CHAPTER IV

DISCUSSIONS

4.1 Synthesis of poly(€-

The pol olactone) was initiated

by triethyl

as obtained fronr the
reaction of aluminum chloride. The

procedure can b as shown below;
Alcl,
—————— AI(CH_CH)

dry ether, N
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From Tables 3.1 and 3.2, there exists no relationship

—£—C—CH H——3—

between the ratio of monomer to initiator and the molecular
weights of the obtained synthetic polymers. Since it is
realized that if the smaller amount of the initiator is used, the

higher' molecular weights of polymers will be obtained. The
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obtained results may be affected by the pyrolysis of Al(CH,CH,),.
Some of orgenonetallic compounds can undergo pyrolytic reaction
in the presence of some oxidizing agents. Aluminium alkyls react

readily with oxygen. The reaction can be violent if not

controlled. Aluminun ’. an also react with the compounds

containing aetive hyd r, acids, alcohols, primary

’-‘"’ )ﬁ the experiments were run
in the 1less protectat : '—::g s Just previous mentioned

amines and organie

reactions might actlve. It is believed

that the true ako resented in the reaction

one.
\‘\
'ﬁJﬂ

¥hen no solvenéidiyas , the percentage yield
t.""\'" _,-
is found to be remarkediy decreased.
= 'f "i".-‘ :L __:1

system is unequa g &
i i
R’

The results can be attri-

buted to

'r to monomer which is

prohibited V 1"‘ in monomer, thus t.he

nnreact.ed mo er still remains in a s1ﬂ1flcant1y large amount.
In addlﬁo 5 EI\ ﬁ omer inside its so
called u iﬁHIJa ff ¢ Elkﬁiilmitmn of monomer is-

m 91 é’ e encapsuled
nﬁﬁpj aﬂﬂ ﬁeﬁ;cuﬁ E[ ﬂ] and finally

unreacted.
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4.2 Graft copolymerization of methylacrylate onto starch

Since it is believed that the graft copolymers with high
percentage grafting yield or grafting efficiency can be

blended with other commercial synthetic polymers, in this
tions for the grafting reaction were
7&- were determined for their

it was found : of.he or thead ftion of initiator could

research the optimum condi

investigated. The

effects were rea

monomer, amount-

effect the gfaftingl rdact S ¢ he, Lime-interval for the
addition iato & 4 also i estigated. For each
experiment the M graft i ..'ﬁ? eters ( section 3.2.2.1) were

aried factors. At the

= €T

condition fo f , ~eac \ﬂ these results are as

£ollows: j
| U ANUNINEIDT o
QRN AATUAAIN AR B, . o

fact, the volumes of vater, are varied are shown in Figure 4.1.

and grafting

and Table 3.3. When the reaction volumes are smaller, the con-
centrations of the suspending starch and monomer are higher, the
chain growth reactions of grafted polymethylacrylate or the side
chains growing undergo very quickly. The growing " hydrophobic "

side chains may attach each other chemically, physically to form
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a rubber-like lump in which unreacted monomer is absorbed. The
low stirring speed is another factor that causes the formation
of a rubber-like lump. This phenomenon prohibits further

polymerization and thus the termination reaches its stage too
early. Consequently, th p roducts are obtained w1t.h a low
yield. /

au,_ne,. the 1lower percentage

grafting and gra ) 1ned (see Table 3.4)
This can be‘ e all reaction volume, the
ccured very quickly and
followed by the ; c i readily. Finally, the fast
termination stop oY O in: he side chains | and other

reactions as the rubbe - “1s formed.

#hen the 1 » R4 (beyond the critical

the volune)am used, a smaller amoum of starch radicals are
formed %w ’.i ch molecule become
contact @ﬁﬂﬁ%:ﬁﬁ ont Ely ﬂinoner which can be

? ﬁl h ceric ion.
AtﬁWj ﬁﬁﬁﬁﬂﬁﬂf’t ﬂglrj E’r to monomer

dissolved in aqueous phase to form monomer radicals becomes
predominant.. The side reaction of homopolymerization is realized
to compete the propagation 6f grafting reactions. Under these
conditions, though the high yield of total products is obtained
since the reaction time is long enough for completing of all

reactions in the system, the low yield of grafted products is
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obtained.

