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1. Introduction

Natural rubber (NR) containing 93-85% cis-1,4-polyisoprene is
an elastomeric material, which produces from latex of the rub-
ber tree. NR, as a renewable natural resource. has many excellent
comprehensive properties such as outstanding resilience, and high
strength. However, as an unsaturated polymer, NR will gradually
degrade at a high temperature or when exposed to oxygen, ozone
or ultraviolet, leading to a portentous negative effect on its special
application (Agarwal, Setua, & Sekha, 2005: Chatkumpollert et al.,
201 1; Pasquini, Teixeira, Curvelo, Belgacem, & Dufresne, 2010: Zou
etal, 2001} To overcome these limitations of NR, the modification
of NE is crucial. Various methods can be employed to modify the
propecties of NR. One way Is chemical modification, in which other
groups or atoms are introduced onto the NR moelecular chains, for
example, epoxidized NR{Gan & Hamid, 1997 Yu. Zeng, Lu, & Wang,
2008). hydrogenated NR (Mahittikul, Prasassarakich, & Rempel,
2009), and grafted NR {Abu DBakar, 1smail, & Abu Bakar, 2010:
Derouet, Intharapat, Tran, Gohier, & Nakason, 2009; Kongparakul,
Prasassarakich, & Rempel 2008),

From previous work, the NR was modified by grafting with
dimethylaminoethyl methacrylate (DMAEMA] to form alatex with
cationic water-soluble polymeric “hairg’ of polyDMAEMA. They
acted as filler in the starch (ST) films, but with modified NR,
the mechanical properties of the films were significantly altered
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The hydrophificity of natural rubber (NR) was improved by grafting with modified cassava starch (5T)
{NR-g-5T) by using potassium persuifate (K;5;05) as a catalyst. The modified 5T was added to NR larex
in the presence of Terric16A16 as a non-fonic surfactant at 50 °C for 3k and cast film on a glass plate to
obtain NR-g-ST. The chemical structure of NR-g-ST was confirmed by FTIR. The swelling ratio of NR.g-
ST was investigated in water and results showed that the swelling ratio of the modified NR decreased
as function of $T. In addition, the tensile strength of the modified NR in the presence of modified 5T
at 50 phr was the highest valoe, Also, the thermal stability modified NR-g-ST was higher than of NEjST
blead confirmed by TGA Finally, the NR-g-5T was used a polymer membrane for controlling urea fertilizer
and it easily degraded in soil. This product with good controlled-release and water-retention could be
especially useful in agricuitural and horticultural applications,

Published by Elsevier Lid.

(Rouilly, Rigal. & Gilbert, 2004). The elastic moduius was greatly
decreased but strain at break greatly increased, Freeze-fracture
TEM micrographs indicate strong interactions between the sur-
face of the modified NR and ST The polyDMAEMA chains are
more hydrophilic than the ST, and the addition of grafted latex
results in a 20 drop of the water contact angle of the formed
film and a 25% increase of the water absorption compared 1o the
native ST; with unmodified NR, causes the opposite effect. More-
over, the properties of NR were improved by blending with $1.
For example, thermoplastic STINR polymer blends were obtained
using NR latex and cornstarch and an intensive batch mixer at
1507 C. with NR content varying from 2.5 to 20% (Carvalhoa, Jobb.
Alvesb, Curveloa, & Gandini, 2003}, The results revealed a reduc-
rion in the modulus and in tensile strength: the blends became
less brittle than thermoplastic starch alone. Increasing plasticizer
content made higher amounts of rubber possible. The addition
of rubber was, however, limmited by phase separation the appear-
ance of which depended on the glycerol content. After ST paste
(MST) modified with polybutylacrylate (PBA), it was used as a
reinforcing filler of rubber through mixing and co-coagulating
with NR latex (Liu, Shao. & fia. Z008). MST is much superior
to unmodified ST paste because unmodified ST paste acts as an
essential inert filler causing a decrease in tensile strengrh, rear
strength and elongation at break. MST shows an obvious rein-
torcement for NR matrix observed from increasing mechanical
properties, Moreover, fhie ST dispersion and strong interfucial
interaction are achieved in NR/MST composites (Liu et al, 2008).
Recently, NR was used to improve the properties of ST foam by
potassium persulfate as an initiator {Tanrartanakul & Chumeka,
20000, In this work, NR was grafied with modified cassava
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Fig. 1. The possible chemical reaction of NR-g-5T by using potassium persulfate as a catalyst

the initiator concentration on graft copolymerization was studied
at various K35,04 concentrations by keep?ng other reaction con-
ditions constant. it was found that the LKzSzOg would destroy the
structure of NR molecules. This result supports the previous work

