CHAPTER IV

RESULTS AND DISCUSSION

4.1 Research Objective

As described in Chapter raft copolymenzatlon of styrene

onto starch were concen adlatlon initiation. However,
several approaches have indi e can also be prepared by
free radical reactions using hermal initiation and redox
initiation. With concerning offsai f the preparation method, the
main objective of this#fese fevelop method that can be used to

synthesize starch graft co@olyme

The following sectionsi iI],-' he s is @nd characterization of starch-g-

polystyrene copolymers preparedyia

erization using benzoyl peroxide

as an initiator in o_’;_=‘ ) cal properties of these

copolymers and graftedfy

4.2 Mechanism and Produétseaf Graft Copolyme@rization

AULINYNINEUING

The folioﬂng mechanism is proposed for ﬂaﬁ copolymerlzegon of styrene
e L A N =
process. ‘It can be seen that free radicals obtained from BPO dissociation can react
either with styrene monomer via addition to carbon-carbon double bond or with starch
via hydrogen abstraction (or hydrogen atom transfer). Then propagation occurs. After
termination or chain transfer reaction, several products including starch-g-polystyrene,

homopolystyrene and crosslinked starch are obtained.
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In order to obtain starch-g-polystyrene copolymer, the following reactions are

preferred.
Initiation:
3 NP 21
I- + Starch U Starch- + IH
Starch- + M Starch-M-
Propagation:
Starch-M-
Termination:
Starch-(M)n+1- rCh'(M)2n+2'l

S olystyrene copolymer

Chain Transfer Reaction:

Starch-(M) + Starch-

n+1

L-+odenff S -(M)

rch-g-polystyrene copolymer

However, the foll ‘this results in the formation

of homopolystyrene.

et ﬂUB?ﬂﬂﬂiWB’ﬂﬁ
qmmnmmw Y1 Y

Propagation:

nM
I-M- —_—— I-(M)W-
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Termination:
21-M),..s" S——. -(M) 05!
Homopolystyrene
Chain Transfer Reaction:
I-(M),,, + Starch e Starch- +  |-(M),,,H
Homopolystyrene

The crosslinked starch may be possibly formed from termination by combination

~Ze,
=

as shown below.

Termination:
Starch-(M), .- BAN N Starch-(M),,,,-Starch
R\ _ Crosslinked starch
According to Ne Ict obtained from graft
copolymerization proce . ald ‘- \ o of starch-g-polystyrene and
homopolystyrene. From fh i ; o \ ard, white, and opaque solid.

After homopolystyrene removal by r‘* &;p e , the resulted product expected to
be starch-g-polystyrene became vaque solid. In order to characterize
the starch- -g-polystyrene and, | the brown translucent
residue expected Kﬁ ,ﬂ_j ed. By using some
characterization techniques, the existances of these produ@were proved as presented

in later sections.

UL INYNTNYIN

4.3 Effects of %nxmg Methods, BF}J Purity and Reaction Para{}eters on Graft

RRIANN I 1NN Y

4.3.1 Effect of Mixing Methods

Many reports suggested that the percent of grafting was higher when the
reaction temperatures were near or above gel temperature of the starch [43, 56, 60,

61]. Therefore, three different mixing methods were employed as previously mentioned
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in Chapter Il (Method A: using the starch pre-gel and adding the initiator at room
temperature, Method B: using the starch pre-gel and adding the initiator at the pre-gel
temperature, and Method C: mixing all the raw materials at the same time). Tables 4.1
shows percent add-on, percent conversion, amount of homopolystyrene formed,
grafting efficiency, grafting ratio, and yield of starch-g-polystyrene copolymers prepared
from 5 g of starch, 5 g of styrene monomer and 1.0 g of unpurified BPO using reaction

time of 2 hours and reaction temperature of 80°C with different mixing methods.

