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Abstract
Polyurethane coating was later prepared by using the hydroxyl telechelic natural rubber
(HTNR) as polyol. Influence of various molar ratios of diisocyanate/HTNR on properties of
polyurethane  coating was studied. The polyurethane coating with the ratio of
diisocyanate/HTNR=2.00/1.00 performed superior overall properties (i.e. hardness, gloss property,
adhesion property, abrasion resistance, impact strength, bending resistance, scratch resistance,

weathering resistance and aging property) than the others. However, those properties were still low

comparing with the standard polyurethane coating. In order to improve the properties, to reduce



vulcanization time and to promote dual cure (heat and UV) of polyurethane coating, end capping of
polyurethane chain ends with thiol- and/or acrylate- compounds was investigated. The results showed
that the end capping technique did not only enhance property of the coating but it also decrease
vulcanization time and promote dual cure of the coating. The best overall properties of the
polyurethane coating were observed in the dual-cure formulation with the molar ratio of thiol-
/acrylate- compound of 2.00/1.00 and it was comparable to the commercial polyurethane coating.
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Checking itern (UuusHuWManUI9) PU2.00/1.00 PUT301 PUT302 PUT401 PUTA402
Film thickness (micron) < 50 < 50 < 50 < 50 < 50
Gloss (207/60 ) 36/76 (#) 70/79 18/69 (#1) 21/59 (711) 29/53 (fu)
Hardness (Pencil, 1kg marked broken) 3H B 3B B H
Adhesion (cross cut test, 1mm.) 100/100 100/100 100/100 100/100 100/100
Scratch adhesion(1ke) good excellent excellent excellent fair
Impact test (500 g, cm) =50 15 15 10 10
Bending (Zmm) Pass Pass Pass Pass Pass

99 9% ECthanol rubbing (100 times) fair No (20 times) No (15 times) No (5 times) No (10 times)
Chemical resistance (sport test, 48 hr.)

5% H,50, poor good good excellent 2000
5% NaOH fair poor poor poor poor
Distilled water No(10 times) fair fair fair fair
Ageing (100°C, 22hr.)

Appearance VERR gl ERIRVERE ATULNE DA FITULWRE ATULNE D
Cross cut test 88/100 99/100 100/100 100/100 100/100




'
aS A

' 1 oal J 1 1 4 ar d
AANITNATDUANUNUNMUADNTA A9 LLAasUINUI PUT401 ﬂu@]ﬂﬂﬁﬂklﬁﬂﬂ%iﬂl ElilLﬁfJ\ﬁﬂﬂT\lﬁiJ

v
A

lumemsnasunlasaimsnaaeudiunedgimugasouldmmanaaeund lilesnnuan

a o 1

4
aAaUMIIUANIANITIAAATIAUN LAY HANITNATBUANIUNUANNYIINOAYSINUNNAS
! Y o 1A A aNd a A ag oA A =2 a A
awnsonuanlaluszaund Ao mldunanmsuldsudiiludivaowazmitadnanas ilonado
oy 1 a A { a 4
anunmimuwedgsmuilfimuazdialasaoa nasiaa G-wesuallalns lnlowa) u
a s3 o J Jwyy A ] a Y  an = =
s 2 esisua Tasthmiinvess sznui lddesigaiiiosninilduazaiu Idv1ide n1soa
a 4 a a ard Aa A o 4 o wAa [ 1
Ananauiioaninfiams lalas ladaveslauwedgsmuiiues Wehimsnageuauiamstug
1 aJd a A = A S [ 1A A CZR =KX A [
nunWauweagsmunngasimnlasudlaganundinanuay Wenaaeuauiiansganana
] [ ag = I 1A A 1 QaJJ d‘ay o 1 [
MIUTIA8ITNITNT AT UAI519 WY PUT301 1M1 UNBUAI0619%gA00nNT 1 %03
= 1 [ 1 o wvAa
waaliifiudn wdemsleansdseney lneea end capping Yansas Tair v auia Taeswveane
9
agamuary TagmmzauiansgaaanaInIs s g
d‘ a vAa qu/ 1 9) a a 4
Wensanauia lassrwianuanuinms 14 laswiasoa Tnsmu nsaG-wosuail
a I I o oy Y va { {
TaTns InTowwa) ludlSua 1 losiudlagtimiinues HINR - 2z ¥ antidlagsaunanga

13615 end capping aneee Tawedgsimualsasilsznon Inosaudasdsgl 2 naz 3



11

CH, CH,

(I-%\YH//-’NWM-?/“[:‘:‘\\[} + C,”W@H
n
HDI HTMR
__ .0
(:ll; (:||! /_/_\_/N_E.
H O Y > Y > L]
\H ('j |: :| \(' M
\ n ,;/ \\
(] Lo H

