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CHAPTER IV

RESULTS AND DISCUSSION

The aim of this research was to control, photodegradation of LDPE by incorporating

=
microencapsulated photosensitizer particles f’ itive. The effects of coating thickness
of the photosensitizer and the contents of micro d particles on photodegradation

efcapsulation of photosensitizer was

prepared by simple coacervaii e \in which the'ratio of coating material (gelatin)
and core material (benzophe : ] fametint f hardening agent (formaldehyde) were
varied. Microcapsules were Acteiizéd by canning tron microscopy (SEM) and

thermogravimetric analys ms containing additives were

NN
prepared by a compressio pecimens we '\i from these films and test for

their photodegradability for 4 od -,“»‘ was studied under sunlight and

accelerated condition (ultraviole of photodegradation was followed by

weight loss, tensile pr_opertie physi and carbonyl index from FTIR

spectrum of the film. :
Y )

] §
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microcapsule. Benzophenone and gelatin powder were prepared by grinding in the ball mill

for 1 day and the ground powder was filtered through the sieve in order to receive the
homogeneous powder. Approximately 85.7% and 70.4% of the amount of benzophenone

and gelatin powder, respectively, have the average diameter of 120 - 150 um.
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The TGA thermogram of pure benzophenone and gelatin powder are shown in
Figure 4.1. The thermogram shows the onset of decomposition temperature and %weight
loss. The pure benzophenone powder shows one decomposition stage at 220 °C. The pure
gelatin shows two decomposition stages. The first one around 100-110 °C is due to
moisture; whereas the second stage presented around 276 %G belongs to the onset of

decomposition temperature of gelatin er. As seen in Figure 4.1, both pure

% Weight

Figure 4.1 The TGA c;{rves of pure benzophenone anypure gelatin powder
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Encapsulated benzophenone powder was prepared by simple coacervation
technique. Gelatin, water-soluble polymer, is the starting material for formation of a coating
material. The formation of a coacervate was occurred by adding sodium sulphate solution
(Na,SO,). It was found that the optimum concentration of salt solution is 20% w/v. The

higher concentration made gelatin coagulated, whereas the lower concentration did not
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cause any coacervation of gelatin on benzophenone. As can be seen in Figure 4.2, the TGA
curve of microcapsules that were prepared by adding 15%w/v of salt solution shows only
the onset of degradation temperature of benzophenone at 218 °C, while the TGA curve of
microcapsules that were prepared by adding 20%w/v of sodium sulphate solution shows

both benzophenone and gelatin decomposition temperature at 180°C and 286°C,

respectively.
100
15> % Wt Sodium
5 ‘ wate solution
- A A% Iphate solution
&~ 2
[+}] . Y- "'_ -
< ;
ES
500 580
~ Figure 4.2 Effect of sodium-sulp s of microencapsulated

I
benzophenone powder U

‘a W
Besides m@uﬂn&mﬂaﬁiﬁﬂﬂﬁ jcrocapsule containing
20% wiv W ulphate soluti ﬁ resent: ima 0%Weight loss around
100 °C, whiéh listow ﬁﬁﬁ:ﬁ: ﬂmnﬁﬁ gjve’rla paring to the
TGA curve of microcapsule prepared from 15% w/v of sodium sulphate solution, these 3
decomposition stages can confirm the occurring of encapsulated benzophenone. However,
the microcapsules are not completely decomposed. After the decomposition of gelatin, the

%weight loss is constant at 25% from 500°C to 600°C. It may be explained that

microcapsules had some Na,SO, left that was not completely washed.
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The morphology of benzophenone, gelatin, and encapsulated benzophenone
particles are shown in Figure 4.3. Obviously, the surface of the microcapsule is not smooth.
One possible explanation is that benzophenone particles might not be completely coated

by gelatin so the uncoated reagents were washed away by ethanol leaving unsmooth

)

surface.

\

Figure 4.3 T j&j{jﬁﬁﬁﬁmﬂrﬁ bTﬁwgrﬂrﬁﬂd
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The reactive gelatin was confirmed by UV-VIS spectroscopy. Figure 4.4 shows the
UV-VIS spectrum of gelatin solution before and after coacervation. The spectrum of gelatin
solution before coacervation shows the significant peak occurring at 200-300 um and the

intensity of the absorbance is 3.80. After coacervation, this peak becomes narrower and the
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intensity of the absorbance also decreased to 0.42. These results can be confirmed that

gelatin is reactive and has been used in a coacervation process.

Audingninens |
ARIANTUUNINGT
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300.00 500.00 700.00 900.00 nm

(b)

Figure 4.4 The UV-VIS spectrum of gelatin solution (a) before and (b) after coacervation
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The obtained encapsulated benzophenone was used to study the controlled
photodegradation of LDPE films. Two interesting factors are the thickness of coating

material and the amount of hardening agent.

4.2.1 Effect of Benzophenone to Gelatin Ratio

receive the narrow size distgipt dar. The ave ge sizes of microcapsules and the
amount (%) of microcapsu i er range ‘\. e presented in Table 4.1. The

data show that almost 85% Srocapstle was itered through the sieve no. 30 but

does not pass no. 40 \ of EN3 microcapsule is less

than 600 -450 pum, while tules were filtered through the same

sieve number (50). Howev ,V it of ': eived microcapsule of EN1 was more than

EN2 around 15%. The amount of :_,--wu f C ules from each formula can be implied

that, among them, the EN3 is the big e, whereas, the EN1 is the smallest

microcapsule. Based \griithe fact that these mi ;;:..‘.,..;,j e prepared from the same
SR e ey TRV ¥

size of benzophenone P n ating material, which is gelatin in .

this case, of EN3 microca sules are greater than those of EN1 and EN2 microcapsules. In

other words, the FT“WET% %ﬁ ”Tﬂdi the coating material.
Table 4.1 ‘ihﬁe’rige Slﬁ aﬁj tﬁj 3:' éﬁ gﬁeﬁ ﬂzﬂnﬁ Wocapsules

Formula Sieve no. Size (um) % filtered amount
EN1 50 - 60 295-150 78.79
EN2 50 - 60 295-150 63.90
EN3 30 - 40 600-450 82.34
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The TGA curves of these three microcapsules are presented in Figure 4.5.
The value of %weight loss is very important since they can indicate the %weight and the
ratio of each material in encapsulated benzophenone. Td at 180°C and 286°C are the
decomposition temperatures of benzophenone and gelatin, respectively. From Table 4.2,

%weight loss of benzophenone and gelatin of EN1, EN2, and EN3 microcapsules is 70.2

and 20.1, 32.4 and 38.2, and 18.2 and. 46. pectively. After calculating the ratios of
\

s of benzophenone and gelatin

after coacervation are ve zophenone to gelatin ratio.

