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Abstract

The backing required properties of peroxide prevulcanized natural rubber (PPNR) and modified
natural rubbers by epoxidation (PPENR) and surface grafting with acrylamide monomer (PPNR-g-
AAm) were investigated. The properties that were of interest included Young’s modulus, oxygen
transmission rate (OTR), and water vapor transmission rate (WVTR). The Young’s moduli of all
films were closed to that of the skin. The highest obtained Young’s modulus was approximately 8
times higher than that of the skin. The OTR and WVTR of PPNR and PPENR films decreased
with increasing theirs glass transition temperature due to the reduction of chain mobility and free
volume. As mole % epoxide of PPENR increased the OTR decreased because of higher rigidity of
the polymer chains, however, the WVTR increased because polarity increased. Both the OTR and
WVTR of PPNR-g-AAm were slightly higher than those of PPNR. Adhesion between PPNR or
PPENR or PPNR-g-AAm and commercial acrylate based adhesives (DURO-TAK 874098 and
DURO-TAK 87-4287) was determined by peel test. Film surface energy was determined by contact
angle whereas the adhesion mechanism was revealed by Refelction Absorption Infrared
Spectroscopy. The results showed that higher polarity of the films resulted in better adhesion. In

addition, reactive functionality of the adhesive had a strong influence on the adhesive strength.

Keywords : Peroxide prevulcanized, Epoxidation, Surface modification, backing materials
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Approval year
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]UIFALNIN (1979 — 2007) [1]

sautsznounanfiganvesmsulefltlumsihdssmefngs  ldun  backing  layer,
adhesive L3 release liner I@Uﬁ%ﬁﬁﬁm:fﬂ‘uad backing layer fa nyUnilaaurin patch LLazé”Jm‘ﬁ'
agmulu Tuwnueil adhesive vwtinfifiada patch 1WaaRLAMS Was release liner ¥inwiinfitloann
matrix fawmslEnu GamInnifiuenrienseanuuy transdermal patch Tuanwmizengg é‘ﬁaﬁa%i 4

LU 09 LLa@alugﬂﬁ 1-2



Backing layer
Drug + adhesive

Dru
i+l Drug + adhesive u g

. Release liner
Release liner

Membrane

i g -in- i Drug Reservoir-in-Adhesive
Single-layer Drug-in-Adhesive g Adhesive

Backing layer Backing layer

i+ Drug + adhesive B Drug

Release liner Release liner

Membrane Adhesive

Drug Matrix-in-Adhesive

Eﬂﬁ 1-2 NN1398NLULY transdermal patch luanumeens § (www.phamainfo.net/reviews/transdermal-

drug-delivery-systems-review)

[V A o & £ o .
M3 release 1836781310 patch lgRantliuunannIzinedny adhesive uaz/mie
. & o £ @ 3 o ac & { o . { o
membrane UAI%W H4U%aLAY backing layer 8nds luanuddoiaulaimzwaiu backing layer v
a Al = A A& o o P
PN TTTNTE thasnndszmansidulssinanassansesrsimaiduanaunitsvaslan lag
{ =y { 1 1 ] 1 =Y 1 L= 1 A 1 v
nrnsssumanaseandulngadlugdvessnsdy naudusnadiyu wazesurs Sallmeandeudnagn
d' a > o IS a (>3 6 33 J a Al a o ' d' v
Waisudumahosnudsgtiundadust et msvilnasesmamaludeinaddadiuntan
' ' = % ' ' ' '
nimssseanann Ssmsldnudulngedlugamnnimusenouduazgiianns ludiuamims
& o~ o a |2 o & aAv A2 A A A '
unnduszindoiimahossn@anldlits 10% e Twnwiseiididmanoiaifiuyac
a 1 v = (= a d’ o L% 6 o ¥
PYDILNITITNTNG I@auﬁaLuumiﬂﬂmLLazwwmmaﬁﬁmmeauﬂﬂhmamnmm Tagaziin Ll
I3 . ° o LA A ' { o 1 ' A o A o
\lu backing layer dwiuusulariiahdausinaallunmaihsieriunsiiis deludagiu
nwiTsludumaiandsgianldidu backing layer wuflatonnin  sulngidudniinas
[ £ 1l v o a a v d' L% 6 1 d' g; :.l'
(patent) LLaz’Jﬁ@l‘ﬂ’]\‘]ﬂ’]iﬂ’ﬂ@UVLNVL@&Iﬂ’ﬁu’If;I’N‘EﬁN?I’]@m’]’Jﬁ]ﬂLWﬂl%ﬂizTﬂ‘ﬁum’]ﬂﬂ’ﬁ NINEN9
aa wva A Aa & & A& a a Aa v A o A @ A
sy laniaiEnand smansnlugtiduiaumnal flexibilty & uasliFlndi@oaiufianils tanzd
zhanwamn 1w backing layer auazaInalnfIntIaInITanfewlnl laatradusssumailad
m3biueula (patch) N¥1NNBNIBITNTIA
A9 Imamﬁ%’aﬁﬁw’aLﬁuvl,ﬂﬁmiﬁﬂmauﬁ'@maamaﬁmma LRTENITITNTNANHIUANT
dsuudslassanafasiumam biidu backing layer vasununtlasialidausinaiialdlumsiigs



ENHIWNIRINIS LaanmIysuuaslassasazutailu 2 33 Atusnazidumsusuudslu buk vas
EN9FIINTIALALNNTHN epoxidation LWBLANAMNRIIVEINIBTTNTGRAzAaIRs T umTANaa

o :’ . . ' a = & % ' {
mMIunseuzadlasin (water vapor transmission rate, WVTR) a&3udn3dnisazidunsdsuuein
NUAIVDILN (surface modification) lasn3¥in plasma treatment G8UNFAANTLAW (O,) ANNGAQE

Y . & aad A ¥ A a &
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NUNIWITIUNTIN (Literature review) linudrunasgiuasiagildidlu backing layer udatnsla

A o

flauaiezd backing materials mamamiﬁmgﬁmmwauﬁaﬁmu uanmnﬁmuﬁ%’alugﬂmaa



research papers ﬁﬁagjﬁfaﬂmﬂe} d’mlmy'ﬁagmaaauﬁamm backing materials a:aglugﬂmaa

patents #3a lifidunInasauaILTENEHIaL wazuTENNUY backing materials

[ )

Tagnenmadnanlgidu backing layer swinurulaziialhdausinaialdlumaiigam

[ ]
A ,

Mumefianis Insfidansadn occlusive Aalisanlwamevialasinrinule 0819209770
@9na17 lawn Aluminum foil, polyethylene wasfifsutiadln non-occlusive fia panliormevsala
ff'whuvl,ﬁ % polyurethanes, poly(vinyl chloride) ﬂ’li‘ﬁ backing layer fantaiiu occlusive vinl#a
walitufiazinlmiAamsszaoifasdofianis waerinlédpateh Sadanufianiilalid 6] Taanag
TweRimasiiiare=Saniiain gas barrier A uavzsoulilotinruwld luwnzinedwasnlifivaes
Tipawlilovinsiuwle uavanlwufasinwle

ludnTuasvad Venkatraman et al. (7) lafimsnannfiansiinien elastomeric materials Sﬁ\‘]
witslutin § B3IV WAZENIBTSNT ARNENHU polyolefins an1F1ilu backing materials T3
asiunaiImts lasln13zydn water vapor transmission rate (WVTR) agluzag 0.1-20
g/m>/hr uazen Young’s modulus agluzg 10" = 10° dynes/ecm’ udagnslsfeny enlwudugef
aelifidanmedgniunda: elastomer o laANMINUNINUITY  (review paper) VB3
Sugibayashi L8z Morimoto [8] Vl@Ti:gﬁﬂWﬂﬁL;Ja%ﬁmmmﬁ’]mﬁ%ﬂu backing layer & lagwilslu
i ldun gnemsIud@ LL@ivl,ajvl@TﬁiTagaLLazmiﬁﬂmﬁaauﬁ'ﬁmaamaﬁmm@ﬁLﬁm{Taﬁﬁumi
a4 backing layer Q:Lﬁuvl,ﬁ’jﬁay]aﬁﬁaglu literature ldsnansafiazinanldiiudrdagule
earTsumaianaunanzannumsiianlaiilu  backing layer dwnsuunulasiialdausinale
W30 bl

ﬁ]’mﬂﬁ]ﬁ'ﬂﬁﬁwa@ia gas transport properties 2a4nadlNas lelA chemical nature 8uaIA3EN
sewinanadinesuas penetrants, degree of solubility, anudunan LLazﬂ’li’;f@ﬁm‘[NLaqa Hasny
indawlwives backbone chain lmmﬁﬁ'ﬂf‘:ﬁnjaﬁﬁ]m{uLL@iaImaa%waamaﬁﬁu"m@ lagmsvinlw
El’l\‘]‘ﬁﬁ&l"ﬁ’lalﬁ'ﬁ{?’gL‘ﬁluu’m%uﬁ’mmiﬁ’l epoxidation Gﬁ\‘]ﬁ]’mmufsﬁ'ﬂmad Johnson L8z Thomas [9]
WudLiia mol% epoxidation maamaﬁﬁmwaqﬁu O, gas permeability aqad L@aH 9lsAA
Nssanan W ldnmySasudadEinatazen WYTR v898uinufitesuais wenannnsdiuues
Tassa1slu buk 2898795330 N@lagn3¥n  epoxidation U&Y  BNWWIMIMIIAaMIUTLUGS
Tassadomeiuin Sdlunuiilévin 0, plasma treatment LRalRAuANTIAV0IRREIVEILNS
BITNTG ﬁ]’mﬁ?uﬁ’m’liﬂi’w\lﬁ’sﬁ’m acrylamide monomer f‘ﬁ\‘m’liﬂi’lw monomer @4naT8 A

g Aa a v o J s .
NURIVBILITTTNTIALIN AU LAGUUAL acrylate adhesive



2.1. 780

unn 2

ASn1maaay

ad a U g; = [ A
ﬁ?iLﬂNﬂl‘!ﬂ%x‘]’W%’)ﬁ]ﬂ NIDUNINYRZLD YALRAIAINITNN 2-1

A1519N 2-1 &13Lad u‘%ﬁmﬁmma LAZLNIAVDIRNTL AN N T Iha1UI 8

=
GHELGEY

UIENHT MUY

tnIa

ﬁ']maﬁuﬁﬁmmuimﬁﬂmmLim'l’ugq
(HA-NR)
Acrylate-co vinyl acetate pressure

sensitive adhesive

Acetone

Acryamide

tert-Butyl hydroperoxide (t-BuHP) (30%)
Chloroform-d

Formic acid (85%)

