABLUPI BiE
T—7OHBHEUNELE. TS AINBUBIZL ZEEHORES (HEH 1
00 W, JLEESRT - 120%0) %, R TS XTAIBRERA %4885~ LT, Figure 5.3
& Figure 5.4 [ZRLE. BETSXTAEL, PBABLUP IBYETF— 7
DIBENIZ, XKELHRETULE. £7ZL, PIBYET—7TlE, SEULE 0
MMTTS5ZIE (LH: 100 W, MIPESAT : 30 ~ 120 B LUHEH : T5W,
SLERRFR : 120 #) LEBB0H, BEM T 1 LANTS ITMBREORIZL 01
AL, MEHORERIEREM L. 4H, BETS I VNERE S EEHIE
LB DIIRET — FIRERIED S BEMIES L RIS E TRIEEELE.
Figure 5.3 2R LSIZ, PIBMET—TOMRT L AEHIBRETS
ANALIERSRDIEMIZHRE VAL L, 3.3 N/20 mmb S 90 #4417 (2 8.7 N/20 m
METELLE. &£, BHOTSIVNBHELEHICHEERIILE. 2
NENOUBMIBICHIFZRAKEHE, SRUIEN 300 mmoOs 6. 1 N/20 m
m, 600 mmoDKE8.7N/20 mm, ZL T 800 mmDEFHZE 6.5 N/20 mmE o,
MRS IR LZHBNALEHRIT, BETS IVNENE — LISEHD
RECENTHZILaRLE. &, CORBHALDRIIBESEZEOHEA
ZLZ2EDTHZEEZ .
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Figure 5.3 Peel adhesion of PIB pressure-sensitive adhesive
tapes treated with oxygen plasma at rf power of 100 W as f

unctions of plasma treatment time and sample position.

Figure 5.4 2R T LS5, BETSXVAUBIZELD PBAKET —TELHEN
[CKkEHRZEMMETRLE. PBAYET — 7 TIIERT > X NEREDEINITHR
L, $EHHA3IN/20mmbH S 13.TN/20mmETiEMLE. BIZERTSX
TAIBRFAA R B L EEAHITRLETLE. Z2LT, SHLBUBLRKED
CREERIFLE. FhZhOUEBMEBIZSIFZ2RAOMEHE, LEGGLEN
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Figure 5.4 Peel adhesion of PBA pressure-sensitive adhesive
tapes treated with oxygen plasma at rf power of 100 W as

functions of plasma treatment time and sample position.
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EEEARICT N, BETSAVAEBIhEEERREE#FTIR-ATRE
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Figure 5.5 FTIR-ATR spectra of oxygen plasma-treated PIB

pressure-sensitive adhesive at rf power of 100w for 120 s.
(A) : oxygen plasma-treated PIB pressure-sensitive adhesive.

(B) : untreated PIB pressure-sensitive adhesive.

METSIATNELZPBAKERIREEKRNEDP BAKERREDOFTI
R—ATRARY MNL%&Figureb5.6 [ZRL7z. BRTSAVANEL/ZP B AE
FIREIZIZ, #3500, #3200 #1700 c m™ ' [ZHHHRIRE -V DRI, 2D
$UWEERINE -7 (%, KEEEENDILRZLIZBEDTE2ZENTES. Th
S0 LLVEHERIRE - D&KL, BBET > XAEIZLD TPIB, PBA
HEFIRECHLRZLNBEEKBESBEATAEZ] CEETRLUE.
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2960
[A):Treated PBA PSA 1732

Transmittance (%)

[B):Untreated PBA PSA

4000 3000 2000 1500 1000 680

Wavenumber (cm™)
Figure 5.6 FTIR-ATR spectra of oxygen plasma-treated PBA

pressure-sensitive adhesive at rf power of 100w for 120s.
(A) : oxygen plasma-treated PBA pressure-sensitive adhesive.

(B) : untreated PBA pressure-sensitive adhesive.

METSSAVAUEIZEDPIB, PBAKEFRRAICEASIAENLKRZLE
BEFTIR-ATRAELD]k®7Z. IRAXRI MNLLD,AILKRZILE(1703
cm™ ') OE—/EIBETILFILE (CH,ECH,I2L3 1410 cm™') OE—
HEBORNETEL (A 1703 cm™'/ A 1470 cm™') & LTHLRZILE
BAE%5KSHEZ. PIBHEFRE~NBASNEZALRZIILEOERLL, BE
75 X AMEBRERIDEMIZHRLY, 0.03 25 1.0 (21800, AIBESRAHT 60 LU L
TlE—FlZ®> 1.

PABMEBEFIREANOHDNKRZLEOBAEIL, HILKRZILE (1700 cm™')
ETRFIILE (1730 cm™ ') OWRFEE ( A1700 cm™" / A1730 cm™")
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PoEHELE. PABKMERIRENBAINEALRILEORNELLZ, BE
75 AR AIBRRADEINIZHELY, 0.05 55 0.15 [ZHIIL, 90 BTHECRKIZE
Lz, B L. BRETSIAVABICLZUBERNRAOALR- L EEAS
DRRVGERE, BRI S X VUBRMEEY > TILGEBOMKE LT Figure
5.7 &£ Figure5.8 [ZRL2. BETSIVNIB(ZL D, HILKRZILENPIB,
PBAMEBFRREE~BAIIE.

BMERT7SXATWEBIZTPIB, PBAMENREBICEAIhEHLEZLE
2L, BR7SAVUEBKHOBMTTRT I LN TEE. BETS XTSRS
2L B DNRZIESOIEIERIL, ¥FHDMER (Figure5.3 & Figure5.4 )
EHUTH 2. HBHIIHTBZHLRZLBEOREIZONTIZS.3.4 B2 Ttk
3.
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1.2

Sample position

A1703cm }/A1470cm™?

0 50 100 150

Oxygen plasma treatment time (s)

Figure 5.7 Concentration of carbonyl groups of PIB adhesives
treated with oxygen plasma at rf power of 100 W as functions of

plasma treatment time and sample position.

o
b
o

Sample positior

e
j—
N

0.05

A1700cm /A1730cm™
o
P
o

0.00 : :
0 50 100 150

Oxygen plasma treatment time (s)

Figure 5.8 Concentration of carbonyl groups of PBA adhesives
treated with oxygen plasma at rf power of 100 W as functions of

plasma treatment time and sample position.
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BRTSATNIBIZL > THEFIREBICEAINEDLRZLEIZE, 4 b
V&, PTLTERE, TZATFLE, ZFLTHLRFIILELRENGEFATNE S
TN THSZ. L, FhODALKRZILEEIRIARY NLOKIZTREER
TEHIELIITRTETHS. #F2T, BETSIAVNIEBIZL>THEAThEDILR
ZLEOEEEXRTREHIZ, XPSiE, SHLPEMHXPSE YD | 2L
TFTIR-ATREEXRIITSNEITO.