ly@ene copolymers prepared with

Table 4.1 Grafting characteri

different mixing methods

—

Mixing Percent P Pe Percent Percent
Method Add-on ONVersi ; in Grafting Yield
g ie Ratio
A 28.04 37.04 86.42
B 20.49 33. 23 25.22 82.75
C 25.76 ; 32.70 85.75

ethoq:ﬁ} Method A since it gives

It can bﬂeen

highest percent add-on (28,04%) and percent, grafting efficiency (38.24%). This is
& Y

because, at pﬂeuag (rﬂ %cﬁ%ﬁoﬁe&}/@};ﬁﬁo the probability of

hydrogen abstragion from starch chau?s would mcrease However, addlng BPO at pre-
gel te(ﬁrﬁ'f(‘a(ﬁ ﬁ ﬁ m ﬁ% E']éaltw Eel f‘/ﬂ pEl:ent add-on
(20.49%) qand percent graftin S‘g)mency 30.23%). This may be due to the cage effect
Caused by the viscous starch gel that results in recombination of the radicals formed
from BPO dissociation; consequently, the number of the radicals involving in initiation
process decreases. In the case of Method C, this method gives the moderate results but
it seems to be the simplest and easiest method because less time and energy are

consumed. In addition, this method has a potential to apply for pilot scale. Therefore,
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this mixing method was used to synthesize starch-g-polystyrene copolymers for further

studies.
4.3.2 Effect of BPO Purity

Table 4.2 shows grafting characteristics of starch-g-polystyrene

copolymers prepared from 5 g of starch and 5 g of styrene monomer using reaction time

of unpurified and purified BPO.
=

Table 4.2 Grafting chara _Of stareh-g-palystyrene copolymers prepared with

of 2 hours and reaction temperatur f 8

. d
jiel
\‘\

R

unpurified and purified BPO

Type of Percent Percent Percent
BPO Add-on Grafting Yield
Ratio
Unpurified | 25.76 32.70 85.75
Purified 28.28 36.76 86.37

It wa ‘."9 e obtained copolymer

had better grafting LV%'FA;V Jfitiés in BPO can possibly

destroy the radicals pr&nt in the'sys mber@ the radicals involving in

initiation process decreasg: E?m this result, Uas preferred to use purified BPO to

oo B AREBRGIE NS
PRINERTRANING A Y

The effects of several reaction parameters including initiator

concentration, reaction temperature, reaction time, and ratio of starch and styrene

monomer were studied. The results are reported below.

4.3.3.1 Effect of Initiator Concentration
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Table 4.3 and Figure 4.1 show all grafting characteristics of
starch-g-polystyrene copolymers prepared from 5 g of starch and 5 g of styrene
monomer using reaction time of 2 hours and reaction temperature of 80°C with different
amounts of BPO. It can be seen that percent add on and percent grafting efficiency
continuously increase as the concentration of BPO increases. This is because more free
radicals are formed when higher amounts of BPO is used. As a result, the probability of

graft initiation increases. But as the amounts of BPO are higher than 0.5 g, both percent

equently the probability of

hydrogen abstraction whic ‘ \\ \

Thus, it can be concluded um-wéight ould be 0.5g.

e orted by Misra et al. [39].

Table 4.3 Grafting cha

different amount of BPO

\\ opolymers prepared with

Weight of Percent Percent.-_l’,?' ercen T _ Percent Percent Percent

nitator | Adc-on (R iR N | =t | viel
() - _::_: ‘)| Ratio
0.01 4.14 55.90 £ 7410 414 75.81
0.05 17.19 6207 68.59 31.41 19.72 78.40
0.1 aﬂgu %Qﬁn EI m 1 &}'2'} ﬂ ‘541.30 88.14
0.2 328 88.11 50 59 49.47 43.55 87.54
A RN N IRENE) =
04 9| 34.03 92.75 48.86 51.14 47.43 88.71
0.5 35.87 95.64 46.09 53.91 51.26 88.08
1.0 28.28 96.56 61.95 38.04 36.76 86.37
1.5 20.23 106.15 7714 22.86 24.24 87.67
2.0 16.04 115.95 84.31 15.69 18.80 89.39
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4+ Addn ® Conveson —+— Homopdymer —%— Grafingeficiency  —%— Grafingratio  —— Yeld