Eventhough the size of ich different, the ratios of

benzophenone to gelatin i e it can be implied that the

releasing rate of benzopherg Capsules should not be equal

due to the difference in thickngs

% weight

ATEINY!
R T amﬁmw EI'Tﬁ’ g

Figure 4.5 The TGA curves of EN1, EN2, and EN3 microcapsules



Table 4.2 Onset of decomposition temperature, percent weight loss, and the ratio of

benzophenone and gelatin of EN1, EN2, and EN3 microcapsules

Sample [ Td (°C) (onset) % Weight Loss The ratio of calculated
First second | Benzophenone| Gelatin Benzophenone : Gelatin
EN1 180 2991 7 20.1 1:0.29
EN2 180 286.0 ] 14497
EN3 | 180 283 3. 2 - 1:255

4.2.2 Effect of Ame

The effect n t s studied by varying the

concentration of formaldehy; N5, and EN6). After drying

microcapsules by freeze dryerg e sieve in order to receive the

narrow size distribution powder. capsules and the amount (%) of

microcapsules within these diameter S f nted in Table 4.3

Table 4.3 The average sigt EN6 microcapsules

Formula §i(ge no. Sizeayn) % filtered amount

LI ;EL
ENSl 50-60 |, 295150 6372 o
AEIA P 1 B

q
From the data in Table 4.3, all formula was filtered through the same sieve
no. 50 but did not pass no. 60 and the % filtered amount was similar. These results mean
that the amount of hardening agent had no effect on the thickness of coating material or the

deposition of gelatin coating around benzophenone core material. To confirm these results,
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themogravimetric analysis was performed and the results are presented in Figure 4.6 and
Table 4.4. From Table 4.4, the ratios of benzophenone and gelatin derived from %weight
loss of every formula are fall within the same range. Comparing to the starting ratio of
benzophenone to gelatin which is 1:1, %weight loss of benzophenone and gelatin of EN4,
ENS, and ENG6 particles is 26 and 38.1, 33.2 and 40.6, and 28.9 and 43.0, respectively. The
calculating ratios of benzophenone and gelatia of EN4, EN5, and EN6 particles are 1:1.46,

% Weight

f"
GA curves of EN4, EN5, and E "' microcapsule

Table 4.4 Onset Ofﬂiuﬂlgt nﬂ 7] j w H ’] mild the ratio of

benzophenone and gelatin of EN4, ENS5, and EN6 mlcrocaﬁ

A WIANN 3N NR1INYTH

Sample Td ( C) (onset) % Weight Loss The ratio of calculated

Figure 4.6 Tt

First second | Benzophenone| Gelatin Benzophenone : gelatin

EN4 180 299.1 26.0 38.1 1:1.46

ENS 180 286.0 33.2 40.6 15122

ENG 180 283.3 28.9 43.0 1:1.48
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4.3 Film Preparation

LDPE films containing additives were prepared using the compression molding.
Prior to do so, the constituents, LDPE and benzophenone, LDPE and gelatin, LDPE and
encapsulated benzophenone, were physically premixed. In this research, benzophenone,

gelatin, or encapsulated benzophenone c entrations were varied in four different levels:

0.5, 1, 3, 5 %w/w. The films were ‘ ISP * #heir thickness is approximately 80 um.

Figure 4.7 shows the SEM m._;: phs «#LDPE and LDPE/encapsulated
; . ——

benzophenone films. Although the-SEM micr »-rw ~_ ¥s, Some evidence of encapsulated

particles, generally, the engaf },. : o'n,-x isuwell compatible with LDPE

c ¢ u \\\\\ DPE matrix prepared from
/7B \\\N \

d from LDPE pellet.

powder. In fact, the dispegsi®

LDPE powder was better thag

Figure 4.7 The SEhﬂicu%JﬂQfmlglni m ﬂ)’! ﬂ ‘jntamlng 3%EN2

mlcrocapsule

AR AN TUURITINYIA Y

4.3.1 %hemlcal Structure

FTIR technique was used to characterize the functional group of the
composite films. The wavenumber of vibrations of LDPE, gelatin, and benzophenone are

given in Table 4.5
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Table 4.5 The wavenumber of vibrational molecule and assignments for LDPE, gelatin, and

benzophenone powder

Wave number (cm’') Assignment and Remarks

LDPE :
2950
1475 o ) ' ing of -CH,

1475, 1380
720, 730

Benzophenone.:
3050
2950
1710 :
1600, 1580,1500 L hing (benzene ring)
750, 650 -

Gelatin :
3000-3600 absorbed water
3300 1 FY ]

2950 stretehing

1650-1690 ¢a -C=0 i&rptching of amide

1400 (o] 9J ¢ ‘ .\'ﬂ" i
QTR A TR F TR e oo

presented ingFigure 4.8. The pure LDPE film shows three main peaks of -C-H stretching,

-C-H bending, and -C-H rocking at 2950 cm™, 1470 cm”, and 720 cm” respectively.
However, the spectrum of benzophenone filled LDPE film presents a different peak at
1710 cm’. This extra peak compared with pure LDPE film is assigned to the carbonyl group
(-C=0) of ketone from benzophenone. The other peaks at 3050 and 1500 indicating =C-H

stretching and -C=C stretching of benzene ring, respectively, do not exist because they are
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overlapping with the very strong peaks of LDPE. The strong peak of carbonyl at 1710 cm’
depends on benzophenone content. The spectra show that the intensity of carbonyl peak

increased with an increasing of benzophenone content (Appendix D.2).

% T

Figure 4.8 The FTIR spectrum of ( a @;‘3’":’ p) LDPE/5% benzophenone film and

(c) LDPE/5%galafin film" . £

- T
Spectrum of6% gelatin filled LDPE is also sh n in Figure 4.8. Comparing

to the other two spectra, the Jifaent (ﬁﬁ i aﬁ;m ear at 3300 cm ' and
1650-1690 cm’’ prgiu &goﬁ stretc ?ihing of amide group,
respectively. The very broad band of —OfH stretching#at 3300-3600 ﬁ 'Eil the hydrogen

poncing b RBab BN Flodr e et Kok L8 )

other peaks tﬂat can characterize gelatin overlap the strong peaks of LDPE, so they can not

However, the

present in the IR spectrum. Same as the benzophenone content, the peaks at 3300 cm’'

and 1680 cm ' increased with an increasing of gelatin content (Appendix D.1).
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The IR spectrum of LDPE/5% encapsulated benzophenone is presented in
Figure 4.9. It should have both characteristic peaks of gelatin and benzophenone. It can be
seen that the broad peak at 3300-3600 cm™' of -N-H stretching and —-O-H stretching or the
peak at 1710 cm™ and 1680 cm™' of carbonyl group still appear although their intensities are
not so strong as those of LDPE/5%gelatin or LDPE/5%benzophenone films that presented in

Figure 4.8. It must be due to the f: at encapsulated particles contain both

8 &
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Figure 4.9 Th8 FTIR spectrum of (a) pure LDPE and (b) LDPE/5% encapsulated
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benzophenone films
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4.3.2 Tensile Properties