SYICEBET > X4 (100 WIZT 120 #R)) L/=PIB, PBAMERE
mZXPSIZTHMHLE. #FLT, O1s&C 1s ARY MNILDIEITE — 38EH
5, O/CIRFLL&EELE (Table 5.1) . P I BHEREREDO/CEFLLIZ
BMRTSXITNEBIZLD, 0.01 (RAEBDOP I BEHFIRE) »50.13 ~ 0.15

(BR7>XATAIBLEZP I BMERIRE) £ THEMULREZ. 72, PBAKER
REDO/CEFLIIEER TS XMIBIZL D, 0.26 515 0.29 ~ 0.44 ~3EIOL
z. MBERICEENZDLRFIILEIMBEHRLIZHR YOKH 2 Z &S
NTHED, DLRFIIILENECOBREER LTV NIRKEVIETH .

ZIT, BRTVSAVAEBUERERIREOAILRF D IILEE S SHELPIEL
XPSEWDIZTHMTLE. LI LANS, BBETS AVNIBC THERRERE
ANBASINEHILRFDILEEIZ, Table 5.1 [ZRLELSIZLRL, BAZH
FEALRZLBEDERSTIERVLWZENASHIZRD .
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Table 5.1 Chemical composition of PIB and PBA adhesives
treated with oxygen plasma at 100W for 120s

Concentration of carboxyl group

Adhesives Sample position O/C atom ratio (number/1000 carbons)
(mm)
PIB (untreated) 0.01 0
0 -
300 0.15 -
600 0.14 -
800 0.13 2
PBA (untreated) 0.26 0
0 0.34 -
300 0.44 -
600 0.37 -
800 0.29 4

BMETSXAVABLEHET —TDRT UL ARIZTT S 180 EE—ILEED
AERTIX, #MEFIEOREMEGZ CHRIZT 57 > MR (RRKIE) 2R LE.
WEHERINEOKEFIREMOF TIR—ATRIRY MNLH% Figure5.9 (P
BA®DZE) & Figure 5.10 (P I BDIBZA) ITRLE. BRTSIVWAELE
PBAYET—7TlX, BAIIhEZALRZIEIEZ, 180 EE—-IILMEEHH
REODHERNREIAKINOLERREELALTHoE. 2L T, BETS XY
IBLEZPIBHMET—7TIE, 180 EEC—- LB HHARIEOKERRETSH
ATNEALRZLESHREL LTHE. E-LEEHERBOMEE (KIR) R
4> DA *A—R% Figure5.11 (PBA®DSS) & Figure5.12 (P I BDig

&) IZRLE.
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4000.0 3000 2000 1500 1000 680.0
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Figure 5.9 FTIR-ATR spectra of oxygen plasma-treated PBA

pressure-sensitive adhesive.

(A) : before peeling. (B) : after peeling.

_— y \ 12297
20534 \ 366.1 |

(A) :Before  1s:

Absorbance

T
4000.0 3000 2000 1500 1000 680.0

Wavenumber (cm™)
Figure 5.10 FTIR-ATR spectra of oxygen plasma-treated PIB

pressure-sensitive adhesive.

(A) : before peeling. (B) : after peeling.
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Adhesive z//

Substrate

Modified Layer

Figure 5.11 Peeling process of oxygen plasma-treated PBA

pressure-sensitive adhesive tape.

Peel Force

“—— Modified Layer
Pl

Backing

Adhesive

Substrate

Figure 5.12 Peeling process of oxygen plasma-treated PIB

pressure-sensitive adhesive tape.

RIZ, BETSAVUEBIZTEASNEDILRDIILEDOIEFLMOSE LT
, THBEINENBRORRABZ2Z{SLEEY OIMEITo=.
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MRISAIWVELEP | BEET—T TR, RFULARICHT 2% AR
BRICAT UV LABEGRERAEICREL-VELZTOFFEMF T I R—-ATRE
[STH#MLE (BMF T | RTOEBERE Figure 5. 1315RLT) . BETS
ARMELI-PBAKET—TORREENE, Figure5 13IZRLEP | B
BT—TDBAELYFERICTECRTULARICEE L. 22T, ATRAER
IS I REREAICEELEHSZZDEEFT IR—ATRETAET 2T 224
CEYRREARDDFNARY FILEBDIFT I R—ATRESHIZTHH L.
COFTIR-ATREFXREEMFT I R-ATRELYBHBENEBIS.

ATUVLABERICEBL-BRTISATNEP | BHEFERERSOEMF
TIR—ATRARY MILORERBIZ Figure5.14 IZTRLT=. RTFULREEWK
[CRB LIS DRNARRS ML ( Figure 5.14 ) &, Figure 5.5 D EER (A)
ISRLEZFTIR—ATRARY ML, FEEAERLCTHo=M, #1710 cm
THBEICBEA TS RELE—SIE, 4 roE, FLTERE, TRTFLE, &
FUDLRFVNWELGEONL DADHILRZILEDREE—5 L HIFTE1-.

Figure 5.13  Microscope picture of stainless steel surface peeled
off from stainless steel/PIB adhesive tape treated with oxygen
plasma at rf power of 100w for 120 s.
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851 3750

/
1707

554 2958

Transmittance (%)

4000 3000 2000 1500 1000 750

Wavenumber (cm™)
Figure 5.14 Micro FTIR-ATR spectrum for stainless steel surface

peeled off from stainless steel/PIB pressure-sensitive adhesive tape

treated with oxygen plasma at rf power of 100w for 120 s.

BETS>IAVNEP BAKBRRADFTIR-ATREEZIRS MNLORK
#l% Figure 5.15 I[ZR L. ZOEERARY MNLIZ Figure 5.6 IZRLE=LWTH
DFTIR-ATRRARIMLEEXRESKRESTHED, BASGNZPBARKEE
BADIHDARY NLEYITERE. ZOEBEIX~RY ML (Figure5.15) 23
ADRIN/N> RHOHEFRTE, OHRYIR/N> K (3220, 3060 cm™') , hILKRZIL
/N>R (1730 cm™") , BMEA/N> K (1600 cm™ ') , CH,, CH,/Y> K

(2960, 1430 cm™') ZLTCONCRK (M0 cm™ ") IZIRB Y TE 3.

3220, 3060 cm™ ' [ZBRN TR/ RiE, KEBEEALEALRFVIILEB L UE
BAMEIZL BRIV RIZBRLTWS. LH L, SABIEEEX P SiklzLk b,
ALVRFIIINEDERIIIKDRTH D, ERDTIEHRWV I ENBRARRIZHE>TL
3. COBEEARY kL (Figure5.15) B9 D BEE TS AVMIBIZ LD &R LT,
HEPBAMEROERRAMKD THS ZEIZRWIIRWL. #2T, ZOREE/R
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DOILEBEERET R, TOF-SIMSIZTHOHhER»T=.

