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Thesis Title Characterization on Epoxidation and Prevulcanization Reactions
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Academic Year 2017
ABSTRACT

This research study aimed to—prepare deproteinized natural rubber (DPNR) by
epoxidation and prevulcanization reactions~and-‘characterize the latexes by using latex-state Ne
NMR spectroscopy.

The epoxidized deprotenized \naturalstubber/(EDPNR) latex was prepared by epoxidation
reaction of DPNR latex in latex stage with! freshly-prepared peracetic acid at a concentration of 34
v/v %. Then, the prevulcanized DPNRAP-DPNR) and-prevulcanized EDPNR (P-EDPNR) latexes
were prepared by prevulcanization reaction with sulfur, vulcanization jin latex stage. The resulting
latexes were characterized-through: latex-state “c/ NMR spectroscopy. The highest epoxy group
content of the EDPNR fJatex|was at 2304 (%. at the reaction time-of 1 hour. Regarding the
mechanism of crosslinking junctions-of latex‘after prevulcanization reaction, a signal at 58 ppm was
assigned to the tertiary and quaternary carbons linking to-sulfur atoms/with the hydrogen abstraction
with sulfur free radicals.

The results of the study confirm that latex-state “C NMR spectroscopy is an alternative
effective characterization technique affirmed by accurate quantitative analyses and the primary

structure of crosslinking junctions of latex in latex stage.

Keywords:deproteinized natural rubber, epoxidation, prevulcanization, latex-state “C NMR

spectroscopy
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Epoxidizing agemts Elastomers Cooditions
Benzoyl peroxide Peolyisoprene 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
Polyisoperne

Peracetic acid EPDM, Butyl, Polybutadien, Solution and latex

Hydrogen peroxide + Acetic)acid Polybutadiene, Natural rubber Solution

Hydrogen peroxide and Polybutadiene, Natural rubber Solution

Acetic acid+toluene-p-sulfonic acid
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acid+A second acid Solution

N-Phenylcarbamoyl azoformate Polybutadiene, Natural rubber Solution

H202 + Ce(SO4)2+Polyether Natural rubber, Polybutadiene Solution
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X Ao Ao, 1
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2. MIUATIEH °C NMR

a o 9 =1 9 a 13 a a 4
MInasz laseairuni Tasldimaiia ° ¢ NMR 8199WonE lagain

=

wodladu Ao 1,4  Polybutadiene 1A% 1,4-Polyisoprene  ANH11A81INIVoHA109 1Y

A o

1,4-Polyisoprene WUFyaaved 'C NMR mifueuvesleoafludidaana 125 ppm ag

[y
9

4 a a J a A w v @ < YA
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a a o g A Y o A &I A Y o A
USnadwendasuainnunladyaiun 64 ppm Tasnissaununlddyaun 64 ppm taz 125

o v 2 Y

ppm UAAIEUNATUAIFUN 2.7 MUIUIVBU09 Sae-heng LazANE [9] AIUUAINITONIIDYAE

U

TagTuaswon loa laaaaunis [29] (2.3)

'%3.5,64.4 % 100

Mol%epoxide = (2.3)

5 + A124.4,125.0,125.2

Tagh A, = WuRtindwaielszanm 64.0 ppm (methane carbon of epoxidized
isoprene unit)
A, = NuRiad@neRlszyiar124.4 ppm (cis-1,4- isoprene units)
Cs
N\
C;:C3
G / \
C, ’ —G l 2

T*W o L | g Y Y Y v L L | s S AR e s _'*ﬁ’v—'l’*"v’—v”*'—v“r
150 125 100 75 50 25 0

ppm from TMS

Uil 2.7 elnafu 13C NMR vosgdwend lasluannzaisazaie [9]
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¥ o @ . aaa o P
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P- DPNR 1122 P-EDPNR A281NnAiianInagey "C NMR spectroscopy 1HEN1IL11814

Y
a2 a
3.1.10 w3snFUUNadon Iaensuasay (Cast film) AuMUIUsEaIa 1 mm



3.1.11 nagouauiia
a 4 1 9
- AATIEHNY 1ATIAI

- AN T,
v A P A a Yy v P
3.1.12 37U5WUBYALAAATILHHANINAAD LONITUIANUTNTUYRINT A3

aa aan d' o 1Y o 9 A d‘ Y] oA 1
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3.1.13 ajUwanazdngiiauseau

(Y] d
3.2 Jaquazglnsas
3.2.1 Jaquazasnil
1. WeesssumAturiianen luilog (High ammonia natural rubber, HANR)

60% DRC

Y v
o U

2. W1nau (Distilled water)

3. QG 8 (Urea : Nacalai Tesquedng.;'99.5%)

4. Twaenlawnsagaila (Sodium dodecyl sulphate, SDS : Kishida Reagents
Chemical Co. Ltd., 99%)

5. mﬁaz%mmu“la"lﬂ%ﬂ (Acetic.anhydride ;- Nacalai Tesque Inc., 93%)

6. milalasaunlesaan s (Hydrogenperoxide : Nacalai Tesque Inc., 30%)

7. NIABTHAR (Acetic acid - Nacalai Tesquednc., 99%)

8. ahsueuluie (Ammonia>: Nacalai TesqueInc., 28%)

9.  @N5aYaIYNINTDU 50 W% (Sulfur (S) Nippon Zeon Co.,Ltd.)

10. A15AZa10BIA0 0N LEA-50 Wi% (Zine 0xide(ZnO) : Nippon Zeon Co.,Ltd.)

11. a1sazaresa=iaianalamloadsuiiun 25 wi%  (Zinz
dibutyldithiocarbamate (ZDBC):: Nippon:Zeon,CosLtd!)

12. M3aza1s INUNAGeLlaATBATEa 25 wt % (Potassium hydroxide (KOH) :
Nacalai Tesque Inc.)

322 ipafloR 1 lunsed ouFuau
I nsestuundingey siasmedaziSon 0.0001 n$u
2. 'l (Hot plate) v11@ 1500 Sad

A A X .
3. IATOINYUINISN (Centrifugation)
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4. RNUNAY VUIA 300 HaAANT
5. AITUDNAMNUUIA 100 Haaans
6. NIIWHEA 100 Haaans
F
7. UL
= 4
8. 1Unos

9. FouUANAII

A Aq o
3.2.3 5o g lumsnadoy
4 a7 s s A a ¢ .
1. nseanadeugiseinudesy sulsusaalalnsiwes (Fourier
transform infrared spectroscopy, FTIR) g'u Frontier FTIR 8¥® Perkin Elmer
4 a 14 a
2. m’%ammaumm‘é ﬂﬁgmmuﬁmﬂmmucﬁ (Nuclear magnetic resonance
spectrometer, NMR) §"Ll ECA-400 FT-NMR:spectrometer @¥0 JEOL
3. inseanadeuAouBEaRiRLIauAa8Tnes (Differential scanning

calorimeter, DSC) § 1 DSC7020 8¥19 SII Nano ‘Technology
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DPNR Latex

10 %DRC
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- AATICHANUIUVY

Fresh peracetic acid

AANTUTU 27, 32 1AL 34%

-1na11n3e10.5,1,1.5,2,3 8z 6 h
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0.1 ww% (0.36 g) LaTA15AALTIAIA 1.0 wiw% (3.6 g) UuNganained unal 1 h wasan

Q G
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%

o ¥ ad Yy v A Y = < ~ < .
uu‘LHL!"IEJN‘ﬁiill‘lﬂmﬂﬂllLla’JL"’IﬂLﬂiﬁ)\iﬂum’mﬂﬂ’ﬂmi’lq%‘ﬂﬁﬂ"lil% 9000 rpm vﬂunm 30 min

o ) y & o 3 a o : a
‘Via\iﬂ1ﬂuuﬁ]31ﬂlu@ﬂ§um@ﬂu1&1q WUAYE1TaLa18 SDS 1 w/w% (3.6 g) Llﬁ$‘1/|1ﬂ15ﬂu1;1/fjﬂ\‘]
Y

v X 3 ) o
BNAIN a']\cllﬁ@‘f’f%llu']ﬂ’l\iﬁﬂ\iﬂi\clﬂjﬂﬁ’liagﬁ’lﬂ SDS 0.5 iy 0.1 w/w% (1.8, 0.36 g) AU

)

E4
o a

o < { a 9 ° a 4
eesssuand llsaus o 13 luifiaguugites naaeuinlsuaniies1s (DRC%) a1

aumsi 3.1

LI v
HINUNY NN

s 3 o & ¥
wlesiFuaiiioenauns %) =——""— %100 3.1
LRV (]
HANR Latex
- Stirlh |[¢&——— Urea 0.1 wt%
- Centrifuge 30 min, at 9000 rpm, 10 °C { SDS 1 wt%
y
Cream Fraction
- Stir 1 h <4+———— SDS 1wt%
- Centrifuge 30 min, at 9000 rpm, 10 °C v
Cream Fraction
- Stirlh 4+——— SDS 0.5 wt%
- Centrifuge 30 min, at 9000 rpm, 10 °C
b4

Cream Fraction

— 0
- Stirlh SDS 0.1 wt%

\4

DPNR Latex 35 %DRC

9
%

] Y
317 3.2 YunoUMIINTEUIE13 DPNR
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35 ﬂ"lﬁ!ﬂiﬂllﬂﬁﬂﬂj@ﬁﬁ%"liﬂﬂ

4 aa = aan . . aa J
nyatlesesdangnaTonl§nsen insim  nnsaozdaaueulalasa uazans

lalasounlesoen’led (H,0) 30 ww% Fudieninezaanueu’lelain 03 mole (30 g

=

a I . 2 o a 4 J
Nounnd 0 °C 1Hurar 30 min MIMUTIMTANEITEs e lasuesesn lsa 0.6 mole (70 g)

Q Y

aa Aa

o y [ § a aan 4
mmsnauiuldhnuiguugi 40 °C denanlfnser o - 3.5 h lansanjesezdanniiniu

Y 9 A ann 1 o
Leummmamﬂgﬂimmﬂﬂu

Acetic Anhydride

- Cooling 0 °C with ice, for 30 min

A

Drop H,0,
- Water Bath 40 °C, for 0, 1,2 and 3.5 h

A 4

Fresh peracetic acid

Y
c%

d‘ G 4 A
E"IJ‘VI 33 ﬂluﬁ@uﬂ'ﬁmiﬂﬂﬂﬁﬂ!ﬂ@i'ﬁm“ﬁﬁﬂ

=\

a 4 d
3.6 ﬂ1'§'3!ﬂi“l%?’iﬂ?’l?l!%ﬁ»l‘%lluﬁllﬂﬂﬂiﬂ!ﬂ@‘iﬂ$°lfﬂ

a 4 J an { AaAan 1 [ 1
’Jlﬂiizﬁﬂ’ﬂwl“ﬁlﬂsﬂjuﬂlﬂﬂﬂiﬂlﬂ@iﬂ$“ﬁﬁﬂﬁL’JﬁT]J;]ﬂiEJTGHQﬂUNWHTI”N NMR

9.

b a 413 v X dq ya
Spectrometer AIYNAURTC. NMR Gluamazmiazmﬂ emmammm”lmmwum”lmwmm

[

{ o o ] o a aa {
il un dud e 169 ppm (ﬂ?iﬂ@ulil‘ﬁa‘llﬂﬂﬂiﬂﬂ%“h’ﬁﬂﬁlﬁaﬂ, I

) 16.9

) 17.8 ppm

4 a 4 aa I'4 a Aaa
(M5VBUINTaveINTAIOS 0 HAN, L) Hlay 213 ppm (ATUDUITAVDINTABEFAN, 1, ) [41]

17.8

aauaadluaunsn (3.2)

|
Cperacetic acid . — iz x100 (3.2)
IlG_Q + I17.8 4 I21.3

= ot aa a d a0
3.7 ﬂ1§!ﬂﬁﬂN‘]»ﬂﬂ1\1533“““1?]97"0?1"51191“”1’1]39]“9”

1e19 EDPNR  gniesonluan1nziiners Tasie1s DPNR  anududuiilosia
10 %w/w DRC 130919sernauazlsua pH arensaezganliian pH 71 7 1638111819

9
DPNR ﬁﬂﬂﬂWilﬁﬂJﬁWiﬁZﬁﬁl SDS Y5uat 0.5 w/w% MAUUAUHUNITNIZUIUNTONDNTIATU

=

4 Aa A aan 1 [ a a3 [
ﬁ’aaﬂ‘mwhmﬂmam@mmamﬂgﬂimmeﬂuw UNYN 5 — 10 °C 1WuIa10.5-6 h MAIN

E]
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a a o o [ 1 % 1 H
ATUIUMIINENFATY 11515 DA1 pH vo91i1819 EDPNR 1¥ila1 pH #1 7 @eansazaiy
~ ¥ v 3 v Y A A < .
wou TuiHle 91N1UUA19U1819 EDPNR - 229150 UHI0INa N1 9000 rppm  111419@1 50 min

v v ¥ Aq v = A a P
#18 0.1 ww% a3azate SDS a2 1a11e19 EDPNR f 19 lumsdny e asizs

DPNR Latex 35 % DRC

<4——  Diluted 10 %DRC
- Stir 5-10 °C, for 30 min

0
- Adjusted pH to 7 with CH,COOH SDS 1%

<4—  Drop Fresh peracetic acid
- Stir5-10°C, for0.5,1,1.5,2,3and 6 h

- Adjusted pH to 7 with NH,

v

EDPNR Latex

[¢&— SDS 0.1 wt%

- Purification by Centrifuge 50 min, at 9000 rpm, 10 °C

b 4

Pured EDPNR Latex

) A

Cast Film

Y
c%

1 B 1
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EDPNR or DPNR latex

[€——-50Wi%S dispersion (1.5 phr)

