CHAPTER IV

RESULTS AND DISCUSSION

4.1 Selection of Photosensitizer

Photosensitizer was used to accelerate the photodegradation of starch — based

LDPE films. Two kinds of photose phenone and ZnO, were blended with

pure LDPE using a twin scre films were then prepared by a
chill roll cast film. Spe : e films and tested for their
photodegradability by outdoggeXp F aluation of photodegradation
was followed by measuring d nd tensile properties of the

samples. The most potential phc iZ@r \ \\ ad to

the effects of its concentratiof om th :‘e.u odegrade of the pure and blended LDPE

o further study in terms of
films by both outdoor expesurg

4.1.1 Carbonyl Index

Figure 4.1-shows the IR spectra of LDPE, LDP /1 %benzophenone and
\F o Y
LDPE/1%Zn0O after 3 mg =£ PE films containing two

[r'
different kinds of photo "I'I

sitizer, the effect of photosensitizer on carbonyl index as a
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to pure LDPE film. The addition of benzophenone can increase the carbonyl index due

to the following mechanism:
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1. Benzophenone absorbs UV light and is excited into the excited state

(OO +w— (@4

benzophenone benzophenone in excited state

2. Benzophenone in excited state abstracts H-atom from PE and forms PE free radical.

3. LDPE free radical react

~~~CH;CH-CH; H 3 H-CH; CH~~~
ly, '.""'

LDPE free raﬁ
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4. Peroxide radigal abstracts H-atom from another polymer molecule and forms
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slo} l

MCHQ—?H—CH2—CH2W~ + AMCH2—9H—CH2—CH{~N~
O0OH
hydroperoxide

sis oxide radical
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5. Hydroperoxide decomposes to PE molecule with carbonyl group

QOH 0]

6. Then, the PE molecule with carbonyl group decomposes by Norrish type | or Norrish

type Il process.

Norrish type |
WCH{?—C&/ AN + CH-CH
0]
Norrish type Il
O O---H
-"-\Mc\ ) CH-~~~
CH2-0H2 CH—CH2
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¢ +CH=CH~~~~
> 2

E\NC\CH CH
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index in PE chain is resulted from the increase in the amount of small fragments of PE
chains with carbonyl group. This mechanism makes polymer chain shorten and at the

same time decreases molecular weight and tensile properties of polymer.

The results are in the same trend as those reported by Ferguson et al [7].
In their work, carbonyl index was found to increase in LDPE films containing 0.1 wt%

ferric stearate and 0.25 wt% TiO,. After 1 month of accelerated exposure with medium
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pressure mercury fluorescent lamp, the carbonyl index of LDPE/0.1%ferric stearate and
LDPE/0.25%TiO, was 0.62 and 0.33, respectively. Similarly these result indicated that
ferric stearate was more effective as a photosensitizer than TiO,. Only 0.1% ferric

sterate even resulted in greater value of carbonyl index than the film with 0.25% TiO,.
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— LDPE/1%benzopnenon
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Figure 4.1 Infrared spectra ure = 1%benzophenone, and LDPE/1%Zn0O
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after 3 months outdoor exposure
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Figure 4.2 Carbonyl index of pure LDPE, LDPE/1 %benzophenone and LDPE/1%ZnO

blend film as a function of exposure time
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4.1.2 Tensile Properties

Figure 4.3 displays the tensile properties of pure LDPE, LDPE with
1%benzophenone, and LDPE with 1%Zn0. The tensile strength and elongation at break
of all films decreased as a function of exposure time. It can be seen that the tensile
strength and elongation at break of the blend film containing 1%benzophenone were

lower than those of pure LDPE and LDPE/1%ZnO. LDPE/1%Zn0O blend film showed

Although the_i 1zophenone had lower in tensile

properties than the one v found to be an effective

photosensitizer since it ace€lefatéd Ne- photo gradation reaction of the LDPE film
better than ZnO. Thereforg

LDPE/banana starch systé

]

AULINENTNEINS
RIMNITUNRINEIAY
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Figure 4.3 Tensile strength and elongation at break of pure LDPE, LDPE/1%

benzophenone, and LDPE /1%Zn0 during outdoor exposure



4.2 Characterization of LDPE/Banana Starch Film

4.2.1 Chemical Structure

Functional groups of the blend films were characterized using FTIR

technique. The IR vibrations of LDPE and starch are given in Table 4.1. Spectra of

LDPE, LDPE/starch, and LDPE/starch blend films containing PE-g-MA with or without

benzophenone are shown in Figure

%
ments fQPE Blends [15]

Table 4.1 Infrared Vibratio

iﬂ'ﬂﬂm A a‘i\\\\

Wavenumber -ﬂ/ﬂ ‘\\\\\ ~-, ment and Remarks

LDPE
2850, 2920 (s)

N

SC

ending due to CH, and CH,

1460, 1471 (m-s)

f ARSI 31

1377, 1369, 1352 (w)

720, 730 (m-w)

Starch —_—;‘- #
2/ A
3000-3650 (s, br) m g-with absorbed water

il
2850, 2920 (s)

C-H stretchin'

G ¢ 3N EJ ¥ ‘jH NEFFTg=

1462 (m,

144 q ﬁi 9
124Emﬁ ﬂ ‘j m u ﬂ:le r;rﬁﬁ

960-1190 (s, br) C-O strecting (C-O-C and C-O-H)
400-930 (w-m, br) O-H deformation (broadened by water),

ring vibrations

Notes: w = weak, m = medium, s = strong, sh = shoulder, br = broad
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The comparison of FTIR spectra of pure LDPE and LDPE/20% starch blend
is presented Figure 4.4. The IR spectra of starch filled LDPE film displayed a different
band from the pure LDPE spectra. Obviously, due to the presence of starch in the LDPE
film, three significant IR bands occurring at 3000 — 3650 cm’', 1640 cm’', and 960 - 1190

cm’ are designated as O-H stretching, O-H bending, and C-O stretching, respectively.

[\\/

s LDPE
— 20%starch | |
%T '
\ 50-1190 cm”'
E R
3000-3650 cm’ . |
4000 3500 . 2500 “%,2000, 1500 1000 500
Figure 4.4 Infrared spectra.of d LDPE/20% starch blend films

f Compatibilized blend with

10%PE-g-MA are demonstrated | an be s@n that even after using the

PE-g-MA as a compatibiliz€rgthere was no sigaificant different between the two spectra.

It was anticipﬂ u&g—am ﬂi%c@t;w &Qrﬂ ﬁoup, could develop

hydrogen bondsyith the hydroxyl grogps of starch ﬂd form ester greups at 1735 cm’.
oo @y RN RIS TH D) vovirr
very Iow.q For example, for a blend containing 20 wt% starch and 10 wt% PE-g-MA
(based on starch), the total concentration of PE-g-MA in the blend film is 2 wt%. Taking
