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ABSTRACT

Effect of epoxidized natural rubber (ENR) (ENR-12, ENR-27 and ENR-42)
incorporated in polyvinyl alcohol (PVA) at various ratios (PVA/ENR = 100/0, 90/10, 80/20,
70/30, 60/40, 50/50 and 0/100) on adhesive and film properties of different PVA (BF-17, BP-17
and BF-26) was investigated. Incorporation of ENR at 10-30% could improve the film
mechanical properties (i.e., increased tensile strength and elongation at break) and adhesion
properties (i.e., increased adhesive shear strength and elongation) of the PVA. In particular,
PVA/ENR blend prepared from PVA-BF26 and ENR-12 at PVA/ENR ratio of 80/20 exhibited
the best adhesive properties (adhesive shear strength = 2.77+ 0.15 N/mm’ and breaking
elongation = 2.45+ 0.35 mm). This blend also showed the greatest improvement of mechanical
properties of the resulting film (tensile strength = 105.45+1.45 MPa and elongation at break =
137.34 + 1.84%), compared to the PVA without ENR incorporation.

The evolution of adhesive strength as a function of applied time of selected
PVA-BF26/ENR12 (80/20) blend was measured at different applied temperatures (room
temperatures (RT) and 50 °C). The maximum adhesive strength was developed within 24 and 12
hours at applied temperature of RT and 50 °C, respectively. Moreover, adhesive property of
PVA-BF26/ENR12 (80/20) blend was also compared to that of different commercial glues. The
PVA-BF26/ENR12 (80/20) blend showed similar adhesive strength to that of the commercial
solvent-based rubber adhesive (Scotch®) but lower than that of the commercial latex adhesive
(TOA") and urea-formaldehyde adhesive. The properties of PVA-BF26/ENR12 (80/20) blend
film and different commercial plastic films were comparatively investigated. Film from PVA-

BF26/ENR12 (80/20) blend exhibited similar tensile strength compared to that of LDPE and PP
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films, but lower than that of Nylon/LLDPE and PET/LDPE laminated films. In addition, the
PVA-BF26/ENR12 (80/20) blend film had higher water vapor barrier and polar-solvent
resistance, compared to the PVA-BF26 without ENR incorporation, which resulted in increasing
the stability during storage and application at high relative humidity condition of the PVA/ENR
blend film.

Therefore, incorporation of ENR with appropriate type and amount in PVA
could improve the adhesive property and film properties as well as the stability of PVA. This was
mostly contributable to good compatibility of PVA and ENR molecules, resulted from

intermolecular interactions of both polymers.

Keywords : Epoxidized natural rubber ,Polyvinyl alcohol, Polymer blend, Adhesive property,

Film
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Increased viscosity

Increased block resistance

Increased flexibility
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Increased ease of salvation
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% Hydrolysis

Increased flexibility
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Increased adhesion to hydrophobic surfaces
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Increased block resistance
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Figure 2. Properties of Poly(vinyl alcohol)

Source : Skeist (1990)
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Table 1. Composition of natural ruber latex

Component Amount (%oby wt.)

Total solid content 36

Dry rubber content 33

Protein 1-1.5

Resin 1-2.5

Ash <1

Sugar 1

Water 25

Source : Franco et al. (2009)
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Figure 9. FTIR spectrum of epoxidized natural rubber.

Source : Davey and Loadman (1984)

ad /=)

a I a a ana J a
M3AnTzHUTINandRonFuee9sIsumIaonon laavinmaiin  FTIR
o % y ' . o a Y
awnsoi la Taemsad 195 1M1AT§ 14531319 absorbance ratio (Ar) nusmmSesaz Tay
aa ~ @ { ' o {
Tuavonyonend (Ae3ili 10) TaeA1 absorbance ratio @FAAIMIN Id9INAUMIN 1

(Kuriacose and Rajaram, 1989; Davey and Loadman, 1984)

Qg7
Ag36 + Agyg

Lﬁﬁ) Ar = Relative absorbance ratio

ac =

' A A A o ' g4 o ad s
A = ﬂWﬂTﬁ@,ﬂﬂ'ﬁuﬂaullﬁﬁ“ﬂﬁulﬁuﬁ 870 cm %QLﬂHﬂJ@Q?Q!LW?H@W@ﬂllclfﬂ(‘ﬁiglﬁ)WfJﬂG]S

1 4 ! o 1 - g Y] 1 a
a,, = MMIQANAUATULAINAWNUI 836 cm FUTUVDINUTLHUDIONFTTNTIA
d! d‘ 9 o a 1 [ [} Y 1 d‘
“ﬂﬁﬂ?ﬂﬂﬁ"l‘l/\l‘ﬂ11ﬂﬁ'111'13ﬂ1!'111"l‘]_]§$ﬂﬂﬂﬂ?ﬁWﬂTiﬂ!"li'JiJﬂUﬁL‘]Jﬂﬂiil FTIR UD@1591I08 NN

AaszrrSinavyanend lasne 11

U



12

07

log A/B
log A/B + logC/D

Absorbance ratio =

0-5

0-4

0-3

0-2

Absorbance rotio

01

80

Mole %, epoxy

Figure 10. Standard curve of absorbance ratio and %mol of epoxy group of ENR as determined
by infrared spectroscopy.