1001

954

85+ - AN

Transmittance (%)

3217 3058 2962 \
80+ 1174
75 1732
70 ' v . . .
4000 3000 2000 1500 1000 680

Wavenumber (cm™)
Figure 5.15 FTIR-ATR spectrum for germanium IRE surface

after FTIR-ATR analysis of PBA pressure-sensitive adhesive tape
treated with oxygen plasma at rf power of 100w for 90 s.

BERT7SXVNE (100WX120 s) L7=P B AERIREERULIEDP B A
BRREDOTOF-—SIMSTSIU AL MEFMICLEBLIEZLEZS, BETS X
VUEBLEPBARKERIREAM,NSE, C,H;0,7 759X MBLUC,HO,”
P50 X2 bOEMMEDONTZ. CH 757 AL NOBEEXREELLT, £
BR7STXA2 MNAEERRLL, Table 5.21Z7RL .
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Table 5.2 Typical negative fragment ions from PBA pressure-

sensitive adhesive surface

Fragment Intensity(normalized)
Mass(amu) Formula Untreated Plasma-treated

13.01 CH 1 1

15.99 0} 1.64E+00 1.72E+00
17.00 OH 1.04E+00 1.07E+00
25.01 GH 2.63E-01 2.58E-01
41.00 GCHO 4.89E-02 5.03E-02
43.02 GH,0 1.17E-02 1.23E-02
55.02 GH;0 2.86E-03 3.19E-03
65.00 CHO 3.22E-03 3.40E-03
71.05 CH,0 4.36E-02 5.09E-02
73.06 C,H,O 2.36E-02 2.44E-02

7.11E-04

6.68E-04

Intensity is a ratio against intensity of CH™ fragment ion.

TOF-SIMST737XA> MER ( BENITRLEC,H;0,7 730X >
RELUC,HO, 757X bDiBMN) LY, Figure 5.15 [ZRLAEZFTI
R—ATREEIRI MLLD, BRTSIAVAEBIZLDEREINZP BADNK
BERS X, NAERCHPCEEKYICULHKRLBEERE TR YT S
CENTES. EZOoNBERNL— M EZDILFBED—HI% Figure 5.16 [Z7R
L.
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—CH,CH—CH,CH — —CH,CH—CH,CH—
| | |

|
0=C c=o —* 0=C C=0
| | \
0 0 0o —o
Radical structure Peroxide structure

Figure 5.16 Chemical structure of surface component of PBA

pressure-sensitive adhesive surfaces treated with oxygen plasma.

5.3.3 TSAVHHEHEBOEZ LEE\HI/NIL VRt
BESSATNBIZTHEINEZPBA, PIBETF—TOHEBDOESIZ

CORERON, MEATEMZKEIZTAELE. BETS>XATUNEBIhEZPBA,
PIBMET—TIXBILLTZOLIZEIDRBER, VSAASRTLMEDIL L
ZI70bM-LEAVWTEEYRZERL, @ohLHEUIFOT EMBREREIT
ofz. KFHIL LT, Figure 5171275 X EH 100 WEB L TF 75 WIZT 30 #
M, BERTSXAINEB LR T —7ORBRRMAGOMET EMERE L
2. BR7SAVAEI NP BAKERIORAICIXBCRBEINEZREBHIR
HEhiz. REEOESZ(E, AHUBMUEBICLVELRD, BELZF 100 ~ 300 nm
THhol=. RAKRIZ, BETSATNEINZP I BHEFIREICERAEETS
REENMREI N, REEBORES IHEHNEBLEICLIVRED, BLZ 10 ~ 300
NmTHoE. FKUEDOPBA, PIBKET—7TIL, B—&FREGETRBLILT=
DLARBLTHRCREBINIRABIZRD oAb ok, #oT, HEHRE
DREEIX, BERTSAVUEBIZTHEAINEERE (HILKRZLE) EREL
EATZOLBRFIZLZEDTHDEMETES. ZOMENELIFIIE, PB
A, PIB¥ET—7OBR7SAINEBTHEINZIBNE, HEFISRERE
DIEEITHEVWREE (10 ~ 300 nm) [IREIhZEEZ 3.
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B e

PSA surface

Figure 5.17 TEM photographs of oxygen plasma-treated PBA
and PIB pressure-sensitive adhesive tapes. (A) :PBA pressure-
sensitive adhesive tape treated with oxygen plasma at rf power of
100W for 30s. (B) :PIB pressure-sensitive adhesive tape treated
with oxygen plasma at rf power of 75W for 30s.
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TEMEBRERL Y BET/SAVIZEIDNEINZRERBDES( 50 ~ 300
nm ) [XREFRBOES (30 um) IZHEN, SERITTENZ LD, 0T,
e ZMBBOIEHFUNAKRECECLTVEE LTS, BEFEB2MFORE
MR LT, BETSAVNBRIZLACHEERIFIL VWK TES,
B2, EFEB2GFI2FA/HOELD, EOLSIZELLENNIDVTHEE.:

To1=.

Figure 5.18 & Figure 5.19(ZPBA, P I B EFIOBEETS XTWUE (100
Wx120 s) IO GPCHIfRERL 2. DFEEIRUIXFL V@EBIZTRLUE.
PBAMERIIEBET S AVUERR TGP CHRIZIFLEALELLLAENOE
(Figure5.18). EB¥H)HF8 (Mw) L EEFYSTR/HEFFEL (M
w/Mn) (&, RINIEP B AEHRIN1.4X10°& 4.3, 7S XTUNIEP B AkLE
EN1.4 ~ 1.5X10°- 4.0 ~ 4.6 i,

PIBERIIERTSXVUNEIZLD, GPCHROEE—-/I1ZMA, L&
DIEFFERDE— U Hi8M L 7=(Figure 5.19) . KMNEP I BHEFINDERTF
¥aFE (Mw) (26.9X10°(ZX L, 75 XTMNIEP I BHEFIOEL—/DE
BFYSFEIEZ (Mw) 5.4 ~ 6.3X10°(Zxf L, $TL K ERLERSDERFY
SFE (Mw) (4.3 ~8.1X10° THo. 2D2DO0E—-IDE—VERL
TS XARUBUBIZCLDDLERRD, 9911 ~ 1.3 THo. BRT SN
BIZLD, PIBMERITIZ1~3%DESFEASHEKRLE. LML, #E
RLBEDRTFESHNDOEEEIHE VI KELLWEEZXS. #>T, PBA, P
IB¥ET —TONLIFHEIZ, REGEE B >IZLHMTES.
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— untreated
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1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Molecular weight in polystyrene conversion

Figure 5.18 GPC curves of oxygen plasma-treated PBA pressure-
sensitive adhesive at rf power of 100 W for 120 s.