D-(—)-Fructose

Ethylene acetate

Hydrogen peroxide (30%)

119nan JuLueas

Henkel Corporation

Fluka
Sigma-Aldrich
Fluka

Aldrich

Carlo Erba
Fluka

Fluka

Carlo Erba

60% dry rubber content

DURO-TAK 87-4098 (acrylate-
co-vinyl acetate PSA without
functional group)

DURO-TAK 874287 (hydroxyl
functional acrylate-co-vinyl
acetate PSA)

Commercial
AR

Purum

AR

RPE
Bacteriology
Purum

RPE




2.2 MSHILATITHUALNITIATIZRLATIAI192 89 Epoxidised NR (ENR)
2.2.1 NIFILAIILYEN9 ENR [10]

819 ENR ﬂumaﬁ"lﬁﬁnﬂmiﬁﬂﬁwmﬁwﬁﬁmaﬂuLﬁﬂmmLﬁuiuga (High ammonia latex,
HA) Wi asmetinauandUsin anitesnus (Dry Rubber Content) 30% 381tk 100 N3W
NUWIIF IR TRAUTIA IR Nonidet P40 2.1 n3u uasvihmsmuanswauunm 1 59lug
muldgmungiivas NniwimMsUuan pH  wesmssagwliamwilunaslasldnsanesin
(85% Formic acid) nnuwdunsanesniiusn 9.5 Tadaas WszuudUSinmnsaunniiune uas

UTugnnpiiliaaf 71 40 aseumaifos nanwdusiazanglalasaulasoanlad (30% Aqueous

=

solution of hydrogen peroxide) 72.8 3adaas A8l 15-20 Wi LL&:ﬂJ%’ﬂQMMQﬁlﬁmﬁ 1 50 a4en
LaLea Lﬁaﬂﬁﬂ%mLﬁ%ﬂé%ﬁ']ﬂ']sﬂ%'u@h pH aasasaradslasld ansazansuanluiionlaasan
I (10% NH,OH) W1 pH Uszanas 10 lagtfiuanseiesns 1 nsu luawdssdevmnalin
(Petridish) WEAETAZALIANUAALNEANAZNEUEIAIBEN dedheinanliazarauazsinluvinly
LLﬁdﬁaﬂﬁau@tyﬂﬂﬂﬂ wiiild3aTziaae Proton Nuclear Magnetic Resonance (1H-NMR) L‘ﬁ'a
%1 mole % epoxide @ a'll

2.2.2. M1IIATLNAlATIFS192a9 ENR

Proton Nuclear Magnetic Resonance (1H-NMR)

ihanseedsildnnmssnesed ENR  anazaeluasalswasudnile  (cDCl) @9
Wodifud  epoxidation MAeUesEIEI0tn  mansadwmnldnmiuildnnues  H-NMR
sunaSusaaumsaeluil (1]

Epoxide content (%) = l7/ (la7 + 154) x 100

1089 1,, Wae ls AeNUNLANTINVEIANNN 2.7 WAz 5.1 ppm MNE1AU
Differential scanning calorimeter (DSC)

@iﬁqm%nuﬁﬂ’liLﬂaUuanﬂuzﬂﬁﬂﬂLLﬁﬁ (Glass transition temperature, Tg) 183873 ENR f
= v a & & . . P ' o v @ . .
wspnlaniidasioud epoxidation NuandrsnuananIaasagay laannlasls Dynamic mechanical

thermal analyzer (DMTA, Explexor TM 25 N, Gabo) MaATNMIANIBK 5°C/min 3717 -100 to
10°C
Contact angle

1 6

LLN%W&NU’NTQ\‘]UW\‘] ENR ﬁa%ifl_luﬂiz’ﬂﬂ mmmﬁ’mﬁ@mmﬁ{f’maaﬁaﬂaumm‘%ﬂﬂé’lm

[
[ v @ o

M ANNFNNFUBIRL A LWRI Ve I AN

q



2.3. N3OS BALAZNITILATIEHLATIFI 1N Taa1 luBpas NR uaz ENR

2.3.1. MmN Taan tug

= & & A A o 6 v 6 (2 . .

lunmsdnsasahazlsisnandiaen ludaroszuuvedilaseanlss (Peroxide prevulcanize
(PP) system) [12] lasi3uanniaiuaanssiateniaunariiminiuaganaaiia anuulduansnas
ya9aIacansinasinfialalasiwaseanlae- (-BuHP solution) fnauuasansazanslaodsulalada
TalWa (SDS solution) WAZIILANFITALANEE W;ﬂI@]ﬁ-(D-(-)—fructose solution) WazINNAMES b
AUAGU §IULTzNa VeI TN INTIAAN BV I8NITTINTAUAZE1 ENR URAIAIANTI9N 2-2

HINHIBNNIWITRAN LT a8 T UL a e an Lramazi3anI1 PPNR waz PPENR sia b

A13199 2-2 asuazUSananlglunsniiaan luguad NR uaz ENR [12]

dmilsznauvassns ‘Lf'mﬁfn(n%'u)
mf']maﬁuﬁﬁmmuimﬁﬂmmLim'l’ugq (60% DRC) 166.7
wiatineny 119 ENR 690
sIazanuAnynlas- (25% wiv) 8.5
f3azanunesiafa talasweseanlud- (68% wiv) 1.25

ez loasulaaTasaing (20% wiv) 1.25

Wnau 22.4

2.3.2. Myaneidsanalaseasiesoun

a 2 1 A a J a o 5; a v Y ad v %

YSunmlasaisuniieuwluenandiaan lush sansamdTanaldaisisiamsuied
(Sweling)  lasmizasiminuesmiciedwiouusznaiutlulngds  laomsnasoulusiuills

s [l P Z’ L g [ = a aa v c‘:’ wa Aa v Ao
ad1anddnunUszanm 0.2 NN LL"D’I%I“/]QQ% 40 UIRRNT LLQ’)’NGY]\‘]VL’)Y]QM‘I?\QN%BGLLNzl%‘Vl&l(ﬂ

% °

LTWIAT 7 % LA M IR I AT ML NAIAIRN NN T6a 115

% Swelling ratio = Wiet - Wary
—— x100
dry

Wey A8 UNAINUIENTAIEE1IURY

Waet A8 19N U0I813A10 891 08N (LINA)



2.4 . a3 anuruNanuas PPNR waz PPENR
MIaaIuNLN RS A lagng13620819 20 TaRANT UBLNWBDIANIZAN ITNWWHIINNT

Uauduiau RS o ULRNNWNINILEY lagNTerIanTesey uiuisuNeSoudadludnasaniea

P a

a J g v ] A v | s o 1 A {
LNV ﬂdl%LLNuWﬁNLLﬁGLﬂ%L’JQ’] 1% ‘Hf]LLN%WE‘;&IﬁL@]%El&lvl@]wlﬂa‘]_mqm‘ﬁﬁil 40 BIFNLTALTE

2.5. NMIATVINFNV RGNS ) 2aIUHRNAN

2.5.1. N13IAAMNRWIVDILHWN AN (Thickness)

Samnunmesiuaaegie sroiaiadlalasiiaad (Micrometer) M33AANNRUINDYDITY
§1087199:¥NMTIA 3 FIUAUITALTIF UL ATINANS LAZEIHEIBIT I

2.5.2. NMINAFDUAN Young’s modulus YasuHnan

MINARBLWIAT Young's modulus ¥ilasinmInasauauunaigiu ASTM D412 lasldau

maaugﬂé’uﬁmaﬁ é’agﬂﬁ 2-1

3UM 241 et nTunare Ul aNiuARANANAT3IH ASTM D412

2.5.3. MIRIA1DAIINIIUNINI N DIDaNDLIN (OTR) uazlan (WVTR)

NMINAROUNIAT OTR waz WVTR ﬁf’uﬁ’mﬁmaaumummg’m ASTM D3895 az ASTM
F1424 @MU8aU §oLasadnage UM ITuiwasuissvinnmesausamslnaveseandianias
Tosh TumsmagaasinmINsGwnui IwA@mARounT9 15 IUHNAT WazEnd 15 LTWAINAT
UUTBINIH WU aILAaLazin U o IR LA aH ML WA R IﬂumuqummﬁumaaLLr;iuWéi’aJﬁv'mad

Tvinnn

2.6. msSundslassasrefninzas PPNR

Tumsusuudslassarafiuinuas PPNR 155910310 O, plasma treatment 1 RF reactor
7i 100 w laglfiaanlunnsvin plasma 6199 i tiewianzfimanzay lasrinnisasageauday
ﬁﬁmﬁﬂguﬁuﬁmaaﬁmuﬂﬁuﬁN"mmsﬁ'l plasma treatment %8431NN13¥1 plasma treatment %1

%m’mvlﬂﬁjﬂuaﬁazmwaﬂ acrylamide monomer ﬁﬂ’;’]NLﬁuﬁu@i’]\‘lq \Wa¥inN13@@ monomer LAY



NI percent weight uptake 3NFUNIIAWENIH nuwin ldAienzflassainedns FT-IR waz
FUUADHY a9f lananaluusn

(weight of PPNR after dipping — weight of PPNR before dipping)
weight of PPNR before dipping

x100

% weight uptake =

2.7.mM3ANBINTEARATL1IN backing Naunu acrylate adhesive
U
2.7.1. MIRIAINIITHNIBA (surface energy) 284 backing films
a J a v d’ 1 [ ,&' a A 1
lagtn@vadnaiaz wet UBAUAL substrate lallaATWAINUANUAT (surface energy) K386
surface tension VBIAIVIANINAIAININENWRINUNUAIVDI substrate AU NINARBI IUTUUIN
tadumamndnasnuiuia 284 backing Waulasmytadyududa (0) vauih uazlalalela