Source : Davey and Loadman (1984)
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Figure 11. '"H-NMR spectrum of epoxidized natural rubber.

Source : Cheremisinoff (1993)

3.2.3 Differential Scanning Calorimetry (DSC)
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Figure 12. Relationship of Tg and %mol epoxide group of ENR.

Source : Roberts (1990)
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Figure 13. Change of free energy (AGm) versus polymer volumn fraction (¢2B) at constant

temperature and pressure. I: Total immiscibility, II: Partial miscibility and III: Total miscibility.

Source : Folkes et al. (1993)
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Figure 15. Adhesion mechanism of adhesive.
(a) Mechanical interlocking
(b) Electrostatic adhesion
(c) Adsorption (Van der waals interaction)
(d) Chemisorption
(e) Interdiffusion

Source : SpecialChem (2005)
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Figure 16. Adhesion test under different modes.
(a) Tensile
(b) Shear
(¢) Cleavage
(d) Peel

Source : TU1I9 AVINNY (2546)
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Figure 17. Contact angle between adhesive and substrate.

Source : SpecialChem (2005)
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Table 2. Properties of Terric N30.

Properties Value

Viscosity (cP) 150 @50°C

Melting Point/Range (°C) 38-42

Specific Gravity: 1.07 @50°C

pH 6-8 (1% aqueous solution)

31
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1.3 Talasinuleseenlasd (Hydrogen peroxide)
T¥dmiueIouessssumnaonenles lgasmaniifie H,0, naalagusim
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Figure 18. Chemical structure of polyvinyl alcohol (PVA).



33

Table 3. Properties of polyvinyl alcohol (PVA) used in this work.

Degree of Degree of
PVA type Molecular Weight
hydrolysis (mol%) polymerization
BF-17* 98.5-99.2% 1700 75,000 — 80,000
BP-17* 86-89% 1700 84,000 — 89,000
BF-26* 98.5-99.2% 2600 112,000-120,000

*BF (Fully hydrolyzed PVA); BP (Partially hydrolyzed PVA); The number denotes degree of
polymerization.
a A v 4
Source : : AAAAUNUN (2544)
d
1.7 lnunandieslansenlaqd (KOH)
9 v A aand I’ VY I =1 3’ o
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g/mol UANUHUMUY 0.867 g/em’ WA 1A8UTHN Fisher Sciencetific Uszimaoangy

¢ A A
2. Unsaluazinsesiie
¢ o aa J
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Y o . 9 (o
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(3 19)
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/Water bath

Figure 19. Setting up of reactor used for ENR latex preparation.

2.2 m?mmumsgmu‘lunm (Overhead stirrer)’éﬁ}’f} IKA :g'u MD 09-002
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Table 4. Recipes for preparation of ENR latexes containing different amounts of epoxy group.

Ingredients ENR -10 ENR - 25 ENR - 50
NR latex (20%DRC) (ml) 1,000 1,000 1,000
10% Terric-N 30 (ml) 60 60 60
98% Formic acid (ml) 12 21 37

30% H,0, (ml) 100 175 300
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0+7

Absorhance ratio = logA/8 o
gL fog A/B + log C/D

- N /
A

Absorbance ratio
(=]
w
I

o

60
Mole %, epoxy
Figure 20. Standard curve for determination of epoxy group content of ENR as measured by
FTIR spectroscopy.

Source : Davey and Loadman (1984)
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Figure 21. Specimen for adhesive testing under shear.

Source : Modified from ASTM-D1002 (2007)
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105 mm
i, 305 mm N
|:;~ 241 mm (bonded) i< ‘}/‘I
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(unbonded)

Figure 22. Specimen for adhesive peel strength test.

Source : Modified from ASTM D1876 (1990)
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1.2 matalsnouii undgsuununnssuuus (H-NMR)
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Table 5. Epoxy group content of ENR.