6
—untreated
S Pl treated
4 F
> w molecular weight
g3 T
component
2 e
1 b
0
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07
Molecular weight in polystyrene conversion

Figure 5.19 GPC curves of oxygen plasma-treated PIB pressure-
sensitive adhesive at rf power of 100 W for 120 s.
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5.3.4 BRIJSAVUBIZEIIH¥EHRLER
Figure 5.3 & Figure 5.4 [ZRT &L 512, MRS5S AVMBIZLHPIB, P

BAKET —7OMEHIZMLELE. G-DRICRLELSIZ, $EHIZ TRER
FHRARTI2REEREH) & TLAOT-HBURT B/ 7 OEERFIE O
BTRIIENTEZLEITVS. HEFREOKXKEBOESH (10 ~ 300
nm) EROSNZEETH- 2L, FLUTHRERBICIBESTHEENEAILE
e, BRTSXAVAEIZZPIB, PBAKET —70OEHALIX, #
BUERFHIRL D AMEEDDRICLZ LY T I KBS,

BMETSATNBIZL D ERRABIZEASI N EBETRER(DILRILEE)
[ZLBHBENRLEMRIZOVTRIEIETo L. MEFIREBIZEASIhEALR
ZILEEBIINTIEHOEMETOY L, 50 WT 120 /), RS> XA
BLEZPIBYET—7Dfl%k% Figure5.20 (2, iOO WT 30, 60, 90 #f8, &
RTSXARNELIZPBAXET—T0H% % Figure 5.21 [ZRLE. &8, £
MWNRZLNEZEFIFTIR-ATRIARI MILOBRKELVETELE. Figure
5.20 & Figure 5.21 IZ;RL7=LSI1Z, PIB, PBAKET—TL&IC2HED
EANLRZIESIFEDHEEERLE.

Figure 5.20 & Figure 5.21 O#ERIX, AT L ABBEICHT 2B HRELE
EBETHS, AIVRZLENKREILERLLZTEMAETLTVS. HEAR
HOWNKRZLESE2EBRIZECIBEZIENTEAEL, EHI> bO-ILH
AIREIC R LEZONS. Fiz, HERREADHAILRZIILEERT VL AKRAIE
RO EDLERBEICENT, RASHOSFRIMEEER (L2 X8 - REMEXE
AY ) #RB LTS ELHATES.

111



E

g€ 60 F m
S

Z

8 50 |

3

=

)

S

5 40 |

A

3.0 | | [

0.00 0.05 0.10 0.15 0.20
A1703cm™/A1470cm™ area ratio

Figure 5.20 Relationship between the peel adhesion and
absorbance area ratio (A1703cm™/A1470cm™) of the carbonyl
groups on PIB surfaces treated with oxygen plasma at rf power

of 50 W for 120 s.
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Figure 5.21 Relationship between the peel adhesion and
absorbance ratio (A1700cm™/A1730cm™) of the carbonyl
groups on PBA surfaces treated with oxygen plasma at rf power
of 100 W for 30 to 90 s.

5.4 Fe&d
PIB, PBAKET - 7ORMARHREMELHORBEHRLE. 1

BT —7OEREE, BE/SAVNEBIITRERE L. HESLHELT,
PIB, PBAKET—TOHRTULRAIR1B0 EL—L4EHERELE. B
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RTZARNBII THERRAB~ABASNEEREEOINETL, I5I2KE

BOERIEZRELE. 2FLT, AT UL ABBEGIIHTIEEEODEZOVLT

HREIToOE. BMETSAVAUBIZLZREREDRIIUTOLSIZEE02 2

ENTES.

(1) A7 L AHBEEIZHTEZPIB, PBAKET— 70D 180 EE— L&A
X, BETSXATUBIZLNMLELE. PIBMET—7OEHLTTSX
YAERBEOEMIZHEVRLEL, 0MULTIRIFIF—FLRok. PBA%
BT —T7OHBEHITSIVNEBRBFRDIEINE &6 (2ML, BIZALEER]
NRBZEHBENHIIRVIZELEZ. 2, SHOTSATNBHBL IS
NDZEEBERIFTLE.

(2) BRTSXTNEBIZL D, RERNEBIMEFREICEKIAE. ZLT,
HHEICIIBRTS AVNBIZLD, $EROALRZIILEDL S BEE
BEENEAZINhEZ. PBA, PIBHET-—TDBA, BETSIIUET
BMEINSHAL, HEFRREABOERITEVRERE ( 10 ~ 300 nm)
[ZRRESINT=.

(3) PBAKERIOSFESH ( GPC i) IBESSIVMEBIZLD, T
EAEEDLRM o], LA L, Pl BREERITIIBETS XVNEBIZLD,
B> FEIEMI1 ~ 3 BIELER L. ChHBETS AVNBIZHIT
PBA, PIBMEFRIDEEZRATH .

(4) BAANLKRZIILEEYE 180 EL— LB HORICIZEOHEBNES Sh .
INLD, ATULARMBEIIHT 2HEHNAELIZ, HLRZLELAKER
BERELIFREMENTINE. HEFRAOHIL AL EEE BHICELS
BEZENTENDL, 5B/ DI NO-INTEEICLRZ EEZONDS. £/,
MEFREOHILRZIALBEERT VL ZREZBEVADEREIZHVT, &
A SO DS FEBEER (& 2 (X8 - BEEEERAY ) 2#RIWLTL3
EHERITE 2.
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BOE MBEHEKRAS

6.1 [XUBIZ

BIETINET —TOKENIHTIEZHEPLCETHAROBEN &R,
FLEBLUTHEIETCIEIFHREFS L UVERITEREGE DB ADER
HIZBFT2HBEROREEDEZRITLE. ZLT, B4EBLUESHEZTT N
LY OHEMRFIR) 2EATIC TREEEH OHEELIEEMET—TD
Rz BE L, HEFIRAD TS AVNELEHA .

AETIE, T7AVUNEBEOKEBEREREBOKERS (F/LA0—) %
BASMMZIT L, RFMAMME (AFM) ICTHEITERA =, BEMIZIE, A
FMEEA X =S > TE V) [CTHERIRRER SRR HE42L 612, AF
MZ#—=2H—TEIVIITRERS LREHDOHANETL, BEOMEERAE~,
SHIT, NLIBHETHI2WBEHDEREHOBREARIEARA#Z. &b, AFMIC
THEFNRETCEERRLEBRERFAS LT, HERORERS, KREAHIZDL
TORERFIRYEZS L.

T2ARNEBIZTHEFRABENE T2 EHBERENKECELLE. 20
MEREORLIFE4E, EO5WIIT NEBEFHREDORIE) , THEFIRRE
L BEDFREASDER] Z LT THEFIRENOBRETHEEOHEA ) R &I
LBLDTHB ZLuzBoMILE. FLT, BLBETSIVUETIIEA S
WRZIESBEE-ILBEHORMICEDCHMIMIRTE, RERFIEET IR
HEREDDKBEDICLATEIE VWS EZ A EXIFTIREEEE.

LML, Z5AVNEBREINERCBZIETTHLERBIZRETZA AR Y
OERIZLZHBERIRAICTTI2IvF O IMRIAECARD, BREE LTHE
FIBODEZHNFLLTLES ZLERDONE. #oT, FIZHVLEBRMEE L
ZEE, THEBEHEBAALRZIILESEORIZEREIRD SN AR CIIMET
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— T 2ED/NI Y OEMRFIEIX 100%ELLTLAL | CBMETE3EFD
T EITEVMODELEERTHS.