120
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4.3.3.2 Effect/of Réaction Time

L« 0_StUGy —tne —elect —of —reacton—lme, Starch-g-po]ystyrene

I

copolymers were prepared emonomer and 0.5 g of BPO

U

using reaction temperatdre of 80°C and reaction time of 1, 24and 3 hours. Table 4.4 and
Figure 4.2 sho i‘ﬁ i 0,Gh a? i chieved at reaction time
of 2 hours. Hoﬁﬂﬂct nﬁﬂmu tﬂﬁjﬁiroent conversion of
39.79% indicates that the reaction vére far from edmpletion. On thefother hand, at
reactiﬂtiwaﬁﬁ,ﬂogwurm:t;&s ﬂlalﬂ& than those
obtainedqwith reaction time of 2 hours. This may be due to thermal degradation of

polymeric chains. From these results, it can be concluded that the reaction time of 2

hours is suitable for this graft copolymerization system.
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Table 4.4 Grafting characteristics of starch-g-polystyrene copolymers prepared with

different reaction times

Reaction Percent Percent Percent Percent Percent Percent
time Add-on Conversion | Homopolymer Grafting Grafting Yield
(hour) Formed Efficiency Ratio
1 29.26 39.79 52.80 4719 39.76 85.97
2 35.87 95.64 53.91 51.26 88.08

3 33.08 50.14 44.87 86.68

—*— Add-en —®— Conversio

Herflopolyme Srafting ency —*— Grating ratioc —® VYield
7T O °

100

80 1
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Figure 4.2 Graﬁpg Characteristics cg"lst;vrc]v-g-polystyrene copolymers prepared with
& - o/
FRIAINTWTRTINY1a Y
3 ‘

4.3.3.3 Effect of Reaction Temperature

To study the effect of reaction temperature, starch-g-polystyrene
copolymers were prepared from 5 g of starch, 5 g of styrene monomer and 0.5 g of BPO
using reaction time of 2 hours and reaction temperature of 70, 80 and 90°C. Table 4.5

and Figure 4.3 show grafting characteristics of the obtained copolymers.
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Table 4.5 Grafting characteristics of starch-g-polystyrene copolymers prepared with

different reaction temperatures

Reaction Percent Percent Percent Percent Percent Percent

Temperature | Add-on | Conversion | Homopolymer Grafting Grafting Yield
{'c) Formed Efficiency Ratio

70 22.49 I.00 63.36 36.63 28.47 83.68

80 3587 | 9564 nNA809f 4L 5391 5126 | 88.08

90 31.79 o2 S‘&‘ 46.67 42.99 87.70

120

100

60 -

Percent

40

20
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sy

It can be seen that the maximum grafting characteristics can be

‘o

ARUTHERTHYIRT

—
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—*— Grfating ratio —®— Yield

Temperature (C)

95

ild

:ﬁﬁxﬁ{gama with

achieved at 80°C which is the most suitable temperature for dissociation of BPO into free

radicals. Therefore, more free radicals are obtained at this temperature than at lower

temperature such as 70°C. Furthermore, 70°C is closed to gel temperature of starch so

the viscosity of the system is higher than that at 80°C. Consequently, cage effect in the
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former system is higher. At 90°C, grafting characteristics of the copolymer are lower
than those of copolymer prepared at 80°C. This may be due to an acceleration of some

termination processes whose exact nature remains to be elucidated [38].