(Riyajan, 2007,

The synthesized copolymers were characterized by the func-
rional groups using ATR-FTIR technique. ATR-FTIR spectra of
unmodified ST and modified ST are presented in Fig. 2(A). The
absorbent band of hydroxyl group was observed at 334Gcm™!. The
absorption at 879cm™! was referred to a methane vibration and
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Fig. 2. ATR-FTIR spectra of ST and modified ST {B) NR. 5T, NR-g-»{ 'vefore and

absorption at 1638 crn~" is (—O vibrations in ST. The vibrations of
unsymmetry C(—0—C bond and C—0 bond in 5T are at 1154cm™?
and 1045 cm™1, respectively (Rouilly et al., 2004). After chemical
modification of the ST with K35;0g, the FTIR peak band was slightly
altered as shown Fig. 2(A). The FTIR spectra for ST, NR-g-5T before
and after THF extractions for 48 h are presented in Fig. 2{B). The
results showed that the main FTIR band of ST was observed at
3550-3200. 2933 cm~! and the two band of 1155, and 1080 cm~!
for hydroxy! group, the (—H stretching and the G0~ stretch-
ing (a triplet peak of ST), respectively. The C—H stretching at 2965,
2928cm™?, the (=CH stretching at 1659 cm™!, the —CH; deforma-
tion at 1452cm™!, the —CH; deformation at 1379cm™! and the
C=CH bending at 843 cm™! of NR-g-ST appeared in the FTIR spec-
tra (Fig. 2(B)). The chemical structure of NR-g-ST was confirmed
again by both TGA and FTIR. After' NR-g-ST was heated from 50 to
330°Cby TGA technique, then its chemical structure was continu-
ally characterized by FTIR. [t was clear that the notable difference
between the FTIR spectra of ST and NR-g-5T was that the strongest
peak for NR-g-ST appeared at 1100cm~! {C¢—0~C) comparing to
ST. This data indicated that NR was grafted with ST. In addition,
the thermal stability of NR-g-ST was the highest comparing other
samples (see in Section 3.4). These results agreed with works of
Tanrattanakul and Chumeka (2010). They studied the preparation
of thermoplastic starch foams from pristine cassava starch blended
with NR latex by reactive blending and potassium persulfate as an
initiator for graft copolymerization between the ST and NR during
baking. The chemical structure of NR-g-ST was confirmed by 'H
NMR and FTIR characterization. In case of FTIR, it was found a trace
of an NR component in NR-g-ST (this subtracted spectram before
and after Soxhlet extraction) as appeared at 2926-2854cm~1.

3.2, Swelling behavior and mechanical strength

The swelling ratio of the modified NR is shown in Fig. 3(A). The
swelling ratio of NR/ST blend without K;5;04 showed the highest
value compared to other samples due to the absence of chemical
interaction between ST and NR, When NR/ST t;lend was immersed
in water for 2 days. the swelling ratio of the NR/ST increased from
160 to 180%.

Burt after 2 days. the swelling ratio of NR/ST decreased as a func-
tion time due to solubility of ST in NR/ST. After adding K;5,0z
in polymer blend, the swelling ratio of NR-g-ST was dramati-
cally decreased due to grafting with ST on, molecule of NR. When
over 50 phr ST was added, the swelling ratio of NR-g-ST increased
with increasing ST contents due to its hydrophilic ST. The highest

swelling ratio was observed in sample in the presence of 150 phr
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after THF extractions for 48 h and NR-g-5T after heating from 50 10 300 C by TGA.

ST. This explains that excess ST exhibits good water solubility and
leads to excellent swelling ratio in water.