At the appropriate reaction volume (140 ml), the

formation of abundance of starch radicals is predominant over that

of monomer radicals, so0 i steh with the critical reaction
volume gives highﬁ/)g product. The increase
of reaction volu to th@al value gives another
advantage "spaﬁ QW] )

without forming a b# shaped |p

i{\ obic chains to suspend

off! addition of the initiator

X I \
g

Figure 442 .shows 4%he obtained results which

Fes
indicate that at the higi = introduction, the formation

of Ce (IV)-s S dly and then the

L —

dissociation Lof Madnt amount of starch

radicals. The s.mden increase of the radials affects the yield
of‘ graft p ﬂ : h%’ ith_small reaction volume
describeﬂavu jlqd ﬁzﬂ ﬁyt]ﬂoﬁyield of grafted
produc n_be a]jetﬁ i ? i e-intervals
are sﬁ M@ﬁ ‘ ﬂ@:’je ﬁﬂj H which give-

high yield are preferred since they reduce the time spent for
running the reactions. In this study the time-interval of 15-
mins is the suitable for addition of the initiator as can be seen

in Figure 4.2.
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4.2.3 Effect of variation of initiator

The increase of amount of ceric ion affects the rate

of the reactions in which this ion is involved, such as

i oxidation of starch radicals,
& chains, and initiation of
| &grafting and efficiency
ceric ion up to the

e the formation of starch

generation of starch ra

termination of

homopolymerization.
increase along
critical value
radicals has be geased, j_f t he er hand, since at high
amount of ceric/s -y - Iu‘”N ieal point, the oxidation of
starch radicals can bbe i i j 1t, there must exist a competition

g

5 o Gt 0 , .
between ceric don/ and sonomet.fo starch radicals, so that
T | : )
the monomer reacts with the m accessible starch radicals and

the ceric ion oxidizés the Mmo: stnal pnes. The lower yields

were obtaingd] when th i dg Bhé ceric ion is used.
This certainlyﬂndica 18 ter@nation of growing graft
radical chains pfmlls over the/termination due to metal ion.

AUEINENINETN

tlc 3 percentage
grﬂtﬁlaﬁm tjem;'lywl:ﬁ] Qmﬂl§z[bone polymer
to reduce Ce (IV) to Ce (III) ions. The substraction of hydrogen
~from starch to form radicals occurs in a suitable extent. The
low percentage homopolymer refers to the fact that the formation

of monomer radicals is not competitive.
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The decrease observed in percentage grafting and
efficiency when large amount of the ceric ion was used, indicates
that homopolymerization can compete graft copolymerization. It
has been reported that a large proportion of the ceric ion used

in the initiation of - copolymerization remains in the

continuous aqueous /could init.iat.e homopolymeri-

iat.ion of the ncrease the amount of the
ceric ion beyond thg sults in an increase of hom-
opolymerization uef opolynerlzatlon, as can
be realized by compaf ing he=‘¢ha \ percentage grafting and
that of homopolyae in &dditdion \ large amount of the ceric
ion also caused th i - 1 The inhibitory action of
oxygen might be grafting yield. ( 80 ).

5" the amount of Ce (IV)

are shown in\Figure 4. ”’ he results is similar

to that of otgr resu obtained ffom afferent systems such as
graft co olyner’fﬁlons starch ¢ 80 ),
methyl Ejtuﬂ tﬂn%fﬁy;lﬁﬁ onto wool ( 61 ),
vin 1acet. te-methyla m ﬁﬁ ﬁ (=62 9. and
acﬁ ’ix i Ejﬁ).i H‘;‘l Hlearly shows

t.hat. there exists a critical amount of ceric ion up to which both
the percentage grafting and efficiency iﬁcreasing and beyond this

amount both decreasing.
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4.2.4 Effect of variation of monomer

At too large amount of monomer beyond the critical

point ( Table 3.10 ), é decrease of grafted products is
, formation of a rubber-like lump.
‘ ononer the grafting reaction

occurs very quickiw s th owlng side chains may bind

1 R\\H“\ka termination reaches its

centage grafting as a

believed to be caused

Since at high

themselves £

stage.

hen the amount of monomer
the grafted products
depend on the amou ,::}f” GQ . This indicates that
increase of

he propagation step of

Equation z.giﬁ, .F:~r radicals may be

increased due]go in .S DWETr Conl ntrat1on, however, the

- contact of stawch,radicals and monomer becomes more important.

ﬂ‘lJEl’JﬂEWIﬁWEI'm‘i
Qﬁ?ﬁﬂﬂ‘imuﬂﬂﬂﬂﬂﬁﬂ
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4.2.5 Effect of the amount of nitric acid

From Table 3.12, it is observed that if the amount
of nitric acid was increased beyond the optimum value, the

grafting yield was found to be decreased. The decrease in graft

yield can be explai ' , *‘Jlb tulated behavior of the ceric
ion which exists i t n‘.dl‘é oxidation stages as Ce(IV),

[ Ce(OH) 1 (II

s the following manner:
Ce (IV) (IID) E 4.1 3
2 [ Ce(OH) 1 (VI) + H, O E 4.2 1

nitric acid beyond the
as found to shift towards the

formation of col -t iu‘ e(OH) |1 (III) ions. These

1 afting parameters.

