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Abstract

This research presents the method to prepare the hydroxyltelechelic liquid natural rubber (HTNR)
as a renewable source for used as soft segment in polyurethane precursor. In this study, liquid
natural rubber (LNR) was firstly prepared by oxidative degradation of natural rubber (NR) in the
presence of supercritical carbon dioxide (scCO,) with aqueous hydrogen peroxide as oxidant. The
reaction was carried out in two phase system of scCO,/toluene/NR - H,0,/H,0. The average
molecular weight, microstructure and functional group were determined by GPC, 'H-NMR and
FT-IR. As the results, a decrease of average molecular weight were depended on amount of H,0,,
reaction time and temperature, on the other hand the hydroxyl, carbonyl and epoxide functional
group were increased. Accordingly, decreasing in molecular weight (M,,) at 80°C and 10 h down
to 4,956 g.mol'l was indicated that 100 times of virgin natural rubber. From the kinetics studies, a
second order reaction was observed, the activation energy (E,) of oxidative degradation reaction in
scCO, was 37.55 kJ.mol ™. Beside, the degradation of LNR in organic solvent medium leading to
HTNR, were studied which the OH-number of 60.23 mgKOH/g and M,, of 1,069 g.mol-l were
obtained. Afterwards, the preparation of HTNR based polyurethane elastomer (PU) by a one-shot
technique, were purposed. The formation of urethane linkage were analyzed by FT-IR technique.
The thermal degradation of PU, investigated by using thermogravimetric analysis (TGA), was
occurred in two steps. The first step corresponds to the degradation of the urethane linkage,

whereas the second step corresponds to oligoisoprene as soft segment of polyurethane.
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1. weRgmulvauEAnE 1AM INIUG (Low density flexible foams)
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1. waﬁg’%‘mu‘é’mﬂnmas (Polyurethane elastomers)
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2.4.2.2 wedvaa (Polyol)
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Alcohol Chemical Structure Functionality
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2. lelasinunlesoonlod (30% 110 Fluka)

3. Tngdu (AR GRADE ATM1I34n3 99 % 970 RCI Labscan)
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CO, Natural Rubber
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2t 22 HO”  NOOH
Carbon Hydrogen Peroxycarbonic Acid
Dioxide Peroxide LV
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B ~ & S\ @
HO OH + =  Ho” OOH +
m X y n .
Glycol Epoxidized Peroxycarbonic Acid  Natural Rubber
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v 1
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My, : hmidn TuanamAeFaimiin (Weight -average molecular weight)

¥

My, : vimvinTuanaindeFe§ 1194 (Number-average molecular weight)

PDI : M3ATL0MMUUHAY (Polydispersity index)

' b4 e )
M3 .1 uaawaiminTuagafiSadaomaiia Gpe nsdis scCO,7 20 phr H,0,

Sample TIME Temp M, M, PDI

NR 0 - 1,227,813 A295,263 4.16
LNROI1 1 60°C 448,295 90,018 4.98
LNRO2 2 60°C 226,372 55,535 4.08
LNRO3 3 60°C 78,733 28,615 2.75
LNRO4 5 60°C 33,016 15,748 2.10
LNRO5 10 60 °C 20,225 10,920 1.85
LNRO6 1 70°C 176,830 57,630 3.07
LNRO7 2 70°C 93,822 38,484 2.44
LNROS 3 70°C 46,529 19,931 2.33
LNRO09 5 70°C 25,512 11,761 2.17
LNR10 10 70 °C 16,522 7,376 2.24
LNR11 1 80 °C 72,626 32,754 2.22
LNR12 ') 80 °C 45,887 22,307 2.06
LNR13 3 80 °C 32,223 13,799 2.34
LNR14 5 80 °C 18,172 9215 1.97
LNR15 10 80 °C 10,505 4,946 2.12
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1 Ed ] []
A1519H A.2 uaaswaimin TuanaiSademaiia GPC nsd il scCO, 1 20 phr H,0,