The stress-strain curves of LDPE, LDPE/5%benzophenone, LDPE/5%gelatin,
and LDPE/5%encapsulated benzophenone (EN2) films are shown in Figure 4.10. Obviously,
the tensile strength of LDPE film is stronger than that of LDPE/5%benzophenone,
LDPE/S%gelatin, and LDPE/5%encapsulated benzophenone films, respectively. The

influence of amount of gelatin, benz icrocapsule on tensile properties is

"
shown in Figure 4.11. Upon increasing ditives, the tensile properties of
-‘
LDPE/gelatin and LDPE/bew : w decrease, whereas the
LDPE/encapsulated benzopher : r drop in these values. Clearly,

The compatibi atrix, including size, shape
(morphology), and the dispersio ain factors for describing the lower
in tensile properties of these LDP articular, LDPE is a hydrophobic,
while gelatin is a hydrop '; i& material, so they are not good in c¢ atibility. From Figure 4.3,
the shape of benzophenone ai .}‘. and their size is about

d their size is bigger than
gelatin and benzop ‘ﬁ; is rf igh., i e on the mechanical
properties. The smal rms ﬂﬂﬁe Sﬁﬂ:lﬁ:ider can absorb and
transfer the apﬁllae‘cj forced acting on thé film to the LOPE matrix thor&?jvs and evenly

cocass b ok b b 54d oty it e b

tensile properties are greater than the LDPE film containing microencapsulated particles.

120-150 pm, while the surfaee of microcapsules is not smooth

result, their

Since their particles are bigger and not compatible with the LDPE matrix due to its
hydrophilicily and unsmooth surface of coated gelatin, these particles tend to form as an
aggregate rather than individual particles as evidenced by SEM micrographs which will be

presented later in the next section (Figure 4.22 and 4.23). Hence, when the force is applied
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to the LDPE/additives film, these aggregates or microcapsules will response to the force as
a defect or stress concentration of the film, rather than helping distributing the applied

forces. As a result, their tensile properties are lowest.

Comparing between the effect of benzophenone and gelatin as presented in
Figure 4.11, the lower in tensile strength and higher in elongation at break of LDPE/gelatin

film might be due to its moisture absarpt . Singe Jelatin is a hydrophilic material, it is very

sensitive to moisture and can abserb a. sluré Upon increasing its amount in the

LDPE film. Moisture will play Npoant rofe in the il as a plasticizer resulting in lower

tensile strength and higher elog

15 1

12 +

Stress (MPa)

3 1 :,‘ g |.
: Tl :
: : 1 -“'I :

AU IR T
oAU TRUNMIINE VA Y,

and LDPE/5%encapsulated benzophenone films
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% Weight of additive

Figure 4.11 Tensile strength and elongation at break of LDPE films with different amount of

benzophenone, gelatin, and encapsulated benzophenone
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4.4 Evaluation of Photodegradation

Photodegradation was studied under sunlight and accelerated condition (UVB-light)
exposure. The change in chemical structure and physical appearance was followed by FTIR

and scanning electron microscopy (SEM), respectively. In addition, photodegradation rate

4.4.1 Weight Loss
4.4.1.1 Outdoo

. \‘ PE and LDPE/gelatin films are

shown in Figure 4.12 (a). RP&T ? \ D u oC o

show any significant weig : .m ht'fdss ¢ ' \ .

d y

nlight for 4 months did not
nly 0.05% at the 4" month.

Similar to the LDPE films, LDPE/O. /o a y} "ﬁl \ showed a little increase in weight
loss after 4 months of exposure Mo NEYer: (he & tinfilled LDPE films showed greatest
increase in weight loss. From the resulis w},; ’ ) that at low concentration (0-3%wt)
of gelatin in LDPE films, thé amount of gelatin  did not h e ence on %weight loss of
the LDPE films. Figure 4.1 -— berZOphenone filled LDPE films.

The data showed that %w 9 t loss of the films increased wit ncreasing the duration time

of exposure. Event Zfi 19 f ss increased slowly
upon increasing exﬁﬁJ ﬂﬂi] jﬂ}]:l fjintmuously observed.
The photodegradataon rate rapidly m(feased for the LDPE ith 3% and
5%benzopﬂ1 w’l@ Q ﬂ ﬁmu m’g';lm Eﬁl m e, Y%weight

loss of the EDPE/benzophenone films increased when the amount of benzophenone
increased. It can be concluded that the exposure time and amount of benzophenone have

an effect on photodegradation, especially at longer exposure time (more than 4 months)

and higher benzophenone content (3-5%).
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ammﬂiwm'mmaﬂ

Figure 4.12 Weight loss of pure LDPE film and LDPE films containing (a) gelatin and

(b) benzophenone at different concentration under outdoor exposure
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4.4.1.1.2 The Effect of Encapsulated Benzophenone
(a) Effect of Benzophenone to Gelatin Ratio

As can be seen in Figure 4.13, %weight loss of every
formula was rapidly increased at the 4" month. The greatest value of %weight loss was

observed in LDPE/5%ENS3 films, especially at the 4™ month of exposure. It may be due to

the higher amount of gelatin of 3 x  micibgh e, compared with the other two
microcapsules, which is sensitivéte.the environf rs such as moisture and so on.

However, longer period of exposurs il.Qrder to be able to differentiate the

effectiveness of each microcapst g ir e | ‘!"'n

-,,H Agent

e4 4414, %weight loss of the LDPE
o e. %Weight loss of all formula
clearly increased at the 4" month. Hewever the 5 showed no significant difference in

%weight loss of the three 7_9;,:‘!5_;_,:;r‘~ S enone fils. This result implies that

—_—_ Y |

films. : m

In or e"i i ei iti the %weight loss of
LDPE films under ﬂ(ﬂzj ﬁ(ﬂyﬂﬂi ﬁa :rst:fj'%weight loss of pure
LDPE films and L?)]PE films contaﬁf 5%gelatin®=6%be eg and 5%EN1
microcapsmﬂ uﬁ%@oﬁmsﬁe ruﬁij gﬁlﬁ:i aHe drawn from
this figure wh‘llch additives is the most influence on the photodegradation, from the figure it
can be seen that at longer exposure time (4th month) LDPE/5%EN1 film showed the greatest
in weight loss. Other evaluation methods and/or longer exposure time, i.e., more than 4

months should be employed in order to identify the most important additive for promoting

the photodegradation.
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Figure 4.13 Weight loss of LE

under outdoor exg
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Figure 4.14 Weight loss of LDPE films containing 5% EN4, EN5, and EN6 microcapsules

under outdoor exposure
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0.30
—— LDPE
0.25 | - - & - - LDPE+5%benzophenone
— A — LDPE+5%gelatin
— ¥~ - LDPE+5%EN1
2 0.20
o
=
5 o015 A
o
S
X 0.10 -
0.05
0.00 —

Figure 4.15 Weight loss of p! il \o aining benzophenone,

gelatin, and encap one \o‘. outdoor exposure

4.4.1.2 Accelerated
441, hefione

\F \J
'!| Weig DPE, LDPE/5%gelatin, and LDPE/

5%benzophenone films during gcelerated expogure is shown in Figure 4.16. Similar trend

s o G YV s e

films slightly incredsed during the ﬁrs% period of ex geosure time; i 20.5 hours for
LDPE/S%bazmrﬂﬂtﬂﬁj W%ﬁrﬂr@swc&l ’] /ae E loss seemed
to decrease @nd then remained constant. These data are different from outdoor exposure
test that %weight loss of pure LDPE and LDPE/5%benzophenone films increased with an

increase of the exposure time.
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0.08 - —#— LDPE+5%benzophenone
— 4 — LDPE+5%gelatin