The ‘ggbav1or foundlyhen the amount of nitric acid 1s

varied 1ﬂs%ﬂ’@whgg‘ma§1w8qxﬂ Qevorted by other

authors 61 63 ). Ingthe Flgur 4.5, there exists a crltlcal
amﬂan aﬂaﬂ im ulm)qQMfEtj /'1 auEJun grafting.
It has been observed that changes in the concentration of nitric
acld affect the rate of oxidation of ethanol ( 85 ) and butane-
diol ( 66, 87 ) by the ceric ion via the formation of an interme-
diate complex between the ceric ion and those compounds. At low
concentration of nitric acid, the increase of nitric acid

concentration produced higher equilibrium constant of the complex
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fornatidn. It can be implied that the increase of nitric acid
up to the value which gives maximum grafting yield and the
according parameters may increase the formation of Ce(IV)-starch
complex and thus the following dissociation of the complex to

give starch radicals is believed to be increased too. By this

reason, the rate initiation and of prbpagation

are certainly predo v: : ae-rate of termination and of

st.arch oxidation

AU INENTNEINS
MBI INA
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4.2.6 Effect of variation of reaction temperature

Along with the further increase of temperature beyond

45 C ( Table 3.14 ), the percentage graftng yield was

that at  higher temperature,

lyyedminant by the process
théxlated mechanism reported
E———

decresed. This indicatg

homopolymer formati

represented by Equa

Mk + 4.3 1

STM# + H [ 4.4 ]

HOX + M HO- (M) _k [ 4.5 3

STH¥ + *(M)_-OH 4.8 1
STM¥ + M [ 4.7 ]

STH¥ + Ce'(‘ , n [ 4.8 1

At. higher tenperdﬁgge, the termipation of grafting chain growth

A vrﬂegﬂg ﬂg\mﬁ wﬂﬂdﬂrﬁse of percentage

TIRAN I INGINY

The Figure 4.8 shows the percentage grafting and

efficiency as the funtions of temperature.- The increase of
temperature up to 45 ° C makes the percentage graft on increase.
In a complex system like this, several reactions mright be taking
place simultaneously, such as (i) solution of the monomer in the

reaction medium and if.s diffusion from the solution phase to the
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starch phase, (ii) adsorption of the monomer onto the starch and
its complexation with starch molecules to enhance availability
and reactivity of the monomer, (iii) formation and propagation of
graft on starch, and (IV) enhancement of the activation of
’pl these factors is higher grafting
,/)_,_
———
creased again at 60 °C.
This can be a i \\‘ orable
= NN
on starch gel j d 4 \\u\~ arch amorphous region.

The partial g i are believed to be obtained at this

BONOMEr. The net effect

with increase of tem ).

fluence of temperature

temperature. he ceric ion to starch chains

takes place eas? s of starch are increased

in the system under this“situat

1 rg acrylate onto

2
A WA NEN SWEILNLS cor vatorgo gutt.

copolymerization with different effisiencies. The’ starches which

sobtnd b G | rbobd Hok ke bEhE s chBh L hnderso one

reaction with high efficiency. This may be seen in the cases

of cassava and glutinous rice starch. The starches from

tubers, eg., cassava starch is very effective.
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4.3 Preliminary biodegradation study of polymer films

The results represented in Tables 3.17-3.21 show that the

films of PCL, Starch-g-PMA and their polymer blends can be

.;f
==K twbe cleavaged by hydrolytic

—
. céll ‘-.-,-i.

enzyme release?
The evi .
PCL and Starch- s 7 and Starch-g-PMA are

A \\. srowth of fungi on then
rade

s\l; sier than their polymer

ollowing reasons:

degraded by fungi. This in ted that the ester bonds on linear

aliphatic polyesters e ether linkages on polysac-

charide skeletons

ng fungi spore on the

potentially bio
indicates‘that th
blends. It can be

(1)  The_biedegradation—of-potymer- filns occurs first at
the surface andwe ! 0 “h%inner BAass.

AR RN T HA AT o ot 0 st

biodegradaale constituent which is the same as they eomposition of

RN TAUURINGAE

(3) Starch-g-PMA is composed of two constituents, starch
and PMA, which have different properties so the films’ surface is
microscopic hetefogeneous. However, the biodegradable grafted
starches which support the growth of fungi disperse orderly

through out the surface and the inner mass.
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The polymer blends of PVAc with PCL or Starch-g-PMA have
more potential to be degraded than that of PVC as they were found
to support more growth of fungi. This may be resulted from the
difference in microbial resistance of PVAc and PVC. It has been

reported that PVC has very high resistance to microorganises but

the resistance of PVAc

The irre n weight ratio of PCL in

polymer blend ecular weight loss was

obtained in hle 3.22. The result

may be affecte put ion of constituents on

film’s surface. polymer blends is covered

by both biodegradabl ‘\h ions. The area covered

by PCL may not be ight ratio of used PCL due the

less efficiency of blendiiig I The distribution of the

compositions ™ J:ﬂ-::‘_};'&“‘ ------- ;,.._-___1 ~1s also disorderly as

that of t.he snﬂ‘a ; " v 0 Qynstituent distribution

may be control%?d by the nore efficient blending processes and

equlpnenﬂ %ﬁ%@hﬂﬁ%?ﬂﬁ’ﬂeﬁﬁbe controlled.
AR ﬁNﬂ'iflJ lJWTJWEﬂﬁ d
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