4.3.3.4 Effect of Ratio of Starch and Styrene Monomer

To study the effect of the ratio of styrene monomer and starch

used in grafting, starch-g-polystyrene &op ere prepared using different ratios
of both reactants and the sai “am ‘ 'g). The reaction time and the
e h

°C, respectively. The results

Table 4.6 Grafting ch stié -polyst ' opolymers prepared with

Ratio of Percent Percent Percent
Starch:Styrene | Add-on Grafting Yield
monomer (g:g) == —Forme: | Efficiency Ratio

1.9 28.7 J0.75 1215

2:8 20.7] 68t 213 | 7177
37 385 Jfj 7756 56.02 | 79.20
4:6 %74 | 79,09 5341 | 4659 | 527 | 8300
< AUENURSNIN = | =
6:4 25.23 | 98.03 49.13 50.87 | 33.25 | 9341

AN TD 0T o e

9:1 - = - = = -
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Figure 4.4 Grafting ¢

, \\ e copolymers prepared with

\
differéht rafios offStercha@nd sty onomer.
As showsenTable 4.6¢ e 4.4, the suitable ratio that gives
the best grafting chagelteristics is 5:5. Since the vise Ositi :-:—-;:,u_n* systems increase with
! = \

increasing the amou °'r" ee radicals to diffuse to

starch backbone. Theréfore, grafting initiation decreases. Off the other hand, increasing

e AT
oA SRIR NN A Y

As previously mentioned in Section 4.2, the product obtained from graft
copolymerization process would be a mixture of starch-g-polystyrene and
homopolystyrene. Therefore, soxhlet extraction was used to separate these two

components. Then acid hydrolysis was used to hydrolyze starch-g-polystyrene in order
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to obtain grafted polystyrene. All polymers were then characterized by the several

techniques and the results are given as follows:
4.4.1 Analysis of Chemical Structures

Fourier Transform Infrared Spectroscopy (FT-IR) was used to analyze

chemical structures of cassava starc wder, cassava starch gel, polystyrene

reference, starch-g-polystyrene ¢ xtraction, the graft copolymer after
as showr 4.5 (a) to 4.5(f), respectively.

extraction, and the hydrolyze

M E
L el & J | 7Y
9, g0 -
T 7pd
%
T 50 =
] T ?U i
o, A .
S N -
% 40 fe i) Vw’lf*““‘”"‘t “"“"""
T 20 4 () lj

= Augimundmng =
ARIAIN TN INAY

Flgure 4.5 Infrared spectra of (a) starch powder, (b) starch gel, (c) polystyrene

reference, (d) starch-g-polystyrene copolymer before extraction, (e) starch-g-

polystyrene copolymer after extraction, and (f) hydrolyzed product.

It can be seen that infrared spectra of cassava starch in the powder and

gel forms are identical. They show the O-H stretching peak at 3300-3500 cm’, the C-H
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stretching peak of CH, group at 2850-2950 cm”, and the C-O stretching peak at 950-

1200 cm”. The spectrum of polystyrene reference indicates the peaks coresponding to

aromatic ring at 3050 cm”, 1650 cm’, and 650-800 cm™.

Before soxhlet extraction, it is clearly seen that the product shows the
characteristic peaks of both starch and polystyrene. This suggests the possibility of
grafting.  After soxhlet extraction, those i acteristic peaks are still observed but with

A
lower intensities of those peaks correspondint
o
those peaks corresponding towstarch. This

e

Ogpolystyrene and higher intensities of
pdicates that homopolystyrene was
removed. After acid hydrolysis.eithe -’-.., ne hydrolyzed product gives the
spectrum which resemblas ~ n.'; This suggests that this
hydrolyzed product is grait€d golySieneAFrom this results, it can be concluded that

graft copolymer of starch add sif/rahe

4.4.2 Determinatio

' \\: of Grafted Polystyrene

By using GPGC, it Mias*ic olecular weights and molecular

L]

weight distributions of grafted ‘e_r.g,.«:é. e ,g_;- opolystyrene were comparable as

shown in Table 4.7. 1S suggests that once the initiations o E"“ , the propagation rates

Table 4.7 GPC act F tﬁﬁ %s%éwﬂ‘ gmfﬁ ?ystyrene formed in
starch-g-polyst uﬁm izat Oﬁ
¢ o /

of both polystyrenes a Athe

ren
Y
q W’] ai a:t I j gwwﬁ Ibl q 3 Ii Ej, I ﬁi % jdispersity
Homopolystyrene 4917 11984 23538 39541 2.44

Grafted polystyrene 4761 10103 17354 26228 212
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4.4.3 Determination of Grafting Frequency

The grafting frequency, being defined as the number of anhydroglucose
units between two polystyrene chains which graft onto starch backbone, can be

determined from the following equation [59].