Sample | TIME TEMP M, M, PDI
LNR16 1 60°C | 1,016,357 | 245377.00 4.14
LNR17 2 60 °C 777,168 216367 3.59
LNRI8 3 60°C | 623368 |200260.00| 3.1
LNR19 5 60°C | 505,699 153369 3.30
LNR20 10 60 °C 267,618 90995 2.94
LNR21 1 70°C 664,355 | 146,796.00 4.53
LNR22 2 70 °C 255,879 | 72,254.00 3.54
LNR23 3 70°C 211,727 | 61,532.00 3.44
LNR24 5 70°C 168,430 | 61,126.00 2.76
LNR25 10 70°C 47,313 19,711.00 2.40
LNR26 1 80 °C 192,902 | 55,014.00 3.51
LNR27 2 80°C 100,607 | 46,746.00 2.15
LNR28 3 80°C 71368 | 35,536.00 2.01
LNR29 5 80°C 51,173 | 20,567.00 2.49
LNR30 10 80 °C 35,859 12,141.00 2.95

73



MANHIN §

o = d
wamsAnnaSinavesyonen laq

74



75

° d g d 2 d
- msdnneRnenlesidudveangidwenad
nnmsAnuneanudiuivesmimellvesiia 5.10 AeWuszguazmsilsing
3 [
Yuveafinil 2.70 ppm MINMITTATIEHAIBMATA 'H-NMR asadnasmlSinaveany

dwon lua lanaaunisi .1

Azz
Az7 +As.a0

%E = CBY)

(<]

USinavesdnon lue

a o~ 4? i

UNNINAUNTYYIDUDIII00NTITY

14
=3

UNAITNNY

>
N
~
3 Dk D
o

<]

p=1
#
Ny e siyEse

0.01

%E of LNR7376 = TS

X100 = 0.99%

0.01

%E of LNR4946 = . A

X 100 = 5.66%




NMANHIN

a d a
AITAUATITHIAUNA ﬂ1ﬁﬂ‘§'ﬂ15ﬁﬂ1ﬁiﬂlaf‘}ﬂ YIIYWIHIINEIA

76



77

.1 saunamansmIaaeluagave eI aEI NI

msﬁﬂmaauﬂamﬁm{mmmsamzﬂmaﬂamaqmaﬁssnmmmm‘i%ﬁu A1U150
ﬂﬂmmuumuﬂimaﬂamaﬂmmanawmmimﬂgﬂsmmummwu ¥anndeyanisia
umunTmanamaﬂmummmmumaemmmmawaamm (DB lAnnanudunus
swnawu1ﬂunTnmﬂamaﬂﬁummaﬁsswm (i) Aemirvdnla Tandu Mponomer= 68
gmol”) Asaunsfi 2.1 mummsnﬂ1uammmmmiﬁmﬂwaamasﬂamwﬂn 60, 70 LA 80
°cmmnduduvesTalasnunlesoonlod 20 phr anuduvesaiven lnosn lsdity 120
bar A 18@em13197 0.1 uaznsdl hilda1sueulasenludmileingadenseii 1.2
My

DB, = @1

Mmonomer

Ms1N a1 udas DB, Aldninmsdnnadisaumsi 2.1 nsai 5¢CO,

Temp | TIME M, M, (1/DPn(t)-1/DPn(0))
Sample - PDI[-] | DP,[] 3
C (h) (g/mol) | (g/mol) x10

NR 0 1,227,813 | 295,264 4.16 4,342.11 0.00
ENRO1 1 448,295 90,018 4.98 1,323.79 0.53
ENRO2 2 226,372 55,535 4.08 816.69 0.99
ENRO3 60 3 78,733 28,615 2.75 420.81 2.15
ENRO0O4 5 33,016 15,748 2.10 231.59 4.09
ENROS 10 20,225 10,920 1.85 160.59 6.00
ENRO06 1 176,830 57,630 3.07 847.50 0.95
ENRO7 2 93,822 38,484 2.44 565.94 1.54
ENROS 70 3 46,529 19,931 2.33 293.10 3.18
ENRO9 5 25,512 11,761 2.17 172.96 5.55
ENR10 10 16,522 7,376 2.24 108.47 8.99
ENRI11 1 72,626 32,754 2.22 481.68 1.85
ENRI12 2 45,887 22,307 2.06 328.04 2.82
ENRI13 80 3 32,223 13,799 2.34 202.93 4.70
ENR14 5 19,172 9,215 2.08 135.51 7.15
ENR15 10 10,505 4,946 2.53 72.74 13.52
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Y :1' Iy a Z/d o 3/q 8/ o 1 A o
HAINU UMM AR 1ONORIYD S aan a1 lumsdunamainsiisas Tay