- Stirring, 200:tpm = 50wt% ZnO dispersion (1.5 phr)
- Temp 40°C 5 25'wt% ZDBC dispersion (3.0 phr)
- Time 4 h v - 50\wt% KOH aq. Solution (0.2 phr)

P-EDPNR or DPNR latex

- Stirring 200-rpm
- Temp 90 °C
- Time 2 h
- Centrifugation 9000g, 30 min

- Redispersion 30 min, twice

\ 4

Vulcanized EDPNR or DPNR latex latex
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aa 4 4 aa aa
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]
v AaA

4 o { an 4 .
(Acetic acid), MiveudInuNTveInInozsanuoulalasa (Quaternary carbon of acetic

v
v AaA

I ° 4 an . .
anhydride), M5UBUAIALNTVDINTALUDTO2HAN (Quaternary carbon of peracetic acid) LA
4 o w { A an . . o w
AMFUOUMAUNTVDINITADETFAN (Quaternary carbon of acetic acid) AUA1AY
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Cperacetic acid — 178 %100 (3.2)
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Specimen Reaction Acetic anhydride ) Hydrogen peroxide .. HCOOH/H,O,
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time (h) (mole) (molé) (mole) (v/v%)
PACI1 0 0.3 0.6 2.0 27
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PAC4 3.5 0.3 0.6 2.0 32

H 1 o aa [ [ aa
1NM15190 4.2 nuN nsanleSezdangniasoudledaiidiulasTuavesnsaozdan

4 4 4 aA o [l 1 Yy 9
uau"la”lmm!,azmi"laT@mmﬂmaan%@ﬂwm 2.0 mole NNAIDYIN LAZATIANNNVNVUUD

4 aa A ~ A
ﬂiﬂlﬂ@ii’)%ﬁ@]ﬂﬂﬂ”@ﬁ/]ﬁjﬂ% 34 viv%

56



{ o o J ' 4
1AA15199 4.2 ’Cﬂllﬁmlf’fﬂ\‘iﬂﬁT\lﬂ’ﬂiJE‘TiJ‘W‘Ll‘ﬁ53‘Vi]1\1?’1]11]L619])3J°191)‘Ll"119\‘1ﬂ5ﬂ!,ﬂ@593

FANNUTEezAUNNIEN9) uanIaegili 4.3

A X

d‘ 1 1 Y 9 4 aa aan
1319 4.3 W MaNuNTUYeInIAnlosorEAn uua NI zezanlfnselu
1 = 1 Yy 9 14 aa A A aan
99010 D91 h uagamaNuINtUveInIan)eserFanaINNIzeznalnien 1 waz 2 h
g}/ 1 Yy 9 4 ana A Aaan A 49! ~
nnTuMANUITNTUYRINTAN)eTazFAnanaulieszazaATEUNNAIUN 3.5 h
4 = ~ Aa P aan a a o
151058 ¥a5 lvena [12] Tenudimaessunsantonldluljnseonendadu
Y 1 4 aa A o da = ~ 4 a 1
Taun lesezsanusonsanlosvosin ¥aliuminaaoio199ziwisulosueFANBUUUY in-situ
A 9 a 4 a o aan a a Y . . Aaan
¥3ee1vaz lsuuumsinan]osueda luvaeiilgnseronendadu (in-siu epoxidation) URA3 61

a 1

1 aa 14 d o Y a I 14 Aa A
seninnsaezdan uaz lalasnuleseonlaaimldinalunsalesozdaniguugigen,

a

1 H a B 1 [ 1 @ 4 aa 1 <3 [
40 °C ﬁ?ﬂﬁ@ﬂ!ﬁ{]ﬂ@ﬂﬂ?? 60 °C @@]31fnﬁﬂﬂ@]')“ll@\‘]ﬂiﬂlﬂ@3@$Glfﬁﬂﬂf]u6ﬁ)1\1%}'1 LLﬁﬂQiﬁL‘HH'ﬂ

a I 4 ana a Aaan 9 L} A a 9 49! (Y
fﬂilﬂﬂ!ﬁﬂuﬂﬁﬂﬁj’ﬂﬁ@&”’ﬁﬁﬂlﬂﬂﬂ;]ﬂifﬂhlﬂ@ﬂ?\uﬁﬂ']gﬁllﬂ@ilmgllﬂ@u‘lﬂﬁq%mﬁuuﬂgﬂﬂ

[ 1 Aaa -4 o’d‘ Y o (% a a LY 9
ﬁﬂﬁﬁuﬂl’ﬂ\‘]ﬂiﬂﬂzﬁb’ﬁﬂllazulﬁjﬂﬁlﬂuHJE]iﬂ@ﬂllmﬂﬂ(l‘lfﬁ”lﬁi‘ﬂf‘l"li’f)‘l/‘l@ﬂ“]ﬂﬂ%ﬂﬂ’)ﬂ

50
- 40 A
o\°
L /" ---0
E 30 T ”’
©
2
o
20 A
10 T T T
0 1 2 3 4

Reaction time (h)

aa [

a ¥ o ¢ Y 9 4 aan
ETJTI 4.3 ﬂ')'liJﬁllWHﬁﬂ'J'lﬁJlelliJ"UusU@\?ﬂiﬂ!ﬂﬂiﬂ%cﬁﬂﬂﬂ‘ﬂigElm')aT]J;]ﬂiEﬂ

57



1 a v J 4 aa
AN 1U9IUTIU09 Zhao  tazAME[41] WU MswsoNnsaloTozdan a1u15D
= 9 aa A aa J é ) aan 1 aa
wsow ldninnsaezdan Wiensaozdanuonlalasa aalunshilgasensenineninozdan
s 4 I A = ¥
noulalasauazarslalasnunlosoon lyailuizmsnenlunmsaruaumsaateanuiouuss

Aaan I 1 @ o a 9 a
Ufnsowaziinnuiulylduesnisnedues diacetyl peroxide Mldinasuaseannssziia
9

P4
=<

Tamnan
a o [ a d o 901 aa a
HAZAUIVY Saito LAZAMUS [8] ll?‘%j‘l"l']ﬂ13'Jlﬂi'lzﬁaﬂ‘ﬂﬂwSUEJ\?L!']EJ']\TﬁﬁﬁJG]f']ﬂ’E)Wﬂﬂ“]f
J A 4 aa aa 4
lass Tag 2D NMR spectroscopy Iaamssunsailesecganainnsaosganuoulalasanazans
o s Y aan ) Y 9 4 Aaa
qaiﬂﬁlﬂulﬂﬂﬁﬂﬂﬂqcﬁﬂ ﬂ?ﬂﬁgﬂgljﬁTﬂaﬂﬁﬂT 3 h HasMUIUANNUNIUVBINTAL o5 oL TAN
A
19 33 v/v%
[ g’; awv A @ Y G 4 an . .
ANUU ﬂ']ﬂ'i'lfl\i"lﬂﬂ"lﬁ')ﬁ]flﬂﬂﬂullﬂ'ﬂ F1NIsonsounsatdesosFANUUY in-situ
Aaa 14 4 I3 A A 4 Yy Y 14
flﬂﬂﬂﬁﬂ@%“ﬂﬁﬂllﬂuulﬁhlﬂﬁﬂllagﬁ']ﬁulﬁiﬂﬁlﬁ]utﬂﬂﬁﬂﬂﬂq“ﬁﬂllagL‘JJ’E)'JLﬂﬁ']gﬁﬂ')']iJLsUiJ"UUﬂiﬂl‘llﬂﬁ
Aa = DX 9y 9 A 2 aaa R a Y
DT HAN ﬂ\ﬂ!ll')']ﬂ'l']‘lll“llilalluﬂZUhJLWNGUuGInJﬁgﬂgl'Jﬁ']ﬂQﬂﬁﬂ'l‘ﬂlWiJsllqu@ﬁ]Lﬂﬂ‘Nﬂﬂ‘ﬂ‘ﬂfJ@]'NG]
1 o 1 Y 9 a aan I 9
YU ﬂ@ﬁ'lﬁ')uiﬂﬂiilﬁﬂlﬂﬂﬁ'ﬁﬁﬁﬂu 3$ﬂgl'Jﬂ'lllﬁg’;QﬂlﬁaiJsUﬂﬂﬂj;]ﬂifﬂ 1Wuau
1 1 Y 9 o aa ~ A ~
1NNITNAADI NUIN ﬂ'lﬂ'J'UJLGU?JEU‘L!ﬂﬁﬂlﬂﬂﬁﬂgcﬁﬁﬂqxiﬂq@ﬂﬂ 34 viv% NIL8LIN

aan G 4 an aa 4
’]Jg‘]ﬂifﬂ 1ag 2h Fl]'lﬂﬂﬁimiflllﬂiﬂ&ﬂﬂﬁ'E')Ei“]f@ﬂl,nJ’U in-situ "U’ENﬂiﬂ@%“ﬂﬁﬂllﬂuhlahlﬂiﬂlmg

s sy w ' A a s Y
’dTihl?IIﬂ‘i!%‘HLﬂ’éJi@ﬂﬂhl%ﬂﬂ’)ﬂflﬂiWﬁ’JuIﬂﬂIMﬂﬂﬂ‘lﬂ“ﬂ 270 mole LAZUATIZTUANUUNUVUNTA

v
v v KX A

4 Aaa a
esezdanaomalinnishasel C NMR. spectroscopy IUgA112a 158218 AU Jaden
A Yy 9 4 aa A Y ~ 4 aa A
fffl'l')%‘ﬂﬂ')'liJ!"lliJ“Uu"U@Qﬂiﬂlﬂﬂi@$°]f¢lﬂqxi1’]q9]ﬂ')ﬂﬂ'l§!ﬁiﬂuﬂiﬂlﬂfliﬂgﬁcﬁﬁﬂﬂigﬂgl'JQW

an 4 o aax =) a (V.Y %’
UZATe1 1 h e Rns sowenFnsunuIEs DPNR

=

?,’ a a2 ; a A d

4.3 N13LA 81:N‘mﬂNﬁﬁN‘lﬂﬂIﬂiﬂHﬂ]ﬂW@ﬂ“ﬂﬂ"ﬁ
118195350 A T sAudIENeN T lad (Epoxidized' /deproteinized natural rubber,
EDPNR) eidon luannzihenlasigasoowongadis 59 lutlagiiuersdnond ladn 14w

a 4 ~ %} oA T Y J a S a A 90’
meﬂfﬂgﬂlﬂﬁﬂﬂiuﬁﬂ’ljgu']U'N G]f\iﬂf]j'llﬂu‘ﬂ'J'HJll@ﬂr‘iflﬂll']ﬂﬂ'J’lW’f]alﬂJ@T’]fu@@uc] HIYN

=

J aa aan a a @
EDPNR si58uaaensanloiozdan Tasifnsednendiasungun

g 5-10 °C A838217a1
aan ~ aan a a o I aan { A 1
U389 0.5, 1.0, 1.5, 2.0, 3.0 uaz 6.0 h Ufnserswensasuiuilgnsernmamsnasuuilas

s A a

USNURMUNUINT U2 U9 TNanae1955 50318 M 1R INanyanen w5 029U NHIT U

2

. . [ A ¥ aan a 3 KX Y
(Oxirane ring) m;sﬂ‘n 4.4 Llﬁﬂ\iﬂﬁllﬂéllﬂﬂi‘mﬂﬂ EDPNR ‘]J;]ﬂiEﬂ’ﬂ%!ﬂﬂﬂluﬂfﬂﬁiﬁ]ﬂﬁl%ﬁ@@ﬂ

aruaulnseredesziasziuneteosnumsmalfnseoutlarumiudwend autidvess1s

58



a a 4 49! o 1a AA A Y a a o~ wa I Z’,
anend ladazyunvifFinavesnysnendimnalulassadwensdnend ladliauiannuiuag

1 %’ o J A 3 1
ﬂ’JHIﬁHH‘VﬂUG]’E]‘M"INHLLEI%ﬁﬁa$EI"IEJ Hagan T’g L‘Wllﬁu uazmiaﬂawmmi«?umummmmﬁ

Q o!
/lk Epoxidation
¥ OH ——m
O/ Reaction time 0-6 hr

Cis-1,4-polyisorene Peracetic acid Epoxidized latex

; - 2
51U 4.4 na'lnvenlfATerveiiers EDPNR

¥ < ¢ a
Klinklai stagnae [17] L@L%EJNU']EJ'N EDPNR Iﬂﬂl@%SNﬂﬁﬂLﬂULﬂﬂﬁllﬂcﬁﬂﬁluaﬂWﬂg

in-situ nnseezFanuoulalasauas lalasmuiloseon lvdvinlfasernguugi 40 ° ldnsa

a

4 Aan gl.: o aan a a o, 4 9
L‘]J’E]i@gclf@ﬂ Fﬂ’lﬂuu‘ﬂﬁjaﬂﬁﬂ’l'ﬁ]W@ﬂGﬁLﬂ%uﬁQﬂ!WﬂN 5-10°CaEnal 1-6 h

1)