Polyurethane

SH
+
0,
0, o
Y ri-5H monomer
H ]
SH

o

SH

5H
¥ o
I|
o] ] ]
/\)J\ ’
< o CH, o
o) C
5
=H

CH, /Vg

. )
Y |
) C

- H >

|_)Q}\\(.//( KN/ Q{\.“
/rt\/\/\)

H

Polyurethane Tri-5H terminated

(u]

dle  HDI = Hexamethylene diisocyanate
HTNR
Tri-SH

Hydroxyl terminated natural rubber

Trimethylol propane tris(3-mercaptopropionate)

1/ 2 UgATefilu 1/ 18vean1s end capping YanseneTawedgsimudsansilsznonInovayiia

laswiiaeoalnsmu n3aG-wosunlTaTus TnToma) ATvgfleidu 3



II\'N E.,IKCI
W

[a]

OH

SN

Polyurethane

M

SH 0o t

X

o 5H\/\rr0
i a

HDI =
HTHR
Tetra-5H

=5
0]

Polyurethane Tetra-SH terminated

("
I

OH

mn

HTMR

N

i
letra-5H monomer

SH

Hexamethylene diisocyanate

Hydroxyl terminated natural rubber

Pentaery thritol tetrakis (3-mercaptopropionate)

12

51 3 Ufaseninilulal1dveans end capping YaremeTawedgimudoarssznou Ineoayiia

Jd v 1

muazdialasaoa masae G-wosunl e Tns lnTewa) Alvygfleddu 4 my

Y



13

3.5.1.2 msAn¥NaverHatazSinavesansdsznevezasian
9INMINAABY End-capping Uaremslamsinaeuneagsimudlemslsznon
azasan laun 1,6-awzmnay laozasian (1,6-Hexamethylene diacrylate, A2) 71 tnunzd3a 13
a ! |a 4 L4 21 ]
AoAININTZOZATIaN (Pentaerytritol triacrylate, A3) NUTW 8 1 1az 2 1Wosiua lagtiviinueses
A 9 A a a A 9 o Z A 1 [
HTNR tije ldensindeuiimedgsmuawdosnmsi linaaeuamidvesmsindovae li anvus

E4 1 H
VYBIFUAIDEWAZHANITNAADIAAIAIFUN 4 1AZA13199 2

PU2.00/1.00 PUAZ201 PUA202 PUA301 | PUA302 |

d' a A a a ~ . (% a
gﬂ‘ﬂ 4 ﬂymsﬂﬂﬂgmmmmaauwaagimuﬂ end capping ‘]JﬂWEJﬁWTGIiﬂ’JEJﬁTi‘]JiZﬂﬂﬂ@gﬂ‘ilaﬂ

(% a A d' Lﬂ' = = [ = .
nnanvuzilinguesmiasinasylugli 4 en/SeumMeunuransAnI end capping

[ a a 9 o Y ' .
‘]Jﬁ'lEJﬁ'IEJTG]fWﬂaﬂﬁlﬂuﬂﬂﬂﬁ'ﬁﬂﬁ%ﬂ@ﬂqﬂ@ﬂa NNTHUNAAIYATINWUINNIT end capping ﬂa']ﬂ

U

1 a a 9y a o Y o
mﬂT“BWﬂaﬂimumamiﬂizﬂa‘lﬁ)zﬂ‘immswﬂﬁ ﬂ'J’liJlluN’]ﬂlfNﬁ’]ﬁlﬂa@Uaﬂﬁﬂ ﬁﬁ'ﬁlﬂaﬂﬂ

U
P4

A = 1 d' o vAa A 9 zﬂ' [ d'q [ 1 o
HADIUINUU LLGILllf]Ll'lhl‘]J‘V]ﬂﬁf]‘]Jﬁll‘]JWUENﬁﬁlﬂaE]’Uﬂ’)fllﬂif]\i’)ﬂﬂ’ﬂﬂ!\ﬂ‘lﬂW’Jﬂﬁ’UW‘lJ’J'Iﬂ’J'IiIiJu

v
=S J

NYU&1]1ﬂﬂluﬂ’)1ﬂ1iGl%ﬁ"liﬂi%ﬂﬂﬂll‘lﬂi’)i’)a WanINadeUduIAFINaLazdulANINNIENINUD

asnaouweagImuaaslua1s e 2



4 va A a a { . 19 a
M99 2 HAMINATOUANTAFINALATNNNININUDIATIATOUNOAYTINUN End-capping YaeasTaaieansilsznevezniian