t4
QAU Ad v W

a Y a a & o [y aan v o [
‘l%'mﬂuﬂﬂgams*n;ﬂaumnsmwmimm'mmm)uﬂmrmﬂgﬂiﬂﬂﬂﬂ%ﬂﬂﬁﬂdﬂﬁMﬁ
4 & J { o o (YY) 1 @
123 Fammnafisa k) ArenndeannuduRussening VDPyy-1/D Py, y oy

o ~ & w {
nan (t) ilz'lﬁ'rfluﬂﬂmt’r’umamgﬂw 4.5 auaneluraden 4.2.5

1 1 : ,
(DPn(t) T DPa(te)) kt (2.3)

M3 9.2 udaseh DB, i T8 vnmsdnnadavauns? 2.1 nsalls 5cCO,

Temp | TIME M, M, (1/DPn~1/DPn
Sample \ PDI[] | DP, [] 3
C (h) (g/mol) (g/mol) x10 4

NR 0 1,227,813 | 295,264 4.16 | 4,342.11 0.00
ENR16 1 1,016,357 | 245,377 4.14 | 3,608.49 0.05
ENR17 2 777,168 | 216,367 3.59 |[3,181.87 0.08
ENRI18 60 3 623,368 | 200,260 3.11 2,945.00 0.11
ENR19 5 505,699 | 153,369 3.30 [ 2,255.43 0.21
ENR20 10 267,618 90,995 2.94 1,338.16 0.52
ENR21 i 664,355 146,796 4.53 2,158.76 0.23
ENR22 2 255,879 72,254 3.54 1,062.56 0.71
ENR23 70 3 211,727 61,532 3.44 904.88 0.87
ENR24 | 5 168,430 61,126 2.76 898.91 0.88
ENR25 10 47,313 19,711 2.40 289.87 3.22
ENR26 1 192,902 | 55,014 3.51 809.03 1.01
ENR27 2 100,607 | 46,746 2.15 687.44 1.22
ENR28 80 3 71,368 35,536 2.01 522.59 1.68
ENR29 | - 5 51,173 20,567 2.49 302.46 3.08
ENR30 10 35,859 12,141 2.95 178.54 5.37




MANHIN

msﬁmamﬁ1ﬂ%u1mmaa"laim‘lcm1mﬂﬁ“l%’ﬁm%’unﬁm?ﬂuwaﬁﬁmu

79



80

2.1 MINUIWMIA Equivalent weight veswodesauazlolalsenmia |
Equivalent weight (eq . wt.) L‘flumﬁvaﬂﬁaﬂ?mmmmwﬁmﬁmw‘fﬁﬁ'mmiﬁm%nﬁa

Equivalent veanyilenduiides' ﬂmw"laTcn"lmmmﬂﬁmm'l’ma N=C=0 #Failaay

uduithiZevas Tasmin ut. %) 194 NCO FRTaUNIanI equivalent weight 1910

’dilﬂ'li‘l’l .1

0 )
gleq .1

42
Isocyanate Equivalent weight =
NCO

Qs

A 1 o ar =) y os, %4
¥9'lo o lwsnuailddmdvauiseia Ao TDI Feiauduiulovas Taenimiin

Usznnn 48.2 (wt.%) szasef i umIg equivalent weight 1A

4
Isocyanate Equivalent weight =m = 87.1 gleq

L)

a a 1 dau A = i a & Y 9
fTTﬂ5ﬂwaﬂaaﬂﬂuﬂﬂﬂ‘]fuWjaﬂlljﬂﬂﬁ“'laﬂiﬂﬂmﬁ PITMYIIUANTI UV UVDY OH

