CHAPTER 1V

RESULTS AND DISCUSSION
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Benzoyloxy radicals (CsHsCOO*) can further dissociate into phenyl radicals

and carbon dioxide.

C¢HsCOO*® —_— CeHs* + CO; (4.2)
phenyl radical
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Benzoyloxy and phenyl radicals formed can either initiate grafting of MMA
onto starch backbone via hydrogen abstraction or homopolymerization of MMA via
free radical addition. These interactions can be occurred in two different pathways as

schematically presented below.

+ nM —» homoPMMA-

|

R——> homoPMMA + R-

starch-M* + nM—»

J |

starch-M),+1* + R
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where I° & LsHsCOO® or gHs"
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copolymejization would mostly be a mixture of starch-g-PMMA and homoPMMA in
the form of fine white powder as shown in Figure 4.1. After homoPMMA removal by
Soxhlet extraction, the resulted product expected to be starch-g-PMMA became coarse
white powder , as shown in Figure 4.2. On the other hand, as demonstrated in Figure
4.3, homoPMMA flakes were translucent and white. Figure 4.4 shows slightly
yellowish residue expected to be grafted PMMA obtained from acid hydrolysis of
starch-g-PMMA. By further characterizations, the existences of these products were

proved as presented in the following sections.



Figure 4.2 Starch-g-PMMA after Soxhlet extraction
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Figure 4.4 Grafted PMMA obtained from acid hydrolysis
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4.2 Chemical Structural Analysis

As previously mentioned, the product obtained from graft copolymerization
would be a mixture of starch-g-PMMA and homoPMMA. Therefore, Soxhlet
extraction was used to separate these two components. Then acid hydrolysis was
employed to hydrolyze starch segments of the graft copolymer in order to obtain

grafted PMMA. The chemical stru !he products resulting from each step were

spectroscopy and the results are

The FT-IR spee assdva  stareh 1n™Figure 4.5 (a) displays the
characteristic peaks o  afy waver \ ge of 3500-3100 cm™, C-H
stretching at 2932 cm”g@n fretching atil \ .

In Figure 4.5 (b), ty Arac fistik séons .', bserption peaks of ester groups in
PMMA reference are ob el 4 cale ath 1730 cm’’ corresponds to C=0
stretching, the peak at 12 | racteristic of C-O stretching. In
addition, the peaks corresponding ing are observed at wavenumber of

1 -
2993 and 2952 cm™. | | J:?:_%T,:&,

________________________ ok =7 S ¥
The FT-IR -wr“ of-st: Araction is shown in Figure
4.5 (c). It can be seen that aracteristic peaks of both cassava

starch and PMMA. After Soxhlet extraction, all the characteristic peaks of cassava
starch and P ti "Ai A" lessyi ities in those peaks as
shown in Flmu:ﬁ':a ﬂgﬂﬂﬂlﬂmajemoved while grafted
PMMA still attach on starch back d@ Figure 4,548) manifests the'FT-IR spectrum of
e AN VS VIl STLELLR B, = e
reference.qln addition, Figure 4.5 (f) shows the FT-IR spectrum of hydrolyzed product
obtained after acid hydrolysis of the graft copolymer. Its spectrum also resembles to
that of PMMA reference. This suggests that this hydrolyzed product is grafted PMMA.
Therefore, based on these FT-IR spectra, it can be concluded that the graft copolymer

of cassava starch and MMA monomer could be synthesized via free radical

polymerization using BPO as an initiator as proposed in this research.
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Surface morphology of graft copolymers and their components was studied by

SEM and the results are presented as follows.
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Figure 4.7 SEM photomicrograph of starch-g-PMMA copolymer

before Soxhlet extraction



Figure 4.9 SEM photomicrograph of homoPMMA
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granules vary in shape - hoWeve “mostly ate in spherical shapes which are

truncated at one end. Their'di 18 314 ) om Sto 35 pum but usually 20 pum.

: TR ;

SEM photomicrograph =é::u",q,_f;!.:; vIN opolymer before Soxhlet extraction

in Figure 4.7. It is.obvi S¢ hat the Ol L siaft copolymers have rough
YIOUSy Sech Ihat W6 O =

s cf homoPMMA. After Soxhlet

extraction such beads-disappeared, as seen in SEM photomicrograph of starch-g-

PMMA copoly ﬁcﬁl%ﬁ ion 4;.1 spherical beads were
achieved sinceﬁ ssi use m 1d ?ﬁe the conditions for
suspension polyqr'lnerization of homoPMMA. Due to stirringg.and hydrophobic

charactéaigtig/of NN bnbmer{ thé dndfher rapldfd e fofedt nd since BPO

was soluble in these droplets; therefore, the polymerization of homoPMMA occurred in

surface embedding w - arls

these droplets. Consequently, the spherical beads of homoPMMA were obtained. This
similar phenomenon can be observed in the synthesis of cassava starch-g-polystyrene
via free radical polymerization using BPO as an initiator as previously reported by

Kiratitanavit [37].