(100 - %add -on) / 162

//d on /MW graft

The grafting ffeqlency offthis is 111.50. This means that at
s the D0lySty

4.441Th j \ SIS

Grafting frequena

approximately every 111 e chain can be observed.

4.4.4 Thermal

. S determine percent weight loss and

decomposition temperature (T,) All TGA results and TGA thermograms

of the samples are shoy ur 4.11, respectwely

ﬂrmog ams ¢ rehpowder ar.a starch gel as shown in
Figures 4.6 and 4.7, respgc%ly, are comparigle. They both show two decomposition

stages. The irﬁl ugﬂ % ‘wbﬂ wrﬁwﬁﬂt ﬁp‘iximately 50°C. This

corresponds to %e loss of moisture ?bsorbed in both starches. Further weight loss
occursa ﬁﬂwﬁ@ﬂc‘im wwowmuaoﬂe starch. At
800°C, le&§s than 1.5% of starch powder and about 8% of starch gel do not decompose.
On the other hand, TGA thermogram of homopolystyrene reference shows that
polystyrene has only one decomposition stage which is at 390°C and it completely

decomposes at 450°C.
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Table 4.8 Thermogravimetric data of all polymers involving in graft copolymerization of

starch and styrene monomer

Polymer Number of Onset % Weight loss % Residue at
decomposition decomposition 800°C
stage temperature (°C)
Starch powder 1 50 6.7 1.5
2 91.8
Starch gel 1 6.6 8.5
92.9
Polystyrene 0
reference
StOH-g-St# with 7
homopolystyrene
StoH-g-st” 85
without
homopolystyrene
Grafted 0
polystyrene

- repreﬂtsu &j@mmfw B ﬂ P

QW]ﬁ\ﬂﬂ‘iﬂJ UNY

I8
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Figure 4.7 TGA thermogram of cassava starch gel.
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Figure 4.9 TGA thermogram of starch-g-polystyrene copolymer with homopolystyrene.
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Figure 4.11 TGA thermogram of grafted polystyrene.
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Three decomposition stages were observed for starch-g-
polystyrene copolymer with homopolystyrene (before extraction) as shown in Figure 4.9.
The initial weight loss at 50°C is due to the loss of the moisture absorbed in starch
portion. The next decomposition stage is at 303°C. This stage corresponds to the
decomposition of starch portion of the graft copolymer. The last decompostion stage at
387°C is a result of a decomposition of polystyrene portion of the graft copolymer.

Starch-g-polystyrene copolymer without homopolystyrene have four decomposition

stages (Figure 4.10). The loss of in starch portion results in the first

decompostion stage wherea el econd stage may be caused by

dem@aroh and polystyrene occur

at third stage (303°C) and f stede (B8 f'\\ sspectively. It was also observed that
f .[ [ages ce a\':\;: to determine percent add-

decompostion of some im

the ratio of weight loss in thifel 26

on and grafting ratio as follgWs:

Percent add - o

and  Grafting ratio = =

=

.
e

-d—on and grafting ratio
calculated by the theormal method

, 69] and by TGA r@zlts. It can be seen that the
values obtained from botH methods are comfafable. This suggests that TGA analysis