0.06

0.04 -

% Weight Loss
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Figure 4.16 Weight loss of p Im andDPE fillns'eontaining 5%gelatin and

5%benzopheno

s, the change in %weight loss of
LDPE/5%gelatin film had a similar treng o-tae-ouidoor exposure test that %weight loss

increased with an increase i it ouId be noted that the

magnitude of weight Zs;f""'—""”” it VN the results from outdoor
exposure test. For exam@, at 8 < onths xposure %weight loss of
LDPE/S5%gelatin under acée*e‘réked and outdo%exposure test was 0.02% and 0.1%,

oo o A B ST o st e

LDPE and LDPE film¥l containing additiveé can be deg'ri\-(.jed by other mqejhanisms besides
photodegrﬁ(w qaﬁﬂﬁrmomq%ﬂQIﬂtr&l words, under
outdoor exp@sure the environmental conditions (except UV intensity)' such as %RH,
temperature, O, concentration, etc., must be more severe than those under UVB exposure.
Therefore, these parameters can assist or promote the degradation process of the films via
several mechanisms besides photodegradation. In particular, for LDPE/gelatin film, under
accelerated exposure the film was not in direct contact with water or rain. It can only absorb

moisture or condensed water during the condensation period.
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4.4.1.2.2. Effect of Encapsulated Benzophenone

%Weight loss of EN1, EN2, and EN3 filled LDPE films during
UVB exposure is displayed in Figure 4.17 (a). Their %weight loss did not show any obvious
difference, comparing to Figure 4.13. Unlike the outdoor exposure test, it seems that the

benzophenone and gelatin ratio did n t" nce on %weight loss. In addition, only

approximately 0.02 %weight loss formula upon increasing exposure

time.

EN4, EN5, and ENG6 films
increased only 0.02-0.03% d there was no significant
difference among these th}e W 58 of ENA 5, and EN6 microcapsules
filled LDPE films during UVB Sufe - 50 __ 4.17 (b). These results were
similar to an outdoor exposure tgs , t ifig gl 4\- outdoor exposure test that the
formaldehyde did not affect the & ou NE i loss ‘or photodegradation rate of LDPE
composite films. :

4.4.2 Physical Appearance—————_____-
. ]

Figure 4.18 presents SEM mo;phology of purﬂDPE films before and after
photodegradation ‘ui S test: reswere tiny holes on the
surface of LDPE ﬁlﬂ;ﬁ Sgo mmlmaﬂn? can be seen that the
surface of oqut exposed, fi m r sﬁaﬂh , ﬁ exposed film
indicating t%ﬁﬁﬁiﬁio cijruﬁur test ,j an QUV test. It

may be due to the other possible degradation mechanism or other factors, as mentioned

2

earlier, occurring concurrently besides photodegradation when the LDPE film was exposed
to the sunlight. However, the photodegradation of LDPE film became more severe with
increasing the exposure time in QUV test. As seen in Figure 4.19 (b), a greater numbers of

tiny holes can be observed when the QUV exposure time was increased to 145 hours
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Figure 4.17 Weight loss of LDPE films containing (a) 5%EN1, 5%EN2, and 5%EN3

microcapsules (b) 5%EN4, 5%ENS5, and 5%EN6 microcapsules under UVB

exposure
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(7 months). The result proves that LDPE films can be degraded by themselves via

photodegradation process but it would take longer period of time than the films with some

additives such as photosensitizer, as will be discussed shortly.

Figure 4.19 SEM micrographs of pure LDPE films (a) after 82 hours and (b) after
145 hours of QUV exposure
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4.4.2 1 Effect of gelatin

The SEM micrographs for LDPE/5%gelatin films before and after
exposed to the sunlight and QUV lamp are presented in Figure 4.20.The results showed that
after 4 months of outdoor exposure, there are little holes appeared on the surface of
composite film, in particular at the gelati -i, les (white powder on the film). Similar to the

outdoor exposure test, the physi PE/5%gelatin films presented tiny

holes after QUV test for 82 hou

Figure 4.20 SEM micrographs of LDPE/5%gelatin films (a) before photodegradation test

(b) after 4 months of outdoor exposure and (c) after 82 hours of QUV exposure
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4.4.2.2 Effect of Benzophenone

Benzophenone had very high influence on photodegradation of
LDPE film. As shown in Figure 4.21(b), many tiny holes appear on the surface of LDPE film
containing 5%benzophenone. The SEM micrographs indicated that benzophenone
increased the photodegradation rate E film. However, SEM micrograph of

LDPE/S%benzophenone  after id not show the evidence of

photodegradation as much a in Figure 4.21 (c) that after QUV

&

Figure 4.21 SEM micrographs of LDPE/S%benzophenone films (a) before photodegradation
test, (b) after 4 months of outdoor exposure, and (c) after 82 hours of QUV

exposure
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4.4.2.3 Effect of Encapsulated Benzophenone

(a) Effect of Benzophenone to Gelatin Ratio

Figure 4.22 (a) shows the SEM micrograph of LDPE film
containing 5%EN1 microcapsules after 4 months of outdoor exposure. Obviously, the
results are different from the LDPE films containing gelatin and benzophenone. It can be

seen that not only the size of holes are b »L’ ‘&a dispersion of these holes are not

uniform as well. These results quggest #‘W microcapsule contains several

benzophenone particles so wmnudear WSO after all benzophenone

particles releasing from the mic '8 the bgg holWeﬁ behind. In fact, the size

of hole should be approximat: Ir e as the size of rﬁiczroéapsule. SEM micrograph of

Lo AN -
LDPE/5%EN1 microcapsules t.shn\% imilar results to the outdoor exposure

test. The holes from ragléatig were gger, than those of LDPE/gelatin and

LDPE/benzophenone films. "'{' h N

al.‘
;f’ !lt-g_ .
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Figure 4.22 SEM m|crographs of LDPE/5%EN1 microcapsule films (g)]aft&-ﬂ months of

bl kbl b @ b e ol b

(b) Effect of Amount of Hardening Agent

Figure 4.23 shows the SEM micrographs of LDPE/5%EN4 film

after 4 months of outdoor exposure and 82 hours of QUV test. The micrographs of both films
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are more distinct than those of pure LDPE and LDPE containing gelatin and benzophenone
films. Similar to the effect of gelatin to benzophenone ratio, the big holes, appeared in the

area of microcapsule, indicated that the degradation must be initially occurred at the

microcapsules.

“iTreoum 0194 16

“4 I:. # \ :
Figure 4.23 SEM micrographs cfochpsule ﬁlms (a) after 4 months of

outdoor exposure and ( 8 of C Ve1xposure
i - \
The spectrophotomefer-ﬁas usmg confirm the changes of physical

def = ".4_

appearance of the films at)t‘er uvB efc'posuref Thﬂ?:'ﬁgnges in tfe color of the films before

—_———
and after photodegradat g lest were evaluated in terms of the Ypllowness and whiteness.

