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Effect of Chain Extender and Banana Fiber on Melt-Processing Properties of Poly (vinyl

alcohol)
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Abstract

This research aims to study the effect of chain extender and banana fiber on melt processing of poly (vinyl alcohol).
0 and 5 %w/w of banana fiber and 0, 2 and 4 %w/w of chain extender were melt-blended with poly (vinyl alcohol) in
an internal mixer at 200°C. The blended materials were then injected into a mold to produce tensile specimens. It was
found that chain extender increased elongation at break, tensile strength and tensile modulus because it connected
poly (vinyl alcohol) molecules together as verified by structural analysis from FTIR results. Chain extender also caused
increased the thermal stability of poly (vinyl alcohol) as analyzed by TGA technique. Furthermore, banana fiber could

reduce elongation at break but increase tensile strength and modulus of poly (vinyl alcohol).

Keywords: poly (vinyl alcohol), chain extender, banana fiber
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fasavsznauay Table 1
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afia glycerol wulondls wazanstiodaseldswafmas
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Table 2 Percent composition (by weight) of the materials

compounded.
PVOH |Glycerol | Banana fibers | CE
Sample
(Wt%) | (wt%) (wt%) (wt%)
PVOH+20%gly 80 20 - -
PVOH+20%gly+2%CE 78 20 - 2
PVOH+20%gly+4%CE 76 20 - 4
PVOH+20%gly+5%ba 75 20 5
PVOH+20%gly+2%CE+5%ba 73 20 5 2
PVOH+20%gly+4%CE+5%ba 71 20 5 4

3. dhwedwesusuiildanmsnsuudidniaiaun
Lﬁam’%wﬁﬁmiﬁmﬁugﬂ (injection Molding) 1w
nagoumsaswanaan ludunandelllaslfanuouls
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antiufindalusunsu OPUS 7.0

nﬁiﬂﬁaanﬁmg’memﬁ'l (Scanning electron
microscopy)
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NAROL
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ﬁw%umuﬁlmumswammﬁwﬁuﬁﬂLLﬁ'vamaau
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Figure 1 Polyvinyl alcohol blend with 20 wt% Glycerol
and (a) 0 wt% (b) 2 wt% Waz (c) 4 wt% chain
extender
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Figure 2 Molecular structure model of PVOH with chain
extender
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Figure 3 FTIR spectra of PVOH, Chain extender,
Glycerol, PVOH+20%gly and PVOH+20%gly+4%CE

PVOH
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Figure 4 FTIR spectra of PVOH, Chain extender,
Glycerol, PVOH+20%glyandPVOH+20%gly+4%CE
rang wave 1600 to 2300 cm’”
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Table 3 The frequency of absorbing infrared radiation of various staging groups in the sample

Example Wave number Function group Refer
(cm™)
3550-3200 O-H stretching anusabawdtoraely uas
mauanluans dszinniuselalasian
PVOH 2840-3000 C-H stretching ﬁ]']ﬂ‘lﬁ%iLLE]aaa
C=0 uaz C-O stretching UYBIRLBLTLAN ‘ﬁﬁa\‘i
1750-1735 B v
widalu PVOH
3550-3200 O-H stretching anussbawdtaraely uas
mawanluans dszinniuselalasian (Mansur, Sadahira et al. 2008)°
PVOH+20wt%gly —
C=0 uaz C-O stretching Ta4niiazdian finas
1750-1735 B v
widalu PVOH
3550-3200 O-H stretching anusabawdtaraely uas
mauanluans dszinniusslalasian
PVOH+20wt%gly+4%CE —
C=0 uaz C-O stretching va4niiazdian Ainas
1750-1735 B v
widalu PVOH
CE 860, 1255 Oxirane U891y epoxy (Olsson 2012)"
3550-3200 O-H stretching 289wy lansands
glycerol — (Nanda, Yuan et al. 2014)"
2840-3000 C-H stretching 3MNAyJLaaAR

o

dobgmInen

:3 ;J v a - s « .

Tunuildnnnszuiuia (injection molding) fin
uuglulasianinan (liquid nitrogen) %A Lazyinng
Fnsansmciuiivsnasesvnlaslsideslung
AnEyinnn (scale bar: 50um) 310 Figure 5 (a) WA
leiNuindadvSane glycerol 1w 20 wt% flanuiSey
FaugasnTwnuianunion laganuasuiianiinaa:
\iwdn PVOHLilaLdia glycerol aansavilwiagiiaay
A [ a A AI )ﬂ’
Davgn Uszoziiamalfinunnin

UaNIINUNANIIFUIIUINGI1VEI PVOH ¥
wWulonday 5wt% gnuaadlu Figure 5 (b) ATIum
glycerol 20wt% @9azFainatinlainlaifitasineszning
PVOH uaziduletfiodu aagunuwidonaunini? uaas
TAutsanudiuldszninadulowas PVOH dallu
Qs dl ?; v v v tﬂl [ a ]
Taqfiazapila wazidulondrodaduioaglasing
laasendailuasdtsznavuisanunsadriuiy PVOH la

