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va A aa P 4 ]
M9 2.2 aNAIrINaYBIeITIINTIAONON LA NFILNTIoN Teaee 1o (Burfield ef al.,

1984)
Modification Modulus (MN.m_z) Relaxed Tensile Elongation Hardness Dunlop
level modulus strenght at break (IRHD) resiliene
(mole %) MR 100 (MN.m"™) (%) (%)

100%  200%  300% (MN.m?)

Control 1.0 1.8 3.1 0.95 5.7 390 43 81.8
5.5 1.1 1.9 3.4 0.99 7.0 380 43 81.1
10.5 1.1 2.0 34 - 7.6 400 43 79.6
15.4 1.1 2.0 3.7 - 7.6 380 44 79.5
20.4 1.3 - - - 2.0 180 45 74.3
30.0 1.0 2.0 - - 1.0 200 - -
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Epoxidizing agents Elastomer Reaction
Benzoyl peroxide Polyisoprene Solution
t-Butyl hydroperoxide + Polybutadiene Solution
dioxomolydenum
bis(acetyl acetonate)

Perbenzoic acid Polybutadiene, Natural rubber ~ Solution
Monoperphthalic acid Polybutadiene, Natural rubber ~ Solution
m-Chloroperbenzoic acid Polybutadiene, Natural rubber ~ Solution

Peracetic acid

Hydrogen peroxide + Acetic acid
Hydrogen peroxide and

Acetic acid+toluene-p-

sulfonic acid

Hydrogen peroxide+Formic acid
Hydrogen peroxide+Formic
acid+A second acid

N-Phenylcarbamoyl azoformate

H,0, + Ce(SO,),+Polyether

EPDM, Butyl, Polybutadiene,
Polyisoprene
Polyisoprene

Polybutadiene, Natural rubber

Polybutadiene, Natural rubber

Polybutadiene, Natural rubber

Polybutadiene, Natural rubber

Natural rubber, Polybutadiene

Solution and latex

Solution

Solution

Solution and latex

Solution

Solution
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N
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H
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0
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M3 2.4 SWHUINTYANAULEIVDY IR 1AL Chemical shift Y99 'H-NMR (Roy et al., 1993)

Functional group [IR] [IH-NMR]
Wavenumber (cm_l) Chemical shift (ppm)

Hydroxyl (-OH) 3600-3200 -

-C-H - 3.85

Ester 1720-1740 -

Carbonyl 1710-1740 -

Formate 1725 9.75
Tetrahydrofuran 1065 3.65

Epoxy (cis-1,4- 870, 1250 2.70
polyisoprene)

a a a @ a 4 ana
Gelling (1984) ANMINTNADNONTAFUVDIBITTTNWAABSIOFAN 910
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Gelling and Porter (1988) 318911431 ENR-25 118 ENR-50 Imanuwtiayuiiog
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dy aa J = | qul A 4%1 a 1a s
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E4
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a a s A d? J 3 o a
m3nangonen lyalmudunng 1 weosisud Tuauuluanaeesssuma 1z
v v 4
i lfmgungiinsn/asuaniuzadiouds (Glass Transition Temperature, T,) 1WA 0.93°C
. g P A o v o J ' )
(Gelling and Porter, 1988) sauaaalugili 2.3 Weleunsmanuduiusszninedovaz Ing
a d o 1 o a 4 a
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Tg °C

20}

10 50 90
Mole % epoxide
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@199 (Gelling and Porter, 1988)
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wondatu mzluvazniinal§nseiniuezninegals i lnwmiuniesndiouegaiylu

o N o £ Aaan o aa o’dgl "o 9
Turanadlasen (t@iid, 2547) Falfaseimsitlalsvessnsssumnaonen lsarusgivion

a P a 4 o a aan a\

azlaoTuaowenlas Niooaz InsTuaswen laagelomaiiliinalgnsemsitlaiege uazez
a I a -4 { a 7o { a Aaaa =
maueihusugeiudie luvazniosas Tao Tuaswen lvad Temanzinalgnseinsidla

] a I a Aaaa a a I a
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2. dunsusaannlnsalnil (IR Spectroscopy)
a 4 a o [Y] 1 (% a o
Tagindiio Tuanavesasounsdganaunasniulugiessdounsusaszild
mansduneluluana (Molecular  vibration) msduvesiuseluTuwanaiildinans
A 09/’ ' . £ a A v Aaa v J v v =
nlasuuaavestg (Dipole moment) FuAAIINMIGANALTITOUNIUTA MY THaNFUAIEY) 92
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Loadman, 1984)
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NONFAIUIUDIN (Davey and Loadman, 1984)