CIT, RAEREZEZ, 77ATNEIZT TET— 7260 /N1 - OLLEM4E
FIE: F(R) I KB LTLWERLWDTHAIE, (1-1I0)RIZRLE FF(R)J 12—
FEEEZDZZENTE, RRODLSIZERTE3.

¥E®H(P) oc P, - D (6-1)
ZZT, Py : BRI LBEEFEORERFINETSTI2REEEH, D H32
EE

AFMERWETZ 2 —XDh—T&E VIhokHBZeDTEZREH(P)IZ
E-LERICTAELTLWB/NLIDEN(P)ERED, S/OLKEHNTH
DINIVG DRBEDTEN VR WVYMETHZEEIZTENTES. Z0EA,
(6-2)XDLSIZAFMOREH(P)IZRARFHITET2REEEH(P,)
[ZEEBIL, BRELT (6-3)RDLSIZHEH(P)ICHFIT 2 EHFTE 3.

Pooc P, - D’ (6-2)
P o P, - D” (6-3)
CZT, P WEH, P,  HEFILBBGCORARFHISTST2REEREH,
P.: AFMERESD, D' : H3EH, D”: HEI3EH

ZIT, AFMZEALW, 75XV BEOKENSRAROHERS (F/L

F0T—) BBALMNITRL, 73 —RAA—TFIPzTTS XNIBYERF
HOXREMDAUEEFEA, E—ILEEHEDLEEBRITET- 1=,
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6.2 RBRAXK

6.2.1 =¥

ERIZIHIRSLUESBEACEMEFEALE. ALEPBAKET—7
SKE P I BRI T — TEBOMAE B TFigure 6.1 (TR L.

/_ PIB:30 um

PP:40 . m

/_ PBA:30 um

PET:38 «m

Rubber-based model PSA tape : PIB/PP
Acrylate-based model PSA tape : PBA/PET

Figure 6.1 Structure of pressure-sensitive adhesive tape samples.

6.2.2 TSXIHE
ERIREIIELIE, ESELAKCTSIVOEBLE. BLWEUE—-—KNTS
AV EEBEAFigure 6.2[2 R L 1=.
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Figure 6.2 Schematic representation of plasma reactor.

HETF—THEWE:20mm, BEX :50mm)iE, 7SXIEBOFRLHNS 0 ~
800 MmO —EDEHICEE, BEEPLUBEHRICTTS>IAVNEL .
TSI BEDOKE T — 7RO A X —% Figure 6.31Z7RL7=.

Modified layer
PSA layer

Backing

Figure 6.3 Schematic illustration of pressure-sensitive adhesive

tape treated by plasma.
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6.2.3 NNILKEHAE
NILVOKEBHIZ, E4MPLUESEIZTAFELEYShH 48 BHREODE —

IWKBEHOEEFERLE. #oT, NLIOMEBEHOHEFEIZISUS430BAXR
TULARTHS. NILOKEHDOEIEIN /20 mmOBLTRLUTE.

6.2. 4 RFEHBAMKICLZ2REMBIEEREHFM
FEFEHBEMBEAFM)IITSHZIL -4 >V XY (D I)1t8, Nanoscope

MaZEAL . AFMIZLZREFLIRARL, BAESiH>FL/IN—- (DI
R, BE . TESP, RE 125 um, HIREIRE :297-345 KH z , ghsR¥(X .
5-10 nm, Eiwfeik : mA) 2BV, AERMFscanrate 1HzIZT, 4w
ST E— ROMABA A -T2 Fik "D (Figure 6.4)TiTof=. REWBI EREHD
AL, (XAEEH 0.6 N/mdDS i ;N ,(0xide Sharpened) V=ZEIH > F L /X—(D
I#%, HE :DNP-S, RE:120 wum, HIRBEIEE :5-50 KH z , phRpR .
5-40 nm, Sipfeik - MAK) AL, I2F I P E-—RODTA-RH-T I
(Figure 6.5)0SFHE Lz, 74 —XA—THRIEIXD>H Y FE— RIZTHAR
EIREBHERE, ARMWEA 2 MERY, RA—KRA > MITZ scan rate 1 H z
TS5EAEETL, ZOFHEE—DDT74+—XA—TELTREL, REES
EREHERLE. BHRIZLTRA—EBHIDWTE SERMORS > MZDWT
74 —AD—TRHEET, REWS ERAHZBLE. RABSLRAHE
£1Z, "|oh SEFDOTHERKD, ZORNDEE L.
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Laser Detector

Extender —Am plitude
module e hase

Piezo drive
signal

‘‘‘‘‘

Simaltanuous

Retardation

. s 4 »re

Phase L .

Figure 6.4 Concept of phase imaging method by AFM.
Difference in surface properties reflects phase difference in a

tapping mode of cantilever .

GBS A =D TR "L, Figure 6.4ICRT &S24y EVSE— RTHE
RETOH, AHORAVEDEVCIVYEZZHOFLA—RBOGLEOTHL
EXVEVITIHBREMTHD. #-oT, COMEAA—SUFETIE, R
Ok, 5EN, BEED, WEELEICLIREYEDENERETZ AT
E, AVIIX—Va VDR EEMHOBEAIBT Y E LT BRI EMNTES.
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Typical Force Calibration Curve

v Start:

§ [

“

o Contact Process

. Surface hardness = slope F :
§ g / 1s Repulsive Force
£
5 Break Process
§ E EI is Attractive Force
£ &
S 2|
© g Z vV— End

g Sample displacement e

Surface force = spring constant of cantilever X Z

Figure 6.5 Force calibration curve of contact mode AFM.

7*—2AH—=TEIVVEIL, Figure 6.5 [ZRTLSIZHFLN—kBEET
[ZHOGEEE B TIT< L, AUFLN—D&HHIHEICEMTZ. FElzhoFLN
—ZABIZTIFTUWE, HEANFHERDALFLN—(ZLEEIZRS.
EBRORARBRTILIORHEETITS . RIZHLFLIN—%&LIFTWL &
BEMERBEBINIZEDD, hoFLN—-D&HIERKRE TR LA THE
IZR%. BIZAFLN-%LIFTWCE, BHRELEHCFLN—-DEOEE
FRLDHCFLN-DERDOANKEC LD, BEREH SBEL, DEEEZ
R3. COIREBHERELTRETZIHEN T A —RH—TETHZ. HoF
LN—DEETIRTHCFLN-DNLAEICRZMEEILHBREOES £ Rk L,
AFLN-OMBRIBTTEEIIRIVEND FTOREERADDNREOREH
ERMTZLIZRB.
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6.3 WRLEE
6.3.1 ERTISXATLNEP | BEBEAOREME

72+ —AN—TRHEDHIZ, H—LBRENTETVIONERETI=HIZA
FMIZTREBERRZTo1-.