Checking item (UMUHULMANUNA) PU2.00/1.00 PUAZ201 PUAZ02 PUA301 PUA302
Film thickness {micron) < 50 < 50 < 50 < 50 < 50
Gloss (207/60 ) 36/76 (5n1) 50/66 (A1) 80/95 77/83 81/93
Hardness (Pencil, 1kg marked broken) 3H B 2B HB B
Adhesion (cross cut test, Imm.) 100/100 99/100 100,100 100/100 100,100
Scratch adhesion(1ke) good fair fair good excellent
Impact test (500 g, cm) >50 Pass Pass Pass Pass
Bending (2mm) Pass 15 30 20 15

99 % Ethanol rubbing (100 times) fair No (20 times) No(20 times) No(20 times) No(20 times)

Chemical resistance (sport test, 48 hr.)

5% H,50, poor fair-poor excellent excellent excellent
5% MNaOH fair excellent excellent excellent excellent
Distilled water No(10 times) excellent excellent excellent excellent

Ageing (100°C, 22hr.)
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Appearance LMEIBIATUY AU ET ATUME DS AU DY FULWEDY

Cross cut test 88/100 99/100 100/100 100/100 100/100
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Checking item (Unueiuwan) PU DUAL Thiol/Acrylate Commercial
0.00/1.00 1.00/0.00 1.00/1.00 1.00/2.00 2.00/1.00 grade
Film thickness (micron) < 50 < 50 < 50 < 50 < 50 < 50
Gloss (207760 ) 74/97 70/79 85/98 25/63 (§u) 85/100 84/99
Hardness (Pencil, 1kg marked broken) HB B H H H H
Adhesion (cross cut test, 1mm.) 89/100 100/100 100/100 100/100 100/100 100/100
Scratch adhesion (1kg) poor Poor fair-poor fair good excellent
Impact test(500 g, cm) > 50 > 50 > 50 > 50 > 50 >50
99 % Ethanol rubbing (100 times) OK  OK (wifiusesty) OK (uiviusesty) OK (wiviusesthy) OK (udiusestiy) OK
Bending (2mm) Pass Pass Pass Pass Pass Pass
Erichsen (mm) > 7.00 > 7.00 > 7.00 > 7.00 > 7.00 >7.00
Chemical resistance (spot test, 48 hr.)
5% H,S0, good good excellent excellent excellent excellent
5% NaOH fair fair good-fair good-fair fair excellent
Distilled water good-fair good-fair excellent excellent excellent excellent
Ageing (100°C, 22 hr.)
Appearance N RNRD! N ERNRD! WABIAU VRN N ERNRD! WABIAU
Cross cut test 100/100 100/100 100/100 100/100 100/100 94/100
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dis  HDI B Hexamethylene diisocyanate
HTNR = Hydroxyl terminated natural rubber
Tri-SH = Trimethylol propane tris(3-mercaptopropionate)
Tri-acrylate = Pentaerytritol triacrylate

U7 8 UAsoridlulal1dvesns end  capping  UarsenelgwedgSimudisansiszneuinesanas

G

a A Y a (% 4
ﬁ'ﬁﬂigﬂ’f)‘]_li’)gﬂil,aﬁLW@iﬁLﬂﬂﬂﬁ’Jﬁﬂflu“]ﬂL‘]ﬂJ dual cure



Heating / UV iradiation

Q SH
DN (CHn }/7

/ X
oo P ‘___/O_A<_\SH
/ H,C ;j’C_Nb H,C O
[H?':)47 & RO N o
-l
HI F &
=0 SJ 0
IllS O
\_\ ]
HS = 0
\_YO "
o) CH,
0 0
HS O
/5
e S
H HN—C ™~ WPU thiol terminated

PU dual-cure

g: /M‘W“MPU thiol terminated

PU thiol terminated 5

5Uf 8 UAsoidlulal1duesns end capping  UarwenulgwedgSimudieasiszneuinesauas

Y

a 4 a [ -4 '
ﬁ'ﬁﬂigﬂ’f)‘]_li’)gﬂil,a@]Lﬁ@iﬁ!ﬂﬂﬂWi?ﬁﬂ1qu%LLUU dual cure (919)



3.6 @ 1 (Conclusion)

mIwssuasnaouneagsmu Iaglunsnaassdnyinavewnitaruszrglale o laeuua

v ' 1 H
avg1esssumathminluanadniinglateleasonda nuoasidauminy 2.00/1.00 vz 1dauiia
[ %2