into account that PE-g-MA contains 0.5-1 wt% anhydride groups, the total concentration
of the later in this blend will not exceed 0.01-0.02 wt%. With such a low concentration,
the degree of hydrogen bonding is very limited. Nevertheless, it can still affect

compatibilization of the blend films as will be discussed later.
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Figure 4.5 Infrared s without 10% PE-g-MA
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benzophenone), their IR ' spectrum of LDPE/starch
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Figure 4.6 Infrared spectra of 20%starch/10%PE-g-MA/LDPE films with and without

1%benzophenone
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4.2.2 Morphological Studies

The SEM micrographs of pure LDPE and LDPE/starch blend films are
presented in Figure 4.7. Morphology of LDPE surface revealed a uniform continuous
matrix, while the presence of starch granules made the blend films surface rougher.
Obviously, it can be seen that starch on the surface of film increased with an increasing

amount of starch in the blend films.

g Skl X5e.

o

Figure 4,7 “ SEM|nigregraphs-ef{a) pure LDPE and LLDPEblendéd) with (b) 5%starch
and (c) 20%starch

LDPE and starch are incompatible and their interfacial adhesion is very
poor. Lack of interfacial adhesion leads to a separation between the LDPE matrix and
banana starch. Therefore, PE-g-MA was used as a compatibilizer to reduce the
interfacial tension and increase the adhesion between two components. This can be

verified by the SEM micrographs shown in Figure 4.8.
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- o’ .
Figure 4.8 SEM microgra_eb_g__of LDPE/s[arch of.(a) uncompatibilized blend and (b)
compatibilized blend with 1096 PG \

The morpholegy 'A"fract'argd surface of uncompatibilized blend is

different from the blend' con ih‘ing PE:g'&MA. The difference between the
uncompatibilized blend ‘@nd/cos gat'!,tii_'lized?p{fegd is that the uncompatibilized blend
exhibited a gap between starc gragmé andi}r_j@g’E matrix, whereas the blend containing
compatibilizer showed the bond ‘Bé’ti&éen sté@anule and LDPE matrix. The above
results indicate that the additiosof=PE-g- MA:rlﬁpfoved mterfacnal bond strength of
LDPE/starch blends. *m_aompanbwnj_and_enhancedﬁﬁhesuon between the two
phases was evidenced by the increase in tensile properties of the blend film compared
to the uncompatibilized blends, as will be discussed in sectlon 4.3. Conclusively, SEM
micrographs ensureltiefrale of @ tampatibilizerin reducingsthesinterfacial energy and
thus promoting the interfacial adhesion between the banana starch phase and LDPE

phase.
4.2.3 Thermal Properties
4.2.3.1 Thermogravimetric Analysis (TGA)

The decomposition temperature (Td) of films was studied by TGA.

The values of the onset of the decomposition temperature are very important, since they
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could indicate the processing and manufacturing temperature without continuing or

initiating a process of decomposition.

The blend of LDPE with banana starch showed two decomposition

stages, as presented in Figure 4.9. The first one around 290-300°C is due to banana

starch decomposition as it is similar to that of pure banana starch [22]. The second

nt op-the thermal degradation

{' wn, pure benzophenone
exhibited Td around 2@0 " |Ims_@ﬂowed only two stages of

thermal decomposition as‘pg/lously descrlbgg, The first Td (onset) was the banana

s ceanofiblhd B SR T o o oo o

decomposition (around 450° C). Nogvidence of penzophenone dggomposition was
o P POV T3 RN BITIEER BB o
benzopheﬂone is quite small compared to other composition. The highest content was
only 1 wt%. Therefore, as the amount of starch and PE-g-MA were kept constant, all the
thermograms for all the blends were completely superimposed. Similar to Figure 4.9, all
the blends further degrade up to about 500°C, where the blends almost completely
decomposed. Table 4.3 shows the onset of degradation temperature and percent

weight loss for LDPE blend films at various amount of benzophenone.
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PE-g-MA and varying starch

Figure 4.10 TGA curves of LDPE blend film with 10%starch, 10%PE-g-MA and different

amount of benzophenone
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Table 4.2 Onset of Decomposition Temperature and Percent Weight Loss for LDPE

Blend Films at Various Amount of Banana Starch

Sample Td (°C) (onset) Percent Weight Loss Residue at

First | Second | At350°C | At450°C | 550 °C (%)
LDPE - 450.3 - 15.06 1.38
5%starch + PE-g-MA | 295.0 45. 1.65 15.87 3.31
10%starch + PE-g-MA | 295.2 {1 451 .30 18.35 3.96
15%starch + PE-g-MA | 2 -450.3 d 23.75 3.50

20%starch + PE-g-MA 29 [ Slbdey, 27.87 2.57

) 40
Table 4.3 Onset of De i T@'A t ent Weight Loss for 10%
starch/10% PE-g-MA/LDPEDble I#?s..q; it of Benzophenone
Wilo
Sample T . < ercent Weight Loss Residue at
First_ Secon 50°C | At450°C | 550 °C (%)
LDPE ' _15.06 1.48
0%benzophenone 18.35 3.96
0.25%benzophenone -} 293.9 0.0 6.30 4 20.33 2.49
0.5%benzophenon ?%4“‘ 448.8 6.80 pu 20.53 3.40
1%benzophen Joodlo 148 185

AMIANTUNNINY I
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4.2.3.2 Different Scanning Calorimetry (DSC)

Thermal transition temperature was characterized by a differential
scanning calorimetry (DSC). The melting temperature (Tm) of the blend film was taken
as the maximum of the endothermic peak from the second heating while the

crystallization temperature (Tc) was taken as the maximum of the exothermic peak from

The sec [& cyc:le of DSC thermograms for

e m.-u...u..“, 411 and Figure 4.12,

the cooling cycle.

pure LDPE and the ble

respectively. It is well know S are -! der the melting endothermic

peak, so called heat of fusjof (AH, ' d late the degree of crystallinity.
- % (276 J/g) [25], the

Therefore, by knowing the héat 6f fusion-of-fi \
degree of crystallinity can bg'deter, med; ’ \\ \‘ tallinity was calculated by
dividing the measured heat ofifusion )b ._ w. d value for the complete PE
crystal (AH,). The meltingten era}gﬂ

fusion (AH,'). and degree of ¢ stallirity of L DP e in the blend determined from the

rystallization temperature (Tc), heat of
|

. . ;‘ #; )
DSC thermograms are given in Table4:4.
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- -
—---_..----.._--——"

ceseemeasscensmees

Heat Flow (Endo up)

).
=
b )

2
Zo
9
al)
-,2
=
-
Q
§
De
c*

70 80 90 100 110 120 130 140
Temperature (°C)