NG and Gan [19] l@dApmatfAzerveserssssumanunsanlesesin luvmg

a

aaa a a o J A 14 s
UfAse1dnenTHaTY in-site 5z NaATRIHNNA ToTasnunloSoon lad Nguwagil 30 °C e

Q U

4
a1 1-2 h Tuganziiens

o aaa = a o
7107 GlJﬂihlG]ffJf‘]ﬁ [12] 518\‘111!5\‘1 ‘]JQﬂiEﬂi’)‘W?Jﬂ“])’LﬂG]f“LlﬁHJ”IiﬂmdﬁfJiJﬁl’JﬂﬁﬂTw
Y

° ~ YA [ 9 = Y = ~ 1 a

‘LHfJNVIGl“]ﬁJﬂﬁ‘IJS”]J’dﬂﬁ/\lIﬂiﬂﬁiﬁlWﬂiﬁ@HﬂTﬂﬂl@ﬂEJ"N?J?‘I’NNL?(Qﬂiﬂ@uiﬂﬂﬂﬁmuﬁﬁﬁmﬁﬂ
a g’/ a 4 o aaa a a o

ﬁam %”Iﬂuulﬁllfﬂia$ﬂ18ﬂiﬂlﬂ@iﬂﬂﬂ%1uﬂlm$°ﬂ1ﬂ§]ﬂifﬂﬂW’e)ﬂ"”IﬂﬂGb'u (in-situ  peroxy

epoxidation) TagAILAUAANL iNsm3 snee NI puasgattnotosnu luldinal§asentlaig

a

uaudnen lad inaliloesssisdswenslagiivyesndioneglulaseasue e
5ITUHIA

] aan a Aa o 301 A

Burfield tagntig 125] g atn 20ud 5901010 g0 wonsia s uve 1118195358914

4 Aaa 4 a a (v %’ . ‘o a
ﬁﬂﬁlﬂi@tﬂ@ﬁ@%ﬂﬁﬂ ﬁﬂizmumia‘w’e‘)ﬂmﬂ‘nummumuﬂinLaQammaﬂmaqaimaﬂuuaz

'
EY-V-N o w A

wuezinalgisndidunaeuaneansnouiulag Roy S. tazam [37]

a

’J 14 aa ] aan
ﬁ]WﬂﬂWiﬂﬂaB\‘]LﬁdiﬂiJu1ﬂ1ﬁ EDPNR ﬁjﬂﬂﬂiﬂlﬂ'ﬂﬁﬂgcﬁﬁﬂ mumaﬂgmmawmmm%u

WU ffﬂlﬂ‘ii‘l‘vnﬂQﬂiﬂWﬂWﬂﬂ%!ﬂ%uﬂﬂm‘ﬂﬂﬁ 5-10 °C ﬂ’)&li EJ“’L’JaﬁJ ﬁa’iiﬂﬁ 0.5-6.0h

£

[

9
U],@ffﬂl,iﬁ] @QUH?LﬂiW%ﬂﬂillTﬂ!’ﬂyf]Wﬁ)ﬂ“]ﬁ/]ﬂTﬂ’lﬂﬁ]$Lﬂ@ﬂjuﬁlu1ﬂi\1ﬁi1ﬂﬂlflﬂu181\‘] Taons

9
NATIUABNALA "C NMR spectroscopy 1HaN12211819

59



a d a = ,o, a = c; a a J
4.4 ﬂ"lﬁ'J!ﬂ518ﬁﬂ%u"lm‘ﬁﬂ;{ﬂ‘ll‘lﬂﬂ“lislli’N‘M1?]1\‘1ﬁiiu‘ﬁ1ﬁiﬂ5ﬂuﬂ1@7‘li’)ﬂ“lﬂﬂm

23.8
23.8 -
Cs O
135.0 C,——=C5125.1 60.0 64.0
C, C,
33.0 26.3
26.3
33.0
135.0 125.1
600 trans
e4.o/ HJ
* Y
‘ T T T I T T T ‘ T T I T ‘ T T T I T T ‘
150 125 100 75 50 25 0

PPM from TMS

51N 4.5 ailnasy “C NMR 10911879 EDPNR

U

a 4 a 1a § ] %’ 1
sz UisinsinanyanenHinse180g 1 Ias g7 19Ye 111919 EDPNR AIUN1

aaa  a A o A ana WSy A\ [ ~ aaa
ﬂaﬂifl']'f)waﬂcﬁlﬂ(’]fuﬁiZﬂzL'Ja']ﬂaﬂﬁfﬂﬂ’Nﬂuﬂ’lﬂﬂiﬂlﬂ@iﬂgmﬁﬂgﬂlﬁiﬂuﬂaﬂiﬂulﬂu in-situ

3 d' QJ
Tasmsnagoumemaia’ C NMR speciroscopy diaanzsingeasgili 4.5 naasalnasy “c

Y
NMR 484111819 EDPNR U&a30¥ A0 UAT3 10103 175385198195 75U@ cis-1,4- polyisoprene

Usingdayanansiias laukdndinnie 23.8,/263,733:0; 125.1 uag 135.0 ppm UAAID

o ] 4 ol v a o . .
UM UINITUBUDEABN C5, C4,.Cl, C3 1as C2AMWAAUSMNUIIUIVYUD Saito Takayuki U

{ o v o ° v 4 a a
AU [8] ﬁ@]’]l,!ﬂ‘l'l\?ﬁﬂluﬂ]u']ﬂ! 60.0 11ay 64.0-ppm meﬁmnmmm‘iuaumm’é)z’m/\hﬁﬂ

v 9
g 45 amwsahwwaaimsnfseumevvesanasy °C NMR v0311819

EDPNR N15z821701173816199) nerasdagii 4.6

60



23.8

23.8
G 2
135.0 C,—C;125.1 60.0 64.0
o ¢y
33.0 26.3
135 125.1 -
EDPNR 60 \ A ) 69 &%)
EDPNR_30 A . Lk
EDPNR_2.0 -y,
EDPNR_1.5 A\ A LA
EDPNR_1.0 A\ A L adk
EDPNR_0.5 5, 3
IIIWI‘IllllllllllIIIIII!I||||f|Illl‘l\l!I\I\ll\IIIYIIIIIIIIIIV!!I,IIIIIVII!]
140 120 100 80 60 40 20 0

PPM from TMS

51t 4.6 c1lnasu "C NMR veatiing EDPNR Tssaziagmlfisenden

5171 4.7 LAFANTTS RIS BT ISR (Triad Sequences) vosrtadwend lad ()
nazvivae lo Tawiu (€) MNIIIT6Y09 Bradbury wagame, [42] Wi Usngdyanunisinars
Touuudiang mnanlnady C NMR-F10za0sm Do iigna1slunssaieedan
MUEITDI AN UEANMSRA TSR ANty dregrugy fsumis cc’c
YOINTTAFOITIUA NI IARIBF T UOUIaA 130 Y0910 cis-1,4-isoprene 11
FoURDTUNUIVB cis-1 4isopréie Hilaedni e luvasii ¢ naasdanieves
cis-1,4-isoprene FaM3Tai sailmua AR ceC umssaitsaiiveniie cis-1,4-
isoprene tazszyduviaavdoniiullnunsszydumiadE Iy IUPAC vedozany
mSveuiiduiinan aunsminnudasiunisdyanaiifanss Tsuuudanalnasy °c

9 v
NMR luannziensuaznfFeumenluannegasazaigmuaiuIneuod [8] Ada13197 4.3

61



Cs o)

— Cr=—=C; — — —
\
Iof C,
[e] ]
CEC ECC
[¢] (0]
CEE ECE
o] [e] o] ] o]
EEC EEE

311?; 4.7 MsvABEIRIUUAITENYeEIAEdNENF 1A (B) uazviirevesleTavisu (©)
NN 4,30 N MR as Isllgindaansvesanaiy °C NMR
luanneiherweniied EDPNR - Saiduimidaa o Inainestodyyiavesanlnady
"¢ NMR luaamzanazanyuese i EDPNR. radehiifiutand miveu aAnugndoauas
UszansamlumsTiasne Insvd e duto e EDPNR daomaiianaaen "C NMR

4
spectroscopy 1HAN1IZUE

62



H [ a o a 4 a %’
M3 4.3 AMsiaas TsuuugnmMs inTIiaemaia “C NMR spectroscopy 1Han111

193 MNUNYBNONTNIAY 23.04% taz luan1Iza1TazaI8vede19 EDPNR

Assignment Latex-state (ppm) Solution-state (ppm) [8]
*CH3 of acetic acid in D20 solvent 21.3 -
E 23.0 22.2
c’ 23.8 233
CC'E, EC'E 24.0 23.8
CE'E, EE'E 25.8 247
cc'c, Ec'c 26.3 26.4
CE'C,EE'C 273 27.1
EC'C,EC'C 28.9 28.7
EE'C, EE'E 30,0 29.7
cc'c,cC'E 33.0 322
CE'C, CE'E 33.8 33.2
E 60,0 60.6
E’ 64.0 64.4
c’ 1251 125.0
c’ 135.0 135.1

2 i [
msmualSueE(n) ) aEassaidnaiin an s ndyai 64.0 uag 125.1

epoxy:

9 v
ppm lagmaiamMsnagod. . NMR Juan 1meige muaunsn 3.2

|
Xepoy =——20— x100 (3.2)
|64.0 + |125.l

X o a 4 1 o L%

W91 A0 intensity VBIFYYIUNITNALT IBUUUFUDILARMNUIT YYD (ppm)
{ o X o 1 4 { a ] a
ﬁﬂiyi},ﬂﬂ! 64.0 tae 125.1 ppm %QLLﬁﬂQﬁQ}JiUUWﬂ!"U’E)\‘i“l’il!')flﬂ']iﬂf]llﬁﬂ‘il’)ﬂ!ﬂyﬂﬂﬂcﬁlﬂullﬁg

4 a @ 1 4 o w
cis-1,4-isoprene ATTUDUUINIUNUTSHNTUDU Ara1aL

63



namMsmlTnananenEnnszuIumMs Mo NenFATY drsouTal

v o J U a = aan ¥ v =
nsmlanuFuiussenINlSnaryienensuaszeznal)nTe1veding1s EDPNR f31/i 4.8

d' 1 d' aan = =Y 1a ~ A 3
1JUN 4.8 WUN NITezIAnIen 0.5 99 1.0 h UsuumryenenmmuvUaIY
aan A A d%l zgzl.l A o aan [l [ 1 = 1a =

sroznalfnse eIy andwiesnilfaseiae 1 wua anfSuamydnendanasaiu

Aaan d‘ A dy d[ o a = ' a1 d‘ ' v
srazalaseniiuay Fanmsmnalsnaniswend wuNUAGINgamINU 23.04 %
N3zeznalnien 1 h

UATYVN Le  tazame [28] ANYIRNI010NONTIATUUDINTITUTIA HAVD

aan A A 1a aa Al X 1o 1a A A a A
szezanlfnsenniaelfsuaryiswenanmnayy W uuTuaverswenanazinaiy
dﬂg d' Aaan = d' (% ) a = g’/ dy
WMNUUNIZE2IAPNI81 2 D9 8 h Az NHAINTN 8 h TN TUAVDINYBNONTIZTANAT NID1
I A 2 = = = a = '
Wuwariiesninmstlaraaudwend Jagrwunirudnendianumadosain luganin
Feaunsodlarauniuldire Fanmsdlarsunanaziild lassadweniivg leasenda (-oH)
4 a v 1 1 %’ aa a J
1azA1TVONTIAN (-COOR) HIIZAIHAADIAREINMINYONNENTITUHIADNONT lad
Y 1 aan
NMUITGV09 Vernekar S. Plagame 371 Anmnannududuveniesaelfnse
E4 H 1 1 %

DNONTIATUVDI19E55UA Taglanududungay 20-60 wi% HAMSANBIND 6ATINS

a aan a a o 2 2 % 2
LﬂﬂﬂaﬂiEI'I'E'JW'E'Jﬂ“]ﬂ,ﬂ“]fuLWﬂJgﬁuﬁjﬂﬂﬂ’ﬂﬂleﬁjﬂﬂluﬂl@Qu"lfﬂxi

De

=y oclyﬂaaa a a L% a o

ﬁmmmﬁ’wﬁ'ummﬂm HAZYUNYUTIN 1K gﬂsmawaﬂmﬂmum@mummnmm

a U
9, P4
e =

o 1 <3 = aan a I~ aaa 9) = PN aan a a )
Wuszg lueesiai aelgassamsiiasaiivlgintupssmnavu lulgnssenenaaay

A a aan = % 19 o Y As a [ a
e Tuvazninal§nseiiineznisesdsmlnawviinioangauedals luTuanaila