HomoPMMA and grafted PMMA were also analyzed by SEM, and their
photomicrographs are exhibited in Figure 4.9 and 4.10, respectively.
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4.4 Effects of Reaction Parameters on Grafting Characteristics

Graft copolymerization of MMA monomer onto cassava starch was carried out
at 80°C using various amounts of both reactants and BPO, and different reaction times.
Effects of these reaction parameters on grafting characteristics including percent yield,

percent monomer conversion, percent homopolymer formation, percent grafting

d-on were studied and reported.

, m B, C is used. A represents the

A monomer and C represents

efficiency, percent grafting ratio,

For all discussio

the.amount of BPO.

4.4.1 Effects of Reactio

After graft copoly (10w, . the .obtaie oduct was weighed and percent
yield was calculated. The effects;of all reaetion parameters on percent yield are

exhibited in Figure 4l of all ] tdl, data and calculations are

The results shown in Figure 4.11 indicate that ﬂe reaction time has slightly
effect on the ty i ‘di ,ani M i 1 that the amounts of both
reactants and ﬁ)ﬂﬁ si iﬂﬁeﬂiﬂiﬂ JI] ?s the amount of BPO
increases, the, tendency for initiati'sn increasesi=hence, the oppértunity of MMA
monomﬂtﬁ&ﬁ{éﬁcﬁemm:]aenﬂra szglroducts cannot
dissolve i‘rlx both water and methanol used respectively as a solvent for grafting process
and a nonsolvent in precipitating and washing steps, they can be collected. On the
other hand, small molecules such as unreacted MMA monomers can dissolve in
methanol; therefore, they will be removed in washing step. Consequently, lower yields
are obtained as MMA content increases. Furthermore, it can be seen from Figure 4.11

that the lowest percent yield (41.06%) was obtained when 2.5 g of starch, 7.5 g of
MMA monomer, 0.01 g of BPO, and the reaction time of 1 hour were used.
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4.4.2 Effects of ReactnonkParameters on P&fent Monomer Conversion
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From Figure 4.12, the results indicate that the amount of BPO is the main

parameter affecting the percent monomer conversion. It is clearly seen that as the

amount of BPO increases, the percent monomer conversion tends to increase. This is

because higher amount of BPO results in higher probability for initiations of both graft

copolymerization and homopolymerization of MMA monomers.
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The amount of reactants also shows significant effect on percent monomer
conversion. When comparing among the same experimental series, the highest percent
monomer conversion is achieved when the amount of starch and MMA monomer is
equal. Since the viscosities of the systems increase with increasing the amount of the
starch, it is more difficult for every molecular species to diffuse to each other.
Consequently, the initiation and the propagation of the systems decrease. On the other

hand, at low amount of starch, the viscosities of the systems decrease. As a result, the

ization.

termination can easily occur sin controlled reaction and this results in
less reactive sites for both gr &l

'-.—
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Figur€ 4.12 Effects of reaction pai'ameters on percent monomer conversion

From Figure 4.12, it can also be seen that the reaction time also affect the
percent monomer conversion for each experimental formula. This suggests that there is
a suitable reaction time for each formula in order to complete the reaction. If the
reaction time is too short, the reaction time does not complete. On the other hand, if the

reaction time is too long, a possibility of chain degradation can occur.
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4.4.3 Effects of Reaction Parameters on Percent Homopolymer Formation

Theoretically, graft copolymerization of vinyl monomers onto starch backbone
is always accompanied by a homopolymer formation. Hence, MMA monomers in the
reaction mixture not only grafted on starch backbone, but also formed homoPMMA.
The effects of the amount of reactants, the amount of BPO, and the reaction time on

percent homopolymer formation in Figure 4.13. The details of all

experimental data and calculati
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Figure 4.13 Effects of reaction parameters on percent homopolymer formation

It can be evidently seen from Figure 4.13 that the amount of BPO is the main
parameter affecting the percent homopolymer formation. Since higher the amount of
BPO is used, higher the free radicals are generated, the initiations of both graft
copolymerization and homopolymerization of MMA monomers increase. However, at

high BPO content, too many free radicals are formed from BPO dissociation. As a
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result, an addition to MMA monomers is more thermodynamically favorable than
hydrogen abstraction which results in graft initiation. Therefore, the probability of graft
initiation decreases while that of homopolymerization increases. Similar observations
were reported by Kiratitanavit [37] and Misra [43]. However, due to an increase in the
viscosities of the systems as the amount of starch increases; therefore, the systems with

high amounts of starch show lower percent homopolymer formation than those with

4.4.4 Effects of React? on Percent Grs tmg Efficiency

equal amount of starch and MMA mon.
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Figure 4.14 Effects of reaction parameters on percent grafting efficiency

Figure 4.14 demonstrates the effects of the amounts of reactants, the amount of
BPO, and the reaction time on the percent grafting efficiency. The details of all

experimental data and calculations are also shown in Appendix A.
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In principals, there is the correlation between percent grafting efficiency and
percent homopolymer formation. As previously described, graft copolymerization is
always accompanied by a homopolymer formation. If the homopolymer formation is

high, the percent grafting efficiency will be low.