VOIATIAADY Iaun AuTAANUIAY duiTanu duilanNUNUMUAEMTIAAA aNARUNUNIY

ABMITAY ANTANNUNUNMUABUIINTZUND ANTAANUNUMUADNITHNB TUTAANUNUNUADITBY

= 1 A ! A

Y
[ o 1 [ 1 <3 A
VAVIU AMTUNUNTA AT U1 uazmmmumu@ammﬁ%’@uﬁmmamwmuauq ’t‘)EJNUl'iﬂﬁﬁJfﬁJ‘Uﬁ
[ U [ 9 A ~ [ J [ A = a A Slddgl =
PNNATIGIANADYLNDINTUNUATHIATITU fﬂﬁ‘ﬂﬁ‘ﬂ‘l]')}iﬁiJ‘UWU?Nﬁ"IiLﬂa@UW’(’JﬁQﬁmuﬁlﬁﬂﬂlu TagmsfAny

a Y

M3 end capping YarwarelawedsTimudleaslsenonlnesa arsdsznevezaTian  warmsly

L1l

9
miﬂizﬂauﬁqﬁﬂwummﬁuwu’nmﬂ%’msﬂszﬂaullmaaauazazﬂﬂamsauﬁu%zﬁﬂﬁ’msmﬁau

o s Y 3 9 A A 1% s 492/ 1 Aa a
annsodaa ludlanennudounazuasyd Jszeznainsian lugiisdu uas ldinailyrinisina
1w ad o [y -4 2
Wosormia azms Insdrvesilaundanmsdam luddreanuiou msl¥asisznevInesalaswiaoea
a d I~ [ [ a
Twsiwu naG-wosuadIaTns InTeua) ifuans end capping Yareaelesiunuarssynevesasian
A a o 1 o I ¥ A A Aa A
mupgdialasneamsnszezasian  1ueAs1aIN 2.00/1.00 Iasluaveiilv lAaisimasuiInlautia

aA a wa ~ a @ = Y 14
TﬂfJi’Jilﬂ‘i/]’qmmziJﬁlmGlWﬂi]gmEJ’]JLﬂﬂﬂﬂﬂﬁﬁlﬂﬁ@ﬂﬂ1\‘]ﬂﬁﬂ11ﬂ

3.7 ﬁWE)‘lJ?;lm (Acknowledgements)

AnzdIevovounm dninauneanuayuayuMsIe (and.) nldmsaivayulszunaly

v
[

N398R

De

3.8 19N@1591994 (References)

9391 #5273, 2542. MFAFPUAD (F MY Uazuanines). fninda 2. Tsaasindsgasnsal
HIINGIAY, NTUNNA : 214,

Burel, F., Oulyadi, H. and Bunel, C. 2000. Microstructural Characterization of Hydrogen Peroxide Initiated
Hydroxytelechelic Polyisoprene, J. Polym. Anal. Charac., 6, 193-212.

Decker, C., Xuan, H.L. and Nguyen Thi Viet, T. 1996. Photocrosslinking of Functionalized Ruber. III.
Polymerization of Multifunctional Monomers in Epoxidized Natural Rubber, J. Polym. Sci. Part A:
Polymer Chemistry, 34, 1771-1781.

Ferrer, M., Babb, D. and Ryan, A.J. 2008. Characterization of Polyurethane Networks Based on Vegetable
Derived Polyol, Polymer 49, 3279-3287.

Gillier-Ritoit, S., Reyx, D., Campistron, 1., Laguerre, A. and Singh, R.P. 2002. Telechelic cis-
1,4-Oligoisoprenes through the Selective Oxidolysis of Epoxidized Monomer Units

and Polyisoprenic Monomer Units in cis-1,4-Polyisoprenes, J. Appl. Polym. Sci., 87, 42-46.



Hepburn, C. 1991. Polyurethane Elastomers. 2" ed. Elsevier Applied Science, London: 21.

Kaewjamjang, K. and Pattarachot, W. 2005. Preparation and Properties of Water-Soluble Polymer from
Concentrated Latex, Presented at the 31™ Congress on Science and Technology of Thailand.
Bangkok.

Kwanming, K., Klinpituksa, P. and Waehamad, W. 2007. Ultraviolet Curing of Acrylated Liquid Natural
Rubber for Surface Coating Application, Presented at the 33" Congress on Science and Technology
of Thailand. Bangkok.

Kébir, N., Campistron, ., Laguerre, A., Pilard, J.F., Bunel, C., Couvercelle, J.P. and Gondard, C. 2005. Use of
Hydroxytelechelic cis-1,4-Polyisoprene (HTPI) in the Synthesis of Polyurethanes (PUs). Part 1.
Influence of Molecular Weight and Chemical Modification of HTPI on the Mechanical and Thermal
Properties of Pus, Polymer 46, 6869-6877.