Tumsded1sdaom1 OH-value Sniesly mg KOH/g sample mmnms‘nﬂﬂeumamw‘lﬂ

[
Ay A 1

NNUIFuiiAN OH-value 1RGAINMUIN ¥ F1 equivalent weight f1u20 1dR e un1sH 2.2

56100
Equivalent weight of Polyol =——— /e .2
d 2 y OH —value S
HTNR 1069 1ifi1 OH-value = 60.23 mgKOH/g
5610

Equivalent weight of HTNR 1069 = 60, g/eq 931.4295 g/eq

LNR 4946 §ifi1 OH-value = 21.78 mgKOH/g

56100
Equivalent weight of LNR 4946 =
21.78

g/eq=2,575.7575 g/eq

ma"laTcn'qufmummﬂgnsmnwuﬂmaﬂaﬂmmnmwmwaaaemﬂuwaaasmu

wuwmm Nco whigasendu ﬁuwmm OH tileimanueaNCO iy oH 128

8AT1dIU NCO : OH = 1 8avduiiGoni Isocyanate index M3R1UIUH1ISIRMUDS MDI 71
Qe oA

o Qo ar o L} é o
- fesmslumsini§aTndunedoon doel4 index 1699191556719 index 1.2 Taosh

o 9 P d':{l 14 a oy &< = o o
e ldmuaunsi n.3 T lifias@uihee ldineive s
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(ile MDI eq. wt. MDI equivalent weight

° s s
YovazTasthiminvesansgeduy

Il

pbw

o . .polyol B bw.H20
USINQIYOITDI = (index)(TDI eqwt ) EZ*POVOLA | pbw.polyolB | pbw
eqwt.polyold  eq.wt.polyolB eqwt.H20

n.3

TDI 489 LNR4946 =1.2 x (4200/48.2) x (0.3241x21.78/56100) = 0.0134 g
TDI Y99 HTNR1069  =1.2 x (4200/48.2) x (0.3851x60.23/56100) = 0.0430 g
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vl maiwmilBinamilsasenda (OH number) Tna3s mﬂﬂﬂmﬂs§1u
nmsnareulTunamy lensenda vie OH number ﬁ’amﬁmﬂumsmﬁauTﬂaé’auc‘éﬁq

finvmusiudnluszdumile i ldTasmsihdedanedeoainsualsuis OH number 37
mnuumm"lﬂvmaaumamauﬂ FT-IR UAgMUINNIAT Peak height ‘nwmmﬂmmmmm
AU 3440 om " wazlasmadiouns sz ndnedn Peak height AuANududUveITITazalY
WIAITI "
FWihnnlinasg

1. @snasgilddhuwosooasia Rapol3003 31 OH — value (171 55 KOH/g
azatedionas Isvlesu I ianududi 027, o. 60, 1.00, 272, 5.00 iz 50 % uaz 1 sy
Wisaalnasudlemses FT-IR Fagulit o1 — w6

2. @enuudvssanlnadui 3440 cm™ Aedyanmueany leasenda

3. MMOUYBSUUUR (Peak height) vawrazmsudnhiudounsinasguseniem
Peak height fuAududu oz Idnsmlinasgiudaguil o7

4. 1113379819 LNR 48z HTNR Timidusisanlnasiuitenis peak height ttagair il
8nAnNT Amuisonsiwaind o3 OH-number 1adensfiuaudion

foundu
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Absorbance
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" 3900 3400 2900 2400 1900 1400 900 400

Wavenumber (cm1)

a ) o
urasduwsadnlnasuveaIsaza1Y 0.27% wiv Rapol3003 tunaeTsvesy
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R
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0.2 4
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0 L} T T T L T T T

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm-)

3 v.2 uansBurlusamlnasiuvesmsazais 0.60% wiv Rapol3003 lunae Isvesy
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1.6 -
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1 4

0.8 -

Absorbance

0.6 -
0.4 -

0.2 - \

0 T T L T T T T T

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm)

Ui ¥.3 uaaBusamlnasuvesansazate 1.0 % wiv Rapol3003 lunae Isvlesy
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1.8
1.6 -
14 4
1.2

1

0.8

Absorbance

0.6

0.4

0.2

0 LJ T L T T T L L]

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm)

3 w4 uansduhsamlnasiuesarsazas 2.72 % wiv Rapo13003 Tunaelsvlesy
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1.2

0.8 4.