Approximate epoxy Measured epoxy group content (%mol)
Sample
group content (%mol) FTIR "H-NMR
ENR-12 10 12.11+0.50 15.23+0.75
ENR-27 25 27.05+3.41 25.18+1.25

ENR-42 50 42.50+2.33 42.31+1.89
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Figure 23. FTIR spectra of NR (a) and ENR containing various epoxy group contents of 12%

mol (ENR-12) (b), 27%mol (ENR-27) (c) and 42%mol (ENR-42) (d).

i I ¥ ¥ : i ot
o SRat Bt it ey F e S s by s ey el i . ; : : ; . -
© @
|
|
' !
| i
I I-. \ ) 1 i "dl”ll
i X _!' bawld % s ‘!;‘: i = ‘777'!-1“7 E x_!,\!_r\_;' -

Figure 24. "H-NMR spectra of NR (a) and ENR containing various epoxy group contents of12%

mol (ENR-12) (b), 27%mol (ENR-27) (c) and 42% mol (ENR-42) (d).
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Figure 25. Effect of mixing temperature on separation time of PVA-BF17/ENR-12 mixture (at

mixing time of 1 hr).
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Figure 26. Effect of mixing time at 60 °C on separation time of PVA-BF17/ENR-12 mixture.
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Figure 27. Viscosity of PVA/ENR blend at different types and blend ratios.
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Figure 28. Adhesive shear strength (A) and elongation at break (B) of adhesion on plywood of
PVA-BF17 and PVA-BP17 added without and with different ENR at various blend

ratios.
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Figure 29. Tensile strength (A) and elongation at break (B) of films from PVA-BF17 and BP-17

added wihout and with different ENR at various blend ratios.
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Figure 30. Adhesive shear strength (A) and elongation at break (B) of adhesion on ply-wood of

PVA-BF17 and BF-26 added without and with different ENR at various blend ratios.
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Figure 31. Tensile strength (A) and elongation at break (B) of films from PVA-BF17 and

PV A-BF26 added without and with different ENR at various blend ratios.



61

a a d
4. WaveQMHILAzIzaznNMIMsAAUIZIUAANMNT IS IMSBARANDAINDTHAN

PVA/ENR

MnMInaaoulssueuaInsdiumunsunouvoIMssana ldveanoa

oS HaL PVA-BF26/ENR-12 (80/20) iAnilsznudiegaivail (25 ez 50 °C) uaznan (12, 24

a

o a 1 Y [ A 1 a A
ag 48 ¥ 1u9) Msaadsenuaieg iwwamuﬁﬂﬂugﬂm 32 WUN mmﬂﬂizﬂ‘wqmwﬂu 25

U

1 < a 1 Q' -4 1 1 4 1 { o §
°C ﬂ']ﬂ'J"IiJLLGINLLiQGU’E]Qﬂ"ﬁg@@ﬂﬁﬂ?tWﬂJ%u’ﬂfJ']\WI'ﬂlﬁ'f)\‘]Glu“]f')ﬁﬁ%f]m')a’]ﬁ“ﬂWﬂWTVlﬂﬁﬂ’U “dl);\i

= ' a s 9 j a gy 2 o
Llﬁﬂﬂﬂ\?fﬂi!,L‘WiGUENIIILEIQﬁGUE]\‘I‘W@ﬁLi\l@il!‘ﬂiﬂlﬂﬂ]‘lﬂii‘liﬂi\i’(ffiNEWiquﬁlJfNW’Jvlilllﬁglﬂﬂﬂﬁi

v [ Y !
ﬂ§81§$1/i’JNIZJLaf}ﬁLLﬂ$ﬁ1J§L’JmN’Jiﬂﬂ@]ﬂﬁlﬂﬂ%HBEJNGI@Lﬁ@ﬂlu‘lﬂﬂma1ﬂ1§ﬁlﬂﬂ§$ﬂﬂ
[ 1 ~ a ~ a Y < 2K a 1

PNNAI Gluﬂlﬂ!%ﬂﬂﬁﬂﬂﬂi%ﬂﬂﬂ’qm‘l’iﬂﬂ 50 °C IHANUUAIULTIVoINMsEaan Tuyaal 12-

U

'
v A a [

o ! T 1 @ @ < ! a
48 “lf'ﬂll\i ﬁ"luu@ﬂmmu uuﬂi’)ﬂTi‘WGJJH"Iﬂ’N?JLL“]JQllﬁﬂﬂli’)\iﬂ"l'iﬁﬂ@ﬂﬁ@qmﬁ{]ﬂ 50 oCfl 31
a A < A a A < =2 a a d? A
NTLNANTIAIGINNNGUN QN 25 °C Iﬂﬂ'i/]ﬂ’)']lllﬂl\illi\ﬁ]ﬂ\iﬂ']iﬂﬂ@ﬂlﬂﬂ‘uuNTﬂﬂﬁ;ﬂﬂTﬂﬁlu

o A a A a Y <
szaznan 12 911w WelJeumeunsseznainisaadsenuiminunielumal 24 3 Tug

a a 1

1 a { <3 a ! 1A
wu miaadsznuigungil 50 °C ITianuudwssvesmsaaaiiganiingumgi 25 °C ua