White paper was used as aE*andard material. The results are %own in Table 4.6
1"‘

Fofifah E}‘;fﬂh 4 e 44 %’wﬂ@ Eiptiir a o fms have

changed their colofgl Obviously, their whlteness decreased signifi cantly. especially the

LDPE/gela Wvﬂ] ﬁ\Tﬂ ?ogﬁ Nm Hed that pure
LDPE, LDPE/penzophenone, a gelatin films can be degraded via photodegradation

process. From the table, it was also found that the addition of benzophenone and gelatin as
additives into the LDPE films caused a decrease in whiteness about 14.50 and 18.29%,
respectively, after UVB exposure for 102.5 hours or 6 months. However, it should be noted

that the addition of gelatin into LDPE cause a slight increase in the yellowness and a
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decrease in the whiteness even before UVB exposure. These results emphasize the role of

these two additives in promoting and enhancing the photodegradation process of LDPE

film.

Table 4.6 Yellowness and Whiteness of pure LDPE and LDPE films containing

benzophenone and gelatin after UVB exposure
-

Sample 0Ssu : 102.5 hours
Ye itenesss, ellowness Whiteness

White paper ’ /I B - -
White paper + f 7 6. 1.006 123.928
pure LDPE film -
White paper + / ﬁ"_. 47 -17.275 110.346
LDPE/benzophenone film L4 ";'
White paper + 0427 gurA -16.868 106.812
LDPE/gelatin film &L _‘:F"

7RI

4.4.3 Carbony! In

The photorgctlon is a result of makmg the polymer chain shorter and

T R T
q mam;i;u UAANYINY

The IR spectrum of sunlight exposed LDPE films for 0 — 4 months are
shown in Figure 4.24. It can be seen that the intensity at 1715 cm’ of carbonyl peak

increased with an increase of exposure time. This can be confirmed that the
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photodegradation occurred after the LDPE films were exposed to the sunlight. UV light can

accelerate the degradation of polymer molecule, as explained earlier in Chapter .

l’wj
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,"“‘v' ‘ !
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Figure 4.24 IR spectra of pure LDPE fitn ~--':; D ) after 4 months of outdoor

fFrom Figure 4.28, the comparison of IR spectra of

LDPE/S%gelatin fi Iﬂ turﬂ Q m H\msﬁw;&l‘atm jows the difference in

the intensity of carbonyl peak at 1710 cnﬂ. The intensityincreased aftegexposed the films

e W AN TUARNINETRE

The effect of gelatin content on the carbonyl index as a
function of exposure time is presented in Figure 4.26. The carbonyl index of LDPE/gelatin
films linearly increased with an increase of exposure time and the same trend can be

observed in the case of pure LDPE film. Obviously, the addition of gelatin into the LDPE film
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caused an increase in the carbonyl index of the LDPE film. The carbonyl index of pure LDPE
film was less than those of LDPE/gelatin films. Although, the effect of gelatin concentration
on the carbonyl index or photodegradation behavior was not so explicit, these results are in
good agreement with the weight loss measurement in that inclusion of gelatin help

promoting the photodegradation of the LDPE film as evidenced by an increase in both

LDPE films containing different amau  gel; no significant difference among

each other except at the 4 at LDPE/5%gelatin showed the

greatest carbonyl index val lsphotodegradation of gelatin is

unknown, as mentioned, fr in LDPE film resulted in an

increase in carbonyl ind an not directly induce the

photodegradation of LDPE fiifn, sinde it i< 1ot & ohe ensitizer, similar to other polymers

including LDPE itself, gelati mechanisms such as oxidation

reaction or biodegradation.

%T 935

1680

ﬂusﬁwﬁmswawni
ARIRIN T um@ﬂméfa

4333 3000 2!]]3 TUCC

Wavenumbe-s (cr-1)

Figure 4.25 IR spectra of LDPE/5%gelatin films (a) before and (b) after 4 months of outdoor

exposure
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Figure 4.26 Carbonyl index ana ms containing different amount of
gelatin
4.4.3.1.2 Effect &
} o yl peak intensity of
LDPE/benzophenone film :! dly inCreased after exposed to ,'l sunlight for 4 months. It is

very clear that benzophenongy E/e an effect ongthe photodegradation rate of LDPE film.

This is because of ﬂ % g {f} %%} ﬂh@%gg rﬁ)]egles of benzophenone

lead to the formation‘of hydroperoxide in t@e LDPE film. l&fter that, hydrowoxide molecules
break dow@%ﬁ]ﬁﬁa@ﬂl ﬁdmn%%a QI%E‘IZQ a EJ
q
Figure 4.29 presents the carbonyl index of LDPE films
containing different amount of benzophenone as a function of exposure time. Carbonyl

index of LDPE films containing 0.5% and 1%benzophenone slowly increased upon

increasing exposure time, while that of LDPE/3% and 5%benzophenone films rapidly
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Figure 4.27 IR spectra of LDRE/5%b Zn e and (b) after 4 months of
outdoor exposure >
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Figure 4.28 Schematic of photodegradation reaction of L DPE containing benzophenone as

a photosensitizer
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increased after 2 months of exposure. The results showed that benzophenone has great
effect on photodegradation. In particular, comparing to Figure 4.26, the carbonyl index of

LDPE containing 5% benzophenone film was greater than that of LDPE with 5%gelatin. It
can be concluded that the carbonyl index increased with increasing exposure time and

amount of benzophenone.

Carbonyl Index

Figure 4.29 Carbonyl! ind exde i g different amount of
|

benzophenon

A W INENINLDS

(a) Effect o?BenzophenoE to Gelatin Ratios

ARIANNIUNA1INETRE

The influence of benzophenone to gelatin ratio of
microcapsule on the photodegradation of LDPE is displayed from Figure 4.30 through 4.32.
Figure 4.30 presents the carbonyl index of pure LDPE and LDPE films containing different
amount of EN3 microcapsules as a function of exposure time. From this figure, it was shown

that the carbonyl index of pure LDPE and LDPE/EN3 films increased as increasing the
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exposure time and it seemed that increasing amount of EN3 did not make the difference in
carbonyl index in particular at longer exposure time. This appearance indicates that the
gelatin layer of coated benzophenone was not decomposed during the initial 4 months. It
may be the result from the very thick of gelatin layer, so the releasing rate of benzophenone

requires time more than 4 months. Hence, the increasing of carbonyl index values of the

of LDPE matrix.