HMuNYinAL backing Nay NNUUTIA I AT WRINWAUA Las T T Kaeble AIuaadIdI%aN4

| |

2 (3 ydy 2 (¥

cosB=—1+ L2 NS
1 1

lagf ¢ uag y?” wuno i WaINuNURIT89 substrate 1#8997N dispersive Uaz polar components
ANRIAY §I% 7/1‘1,7/1” bR 7,58@1"1 surface tension VBIVBILWAD LaIIN dispersive, polar

components WAZHATINVBINIFBS components AMNEIAU (AILFAILUA1T19N 2-3)

Mn1319 2-3 @h‘wé’amuﬁuﬁwawaammﬁlﬁ‘luaums Kaeble

Liquid " (mN/m) ¥/ (mN/m) ¥ ,(mN/m)
Water 21.8 51.0 72.8
Diiodomethane 50.8 0 50.8

AV o o 4 o a L a o ' A ' Aad A
NN LANFIIMLEITETINA I RIZAUAL 9z3znav lUd2e 2 8w Aa §IuNTe7 was kil
e Lﬁaljﬁ'mg‘ué’uﬁmmzLmu@i’]quﬁi'ﬂvlﬁﬁ'umwé’amufﬁaiwawmmmﬁ'@aawﬁ@mﬂmﬁ@ 89

kg o v ' o { ° -7 ! ¥ o o v 1
Iuﬁ&lﬂ'ﬁi Kaeble L2 ﬁ]z‘ﬂ'ﬂ,‘lﬂ LININUAN ’y’g LRSS ]ﬂ'g mLﬁammaaamﬁmswnm:mlﬁmmm

WRINUABHAINIANA (V)



lugruaaIniazasian G‘ﬁaagjlugﬂmaamm:ma A3W1AN surface tension ¥inlalasnsld
Dunouy ring (Easydyne, Kruss)

2.7.2. Fourier Transform Infrared spectrometer (FT-IR)

drodsflElumsdnsndasedas FTIR wisaldlaamaldindas spin coater lagvinmanea
mm:mwaﬁaqﬁlﬁm‘%m backing film 83U% Ferro plate ﬁ]’mﬁ?uﬁ’m’li spin “71' 1500 sOu/wW7N 1w
I 20 33T WAIINUUIINN M IRU AT TAZ NI MIRIUBT NG UFIFINT spin 18MIEINLAN
00N MNIUANMTATUNULALMNT rinse Fg Ethyl acetate Faifludavinasasdmsuma el
maenmauitlallévl§A5mu backing fim aan MniuENTwRlURIFmMS vacuum dry
wazfulilu desiccators thammasouda'ly

mMyaNzRemY FT-R Wumsiensilwdgunmlunmmnnglaifuasmnauuasng s
mstiada I@Ul%dﬂ%ﬁiﬂﬁl‘f mode Reflection Absorption Infrared Spectroscopy (RAIR) lagla
resolution LYINTTU 4 cm™' 285 W% scan 1024 scans

2.7.3. us9f9aan (Peel adhesion)

NAROUWILIIAINENIULLI 180 89eN @1MNAIFI% ASTM D3330 Tawlfia3as Instron

luiaa 5569 lagfusitiadia (adhesion force) RNTDAWIW LGN NFNNTAIR

G, = 2FW
d’ =S a
lasf G, = usxiiafa
F = aualdgusdnitliunsaeaan
W = @unINuaITRIG

10



unn 3

Namwﬂaaauazmﬁmszﬁwamswﬂaaa

3.1. NMILA3 NS IINTIAMNI8Tz Ul asaan lganT Yaa lsd L

a ¢ 1a Y 1
3.1.1. ﬂ’]i’)Lﬂi’]x‘lﬁﬂi&l']m‘[ﬂidﬁi']di"ldLW]

ad ao

NNANMINARBIIAAINITLINAIVBIINIFTTNTIRNWIIAA UTNLIAE19 9 NUWWLIN
Ujisnmadaulssfifadunmeluaymavassnssundisunduiisnmlumvid jasnia
‘g/ A v Qs { v % =% { { o >
PINTU  TIRDAAFAINUNANIINGAFDIN LANTLINAIVAILNITITUTIAN AARILUBLIAT LA IVHIWI TR
6 n:' ‘g ] =3 1 0 a % n:' d' d' L% s (d’
TN uNNT% 2879 lsAeUNLINF1US IMILING 9z Suas N a lman lwn1IwITaa budn 60

w17 lUawde 300 w1 é’aLLa@ﬂugﬂﬁ 3-1

Swelling ratio (%)

0 } } } } 4 4
0 50 100 150 200 250 300 350
Prevulcanization time (mmin)
gﬂﬁ 3-1 AN ITLINAVBIBNTITNT ANTIaeN Ludaraszuuilaieanlaq Naaned1e9nn

3.1.2. NaRaIM3 crosslink Aamstadawluizasaraldlaanazasersssanid
o a o 6 dl 3 aana nl t:g/ dl
nEanImasasasmaiwTian ludianmlunsiufiseniedn maseulss
A’ ‘g/ Qs g; 1 o v { 1
muluaunazensaziiuuniu aeumzdsnarildmaadenlwizassalgluana
. - { M o £ o %% @ { .
(Chain mobility) afaunlasnnuinduals lassmansadnmlaaiemsliiaias Dynamic
Mechanical Analysis (DMA) 31nHamInasadluzdf 3-2 wudulianamsmnidanlud
A A L o ' { \
\nA Tg LARNTIUGIL waariimaadaunlnizasmaolsluanauas free volume luayna

HENRIOIN
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50 T PY
. & *
.

< | @
G =55
~ 4
= 60 4

L
65 T
=70 } } } } } } |

0 50 100 150 200 250 300 350
Prevulcanization time (min)

P ad Ao 6 v & e A ) Y
Ell‘ﬂ 3-2 Tg VI TITNTION NTH;ﬂ']TWT)ﬂﬂ’]vlau‘ﬁ@'lf_ﬁzﬂﬂl,ﬂﬂiﬂﬂﬂvl‘ﬁ@ NLIRNTIATN N

3.2. n3Anslaseasievasg1ednan loe (ENR)
3.2.1. N8I mole % epoxide Aan1stafianlnizasaaldlaans
mafadfizendiendietudunmudueandawdrldluluianazassniassiuszg
o [ I Aa o ~ (% .
MmlmdaduwswniudNeanlad S9nnnIneasaudn Proton nuclear magnetic resonance
1 ' { o Aaaa a & . A & (>
(H-NMR) wuin Wansmluwmaindfisonfnannds mole % epoxide astRNNINTL A3
A o [ . a o fd a & ' ' A
wradlugn 3-3 dmiungrwmndienladniisuniwzdinaniznuda  mMaafaulng
vasmelgluianaressnissinmd vldanuminsnlumaedeulwimslgluanaaassamy
. A a & A o v & A . A X o
mole % epoxide MILANNNTY TIazvilsien Tg §93u 1ia mole % epoxide LANTUGILFAIIY
U 34
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40 T+
35 T }
s 30 4 ¢
- Ol
.; ﬁ- 1
2 25 $
. 20 +
8 }
2 15 7T
-
- 10 + .
5 -
0 ; } } } } /
0 5 10 15 20 25 30
Reaction times (hour)
5171 3-3 Mole % epoxide 189 ENR fildiamlumsvignienensg
-30.0
350 +
3
-40.0 + *
.
~ 450 T ¢
&)
'<_,__
o _ ——
- 50.0 *
550 +
*
-60.0 T
-65.0 i i i i |
0 10 20 30 40 50
Mole % epoxide

3171 3-4 Tg 184 ENR 15 mole % epoxide #19¢ 1%
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k-
3.3. NM3USULAINWHAIZa9 PPNR
& a ~ o v Aa . I

Oxygen plasma tJuiTmnitslunsvinlsiie functional groups 141 C-O C=0 uas
O-C=0 UhWWHNIVBIIRG DY functional groups NiNaUH 1wW2N high reactivity a91s1IdNN7
#98aNINUTUUAIRAIWDY WAIUWUAD (Surface energy) WRzaNL@ wettability 1897w
o v o A aad A = A [ o y X A v aad ' @
fMnSudadue i thlaSoufiounumIUSuudsNuinedTang 1w MIlTnIzuIumMs

A 1 Qddq,&'-f A o Aa (% 'R v Aa & a L% a K o v
mMand wuIIshiduliasnuranesen lunaldiieanudunsanmslsased 394
ad t&’ A ) v 6
Armstwanznazsian s lunueumsunne
U

N5USUNBHIVDILNISTINBIAALINARA Oxygen plasma

o . Aale A A (% o [t ] J Aa o =S

dsuisuneTonlauinmsduudsfiuis  laslunsmesssasvinmsdnsnnavas
LA WA Plasma treatment uiian 5, 15, 30, 60, 120 Au1H Waw LI NRINzaN
M3 Plasma treatment INWNANINARDILNBINTUNWINNAROLNANYUFUREIBIUN

1 { o A’ J U Qs %

(water contact angle) Wui1 Waa1lun13via O, Plasma tRaRNIuAYIFNHFIZAAA AL

o A

PPNR IHNun3z17%4m3 O, Plasma treatment 3zilfyududansinit PPNR f1lalerinu

d A =

nIzUIuMILTuus lapazansnin 91° anft 40° GagUn 3-5 Tafi 15 Tl umiyia
lﬁ@iwaaguﬁuﬁaﬁumﬁﬂuﬁﬂﬂ
100
30

60

40

20 T

Degree of contact angle (°)

0 } } : :
0 | 30 45 60 7

90 105 120

h
h

0O, plasma treatment time (sec)

3N 3-5 AyUFURRVBINUUTWN UNHIKMN TN O, plasma treatment tHUIAN619 ) A
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N3N MARAIVDILK PPNR 628 acrylamide monomer (PPNR-g-AAm)