U q

= aaa = an 7R T g/ a s A
pon [12] Fulgisemsiianveistisssumasnonlsayipdniuiosas Tag Tuadwen lua <

a 8 o a ann a a g a 3
oz Tno Tuaswen loags Tomavlinalgnsenis g ewdgzinaiiuaeilns ugady
A a 7o Y = ann a U
oy TuvuznTesas Tag luadnan lsadiTontd Rvzinalgas vangilaraios dwwalv Tenma
a d a 9 9
ey s utiosaInlg
Ao Y o arAa a Aa o ¥ ¥
NUITYURI Roy HagaARE [30] WiIMsMdgRseenendasu luan1izingavesil
a = Y 1 = (aaa ~ da
91955510907 TaemsanyInelanuanalsveseurgilgniemswisunsaveansanoiin
4 Z’; aan y
MUY in-sie ANBIVAUANAATNIMUAVRIURAs oAz HaveIn T NTUYDINTA 189
aa a 4 G A Yy 9 = = 1A Y 9 <
535UIABNONT ladgnmouainnsananudutugiiga Fanunnanududuvesnsai
] g 2 A 2 ' { g { v 2 ' 3 Y a
FUUNUBITUAD UG UAUANIUOENAINNINUA FINgALazAIUANAIBENTIAGT T2AUNT D

s o v = y 9 A X
NONHABUAAAIAIINTANAINULUNUULINYUY

64



11AN1INAADY WU 5811191 RRs B nendatueane Iiinalnseriiufos

A ﬂaaa o o A

Niv

[

A a Ak 2 Y 1 Yy 9
gﬂ5Eﬂa'lﬂU%ﬁﬂﬂiuﬂTiLﬂﬂﬁNLl‘Vnu@W@ﬂcﬁcﬁﬂﬂlu@ﬂﬂﬁﬂﬂﬁ]ﬂﬁN"] U ANULVUUVUUDN

Y

a é o Y a a 1 a 4 4 a ]
n3a gangll dvazihldinamase laTasiausu uazny lensonda oames msvetia nazwy

U

= ¢ 3 Y
2N05 1Huau

A 9 = [ 1 A A g

13Ul 4.8 ansalynfSeumeunua T, ¥99819 EDPNR fisisonluan1igiiiens

TagMInaaoUAI8IATEY DSC LAAIAINITINN 4.3
v 1 Y

919A15199 4.4 WY1 819 EDPNR §f1 T, 94031819 DPNR Taga T, Haniiuvuamy

() dd’ a da! 9 [ v d'
Ysnargonensinavululassaielumanavedsna Tun1andunue1a EDPNR Nsgeziian

o aan a a % oA A a a = 9 A Y
Msmlgnsednendaty 3 taz 6 hFIWASTIamanaryonenslulasaaianios
J [ T S 1 [ Ay a A = 9 A 1
uANAUNU A T, A1g9n1019 EDPNR Rlafsinamsinanyawenilulassaieiwosni
ad a2

[} ] Y
"?QLWN:ﬁuNﬂN‘L!ﬂfﬁJ”lJ3111&!ﬁgﬂWﬂﬂ“ﬂﬂLﬂﬂﬂlUiuIﬂiﬂﬁ%}N Fﬂﬂ’N@']%Lﬂﬂﬁﬂﬂi%ﬂ&’mTﬂgﬂim

A 49! J Y a a i =
LWiJ‘lluﬂ@ﬂlﬁlﬂﬂﬂﬁlﬂﬂﬁx‘]LL‘Vi’Ju‘lJfNﬁg@Wﬂﬂ“]f

30

25

2189 23.04

20
7.77
17.15 16.48

Xepoxy (%)

15

1
©
N

10

0.5 1.0 1.5 2.0 3.0 6.0

Reaction time (h)

d' o v d 1a = aan %,‘
51N 4.8 ﬂ3"IWLlﬁﬂQﬂ’J"IiJﬁiJW‘L!‘ﬁ“]J@Q‘]E?JWmWQ@W@ﬂG]ﬂl,a$§$8$L3a1ﬂgﬂimﬂjﬂﬂu1mﬁ

Y

EDPNR

65



H A J 3
ﬂ]’iNﬁ 4.4 ﬂ?mmwyewaﬂ%azm Tg VY9JIU1819 EDPNR

Specimen Epoxy group content (%) T, (°C)
DPNR 0 -65.66
EDPNR 0.5 21.89 -38.77
EDPNR 1.0 23.04 -39.89
EDPNR 1.5 17177 -46.60
EDPNR 2.0 17.15 -46.10
EDPNR 3.0 16.48 -32.11
EDPNR_6.0 8.92 -36.32

a o v a 4 aa

Tuauiteves Gelling  [43)d5vilge019s35uaaalensalosezdan lag
N3ZUIUMIONONTIATY WU NAIWENTUTRINGAlay W5 0Ufnso1guuglingerzgnwiiia
MsdlananIuveIryonend uasiilaszaumitiaseidivesIassadie negnuuindana
nIENUALANTAVRI81NEITNABNENT lad w31 ENR Tif1 T, gand1 T, ve1819533014 Ias
1 S 1 é! L) dd’d ] a
N T, Uigavuafsainamyawengniiegluluanauodassmna

gJ/ a o ] 9 P A . a A = a aan

VNUUNAADIBASITHNL AT ITIIUNDIHI URITIAAKY D NBNT AT NITINAL AT
9 S A aan oo =1 = a ~ 9 A
Pungasolnsnaunaedlumsitlauiauenens Jasmsnadeua8AIed FTIR 910

1o a Jd U A ~ aan 1

uEuWaNe19 EDPNR aauaaglugilns.g8 sazanlndsiueeni EDPNR Nszaziianlgnseniag

aqaaalugin 4.9

66



EDPNR_6.0
{ J
M ee” ” 3060
3600-3200
3 |EDPNR_L.0
S _
[=F]
(5]
=
8
N
E 12%7 84%
Z |DPNR
s
=
2060 ¢1376
Tt 1446 60
3950 3400 2850 2300 1750 1200 650

Wave-number (¢m)

51N 4.9 a11/nas1 FTIR v09919 DPNR [1ag EDPNR

Y

131N 4.9 HAAIFNHALMMNZVBINYIATIFI MU NAwnwaunaY 840 LAz
2960 cm’ FHAUAAIDIAABUTANITVOI AT 183 1361955 TUIIA cis-1,4-polyisoprene ﬂimg,]
[ o 1 o [} = 0. ~ o ] 4
ANHAUZRWIEWUTZAAITUW(C=C) tastyiuna (-CH,-) 711l HAaz AN UAAVADY 1446
uag 1376 cm 151 Nuse €:H volesdrhan

d’ =~ 1 = d' o ) d‘

Wwonlseuneimananlpasl FTIR Y8481 EDPNR W13 ﬂﬁﬂQWﬂﬂ@Hmu\im"Uﬂau

=K o ra dd’ a ds! ld’ o v d‘ -1 -1

uﬁmmanymgmwwmewyawenmmmwiwnmmuwmmGUﬂau 870 cm uag 1257 cm

< A dy 1 Y] ] = Y1 9
(C-0-C-) aanini luuana 10819709819 DPNR mmmmﬁgﬂ'lmﬂmmiw cis-1,4-

. (% o aaa a = o = a aia ds! ] 9 d' a

polyisoprene waemﬂmﬂgﬂsmawaﬂmmﬂmﬂzuwmwaﬂmgﬂﬂmuiwniuiﬂieai13ﬂUimu

U

AN C=C

w ' A o '

~ A (o 1a A o =\ ' A
NNI9819819 EDPNR T]ﬂiiJ'lﬂ!WiJﬂf]Wf]ﬂG]fﬁ'l ‘]J’i'lﬂ;]“l/\lﬂ AL UIFINLAVAA U

¥ =

3600-3200 cm FIAAIDIANHULIANIZYDINY 18AT0NTa (-OH) AIUY T 1T0TUGUNIS
a aan 9 = A aan o v A a a =
algAsndiufsaseljisndinunaodlumstlatumiuanend

{ v 1 a 4
110317 4.9 awnsaagildnvazmmzyeaylnedde vinmsimazivesdlnas

FTIR A4aA4A15199 4.5

67



EDPNR_ 6.0
EDPNR_3.0 W
EDPNR_2.0

< | EDPNR 1.5 WW

L

Q

£ | EDPNR_1.0 W

% EDPNR_0.5

<

£ [orm TN T
3400 2850 2300 1750 1200

Wavenumber (cm™)

3UM 4.10 @1/na31 FTIR ve3819 DPNR 1y EDPNR 9132810011 n3816199)

U

M3190 4.5 AuniaavAauleznll InTde3 13991818 DPNR 11a2 EDPNR

650

Wave number (cm’) Fuctional group

840 C=C, bending(cis-1.4)
870 C-0=C,asymmetric'stretehing (epoxy)
1257 C-0=C; symmetric stretching (epoxy)
1376 -CH+deformations
1446 ~CH,=; deformations
1749 -(€=0)-O-, stretching (Carbonyl of carboxyl groups)
2917 -CH,-, asymmetric stretching
2960 -CH;-, stretching

3000-2900 -CH, —CH,-, -CH,-, Aliphatic group
3060 -CH-, stretching in epoxides

3600-3200 -OH-, stretching (Hydroxyl, OH)

68



INN1INARRINs AT S IamIRansnenFueaine1s DPNR  fums
UiAsednendasu Nszeznaiisedududionsanlesezdan Tasnsnaaoudiomain
msnaael “C NMR spectroscopy Tuanngihenaaznieuisunisias Tsuuudiums
naaeuluanzamazarmiedududnnuuiuey anugndsanazlszdniamlums

a 4 9 &l 9 9o’ 1 A [ a 1a = 9
a5z lassasatosau luaniiziiers wnun ﬁ11]']iﬂﬂuﬂuﬂ13Lﬂﬂﬁ3JfJWfJﬂ“]5llﬂTﬂfJﬂ"lﬁ

U

v
1 S

4 a aan Q' 3 '
mﬁeu“luﬁmaszmuaxfmJmwmwy‘a‘waﬂ%ﬂmmmzﬂznmﬂgﬂimm‘wuﬁu G?NﬂWﬂﬂ']ﬁ

[l
1 I3

MnalTinamyenenaimgeaigaminy 23.04 % Nszeznaljnienl h A1 T, 194819

U

[

] Y v
EDPNR tiinvumuysinamsjanent ina1gfizer 3 uaz 6 h a1 T, wndundudsunamonen

[l
o v A

= g‘/ a 4 [} 9 9 A Q. a aan 9 = G aan
o %Tﬂuu%tﬂiTgﬁﬁHTﬂiﬂﬁiNﬂ’Jﬂ FTIR fJ“Llﬂuﬂﬁlﬂﬂﬂ;]ﬂiﬂ']"lﬂ\‘llﬂﬂﬁﬁi@ﬂgﬂiﬂ']ﬁWﬂ“]J‘VIﬁfN

Tumaidlaruriudwend nudnyuzmWIz¥e3Ky leaasenda (-OH)

d

a Y Q.
4.5 m:im%almmmmi1zﬁmmaw§mm"lum

238
s
1254
23.8
185:0:Cs——=C;3
8
1 4
135.0 33.0 26.3 26.3
33.0
575 S5 455
125.1 405
P- DPNR latex 60 55 s pr I

) e

DPNR latex A JUUL

180 160 140 120 100 80 60 40 20 0
PPM from TMS

! 9
31U 411 alnas °C NMR ¥041i1879 DPNR 1ag P-DPNR

69



A ¥ A o v
ﬂﬁ‘VIﬂaﬂﬂmiﬂiJ‘LHEJNW'i’mﬂﬂw}? DPNR (Prevulcanicanized DPNR, P-DPNR) 21011

[ 9
©19 DPNR ¥1m5touv219 Twana lagnszuaumsws Jan lusduluan1iziien aaeszuung

a

sUdretwzdunaz ldemsisalgaseimsian luwsudoas ZzDBC Ngumngil 40 uaz 90 °C

Y G

9 aan o w g’/ a o 9 a‘
9385388L3a1ﬂ§]ﬂ5814 i1ag 2 h gauaay mﬂummiwwimminﬂa"lﬂﬂm%mmmwm

Turana Tagmsnaaeudemaiin "C NMR spectroscopy Tuanziion ﬁqgﬂﬁ 4.11 uaad
alnast °C NMR 494110719 DPNR t1ag P-DPNR tionf3ouifiounnuuanaienouias nas
AsTUIUNTTan Ty

gﬂﬁ 411 UEAAIOYADNAIUDUYDA TATIAZINGTTTUTIA cis-1.4- polyisopren 11674

DPNR 8% P-DPNR ﬂim;]ﬁﬂumunmmsaﬁmﬂwuucﬁﬁ 23.8, 26.3, 33.0, 125.1 1@ 135.0 ppm

o w

o ' J ]
meﬁﬂmtmmms‘ueuamau C5, C4, C1=€3 1ag C2 fuaay ﬁﬂﬂqﬁlﬂﬁ 4.12 aUT0Uv818

[ 1

#nasu"C NMR v09111919 DPNR (a2 PDPNR A@ MM UIdUe 191521919 35-60 ppm LaAA

g 9

=

A3 4.13

oopnrB7-5 55 45.5 40.5
I i
1 1
i
1 1
1 ]
1 ]
DPNR H i
i i
)
|
1 1 |
1 ]
1 1
| AR
LT S I v e 7 5037 S e (B R e o I G G T S I T T T e |
60 T 50 45 40 35