0.6 -

Absorbance

0.4 -

0.2 4

o T L] T T T T T L}

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm)

] - o o
3 v.5 uaasBurlisadlnasuvesasazats 5.00 % wiv Rapol3003 lunaslsWesy
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1.8
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1

0.8

Absorbance
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0.2

0 LJ L T T T T L} L)

4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumber (cm-)

W v.6 uansBursamlnAsiveIaTazaTY 5.00 % wiv LNR4946 Tunas sy
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§ b v o d v ] o Y v
ﬂ]i]\?‘ﬁ ¥.1 Llﬂﬂ\ﬂﬂlﬂ%’lﬁﬂ'ﬂﬂﬁuwuﬁic‘b’ﬂ'J'Nﬂ'J'IiJl‘fl’ll‘?l’ulm&’ﬂ'll!ﬂ‘l]"]fﬂgllﬂuﬂ‘llaﬂﬂ'liﬂﬁ]ﬁ]ﬂ'lﬁ

Absorbance

Sample Concentration | Absorbance
Rapol3003 - 1 0.27% 0.1512
Rapol3003 - 2 0.60% 0.1575
Rapol3003 - 3 1.00% 0.1755
Rapol3003 - 4 2.72% 0.1814
Rapol3003 - 5 5.00% 0.2345
Rapol3003 - 6 50.00% 0.859
LNR 4946 5.00% 0.1805
HTNR 1069 4.20% 0.2218

0.35

0.30 -

0.25 A

0.20 A

0.15 A

0.10 -

0.05 -

0.00

y = 1.575x + 0.149

0.00%

1.00% 2.00% 3.00% 4.00% 5.00%

% w/v Rapol 3003 in Chloroform

310 . 8 uanansmlinAIgINYEs Rapol3003

6.00%
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msmifsunalleasendavesmsiaeths
1. 91AMIOTUAT Absorbance VBIE15AIBE19 LNR 4946110 HTNR 1069 91nalnasy
Li 73 1 é QU H 1
FT-IR §Aen15199 9.1 Geezamsodion 1dguanududuae Rapol3003 #is1u'1da1n
{ A \ 1 ] Q (- ar
nsinasgulugilil 4.6 Feii l@uanaviiiy 1.98 uaz 4.60 % AR AU
d' [ Y L4 Py i a L) :’ Y] o =sq 9
2. wWaawmnniuaNyduiuiveddTua leasendaduiminnedesanildiuns

n3ouns AT AWy 55 mg KOWg Asaunsoilsyinash OH-number uas

3
=

foenelada
OHVHTNR- (% HTNR) = 0HVRapol3003 (% Rapol 3003)

55(1.98)

———_ = 21.78 mgKOH
.0 mg /9

OH VLNR4946 N

55(4.60)
OHVHTNR1069 = W‘ = 6023 mgKOH/g

¥.2 MIUATIZHMA functionality Y99 HTNR1069 fnSealld
¥
MIUATILHN A Functionality Yo HINR1069 11ua1u1s0f1u31 1491 'HNMR

aulnasuaInaunIsai %1

7= (552 + fowon] () (50)
O [( 2 ) tlcnon Ic=cu/ \ 68 ¥.1
A
$\)3]
a = Beniot factor (polyisoprene = 0.67)
fn = functionality nG8ua3 HTNR

a

len,on = BuNINVOITRYR I T1sMOUTUG NS O ¥BS primary alcohol 71 3.65 ppm

b

= Qs

lenon = ouminsnvosdyanaTdsnouludumiis oL ¥o4 secondary alcohol # 1.20 ppm

]

le=cy = BuNIMAYRNUIYE BRRFiIAT1)TReY #i 5.12 ppm

Mn ihmin Tunnamdedauves HTNR1069 Sado GPC

P = [(42) 1 001] ) (225)
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d
#1  MARTSHauTABInNuTeudl TGA

mﬁﬂsmwv‘ﬁamm?aummmwiiumﬁmaaﬁﬁﬂu"lamaﬂ@aéh!.nniaﬂmﬂuaxwaﬁ

Y

a 4 u,.:’ a 4 4 ' .
gsmusmaTawesiiudnur 1ddumniia ToA iedas ldinTosilogu TA instrument (TGA Q

100) Mwdanms tiaruden 10°C min” Tnsfivasgamgd 30 -600 °c meldanozlulasion

79515 1na 90 ml min™

Temperatire ()

31l . 1 TGA me Tuunsuvos LNR 4946

'.' 1 2g g f

100, 7

20,4 L VI

© O o S o TR S N Nemsanaa—a

o T ™ T T—— r
9 100 200 3000 400° 500 600

Temperature (°C)

3101 1. 2 TGA e Tuunsuves LNR 7376
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