R, RUEOP | BEEFREAHREDA FMEHES A —S UV BREGRE
Figure 6. 7IZ5RL7=. RETIE, B LWL S ITREREBERERIZL T, 50
pmX50 umDBTRERETRL-. EAIOEZRABT G (MME) THY, B
AT (&) ASBAS <, ELVAT (MER) ABE< A->TLVS (ZL2P:300 nm) .
RPOEROEBRARKICEON-EBRTHY, CHEDBAOKXRELA (Bt
NEVES) MECRESIND. L, MERICERBREOMMNOEELR
FHICEN D128, 2 TORVESMIBOBN-BEDSVES & —HI“iEH
DI BHREFTIHAL.

Data type Data type
Z range Z range

Figure 6.7 AFM images of untreated PIB. Left picture is height
image (z range:300nm). Right picture is phase image.

View area is 50 u m square.
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Figure 6.7 OHBRICEZHO/NSLTEHVHFRYPE L BRUVEETORRD
BRYRLERABRINA TS, BUVEEBETORKDRY R LERKIE, B30
MO/ =2 E—BLTVWSDTHEEGEMEDENCKD LD TIEELEH
BTEd. NELAVHTFRYEICRZIBRDE, #BET—TRAHEERLEE
[CEALFEEREDOS ) 2—UNP | BEEFIEICEEL-LDEHEEEN
D. TLT, RTRRIREWS LRAMAZFET 57+ —RXH—TRIETII,
BUOHFRMEOFEE LEWLEISOVLTAIE L.

Data type Height Data type
Z range 3.00 pm Z range

Figure 6.8 AFM images of nitrogen plasma-treated PIB (100W X
120s, Omm position). Left picture is height image
(zrange : 3000 nm). Right picture is phase image.

View area is 100 x4 m square.

BRTSATNE GRBEAMEE : 0mm, 75X<TH A 100 WIZT 120 FEMIE)
L7-P | B¥BEHIEEMBEDA F MBS A —C U BERE{E% Figure 6.8 (=
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RLE.BSBETEZLUP%E 300 nmh B 3000 nmIc EIFBITAIERFTTEL
WEE, HBERIREOMMARLCGY, EIMESHO LHhREHRE LTV,
COBRIIIBARERZTIF, EEEOBRBEZTSILICKY, FHYH—LHRGIKE
BRELBOTWD I ENRERETE-.

RI—NEEHT, AMLEOARLLHHM (HHALE : 800 mm) DOREMAE
ZFigure 6.9ICRLT. BERIF, FEAETVFSRAMRBLALBNFEEY—
EGHTVEA, MEETRUOVEADL S GHREHEENEOA:. ESBDZ
LUOZEERZ, MEBREDEEZITo-EZH, BRDOMKBEZRTHECREZTL
SBMAEIMET, B<RATLWAHONMBTHDEMNEETE-. ZOBB
WD LBV DBREFEEEF2~3 nmTHof-. FLT, BTHhRZ T+
—AA—TREIZLY, BOBSEIAL VB ICHREREANBE RS THS
ENFERRTE .

Data type i Data type

Z range Z range

Figure 6.9 AFM images of nitrogen plasma-treated PIB (100W X
120s, 800mm position). Left picture is height image
(z range:300 nm). Right picture is phase image.

View area is 50 y m square.
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6.3.2 BRISATNEP | BHEROEEEE
BRISATNE (FHAEE : 300 mmB LY 600 mm, FSXTHA 100 W

ST 120 ELE) L1-P | BRHEAREMEDA F MEHEA A —2 UV BRE
8%, Figure 6.10, 6. 11 [TSRLT-. BEBDOZLUPIEEHIZ200 nmTH 3.
BB TITNER (Figure 6.7) TN, REITvFoJ £ REORMERIC
FBDEHESNDIBEONLGMORA~NDELNED SNt-. G TIEBES M
FH—RBENBREIN. HEETHLIKRITLSHBAIMEBT, B<RZT
WOESALETHS. COHSINES LRI DORERL, HBEIE 300 mm
THIEL=Figure 6.10 TIX 100 n mT, HHHIE 600 mm TUEE L 1= Figure 6.
N T4 nmePELLGEoTLV=.

50.0 pmn O 50.0 pm
Data type Height Data type Phase
Z range 200.0 nm Z range 100.00 de

Figure 6.10 AFM images of oxygen plasma-treated PIB (100W
X 120s, 300mm position). Left picture is height image
(z range:200 nm). Right picture is phase image.

View area is 50 p m square.
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50.0 pm O

Data type Height Data type
Z range 200.0 nm Z range

Figure 6.11 AFM images of oxygen plasma-treated PIB (100W X
120s, 600mm position). Left picture is height image

(zrange:200 nm). Right picture is phase image.

View area is 50 4 m square.

Figure 6.12, 6. 13 DEIBRITRLIz& 512, tHAH 100 WIZT 120 foR8, Ex
TSARMBLI-P | BET—TREARNEY OBKRELERLTL=. 20
T, T53AINBEUEDLIAILFIZER (15Wx30 s) , #EFIREOEE
f1o1-.

BMRISATWE RABEIE : 300 mmEBLTB800mm, FS5XTHA 75 WIS
T30 MELE) LI-P | BHEFIREMEDAFMEHEA A —S UV BRER %,
Figure 6.12 & Figure 6. 13 [C/RLT1=. BEBODZLUIFEEHIZ100 nmTH
5. HEFIREIINER] (Figure 6.7) ITHR, Figure 6.9 D&S3HTS5w
RARIZEIE LTz, (IABB TIEAOIEY Figure 6.9 D& S BV USIMKEENER S
N, AHUENLEEEN BN IEEMIBRVUBINEEICE L. (248
THAICRATWSEZIEMET, B RATLWIHAINMNETHD. CDBES
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LWERST EBE VBB DB ZFIERIC/NE <, HEHIE 300 mmTRE LT Figure
6.12 T1~3 nm, EAMLIE 600 nm TUELT-Figure6.13 T1~2 nmTH»>
T=. Figure 6.10~ Figure 6.13 &Y, P | B¥&ETF—JOBE TS X MED
a8, HAH100Wx120 BRED TS XML [/\— KAEME) , Z2LTHA TS5
WXI0BRD TS XTMEBIX (VD FIME)] LEZ B EAREERETEL-.

50.0 pm

Data type Data type Phase
Z range Z range 100.0 de

Figure 6.12 AFM images of oxygen plasma-treated PIB (75W x
30s, 300mm position). ~ Left picture is height image
(zrange:100 nm).  Right picture is phase image.

View area is 50 u m square.
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50.0 pm O
Data type Height Data type
Z range 100.00 nm Z range 100.00 de

Figure 6.13 AFM images of oxygen plasma-treated PIB (75W X
30s, 800mm position). Left picture is height image

(zrange:100 nm). Right picture is phase image.

View area is 50 x4 m square.