4 % d' o 1 [ 1
sl 4.12 anlnaiuvens “C NMR 199113014 DPNR A6 PDPNR Neuniadyaiaszning

Y

35-60 ppm

{ 1 [ a < { A o ]
i]”lﬂgﬂﬁ 4.12 NUN meaﬂumunmmimmﬂc}muwﬁmﬂq NUSNUANUS 40.5, 45.5,

'
1 o =2

55 1A 57.5 ppm NAWNUITYQIU 40.5 1AL 44.5 ppm UTAIDIAUNUL C4 VO frans-1,4-

o 4

4 o { {a { A [ o v o v
isoprene Ll,a8ﬂ"li1JE’Jua"Iﬂ1JﬁE"fi’)\1‘17]@]ﬂﬂ‘]JFI"I3']Jf’Juﬁl%@ﬂﬂl’)"lﬂﬂﬂﬂzﬁﬂuﬁllﬂﬂﬂ”mgE]Ll ANy

o o 1 14 o w { o
pazNduIal 57.5 ppm UAAIDIAIHUIMTUOUMIAUNAULAL ANFOUVINAVEADNVD

g g

70



o

Muzou FIuSnuduisdyana 55 ppm lud@wisoesuiensinana lnnsionyaves

o9

s ) A ~ ' a X2 o ~
DIADUAITUDU LLfW’NIﬂ5@ﬁ51ﬁﬂ"l§ﬁf’01]“l]’]1\1“l]@\ﬂ%lﬂf]ﬂ‘ﬂﬂ1ﬂ:ﬂi]$&ﬂﬂellu ﬂ\‘]Eﬂ‘VI 4.13

C4 of trans-1,4-isoprene unit Secondary carbons
H;C
HSC\C—CH ’ Ne—cn
BRC B ST /N A\
C—CH —CH,——CH H,C— —{H, §; HC—
40.5 ppm I 45.5 ppm
Tertiary cabons Quaternary carbons
H;C
H;C N TN
C—CH C—CH
/ N N\
—ClH H,C——CH, S, HC—
s, |
57.5 ppm

a Y A 4
57 4.13 nalnTasedsenis@ouvNYaTHaNAYD9IIEN P-DPNR

Y

A = ' < Y o A o o
na Inmsideuaie luananmieneadihiiavawinnsz uaunswivan Tuadu

¥ d‘ 5 % 1 a 4
¥9411919 DPNR ueaana3ilin 4.1 -nszpauntsnadam lussydawa 19 Tuanamanisidon

ax o v v

111914 2 75 At M fnseiaunrezneuuat e lasdu (Hydrogen abstraction) A180LYa

DaTzURIMUZIU (Pathway A) DI MIUHNGOINTIAHAI0OYYADATZYDIMUZTU (Pathway
= 1 9y [ A :: dy Y < 1 Aaan v 9 9 [ ~ |o A 9

B) #AINTTAUNAINUNUNG 9195 Iiiulgnseimsaaisdiaeslgnadsnunduioaing

a (3 v v = A
PYNADATE I0E1UFYU (RO-), (HO-) Haz (R+) taadnagluuumsionyiaved luana

[

masouva Tuanazluuy Al, A2 uag A3 91nanngluuulgnsevuiuezaon

A

{ a o 1 ] . % I 4
ﬂlﬂﬂhlaiﬂiﬁ]u ﬁUinmmme Cl1 g C4 Y991 UY cis-1,4-isoprene %Qlﬂuﬂ’]il‘]ﬂ@mﬂn’]ﬁﬂlﬂﬂ
J v o [ < o ' 4 4
Tmaqamiuauﬂummau (C-S) E‘IJLL‘]JTJ Al, A2 uag A3 L‘]JUGHLL‘WHQﬂTﬁ!ﬁfﬂllsllfﬂﬂﬂTillﬂu

'
v A

o A o o [ a1 a A A
MAUNTWLATTNVDLABNVBIMUE DU Taalia1n1ginals Tsuuusnyseua 58 ppm Tuvsen

71



mawonvIvedTuanalugiuuy Bl waz B2 eramanngluuuilfnseinisiduveseyya
a o [ { a o 1 4 1] 4 1 X I
D3z uRIMNL O UNUTNURUTLUOIMSUBUAUAITVOUYDINUIY cis-1,4-isoprene FauT U3
A J v o [ < o ' A
1eNYI19Vee TuanamuoUAUMNEOU (C-S) JUuDY Bluag B2 Wudumiamsieuyig
4 o o A A o o o SO a 7
AmsveuARUNMNLar AN UezABNYRIMNEAY TaglAINITNAE TsuuusNlszun 50 ppm

AWNUITD1984 [2], [31]

A1 A2
HiC H:C
_ \
C=—==CH C——=CH
/11N / 0\
—CH H,C—— —CH: CH—
L |
| X 58 ppm T |
H;C ‘ H;C
SX \('=('H + \('.':(‘H
| Hydrogen cé’ H,C ——CH hc 57.5 ppm
H;C abstraction : 5 o
Pathway A v H.C
C—=CH HyC
/ \ \(_. —cH C——=CH
CH, H,C /N / \
CH; HC —CH H,C——
Pathway B H:C H;C l
X
Sy E~>-\CH, . CH—CH ‘ A3
— \ / \
Radicali ) 777—CH, LCE CH H,C
addition i |
¥
HIC HaC
81 >‘<—CH; CH=<0H B2
' i\ H\ Comter ————c{ q\/ [—I\;\('
50 ppm 50.5 ppm

d‘ Y A a T ~ é’ %I
ETJ‘VI 4.14 ﬂﬁvlﬂjﬂiﬂ’ﬁi']\ifﬂi!ﬂf'ﬂ3J"U'J'l\31/’lﬂ1ﬂ’3'ﬁ]$ljﬂﬂelluGUfN‘lﬂfJ'N P-DPNR

av g (% 4 g
1191338904 Sac-heng- Liavamt 2] WTbuaeans Jan lugvesirenale Tawiu

AuszuUmMuzeu Aneinalnlassaiaveanatan luwdu Tagmatin "C NMR spectroscopy

v
a =

3 ' [ Y { [ a -4
Gluaﬂ'l’3$u']fl'l\1 WTJ'J'Iﬂ']iwa'Jaﬂ']klquf%uﬁqmﬁﬂN 50 tiaE 90 °C V]ﬁﬂluﬂg']mﬂ']ﬁlﬂﬂﬁicmluucﬁ

U

<} { a 4 i o T o
1An9 NUAAIDINITNANTFOUUINV0I Tuanand Ty 40, 44 1182 58 ppm LAAIDY

[BR]
v A

o ] 4 o . 4 o w { {an o 4 { A
AU UINTUDUNAUNTUDN trans-1,4-polyisoprenr ﬂﬁuau’mﬂuﬁﬁmﬁﬁﬂﬂumi‘uauﬁﬁan

v o @ J o o A { A A v [ @
VINNUDSADUUDINTUS DU Llﬁ3ﬂ']illf)ua’]ﬂ'ﬂ‘ﬂ’fnill,lfﬁ3%1/]!,%?]3J"U'J’l\?ﬂ‘ﬂ'f]gﬁ’f)ﬂ"l]@\iﬂ']ﬂgﬂL!

72



¥ o J < 2 aann { A
nalnlaseadrsveniesle Tansunidam ludlszauanuSadenmsisudulgnsounuini
duniseaaan lalasau (allyic hydrogen) Y0118 1o Tynwiu

=2 A ¥ A o Y
Sea-heng [31] Ankna lnMsFouv219909111879 HANR Widan1 lugareszunnsng
[ [ a 4 4 a
sUdrefugdu Ainsiziina lnmsieuvisvesluanadremaianisnagey °C - NMR
H Ao o ' 14 o w {
spectroscopy HUDTN1IZINYI WUNAFYYIA 37 Hag 40 ppm UAAIDIEWHUINITUBUIAUT

[

{a J LA [ o @ J o ] § A
ﬁﬂ\‘]ﬁ@ﬂ Uﬂﬁueu‘ﬁﬁ@umnmeJm’e)meNﬂmmu uazmiuauﬂnmmﬁ%ﬂlm trans-1,4-

(9

isoprene MUAIAY Ny IVYsEIV 50 ppm HAAITYYIUANUNA KL 50 Uag 50.5 ppm
2 o (] 4 o w A A A [ o o F
HAAIDNAUMUMS VB UAIA LN A INLaL A NIFONVIIN DB ABNVEIMNE O U Na lnTAseas1ans
A 1 ra aan a = 1 Y dy a aan
wouveved luanaaiulvuanalaslgnsoiusadnea Faluneuntinil nalaslgnseinis
Puvesuzduniusyguesmsuou
[ g// 9 d‘ 1 [ a o’d’ =
aviuansadzl 1dnngli 414 wun Usingdayananisners Tsuuudanaad
na'lnmsiyouvIveesms vouMAUN A AT AN VDA NVRIANE A UNVT NUMIUNUG 57.5
1 4 v @ { a o 1
ppm  ¥0IA0861911879 P-DPNR \ ttag Idsingaanan usnud e 50 ppm 91nWan1s
a o 1 o o Y ?,' a
NAADY AT NGN 14Tz DU T T Tan1 TusigFuveaine1s DPNR  iiavingdunuy

UfAsevunuezaouveslalasiou

23.8 =
Gs 23.8
135.0 C;=—=C;125.1 60.0 64.0

C C,
33.0 26.3
135
125.1
P-EDPNR latex M
135 4251

EDPNR latex l\ /\

180 160 140 120 100 80 60 40 20 0
PPM from TMS

3UM 4.15 @1/nas1 °C NMR 99311913 EDPNR 11ag P-EDPNR

73



H o 7
NMMINARDAAITEN181aNWIT Taa1 1us EDPNR (Prevulcanized EDPNR, P-EDPNR)
’é 9 J aa aan .d' =Y a = -d' [ Y
9111819 EDPNR  aagnsanlesezdanuazinanljnienismnavydnensgangaminy
1 Y
23.04 % maFeuvIe luana Iaenszuaumsniiaa luaduluanzines dAreszuuag

a

gtz duna ldmsisalgasemsian Tududlears ZDBC Ngumgh 40 uaz 90 °C
9 Aaa o w g’/ a o 9 A
Meszeznal§nse 4 waz 2 h awdau MniuAazd Inseadnalnmsyesuineves
v 4 13 3 v (A
Tuana TagnsnaaeufIen3ed "C NMR spectroscopy 1HeA19211819 A931l7 4.15 udae
¥ 4 1 1 %
1lnes1 “C NMR v041i1919 EDPNR tag P-EDPNR lonf3suifisuanuuanaeneuiaz iag
A o 4 o
nszvauwsian ludasu
v ' rd a
MR 415 WU udaeezABNATUBUYRITATIATINNTIINGIA cis-1,4-
o 1w a 4 a 3
polyisoprene  Haz@ My AN snaE I UTY099UMINENONTYD 911819 EDPNR
o o 1 4
iaz P-EDPNR Usingdayaa 23.8, 26.3, 33:0,.125.1 11a 135.0 ppm Ha@ASDAHUIAIT VDY
p2ABN C5, C4, C1, C3 taz C2 Mud1aUPILAIUITIUD Saito Takayuki ttazame [8] NAMINLI
o o ] o a a : 1
dayaas 60.0 LAz 64.0 ppm HEAIR MHERIAS HoUVBYez AV ANTInAT1 “C NMR vouieg

EDPNR (taag P-EDPNR

P-EDPNR

' 54.4
I I
EDPNR 1546 |
‘\\\\\I\I\l\L;J;;**L+=I\I\\\\\\‘\\\I\I\\\‘\\\\I\I\I‘I\I\\\\\\‘\I\I\I\\\‘\\\\I\I\\‘\\\\\I\\\‘\\\\I\I\I
58 56 54 52 50 48 46 44 42 40

1 o d' o T W [
sl 4.16 anlnaiuvers "C NMR 10911919 EDPNR 11ag P-EDPNR NAUHUSd 1M 1IN

U

39-58 ppm

74



§ A 1 a 4 [ I [
WennsanaIMIna lsuuusndygiaans vosmlnaiy “c NMR lTuaniiy
S v 1 1 o ) U { 3 U o
1181990491110719 P-EDPNR Wy dmdunisdyananlndifosnudyasvesannasy
¥ < ]
“c NMR luaniizihennuessrs EDPNR - saasldifiudennumiveuanugndesuas
Aa A a 4 ¢ g a
Yszaniamlumsiane Inssadudosduuesite1s P-EDPNR  a1ematinn1snagol
y 1
C NMR spectroscopy 1Han11211819 minwanisnaass dulnasuiinnuadiemesnunin luny
. L ; . y
AU dyaIunuana 1Ny 9110319 4.15 ansaveeanasyC NMR 499111919 EDPNR
- V. , o i Y A o <
118z P-EDPNR Aiéuviiadaya 115219149 39-58 ppm teaaasgilil 4.16 ilonnsandyaianans
= = A
NuaaIdIMsFonvIved luana
H 1 ' @ { 3°I