NnRaMINaaadnawninininnalunnvin 0, plasma treatment A 15 337 ¥in
lﬁ@hgué’mﬁmaaﬁﬁumﬁ sadonmasnananlFlumsase s wuiasyinmInwee
AAm Tagnasanilavin O, plasma treatment LLﬁaﬁm%mmmﬁjulumm:msl AAm flana
Wiud® 1, 3, 5 WAz 9 wit% ANE1aU mﬂmaﬂﬁmaaawudwuﬁuﬁmaaﬁwﬁma@aamﬂ
82.5° 311 42.5° ﬁ'ﬁgﬂ‘ﬁ' 3-6 G9rWUINAONUTITH 5 Wt% ﬁwmaagué’uﬁm:ﬁumﬁﬂu
gl zasiwluinuiis@enenududuit 5 wi%  dwiudnsnautalumslaie

. 4 4 o o o a s
backing layer dall TINAMNDNTY 5 wt% WuInen percent weight uptake WUIAANBLN
sz 0.75%

100
80 +

60 T

40 —*

Degree of contact angle (°)

20 1

0 } } } } |
0 2 4 6 3 10
Concentration of AAm (wt %)

dl 1 e o tg, tﬂ' 1 tﬂ' v v 1 et
Ell‘ﬂ 3-6 ma;mamamawmmm;mﬂummzmﬂ AAM NAOMULTUVUGTI € Nb
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3.4. ANUAA19 ) 289 backing Waa

3.41. aAINNIBURIWVBIBINTBLAK  (OTR) wazdnsnssnHusaslann
(WVTR)

n. AdafieIaaann PPNR

317 37 uaz 3-8 UAAIHA OTR Uaz WVTR 1a9RauLa38uN PPNR AIFnumIns-
Samluddronmnfianann Sdanalid Tg fid1ein aantlanananuas anuan1meses
WUFMIA1 OTR uaz WVTR aaadtiiadn Tg wianalumsvinng Sam ludues NR gaﬁu B
sansnotugldannmaiants crosslink fianniuues PPNR (Hatfiutanlunisrinnd sam
ety s‘ﬁaﬁiamlﬁmsm’é"auvl,mmaamﬂ‘[sﬂmaqa uwazgasitsszninsluananans viliniady
iuvosufauszloinddanss uwlifures OTR @InaIiaenndasTUNANTNARE I8
Johnson ez Thomas [9] Gﬁdvlﬁi’lilﬂ’luvli"j’lLﬁa Tg maamal,ﬁmnﬂ%u @1 O, permeability
8O8Y  WEIMVEY  WVTR wud’]@i’]ﬁ"lﬁﬁaﬂa"nﬁﬂ"]ﬁfaﬂﬂd’]@i']ﬂﬁg@ﬁﬂﬁwaaﬁmﬁh
transepidermal water loss (TEWL) %ﬂﬁﬁﬂ’]ﬁ’] mmvlfs”ﬁ 120 — 240 g/mzlday [3.,4]

vL_

1 ——
. 4000 —
;a
<
& 3000 +
E
o
s
3 2000 +
o
[
C 1000 +

0 : : : : |
-58 -56 -54 -52 -50 -48

T, (°C)

311 3-7 A1 OTR 2aINNNLETONIIN PPNR 713161 Tg 6199 i
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WYVTR (g/m?*/day)
P
i

15 +
10 +
s |
0 I I I I I
.58 .56 54 .52 -50 48
T,(°C)

3111 3-8 A1 WVTR 229aufia3uaain PPNR Aidldn Tg 6199 i

2. WauneSuna1n PPENR
31Jﬁ 3-9 LAY 3-10 WEAINATAI OTR WAy WVTR waddauniaIunan PPENR Ni
mole % epoxide @149 A (LIAALTIWANINTIaaN luS fAa 60 WIMl) MARANTNARBINLIN
{ P 3 { . A X 4 a o
OTR a9ad luvten WVTR AT 1ila mole % epoxide ANTUTIanu1snatunelanms
a L% o v a = g; cg/ 1
UNINFAAVDINLADNVAIDANTLA Lmﬁ"LﬂIquLaqamaoawo w19 ianuiI N weln
a [ ' . & o Y ' = = . A £ o y e oA
YUALITU Y epoxide Avhlkaalgluanalninuuds (igidity) IANANNIUGIBITUAWT S
=) =) U 1 U { A’ & Qs "
Avanlwdvedan Tg wuinl OTR Henaaadiila Tg 289 PPENR LAY SINAAINE1IN
v 1 Qs A v v 1
Wi [T WALNAM INARa9ITd  Johnson and Thomas [9] basnenuld lusiuwves WVTR
WU31 PPENR 713 mole % epoxide 39 % NH 1w IwIIaan budiduiaa 20 wifl Jd1 WVTR

(112 gim’/day) In&Ae9fiu TEWL 28982913
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Mole % epoxide
35U 3-9 OTR vasHAuNI@IoNIIN PPENR N1 mole % epoxide 6139 i (asfilalu

mMInTiaan lud fa 60 W)

WVTR (cm?*/m?/day)

Mole % epoxide
317 3-10 WVTR 283Wsufia3uuan PPENR 715 mole % epoxide ¢4 fin (aanfilslu

mMINTIaan lud fa 60 W)



a. AdafiaIaauann PPNR-g-AAm

31J°7i 3-11 gy 3-12 UFAINATDI OTR Waz WVTR 28sM8ufia3uaa1n PPNR-g-AAM
frumandTam ludinmens g fwisuiunauesdsuiaonan PPNR usz PPENR39
(PPENR with 39 mole % epoxide) OTR uas WVTR a3 PPNR-g-AAm ﬁ@hgmdn OTR 284
AsufiteIouan PPNR LﬁmLﬁﬂﬁfaU‘ﬁ'nﬂnmmaamiﬁww%'amvlwﬁ’ uiinswnwin ms
¥in O, plasma treatment ﬁ]:ﬁﬂﬁmﬂISﬁIuLaqamaawaamﬁﬁﬁaﬁv'um S aiufifines PPNR-
g-AAm Fadlznavludieluanasmalin LL@iaﬂﬂavliﬁ@ﬁquLaqaﬁag’mﬂluﬁamoﬂ'@ﬂuau
FatumItuiuu eI izaandianuas latinssasuuasfisaintes OTR 289 PPENR39
fientasnin OTR 2a9W§ueSua91In PPNR Waz PPNR-g-AAM 31N LﬁaaQWﬂIuLaqamaa
PPENR39 & rigidity g3 agnlsiaunLie1 OTR ﬁﬁfasl‘ﬁ'fgmaa PPENR39 £9a431NN31
2500 cm’/m’/day lugaua89 WVTR 289 PPENR39 ﬁdwgandwaaﬂﬁuﬁm%wmn PPNR
ez PPNR-g- AAm Usz0nmh 34 1 Lilesannenuiidafiniuues PPENR vilwams

:’ v A6 J
a:mwaamlumﬂaquu

& Surface modified NR

5000 -+ ANR
t t X ENR 39
4000 +
E.:
g 3000 + x 9
,,: T
3 2000 +
o
>y
© 1000 +
0 : : : |
0 100 200 300 400

Prevulcanization time (min)

317 3-11 OTR 2a3WENNGTBNIIN PPNR-g- AAm NRUMINTIaN ludniameng g fiu

Wautunauesi§ufiaTouann PPNR waz PPENR39
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& Surface modified NR

120 - 9 ANR
_ X ENR 39
ElOO T X %
= 80 +
S 60 +
pd
= 40 *
= 1
= A ¢ .
- A
20 + A
0 i i i i
0 100 200 300 400

Prevulcanization time (min)

317 3-12 WVTR 283W80Na3 830270 PPNR-g- AAm NIRumswsian udnnmednsg iu

Wautunauasi§ufiaTouann PPNR Wz PPENR39

3.4.2. A Young’s modulus

=)

3N 3-13 uaeedn Young's modulus vasWEuLaTHNAIIN PPNR lagwudne
, N d oo ¢ x o ,
Young’s modulus XK LlaaN g lunswIiaan luslANanndu @1 Young’s modulus
gaga lannm i wTian lud 120 wifl Wasnidwganayniazessnaiomsnaauriun
ldanga [(13] marhwidaarludinaainnnitaadanailiinants crosslink fiuiazas
aumapetnuiL S ldmmassnuiusesenmaveisnfialdbid d1 Young's
modulus VILWNHIUNIWNIIAA b 1tasnI160 wfi JealnatAsInuan Young’s modulus

PYDINIRIEI
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1.6 T

1.4 1

1.2 1

1.0 1

0.6 T

Young's modulus (MPa)
(e
o0

0.2 1

0.0 } i i } i i } i i } i
0 30 60 90 120 150 180 210 240 270 300 330

Prevulcanization times (min)

317 3-13 Young’s modulus asWsuNe3aaa1n PPNR Ailgiamlumaniiaan udena e i

UM 3-14 ugaIA Young’s modulus VBINFNNLATENIIN PPENR 71l mole %
e 4 o, , LA X 4
epoxide ¢19¢ N L1a mole % epoxide LAY A1 Young's modulus AFLANNINDHLIEIN

. o . & ae A .
13 epoxide Yirlluianavasenadl rigidity LANANNIU PPENR #aa 1% mole % epoxide 39

% {61 Young’'s modulus §9n71289 PPNR tyzanns 2 1

1.6 T

1.2 1
1.0 T i
0.8
0.6 ¢
04

Young's modulus (MPa)