Figure 4.11 The melting temperature of pure LDPE and LDPE blend films
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—— LDPE
------ LDPE+ 20% starch
-- LDPE+20% starch+ 10% PE-g-MA
- = LDPE+20% starch+ 10% PE-g-MA+ 1% benzophenone

____________________

Heat Flow (Endo up)

140 160

E and LDPE blend films

component at about 110’0 _fr':' ; ‘ ' ly. Although there is no other

endothermic peaks occurred for-the

- s o

:@9;’ starch and LDPE/20%starch/10%PE-g-
‘the | s aréleoffpatible. The endothermic

.- e banana starch,

MA blend films, this op a

transition occurred i V
like any other starch, ms no melting temperature, but @atinization and degradation

mmmeﬂu&nm&m5wawnﬁ

Table 4.4 shows the degree of crystallinity for LDPE and

opel Wﬂoﬁa@ [ badsbdadeliclende 6f Bihe | beaha 20%sarr

blends, there is apparent decrease in the heat of fusion for the film with 20%starch.
However, when the heat of fusion is corrected by taking into account only the LDPE
content in the blend, there is no change in the crystallinity of LDPE phase. It can be

concluded that LDPE is hardly miscible with starch.
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Table 4.4 Thermal properties and Degree of Crystallinity for LDPE and LDPE/starch

blend films
Sample m Tc (AH,) % Crystallinity
°c) (°C) | Total (J/g) | LDPE (J/g) | Total LDPE
LDPE 111.13 | 100.20 48.68 48.68 17.64 17.64
LDPE+20%starch 111.23 | 100.08 42.60 47.33 15.43 1796
LDPE+20%starch 110.76 | _ ﬂ 41.02 12.16 14.86
+10%PE-g-MA N | /
LDPE+20%starch 1 1ads 6 197 3.62 6.95 8.56
+10%PE-g-MA
+1%benzophenone J
N
.m...l
Forthe ﬁ‘g \ --g-MA, the presence of PE-g-
MA significantly decreased th de fC lini e LDPE phase in the blend.
This decrease is due to the |nte on i PE and starch, which hinders the
close packing of LDPE chai {W}'

Fo@xe e »m%benzophenone, addition
of benzophenone caused fn increasing in Tc. It might be implied that benzophenone

functions as a nﬂﬁm %vﬂmwmﬂlﬁn the nucleating site

very fast and at"Higher temperature compared to pure LDPE and the blend without
benzopﬁwwf] ﬂeﬁ ﬂ m gjm fTGJﬂ E}I@] a ﬁterogeneous
crystallization, raising the crysta?[zatron rate and crystallization temperature. In addition,
the degree of crystallinity of the LDPE phase was dramatically decreased. This is
because more and smaller spherulites are consequently produced resulting in the

lowering of degree of crystallinity.
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4.3 Tensile Properties

A chill roll cast film was used to prepare starch-based LDPE films. Sample

specimens were cut from these films and the tensile properties were tested.

4.3.1 Effect of starch content

Figure 4.13 illustrate tarch content on the tensile properties

of pure LDPE and LDPE/star , the tensile properties are highly

dependent on starch con 'elongation at break decrease

with increasing amount of ' is decrease ¢ an.be associated with lacking of
compatibility between the nts' due to fference in the hydrophilic -

hydrophobic character of \ ' respe tively, resulting in the separation

N

Because the, ion betweer starch particle and LDPE matrix was poor,
poor stress transfer at starch Pariiglé-polyme ace happened. Stress concentration
was occurred around the starc JpSr G he reduction in tensile strength of

the blends. e %

25

., Sttess (MPa)

250

Strain (%)

Figure 4.13 Stress-strain curve of pure LDPE and LDPE/starch blends films with

different content of starch
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4.3.2 Effect of compatibilizer

Blending the starch with LDPE causes a decrease in both tensile strength
and elongation at break and the resulting materials have poor film forming properties.
This deterioration arises from the different polar characteristic of starch from LDPE,
which leads to poor interfacial adhesion. In order to increase the adhesion, and

therefore to improve the tensile properties, a compatibilizer must be used.

Tensile strength n’c’/@” and without compatibilizer are
#

shown in Figure 4.14. Inb deCrea ¢ strength was observed as the
amount of starch increased rease .,\\.,. s compatibilized blend, however, was
smaller compared with the 2€né de \\\ n thi compatibilized blend. The

compatibilized blends als@’ dd' & slig \\-‘ ater in the elongation at break
compared to the uncompatibilized 7 a ":

difference between the ¢0 i S _. :l patibilized blends was observed, the

"N\
LN

'\v,\-‘ 4.15. Although not much

ery clear that the addition of the

PE-g-MA as a compatibilizer into lend ifie the tensile strength and elongation

)

As previously © properties in polymer blends

are partly affected by the interfacial adhesion between the polymers. LDPE and banana

. ‘o 9/
starch are immi uIEﬁ bac ?J Wjﬂ ﬂqﬂrﬁer. In contrast to the
hydrophobic L , banana starch is a hydrophilic pélymer due to the presence of

e S TR

effective compatibilizer.
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Figure 4.15 Elongation at break of LDPE/starch blends of uncompatibilized and
compatibilized with 10 wt% PE-g-MA
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The tensile strength and elongation at break of the LDPE/starch/PE-g-MA

blend films containing various amount of benzophenone are presented in Figure 4.16.

As shown, there is no effect of benzophenone on the tensile strength and elongation at

break of the blend films.
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Figure 4.16 Tensile strength and elongation at break of LDPE/10%starch/10%PE-g-MA

blends containing different amount of benzophenone
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4.4 Evaluation of Photodegradation

Photodegradation of LDPE blend films was performed by outdoor exposure test
and accelerated UV exposure by using a xenon arc lamp. FT-IR was used to observe
the change in chemical structure of the films. In addition, photodegradation rate was

also evaluated by changing in tensile properties of the films.

7Z,
The chemical'pr ) wected by photoreaction as a

result of chemical mer molecules. Due to the

4.4.1 Carbonyl index

photooxidation, the poly el broke '~.\ can be confirmed by the

tdoor sunlight, LDPE fim samples
were removed for testing at _—._.L_i_g_ .: = 7 shows the IR spectrum during

outdoor exposure for ;45 2, 3, and 4 mo

l"

ﬂ—ﬂﬂ?"ﬂ mwmm

| \1 N HPEN I.
I
"I‘*:"

-

.s .,-u e

-=-- 2 month
== 3 month
— 4 month

4000 35.(3 3000 2500 2000 1500 1000 500
Wavenumber (cm')

Figure 4.17 IR spectrum of pure LDPE during outdoor exposure for 0, 1, 2, 3 and 4

months.