Carbonyl Indax

Figure 4.30 Cafbo'ﬂiﬂﬁ ﬁewFEm Wﬁ‘sﬂrﬁning different amount

of micragapsule - ¢ o A  u
\ § | 8¢l
Q‘I w’] a q ﬂ i mlaure;“n; ’Jagaz;l (gslserved in the LDPE/EN2
films, as shown in Figure 4.31. For LDPE/0.5% and 1%EN2 films, the results presented the
same trend as LDPE films. While the LDPE/3% and 5%EN2 films exhibited difference in
carbonyl index at the last month of exposure time. Their carbonyl index in the last month are
greater than 0.6. This result probably implies that the benzophenone started releasing from

the microcapsule after exposure to sunlight for 3-4 months.
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Figure 4.31 Carbonyl index of pur f%- € films containing different amount

s - )

of microcapsule

L - -
gllt 4

\ 7% ' films was not similar to the

others. From Figure 4.32, ‘I carbe d"after 1 J onth exposure time and it
W) 4

also increased with an incre%seé)f amount of m‘(}ocapsules. The highest carbonyl index

value belonged to ﬁ ﬂﬁ%ﬂl Wrﬂé%IWnE}’é};ﬂ%ﬁ that the gelatin layer

of EN 1 formula wa§ldecomposed more‘rapid than the others. Owingm;o the thinnest of

gelatin com%a]\awﬂﬁ gm gjaﬂeﬂlﬁsa (Ef,kly from the

microcapsulqto initiate and/or promote the todegradation of LDPE matrix. Therefore, the
increasing of carbonyl index values of the LDPE/EN1 films upon increasing exposure time to
sunlight should be contributed not only from the LDPE itself but also from the

benzophenone released from microencapsulated particles.
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Carbonyl! Index
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Figure 4.32 Carbonyl index affpuj ontaining different amount

of microcapsule

esults of carbonyl index values of

LDPE/5% EN1, EN2, and EN3 films are shown in Figure 4.33%0#viously, it can be seen that
& Y

the degradation rate of 'R.'y & ¥DPE films containing EN2

1 T

and EN3 microcapsules, I pectively. As described in section 4.2.1, benzophenone to

gelatin ratio of EN3 i reaterthan EN2 ndff iﬁ ti gi 'Ej Iﬁreleasing rate of the
benzophenone froﬂMﬂﬁonﬁ t I ﬂan afid EN1. In other words,
the thickness of coaq!ing is directly relatéd to the releasing rate of bBeAzophenone and

photodegra tﬁ %ﬂﬁlﬂ?{u ZJMQZ]Q E_\Ic:;]ja he effect of

benzophenon% to gelatin ratio affected the rate of photodegradation.
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Figure 4.33 The comparis ed LDPE/S%EN1, 5%EN2

and 5%ENS3 fil

\ 2ning Agent

rough 4.36 present the carbonyl index

of LDPE films containiniff d , respectively. Similar to

ngex-oF EDPEFE
function of exposure time Ed the'e

LDPE film, the carbony .fgﬁ 5 linearly increased as a

yl'index of all formula shows similar
trend. In addition, although ‘mc& SO obvious, it.}eemed that the increasing amount of

microcapsules incﬁsﬂﬁ %%H% @-w B@uﬂﬁe carbonyl index of

LDPE/5%microcapsdlés obviously increaéed at the Ia“sntI month. It canﬁe indicated that
benzopheraemlﬂ%?(fueﬁ %ﬁf’lfg}tﬂﬁ@ﬁi%ver, to clarify
the influenceq)f hardening agent concentration, the comparative carbonyl index values of
LDPE/5% EN4, EN5 and EN6 films is shown in Figure 4.37. As shown, no significant
difference in carbonyl index values among three LDPE/microcapsule films can be observed.
Comparing to the pure LDPE film, the higher in carbonyl index values of the LDPE/5%ENA4,
S%ENS, and 5%ENG films, especially after one month of exposure, resulted solely from the

existence of microcapsules since the gelatin to benzophenone ratios and the amount of
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microcapsules are the same, as a result, it is reasonable to conclude that, unlike the

benzophenone to gelatin ratio, the amount of hardening agent or formaldehyde has no

influence on the photodegradation rate of the LDPE films.

1.5
—— LDPE

".'"L+. %EN4

.—-X

—

'—_..

7 *«11‘»
! [duddrs '\‘f\\, g

Figure 4.34 Carbonyl index of pire

of microcapsules

\

— %= - LDPE + 5%EN5

I Ineniy
RSN I

%Index g

YU INEAY

0 1 2 3 4
Outdoor Exposure Time (months)

Figure 4.35 Carbony! index of pure LDPE and LDPE/ENS films containing different amount

of microcapsules
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Figure 4.36 Carbonyl index qifpu and TDP ontaining different amount

of microcapsules

Carbonyl Index
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Figure 4.37 The comparison of carbonyl index of outdoor exposed LDPE/5%EN4, 5%EN5

and 5%ENSG films
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Figure 4.38 presents the comparison of carbonyl
index of LDPE film and LDPE films containing 5%gelatin, 5%benzophenone, and 5%EN1
under the outdoor exposure test. It can be seen that LDPE/5%benzophenone film showed
the greatest photodegradation rate. The photodegradation of LDPE/5%EN1 was slower than
LDPE/5%benzophenone film which means that the gelatin (or coating material) can retard

the photodegradation of LDPE films . befoge benzophenone can be released from

15
A
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12
a; X
g o9 )
£
=
S 06
g
o
0.3
4

¢ a U ,
Figure 4.38 The co _aﬁrgj wyﬂﬁﬂvfgﬁ]ﬂ E film and LDPE
films c ining 5%gelatin, 5%benzophenone, and 5%EN 1

- S s W
Y WM AUANNRIINYIRY
q
The film sample was cut into 8 X 20 cm and placed into the
Accelerated Weathering Tester (QUV) chamber. The machine releases UVB at 280-315 nm

that is the shortest wavelength found in sunlight and this region is responsible for

considerable polymer damage.
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Figure 4.39 shows that both films exposed to outdoor and
accelerated conditions exhibited the same behavior that is their carbonyl index values
increased upon increasing exposure time. Although it is clearly seen that the increasing rate
of pure LDPE film exposed under accelerated is less than that of the film under outdoor
exposure test. This result implies that not only the intensity of UV light that is the key factors

for photodegradation process, the other parameters coexisting in the outdoor exposure, i.e.,

portant variables playing significant

temperature, %RH, and amount, of

roles in promoting photodeg film. Under accelerated test, the

above parameters lncludm OX w-r""» are limited.and different from the real environment
so the ability of the film to_be®dedraded unde \\. is less than under outdoor

_ N

exposure test.

1.2 4

,!',I == UVB exposure
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Figure 4.39 Carbonyl index of outdoor and accelerated exposure of LDPE film
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4.4.3.2.1 Effect of Gelatin and Benzophenone

The influence of gelatin and benzophenone on carbonyl
index of QUV tested films is similar to the outdoor exposure test. The tendency of carbonyl
index values of LDPE/gelatin films is quite similar to LDPE films. As seen in figure 4.40, the

LDPE/gelatin films show slowly increasin

1 of carbonyl index with increasing of QUV

exposure time, except at the last hour of e / ime when the carbonyl index start rising
its value significantly. Same as the outd addition of gelatin particularly at
higher concentration (5%) re Y BN ine WI index values compared with

exposure time of pure

0-143.5 hours in QUV char

IPES%benzophenone films from

ber (0-7 months of outdoor expostre). It can be seen that pure

LDPE film exhibited inearl ﬁ\ﬁ i %ﬂ: ; ,-]L %gelatin  film,  the
carbonyl index i@rﬁ}l mm f ﬂre-tﬁ d its values are also
greater than those of pure LDPE film efpeciall afte u f ex . As discussed
earlier, alﬂuﬁgfgaa |ﬁ\ﬂ§wmulﬁ ﬁﬁiﬁhﬁfi otedegradation via
other mechgnisms depending on the environmental conditions such as oxygen or relative
humidity. Based on these results, it can be said that the lower gelatin concentration (0.5-3 %)

is not sufficient to help increasing the photodegradation of pure LDPE film. For

LDPE/5%benzophenone film, as expected, benzophenone directly affected the
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photodegradation of LDPE films. Figure 4.42 clearly shows high rate of photodegradation

with an increase in exposure time, in particular after 40 hours of exposure.