A = ag79
Qg0 T Agss
A [ 1 Yy 9 @ A v A
$\13} Ar = ﬂ@]ﬁ’]ﬁ’)uﬂ?ﬁlulelJﬂJslluGlJf]\iﬁﬂJuiUu']mﬂ']ﬁﬁﬂﬂﬁu5\1ﬁ

v A a

@ a s -
ANuuveIdyaIUMIganaus duosesIsumIAonen lean 870 cm”

S
I

870

S
I

@ @ aa 7 . %
ws = ANUNYEIT YR IUMIAANAUS TV s TN IAONEN AN 835 cm” &9

dunilevesle Tensu

: < 3 Ia a @
nilnasgunlFlumsnilesisudanendiadulas ldnmadounslnaas
[ Y] 4 U [ [ A v A A v 9 a =~ [ A
ANUANNUTIENINSRTIEIUMIgANAUTITINBUNDTogas Tns Tuavednond taaaaaglan

24



23

0-7
Absorbance ratio = log A/B
06 I log A/B + log C/D
0's |- N sl
e /
— ’/’
2 0| g
E /’/(D
= 0-3 /E/
<
4
a 0-2 /
01 |
0 1 | 1
0 10 20 30

Mole X ; epoxy

d‘ . . a 9 a 4 A
51U1 2.4 Calibration curve Tumsnlsuaueadosas Tas Tuadwen lyausae19555u1A

U

madawen lud laamnadia IR (Davey and Loadman, 1984)

a a Jd a d = .
3. dupdesuumuanslosuuugmilnlnsalni) (Nuclear Magnetic Resonance
Spectroscopy, NMR)
3.1 'H-NMR
1 3 axA o Y < 9 % ' = a
H-NMR (T135791 14520157 vazannson lassaiavesansdiedia ladunead
4 anara a 4 [ A o ] L) %
wosvedleaninTusaownaniss Tyuuudg laglsingdyauid e 5.14 ppm - d 115

a o A 1a a J { o a
Yp3e 198NN lad llsnounegaanunyowen ladlsingAdyaia 2.70 ppm 910tmatia H-

NMR ausafmuaurisuasnen lea ldanaums (Burfield ef al., 1983)

A
Mol%epoxy = ——="——x100

5.14 2.70

e

A, = WUNNANAWHUS 2.70 ppm (Proton adjacent epoxide unit)
Y v [
Ay, = WUNNANAWMUS 5.14 ppm (Olefinic proton)
13
3.2 "C-NMR

a o 9 =Y Y a 13 a a 4 a
fﬂi’)Lﬂﬂ%'ﬂiﬂi\‘lﬁiNLﬂﬂJIﬂﬁlﬁlﬂfmﬂuﬂ C-NMR EJNfJWfJﬂG]fhlﬂclﬁﬂf]WfJavlﬂ
U fo 1,4 Polybutadiene tiaig 1,4-Polyisoprene ﬁﬂ‘bﬂiﬂﬂﬁﬂ%%&lﬁmﬂﬂﬁ1u 1,4-Polyisoprene

[ J an A o 4 a
Udgmed © C-NMR  m5ueuved loanudindaaia 125 ppm LaZAITUDUYDIONON

=

d a S w @ 3 I 9)::' a a a o
laainamsis lsuundsidyain 64 ppm  aarwilullIdfaunsomlsunadwengaduan
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zﬂy d‘ Y @ d‘ zﬂy d‘ Y @ d‘ (% 09/'
nunladyarun 64 ppm Taemssawnunladya i 64 ppm 1ag 125 ppm AIHUAINITON
Y

FovazTaoluadwon lud laadil (Burfield ef al., 1983)

A 64.5

mol %epoxide =100

64.5 + A124.4,125, 125.7
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2.1.5 ﬂg]nimazﬂ"?aamummawancu"lﬂmamiﬂmms (Acrylation of  epoxidized

elastomer)
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’ p O\
RCOOH + H,CG—— CHR » RCOOCH,CHROH

Monoesterification =~ ---------------- (D

/ 4 / ,
RCOOH + RCOOCH,CHROH ~—— > RCOOCH,CHROOCR+H,0

Diesterification ~—  ________________ )

, AON .
RCOOCH,CHROH + H,C——CHR —> RCOOCH,CHROCH,CHROH

Etherification —  ________________ 3)
e O\
H,0 + H,C——CHR — HOCH,CHROH
Hydrolysis ~  ——=—=—==— 4

nnlfasen nsai§asedudnen’lad Idueueemmnes gy Fuiulfase
wén (1) ntuweueamesiaduingisefunsanimae 18 lawamesindu ) lana
mosThaduilgasndesusnenlas 188mesThadu 3) uazdwenlasinlfiserduiiuda
YaTlaslada 4) F9UF50 2), ) vaz @ Ful§Aseirafeiifaiy