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It can be seen that the intensity of carbonyl peak (1715 cm'1)
increasing with increasing in exposure time. This can be explained that the
decomposition of LDPE under condition of outdoor exposure was occurred by the
photodegradation. UV light causes the formation of various free radicals which some of
them combine with oxygen dissolved in the polymer to initiate chain reaction and form
unstable products. The oxidation process will involve peroxide radicals derived directly

from the radiation reaction and also these initial peroxide radicals attack on the polymer,

give hydroperoxide. Hydroper to slowly breakdown and produce

carbonyl compound. The carbeny ‘ inates those expected from the
.‘

Norrish type | and Il process. An.increase irmak height as exposure time

increased is due to the fe o arbonyl compounds which are degradation

products of LDPE, as seen

OOH

CH;-CH- CH CH
\\

l::H2 CH2 C CH2M+ H20

-‘V\NCH{ CH2— ICH2

?OH
-'VWCH{ CH2- CH- CH2

Norrish type |
0
rrr CHECH-Cr CH A~ — Wy~ CHCH, + G- CH
ﬁuﬂawﬁw5Wﬂwnﬁ
Norrish type Il

ﬂ,mﬂﬂwwmm AR o
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4.4.1.1.1 Effect of starch content

Figure 4.18 illustrates the effect of starch content on
carbonyl index as a function of exposure time. The data shows that as the exposure
time and starch content increased, the carbonyl index increased. This can be due to
the microstructure of starch granules that are embedded within the LDPE matrix.
Because, there is a gap between starch granule and LDPE matrix. The higher starch

,}y atrix which can then easily allowed
0 &pan of the LDPE, resulting in the
e

of B nwﬁerent amount of starch are

content led to an increase in porosi
the permeation of light and ox
higher carbonyl index. Th

shown in Figure 4.19.

$ Sws the influence of compatibilizer on the

change of carbonyl index as'a féfiction of & e time. For the blends containing

10%banana starch, the carbonykifigex:inc q ed nction of exposure time for both
compatibilized and une nds, Al ..l:.’.:.:.;:.g‘h- expected that PE-g-

Vi At
MA may retard the photedeg porosity between LDPE matrix

and starch, leading to the decrease of permeation of light and oxygen through the inner
o

¢ o
part of LDPE matrix. , mﬂa?ilized blends should
be lower than ﬂmcﬂ;abuﬂmm& it was found that the blend
containir)a id g i ﬁi i i yl index as
comparedfﬁmg:ﬁlljjmgjmjs ?I;Ejazl izjto the small
amount of PE-g-MA which was only 10% (base on starch content). Therefore, based on
the amount of PE-g-MA used in this work, it can be concluded that there is no effect

from the compatibilizer on the carbonyl index of the blend films. The IR spectra of

LDPE/10%starch blend films with and without 10%PE-g-MA are shown in Figure 4.21.
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Figure 4.19 Infrared spectra of pure LDPE and LDPE blend films with different amount

of starch after 3 months outdoor exposure
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Carbonyl index

0.0 -0

Figure 4.20 Carbonyl index offLE ,. - NCO tibilized and compatibilized

blend with 10% PE-g-MA

%T
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Figure 4.21 Infrared spectra of LDPE/10%starch blend films with and without 10%PE-g-

MA after 3 months outdoor exposure
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4.4.1.1.3 Effect of photosensitizer content

The effect of photosensitizer content on the carbonyl
index as a function of exposure time is presented in Figure 4.22. Clearly, for the blends
containing the same amount of starch but different amount of benzophenone, the
carbonyl index increased with increasing of benzophenone content and exposure time.

This is because of the fact that the radicals in the unsaturated molecules of

benzophenone led to the formation of h oxide. The hydroperoxide molecules

breakdown and give the carbony H__ ! her content of benzophenone in

the blends, the greater val onyl ’dexw.This is due to the increased

number of double bonds sasily Oxic 2d and generated free radicals.

The more radicals in the ‘.,h- probability for carbonyl

formation. It can be concl ed photodegradation of the

blend films. However, i > floied fthz ; ympound may come from either

N\

benzophenone degrada t| . The IR spectra of

LDPE/10%starch/10%PE-g-MA o..j-f: n;'_ Y diffe -,t= ount of benzophenone are
Galid <

LTRTIA ? '

ST

shown in Figure 4.23.

y— 4
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ﬂﬁﬂ?'ﬂﬂﬂﬁﬂﬂ’]ﬂ‘i
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Figure 4.22 Carbonyl inde

amount of benzophenone
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Figure 4.23 Infrared spectra of LDPE/10%starch/10%PE-g-MA blend films with different

amount of benzophenone after 3 months outdoor exposure
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4.4.1.2 Accelerated exposure
Film samples were cut into 1.5 cm x 20 cm and placed into the
Xenotest Beta Lamp chamber. Samples were removed for testing at every 5 hours for

20 hours.

4.4.1.2.1 Effect of compatibilizer and starch content

o detection of carbonyl index in

sy! emmt, pure LDPE film exhibited
‘} \ presented in Figure 4.24.
2XPO \ est, and may be explained by two

il be discussed later, the

LDPE/starch and LDPE/star¢
gradual change in carbon
These results are different
following reasons. First,

exposure time in Xen days in outdoor test. For

example, the film samples ! ated eondition in Xenotest for 20 hours is

equal to 8 days in outdoor his méaris that with nthelscope of this experiment, the

exposure time in Xenotest was legs than the'e re time in outdoor test. Hence, the

effect from UV light in Xeno 5"11-‘-"{%«19. : evere than in the outdoor test.

L

Secondly, the value of.Ca index-was calculz ,_,; eak height at 1715 cm’.
But since the starch in blend ak-at 1640 cm’', the overlap of

this peak with carbonyl group at 1715 cm’ may be occurred, as displayed in Figure
- o/ .

4.25. For pure prﬂ waﬂm&jﬁﬁﬂm iak. Therefore, pure

LDPE showed aglittle rease | rbonyl” inde 6m red to LDPE/starch and

IO 131 0

the filmjid rout ﬁ) sure, esentéd'in Figtre' 4267 O sly, the peaks at

1715 cm’” and 1640 cm™' of all films were clearly separated, no interference of the O-H

bending peak on the calculation of carbonyl index values.
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Figure 4.24 Carbonyl inde ) ‘ ' a \\ | DPE/10%starch/10%PE-g-
MA blend films

wos. LDPE+1 IJ“' starct g
---- LDPE+10%starch+10%PE-g-MA

J;F .
9