The effect of modified ST on the tensile strength of NR-g-ST is
presented in Fig. 3(B). The tensile strength of NR-g-ST increased as
a function of modified 5T contents in sample at range from 25 to
50phr of ST. The highest tensile strength of the modified ST was
found to be in sample in the presence of 50 phr 5T and its ten-
sile strength was about 6.8 MPa. But when the amount of 5T was
increased from 50 to 100 or 150 phr, tensile strength of modified
STdecreased from 6.8 to 4.5(3.5) MPa, respectively. Fig. 3(C) shows
the elongation at break of the modified NR. Results showed that the
elongation at break of the NR was about 900% while the elongation
at break of modified ST in the presence of 25 phr was 950%. When
ST was over 25 phr, the elongation at break the modified NR was
dramatically decreased due to difference in polarity between NR
and 5T {Rouilly et al., 2004).

3.3. Morphology

SEM was used to change the morphology of NR/ST blend and MR-
2-5T by K3 5305 as a catalyst as shown in Fig. 4. [t was observed that
the potymer blend (Fig. 4(A)) showed the poor adhesion between
NR and ST. The larger ST part (light-gray areas) was poor dispersed
in NR/ST matrix (dark-gray areas). In addition, the ST part phase
was separated from the polymer matrix because NR is hydrophobic
while the ST is hydrophilic. In the case of NR-g-ST, the good distri-
bution of light-gray color on the surface of polymer blend (Fig. 4(B))
revealed that NR-g-ST. However, some ST part was poor dispersed
in polymer matrix (Fig. 4(B)) indicated the weak interfacial inter-
action between the polymer matrix (NR-g-ST) and ST. Therefore,
NR-g-ST should be selected for coating membrane in encapsulated
fertilizer.

3.4. Thermal behavior of NR-g-ST

TGA thermograms of plain NR, plain 5T, NR/ST blend and
NR-g-ST are presented in Fig. 5. The weight loss of all samples
started at 100°C, which was indicated in the moisture content. A
three-stage thermal degradation profile was observed for all sam-
ples, the first stage of degradation in plain NR, plain ST, NR/ST
blend and NR-g-ST specimens was negligible. The first weight
loss stage varied with no specific trend for different composi-
tions. This may be attributed to their residual water content
in the network and the remaining acetate functional groups,
which are more susceptible for cleavage than the OH func-

tional group (Charoenkul, Uttapap, Pathipanawat, & Takeda, 2011;
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Fig.5. TGA thermograms of (A) NR, (B)NR/ST blend, (C) NR/Kz5:0s and (D) NR-g-5T.

Demiate, Dupuy, Huvenne, Cereda, & Wosiacki, 2000; Parra, Tadini,
Ponce, & Lugdo, 2004; Sriburi, Hill, & Barclay, 1999). Each sample
showed its own temperature range for each stage according to the
composition. The overall temperature range for first stage was up

+urea

Dry film

to 200°C, the second stage from 200 to 400°C and the third stage
from 400 up to 600 °C. The thermal degradation process of NR and
NR-g-5T were very similar, and there were only one turn in the TG
curve (Fig. 5), indicating that the thermal degradation of NR. The
thermal degradation curve of modified 5T, INR blend, compared to
the pristine NR, shifts towards low temperatures, while that of the
NR-g-ST moves to higher temperatures at 450-550°C. The ther-
mal stability of NR was improved significantly after grafting with
modified ST {Liu et al., 2008). The enhanced thermal stability and
mechanical properties of NR-g-ST were mainly expected due to the
improved phase interface interactions between rubber and ST,

3.5. Encapsulation of urea fertilizer

The urea fertilizer granule was surrounded by different walls
and released through diffusion in water medium. The amphiphilic
NR-g-ST has a core-shell structure with a hydrophobic NR as a
core and a hydrophilic grafted ST as a shell. The hydrophobic
NR core formed a wall-like barrier inside, while the hydrophilic
starch part and the urea particles were encapsulated inside the
matrix as shown in as shown in Fig. 6. Urea fertilizer contents

W™ Cassava starch
= NR

Immersion in water

film farmed by the NR modified with ST,

of the urea
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Fig. 7. Urea fesrilizer release curves from capsule with coating (A) 5T, (B} NE_ (0}
NR/ST blending and (D) NR-g-ST.

may be released by swelling it under particular conditions, as
in the case of an enteric fertilizer coating. In other systems, the
wall is broken by solvent action and hydrolysis as shown in
Fig. 6.