0.0 } } } } } } } |
0 5 10 15 20 25 30 35 40
% Mole epoxides

3111 3-14 Young's modulus 284au7t@38891n PPENR 13 mole % epoxide #1499 fiw
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Tugrusasmstiuuasiuiares PPNR  wuinmsisuusslidonad ofn Young’s
modulus Lﬁaaﬁnﬂwamaamiﬂ%'mwiaﬁhﬁ'@agﬁﬁwaa%mmwhﬁ?u

f9ua3161 Young’s modulus 289119 PPNR Uaz PPENR ﬁ]:ﬁ@hqaﬂ’h@h Young’s
modulus 2a9RM uailalSauiisuiy backing 38 patch AlFlunismssn wudaen
a9naIRa InfALINURINIINIA NATBNUMTIIB8S Fauth WRZRIINY [5] WU 6
Young's modulus 189 backing %38 patch fillurmemaan #IUNNAAIFINIIA Young's

modulus UBIRIRWIBLNINaE 100 LN

3.5. MIANBINTEAAAILKII backing Nasuaznlszianazasian
a v 1 ‘&»‘: = 2K a 1 . a6 A = ad

NwIsludmidumsaneimstadaszning backing WANALAIDNINNLITITUTIRNH
M3 wWilam ludalsiaseanlod (PPNR) ©19 ENR  Arumswidaanludmeaasaanlaq
(PPENR) Lazgd57IumanenumIndiaan ludalsidaseanloduazdsundsnuineis O, plasma
treatment GMNGILMIINTINGIY acrylamide monomer (PPNR-g-AAm) AuNMUszIANazAILEanN
(DURO-TAK 874098 1az DURO-TAK 87-4287) laafi DURO-TAK 87-4098 114 copolymer 33%319

o . s 1 i s d . '

2-ethylhexyl acrylate NnU Vinyl acetate ‘ﬁﬂuﬁ%gﬁaﬁ"ﬁuﬁ reactive 14&14289 DURO-TAK 87-4287
& < ! . A '
wulIw copolymer 331314 2-ethylhexyl acrylate, Vinyl acetate taz 2-hydroxyethyl acrylate mﬁvxg
WarlTuf reactive fanylanvand

289 lonananuatne i lasUn@uadimaias wet UWANUA substrate lallad1nasNn
WWAT (surface energy) #3af1 surface tension VBIAIVBILRAINAEINITATNAIBABRITBY
substrate @4%% NNINARDIUTWLINHINT UM IAAINEINUABAL 289 backing Waulasmsiadn

v o ¥ A Ao o . Aae A v o Y

ANFUHR (contact angle) a9 uazlalalaladiinufivihiy backing an TadyuFURFLAZNE 1Y

(2

#ufi1789 backing Aauuaaalua1319n 3-1

ni 1 [ :’ = A o o . Al 6 1 [ Ap a
N199N 3-1 AMVURUNRUDIVDIUN LLQ$VL@]VLEIIEII@3JL‘Y]TWWHT]U backing Wad LAZAIWRINITWN BRIV

-

backing Wsundwrmmanauns Kaeble

Backing film 0 0 }; (mN/m)
(Water) (Diiodomethane) (Surface energy)
PPNR film 79° 41° 411
PPNR-g-AAm film 44° 71° 50.5
PPENR (39%) film 30° 48° 64.2
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NRTBINNTIAAN surface tension V849 DURO-TAK 87-4098 Laz DURO-TAK 87-4287 laalt
Dunouy ring Wud1 ALy 35.6 waz 24.5 mN/m anadeu i liagdlddn DURO-TAK SRETRLT
Suwiliuflas wet Rsuvas PPENR39 1d@ni1 PPNR-g-AAm uaz PPNR anusaiu

FIUMIANBIAIAMNNLTILTIVRINTTEALNNE (Adhesive strength) 321319 backing Nauny
mamlalasmInasaunidussfdiaan (Peel strength) lufiens 180 asan wazitasnz# Adhesion

mechanism a1atnaia Reflection Absorption Infrared Spectroscopy (RAIR)

3.5.1. MINAFBUNIALIIRIAAN (Peel strength) 117 AN 180 a9

AMNMINAFOUANNUDTINTIVDINTHALMEGI8ITMIAINENIZAING backing  films  Nu
DUROTAK 87-4098 @aillu PSA ﬁvlajﬁﬁy;ﬁaﬁ‘fu WUNASUENIFFININE AWM IS DU NS
PPENR llaz PPNR-g-AAm ﬁd’m’liﬁmaﬂﬁgamﬂﬂdwﬂﬁu PPNR 7ilddnunistSuneslaseainons
LLa@ﬂluEﬂ‘ﬁl 3-15 1ilosann PPNR liifi4a ueima DUROTAK 87-4008 i1 vinlanuidnriule
(compatibilty) 'l gmalddiussasaaniandininues PPENR uaz PPNR-g-AAm  lusgiuzas
PPENR wuitiia mole % epoxide 189 PPENR ﬁmgﬁu mmiamaﬂﬁﬁlzgﬁuﬁm Wasanana
ﬁ{?agﬁu

lusruvasALTafiiaanIzwing backing fiilms (PPNR uwaz PPENR) nu DUROTAK 87-4287
Fau PSA ﬁﬁ%gﬁaﬁfuﬁu%gvlaman%wmﬁ mole % epoxide L8 13 % A lAlAan"T fail wuy
cohesive failure luiilou89 DUROTAK 87-4287 s‘ﬁaﬁmmiﬁmaﬂgaﬁa 10 whillaifisuiudimse g
8an3zWI1 PPNR AU DUROTAK 87-4287 s‘ﬁa@hmiaaaaﬂ‘ﬁ'gaerﬁ@%mﬁaamnmnﬁ@ﬂ@ﬁ%mmﬁ
i:%dwmgvl,amaﬂ%mm DUROTAK 87-4287 ﬁ'uwy; epoxide U84 PPENR films @auaadluuauad
RAIR Gsaznanidaly
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3171 3-15 ¢ Peel strength 321319 PPNR, PPENR Waz PPNR-g-AAm N DURO-TAK 87-
4098

3.5.2. N1594A312% Adhesion mechanism

lumsansinalnmsiafaseniniens PPNR Auntierasian lasldinafia Reflection
Absorption Infrared Spectroscopy (RAIR) (é’aLLamlugﬂ‘ﬁ 3-16) WU31 MIBARATLNINI819 PPNR
Aunazasian Wunsiadauuunmenin (physical absorption) tiasanlaififnifialnilu RAIR
snasy lapfifinuanssnsmezaas PPNR léun #nfl 1660 cm” w89 C=C stretching lugnols
luanazas PPNR lusiuas DURO-TAK wuﬁnﬁﬂuqmé’numwamyjm%aﬁa (C=0) Nlyzanm

wavenumber 9 1750 uaz 1720 cm’
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l (a) I, 100U cm* v , |
]

-

()

|
o
PN
]
1

f t f f t }
3500 3000 2500 2000 1500 1000

e ] # -1

317 3-16 RAIR spectra 789 (a) PPNR, (b) N7 DURO-TAK 87-4098 uaz (c) PPNR @afil DURO-
TAK 87-4098

gaunalnmifadnizning PPENR fiu DURO-TAK 87-4008 'l¢l# PPENR 713 mole %
epoxide iy 39% ALl 3-17 usAs RAIR spectra 289 (a) PPENR, (b) 2 DURO-TAK 87-
4098 uaz (c) PPENR @infiu DURO-TAK 87-4098 Wnugasansmzuas PPENR leun Ainfl 870 uaz
1250 cm’ %aLﬂuﬁﬂmamg epoxide WAIIINANINIAA PPENR fU DURO-TAK 87-4098 WUAN#N
289 C=0 284 DURO-TAK 87-4098 M/Tngfl 1750 uaz 1720 cm ' idswiuiinideni 1739 cm’
\iiofin DURO-TAK 87-4098 83U PPENR G9anwasananiiulylainifia dipole-dipole interaction
32#I19MY epoxide U849 PPENR A C=0 984 DURO-TAK 87-4098 Geanwaensiia dipole-dipole

interaction 321319y epoxide unny acetage leimMINBNUIlUNUIToVEY Kannan uaz
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W3 [14] lunmsAnsanusuRusszrIe lassaLasaul v blends 284 ethylene-co-vinyl

acetate N ENR

3\ 1 5 WAV L
S— ™ -L_\\Jm . . —e ;A'_-,;.l\\f” : \r': -
=t \ i .’ ‘
~ E E‘\. v 5 .‘ e i‘,‘
—— \ A=A B AN
3500 3000 2500 2000 1500 1000

317 3-17 RAIR spectra 789 (a) PPENR, (b) N7 DURO-TAK 87-4098 uaz (c) PPENR @anu
DURO-TAK 87-4098

F1USUNTHARATENRIN9 PPNR-g-AAm NUN13 DURO-TAK 87-4098 w31 RAIR spectrum
(31J°7‘i 3-18) 284 PPNR-g-AAm @@anun1a DURO-TAK 87-4098 lififinifalnd wIameld udan
1a39&3719089 PPNR-g-AAm ‘ﬁ'ﬁﬁyj _NH, (3335 cm) wudaanIniienusslalasiauiuny c=0
289 DURO-TAK 87-4098 Fam3tianusslalasianding mmmg]"l,éfﬁnﬂmLLiaﬁmaﬂﬁgaﬁmaa
PPNR-g-AAm fiUmM7 DURO-TAK 87-4098 1ilaifiguriudimyasaanuas PPNR fiun1? DURO-TAK
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87-4098 91331 PPNR-g-AAm azanunsniianuse lalasianty DURO-TAK 87-4098 l@fanwy nsfi

AU39AInanuad PPNR-g-AAM %a8n31uad PPENR 1348931141 percent weight uptake U84 AAm

UUNWAIVDI PPNR JeLNe9 0.75%

(a)

v ——

L}

a I
* N-H stietching

PR PR

C=0 stretching

0

P

N

an amide group

L

3111 3-18 RAIR spectra 284 (a) PPNR-g-AAm, (b) N7 DURO-TAK 87-4098 U2 (c) PPNR-g-AAm
faNU DURO-TAK 87-4098
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PMNKAVBIAINTAIRENTZNING backing films NU DURO-TAK 87-4098 Wu31éNNN3adaan
9289 PPENR NU DURO-TAK 87-4098 ﬁ@hﬁgaﬂdw backing films ArnuwmadsuudsTassaanuiia
saiulumsdnemstadanunny  DURO-TAK  87-4287 ﬁﬁﬁ;‘J]'ﬁaﬁﬁ'ﬂaman%a:ﬁmﬁmaao
ez ludnwos PPENR Wiy PPNR trinsis $99n RAIR spectra lugﬂ‘ﬁ' 3-19 WU A3
fafinszning PPNR iU DURO-TAK 87-4287 fluuuumenmwiiiesonnlaidfinfifadulnivia
el GiennsastuNafIuIIfInen GIWLIImMs fail Vo9 adhesive bond LUwuuy adhesion

failure

] ‘ | (C=C stretching)