— @M&Qeﬁﬂﬂ%@m&@ﬂgﬁt ——
R ARSI INE R

Theoretical Method TGA results Different of

Calculation
Percent Add-on (%) 35.87 35.01 0.86
Grafting Ratio (%) 51.26 53.87 2.61
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However, it can be seen that the graft copolymer has lower
decomposition temperature than starch powder and starch gel. This result is in contrast
with the result obtained by Vilas and Vidyagauri who grafted acrylamide onto granular
maize starch [44]. Since using granular form of starch results in grafting only onto the
surface of the granules, the grafted polyacrylamide can reduce the direct thermal attack
at the starch molecules. On the other hand, using starch powder or starch gel as done

in this research increases the possiblility of polystyrene chains to graft onto starch

backbone at random positions. T ’ rgh molecules do not closely pack as

they do before grafting and thissmake ; h come easier. Consequently, the
J.

decomposition temperaturé ~ mthan that of cassava starch

one decompostion stage aif: : ch IS ‘ /e - » t of polystyrene reference
(390°C). This may be Sratlire (about 110°C) used for

starch hydrolysis decrea
4.4.4.2 Differe al yCan ng,

ating the glass transition
temperature (T,) of a w er. Th "“ can be determined by
two methods: (i) using j' onset point of the transition and @usmg the mid point of the
transition [44]. In this res‘aﬂn the second faéthod was used to determine T Two

neating cycles ﬂre‘un&m Y BT AF Qe s st .

This is because second heating cycle providesgamore informatignson reversible

et B AR B HRAD IR G e
are concﬂ.lded in Table 4.10 and DSC thermograms of all samples are shown in Figures

4.12-4.17.
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Table 4.10 T of the polymers involving in graft copolymerization of starch and styrene

monomer

Polymer T, at 1¥ running (°C) T, at 2" running (°C)

Starch powder - -

Starch gel - -

Polystyrene reference 98 85.012

StOH—g-St# with 87.717

homopolystyrene

StOH—g—St# without -

homopolystyrene

NN
Grafted polystyren // // 5 .\\ \N\\“ 87.548

#
Where  represents starch- ;

|

.
? ?ﬂﬂﬂiﬂﬂ’

4 wwmmmumw Y1 Y

Figure 4.12 DSC thermogram of cassava starch powder.
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Figure 4.14 DSC thermogram of polystyrene reference.
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Figure 4.16 DSC thermogram of starch-g-polystyrene copolymer without

homopolystyrene.
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polystyrene.

DSC tf peams of Siakeh pov der and starch gel are shown in
Figures 4.12 and 4.13, respectl "one broad peak. While the top of

endothermic peak of starch.g oeak of starch powder is 145°C.

This may be attnbut "'-'_" ----- oiSture cor s : previously reported
by Véronique, et al. [6 nt of water present in the
starch since it acts as a p .Jastlmzer for starch. They found that T, of starch decreased

with mcreasrnﬂéuﬂ QTJ/?] ﬂ?ﬁ Ej?f?'éf?f ermogram showed
the range 0 to 1

one broad endoqermrc peak in 0°C and the temperature at the top

S N e A

absorb moisture from atmosphere. Since the molecules of starch gel are more
expandable than those of starch powder, they can absorb more moisture. Therefore, the

starch gel shows lower temperature at the top of endothermic peak.

DSC thermogram of polystyrene reference in Figure 4.14

indicates that T of polystyrene is 98°C for first heating cycle and decreases to 85°C for
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second heating cycle. This may be because after first heating cycle at 200°C, some

polystyrene molecules start degrading.

On the other hand, DSC thermograms of starch-g-polystyrene
copolymer with and without homopolystyrene show both starch and polystyrene
characteristic peaks in the first heating cycle as shown in Figures 4.15 and 4.16,
respectively. This suggested that both samples compose of starch and polystyrene.

However, after second heating cyc‘Ie DOt

&

nples do not show starch characteristic

peak and polystyrene characteristic' peak Ao appears in starch-g-polystyrene
copolymer with homopolystyfénessample. Thi éause after first heating cycle,
starch molecules degrw deg \m. grafted polystyrene chains.