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Wavenumber (cm™)

1640 cm”’

Figure 4.25 Infrared spectra of pure LDPE, LDPE/10%starch and LDPE/10%starch/

10%PE-g-MA after 15 hours exposure in Xenotest Beta Lamp
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—— Pure LDPE
o LDPE+10%starch
---- LDPE+10%starch+10%PE-g-MA|

%T

4000 00! \ 500 0 1500 1000 500

Figure 4.26 Infrared sp/ E ) LDPE/ h and LDPE/10%starch/
1 J 5 " " - .

and exposure time, exc% for the g0 bophenone. There was no

evidence of carbonyl Indexﬂﬂo the 20 hours @f,exposure time. This result is different

o the oucofPbpleh BIREIYVEIIN B4 71 ient sim i

benzophenone m&"aased asa functlon‘of exposure tlme The discre cy of the result
from theW’} ﬂ»ﬁwﬂ%ﬂ}cﬂ %"Té}w %J ﬂrﬁ/ezjhese results
ensure the'role of benzophenone in promoting the photodegradation, especially for the
accelerated test which the exposure time was shorter than that of the outdoor exposure
test, as previously discussed. The IR spectra of LDPE/10%starch/10%PE-g-MA blend

films with different amount of benzophenone are shown in Figure 4.28.
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Figure 4.27 Carbonyl index/of P%/ stareh/10%F

A blend films with different

amount of benzophenone
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Figure 4.28 Infrared spectra of LDPE/10%starch/10%PE-g-MA blend films with different

amount of benzophenone after 15 hours exposure in Xenotest Beta Lamp



86

4.4.1.3 The comparative result of carbonyl index

The comparison between outdoor exposure time and accelerated

exposure time was calculated as follow:

Thailand UV radiation in 1 year =328 MJ/m’ ' (1MJ = 10° Watts sec)

= 328x10° Watts sec/m’

V#/ 0° Watts sec/m?) / (100 Watts/m®)
sec in Xenotest Beta Lamp
=911, % hrs. in Xenotest Beta Lamp
\\\.\\ enotest Beta Lamp

Radiation in Xenotest Beta Lamp 00 Watts/m?

1 year of outdoor exposure equ

* Average data of UV i ' Y recc d, during 1986-1995 by the

Xenotest Beta Lamp chamber, 5,
10, 15, and 20 hours-is equiValent to 2, 4, ¢ ays i outdoor exposure time,

respectively. '-vv‘.—t—.f

=

0 0

The cgnmrison betweerhsarbonyl index from outdoor exposure

and acceleratedﬂp%ﬁfgﬂq %%ﬁ%%&}/ﬂﬁenzophenone at the

same time is showh in Figure 4.29. Thei,plot suggests that the carbonwdex of outdoor

eonsr QARG RGN HAGobp ve 7

may be reSulted from the higher disordered structure in LDPE. The attack of oxygen

causing degradation is easily done. Therefore, photooxidation degradation is not only
responsible by UV light but also oxygen. Although, the intensity of UV light can be
regularly controlled in Xenotest, but oxygen permeability also has an important role on

the rate of oxidation.
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1.2

A Xenotest

P ® Outdoor test

Carbonyl index

1.0

Figure 4.29 Normalizeg" plgts JO Carbon dex between outdoor exposure and
accelerated exposure aift Amer ime, O >F/10%starch/10%PE-g-MA/0.5%

benzophenone film

4.4.2 Tensile P fo: 7 Y |

] P
| |
¥ J.I-'

Tensile propq'ta are the commaen,m ethods for evaluation the degradation

o st By L8 FHEHR 3R 1) o conse o

accelerated UV e’!)osure were deternuned by tensile strength and elon ngatlon at break.

RIAINTUNRINYIAY

4.4.2.1 Outdoor exposure

Figure 4.30 demonstrates the stress-strain curve of the blend film
during outdoor exposure for 4 months. The trend is clearly show that the tensile

properties decreased when the exposure time increased.
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Figure 4.30 Stress-Strai/ 506starch/10%P! 9-MA/0.25%benzophenone

pure LDPE and LDPE/starch
films decreased with the exposurg -- as ¢ senin igure 4.31. This was true for every
- . .' e he tensile properties as
a function of time as "I‘f 1C -x’ d in the tensile strength
as well as in the eIonga@u ere w@a continuous reduction in
tensile strength and elongation at break astthe time of exposure increased. For

example, for theﬂlﬂfi&]v@v mﬂwrﬁwt&@sﬂnﬁh and elongation at

break decreased %.51% and 91.94%,#espectively after 4 month of @uidoor exposure.
o, tefidfade | iiefel sl agd hasion af ek of e Edee i s
greater anc?than that of the blend films. Due to its higher amount of LDPE in the film,
LDPE film showed 48.07% and 151.22% reduction in tensile strength and elongation at

break, respectively.
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4.4.2.1.2 Effect of compatibilizer

Figure 4.32 shows the plot of tensile strength and
elongation at break of the uncompatibilized and compatibilized blends with 10% PE-g-
MA as a function of exposure time. In consistent with the film before being subjected to
sunlight, the compatibilized blend also exhibited an increase in the tensile strength

compared to the uncompatibilized one. But as the exposure time increased, the tensile

strength decreased. The trend that of the elongation at break.

Decreasing in elongation at br ed at the last stage.

——
[ he uncompatibilized blend
had no interfacial adhesio , Nith ‘\ﬂ\\{ the compatibilized blends,
the uncompatibilized blen en sta granules and LDPE matrix.
This facilitated oxygen er part of the LDPE matrix.

Therefore, the uncompatibili | n € ensile strength and elongation at

break than the compatibiliz imejof expasure increased.

ontent

Ty

iims containing different

content of benzophenonﬂas a function of time are displayed'in Figure 4.33. The tensile
strength and el with increasing of
exposure time. ﬁuﬁtgnﬁnEMe conceﬁaﬂon decreased the
tensile p ﬁ, ﬁ?’ trength and
elongation ;at ﬁiﬁmﬂﬁ 3 ﬂﬂ P‘I E‘[ent is due to

chain scission reaction occurring during exposure. As described in previous section,

benzophenone can generate free radical and breakdown the long polymer chain into
the shorter ones. As a result, the lowest tensile strength and elongation at break were
obtained from the blend with 1%benzophenone. Clearly, as seen in Figure 4.33, its
elongation at break was almost zero for the blend films containing 0.5-1%

benzophenone at 4 months of exposure. Similarly, the tensile strength of the blend film



90

containing 1%benzophenone was drastically dropped about 62.54% after being
exposed for 4 months. These results mean that after the certain period of exposure

time, the blend film containing some amount of photosensitizer started losing its strength

and become brittle.

20

—e— LDPE

—&— LDPE + 5%starch
LDPE + 10%starch
LDPE + 15%starch
PE + 20%starch

Tensile strength (MPa)

300

e Y
250 E 4 o ostarch
DP 10%starch
—0— LDP 15%starch

i | —=— LDPE + 20%starch

.nEg)gation at break (%)