Progr—— |

ance

3171 3-19 RAIR spectra 789 PPNR (a) 4az PPNR+DURO-TAK 87-4287 (b)

lusruvasnalnmitiafiaszing PPENR U DURO-TAK 87-4287 311 RAIR spectrum 284
PPENR (31J°7‘i 3-20 (a)) azviinlddn HReNE UG 1240 cm” uaz 870 em” Galuduntisuas C-0
Symmetric 8z Asymmetric Stretching Ua4%3 epoxide IuLaqama ENR muéwé’uﬂﬁﬂgag waiile
INslaRauMIaIUneNy PPENR lugﬂ‘ﬁ' 320 (b) WuIAATdILMII 870 cm ' siwwnely 1ilasen

a A | 1 Qs £Z ] 'o |l -1 ;é U %
aaawaﬂmﬁgmﬂman ﬂmsJLﬂmgvl,amaﬂfﬂmmm@lvl,@ﬁnﬂﬁﬂlmﬁml,mm 3372 cm  SITauny
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ﬁ'm‘i'lLmu',waamg"lamaﬂ%ﬁLm:agjuu DURO-TAK 87-4287 &IU@W#HI 1759 cm™ uag 1725 cm
" ugsfle C=0 289 copolymer Taiflugrulsznavuas DURO-TAK 874287 Liavinmiaa DURO-
TAK 87-4287 ltus PPENR wuin Sielnaifadufidiuniis 1707 cm’” G‘ﬁuﬁﬂﬁmﬁmmﬂﬁgvlamaﬂ
fﬁﬁmw:ag’uu 2-hydroxyethyl acrylate 789 DURO-TAK 87-4287 ¥hijisennusdwenlaoalimiie
pan 39 RN ARaN9 1A E9289 C=0 Bag 2-hydroxyethyl acrylate 1aswld S9vils c=0 was
acrylate fufidaiunylansend s auanidunikail SaUfAseadfduly ldszwing PPENR fiu
DURO-TAK 87-4287 (nyjfaritulansand) uaasldes aumﬂugﬂ‘ﬁ' 3-21

l‘““”—’“f/ ~./ A ) N/ “;.mé’“’\

s

317 3-20 RAIR spectra 789 PPENR (a) w8z PPENR+DURO-TAK 87-4287 (b)
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311 3-21 Uirseefimiulyldazning PPENR iU DURO-TAK 87-4287 (@ Naritulansand)
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unn 4

aﬁgﬂwami‘nﬂaaa

nmsanesuamaiu backing W&y 289 PPNR PPENR uaz PPNR-g-AAm Linaldiin
backing materials §175UHUTarHAa I aUTING WUIAN Young's modulus 489 PPNR uaz NR fi
HuwmMsUsuusslassaieragesniia Sanlndldssiuen Young’s modulus Ba9RImIEs lagegagalsl
\fin 8 Y89 Young's modulus 28982115 luame?l backing materials w3auruanfialidauss
NANIIMIMAUAT Young's modulus U1NNII6AT Young's modulus 18dR%bd0e19% a8 100 LYin W&
NNMIIABANMITURIUTBILAFBINTIAN WU 1adn glass transition temperature (Tg) V843
PPNR a2 PPENR g\iﬁu Sammsturuuasutsaandiananns thasanmaedonlnizassmols
luana uaz free volume aaad ludIuzas PPENR Wi il mole % epoxide 1RWTH saIMITY
NBYBIUA T aNTLIBAAEY Lﬁaaﬁnﬂmiﬁ%g epoxide LN limolgluanad rigidity LARRNN
Pu myiundslaseasiuiares PPNR (PPNR-g-AAm) flfsanmsturiuuesufaosndion
WRudwAsaEntes  WlesannudinAuiivessns PPNR a:ﬂﬂﬂaqulﬂﬁmimaqaﬁﬁmm@Lﬁﬂ L6l
Imaqamﬂlmﬁamaﬁaﬂuau el FINANINA I ITUHIUVBILATEENTAY NATBINMTINBATINT
Funupaslein wuin 1Haen Tg 184 PPNR 1z PPENR gﬁu Sanmsturiuvedleinanas il
mole % epoxide LinTw asnsEuruuaslatives PPENR 1Rndn tasananadinfiudu
Sammatariuzedlevvas PPENR 713 39 mole % epoxide ﬁ@iﬂﬂﬁlﬁmﬁummig@Lﬁﬂﬁ’maa
Ak sudannsguriiuesletiiues PPNR-g-AAm RaudwAsadntos wwdsnusanms
FuruvasLiaoandian

Tudinsasmibadaszning PPNR based fims nunzfialdeussnadssinnezesan 71ld
MINTAN WuImMstad@avas PPENR ﬁﬁqmﬁaamﬂm’mﬁ{hmaa PPENR ‘ﬁga lag PPENR
mansniindfndseniediiy moezedianfiingWeridud reactive 15ulansendld (DURO-TAK 87-
4287) lummzﬁmiﬁ@am:wj’m PPNR fiuN1 DURO-TAK ﬁaaawﬁmﬂmmu physical absorption
Tugrmuas PPNR-g-AAm Tnamsfa@iaiu DURO-TAK 87-4098 f1dini1 PPNR ueitiiagda1n percent
weight uptake fviag v Wussdsaaniianiasninuas PPENR

szl PPNR based films fifisingmwitazinlu1iilu backing materials dw3uuriuia
siahdausinala
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Abstract

The effect of epoxidation and surface modification by acrylamide grafting on backing-required
properties of peroxide prevulcanized natural rubber (PPNR) based films was investigated.
Backing-required properties including oxygen transmission rate (OTR), water vapor transmission
rate (WVTR) and Young’s modulus were determined. In situ epoxidation of NR latex was carried
out using hydrogen peroxide/formic acid system. Both NR and epoxidized natural rubber (ENR)
latexes were prevulcanized by tert-butyl hydroperoxide/fructose system before film casting. In the
case of surface modification, acrylamide was grafted on PPNR surface by dipping the PPNR strip
treated with O, plasma into an aqueous solution of acrylamide monomer. Epoxidation showed
more pronounce effect on the backing-required properties than surface grafting. As mole %
epoxide increased, OTR decreased by 22 — 35 % whereas WVTR and Young’s modulus increased
around 116 — 170 % and 56 — 138 %, respectively, depending on mole % epoxide. In the case of
surface grafting, it was found that all OTR, WVTR and Young’'s modulus were slightly higher than

those of unmodified films.

Keywords: Backing film, Peroxide prevulcanized natural rubber, Epoxidation, Surface grafting,

Transmission rate
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1. Introduction

One of main components of transdermal drug delivery (TDD) patch is a backing layer. The
backing layer functions as a structure for the patch as well as provides flexibility and a desired
degree of occlusivity to hydrate the covered skin area. Properties of backing materials have
influence on drug delivery profile, adhesion of the patch to skin, wear ability and skin irritation.1’2
The backing layer can be classified into occlusive and non-occlusive types. The backing layer that
has a water vapor transmission rate less than 26 g/mzlday is considered to be occlusive.3 It is
desirable that the backing should have a relatively high oxygen transmission rate (OTR) to allow
the covered skin to breath in order to maintain the skin health. Additionally, backing materials
should have the water vapor transmission rate (WVTR) close to that of transepidermal water loss
(TEWL, 5-10 g/mZ/h)‘LS to maintain the skin's functions. Moreover, Cunningham and Lowery
showed that transportation of water vapor affected adhesion of medical device to the human skin.2
The acrylic plastic disks with air-filled channels remained on the skin three times longer than the
disks without the channels because of better water vapor transport. Additional interested property
of backing layer is Young’s modulus. Young's modulus of the patch should be comparable to that
of the skin (0.1-0.3 MPa)1’6 in order to allow skin movement in a natural way, to provide comfort to
user and to cause less skin irritation. Most commercial backing films and TDD patches have the
Young's modulus at least 100 times higher than that of the skin.1

Recent works related to the development of the backing layer were based on biomaterials
such as chitosan and Damar Batu.7_g Published papers attributed to the backing fims based on
natural rubber (NR) are very limited. Elastomeric materials, including NR and NR blended with
polyolefins, were mentiond as backing materials in the patent of Venkatraman et al.10 They
specified the WVTR and the Young’s modulus in a range of 2.4-480 g/mzlday and 0.001-100 MPa,
respectively. Among polymers that are possibly useful for transdermal patches reviewed by
Sukibayashi and Morimoto,11 NR was included as a base with adhesive without providing
information related to backing—required properties.

Prevulcanized NR latex is well known as a raw material that can easily be processed into
thin film with good mechanical properties and chemical resistance. An excellent in flexibility of
prevulcanized NR can be benefit when applying the patch onto flexible parts of human body.
However, NR is a non-polar rubber. In order to obtain good adhesion to polar pressure sensitive
adhesives (PSA) such as acrylic or acrylate copolymers, chemical structure modification is

required. Furthermore, non-polar nature of NR resulted in low WVTR as shown in the present
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work. Increasing hydrophilicity or more polarity can enhance the WVTR due to higher solubility or
absorption of water vapor in barrier materials.m'13 Therefore, in the present work bulk modification
via epoxidation and surface modification via acrylamide grafting was employed to increase the
polarity of NR.

Properties of NR and epoxidized NR (ENR) were investigated by several research groups.m_

However, very few are related to backing-required properties, especially for peroxide
prevulcanized (PP) latex system. Properties that were mainly examined for peroxide prevulcanized
NR (PPNR) and ENR (PPENR) are rubber particle morphology and secant modulus.m’17 Therefore,
the main purpose of this work was to investigate backing-required properties, including OTR,
WVTR and Young's modulus, of PPNR based films. The effect of bulk modification via epoxidation
and surface grafting on backing-required properties were investigated. OTR and WVTR were the
main interested backing-required properties since these two properties have been rarely
determined. Young’s moduli of the films were also reported and compared with those of the skin

and commercial backings.