Furthermore, grafted p « le] ~ t as shown in Figure 4.17.
Therefore, grafted nore  degradation than
) T, existence. The same

phenomenon was also re shiteil _ 7,{ he grafting of styrene onto

4.4.5 Morphological Analys

Morp ical characteristi L:;_'"j obtained from SEM as
shown in Figure 4.18 t@Figure ows that cassava starch powder

composes of granules W|t‘n different sizes and shapes The surface of these granules

are smooth evﬂ umweﬂ%ﬁw Mﬂr’ﬁed it shows rough

surface as showq in Figure 4.19. For polystyrene |ts surface is smooth as shown in

“g“fe%ﬁmmﬂim UANINYAY
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Figure 4.19 Scanning electron micrograph of cassava starch gel.
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pOlystyrene reference.

Figure 4.21 Scanning electron micrograph of starch-g-polystyrene copolymer

with homopolystyrene.



Figure 4.22 Scafining Iron‘,hgiéf I p‘? Of starcheg-polystyrene copolymer

b ke § ¢
Lo Wil

Figure 4.23 Scanning electron micrograph of grafted polystyrene.
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From Figure 4.21, it can be seen that the micrograph of starch-g-
polystyrene with homopolystyrene shows smooth spherical beads embedding in smooth
surface. On the other hand, the micrograph of starch-g-polystyrene without
homopolystyrene shows smooth surface consisting of many holes with different sizes as
shown in Figure 4.22. Therefore, it can be concluded that the beads found in Figure 4.21
are homopolystyrene beads. The formation of the spherical beads was achieved since

the process used for grafting can produce condmons for suspension polymerization

of homopolystyrene as previousl rted 0, Ph|l||p and Archie [69]. Due to

stirring and hydrophobic chagacteristic er, the monomer droplets are

formed and since benzoyl XIdE is S inwthese. droplets, polymerization of
styrene monomer in the - Aoy, the spherical beads of
homopolystyrene are ob dutd 423 shows. the

being smooth similar to theuridealof Solvstr ne\reference (Figure 4.20).
4.4.6 Solubility Behav.

The results of ol r;.l St are given in Tables 4.11 - 4.15. It was found
.i.

that starch- g-polystyrene copolyfsr-Shoy w, ndency to be soluble in solvents

which can solubilizes: an ;i polystyrene. This
Y |

suggests that starch-g-po drophilic characteristic than

polystyrene but lower™ydrophilic characteristic than stafch. This phenomenon is

- ziﬁwwfwmﬂﬁ
’ol mmn:mm Wl’i pl EL;lMJe

of crosslmked starch that would occur during grafting process. As previously proposed,
crosslinked starch can be obtained from combination termination of two starch-g-
polystyrene radicals. Normally, the crosslinked molecules cannot be dissolved in any
solvent. In this research, starch-g-polystyrene copolymer was completely soluble in
solvent such as DMSO; therefore, this suggests that no crosslinked starch was formed in

grafting process.



Table 4.11 Solubility behavior of polymers in water

76

Room tempera- 50 60 70 80 90 100
ture (°C) (¢ | (o | (o | (o | (o | (o
Starch powder SW-4 SW-5 SW-5 SL-3 SL-3 SL-4 -
Starch gel SL-4 SL-4 SL-5 SL-5 SL-5 SL-5 SL-5
Polystyrene X X X X
reference
StOH-g-St o SW-3 | SW-3 :
StOH-g-5t 2 SW-4 | Sw-4 .
Grafted X X X
polystyrene

# . '
1:starch-g—polys’(yrene cgpolyme

-
2. starch-g-polystyrene cop

SW = swell, SL = soluble, X =
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Table 4.12 Solubility behavior of polymers in dimethyl sulfoxide (DMSO)
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Room tempera- 50 60 70 80 90 100

ture (°C) ¢y | o | (o | o | (o | (o
Starch powder SW-4 SL-2 SL-3 SL-4 SL-5 SL-5 -
Starch gel SW-5 SL-2 SL-3 SL-4 SL-5 SL-5 -
Polystyrene X 3 SL-5 SL-5 -

reference
StOH-g-St " SL-2 | SL-3 -
StOH-g-st 2 sL-3 | sl4 | -
Grafted SL-5 SL-5 S
polystyrene