After water washing, the urea exposed on the surface of bead
was removed completely. By measuring urea content in the water,
the released urea from capsule was calcutared by using UV-vis
spectroscopy. The release profile of urea with ST coating was also
shown for comparison. The urea release rate was reduced signif-
icantly by NR-g-ST coating, which is consistent with the results
of the swelling study as shown in Fig. 7. The NR-g-ST membrane
is very strong, rigid and hard to swell, thus the diffusion through
this coating is the rate limiting step for swelling and urea release.
These phenomena may be explained by different swell ability of
NR-g-5T matrix because ST and NR/ST can easily be swollen by
water. The urea in the swollen NR/ST blend or plain ST can dif-
fuse rapidly and can be released quickly due o weak interaction
between urea and polymer matrix membrane. The urea cumu-
latively release from capsule coating with plain ST was almost
complete within 8 h. When NR, NR/ST biend and NR-g-ST coated
on capsule, the urea cumulatively release of capsule stored at the
same condition for 24 h was 24, 40 and 21%, respectively. With
NR-g-5T coating, the capsule matrix becornes denser resulting in
a decrease in the rate of diffusion of urea through the swollen
beads due to chemical interaction between NR and ST through
grafting interaction. This result is supported by Chen et al. (2008).
They found that the ST-g-poly(i-lactide} (PLLA) is an effective
material for encapsulating urea for controlled release {Chen et al.,
2008).

3.6. Biodegradable

The reductionof weight of pristine NR, NR/STblend and NR-g-ST
decomposed in soil was investigated. Results ip Fig. 8 display that
after chemical modification of NR, the biodegradation of NR-g-ST
dramatically increased with increasing the ST contents. The rate of
biodegradable of NR-g-ST was faster than that of NR/ST and NR due
to grafting between NR and ST. ST was greatly degraded by bacte-
ria and fungi in soil activated by moisture and heat. In the case of
NR containing high molecular weight (~‘105).a cis-1,4-polyisoprene
were responsible for the more difficult biodegradation (Bhatt, Shah.
Patel, & Trivedi, 2008). The previous work reported that NR can be
slowly degraded in nature by specific microorganisms {Bhatt et al,,

FELY-1
$00.00
MNR
000
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=
CR?
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®
60.00 50
100
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150
4000
o 1 S 3 %
Time {week)

Fig. 8. Weight loss of pristine NB, NR/ST blend and NR-g-5T with different $T con-
tenty in soil.

2008). The high rate of degradation of NR-g-ST within 3 weeks was
due to the high amount of ST in the NR-g-ST. ’

4. Conclusions

The NR-g-ST was achieved to graft with modified ST and ;35,05
as a catalyst for coating the granular fertilizer to reduce solubility
in water. The structure modified NR was confirmed by ATR-FTIR.
In medium water, the swelling ratio of the modified NR decreased
as function of ST due to hydrophilic behavior of ST incorporation in
NR matrix. In addition, the tensile strength of modified NR in the
presence of ST at 50 phr was the highest compared to other samn-
ple and the thermal stability modified NR-g-ST was higher than
that of NR-g-ST, which was confirmed by TGA. After NR grafted
with ST, it can lead the intermolecular linkage between ST and NR
molecules therefore the hydrophobic groups of NR were reduced
tocontrol releasing urea fertilizer from capsule. The NR-g-ST mem-
branedisplays a good barrier for controlling release of urea fertilizer
from capsule and easily degraded in soil. This product with good
controlied-release and water-retention could be especially useful
in agricultural and horticufrural applications.
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Abstract The aim of this paper is to study the influence
of the K850 content on the properties Poly (vinyl alco-
hol, (PVA). Firstly, PVA was dissolved in distilled water
by heating by heating at 70 “C and then K,S,04 was added
in PVA solution under stimer. The viscostty of PVA
solution in the presence of KSy0y was amalyzed by
Brookfield Viscometers, The effects of KoS:0y contents,
PYA solution, temperature and reaction time on the vis-
cosity of PVA solution were investigated. This was con-
firmed by Brookfield Viscometers, It is clear that the
viscosity of PVA solution in the presence of Ky5;05
increased as function of reaction time and PVA content in
solution, Rate of modified PVA was proportional 10
K15:05 contents and temperature and its activation energy
was 16 kJfmol, The structure of PYA in the presence of
K25:0; changed from original PVA confirmed by ATR-
FTIR and solid state NMR. In addition, the thermal prop-
erties of PVA containing K;S;0; were also studied by
TGA.