2. Experimental
2.1 Materials

High ammonia (HA) — NR latex with 60 % dry rubber content (DRC) was obtained from
Bangkok Rubber Co., Ltd., (Rayong, Thailand). Tert-Butyl hydroperoxide (t-BuHP; Purum), D-(-)-
Fructose (Bacteriology), Nonidet P40 (Bacteriology), sodium dodecyl sulfate (SDS; GC) and
toluene were purchased from Fluka (Bangkok, Thailand). Hydrogen peroxide (RPE) and formic
acid (RPE) were obtained from Calro Erba (Bangkok, Thailand). Acrylamide monomer (AAm) was
purchased from Sigma-Aldrich (Bangkok, Thailand).
2.2 Modification of NR latex via epoxidation

Table 1 shows chemicals used to epoxidize NR Iatex.18 A nonionic surfactant, Nonidet P40,
and deionized (DI) water were mixed with NR latex in a glass reactor. After stirring at room

temperature for 1 hr, the mixture was neutralized and then acidified by slowly adding 85 % formic
acid. After raising temperature to 40 oC, 30 % aqueous solution of hydrogen peroxide was added.

The epoxidation was then carried out at 50 °C for various times. At the end of the reaction, pH of

the latex was adjusted to 10 by adding 10 % ammonium hydroxide solution.
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Two consecutive chemical reactions are involved in the epoxidation process as shown
below.”’ The first reaction is related to the formation of peracid by reacting formic acid with

hydrogen peroxide. Then, peracid reacts with C=C of rubber molecule forming an epoxide group.

HCOOH + H,0, ———® HCOOOH + H,0 )

HaC HsC /o\
. AN
HCOOOH  + C=——CH —>» HCOOH + C—CH

/ \ \NV‘C/ H\20wm

VW CoH H,Cvvn H,

In order to measure mole % epoxide as a function of epoxidation time, during the epoxidation
reaction, aliquots were sampling out at various time intervals and immediately precipitated in
distilled methanol, washed with distilled water and dried under vacuum at room temperature until a
constant weight was obtained. Dried ENR sheet was cut into small pieces (about 10 mg) and then
allowed to swell in deuterated chloroform before measuring by proton nuclear magnetic resonance
(1H-NMR, Bruker DPX400). The integrated area under the peaks at chemical shifts of 2.7 and 5.1
ppm, corresponding to methine proton of oxirane ring and olefinic proton, respectively, was

determined. Mole % epoxide or epoxide content was calculated by using the following equation:20

1
Mole % epoxide=—2"—x100

2.7 +15.1

where, I, 7 = Integrated area under peak at chemical shift 2.7 ppm

Is.1 = Integrated area under peak at chemical shift 5.1 ppm

2.3 Preparation of peroxide prevulcanizd latexes

The formulation used to prepare peroxide prevulcanized (PP) NR and PPENR is shown in
Table 2.17 In the first step, the peroxide emulsion was prepared by mixing t-BuHP solution with DI
water and SDS solution. Then, the emulsion and D-(-) - fructose solution were added into HA-NR
latex or ENR latex. Finally, the prevulcanization reaction was carried out at 60 °C for various
reaction times in order to obtain different crosslink density. During the prevulcanization reaction,

the latex (about 5 g) was taken out at various time intervals and rapidly cooled down to room
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temperature to prevent further vulcanization and dried on a petri dish. The crosslink density of
peroxide prevulcanized film was determined by measuring % swelling ratio of a dried rubber film,
which was immersed into toluene for 7 days. The swelling ratio of crosslinked rubber was

calculated as following:

% Swelling ratio = W =Ws x100
d

Where W, is an initial weight of dried rubber (g), and W, is the weight of swollen rubber at
equilibrium swelling (g).

Glass transition temperature (Ty) of PPNR and ENR was measured by dynamic mechanical
thermal analyzer (DMTA, Explexor TM 25 N, Gabo) with a heating rate of 5°C/min from -100 to
10°C. T4 was obtained from the maximum damping (tan 6) peaks.

2.4 Preparation of surface modified PPNR films

PPNR latex was casted on a glass plate and then dried at room temperature. In order to
graft AAm on to PPNR surface, PPNR film was subjected to O, plasma treatment using Radio-
Frequency (RF) plasma reactor (Basic plasma kit BP-1, Samco) at 100 W under 0.5 Torr, before
being dipped into an aqueous solution of AAm monomer. After dipping, the residual monomer was
removed by rinsing the specimen with DI water. Finally, the specimen was dried under vacuum
and then stored in a desiccator until further use. Percent weight uptake of AAm on the PPNR

surface was calculated from the below equation:

(weight of PPNR after dipping — weight of PPNR before dipping)
weight of PPNR before dipping

x100

% weight uptake =

PPNR films treated with O, plasma and AAm-grafted PPNR (PPNR-g-AAm) were analyzed
by water contact angle using the sessile drop technique. The chemical structure of PPNR and
PPNR-g-AAm films were characterized by Reflection Absorption Infrared Spectroscopy (RAIR,

Thermo Nicolet).
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2.5 Determination of backing-required properties

OTR of dried rubber films was measured at 23°C using O, permeation tester (lllinois 8000)

according to the procedure described in ASTM D3985-02 whereas WVTR was determined by
Mocon Permatran-w 3/33 based on ASTM F1249-90 (reapproved 1995) at 38°C and 90% RH.

An Instron (model 5569) was used to determine Young’s modulus of the samples according to
the procedure described in ASTM D 412-98a at a crosshead speed of 500 mm/min and a load cell

of 1000 N.

3. Results and Discussion
3.1 Characterization of ENR latex

The bulk modification of NR was done by epoxidation process. Mole % epoxide was varied
by varying the epoxidation reaction time from 4 to 24 hrs. A representative of the 1H-NMR
spectrum of ENR latex with the reaction time of 12 hrs is shown in Figure 1. The characteristic
peaks at 2.7 and 5.1 ppm assigned to the methine proton attached to the epoxide group and
olefinic proton, respectively.m'20 Mole % epoxide was calculated from the ratio of the integrated
area of peaks at 2.1 and 5.1 ppm20 as previously described in the experimental part. Formation of
ring opening products such as diol (~3.4 ppm) and/or furan (~3.9 ppm) were not detected.19 The
mole % epoxide, determined by 1H-NMR, plotted against the reaction time, is shown in Figure 2. It
was clearly observed that the mole % epoxide was directly proportional to the reaction time.
3.2. Characterization of PPNR and PPENR

The swelling ratio is inversely proportional to crosslink density. The swelling ratios of PPNR
and PPENR having 23 mole % epoxide films versus prevulcanization times are shown in Figure 3.
It was observed that % swelling ratios of PPNR and PPENR films rapidly decreased with
increasing prevulcanization times in the initial period up to 60 mins. After 60 mins., the swelling
ratios of both films were slightly decreased with further increasing prevulcanization times. At each
prevulcanization time, % swelling ratio of PPENR was slightly higher than that of PPNR probably
due to a bulky t-BuHP group hindered the abstraction of hydrogen from -CH,- to generate the
rubber radical in ENR.17 As a result, crosslink density of PPENR was lower than that of PPNR at
the same prevulcanization time. Further confirmation of higher crosslink density as

prevulcanization time increased was revealed by T, measured by DMA as shown in Figure 4. |t
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was found that T, of PPNR increased as prevulcanization time increased due to higher crosslink
formation, which resulted in the reduction in mobility and free volume of rubber molecules.
3.3. Characterization of Surface modified PPNR by acrylamide (AAm) grafting

In this part acrylamide (AAm) monomer was used to graft on the surface of PPNR because
AAm possessed a polar functional group with good compatibility to those of acrylate based PSA,
which will be used further to fabricate the patch. To study the effect of surface modification of
PPNR films on backing-required properties, PPNR film prevulcanized for 60 min. was employed. In
order to obtain good grafting, before dipping PPNR film into AAm solution, it was necessary to
generate polar function groups on the PPNR surface. O, plasma treatment was used to produce
hydrophilic PPNR surfaces.

O, Plasma treated PPNR film

In order to obtain the optimum time for O, plasma treatment, water contact angle of treated
PPNR films as a function of treated times were determined. The results are shown in Figure 5. It
was found that water contact angle decreased rapidly from 93° to 40° for untreated PPNR film and
O, plasma treated film for 15 sec. Longer treated time affected slightly on the water contact angle.
O, plasma treatment can induce the formation of the polar chemical groups such as C-O, C=0, O-
C=0 on the treated polymer surface.21 These polar chemical groups improve the surface energy
and wetting qualities. Since the contact angle slightly changed after the treated time of 15 sec, this
treated time was selected to prepare AAm-grafted PPNR films for further experiment.

Aqueous solution of 5 % AAm was used for grafting. Percent weight uptake of AAm was
approximately 0.75 %. The presence of AAm on the grafted surface was revealed by RAIR
spectra as shown in Figure 6. The characteristic peak of PPNR appeared around 1660 cm_1
corresponded to C=C. After AAm grafting, a broad peak around 3355 cm_1 corresponded to N-H

stretching of an amide group was detected.

3.4 Backing-required properties of PPNR based films

3.41 OTR and WVTR

The transmission rate or permeability (P) of a gas or vapor through a homogeneous polymer
film depends on the solubility (S) of the gas or vapor and the diffusion (D) rate through the polymer

film as described by the below equation:
P=SxD
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The solubility is dependent on the chemical relationship between the permeant molecule and the
polymer. The solubility of the penetrant is high when the difference in the solubility parameter
between the polymer and the penetrant is small.22 In the case of the rate of diffusion, it is
dependent on the size of the permeant molecule and the amorphous configuration of the barrier
polymer.23 When the polymer has a tight network, diffusion rate of a penetrant through the
polymers tends to decrease.24

Effect of prevulcanization time

The OTR and WVTR of PPNR films as a function of prevulcanization time are presented in
Figure 7. The results showed that both OTR and WVTR decreased with increasing the
prevulcanization time of PPNR films. This was due to higher crosslink density as prevulcanization
time increased, which was confirmed by the result of the swelling ratio discussed previously.
Furthermore, as prevulcanization time increased T, of the PPNR films also increased (see Figure
4). This resulted in the reduction of rubber chain mobility, hence, the diffusion rate of O, or water
vapor through PPNR film decreased. The reduction of OTR and WVTR as prevulcanization time
increased was corresponded well with the swelling ratio results. High reduction of OTR and WVTR
was observed up to the prevulcanization time of 60 mins. Longer prevulcanization time affected
less on the reduction of both OTR and WVTR as well as the swelling ratio as discussed previously.