110310 4.16 WU FIMsVeeAlnaTui 39-58 ppm V9911819 EDPNR 1@

a o a J 3 { a o ' o_ v
P-EDPNR Ay 1M 3tnas Isuuusiansy AU NUA WYL 544 1ag 54.6 ppm 108181

=t 9 =) 9 1 [} [ = A @ A 4 [
alnasulinnuadiefesny ua linudyapamezsudunareuyres lumnansuouny
Mugou auIveasuni 21, [31]
9 v

1NN nAaedlT Izt afREIa N IINN1INAABIIATIEHA T, Ved

unuNaue19 DPNR, P-DPNR, EDPNRUIAZ P-EDPNR gz Af51naiMydwond ueaan1319i 4.6

ﬂ1ﬂﬂ15ﬂ@ﬁﬂﬂ@9}jﬂﬂlﬂ§®\1 DSC

M9 4.6 ﬂ‘%mmwﬁ%waﬂ%ﬁuazm T, 838 DPNR, P-DPNR, EDPNR 11ag P-EDPNR

Specimen Epoxy. group content (%) T, (°C)
DPNR 0 -65.66
P-DPNR 0 -64.96
EDPNR 1.0h 23.04 -39.89
P-EDPNR S -30.60

{ o @ o 4
MAN15197 4.6 WA T, V0981 P-DPNR  HA4919nzUIUMIWITan ludg

A Y Y o @ 1 ISP Y A Y
MawenyNg luanaaleszuumsasglalemuzauluaniiziies ua1lndiAsane1s DPNR
Tuwaiziian T, vo4e19 EDPNR 1oz P-EDPNR 3f1g4n31819 DPNR 1azfn T, Ngaiiganos
P-EDPNR Hifiumini -30.60 °C Famaduianin Inseadevesenananydnenduazinanisiion

VININBLADUUDINNLOU

75



a 4 4 4
MINWAN1INAans MIunsina lnmayeuuieluanaiesduveslnssaiienin
a %} 1 ] a
MINATDUABINALANTT “C NMR spectroscopy 1UeN1211879 wu Usingdayaanisia
A o 1 4 14 o (% ¥
3 T uuENAINIT0 52 YA U UINI T NY19U03 Tuanan s uouIaZ AN D UYBIIYN
P-DPNR #idyay s 58 ppm inaningiuuvilfiseniunvezaovueslalasnu annanisnaaes
Y ] [ 1 o [ 4
d1iFuie1 P-EDPNR ludsingdyanafiamnnsassyduvismsiouuavesluana la
1 a Sl 1 1 4 A 2 901 [
UANAMIAATILHAT T, WU A1 T, AgUNIUINY1819 DPNR tag EDPNR  HEI91N
A o ¢ Y d = A ¥ g
nszUIUMsWITan lud naasldiiudinisilasunlamieaInssaieveaiite1s P-EDPNR

Tasmsviddam ludluszuumsasgddromugiu

76



=
Unn s

a;ﬂwamimamuaz%mummz

5.1 ajUwamanaans
y - :
1NNINABDUATINUIE195TTUHA 11/5AUAT (Deproteinized natural rubber, DPNR)
kY o w = Y A o SR a I ax o w =
aenszuIuMImMia lsAuaIegiToswAUAasaansInsHl SDS IuIsmsmia lilsAuesnain
H a A = ~ < a A A 1 Y ~
ensssumalsamen Tullsgansiaimazilscdnsnming laganzmstualegse

{ Ay & ) { Y o 4
0.1 w/t% tasa13 SDS 1.0 wt% ﬁqmwﬂuwm Lﬂunm 1h ua3ﬂum"3mmammgmguﬁauﬂﬂ

U

=K A

= Y ? v y A a ? a
91§ﬂ1ﬂ1ﬂ5§]u UAZANBIAIYITITAALLTIONINT SDS Llagﬂ'lﬁﬂul,ﬂ?ﬂ\?@ﬂﬂﬁ\i ﬂﬂﬁﬁ]ﬂﬂﬁlﬂm
[ [ = g’/ %’ a
”luimﬁmﬁaﬂa% Kjeldahl W2 ﬂ']ﬂﬁiﬂﬂ‘!‘luiﬂﬁﬁ]u“I/NW‘JJﬂ“U@Qu']ﬂ']\i‘ﬁﬁﬁuslf']ﬂaﬂaﬂ‘l]']ﬂ 0.380

a o

= = g A m Y o o w = ~
890.020 wt% FeUszuis 120 veureEssusan hildiimsmivaldsauainaiudsen
Moo FegBeamrsninfnionlunmaddenidasglsevellsdu dawald Tsduntada
AueyMasIunalfnsenmen gz Tuinadfnseads enunll
a Ed aa aa
NAMINABDAUAI BNLAZIMI1THANNITNT UV N Al aforFAnIINNIADL TAA
s s 7 9 ' { A
ueu'le'lasauazanslalaswilesoon ladaesasidaiilag Tuansii 2.0 mole WToNLUL
in-situ. N30z NIOMNAVRIGNAUANITNATIL G- NMR  spectroscopy  1UAN1IY
1 1 g9) g 4 o A A A aan
a1azaty WuN AMAINNTUN s AlasesEARgI N aane 34 v/v%, NTzezanlgnsen 1 uag
[ 3/./ =K A ~ Iy 14 = = 9 ~ 14 aa o
2 h A9U U JudENENRENAINNI NV INTal o 50 BRngIngaAle I ol nTAIla oL BAAIN
an a a U % ?)I
U818 N0NFATUN TN DPNR
~ %’ = ol A a 4 .. . 4
NAMINAADIATINUIBINEIS AR LIS AUMDNBNTG IAT (Deproteinized epoxidized

4 an 1 aan a a @ ’.f J
natural rubber, EDPNR) @glj’\]ﬂﬂiﬂlﬂ’t’)if]%“]mﬂWTL!‘VIN’]JQﬂiEﬂ’éJW?)ﬂG]ﬂWb'uGluﬁﬂYJguﬁlN NWUN

v
=y

o aan a a Y a aan { o
?ﬂllﬁﬂﬂ1ﬂ§]ﬂ381®W€)ﬂcﬁlﬂ%uﬂﬂmWQ§J S —10°°C ﬁ?ﬂﬁ%ﬂglﬂﬁ1ﬂaﬂiﬂ1ﬁ 0.5-6.0 h Ulf:]}’c’ﬂ!,ii]

]

9
[ Y o

a 4 a = 1 = 2 %,’
@\‘]uu‘ﬂ'lﬂ']i'Jlﬂi']gﬂﬂaiﬂ'lmﬁy’fw\l’f]ﬂ%ﬂﬂ']ﬂ'ﬂfﬂgLﬂﬂ"ldjuﬁluiﬂiQﬁ%?ﬁﬂlﬂ\?u1ﬂ1ﬂiﬂﬂﬂ1iﬂﬂﬁﬂﬂ
9
aremnaiin “C NMR spectroscopy THEA1IZHIENT
a d a a a g 1
ﬁ]']ﬂﬂ']i‘1/]@ﬁ’f]\‘]ﬂ'li'JLﬂi']$1/Tﬂi3J1mﬂ1ilﬂﬂﬁu"’f]1/\l@ﬂc?ﬁl@\‘iu'lfﬂﬁ EDPNR HWI1UNIY
aan a a o { aan 1 [ 4 aa a
“]JQﬂiﬂ?@Wﬂﬂ“ﬁl@%uﬁi$U$l')ﬁ'lﬂ;]ﬂifl'lﬁ'l\‘]ﬂuﬁjﬂﬂﬂiﬂlﬂ@i@%cﬁﬂﬂ Iﬂﬂﬂ1iﬂﬂﬁﬂﬂﬁlﬂﬂlﬂﬂuﬂ
1 = 1% a Jd o

C NMR spectroscopy TuanMzieaazifssuneudyaramsnar Isuuugsiumnaaoy
A A = 1 Y a A a 4
TugaedrsazalgiodudunInVLU U ﬂ'J"IlI‘Qﬂ@’t’]\1Llagﬂi%ﬁ%‘ﬁﬂTWiuﬂTﬁﬂmiT%ﬁ

Y & Y 3 ' A o a 1a Ay Y
Tassasrudesdauluaniziiners numn 'ﬁTllTiﬂEJIJEJUﬂT'ZTLﬂﬂWH@W@ﬂcﬁqﬂiﬂﬂﬂiiﬂﬂﬁﬂﬂ‘lu



F 1 = 1a Aaan { A 3 X o
annzihenazmMiUSnanyanendanainiuszozna1l §AseNNLIL Fa91nnsiuIw

'
1 =

USnamyanenaiagangaminy 23.04 % Nszega1lgnsen 1h A1 T, ¥eaw19 EDPNR

=

' Y H
WinrunulSnamyanend uaina1l§iser 3 uaz 6h A1 T, AnAunaUYTINamMyENend
?zl.l a 4 1 9 9 a di A o a aan 9 = A aan
NNUUIAIIEYNY Taseadnatemaiia FTIR ieaudumsinalgnsondiunesnselgnie
aaunaeslumsdlarwumiudnend wuanvazmmizyeany laasonda (-OH)
3 o 4 3
NNNaNINAaeINITAseNe i ian lugeiniiiens DPNR 1az EDPNR @79
Y} o o 3 ' a o A A 9
szvuasgiaretmgauluanziihes wo1 msimsizrna lnmsienvieluanariodu
Y
voelaseasannmsnageudiemain "C NMR spectroscopy Tuan1z1e19 Usngdayain
a 7 o ' 4 J o v 2
natAas Tuuugiasnszydurianseuy13ves lananisueutas Muzduve 1
(% 4 { o [ a aaa v o
p1an3dan lud DPNR  Mdhwmisdyanais8ppm thaangluuuilfnsesuivesneuves
9 o 2 [ 4 ] [ a
laTastou vinwamsnaaesdimsuiiieawidant lug EDPNR - lidsingdagianisifiars
oA o ] 4 1 a Jd 1 1 J
Tguuudgnansassydumiimavenvigedluana 14 udnnmsdiasieia T, wud den
A L4 2 ¥ o A o s Y3 =
T, NguiNuA1IN1919 DPNR 4as EDPNR- Had9nn iz uaumsns Jan Tud uaalimuda
{ 3 o @

m3snlasuntasmalnseadeveniien PEDPNR Jagnmisvsdan lugluszuumsasgldae

[

MUZOU

9
5.2 UDAHUDUUY
a 2 a =1 ~ a
52.1 mMIIATIEHAsenatia “C NMR Spectroscopy. Lﬂ%&mmﬂqumﬁgnmm
4
Tuganziines
a Y a 13 =
522 MIAATIRHABMANA. 'C NMRSpectroscopy 15 stineuluaniizaisazay
< a
HAZAAZYBIUAY AIBINATIA Distortionless  enhancement byUpolarization transfer (DEPT),
Attached proton test (APT)Wa &2 correlation meastrements:
= @ =Y 4 901
523 dAnvwazd§ulfeanmizvesnseiauatswidant lud lugniiziiiens
Y
Tz aunuiiie1s EDPNR tag DPNR
= % = 4 an
524  anvwazliulyaanzmswseunsanlesezasan

= a J aan 9/ = A = 1 aan a a
5.2.5 ﬁﬂ‘]&ﬂl!ﬁ&’uﬂ‘ﬂ%‘ﬁﬂﬁqﬂﬂj‘]ﬂiEﬂ"UNLﬂEN“VI'E)ﬁ]iJNﬁﬂi%ﬂﬂ@]@ﬂj‘]ﬂiﬂﬁw‘l@ﬂ%m

Fuuazws yan Iy

78



UITUIUNIN

[1] L. R. Gelling, A. J. Tinker and H. A. Rahman., “Solubility parameters of epoxidised natural
rubbers,” Journal of Natural Rubber Research, vol. 6, pp. 20-29. 1991.

[2] K. Sea-heng, N. Iso, K. Kosugi and S. Kawahara, “Prevulcanization of isoprene rubber latex,”
Colloid Polymer Science, vol. 293, pp. 1457-1464, Jan 2015.

[3] Fitch RM., Gajria C and Tarcha PJJ., “Acrylate polymer colloids: Kinetics of autocatalyzed
hydrolysis,” Colloid Interface Sciencejvol. 71, pp. 107-117, 1979.

[4] T.T. Ang and J. D. Roberts, “Carbon-13 nuclear magnetic resonance spectra of natural rubber
latex,” Plastic Rubber : Material Applied, vol. 4, pp. 138-139, Mar 1979.

[5] S.Kawahara, S. Bushimate, T. Sugiyama;;C-Hashimoto, and Y. Tanaka, “A Novel Method for
“C-NMR Spectroscopy of Polymerin/Emulsion: Quantitative Analysis of Microstructure
of Crosslinked Polybutadiene/in-Latex;” Rubber.Chemistry and Technology, vol. 72, pp.
844-853, 1999.

[6] S. Bhattacharjee, K. A. Bhowmick;and/N.-B./Avasthi, “Hydrogenation of epoxidized natural
rubber in the presence of palladium acetate-catalyst,” Polymer, vol. 34, pp. 5168-5177,
Dec 1993.