# /
be starch-g-polystyrene g@poly
-
2 starch-g-polystyrene cogoly,

SW = swell, SL = soluble, X =

]
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Table 4.13 Solubility behavior of polymers in chloroform
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Room tempera- 50 60 70 80 90 100
ture (°C) c)y | o | Co | (o | (o | (o
Starch powder X X - . = . 2
Starch gel X % - 5 5 5 .
Polystyrene SL-4 - - = " - .
reference
StOH-g-st ™! SW-Tug ¥ ] ] i ]
StOH-g-t *2 - - -
X Grafted | . : - -
polystyrene -
8, starch-g-polystyrene ﬁ hoffiopol
o : starch-g-polystyrene cgpol tyréne
SW = swell, SL = soluble, X =ffot | ,‘,;.,”
5 = very good, 4 = good, 3 = mode ' = very poor
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Table 4.14 Solubility behavior of polymers in tetrahydrofuran (THF)

79

Room tempera- 50 60 70 80 90 100

ture (°C) (°C) (c) (°C) c) | (o) | (o)
Starch powder X X X - = - -
Starch gel P - X X - - - =
Polystyrene = = -

reference
StOH-g-St i - - -
StOH-g-5t *2 - - -
Grafted - - -
polystyrene

#1 v
. starch-g-polystyrene cgpolyims

# BT N i
2:starc:h-g-po!ystyrene copllymerwith

SW = swell, SL = soluble, X = 6!
5 = very good, 4 = good, 3 = modére
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Table 4.15 Solubility behavior of polymers in benzene
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Room tempera- 50 60 70 80 90 100
ture (°C) (°C) (°C) (°C) o) | (o | (o
Starch powder X X X X - - -
Starch gel X X X - X - - -
Polystyrene - " .
reference
StOH-g-st ™" — L X = : -
Grafted 3 ‘ %‘” ‘ \b;}\x\‘\ - - -
polystyrene v A// l ‘\\N\\

: 7//829\\\
1:starch-g—poly'styrene c@polymer wit rHom @&L. ne

#2 i
: starch-g-polystyrene cogllygierw
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4.4.7 Moisture Absorption

—#— starch powder —#— gel starch —&— StOH-g-St b/f Soxhlet —*— StOH-g-ST a/t Soxhlet —%— polystyrene

3

&

8

8

% moisture absorptic

—
(@]

Figure

A plot of percent as a function of time is exhibited in

Figure 4.25. Because of i . can _absorb high amount of

moisture from atmospliefe=An-abserntion - very nign ¢ ‘ first and then it slowly
increases until it reac e equ an be& seen that starch gel can
absorb more moisture than starch powder. Thrs is because starch molecules in gel form

are more exp yﬁ @J ﬂﬁmwmﬂ ﬁse in powder form;

therefore, it is eqr r for water molecu es to penetrate and form hydrogen bonds with

1 ST IIa

Unlike starch, polystyrene has very low percent moisture absorption due
to its hydrophobic characteristic. This suggests that starch-g-polystyrene copolymer is
expected to have percent moisture absorption in between those of starch and
polystyrene. However, it was found that starch-g-polystyrene copolymer had higher
percent moisture absorption than starch powder. Although starch-g-polystyrene

copolymer consists of hydrophobic molecules of grafted polystyrene which cannot form
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hydrogen bonds with water molecules but the presence of grafted polystyrene disturbs
molecular packing and hydrogen bonding between starch molecules. As a result, there
are more voids and more hydroxyl groups on starch backbone in copolymer than in

starch powder for water molecules to diffuse through and to form hydrogen bonds with,

respectively.

On the other hanao starch-g-polystyrene  copolymer  with
homopolystyrene has lower percentim Ire absoption than starch powder. This is due
to the presence of homOp_ t‘__ an aggregate between grafted
polystyrene chains and ob id -,‘__ can diffuse through. This

prevents the absorption of maeist e copolymer.
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