Effect of mole % epoxide

Figure 8 shows T, of PPENR containing various mole % epoxide with the prevulcanization
time of 60 mins. It was noticed that the T, of PPENR films increased with increasing the mole %
epoxide due to an increase number of epoxide groups, which enhanced the intermolecular polar
interaction,15’18’25’27 leading to the reduction of the mobility and rotational freedom of natural rubber
molecules.

The OTR and WVTR of PPENR films as a function of mole % epoxide and prevulcanization
time are shown in Figure 9. The WVTR of PPENR films increased with increasing mole % epoxide
because the epoxide group increased molecular polarity with a consequence of an increase in
solubility of water vapor. Solubility of the penetrant is higher when the difference in the solubility
parameter between the penetrant and the polymer is smaller.26 As the level of epoxidation
increases, the solubility parameter increases. Each 1 mole % epoxide raises the solubility
parameter by 0.031 (Jm_s) /2.26 Therefore, as mole % epoxide increased the solubility difference

between water and ENR was less. Similar result was reported by Yang and Tsai.12 They found

45



that the water absorption of epoxidized styrene-butadiene-styrene block copolymer membrane
increased as the epoxidation time increased; hence, the WVTR increased with the increase of the
epoxidation time. The WVTR of PPENR with 39 mole % epoxide (prevulcanization time of 20 min)
was 112 g/mzlday, which was closed to TEWL of human skin (120 — 240 g/mZ/day).4’5 This result
suggested that PPENR film had a good potential to be used as a backing film that would be able
to maintain the skin functions and cause less skin irritation. In the case of OTR, it was found that
OTR decreased with increasing mole % epoxide due to the reduction of chain mobility and free
volume15’18’25’27 caused by the enhancement of the intermolecular polar interaction as previously
observed that T, increased with increasing mole % epoxide. However, the minimum OTR obtained
in the present work was still higher than 2500 cm3/m2/day.

Similar to the results obtained for PPNR, as prevulcanization time increased both OTR and
WVTR of PPENR decreased due to higher crosslink density as shown by the swelling ratio results.

Effect of surface modification

The OTR and WVTR of PPNR-g-AAm films compared with those of PPNR and PPENR (39
mole % epoxide) as a function of prevulcanization times are presented in Figures 10 and 11,
respectively. Results showed that both OTR and WVTR of PPNR-g-AAm were slightly higher than
those of PPNR films, although the small polar AAm molecules were presented on the surface of
PPNR-g-AAm films. The modification of PPNR-g-AAm restricted to the outermost layer since
oxygen containing functional groups could not be detected by attenuated total reflectance infrared
spectroscopy (ATR-FTIR) (sampling depth of ATR-FTIR is in a micrometer range). Therefore, the
diffusion of O, and water vapor through the bulk of the films remained unaffected. Similar result
was reported for oxygen plasma treated silicone hydrogel soft contact Iens.28 Fornasiero et al.
found that the transport of water was slightly affected by O, plasma treatment because diffusivity,
which was considered as a bulk property, was not changed by the plasma treatment.28 The slight
increase in WVTR of PPNR-g-AAm compared to that of PPNR film was probably due to better
solubility of water vapor at the surface of PPNR-g-AAm film whose surface had higher polarity.

When comparing OTR and WVTR of PPNR-g-AAm to PPENR39 (PPENR with 39 mole %
epoxide), it was observed that OTR of PPNR-g-AAm was higher than those of PPENR39 whereas
the WVTR of PPNR-g-AAm was 3-4 times lower than those of PPENR39. As previously
mentioned, the increase in molecular polarity was responsible for an increase in solubility of water

vapor through the PPENR films.
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3.4.2 Young’s modulus

Young’s modulus has been reported to be one of important properties for the backing
materials as well as the patch.1’ ° The Young’s modulus of the patch should be comparable to that
of the skin in order to allow the skin to move in a physiological way, to provide comfort to user and
to cause less skin irritation.1’6 The Young’s modulus of human skin reported in the literature
obtained by either torsion or suction method were about 0.1 — 0.3 MPa.6 However, the Young’s
modulus obtained for backing materials and/or the patch reported in literature was obtained by
tensile test.1 In the present work, the Young’'s modulus of all films was also determined by tensile
test.

Effect of prevulcanization time

Young’s moduli of PPNR films as a function of prevulcanization time are shown in Figure 12.
It was found that the Young’'s modulus of PPNR films increased as prevulcanization time increased
up to the prevulcanization time of 120 mins. The highest modulus at prevulcanization time of 120
min was explained by the optimum prevulcanization, which had a suitable fuse of rubber par‘[icles.28
As previously reported, peroxide prevulcanization of NR latex provided heterogeneous network
structure inside each rubber particle, i.e., dense crosslink near the surface compared to the central
region.29 For prevulcanization time longer than 120 mins, the modulus tended to decrease possibly
due to highly crosslink near the surface of rubber particles, which prevented further fuse of rubber
particles. It should be mentioned that the highest Young’'s modulus of PPNR fim was
approximately 8 times higher than that of the skin (i.e., 0.1-0.3 MPa). These values were much
lower than those reported for commercial unlaminated backing films (77, 102 and 2128 MPa) and
transdermal patches (4-501 MPa).1 PPNR showed promising Young’s modulus results to be used
as a backing film.

Effect of mole % epoxide

As previously mentioned that prevulcanization time longer than 120 min resulted in poor
rubber particle fusion, therefore, prevulcanization time of 60 min was selected for investigating
PPENR films. The Young’s moduli of PPENR films having various mole % epoxide are shown in
Figure 13. The Young’s moduli of the PPENR films were about 1.5-2.0 times higher than that of
the PPNR film. With increasing the epoxy content, the Young’s moduli of PPENR increased

because of more molecular interaction of chains as previously explained.
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Effect of Surface Modification

O, plasma treatment had insignificant effect on the Young’s modulus of the PPNR film. The
Young’s moduli of untreated and O, plasma treated PPNR films were similar (approximately 0.60
MPa). The depth of plasma treatment was confined on the outmost surface of rubber film.

Therefore, O, plasma treatment in this work did not affect the bulk properties of PPNR films.

4. Conclusions

Epoxidation had strong influence on the backing-required properties. OTR decreased as mole %
epoxide increased due to the reduction of chain mobility. However, the lowest OTR obtained from
PPENR with 39 mole % epoxide was still greater than 2500 cm3/m2/day. For WVTR, as mole %
epoxide increased WVTR increased due to more polarity, and hence higher water vapor solubility.
PPENR films having 39 mole % epoxide had WVTR closed to TEWL. In the case of Young's
modulus, it increased as mole % epoxide increased because of increasing rigidity and molecular
polar interaction of chains. Surface grafting had slight effect on the backing-required properties.
All OTR, WVTR and Young’s modulus were slightly higher than those of PPNR films. This was
because the modification was confined on the outermost layer of PPNR. Young’s moduli of all

samples were found to be at most 8 times higher than that of the skin.
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1H-NMR spectrum of ENR latex with epoxidation reaction time of 12 hrs.

Mole % epoxide as a function of reaction time.

% swelling ratios of PPNR and PPENR having 23 mole % epoxide films with
various prevulcanization times.

T4 of PPNR films with various prevulcanization times.
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Table 1. Formulation used to prepare epoxidized NR latex [18].

Ingredients Amount (g)
HA-NR latex 300.00
Nonidet P40 3.00
Formic acid (85%) 9.70
Hydrogen peroxide (30%) 72.80
DI water 200.00
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Table 2. Formulation used to prepare PPNR and PPENR [17].

Ingredients Weight (g)

HA-NR latex or ENR latex 166.70 for NR or 690.00 for ENR
tert- Butyl hydroperoxide (-BuHP) (30%) 1.25
D-(-)-Fructose 8.5

Sodium dodecyl sulfate (SDS) 1.25

deionized (DI) water 224
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Figure 1. 1H-NMR spectrum of ENR latex with epoxidation reaction time of 12 hrs.
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Figure 2. Mole % epoxide as a function of reaction time.
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Figure 3. % swelling ratios of PPNR and PPENR having 23 mole % epoxide films with various

prevulcanization times.
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Figure 4. T, of PPNR films with various prevulcanization times.
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Figure 5. Water contact angle of PPNR films at different O, plasma treated times.
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Figure 6. RAIR spectra of PPNR and PPNR-g-AAm.
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Figure 7. OTR and WVTR of PPNR films as a function of prevulcanization time.
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Figure 8. T4 of PPENR films having various mole % epoxide with prevulcanization time of 60

mins.

61



5500 T —e—20min OTR —8— 60 min OTR —A—300min OTR [ 150

5000 T —e 20min WVIR =® 60 min WVTR =& -300min WVTR

4500 + - 120

4000 + .z *
= -
g BT 2 -k F 90 %
T 3000 T < S
~ . L d
T 2500 1 L 8
S _T.” Cemim i m = =D - 60 T
= 2000 + e Zc K =
[ w’ Lo >
o 1500 + i =

P
1000 1 30
500 +
0 : : : : 0
0 10 20 30 40 50
% Mole epoxides

Figure 9. OTR and WVTR of PPENR fiims having various mole % epoxide with prevulcanization
time of 20, 60 and 300 mins.
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Figure 10. OTR of PPNR, PPENR (39 mole % epoxide) and PPNR-g-AAm films as a function of

prevulcanization times.
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Figure 11. WVTR of PPNR, PPENR (39 mole % epoxide) and PPNR-g-AAm films as a function of

prevulcanization times.
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Figure 12. Young’s modulus of PPNR films with various prevulcanization times.
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Figure 13. Young’s moduli of PPENR films with various % epoxidation. (prevulcanization time =

60 min).
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