[7] S.F. Thames and S. Gupta,$‘Synthesis-and-characterizationof pendent hydroxy
fluoroesters of:secondary.high molecular weight guayule rubber,” Applied Polymer
Science, vol.\63;pp.\1077-1089;63;Jun 1997

[8] T. Saito, W. Klinklai\and_S. Kawahara, “‘Characterization/of epoxidized natural rubber by 2D
NMR spectroscopy,”.Polymer;vol.-48; pp-750-757,Jan 2007.

[9] K. Sae-heng, T. Kanya, N. Choothong, K.-Kostgi; "W\ Ariyawiriyanan and S. Kawahara,
“Latex-state NMR spectroscopy for-quantitative analysis of epoxidized deprotenized
natural rubber,” Journal of Applied Polymer Science, Jan 2017.

[10] Sadanaa snadmaiyd, “o1e533u3A,” 1w ma Tu Tade 195550908, ngaunmnd : maTudas

ABNTITIATUE, 2553, UM, 1-15.



UIIUIYNIN (A1D)

[11] w@nild Aeqdinased, “onsssunadivanmiaseade,” lu mswdno19sssuma. fu
atqi 4, aavan : augInamaasuazmalulad madvunaTuladenaaznedwes,
UMINGFHAUAIUATUNS, 2541, Ui, 213-216.

[12] 2510581 ¥95 lvena, “ﬁWNﬁﬁamﬂﬁ,” T ma Tu Tagihes. AFUNNA : MU,
2555, Uu. 13-34.

[13] W. Klinklai, T. Saito, S. Kawahara, K. Tashiro, Y. Suzuki, T. J. Sakdapipanich, and Y. Isono,
“Hyperdeproteinized natural rubber prepared with urea,” Journal of applied polymer
Science, vol. 93, pp. 555-559, Feb:2004:

[14] Sy sunsdhausw, “Tusiuluniennidss? KkU Research Journal, Ui, 18, 1. 996-1002,
WOAIMBU-FUIAY, 2556.

[15] 33ani ivanng, Uszans yudl day 353 nidian, “AT53F IS o195 TUNG
TsAusmnihensaa.” ansiias e mui 121731, 28 AUATWUT 2556.

[16] S.Kawaha, W. Klinklai, H. Kuroda and-Y- Isono,“Remo6val of Properties from Matural
Rubber with Urea;»Polymer for-Advanced-Technologies;vol. 15, pp. 181-184, Aug
2003.

[17] P. Nghia, Y. Yamamoto, W/ Klinklai,~I"}Saito,S. Kawahara, ‘‘Removal of Proteins from
Natural Rubberwith Urea and Its/Application to Continuous Processes,” Journal of

Applied Polymer-Science, voli 107, pp-2329-2332,-Feb 2008,

[18] W. Klinklai, S. Kawahara, T. Mizumo, M-=Yoshizawa, J//T. Sakdapipanich, Y. Isono and H.
Ohno, “Depolymerization-and-ionic conduetivity of'enzymatically deproteinized natural
rubber having epoxy group,” European.Polymer-Journal, vol. 39, pp. 1707-1712, May
2003.

[19] S.C.Ngand L. H. Gan, “Reaction of Natural Rubber Latex with Performic Acid,” European
Polymer Journal, vol. 17, pp. 1073-1077, Jan 1981.

[20] S. Roy, B. R. Gupta and S. K. De, “Epoxidized Ruber,” in Elastomer Technology Handbook.

pp. 635-659, N. P. Cheremisinoff, Eds., ed, New Jersey : CRR Press, Jun 1993.

80



UIIUIYNIN (A1D)

[21] C.C.Ho and M.C. Khew, “Surface Morphology of Prevulcanized Natural Rubber Latex Films
by Atomic Force Microszopy: New Insight into the Prevulcanization Mechanism,”
American Chemical Society, vol. 15, pp. 6208-6219, May 1999.

[22] P.E.F. Cudby and R.T. Davies, “Microstructure of Peroxide Prevulcanised Latex Films,”
Journal of Natural Rubber Research) vol. 12, pp. 64-81, Feb. 1997.

[23] szuna é?’w?u;m‘f%’@ﬁuazﬂmz, “WoRLDINoaaDYs,” et 3 ATUNWI: TINDTDY
MIAUN, 2545, UL, 43-75.

[24] WIHFT LEQY, “A1TIANN,” ﬁuﬁﬂ%ﬁﬁ 2 NJUNNA: dninnunaInemansazimg
TuTaBuUnsa (aIN%), 2550, U450,

[25] D.R. Burfield, K. Lim, K. Law and S..Ng,“Analysis of epoxidized natural rubber.A
comparative study of d.s.c:, nim:r:; elemental analysis and direct titration methods,”
Polymer, vol. 25, pp. 995-998,\Jul 1984.

[26] wuifu ouIAND wazany, “ouvlusanassanivaln Insa 1ndl,” nanmsuazmaians
SnTiFunseie, NFUNN- TSENFAUWUH 50§10, 2552, UU. 139-157.

[27] S. Rolere, S. Liengprayoon, L/ Vaysse; J-Sainte:Beuve.and F Bonfils, “Investigating natural
rubber composition with Fourier-Transform Infrared (FTIR) spectroscopy: A rapid and
non-destructive-method to determing bothprotein and lipid-«contents simultaneously,”
Polymer Testing,-vol. 43; pp-83-93; Mar2015.

[28] D. Le, C. Samart and S.Kongparakul, ‘‘Preparation and Properties of Natural Rubber/
Epoxidized Natural Rubber/Montmotillonite-Compaosite,” Journal of Science and
Technology, vol. 23, pp.224-233, Apr-Jun2015.

[29] J. E. Davey and R. Loadman, “A Chemical-Demonstration of the Randomness of Epoxidation
of Natural Rubber,” British Polymer Journal, vol. 16, pp. 134-138, Sep 1984.

[30] S. Kawahara, O. Chaikumpollert, S. Sakurai, Y. Yamamoto and K. Akabori, “Crosslinking
Junction of Vulcanized Natural Rubber Analyzed by Solid-sate NMR spectroscopy
equipped with Field-Gradient-Magic angle Spinning probe,” Polymer, vol. 50, pp. 1626~

1631, Jan 2009.

81



UIIUIYNIN (A1D)

[31] K. Sea-heng, “Quantitative Analysis of Modified Rubber thorugh Latex-state NMR
spectroscopy,” (Ph. D Thesis, Nagaoka University of Technology, Japan)

1321 whu ousans wazaae, “Uaundssunnuds Tsuuuga 1nil” vdnmsuazmaiinns
ST rEmFunToelie. ngunnd : U3EN AN 50 $17R, 2552, UL, 260-308.

[33] Wunyie urun, “Hundesuunuams Tuuusanlnalnil 1, awn InsaIntl dmsv
wdounid. njumna : dniniuiinagmasnsaiuminends, 2549, uu. 175-301.

[34] Characteristic “C NMR chemical shifts (online), Available: http://www.che.hw.ac.uk/
teaching/cheak2/B180A1/Webtest/I3CNMR-Help.html, (8 July 2017).

[35] W. Ariyawiriyanana, J. Nuinu, K. Sae-heng-and S. Kawahara, “The Mechanical Properties of
Vulcanized Deproteinized Natural' Rubber,” Energy Procedia, vol. 34, pp. 728 — 733,
Jul 2013.

[36] N. Pukkate, T. Kitai, Y. Yamamoto, T. Kawazura, J;-Sakdapipanich and S. Kawahara, “Nano-
matrix structure formed by graft-Copolymerization’of styrene onto natural rubber,”
European Polymer-Journal;vol-43,pp.-3208-3214, May-2007.

[37] S.Roy, B. R. Guptasand Bi R/ Maiti, “Effect- of Acid Concentration and Other Reaction
Parameters on Epoxidation-of Natural- Rubber Latex,™ Industrial and Engineering
Chemistry Research)vol. 30, pp..2573-2576; Dec,1991.

[38] Y. Heping, L. Sidong-and\P.Zheng, “Preparation‘and' Study/ of Epoxidized Natural Rubber,”
Journal of Thermab Analysis and-Calorimetry, vol/58,pp. 293-299, Nov 1999.

[39] I. Ukawa, S. Kawahara and-J.=Sakai,~“Structural” Charactérization of Vulcanized Natural
Rubber by Latex-state SCNMR spectroscopyy” Polymer Physic, vol. 45, pp. 1003-1009,
Mar 2007.

[40] S. Kawahara, J. Ukawa, J. Sakai, Y. Yamamoto and Y. Isono, “High-Resolution Latex-state
“C NMR spectroscopy for Natural Rubber Vulcanizeated,” Rubber Chemistry and

Technology, vol. 80, pp. 751-761, Nov 2007.

82



UIIUIYNIN (A1D)

[41] X. Zhao, T. Zhang, Y. Zhou and D. Liu, “Preparation of peracetic acid from hydrogen
peroxide Part I: Kinetics for peracetic acid synthesis and hydrolysis,” Journal of
Molecular Catalysis A: Chemical, vol. 271, pp. 246-252, Mar 2007.

[42] J.H. Bradbury and M.C.S. Perera, “Epoxidation of Natural Rubber Studied by NMR

Spectroscopy,” Journal of Applied
[43] LR. Gelling, “Modification of Natural Rubb

and Technology, vol. 58, pp. 86-96, )

o> (N
e A —————\
v) 9{(CCCCEOPIINNNTQ (v,
L eeaYAma
T—_0—F

83






{PCII-7]-

The International Polgmer Conference of Thailand (PCT-7)

PROCEEDINGS

June 151-2™, 2017

Ameri Wetergate Hotel,
Bangkok.Thailand

Orgenized by
Polymer Society of Thailend (PST)




{PCI-7}-

PROCEEDINGS

{PC-7}-

The International Polymer Conference of Thailand

Annual Polymer Conference
June 1%t -2, 2017

Amari Watergate Hotel, Bangkok
Thailand

Organized by

A
-
a—
—

A,

aunuludisasuals:img Ing
POLYMER SOCIETY OF THARANS

The Polymer Society of Thailand (PST)

86



4PCI-7}-

Message from the President

PCT-7: Fostering the Development of Thai Polymer Industry with Innovation

Assoc. Prof. Dr. Pranee Phinyocheep
President of the Polymer Society of Thailand
PCT-7 Chair

The Polymer Conference of Thailand {PCT) is an annual international conference
organized by The Polymer Society of Thailand (PST) with the aim to disseminate the
advancement of polymer science and technology. It also emphasizes the importance of the role of polymer
professionals in leading the development of principles and practices that will address the concerns of present and
future generations. Additionally, for this year, this conference is especially organized to keep up the status of the
government’s Thailand 4.0 economic drive that focuses on the underpinning of science and technology with
innovation. A collaboration of academia and industrial sectors through exchange of ideas and research is a
constructive means to innovative products, fostering the success for the development of Thai polymer industry
and economy as a whole.

The conference consists of the special Plenary and Keynote lectures; Invited, Oral and Poster presentations.
In this year, the PCT-7 receives its honor to have 2 Plenary speakers: Professor Dr. Mikihito Takenaka {Kyoto
University), and Professor Dr. Suwabun Chirachanchai {Chulalongkorn University). The 7 sessions with
international 16 Keynote speakers in frontier polymer science and emerging technology perform in the topics of
1) Advanced and Functional Polymers, 2) Bioplastics and Polymers for Sustainability, 3) Biomedical Polymers, 4)
Rubbers and Elastomers, 5) Compounding, Blends and Composites, 6) Molecular Design, Structure and Properties
of Polymers, and 7) Theoretical Study, Modeling and Simulation of Macromolecules. There are also 2 Invited, 47
oral and 80 poster presentations of submitted research papers. In concurrence with the conference, due to the
governmental policy of Thailand 4.0 mentioned earlier, the Panel discussion entitled “The Development of Thai
Plastic Industries under Thailand 4.0” is being organized.

In this year, there would be the excellent and distinguish rising stars not only in academic section but also
in industrial section. The PCT-7 wishes to congratulate to Asst. Prof. Dr. Kaewta Kaewtatip (Department of
Materials Science and Technology, Prince of Songkla University) and Dr.Silapong Baiagern (PTT Global Chemical
Public Company Limited) for their excellent and distinguished achievements to be the PCT-7 Rising Stars.

On behalf of the Polymer Society of Thailand, | would like to express my sincere gratitude to all of the
committee who have been working very hard in putting tremendous efforts to organize this PCT conference.
| would like to acknowledge the Platinum sponsorship from IRPC Public Company Limited and PTT Global Chemical
Public Company Limited, Gold sponsorship from SCG Chemicals and Bara Scientific Co.Ltd, Silver sponsorship from
Bruker BioSpin AG, Bronze sponsorship from BASF, and in this year sponsorships for students’ registration fee
from MBJ Enterprise Co. Ltd, Lucky Star Weaving Co. Ltd, and Dow Thailand Group; and support from six booth
exhibitors i.e. Synchrotron Light Research Institute, The Thailand Research Fund (TRF), HORIBA (Thailand) Limited,
Vana Science Co., Ltd, LMS Instruments Co., Ltd and IKA @Works (Asia) Sdn Bhd. My deepest gratefulness is
delivered to all of speakers, poster presenters and audiences who participate in this conference.