Exposure time (months)

Figure 4.31 Tensile strength and elongation at break of LDPE/starch blends during

outdoor exposure test
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Figure 4.32 Tensile strength and elongation at break of LDPE/10%starch and
LDPE/10%starch blend films containing 10% PE-g-MA during outdoor exposure test
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Figure 4.33 Tensile strength and elongation at break of LDPE/10%starch/10%P E-g-MA

blend film with various content of benzophenone during outdoor exposure test
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4.4.2.2 Accelerated exposure

After being subjected to UV radiation in Xenotest Beta Lamp

chamber, samples were removed for tensile test at every 5 hours for 20 hours.

4.4.2.2.1 Effect of starch content

arch content on the tensile strength

and elongation at break of pure L rch blend films is presented in

Figure 4.34. As expected; the_tensile Stre i blend films decreased as

increasing of starch conten '\\ ostre.time, the tensile strength of the

LDPE/starch films in accelg EXT clincre \

VNS

the exposure time. This y DE @ 1gibet en the polymer chains that
occurred within the polymer plenc & = ’ \

iy

in the beginning stage of

o the s 73; 1 al break, obviously, pure LDPE
exhibited the outstanding elongatigh‘at break red to LDPE/starch blend films. For
the blends with various content.df-stare . the @lengation at break gradually decreased
when the amount of staich increased._The ¢h O gation at break as a function

of exposure time show 0 C F' d films.
‘ : Jil

ﬂ‘lJEJ’JVIEWl‘ﬁWEJ’]ﬂ‘i
ammnimummmaa
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Figure 4.34 Tensile strength and elongation at break of LDPE/starch blends during

accelerated test
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4.4.2.2.2 Effect of compatibilizer

Figure 4.35 illustrates the comparison of tensile
properties between uncompatibilized and compatibilized blend with 10% PE-g-MA. For
compatibilized blend , there was a significant improvement in both tensile strength and
elongation at break. The tensile strength of both compatibilized and uncompatibilized

blend increased slightly as a function of time. This may be because of crosslinking in

s the proposed mechanism
to explain this behavior. In phetoeXidarion mechan any radicals were produced.

It is possible that two radica

~~nCH-CH-CH,'R 724 CH CHE CH- + RH

~rnCH-CH-CH- +10, 7 CH-CH- + O
£k /s
o Ao CH; CH;-CH-

Y e )
"V"VCHQ—CHQ-CH ﬁé G Y] 9
; CH2—CH2—CH-

U

© AUEINENINEINg
Wmmqmmummmﬁ o

’VV‘vCH CH CH-

Figure 4.36 Mechanism of chain branching or crosslinking of PE during accelerated

exposure
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Figure 4.35 Tensile strength and elongation at break of LDPE/10%starch and

LDPE/10%starch compatibilized with 10%PE-g-MA during accelerated test
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4.4.2.2 .3 Effect of Photosensitizer content

Figure 4.37 shows the plot of tensile strength and
elongation at break as a function of time and photosensitizer content. Similar to the films
being subjected to the outdoor exposure, the blends containing higher amount of
benzophenone also exhibited a lower in tensile strength and elongation at break than

the others. But as the exposure time increased, the blend films with 0% or 0.25%

benzophenone showed no significant.changes ia both tensile strength and elongation at
break. However, at the grea it of e I one, there was a drop of both
tensile strength and elongation ) e w-...- 5 hours of exposure, and
these values started levelling, » two plots, the tensile strength

. NZC ophenone decreased about

sure under the accelerated

and elongation at break g
17.54% and 47.27%, respg

test.

ﬂUEJ’JVIEJWl‘iWEJ’]ﬂ‘i
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Figure 4.37 Tensile strength and elongation at break of the LDPE/10%starch/10%PE-g-

MA blend films with different amount of benzophenone during accelerated test
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4.4.2.3 The comparative result of tensile properties

Figure 4.38 exhibits the comparison between tensile properties
from outdoor exposure and accelerated exposure of LDPE/10%starch/10%PE-g-
MA/1%benzophenone. The plot shows that both of tensile strength and elongation at
break of outdoor exposure blend films was higher than that of accelerated exposure in
Xenotest Beta Lamp. This is due to the fact that in outdoor condition, the erosion by rain

and dew also plays an important role on res le for these lost of tensile properties.

Tensile strength (MPa)

1.0

® OQutdoor test
—&— Xenotest

-y

HAINUNT

Normalized exposure time

Figure 4.38 Normalized plots of tensile properties between outdoor and accelerated

exposure of the LDPE/10%starch/10%PE-g-MA/1%benzophenone blend film
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4.5 Evaluation of Biodegradation

Biodegradation of LDPE/starch blends were performed by soil burial method
and resistance of LDPE/starch films to fungi according the ASTM G21-96.

4.5.1 Soil Burial Test

After being subjected to the'soi s were removed for testing every

month. Physical appearance oi e &)Sewed by SEM. In addition,
e ——

biodegradation rate was d bylmeas ing ight loss and tensile properties

of the films.
4.5.1.1 Mor,
The ch 3C ,' ][ ind physical appearance of the
blends after being exposed t il 83 frion \ died in terms of the amount of

banana starch, the effect of comp 7 ie effeCt of photosensitizer and the duration

]

y
ﬂ u Ei’ih%&l %‘%:W Hﬂlﬂst ch blend containing

different amount o”starch are shown in‘Figure 4.39. ﬁer 3 months e@sure, there was

oo QR B SAVHH DG b

starch weré obviously degraded as evidenced by the existence of small holes on the

surface of the film. The numerous tiny holes appeared on the surface of the films
confirmed starch removal. This is because there are more sites on the film surface that
can be attacked by microorganisms. These SEM micrographs prove that starch is the
main carbon source for microorganism while the LDPE matrix remains unaffected.
Therefore, the oxygen can attack the newly generated surface with the formation of

peroxides and hydroperoxides. These radicals promote the scission of the LDPE main
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chain into small fragments that are more susceptible to attack by microorganisms. As

expected, more minute holes increased when starch content increased.

STREC

Figure 4.39 SEM micrographs of (a) pure LDPE and LDPE blends with (b) 5% starch