Keywords Poly (vinyl a cohﬂl} - Activation eaeray -
Potassium persalfate - Vise

Introduction
Poly (vinyl alcohols), (PVAY is widey used in industrial fields

Decause its advantages are water-soluble polymer, biode-
gradable polymer and low toxic. The chemlwk modification
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has subsequently applied to improve the properties of PYA,
leading to many applications of PVA. especially made in
polymer hydrogel. In previous work, the degradation methed
of PVA are thermal degradation {1-3]. radiation [4], ultrasonie
(5], mechanical (6], biodegradaion [ 7-10], photodegradation
[11-14], and chemical degradation |15, 16]. For example

about degradation of PVA, gaminz rays introduced the deg-

radation of PYA alone through chata scission and evclization

observing formation of € = € and C O btmdx, But when
adding humic acids of coneentration G in the PVA
saly 1pk PVA showed the ¢ xrdmnd fion resist ce[i?}. In

i can yield x»ivncr degradation s
observed from 4 significant reduction in the intrinsie viscosity
or the molecufar weight. The main factors alfecting on the
degradation of PYA by this ultrasonic method are irmadiation
time, imumersion depth of horn and PVA concentration, The
viscosity of polymer solution decreased with an increase in the
wltrasonic irradiation time and approached a limiting vale. In
addition, the air, sodium chioride and surfactant eahances in
increasing the extent of viscosity reduetion. In addition, the

case of ultrasonic,

oxidutive degrad: U(m of PYA by the photochemically
enhanced Penton reaction was studied using 2 mix mfﬂz
and H;O;)andahciemg&mm reaction system (iro (IH)

exchanged zeofite Y + HyOo) |17, Resulls showed that the
formation of super-macromolecules (MW: 1-3 x 10" gfmol)
consisting of oxidized PVA and trapped tron (111} a o early
reaction stage. During the heterogeneous Fenton process. the
cleavage of the PYA-chains may ocer ol random positions.
the reactive centers being locited inside the iron ({11)-doped
zeolite Y photocatalysts. In the previous work, the chemical
deerudation of PYA was severally reported. However, the
chomical degrudation of PVA by using KaS;05 us 4 catalyst
as ot yet been teported. The benefits of chemical degrada-
fion of PVA in the prescrece of KuS05 are expected to
coating agent membrane for encapsulated reactve agent or



Author Proof

161
162
163
164
165
166
167
168
169
170

171

172
173
174
175

J Polym Environ

Table I Inlluence of (he KaS:0x ()

G Relative dynamic viscosity from original viscosity (cps)

reaction time on dynamic

viscosily of PVA (1) with in 0 min 6 min 10 min 20 min 30 min 40 min 50 min 60 min
(b) without § % wiw K;S,04ut
70 °C 0 20 1S [N 70 RO 85 91.5 97.5
| 13 3R 56 9% RS gel at 32 min
100

Fig. 1 Photograph of modified PYA with in 5 % wiw K;8,0y at
70 “C at 32 min

continued to 30 min as shown in Fig. 1. This phenomenon
was called “gel™ and this result was explained that afier
K,S,04 is activated with heat, it gavc the free-radical form.
Then, it reacts with PVA molecule. After that, the PVA
molecule occurred chain seission and at same time short
PVA reacted together to crosslinkaged PVA through ether
linkages leading to very high dynamic viscosity of PVA
[4]. The detail mechanism of PVA added KaS;0g was
explained in section “Effect of KsS:0g on dynamic vis-
cosity of PVA".

Effect of K;S:04 on Dynamic Viscosity of PVA

The influence of K;S>0z content on the dynamic viscosily
of PVA was presented in Fig. 2. It is clear that the dynamic
viscosity of PVA increase with increasing K;S,0g and
reaction time. The reaction time lo gel point of PVA

o
|

% Relative dynamic viscosity
from ociginal viscisty

time (min)

Fig. 2 Influence of the temperature ( a) S0, (b) 70 and (¢) 90 *C on
the viscusity of PVA mudified with K,S,0y

decrease after higher amount of K,S,0x was added to PVA
solution. When 0.25, 0.5 and 1.0 g K,S,03 were added to
PVA, the reaction time to gel point (three dimensional
crosslinking) of PVA was 140, 82 and 32 min. respec-
tively. This result was explained that when more amount of
K,S,04 was added 1o PVA. the more radical was found and
it leaded (o decrease in reaction time to gel point.