Finally, | wish the PCT conference a fruitful success, and hope that you enjoy sharing and exchanging your

expertise, and have a wonderful time staying with us.
- 7 zy”a‘“f
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Abstract

Analysis on epoxidation reaction of deproteinized natural rubber through latex-state *C NMR spectroscopy was

established for in-situ determination of peracetic acid content and epoxy group content in latex stage. The peracetic acid

was formed in-situ by reaction of acetic anhydride and 30%w/w hydrogen peroxide at 40°C. Then, the epoxidized natural

rubber latex was prepared by epoxidation of deprotenized natural rubber (DPNR) with freshly prepared peracetic acid in

latex stage. The resulting freshly prepared peracetic acid and epoxidized DPNR (EDPNR) latex was characterized through

latex-state *C NMR spectroscopy. The maximum peracetic acid content obtained under experimental condition was

34%v/v. It was found that the epoxidation levels were not affected by the percentage of acid added during the reaction.

The epoxy group content determined through latex-state NMR spectroscopy may relate to particle size of rubber particle.

Keywords: Deprotenized Natural rubber, Peracetic acid content, Epoxidation, Latex-state NMR spectroscopy

1. Introduction

Latex epoxidations of natural rubber are
heterogeneous colloid system and these two phases could
control the structure of the ENR product. Thus, if the rate
of epoxidation is greater than the rate of diffusion of the
peracid into the particle then a heterogeneous epoxidized
product would be expected [1]. Latex-state Nuclear
Magnetic Resonance (NMR) spectroscopy is a powerful
technique to analyze a primary structure of polymer,
dispersed in water. Thus, it may be useful for in-situ
determination of epoxy group content of epoxidized
natural rubber, since epoxidation of natural rubber is
performed in latex stage with peracetic acid or performic
acid. In the previous work, many studies on the latex-state
13C NMR spectroscopy have been reported to analysis
distribution of copolymer, dry rubber content and
hydrolysis of polymer [2], [3], [4]. Later, a solution-state

NMR spectroscopy were reported to characterize epoxy
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group content in epoxidized natural rubber (ENR) [5], [6],
[7]. However, it is difficult to observe the epoxy group
content in ENR since the solution-state method need to
separate sol and gel. In our previous work [8], the method
of quantitative analysis through latex-state *C NMR
spectroscopy was established for in-situ determination of
epoxy group content of epoxidized natural rubber in latex
stage. It was found that the epoxy group content
determined through latex-state NMR spectroscopy was

proved to be the same as that determined through solution-

state NMR spectroscopy.
In the present study, the latex-state NMR
spectroscopy was applied for analysis both of

concentration of peracetic acid and the epoxy group
content in epoxidized deprotenized natural rubber

(EDPNR) latex.
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2. Experimental

2.1 Preparation of deprotenized natural rubber (DPNR)
latex

Natural rubber latex used in this study was
commercial high ammonia natural rubber (HANR) latex
(Golden Hope, Malaysia). The HANR latex was incubated
with 0.1 w/w% urea (Nacalai Tesque Inc., 99.5%) in the
presence of 1.0 w/w% sodium dodecyl sulfate (SDS)
(Kishida Reagents Chemical Co. Ltd., 99%) at room
temperature for 1 hour followed by centrifugation at 10* g.
The cream fraction was redispersed in 1.0 w/w% SDS
solution and it was centrifuged, again. Then, the cream
fraction was washed twice with 0.5 and 0.1 w/w% SDS
solution, respectively. The resulting DPNR latex was kept
in the dark at room temperature [9] .

2.2 Preparation of fresh peracetic acid

The fresh peracetic acid, was prepared by reaction
of 30 g acetic anhydride (Nacalai Tesque Inc., 93%)at 0 °C
for 30 min and drop 90 g hydrogen peroxide (Nacalai
Tesque Inc., 30%) at 0°C in the glass vessel. The reaction
time was then studied by varying a stir time at 40 °C for 0,
1, 2 and 3.5 h, respectively. The concentration of fresh
peracetic acid was determined by solution-state 3C NMR
spectroscopy [7].

2.3 Preparation of epoxidized natural rubber (EDPNR)
latex

Epoxidized DPNR was prepared in latex stage. The
DPNR latex was diluted to 10 w/w% DRC with distilled
water and pH was adjusted to 7 with acetic acid (Nacalai
Tesque Inc., 99%). Epoxidation of DPNR latex (1.0 w/w%
SDS) was carried out at 5-10 °C for 1-6 hour with fresh
peracetic acid. After epoxidation, pH of the latex was
adjusted to 7 with ammonium hydroxide (Nacalai Tesque
Inc., 28%). The EDPNR latex washed by centrifugation at
10* g. Cream fraction of the EDPNR latex was recovered
and it was redispersed into 1.0 w/w% SDS solution. The
resulting EDPNR latex was subjected to latex-state

particle size measurement and *C NMR measurement.
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Schematic representation of the experimental procedure is

shown in Fig. 1 [7],[10]

2.4 Characterization

The particle size distribution of the rubber latex was
analyzed by the COULTER LS230. The particles sizes,
ranging between 0.04 and 2000 mm were recorded.
Latex-state NMR measurement were carried out using a
JEOL ECA-400 FT-NMR spectroscopy (Tokyo, Japan),
operating at 100.40 MHz for 1*C. The EDPNR latex with
deuterium dioxide (D,0O) was used for the measurements
without further treatment. ¥C NMR measurements were

carried out at the pulse repetition time of 5 s.

DPNR latex
(30% DRC, 0.1 w/w% SDS)

&<—

Distillted water

DPNR latex
(10% DRC, 1.0 w/w% SDS)

Adjusting pH to 7 by CHzCOOH

4
<«—

Stiring at 5-10 °C for 1-6 hr
Adjusting pH to 7 by NELOH

®  Cenirifigation

®  Redispersion

Purified EDPNR latex
(1.0 w/w% SDS)

Fig.
procedure for EDPNR

1 Schematic representation for experimental

3. Results and Discussion

The fresh peracetic acid, was prepared by
reaction of acetic anhydride and hydrogen peroxide at
40°Cfor 0, 1, 2 and 3.5 h., respectively. The concentration
of fresh peracetic acid was determined by solution-state
13C NMR spectroscopy. A typical *C NMR spectrum for
peracrtic acid was shown in Fig 2. The signals appeared at
16.9,17.8,21.3, 170.0, 173.6 and 177.6 ppm, which were

assigned to methyl carbon of remaining acetic anhydride,

SDS solution (1.0 w/w%)

Fresh peracetic acid
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methyl carbon of peracetic acid, methyl carbon of acetic
acid, quaternary carbon of acetic anhydride, quaternary
carbon of peracetic acid and quaternary carbon of acetic
acid, respectively. The peracetic acid content (Cperacetic acid)
was estimated from intensity ratio of the signals at 16.9,

17.8 and 21.3 ppm [7] as in the following equation 1.

o

17.8

-—— 178 100
[169 +[17.8 +[21.3

)

Cpemcet:c acid

Where I is the intensity of the signal and subscript
represents chemical shift (ppm). The estimated values of
concentration fresh peracetic acid was tabulated in the
Table 1. From table 1, we performed in-situ reaction by
constant a mole ratio of acetic anhydride and hydrogen
peroxide at 2.7 for all sample. A concentration of the
estimated peracetic acid content was plotted against
reaction time as shown in Fig.3. It shows that the
concentration of freshly prepared peracetic acid remain
constant with the increasing reaction time determined by
latex-state 3C NMR spectroscopy. Then, the highest
concentration of peracetic acid was applied to epoxidation

reaction in DPNR latex.

1 130 1% X

m

Fig. 2 Typical ¥*C NMR spectra for fresh acetic acid

50

40
—_
X
\:; ”" --’----___’
§ 0] e
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]
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10 T T T

0 i Z 3 4

Reaction time (h)

Fig. 3 A plot of concentration of fresh peracetic acid

Table 1 Estimated values of concentration content of fresh peracetic acid

Sample  Reaction time Acetic anhydride Hydrogen peroxide HCOOH/H,O, Coeraceficuci
(h) (mole) (mole) (mole) (% viv)
PAC1 0 03 0.8 2.7 27
PAC2 1 0.3 0.8 2.7 34
PAC3 2 0.3 0.8 2.7 34
PAC4 35 0.3 0.8 2.7 32

The epoxidation of DPNR latex with freshly
prepared peracetic acid at Cpergceric acia 34 Yov/v Was carried
outat0, 0.5, 1.0, 1.5, 2.0, 3.0 and 6.0 hours, respectively.
The resulting EDPNR latex was subjected to latex-state

particle size measurement. A typical curve of particle size
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distribution for EDPNR with various reaction time was
shown in Fig 4. The diameter of particle size for EDPNR
at Cperacetic acia 34 %oviv were tabulated in Table 2. It was
found that the average mean diameter of EDPNR was

higher than DPNR latex at the same pH of 7 for all sample.
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The average mean diameter of EDPNR was found to be
increased as epoxidation time increased. The particle size
was seemed to be constant at 3 to 6 hours after epoxidation.
To clarify the effect of particle size on epoxidation, it is

necessary to measure epoxy group content in EDPNR in

latex state through C NMR  spectroscopy.
16
———DPNR
——05h
12 1h
1.5h
g —
£ 8
g 31
= e G
=
4
g ; ;
0 1 2 3 4 5

Particle size (um)

Fig. 4 A typical curve of particle size distribution for
EDPNR with various reaction time.

Table 2. The diameter of particle size for EDPNR at
Cperacetzc acid 34 Yoviv.

Sample Epoxidation Mean diameter of
time particle size
&y (um)
DPNR 0.0 0.83
EDPNRO.5h 0.5 0.84
EDPNRI1.0h 1.0 0.86
EDPNRI1.5h 1.5 0.92
EDPNR2.0h 2.0 0.95
EDPNR3.0h 3.0 1.03
EDPNR6.0h 6.0 1.03

The epoxidation of DPNR latex with freshly
prepared peracetic acid with various concentration was
performed at 3.0 and 6.0 hours reaction time. A typical of
a latex-state 3C NMR spectra for EDPNR were shows in
Fig. 5. Five major signal appeared at 23.3, 26.5, 32.3,
125.1 and 135.0 ppm, which were assigned to five carbon
atoms of cis-1,4-isoprene units, according to pervious
work [8]. The latex-state ®*C NMR measurements were
applied for EDPNR latexes to determine their epoxy group
content. The epoxy group content of EDPNR (X,p..,) was

estimated from the intensity ratio of the signals [a], as in

the following equation 2 and was given in Table 3

T x100 )

Xepoxy =
]6440 + 112541

Where [ is intensity of the signals and subscript numbers
represent chemical shift (ppm). The signals at 64.0 and
125.1 ppm [a] were assigned to methane carbon of
epoxidized isoprene units and that of the cis-1,4- isoprene

units, respectively.

M

L

200 176 150 126 100 75 50 25 0

Fig. 5 A typical of latex-state 3C NMR spectra for
EDPNR.

The peracetic acid content, Cperacetic acid, @poxidation
time, epoxy group content, Xepoxy, and diameter of particle
size for EDPNR were tabulated in Table 3. At 3 hours of
epoxidation time, the estimated values of epoxy group
content for EDPNR increased with increasing
concentration of peracetic acid. This resulting in increased
in diameter of rubber particle. It was found that the average
diameter of particle size of EDPNR was vary from 0.9209
to 1.1043 um, no different in particle size was observed. A
correlation of epoxy group content and peracetic acid
content at different epoxidation time was plotted in Fig.6.
The epoxidation level increased with increasing peracetic
acid content only for 3 h, in contrast it was a bit lower as
reaction time increased to 6 h. It is suggested that
epoxidation levels were not affected by the percentage of
acid added during the reaction but affected by reaction

time.
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Table 3. The Cperaceric ecia» €poxidation time, Xopon, and

diameter of particle size for EDPNR.

Sample  Cperace  Epoxidat — Xepory Mean
eacd  lontime  (mol%)  diameter of
(%) ) particle size
(um)
EDPNR-1 27 3 25.85 0.92
EDPNR-2 32 3 31.38 *
EDPNR-3 34 3 3432 1.03
EDPNR-4 27 6 3314 1.10
EDPNR-5 32 6 2013 =
EDPNR-6 34 6 29.05 1.03
50
40 -
£l >
Y ] ®
§
< 01
10
27 32 34
Cpemceticacid(%)

Fig. 6 A plot of epoxy group content at reaction time
3 hand (b) 6 h for latex-state epoxidation of DPNR.

(@

4. Conclusion

Analysis of latex epoxidation reaction was
performed to determine the peracetic acid content and
epoxy group content of EDPNR through latex-state 1*C
NMR spectroscopy. The chemical shift values of signals
of latex-state *C NMR spectrum for peracetic acid and
EDPNR were revealed. The estimated values of the epoxy
group content determined by latex-state *C NMR
spectroscopy were depend on amount of peracetic acid.
From ¥C NMR spectrum, it was found that a moderate
reaction conditions of 0.5 to 6 hours can avoid the ring-
opening reactions but the longer preparation time required
is not favorable. The analysis of the latex epoxidation in
latex-state 3C NMR spectroscopy was found to be
applicable technique to determine a primary structure of
epoxidized DPNR.
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