15 —— | DPE
- - & - - LDPE + 0.5%gelatin
— A — LDPE+

Carbonyl Index

82.0

Figure 4.40 Carbonyl index o puge LDE —ieféfﬁ:" ontaining different amount of

st
gelatin under accelerated*exposure

=)
AY J
08 7 e
I < ophenone
= == LDPE + 5%benzophenone

ﬂum‘nsmwmm
QW’iﬂﬂﬂi i) ([3

| Index

rbon

0.0 20.5 41.0 61.5 82.0
UVB Exposure Time (hours)

Figure 4.41 Carbonyl index of pure LDPE and LDPE films containing different amount of

benzophenone under accelerated exposure
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ime (0

d LDPE/5%benzophenone

fgct-of Enca d Benzophenone

ect.of Ber wone to Gelatin Ratio

/4 sim “exposure test, no significant

1
difference between the cﬂmnyl index values of pure and'UDPE/EN2 or LDPE/EN3 films

upon increasing amount of BN2ser EN3 microc les into the LDPE film can be observed.

In contrast, as s?ﬂ«ru ﬁJuQ 4%,&*11 nwnﬁiﬂﬁgj with increasing EN1

concentration, espv?l!ially after 41 hours gf exposure. As,described earlier, the lower gelatin
to benzop‘anwra.]icaﬁlﬂi%wu% %@a t%ﬂa"a nE;arial compared
with EN2 and EN3 microcapsules, as a result, benzophenone can be released from the EN1
microcapsules faster than other two types of microcapsule. To clarify the effectiveness of
these 3 microcapsules, Figure 4.44 shows the carbonyl index of LDPE/5%EN1, EN2, EN3
until 143.5 hours of exposure. Obviously, LDPE/5%EN1 film had the highest carbonyl index

values among three films, in particular after 61.5 hours or 3 months of exposure. It can then
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be confirmed the outdoor test that benzophenone to gelatin ratio has an effect on

photodegradation rate.

Carbonyl Index

Figure 4.43 Carbonyl index of

0.8
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—&— LDPE

- - & - - LDPE + 0.5%EN1
— 4 — LDPE + 1%EN1
— % — LDPE + 3%EN1
— %= - LDRER 5%ENT

\\ ) {

82.0

PE/ENTifms contaming different amount of

microcapsule under @€ce Sia

o2
§ ém.yl Index

205 410 615 820

1025 123.0 1435

UVB exposure time (hours)

Figure 4.44 Carbonyl index of pure LDPE, LDPE/S%EN1, LDPE/S%EN2, and LDPE/5%EN3

films under accelerated exposure
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(b) Effect of Amount of Hardening Agent

Similar to Figure 4.37 of outdoor test, the results show
no significant difference of carbonyl index in each formula. The carbonyl index of LDPE/EN4,
EN5 and ENG films was linearly increased as a function of exposure time like LDPE films.

From Figure 4.45, it can be concluded thatithesamount of hardening agent had no effect on

photodegradation of LDPE film.

1.0 -
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04 -

Carbonyl! Index

5 1230 1435

)
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¥

Figure 4.45 ;::oﬂr'ﬁ(m ﬂ mw ETPTW? and LDPE/S%EN6
AN AN TUNAINLARY .. .

shows that carbonyl index of LDPE/EN1 films were higher than pure LDPE and LDPE/gelatin
films but lower than LDPE/benzophenone films. These results indicate that the encapsulated

benzophenone can be used to control the photodegradation of LDPE films.
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Figure 4.46 The comparison gffcaghoay!i »' ure’Ll and LDPE film containing

S%gelatin, 5%benzgphs eI accelerated exposure

05 T
4.4.4 Tensile propertie: ff“ <y

7 Y}
The film sample , calltest every month after being
i i¥
exposed to the sunlight. |gé1re 4.47 shows stress-strain curve of LDPE films during 4
(=1

s )
months of outdoorﬁﬁgjma Trltjvﬂﬁ w m ﬂﬁﬂes decreased when
. In fact,

the exposure time ingrease he tensile strength and elongation at break of LDPE
films were f lower; _ il‘ r ré ‘f the LDPE film
prepared fﬁrﬁfjlaﬁ;ﬂ im&mg;nﬂﬁ@nsﬂ strength and
elongation at break, respectively [9]. This might be because of the thickness of the

compressed LDPE film which is very thin (80 um) in order to facilitate the photodegradation

process.
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Figure 4.47 Stress-straig ring sunlight exposure

4.4.4.1 Outdg
4.4.4.1.

he tensile strength and elongation at
break of pure LDPE fil _ ‘ d > _9 nction of exposure time.
Both LDPE and o-ﬁ{-, si " of tensile strength after
outdoor exposure for 4 c:f s. It see at at lower gela concentration (0.5-1%) the
tensile strength of LDPE/gelatif film was not diffegent from that of pure LDPE film. However,

at higher gelatin ﬂw%r&}ﬂtm&.%@w g@}ﬂ ‘ith increasing gelatin

content. For LDPE/S*geIatin film, the teng)le strength dgreased from 53}0 4.8 MPa after 4
months ofapwq Mﬂpﬁoﬁ”tﬁd WGZ] ﬂeﬁr&] @wﬂv%‘lalso found in
elongation & break. After 4 months of outdoor exposure, the elongation at break of
LDPE/5%gelatin film significantly decreased from 20% to 6%, or 14% decrease from its

original value.
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Figure 4.48 Tensile properties of pure LDPE film and LDPE/gelatin films.
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4.4.4.1.2 Effect of Benzophenone

Similar to the effect of gelatin, the tensile strength and
elongation at break of pure LDPE and LDPE/benzophenone films decreased with increasing

of exposure time, as seen in Figure 4 The results showed that the amount of

benzophenone has an roperties. LDPE film containing

5%benzophenone showed the months of exposure time. Its

tensile strength decreased fro A3 tParwhich. n.is approximately 49.10%. For
elongation at break, a decreza s'0bseved witl reasing of exposure time and amount

of benzophenone. Elongation : ~EDPE/5% be henone film decreased from

18.26 to 1.56%. The reducti reasmg exposure time and

benzophenone content is G . > umng during exposure. These

results mean that after cesf: e LDPE films containing some

amount of photosensitizer sta : S er th a i bécame birittle.