LLa:ﬁQmauﬁ?}maﬂmﬁuﬁu

X388 S58mm

Figure 5 SEM micrographs of fractured surfaces of (a)
PVOH+20 wt%gly (b) PVOH+20 wt%gly+5
wt%ba

NAFDUUIIRY (tensile test)

Funuiildannsia Figure 6 uaz Table 4 Laad
IWAninUSunm chain extender 2 wt% uas 4 wt% ﬁgn
uENE L PVOH fifitSanm glycerol 20 wi% vilsaiia
NNNA (tensile strength modulus LL&:‘S:U:EI'@‘IJW) Lﬁlll%u
1asdn tensile strength 289 PVOH+20 wt%glycerol &0
Uszantk 6.4 + 0.7 MPa 1ial5anm chain extender on
W& 2 wt% @1 tensile strength \AuTwin 7.0 £ 0.6 MPa
wazLAnguanila chain extender ANEN 4 wt% lapdien
tensile strength Uszanm 7.2+ 0.9 MPa WoNANIAN
tensile modulus LLas elongation at break ﬁLﬂIM%uL‘ﬁuL?lmﬁu
1 tensile modulus B84 PVOH+20 wt%glycerol 3¢
Uszanmh 11.3 + 1.5 MPa 1anaa chain extender 2 wt%
uaz 4 wi% vhlen tensile modulus tRngwTn 21.1
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Figure 6 Stress-strain curve of polyvinyl alcohol, glyc-

erol and chain extender blends
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FOAAREIRLNNTNARAIUB Srithep et al.*"® friduls
N&28Laz nanocellulose WENAL PVOH LLa:Lf}aﬁ’m’ﬁNaw
chain extender MU glycerol 20 wt% wazLFwlanaL 5wt%
WUI16 tensile modulus 61 tensile strength uazIzaztia
Aauwnatindwinies Hearsuiudsluidy chain
extender @auaasliiinin chain extender Wluasfivin
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Figure 7 Stress-strain curve of polyvinyl alcohol, glyc-

erol, sisal and chain extender blends

Table 4 Tensile testing of polyvinyl alcohol, glycerol,

banana fiber and chain extender blends

Ultimate
Tensile
Tensile Strain at
Sample Modulus
Strength Break (%)
(MPa)
(MPa)
PVOH+20%gly 6.4+ 0.7 11.3t 1.5 221+ 20.1
PVOH+20%gly+2%CE 7.0+ 0.6 1212 0.9 233+ 21.8
PVOH+20%gly+4%CE 7.2+ 0.9 134+ 24 245+ 25.2
PVOH+20%gly+5%ba 57+ 04 20.3+ 2.3 155+ 12.6
PVOH+20%gly+2%CE+5%ba 5.8+ 0.6 20.6+ 2.6 157+ 15.7
PVOH+20%gly+4%CE+5%ba 5.9+ 0.8 214+ 29 165+ 16.4

ANALEDYINIIAMNTDW (TGA)

Figure 8 LLaz Table 5 LWRAINANIINARDUAINY
L@fipsnsauTeusas PVOH A% chain extender 2wt%
W8 4wt% azifnleiniiiorsanas chain extender AT
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nluianazad PVOH wnu=Aes 108 chain extender 39
ﬁ(ﬂmﬁmszijﬂmaqaLﬂumﬁ@ﬁuﬁzvlaI@sLau3 udiiiaf
NMIHEN chain extender az¥inliluianazas chain
extender Gfdﬁ%%i epoxy a%”wﬁuﬁ:szwhﬂmaqamaa
PVOH ﬁﬂﬁLLsaﬁ@mﬁms:WjNIMLaqmﬁ'w%u ezt
mmm'sﬂuaaam‘[ﬂmaqaﬁﬂﬁammﬁamﬂ"ﬁu wuUdNaas
lavsasnslauanaves PVOH \fio) chain extender lag

) i 50%)
#1350 °C 1{lawaw 2wt% chain extender hliaamninis

PVOH+20wt%glycerol igannliniaansdnfi 50% (T

FanuanANIwdu 363 °C WATNTHNEN 4wt% chain
extender ﬁﬂﬁqm%gﬁmsam HANANTUBNLI W 380 °C
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Figure 8 TGA curves for PVOH+20 wt% glycerol add-

ing 2 wt% and 4 wt% chain extender
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Figure 9 TGA curves for PVOH+20 wt% glycerol adding

chain extender and 5 wt% banana fibers

Table 5 Degradation temperatures 50% of polyvinyl al-

cohol, glycerol, banana fiber and chain extender

blends
- SD
50%

PVOH+20%gly 350 +0.7
PVOH+20%gly+2%CE 363 +1.1
PVOH+20%gly+4%CE 380 +0.9
PVOH+20%gly+5%ba 360 +1.6
PVOH+20%gly+2%CE+5%ba 363 +1.2
PVOH+20%gly+4%CE+5%ba 366 +1.3
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Properties of Poly (vinyl alcohol)
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