6.3.3 ERTSAVNEPBAMEAORERE
RUEDOPBAKERZREMEDAFMEHEA A —C U FBRESRE Figure

6.14I1ZRLT1-. BESBDZLUPIE500 nmTHA. BB TEFRERORS T
BERNMENMNBRINDG. CORFREREIESBOMM/ 2 —2 b LE—
BMLTWWEWI ELY, RUEBOP | BBEFIREEICHEEN S O MBE
BLizY)a—VE#EENS.
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50.0 pm O
Data type Height Data type
Z range 500 nm Z range

Figure 6.14 AFM images of untreated PBA. Left picture is
height image(z range:500nm). Right picture is phase image.

View area is 50 x4 m square.

BRTISATNE (RFIBE: 0mmBKIT80mm, F5XTHH 100 WIS
TI120 ENE) LE-PBAMBERRELEDAFMEES A —C U T BERER
%, Figure 6.15 & Figure 6.16 ISRLT=. BEBOZL U PIEEHIZ 500 nm
THSH. BSETIINER (Figure 6.14) [THER, BASAICKREMMOAKRE
2f=. LAL, BB TREELTCEL a0 nREEALE-EEZONDHETF
KERUN DT —BEITBRINLG NI ELY, PBAREFIOERTIS5XY
METIHELCRARENTETNS LHFHTES.
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50.0 pm O
Data type Height Data type
Z range 500 nm Z range

Figure 6.15 AFM images of nitrogen plasma-treated PBA (100W
X 120s, Omm position). ~Left picture is height image
(zrange:500 nm). Right picture is phase image.

View area is 50 u m square.

50.0 pm O
Data type Height Data type Phase
Z range 500 nm Z range 20.0 de

Figure 6.16 AFM images of nitrogen plasma-treated PBA (100W
X 120s, 800mm position). Left picture is height image
(zrange:500 nm). Right picture is phase image.

View area is 50 ¢ m square.
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6.3.4 BRISATUEPBAKEROEREKE
BMRETSATNE (RHEGLE: 0mmBEU800mm, F5XTHA 100 WIz

T120 E0E) LI-PBAMEBERREMEDA F MEEA A —S T ERER
%, Figure 6.17 & Figure 6. 18I RLT=. BEBDOZL > TIEEHIZ 1000 nm
THd BIRTRZLUDE2MICEFTVNDE ST, MERT (Figure 6.14)
SN, MOAKRELGE 27 LAL, HBETRERY—EEZBERIALA-
. COBREY, PBAKBEROBETSXTUETE, L LREMOA RN
LEAEEYNELGCRARENTE TS LT3,

S50.0 pm O
Data type Height Data type Phase
Z range 1000 nm Z range 100.0 de

Figure 6.17 AFM images of oxygen plasma-treated PBA (100W
X 120s, Omm position). Left picture is height image
(zrange:1000 nm). Right picture is phase image.

View area is 50 ¢ m square.
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50.0 pm O 50.0 pm
Data type Height Data type Phase
Z range 1000 nm Z range 100.00 de

Figure 6.18 AFM images of oxygen plasma-treated PBA (100W
X 120s, 800mm position). Left picture is height image (z range:
1000nm). Right picture is phase image.

View area is 50 u m square.

120 PRLETEREAMMDEMARO o=, FTEILLIAIL RS
HAEZBEL, AREATSXTME (100Wx30 s) TOREREEEERET
-

EEE, BRITSATNE (HHEE: 0mmBLU800mm, F75XTHA
100 WIST 30 #E0E) LI-PBARBRIREMEDA F MEEA A—S 058
WER%, Figure6.19 £ Figure6.20 (TR L1=. BEEDZLUIIEE I 500
nmTHSH. RUERELE L THEFRAMOBRE L UCHBRELIZ, T
A EZRIEIFBOHONIGEMN ST, Figure 6.17~ Figure 6.20 &Y, PBAET
—TOEERT 5 XTNEDIBA, 100 W x 120 FPRIALIE, 100 W x 30 FHREME & £
[CEH—GRARESERTE. TLTERBLER, LYTSILRG0ELS

A=
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50.0 pm O 50.0 pm
Phase

Data type Height Data type
Z range 500.0 nm Z range 100.0 de

Figure 6.19 AFM images of oxygen plasma-treated PBA(100W
X 30s, 0Omm position). Left picture is height image(z
range:500nm). Right picture is phase image.

View areais 50 u m square.
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50.0 pm O 50.0 pm
Data type Height Data type Phase
Z range 500.0 nm Z range 100.00 de

Figure 6.20 AFM images of oxygen plasma-treated PBA (100W
X 30s, 800mm position). Left picture is height image
(zrange:500 nm). Right picture is phase image.

View area is 50 ¢ m square.

6.3.5 JSAVYUMBHEHOREEELERETGH

REMEBELNBRETE0T, ThEAORBITOVNTREMEED T+ —
AN—TRRZETL, RABSHSLURAHERD-. AFMIZTREH % HE
TREE, NOFLNA—DERERELRET Y THRRNERICEELRITS. B
—mBEDAFLNA—ZAVEES, FhEROTLEIERTEZIGEEEZ S
naN, EHF Y THREWPICEL > TOIEEEMENRHD, LHLEORERL
FRICHH#ETHS. €T, A—DoFLA—Z2AL, B—BICEELETF—4
RTh&ZTof. ERICEBONIPBAKERD I+ —RXH—THl%E Figure
6.21 (100W, 30 #fE, 300 mmLBICTER TS5 X<MIE) & Figure 6. 22 (100W,
30 ¥, 600 mmAIEICTERISATUNE) ITRLE-. 2L T, £0EP | B
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WEBERID I+ —RH—THl% Figure 6.23 12, R—H>FLA—THIELI-BE
TS XTIE (100W, 120 #RE, 800 mmEBICTER TS XTANE) P | Bis%E
ADaAVEY FE—FAFMBEZED T+ —RH—THl% Figure6.24 ( Figure
6.2 PICAELTRLIZAFMZRDELERS?) & Figure6.25 ( Figure 6.23 H1[ZB
ERLIZAFMEDENES) ITRLE.

Extending
— Retracting

Deflection
0.25 U/div

Setroin{gy

" Z position - 0.05 uw/div
Figure 6.21 Force curve of oxygen plasma-treated PBA
(100W X 30s, 300mm position).
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Extending
— Retracting

Deflection
0.25 VU/div

Setrointy

Z position - 0.05 um/div
Figure 6.22 Force curve of oxygen plasma-treated PBA
(100W X 30s, 600mm position).

50.0 pm
Data type Height
Z range 200.0 nm

Figure 6.23 AFM image of oxygen plasma-treated PIB (100W X

120s, 800mm position). View area is 50 4 m square.

138



Extending
— Retracting

Deflection
0.25 V/div

Setpoint

Z position - 0.05 um/div

Figure 6.24 Force curve of oxygen plasma-treated PIB
(100W X 120s, 800mm position). Point A.