Kébir, N., Morandi, G., Campistron, 1., Laguerre, A. and Pilard, J.F. 2005. Synthesis of Well Defined Amino
Telechelic cis-1,4-Oligoisoprenes from Carbonyl Telechelic Oligomers; First Studies of Their
Potentialities as Polyurethane or Polyurea Materials Precursors, Polymer 46, 6844-6854.

Phetphaisit, C.W. and Phinyocheep, P. 2008. (-Carboxyl Functionalization of Liquid Natural Rubber and Its
Application, Natural Rubber Research No. 3, The Thailand Research Fund (TRF), Bangkok.

Phinyocheep, P. and Doungthong, S. 2000. Ultraviolet-Curable Liquid Natural Rubber, J. Appl. Polym. Sci.,
78, 1478-1485.

Phinyocheep, P., Phetphaisit, C.W., Derouet, D., Campistron, I. and Brosse, J.C. 2004. Chemical Degradation
of Epoxidized Natural Rubber Using Periodic Acid: Preparation of Epoxidized Liquid Natural
Rubber, J. Appl. Polym. Sci., 95, 6-15.

Saetung, A., Kaenhin, L., Klinpituksa, P., Rungvichaniwat, A., Tulyapitak, T., Munleh, S., Campiston, I. and
Pilard, J. F. 2012. Synthesis, Characteristic, and Properties of Waterborne Polyurethane Based on
Natural Rubber, J. Appl. Polym. Sci., 124, 2741-2752.

Saetung, N., Campistron, I., Pascual, S., Pilard, J.F. and Fontaine, L. 2011a. One-Pot Synthesis of Natural
Rubber-Based Telechelic cis-1,4-Polyisoprenes and Their Use To Prepare Block Copolymers by
RAFT Polymerization, Macromole., 44, 784-794.

Saetung, N., Campistron, 1., Pascual, S., Soutif, J.C., Pilard, J.F. and Fontaine, L. 2011b. Synthesis of Natural
Rubber-Based Telechelic Cis-1,4-Polyisoprenes and Their Use to Prepare Block Copolymers via
RAFT Polymerization, Eur. Polym. J., 47, 1151-1159.

Saetung, A., Rungvichaniwat, A., Campiston, 1., Klinpituksa, P., Laguerre, A., Phinyocheep, P. and Pilard, J.

F. 2010. Controlled Degradation of Natural Rubber and Modification of the Obtained Telechelic



Oligoisoprenes: Preliminary Study of Their Potentiality as Polyurethane Foam Precursors, J. Appl.
Polym. Sci., 117, 1279-1289.

Saetung, A., Rungvichaniwat, A., Campiston, ., Klinpituksa, P., Laguerre, A., Phinyocheep, P., Doutres, O.
and Pilard, J. F. 2010. Preparation and Physico-Mechanical, Thermal and Acoustic Properties of
Flexible Polyurethane Foams Based on Hydroxytelechelic Natural Rubber, J. Appl. Polym. Sci., 117,
828-837.

Sharma, V. and Kundu, P.P. 2008. Condensation Polymers from Natural Oils, Prog. Polym. Sci., 33, 1199-
1215.

Studer, K., Decker, C., Beck, E. and Schwalm, R. 2005. Thermal and Photochemical Curing
of Isocyanate and Acrylate Functionalized Oligomers, Europ. Polym. J., 41, 157-167.

Thongpin, C., Wongtimnoi, K., Kamolsawat, J. and Rotkasem, P. 2005. Feasibility Study of Binder Synthesis
from Natural Rubber for Use in Making Running Tracks in Thailand, Presented at the 3 1" Congress
on Science and Technology of Thailand. Bangkok.

Woods, G. 1987. The ICI Polyurethane Book, ICI Polyurethane and John Wiley & Son, Netherlands: 1.

Xuan, H.L. and Decker, C. 2003. Photocrosslinking of Acrylated Natural Rubber, J. Polym. Sci. Part A:
Polymer Chemistry, 31, 769-780.

Yang, Z., Douglas, A., Charles, E., Pu, H., Yuan, J., Wan, D. And Liu, Y. 2008. Newly UV-curable
polyurethane coatings prepared by multifunctional thiol- and ene-terminated polyurethane aqueous
dispersions mixture : Preparation and characterizations, Polymer 50, 1717-1722.

Yeganeh, H. and Hojati-Talemi, P. 2007. Preparetion and Properties of Novel Biodegradable Polyurethane

Networks Based on Castor Oil and Poly(ethylene glycol), Polym. Degrad. Sta., 92, 480-489.



	1
	2