and (c) 20% starch after 3 months of exposure in soil
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4.5.1.1.2 Effect of Exposure Time

Figure 4.40 exhibits the micrographs of the LDPE/20%
starch blend film for different exposure time. Starch grains can be seen on the sample
before burial in soil. After 1 month of burial, these grains started to disappear because
they were consumed by microorganisms. This left a film with a surface full of cavities,
which became more abundant as the burial time increased. The consumption of the
starch was continued up to 3° month when’/rp}ii'\’/ely many holes arised, suggesting

starch consumption. -

o B

15k

Figure 4.40 SEM micrographs of LDPE/starch blend with 20% starch during exposed in

soil for (a) 0 month, (b) 1 month and (c) 3 months
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4.5.1.1.3 Effect of Compatibilizer

The comparison of the compatibilized and
uncompatibilized blend films are displayed in Figure 4.41 (a) and (b), respectively. As
seen in Figure 4.41 (a) less significant retardation in starch consumption can be
detected. In contrast, the uncompatibilized blend showed many number of tiny holes.
The difference between the uncompatibilized and compatibilized blends can be clarified
by the following reasons. For uncompatit:‘)ilii'qé/}hnds, LDPE matrix only encapsulates
the starch granules without anx_t}_onding. Thus.@ gap between LDPE matrix and
starch granules. This gap @QS porodty ofhe ED'P’E"matrix, which can then easily

permit the microorganism’auaeﬂ/,

roughout the LDPE matrix. For LDPE/starch blend

esion between. the two components makes the

removing of starch granul "'afi}-%nérﬁore difficult.. These results are in good
—
agreement with the tensile properties ;GS{WiI!$edescribed in the next section.

ity |
i il ]

[ —

oPBEHT 1BkU TBBMM - A2

~@ 191987 7 YA

Figure 4.41 SEM micrographs of LDPE/20% starch blend after burial in soil for 3
months: (a) compatibilized blend with 10% PE-g-MA and (b) uncompatibilized blend
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4.5.1.1.4 Effect of Photosensitizer

As shown in Figure 4.42, it is very difficult to distinguish
the difference between LDPE/starch blend added 1%benzophenone and the blend film
without benzophenone. After 3 months of exposure in soil, the result showed that there
were few small cavities in both of the blends. This is because of the presence of the
compatibilizer and photosensitizer. Benzophenone is an aromatic carbonyl conpound
photosensitizer that might be sufficiently tox{cﬁﬁgai}\ibit microbial growth in culture.

P — o
+ABKUE ARy, (N
~ R

o —

Figure 4.42 SEM mitrographs of LDPE/20%starch/10%-PE-g-MA blend (a) with

1%benzophenone and {b) without benzophenone after 3 months exposure in soil

4.5.1.23Weight loss

Weight loss measurement is the most simple technique to

determine the biodegradability of the biodegradable films.
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4.5.1.2.1 Effect of starch content

Starch consumption by microorganism resulted in weight
loss of the blends. These results are shown more clearly in Figure 4.43, which illustrates

the weight loss of the LDPE/starch blends as a function of the exposure time in soil.

—e— LDPE

% Weight loss

e

As can be observed, LDPE exposed in soil for 4 months

did not show eﬂ w|g%hﬁW§w mﬂﬁ blends with starch

exhibited greaterfweight loss. For tr}e blends containing 5% and 10% starch, the

oron QTR T U T TR

to 1%), even after 4 month of exposure. The biodegradation rate rapidly increased for

the blend with 20% starch even after the first month of exposure.

Conclusively, the percentage of weight loss increased
with the duration time of exposure in soil and the starch content. For the blends with
high starch content, starch was more exposed, as result, a greater portion of it was

consumed by microorganisms. In contrast, for the blends containing low amount of
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starch, the starch almost completely covered by LDPE and was not accessible by
microorganisms. The starch diameter was about one fourth of the film thickness, and
the microorganisms would consume only the starch that was located on the surface of

the film.

4.5.1.2.2 Effect of Compatibilizer

weight loss of the compatibilized

vior was also observed in the

.‘
th 20% d a significant weight loss

blends. Comparing to Figure
compatibilized blends. T

compared to the others.

4
—o— <
—O0— 10%
—w— 15%starc

3 —7— 20%star

% Weight loss
N

Y Tigne (months) . v
Figureﬂﬁvgi]; h@osg orL]D‘;E gydyarm :n]oat Z]stgcl::!na O%.'l of PE-g-MA

The comparison between compatibilized and
uncompatibilized blends is shown in Figure 4.45. From this plot, it can be suggested
that the degradation rate of the compatibilized blends slightly lower than that of the
corresponding uncompatibilized ones. This might be implied that the compatibilizer has

an inhibiting effect to the biodegradation of the blend film. This effect of PE-g-MA may
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be due to the bonding between anhydride groups of the PE-g-MA and the hydroxyl
groups of starch, which presents or obstructs the consumption of starch from

microorganisms in the soil.

—e— 20%starch
—O0— 20%starch + 10%PE-g-MA

% Weight loss
N

Figure 4.45 The comparison be fw--' b'P starch blends with and without 10%

PE-g-MA as compatibilizer , L-_.. .»_‘

)

4, 59%3 Effect of Photosensmzer

ﬂummmwmm

The effect of photosensmzer on welght loss of the

LDPE/SKQ?'W ﬂ;ﬁrfﬁf?mm g ﬂBﬂTa ﬂas a function
of exposure time can be seen in Figure 4.46. The data ed he amount of

benzophenone increased, weight loss of the films decreased. The result is similar to the
case of the compatibilizer, PE-g-MA, that both PE-g-MA and benzophenone act as an
inhibitor reducing the effectiveness of the biodegradability of the blend films. As clearly
depicted in Figure 4.47, without these two components, weight loss the LDPE/starch

blend film can be as high as 3.68% after 4 months of exposure. However, the addition
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of 10% PE-g-MA had reduced weight loss of the blend film to 3.17%. Likewise, weight

loss of the blend film had further decreased to 1.71% after adding 1% of benzophenone.

—&— 0% benzophenone
—O0— 0.25% benzophenone
3} | —v— 0.5% benzophenone
—v— 1% benzophenone

% Weight loss
N

Figure 4.46 Weight loss o S LDPE/20% \\“\ -g-MA blends with different