4.4.5 Effects of Reaction Parameters

=\
The effects of the amounts o reacttﬁfnount of BPO, and the reaction

time on the grafting ratio arg.exhibited by all eusves in Figure 4.15. The details of all

ercent Grafting Ratio

experimental data and calculéfior / alteady shown'ii Appendix A.
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Figure 4.15 Effects of reaction parameters on percent grafting ratio

The results shown in Figure 4.15 indicate that the amount of reactants is the
main parameter affecting percent grafting ratio. It is clearly seen that high percentage

grafting ratio can be obtained only when the amount of MMA monomer is higher than
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the amount of starch. This is because when MMA molecules increase, the probability
for grafting also increases. However, the amount of BPO and the reaction time also

have effects on this characteristic by means as previously described in aforementioned

sections.
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Figur¢!4.16 Effects of reaction parameters on percent add-on
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It can be seen that the results appear in the same trend as percent grafting ratio
in Figure 4.15 since these two characteristics only differ from each other by means of

weights of starch and starch-g-PMMA copolymer.

Therefore, based on overall results in this section, it can be concluded that the
optimum amounts of reactants are 5 g of cassava starch and 5 g of MMA monomer, the
optimum amount of BPO is 0.1 g and the reaction time of 3 hours is proper for this

graft copolymerization system.
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4.5 Molecular Weight Determination

Molecular weights and molecular weight distributions of PMMA reference,
homoPMMA, and grafted PMMA were determined by gel permeation chromatography
(GPC), using tetrahydrofuran (THF) as an eluent. The weight average molecular

weight, number average molecular weight, and polydispersity index of samples were

(4.3)

Autanguinens .,
QRTAINT U INYARY

The M, and M, values provide a polydispersity index as the equation

follows.

PDI = My / M, (4.5)

Where PDI = Polydispersity index
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Table 4.1 shows I_\/Iw, M, and PDI of PMMA reference, homoPMMA, and
grafted PMMA. The synthesis of PMMA reference has been described earlier in
Section 3.2. HomoPMMA and grafted PMMA were chosen from the formulae having
remarkable grafting characteristics. For all discussion, the abbreviation: formula A, B,
C, D is used. A, B, C and D represents the amount of cassava starch, the amount of

MMA monomer, the amount of BPO and the reaction time, respectively.

Table § ’,@%f GPC samples

Formula 1_\'1,. PDI

PMMA l/ﬁq’”\ ol 1.75x 10" 321
Af i NN

2.16x10° 5.28
2575013
1.44x 10° 6.02
Grafted PNAMA™ 3.50 x 10° 3.42
55013 = =
t Bt il __ AL ’_j_
; fii o 3.60x10° 3.30

o ™ W) 574 x 10° 3.05
55.1.3 : i

; 1.45x10°™ 3.41x10* 4.25

= < =
: 1 x10 291

ANENNT

3.25x 10° 5.60 x 10* 80
A U | s

PNFMEBH

The results suggest that homoPMMAs are mostly in the form of slightly shorter
chains than grafted PMMAs except for that synthesized by using optimum condition.
This suggests that once initiations occur, both propagation rates of graft

copolymerization and homopolymerization are comparable.
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4.6 Determination of Grafting Frequency

Grafting frequency is defined as the number of anhydroglucopyranose units
between two PMMA chains which grafted onto cassava starch backbone. Grafting
frequency could be calculated from Equation 3.8 as described in Section 3.6.2, and the
results are given in Table 4.2. For all discussion, the abbreviation: formula A, B, C, D

is used. A, B, C and D represents the

unt of cassava starch, the amount of MMA

monomer, the amount of BPO , respectively.

Table 4

Z/b T

. ’\\\ \fting frequency

1,393

2.5,7.5,0.1
6,481

6,818
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From Table 4.2, the grafting frequency of formulae 2.5,7.5,0.1,3 5,5,0.1,3
5,5,1,3 and 7.5,2.5,0.1,3 are 1,393 6,481 6,818 and 7,830, respectively. This means that
at approximately every 1,393 6,481 6,818 and 7,830 anhydroglucopyranose units the
grafted PMMA chain can be observed, respectively. It can be seen that as the amount of
MMA increases, the graft copolymer contain higher numbers of grafted chains. In
addition, the amount of BPO does not have any significant effect on grafting
frequencies of grafted PMMA.
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