Effect of PVA Concentration on Dynamic Viscosity of PVA

Figure 3 shows the influence of %PV A concentration on its
dynamic viscosity. Results showed that, the reaction time
to gel content increase with increasing PVA concentration.
The reaction time to gel point of 2.5, §, 10 and 15 w/w %
of PVA solution was 4, 8, 32 and 74 min, respectively.

When PVA molecule increased in system bul the
100 1
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Fig. 3 Activation energy ol modified\ PVA with K,S,0x¢
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concentration of K;8,05 was constant. Therefore, the free
radical content was not enough to react with PVA molecule
leading o increase in reaction time to gel point {1].

Effect of Temperature on Dynamic Viscosity of PVA

The influence of temperature on the dynamic viscosity of
PVA was shown in Fig. 4. It is clear that the dynamic
viscosity of PVA decreased as a function of temperature. [f
the dynamic viscosity of PV A at 323, 343 and 363 K, the
reaction time to gel point was 102, 32 and 6 min, respee-
tively. If the temperature increased, the rate of free radical
occurs dramatically, leading to higher gel formatdon. In
addition, as the temperature increascs, the activation
energy of the degraded PVA decieased. Therefore, the
reaction time to gel point of PVA decreased as a function
of temperature.

Kinetic Study

The model-free kinetics is based on calculation of the
effective activation energy (£,) as a function of the con-
version () of a chemical reaction £ = flu). A chemical
reaction is measured at least three different heating rates
() and the respective conversion curves are calculated oul
of the TG measured curves. For each conversion (2) In
B17? is plotted versus /T, giving rise to a straight line with
slope—E,,/R, therefore providing the activation energy as
a function of conversion [19]. The activation energy results
of modified PVA are displayed in Fig. 5. It was found that,
the activalion energy of PVA was aboutl® kJ/mol at
regression of 9941 %.

Swelling Ratio Results

The effect of K»8,04 on swelling ratio of PYA was shown
in Fig. 6. The crosslinking of PVA through etherification al

ine

bt
<
s

from original viscosity

% Relative dynamic viscosity

i ¢

o 10 20 30 40 30 60 70
tirne {min)

T
80 90 100 110

Fig. 4 Influence of the potassivm persulphare on the viscosity of

PVA with Ka8,04 (a) 2.5 %, (5) 5 %. () 10 % amid () 20 % wiw
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Fig. § Effect of FVA concentration () 2.5 %, ()5 % (e 10 % and
(d) 15 % wiw on the dynamic viscosity of PVA with § % wiw
KaS:0p at 70 C
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Fig, 6 Swelling of modificd PYA with K,S,04

hydroxyl group from PYA was further confirmed through
swelling experiments. These showed  that, the
swelling ratio of PV A decreased with increasing K3S-0y
The swelling ratio of PVA I the presence of 0.25, 0.5, 1,
2.5 and 3 % w/w K850y was 105, 130, 420 and 910 %,
respectively. This results was explained that the high
crosslinking density of PVA in the presence of high
amount of K-5,04 after chemical modification and rear-
rangement of PVA molecule.

results

FTIR Spectra

The possible mechanism of degradation of PVA by using
potassium persulphate is presented in Fig. 7. The potas-
sium persulphate was activated by heat and then changed
free radical. The potassium persulphate free radical reacted
with hydroxy! group from PVA to get the PVA free radi-
cals form. Alter that, the PVA free radicals continued to
react with together and gave the crosslinking product as s
predorninat component as shown in Fig. 7. At the same
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Fig. 7 Possible mechanism of
madified PYA with K,5.04