U QU

a ]

A Y A o A a 4%1 [ ) a A
Nﬂﬂ,ﬂalﬂﬂ\‘lﬂL!l,iJEJL'J@'IﬂWiG]W]Ji%ﬂ“UH']H"UuHJu 48 %DINQ ﬂ1iﬁﬂﬂ§$ﬂﬂﬂqmﬁﬂﬂﬁ\1’fﬂﬂ%ﬂﬂ

£ U

v a a s 4 @ v { < '
dudaiulv luanavesnwedwesnasudazunsnand T huiie 1418152071 aaearuers

Y
a o aa ' a J ' a J
E"fﬂJﬁi‘lLﬂﬂﬂuﬂﬁﬂiEJTi%‘Vi’JNIlILﬁf}ﬁ"llfNW@ﬁliJ@ilmg‘i%ﬁ’ﬂﬂimﬁQﬁW@ﬁlN@iLLﬁ%!ﬁ@qﬁ

a

FY d?’ [ = = 1 a A Ao '
UlﬂiJ']ﬂéUu ﬂ?']‘JJL!‘lNLLiQ“U’ENﬂWiE’Jﬂ@]ﬂﬂﬂq\‘lﬂ’ﬂfﬂi@ﬂﬂigﬂUﬂQﬂ!ﬁﬂuiJ@'lﬂ’N



62

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Adhesive shear strength (¥/mm "y

Applied temp

W 5cC

B so-C

Applied time (hr)

Figure 32. Effect of applied temperature and time on adhesive strength of adhesion on ply-wood

of PVA-BF26/ENR-12(80/20) blend.
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Figure 33. FTIR spectra of PVA-BF26, PVA-BF26/ENR-12(80/20) and ENR-12.
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Figure 34. SEM micrographs of films from PVA-BF26 (a), PVA-BF26/ENR-12(80/20) (b), and

ENR- 12 (¢).
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Figure 35. Adhesive shear strength of adhesion on wood of PVA-BF26/ENR-12 (80/20) blend

and different commercial adhesives.
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Figure 36. Adhesive peel strength of adhesion on wood of PVA BF-26/ENR-12(80/20) blend and

different commercial adhesives.
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Figure 37. Tensile properties of film from PVA BF-26/ENR-12(80/20) blend and various

commercial plastic films.
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Figure 39. Water vapor adsorption (90% RH, 30 °C) at various times of film from

PVA/ENR(80/20) blend and different commercial plastic films.
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Figure 41. Degree of swelling in various solvents of film from PVA/ENR (80/20) blend and

different commercial plastic films.
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Figure 43. Changes in tensile strength and elongation at break of film from PVA-BF26/ENR-12

(80/20) blend during storage at room temperature and various RH.
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Figure 44. Water vapor adsorption of film from PVA-BF26/ENR-12 (80/20) blend during storage

at room temperature and various RH.
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Figure 45. Change in solubilities in various solvents of film from PVA-BF26/ENR-12 (80/20)

blend during storage at room temperature and different RH.
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Figure 46. Change in transparency value of film from PVA-BF26/ENR-12 (80/20) blend during

storage at room temperature and various RH.
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MANUHIN V.

Tablerdsite properties of film from PVA/ENR blend.

Tensile strength (MPa)*

Samples 100/0 90/10 80/20 70/30 60/40 50/50 0/100

mn

PVA(BF17)/ENRI2  75.82+2.54"  77.03+1.98 80.94+1.87°  50.1242.01"  33.32+1.12°  25233.11°  15.56+2.34"

PVA(BFI7)/ENR27  75.8242.54"  75.11£1.13"  73.233.11"  5024+1.98"  32.1322.44" 22.1122.98°  12.03+L.11°

PVA(BFI7)/ENR42  75.8242.54"  70.45+1.77°  76.4342.22"  60.13£1.56  53.05£2.90" 21.33£4.12°  19.0442.65°

PVA(BPI7)/ENRI2  7034+121%  7335+333"  77.2324.12™  6021+1.23  38.44+2.23% 503442.44"  15.56+2.34"