enzophenone

ohenone to Galatin Ratio
- "‘-_J

Figure 4.50 presentsmthe tensile strength and
elongation at brea ﬁ Vm 5%EN2, and 5%EN3
plotted against exﬁ ij 3?1%3%‘» aﬂ‘ﬁiﬁhﬁncrocapsules affected
on the tensile strength of pure LDPE film. From&this  figu tﬁﬂapmperﬁes of

LDPE/5%EQ %'1 a&aﬁnﬁmu w f]rg n

to the mcor%patlble between microcapsules and LDPE matrix. The morphology of

hould be due

microcapsule showed rough surface so the uncompatibilized composite had some gaps
between encapsulated benzophenone and LDPE matrix. When forces were applied on the

films, these gaps will act as a weak point or defect of the LDPE/encapsulated particles films

resulting in lower tensile properties.
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Figure 4.49 Tensile properties of pure LDPE and LDPE/benzophenone films
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Considering the effect of benzophenone to gelatin
ratio or the thickness of the coating material, it was shown that the tensile strength of
LDPE/S%EN1 film clearly presented a continuous decrease after 2 months, whereas the
LDPE/S%EN2 and 5%EN3 films started losing their tensile strength after 3-4 months of
exposure. Obviously, after 2 months the tensile strength of LDPE/5%EN1 film was lowest

among the three LDPE/microcapsules

carbonyl index results and can be ate a€ degradation of LDPE/5%EN1 films
must be faster than LDPE/5%€ :

material or lower benzophe

the plot of tensile properties of

pure LDPE and LDPE films ¢ . and 5%ENG6 microcapsules as a

function of exposure time. DPE/encapsulated particle films

were lower than pure LDPE film. In ad > properties of all formula decreased in

the same trend upon increasing eXposure i er, similar to other properties

discussed earlier; i.e., oUnt of hardening agent did

not have an effect on thic SO the L'J hotodegradation rate of all

formula showed no signifi cant ‘dlfference

ﬂ‘LlEl’JVIEMiWEJ']ﬂ?
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Figure 4.50 Tensile properties of pure LDPE and LDPE films containing 5%EN1, 5%EN2,

and 5%EN3 microcapsules
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Figure 4.51 Tensile properties of pure LDPE and LDPE films containing 5%EN4, 5%ENS5,

and 5%EN6 microcapsules



109

Similar to the other properties, the comparative
effects of additives on the photodegradation behavior, in term of tensile properties, are
displayed as a function of exposure time in Figure 4.52. Obviously, LDPE film had highest
tensile properties, whereas the LDPE/additives films showed lower tensile properties than
LDPE film. It is because the LDPE/additives film had no interfacial adhesion between

additives and LDPE matrix. As discusse rlier, the incompatibility between LDPE matrix

# ing in the tensile strength and elongation
, E filled with microencapsulated

and these three additives is rest

at break of the composite

particles had lowest tensile pr i i ibed based on their particle size
and dispersion. Since th A ' Yen one and gelatin powder are

120-150 pm which is sm ' : icle siz ocapsules (section 4.2.1 and
4.2.2); therefore these two
than the microcapsules. In

of the microencapsulate

4.23), are probably the r rthe e properties of LDPE/encapsulated
particles film. When the force: ar&é@ i m, these microcapsules presenting as

aggregates will act as a stress oe‘ﬁaén‘ﬁéh 7 _ f efeet of the film. For LDPE/benzophenone

film, small particles of-benzopt der can absors : nd transfer the a lied forces
p ? - N pp

uniformly and evenly so the

L - L . ¢
?atlon rate, it was found
that LDPBS%be@pung\le gougﬂ?;ﬂﬂ:lnsn e strength after 1 month of
outdoor re. For < ﬂ sﬁ , g( ecreased after
2 month@?ﬁmap{ﬁi mﬂi roﬁazjlm the”constant tensile

strength until the 3 month and then decreased afterwards. The results indicated that

gelatin which was coated on the benzophenone particles can retard the photodegradation.
Actually, these results are in good agreement with the carbonyl index values presented in
Figure 4.38. Both results confirm each other that benzophenone can accelerate the

photodegradation process of the LDPE film even after 1 month of the outdoor exposure,
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while the microencapsulated particles can be used to control or retard the

photodegradation rate.

4.4.4.2 Accelerated Exposure
4.4.4.2.1 Effect of Gelatin and Benzophenone

time. Although the decrease _ia*fes strangth o PE/5%gelatin film after 82 hours of
exposure was not so obviousyi.eq the Sile strengt ~.; from 5.46 to 4.59 MPa; the
tremendous decrease in elog@ationat sk )& olbse d. From this figure, elongation

at break decreased fro 9.58'05.

break as a function of exposuré time. A 8 ure 4.53, tensile strength of LDPE film
containing 5%benzophenone seemed | Yait ant during 82 hours of UVB exposure.

However, elongation at_ oreak decreased profoundly withantiderease of exposure time. The
S ——————— — .
N

: T. 8.26% to 10.53% after being
!

elongation at break of F:

exposed for 82 hours. I

AU INENTNEINS
PIAINTUNMINGAY
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Figure 4.52 Tensile properties of pure LDPE and I_LDPE films containing 5%benzophenone,
S%gelatin and 5%EN2 microcapsule after QUV test
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Figure 4.53 Tensile properties of pure LDPE and LDPE films containing 5%gelatin and

5%benzophenone after QUV test
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4.4.4.2.2 Effect of Encapsulated Benzophenone
(a) Effect of Benzophenone to Gelatin Ratio

Figure 4.54 displays tensile properties of pure LDPE
and LDPE films containing 5%EN1, %%EN2, and 5%EN3 microcapsules. Similar to the

LDPE films. However, unlike f itd 2 .test, the tensile properties of
: easing the exposure time and
no significant difference amg €’ Gan \be\noticed “For .example, tensile strength of
LDPE/S%EN1 decreased frog 4 50 464444 ’_ a, wh vapproximately 1.33%, whereas

elongation at break decreasghl f 1416727439 11% decreased from its original

value.
tensiie properties of 5%EN4,
S%ENS, and 5%ENG filleg L DPE film: s compared witl Y prre DF & film is shown in Figure 4.55.
—_—————— Y
Similar to the effect of bé rdole operties of LDPE/microcapsules

I
i
ilm. In addition, with increasing e amount of microcapsules,

the results showe Si f‘ ﬁ o [ formula showed the
same trend of dec@cijg[s rﬁtﬁﬂj ﬂ ﬂjﬂj hardening agent had
no effect on the photode radation.F(iﬁa | ile.s RE/5%EN4 and
LDPE/5%EQ ‘ﬁf ;léfﬁﬂﬂ5§t ﬂMﬁ%ﬂi’iﬁf E-l\ 6%, whereas

the elongation at break of these two films decreased approximately 5.89% and 4.90% from

films were lower than LDF !

its original value, respectively.
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Figure 4.54 Tensile properties of pure LDPE and LDPE films containing 5%EN1, 5%EN?2,
and 5%ENS films after QUV test
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