P8 2 g
i P ]
KO S G G - § 0K SR (050K
i #
o o &
HooH H
~ L
OH
oH H
HoOH H
o
1
beat -0—%-—01‘(
5
H / \ H
NW e RS n "‘1\\(\1\
o oH
H
(‘). H
heat '0"?"0’{
[
PN
- .
/ \ f= -
Sidereacton erdominal onieros siinkeng
0 - on
i Ann (M?m\/ OH {
—5—0 K )
S Q o0 e
A '\{\\/\m«
0 0 0 O
OH
OH
g HG O HO
“’W\\)\/m/\‘\m)\w
o OH  HO
H
heat "

chart susson

time, in cases where considerable elimination of hydroxyl
groups has already occurred, such reactions may only lead
to random scission and liherate unsaturated aldehydes and
ketones. Then, it reacts with PVA molecule. After that, the
PVA molecule occurred chain scission and at same time
short PVA reacted together to crosslinkaged PVA through
ether linkages leading to very high dynamic viscosity of
PVA [4]. ’

Figure 8§ shows the ATR-FTIR spectra of unmodified and
modified PVA. It was found that the chemical structure of
PVA altered after addition of K»5,04 in PVA solution. The
main peak of PYA was observed at 3450, 2930, 2050, 1750,
1640, 1585, 1427, 1331, 1140, 1094 and 916 cm ', The
peak at 1427 em ™ is designated to the CH, scissoring mode
and the peaks at 1375 and 1331 em™" are atiributed to CH;
deformation, In addition, C-O and C-C stretching vibration
peaks appear at 1094 and 916 cm™ ', respectively. The peak
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al 850 em ' was associated with the CH; rocking mode of
PVA. Notably, the peak at 1140 em™, which is related 1o
crystalline C-O strefching vibration, strongly depends on
the degree and rate of erystallization of the PV A matrix [17).
[n addition, the deconvoluted peaks for amorphous PVA and
modified PVA in the range of 1160-970 cm ™! are shown in
Fig. 7. The band at 2930 em™ " is clearly associated with
saturated C-H stretching which when considered in con-
Junction with the relatively low intensity of the conjugation
band at 1585 cm™' compared to the solid residue of PVA.
Three peaks at 1125, 1094, and 1055 ¢m™! are atributed 1o
C-O stretching vibration of saturated alcohol, and the
deconvoluted peaks were located at similar positions in both
cases. It is noleworthy that the crystalline C-O-C stretching
peak at 1140 em™ (Fig. 8 (b) and (¢)) does not appearin the
casc of pristine PVYA. When modificd PV A was heated from
5010300 °Cby TGA, the residue PY A was characterized by
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Fig. 10 TOA thermographs of (@} pristine PVA and (5) crosslinked
PVA

600 °C. The second phase is accompanied with a physical
phenomenon such as melting of crystallites followed by
degradation of PVA at 200400 °C.

The heat required for melting of 100 % crystalline PYA
is 138.6 Mg [19]. Therefore. the degree of crystallinity can
be quantitatively estimated by the enthalpy of melting.
which is the second relaxation in the wemperature range of
200-230 °C. The third stage from 400 °C up 1o 600 °C.
Comparing before and after chemical modification, the
stability of modified PVA at third period was higher than
that of unmeodified PVA at 300-700 °C but at 200-300 °C
the thermal stability of unmodified PYA was higher than
that of modified PVA due to occurrence of PVA chain
scission. It was explained that pseudo-crosslinking due ta
the induced crystallinity in PVA itself can improve its
thermal stability [18]. The maximum decomposition lem-
perature of PVA shifted significamly from sbout 300 °C to
about 700 °C after the PV A was rreated with Ky5.04 It
can be concluded that the thermal stability of modified
PVA increases due to crosslinking product through ester
linkage at hydroxy! group from PVA molecules. The heat
required for melting of 100 % crystalline PVA is 1386 I/
[121. Therefore, the degree of crystallinity can be quanti-
tatively estimated by the enthalpy of melting. which is the
third reluxation in the temperature range of 200-250 °C.

Conclusions

The viscosity of PVA incrcased as a function of the
K850y content. temperature and reaction time analyzed by

Brovkficld Viscometers, The activalion encrgy of modified
PVA with K:5,0¢ was found to be 1635 kl/mol and
regression at 99.41 %. The chemical structure of modified
PVA wilh K38,0y4 chuanged from origingd PYA confirmed
by ATR-FTIR and solid state of NMR due to crosslinking
formation. The swelling ratio of PVA decreased with
increasing K380y, In addition, the thermal properties of
modificd PYA were enhanced after chemical modification,
The resulting naterial will be used in medical or agricul-
ture application in further due to crosslinking formation of
PVA.
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