amount of photosensitizer

% Weight loss

22,

Time (months)

Figure 4.47 Weight loss of pure LDPE, LDPE/20%starch, LDPE/20%starch/10%PE-MA,
and LDPE/20%starch/10%PE-g-MA/1%benzophenone blends films
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4.5.1.3 Tensile properties

4.5.1.3.1 Effect of starch content

As presented in Figure 4.48, tensile properties of the

LDPE/starch blend films decreased slowly with an increase in the soil burial time. In

fact, such a decrease can be observed in both the tensile strength as well as elongation

in tensile strength and elongation at

break as the time of exposurevincreased. Ir increasing of the starch content

reduced the tensile prope S 2 fu of@. The reason for this is the

starch consumption by micrger§zaiSm,  Starch consul ption results in the destruction of
rge

AN

LDPE matrix. These changgs ' \Gted § ” sile properties of the blend films. In
7 QuUIAO0

number of cavities in the

N

comparison with the pho ‘\% p' ure demonstrated in Figure

4.31, the decrease in tensilg pro ' e ction of exposure time and starch

content was more distinct fe

:-' st .‘s‘ iously, after 4 months of outdoor

&

exposure, the tensile strength of {* E /starch films decreased up to about

48.07-53.49%, where as those of e flis outiedinthe soil decreased only 7.53-8.00%.

-

(T x

4.5; m
-9 % .

ﬂ HE fjlﬂegrmsw ﬂj ﬂaﬁth and elongation at
break of the coq]patl ilized and uncompati ilized Dlends. As the exposure time
increas [ t ‘l i @' of ﬁ tibilized and
uncom@ﬁﬁﬁiﬁiﬂoﬁ.ﬁa rﬂ&!:j) ,:I-Bd blend with

10%PE-g-MA exhibited an increase in the tensile properties compared to the

uncompatibilized ones. After 4 months, tensile strength of the LDPE/10%starch blend
film without PE-g-MA decreased about 16.58%, while that of the compatibilized blend
film decreased 11.50%. At the same amount of starch and degradation time, the
elongation at break of the uncompatibilized blend and the blend containing 10%PE-g-

MA was decreased about 51.63 % and 28.17%, respectively. This is because starch
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granules of the uncompatibilized blend have no interfacial adhesion with the LDPE
matrix with respect to the compatibilized blend. The uncompatibilized blend has more
surface areas of starch to be attacked by microorganisms than the compatibilized
blend, as seen in Figure 4.7. Therefore, the uncompatibilized blend has more
microscopic holes randomly scattering in the film than the compatibilized blend.
Consequently, the tensile strength and elongation at break of the uncompatibilized

blend were lower than the compatibilized blend.

ontent

n/’ 50| disp \ plot of tensile strength and
elongation at break as a_i c of ftime tlzer content. The tensile
properties of all blends sligh 2 | unal time. Similar trend can
be observed in both tensile strengt 30(:{491 ngation 2 . .\ that the blend film without
benzophenone had the d at St cre%“? ;: _' e :\'« verties compared to the others.
These results were different from ml gra ation test that the increase in
benzophenone content helped p a g 5‘ ? ase In tensile properties of the blend
films being subjected_ to th 0 - A rated exposure tests. However, those
results were similar '-t‘;.-‘r loss_measurement —in ﬁ) ich the increasing of

benzophenone concen ﬁ Dillity of the films.

agreement with the
SEM mlcrograpﬂ Hwn in |gureg?]eﬁx ngstarch End films containing
1%benz jﬁ is because
benzophe omaﬁﬂmﬂﬁj\ nrijjﬁgfsulting in the

reduction of the starch consumption by microorganisms. Therefore, the blends
containing higher content of benzophenone had small decrease in tensile strength and
elongation at break as a function of time. After 4 months, the tensile strength and
elongation at break of the blend film with 1%benzophenone decreased about 1.89%
and 17.59%, respectively. Whereas the tensile strength and elongation at break of the

blend film without benzophenone decreased approximatly 11.50%, and 28.17%,
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respectively. It can then be concluded that benzophenone has a small inhibiting effect

on the biodegradation rate of these systems.
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Figure 4.48 Tensile strength and elongation at break of LDPE/starch blend during soil

burial test for 4 months
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Figure 4.49 Tensile strength and elongation at break of 10% starch fims

uncompatibilized and compatibilized with 10% PE-g-MA during soil burial test
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Figure 4.50 Tensile strength and elongation at break of LDPE/10%starch /10% PE-g-MA

blend containing different amount of benzophenone during soil burial test
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4.5.2 Determination of Film Resistance to Fungi

4.5.2.1 Growth Rate

Table 4.4 summarizes the biodegradation results obtained from the

film resistance to fungi test.

Growth rate
LDPE film 0 (no growth)
LDPE + 5%starch . -1 (less than 10%covered)
LDPE + 20%starch - | 1 (less than 10%covered)
LDPE + 20%starch + 10% f [+3A\ 0 (no growth)
LDPE + 20%starch + 10%P {+119%benzaphanone |, 0 (no growth)
Banana starch film . N - 4 (60-100%covered)

P/

4.5.2.2 Morphological-Sludies

In ‘ﬂ. the micrographs for the

LDPE/5%starch, LDP‘E/ZO%starch LDPE/20%starch/10%PEgMA and

LDPE/20%staroﬂﬂﬁqwﬁmwlﬂmrﬂ q?r 58 days test are

presented in Figlfe 4.51. The empty craters resulted from the consumption of starch

granul Qﬂjg@? ?nﬂjlﬁ starch and
LDPE/e(as arch blend his fungus can produce enzy se capable of

hydrolyizing amylose and amylopectin which are constituents in starch [13]. The
LDPE/20%starch blend exhibited the larger holes than the LDPE/5%starch blend,

suggesting an extensive starch consumption.

In contrast, the blend films containing PE-g-MA and benzophenone

were found to become more resistant towards microbial attack. Both films showed no
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sign of cavity on the film surface. This result is similar to the result from soil burial test.
Thus, it might be confirmed that PE-g-MA and benzophenone act as an inhibitor

reducing the efficiency of the biodegradation of the blend films.

JENds!  15KUS 100 um
1575 EEr

/
; : 3 :
L STREC . )Exmy e ioenm -

Figure 4781 SEM imictegraphg of {a)d~LDPE/5%starch, (b) LDPE/20%starch, (c)
LDPE/20%starch/10%PE-g-MA, and (d) LDPE/20%starch/10%PE-g-
MA/1%benzophenone blend films after 58 days test
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