PVA(BPI7)/ENR27  70.34+121°  69.56+2.56° 71224355  60.56+2.35  25.78+4.38° 19.34+3.76  12.03+1.11°

PVA(BP17)/ENR42 7034+1.21% 6533345 69.59+2.11°  63.3243.14"  44.5642.45° 28324145  19.04+2.65°

PVA(BF26)/ENRI2  92.2342.46°  923443.14° 105454145 103.30+3.21°  87.724¢1.23"  60.23+2.08  15.56+2.34"

PVA(BF26)/ENR27  92.23+2.46°  93.8942.51"  107.75+¢1.38° 103.44+2.01"  85.55+3.50°  55.94+1.98  12.03%2.65"

PVA(BF26)/ENR42  92.23+2.46"  91.44+1.54°  100.11£2.75°  95.23+2.78" 9024135  70.66£2.56°  19.04=1.11°

All values are reported as mean + SD

*The different superscripts indicate the significant difference (p <0.05).



TableElzngation at break of films from PVA/ENR blend.
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Elongation at break (%)

Samples 100/0 90/10 80/20 70/30 60/40 50/50 0/100

PVA(BFI7)/ENRI2  92.1241.02°  95.11£1.25"  97.5442.13"  111.14£1.87  112.23+1.96  123.50£1.99' 223.09+2.21°
PVA(BFI7)/ENR27  92.1241.02°  92.924225°  95.03£1.29"  96.04+2.57"  99.09+2.32"  110.5242.30'  163.19+1.48"
PVA(BFI7)/ENR42  92.1241.02°  90.52+1.42°  80.43+1.457  78.13£1.82°  60.05£1.60°  50.33+1.23°  30.04+2.82°
PVA(BPI7)/ENRI2  87.124220%  89.5442.58°  90.97+1.98°  109.73£1.13  118.8243.05° 114.4243.07° 223.09+2.21°
PVA(BPI7)/ENR27  87.1242.20%  91.2542.01°  93.30£2.01°  101.56£3.04"  97.78+2.55"  105.3443.45  163.19+1.48"
PVA(BPI7)/ENR42  87.1242.20%  86.21+1.89"  84.43+2.09"  75.53+2.83°  70.65£1.76°  46.32+2.91°  30.04+2.82°
PVA(BF26)/ENRI2  124.32+134'  128.6542.40"  137.34+1.84"  149.08£1.48° 152.53+2.01° 182.08+1.63  223.09+2.21°
PVA(BF26)/ENR27  124.32+1.34 123324231 130.24+1.45"  140.4442.10" 150.55+2.39°  168.94+1.97"  163.19+1.48"
PVA(BF26)/ENR42  124.32+1.34  120.44+1.56° 117.1122.16"  95.23+3.20"  90.24+£1.90°  67.66+2.43  30.04+2.82°

All values are reported as mean = SD

*The different superscripts in the same table indicate the significant difference (p<0.05)



Tablexdesive shear strength of PVA/ENR adhesion on ply wood.
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Shear strength (N/mmz)

Samples 100/0 90/10 80/20 70/30 60/40 50/50 0/100
PVA(BFI7)/ENRI2  1.71+£0.17°  2.1320.13"  2.15£0.22"  1.80+0.12°  1.74%0.14° 1.47+0.23" 1.55+0.33°
PVA(BF17)/ENR27 171 £0.17°  2.08+0.14"  238+025  2.1120.36"  1.8940.33°  1.56£022°°  1.75+0.33"
PVA(BFI7)/ENR42 171 £0.17°  2.102027"  2.22+0.18"  2.61£0.39"  2.31x047" 1.38£0.29"  1.4940.15%
PVA(BPI7)/ENRI2  1.62£0.27"  1.69£0.16°  1.7220.19° 2.09+0.18" 1.87£0.19°  1.67£0.23%°  1.55+0.33°
PVA(BPI7)/ENR27  1.62£027°  1.95+035"  1.97£023"  2.08+0.12' 1.8740.23°  1.65£0.16°  1.75+0.33"
PVA(BPI7)/ENR42  1.62+0.27°  2.01x023"  2.20+0.12" 1.95£0.09"  1.9240.15"  1.77£025°  1.49+0.15%
PVA(BF26)/ENRI2  2.40+024  2.6120.13%  2.77+0.15" 2.91+0.24' 2624035  2.224025"  1.55+0.33°
PVA(BF26)/ENR27  2.4040.24' 2.5240.16  2.67+025" 2774033  2330.12° 220023  1.75+0.33
PVA(BF26)/ENR42  2.40£024°  251+020" 2.62+022"  265+023° 255+£024" 261+0.17°  1.4940.15%

All values are reported as mean = SD

*The different superscripts in the same table indicate the significant difference (p<0.05)
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