Tuaanei bifiguswWinsefasenziadunn siadusalfiseusu i inde
wonTuiiey Tanssanlad uazsanenled lunsdinlfiwaduduss esfalfisemene
amosinFusdufsiniu (1) Tuvazfilfasnsmesiiadu 3) vwiialuszuuiiiinga
Wudusal§age

4 v

2.1.6 nszvumsIWlamiinugrdul§dseniimtanilaanas
(Basic photochemical process in light —induced reaction)
a U aaa d‘ d‘ o
2.1.6.1 n3zuumsweame Istiulul§seniimtianilagnssninuas
(Direct photo-induced polymerization)
aan a % 4 o a a 4 a
Ugnsemeawe lswdulaslduauiorildinanedwes (Polymer, P) lagiia
v 0 Y [
AlgnseaneTeignaisy Tasueds aaiugsiaveanidenilgnie (eyyadass viiouna
a 42’ 4 ~ aaa Y] dyl a A
lovou) szinaduINUEUBINBS (Monomer, M) Gonignserludnyaziii oyyadasznio

une looounoaus 15149 (Fouassier, 1993)

M—25M* 5> M) > P

M—25M*" > (M)," —>P
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an o [} a 4 a
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1993)
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. 09/’ A [ o’/’ aad a dg’ A A A 1 £ a
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2. Ynsemsnalalasioueen (Hydrogen abstraction reaction) HHAUDIOUYA
daszaaa nnoliiAa i Tasanduliduaniie Triplet Taamslitlalasou wu waszlalas

a J
Wausu ﬁ?ﬂllﬂaﬂﬂﬁﬂa
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| .
¢—C—¢ + THF—>  C— OH +THF

1 ad a 1
3. M3one loudannseu (Electron transfer) 1452 VUOUUILINANTZUIUNITOEY

aAan 1 a d
TouT1/saou (Proton transfer) AuAle1lnsemsnieToudianasouluaniaz Triplet

S, — S, —> T, —5[CTC]— A"

(charge transfer complex)
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4 ] 9 1 a %
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29
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A v
2.1.7 nszvumswenlasmellaaliea (Photocrosslinking process)
TagiialdnszurumsiyenTesame g laslduaass duiusdunissonToavea
Y 1
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ae 1 (M) 2 ¥iinaaad (Fouassier, 1993)
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1] 9
UfnsenvouTesee 14 Taglduas idaod19a il

2.1.7.1 Unsnmaierlasmelalaauaduszuuiifasisulae fuas ves EPDM
(Photoinitiated crosslinking reaction of EPDM)
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2.1.7.2 1Jf]ﬁ%mm‘élﬁﬂ!ﬂuniﬂﬂ‘l‘ﬁ’uﬁﬁ (Photocycloaddition reaction)
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2.1.8 1lIndHimennoas (Photoinitiator)
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2.1.9 NITUIUMSUNTINIBSTIaoans1aletan (UV — Curing process )
(http;//www.tasuvcuring.com/curing.htm., 2007)
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Long wave UV-A 320-420 nm
Mid range UV-B 280- 320 nm

Short wave UV-C 180-280 nm
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o 79 1 d‘ 1 d? (Y] [ [ Y] dy
Tagiwnlszgnaldaulugisnnuenaauaieg Tastuediuanyuzunsaiu aeae Tl

1. Ozone Production 184.9 nm
2. Germicidal 253.0 nm
3. Erythemal 300.0 nm
4. Black light 365.0 nm
5. UV-curing 180-420 nm

1ann15ue9 UV-curing
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1. ﬁug MUNUANYDY UV-curing (Basic chemistry of ultraviolet curing)
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IR-C-C* + Cc=C - IR-C-C-C-C°
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(1) Chain transfer
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ser QQGJ (RadTech Asia 95 Symposium and Workshop, 1995)

Properties Increasing Functionality
Elongation -
Hardness +
Flexibility -

Impact resistance -
Thermal stability +

Chemical resistance +

M3192.7  Aedrneuswes nlFnuediuunsvalolugaaunIsums s sd o

(RadTech Asia 95 Symposium and Workshop, 1995)

Monofunctional Difunctional Trifunctional
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NVP TPGDA OTA 480
ODA DPGDA TMPTMA
B-CEA TTEGDA PETIA
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2.9.1.1 MSUMIILNEEIVO9E190zA3IAN (UV-curing of acrylate rubber)
(RadTech Asia 95 Symposium and Workshop, 1995)
Photoinduced radical polymerisation
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2.1.9.2 MUNIIN A IEI V09890 NN 6@ (UV-curing of epoxidised rubber)
Photoinitiated cationic polymerisation
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(http;//www.tasuvcuring.com/curing.htm., 2007)
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2.1.10 a5AAOUAD (Surface coating) (93911, 2543)
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