Extending
— Retracting

Deflection
0.25 VU/div

Setpoint

i |
Z position - 0.05 um/div

Figure 6.25 Force curve of oxygen plasma-treated PIB
(100W X 120s, 800mm position). Point B.
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HERIDIA—RAH—TIEFigure 6.25 D& S IHEEMN R r—ILA—/—L,
MO Retracting DI TIEAUFLN—AB K YRBZEMNZL. 5T, ®
RISRLEESICAVFULN—NRERICTKICRDIETOHERHZZEL, CDZE
DUFUIN—DINREEMNDS Figure 6. 5ITRLIEESICEHEL, Bont-{E%E
EADE L.

[/ONE-REAESOEIIREIELLEE L. P | BHEEFITIIRLERHDIE
ZEEICHRIBILEL. PBARHTERLEBRBOREHAKRZC, [FRESO0.6
N/m®DH2FL/NA—TIEFigure 6.26 D& 5B IT+—RH—TIZHHYREA,
REWS EBHITHBETELGSH, KBBS00 mm TURELE-RBOELZESE
[CHHEIE LT

Extending
— Retracting

Deflection
0.25 U/div

Setpoint

Z position - 0.05 um/div

Figure 6.26 Force curve of untreated PBA.

CHDEIICLTEHEoNEREBESIEEZ@MADMHEBEZE Figure 6.27 (BERE TS5 X
YAUEL-P | B¥sEH]) & Figure6.28 (BRETITSXATMELI-PBAKEH)
[Z:RLT=.
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E1.1

50

100 150 200 250
Surface force (nN)

Figure 6.27 Relationship between the surface hardness and

surface force of PIB surfaces

untreated and treated with nitrogen plasma.

AFMIZTRIES N2 YHERREREOCKBEEHERRLEAEDTHD, +/

LAQT - RMTBIENTES. PIB, PBAKRERIEEIZ Figure 6.27
& Figure 6.28 IZ R LS5IZ, +/ LAOT—EBIHICE LW TIZMEFRREHTEL
EERBAAHIXES, FCHBERIRANKSHWFIEREHEIEC D, REFES
EREDIADHEMERLE.
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0.6 1 1 1
0 100 200 300 400

Surface force (nN)

Figure 6.28 Relationship between the surface hardness and
surface force of PBA

treated with nitrogen plasma.

CDLSBADHEBMIE, 7+—XD—TRERBZH>FLN-LKiHEFv a8
SHOEIBRIRABA K OTHANSBREMNIZHE LAALR, ZOROM LA
HEHNHERNRABSIIZLDVENLL, ZOERKIHF v TOEMEBHIELLT
WBHEEZDIENTES.

7#—RA—TRERIZHDFLN-FIRF v THHERREE BRI
LAAENTZRFDA X —T% Figure 6.29 2R L 1=
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Cantilever tip

/

Hard surface Soft surface

Figure 6.29 AFM tip image on pressure-sensitive adhesive

surface.

6.3.6 /NILI¥MBEHERED

T4 —RHh—TEHDSROERAHE (6-2)XDL S ICRARFHEEFT SR
EEEHICHAIL, BRELT (6-3)XDOLS THBEHIZLEFIT Z2DOMRETT X
<, 1B0EL—ILEED (WLIKMBHERETZ) LREHOERMERRLL.
CHhETDH>FLIN—TIZP B ARMNEBHEHE Figure 6.26 [ZRT LS5 ITRE
HADSRAETE RV, 22T, 73AVAEHARERLEI D FLN-(ZR S DL
BOEHIZP BAXRLEBREEDS, LVBELWACFLN-EAVWTI7+—AN—
THIEETVWREAHE RSO, PBAKRREBHABD Y + —Xh—TRECIZ/N R
EH2.IN/mOEMES i A>FLN— (DI#HE, BE . FESP, R&:225
wm, HEIREEL : 60-100 KH z, gASR¥R 1 5-20 nm, iRk : MAH) &
Bz, #ohk=74+—Xh—7REH % Figure 6.30 [T RL =
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Extending
— Retracting

Deflection
50.00 MV/div

Setpoint

Z position - 0.06 um/div

Figure 6.30 Force curve of untreated PBA.

Spring constant of cantilever is 2.9N/m.

TSXIMELI-P | B, PBAKEHID, 180 EE— LB N ERBEHDH
%, Figure6.31 (BRTSATMELI-P | B¥EHI) , Figure6.32 (E%
TS5ATNELI-P | B#EH]) , Figure6.33 (BXTSATUMELI-PBAY
EHI) €L T Figure 6.34 (BRTSATMEL-PBAEHR) ITRLT-.
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Figure 6.31 Relationship between the peel adhesion and surface
force of PIB untreated and treated with nitrogen plasma
at rf power of 100W for 120s.
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Figure 6.32 Relationship between the peel adhesion and surface
force of PIB untreated and treated with oxygen plasma
at rf power of 75W for 30s.
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BRTVSAVMEREBRT SAVLEREDEVIIFEAERD RN 2
=1, PIB#EXIEPBAKERTIIRRZIERE GO,

Figure 6.31, 6.32IZ7RL7=P I BH#EFRITIIE— /LB HELREHIZEDIE
M%ERLE. PIBRERITIEITS ATUNIBEITAR DS & 2 FEYIMHHE X Z D8
R, ¥MEFBIZP IBOESTFERSNERTE 2L, ZLTHAKIZERENE
ATNBZZL5FLEZTHESETHINE., ZOBIFERDTFDEKBE,
BLUB2ETHEREDFRICLDILBEEDENE L THFHEKIRDEENE
ELD, HEFRRABICEELTWLS I EIZERWLIIARL.

BDPFERDERNRE LU EREESAMRICI DVBEEGFICTS XVUEBRE
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Figure 6.33 Relationship between the peel adhesion and surface

force of PBA untreated and treated with nitrogen plasma
at rf power of 100W for 120s.
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Figure 6.34 Relationship between the peel adhesion and surface

force of PBA untreated and treated with oxygen plasma
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force of PBA treated with nitrogen plasma
at rf power of 100W for 120s.
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Figure 6.36 Relationship between the peel adhesion and surface
force of PBA treated with oxygen plasma
at rf power of 100W for 30s.
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Figure 7.1 Peel adhesion of oxygen plasma-treated PBA
pressure-sensitive adhesive tapes and high performance pressure-
sensitive adhesive double coated tapes.

PBA-1 treated with oxygen plasma at rf power of 100W for 120s.
PBA-1 treated with oxygen plasma at rf power of 100W for 30s.

Table 7.1 Test pressure-sensitive adhesive tapes

Tape sample name | Thickness of adhesive Failure mode
layer (4 m)
PBA : untreated 30 interfacial failure
PBA : treated-1 28 anchor failure
PBA : treated-1 30 cohesive failure
HJ-9050 50 interfacial failure
No.5000N 160 interfacial failure
HJ-0240 400 interfacial failure
Mk
Bk
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