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3.1 Materials

Materials uﬂ uﬁﬁ?%ﬂﬂ'ﬁyw Ej ’] ﬂ ‘j

¢ o
AT T
Polyethylene Co, Ltd.! é used ‘as a mer matrix. The melt flow index bvas 2.0 g/10min

and the density was 0.919 g/cms.

2. Gelatin supplied by Kodak Company (USA) was used as a coating material of

encapsulated particles.
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3. Benzophenone purchased from A.C.S. Xenon Limited Partnership, Thailand, was

used as a photosensitizer and core particle of encapsulated particles.

4. Sodium sulphate purchased from APS Finechem, Thailand, was used in

microencapsulation technique for coacervating of gelatin.

3.2 Instruments

Table 3.1 shows the i S used s research, listed consecutively based

on the experimental proced

Instrum —___ Vode! ‘- Manufacturer

-
-n-ﬂ

Compression molding

Freeze dryer Lyopro 6000 ﬂ Heto
Accelerated We Feqnpée‘sﬁ QUV), ~Solar B o 4y < Q- Panel
Fourier transfori ﬁfr%c!'s’pe&r o) : : DII o Nicolet
Thermogravi L _ ~Pei n.Elmer
Universal testing in LR1 J |

Scanning electron microscope Jsm-5410 LV Jeol

3.3 Procedure

The flow chart of the entire manufacturing process is shown in Figure 3.1
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Figure 3.1 Flow chart of the entire manufacturing process
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3.3.1 Benzophenone and Gelatin Powder Preparation

Benzophenone and gelatin were prepared into powder by using ball mill. They
were ground in the ball mill for 1 day. The ground powder was filtered through the sieve no.

100 in order to receive the homogeneous powder of approximately less than 150 pm.

3.3.2 Preparation of Benz

The microcapsule e pre pared by simple coacervation
technique [24]. First, benzopk DOWAE \ —a’:v.\-»f. e gelatin solution, prepared by
dissolving gelatin in water z emperature was adjusted to
35+1 °C. The system was;h ‘r&utes. After that, the sodium
sulphate solution (20 % w/v) ' the temperature was adjusted
to 471 °C, while the another 15 minutes. Then, the
formaldehyde (40 %v/v) was & d agitati : oL ontinued for 60 minutes. After

that, the ethanol solution was 2 unreacted benzophenone and the
remaining system was s’qrred fo pcapsules were washed by distilled
water and dried by freg u—_—_—-—-'=—~—_-7: 5 is shown in Figure 3.2.
Finally, the microcapsulesd we I in order to receive the
homogeneous encapsulated capsules before bemg characterized by scanning electron

mfcroscopy and.ow ﬂmj QI’TETT‘ ?Wﬂ‘ arﬂtﬁhe flow chart of the

microencapsulati

VRN JL3%7 NEALL s

microencapsulated particles but also the thickness of coating material of the
microencapsulated particles. In order to obtain encapsulated benzophenone particles with
various wall or coated thickness, the ratio of core to wall or benzophenone to gelatin ratio

and the amount of hardening agent were studied.
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ratio (i.e. 1:0.5, 1:1, 1:2), whereas.the amount Of« ardening agent, formaldehyde, was
BT 7

S g

maintained at 2 ml, as slljglvn in Table 3.2. Tge gelajﬁ‘wﬁ?s prepared by dissolving

Table 3.2 The formulation of vérieus core to wall ratio of encapsulated benzophenone

AUBINYNINEINT

Formulation | "Benzophenone (g) 4' Gelatin (g)aL Formaldefyde (ml)

NW AN IUHAFTIVTE T E

EN2

EN3 1 2 2
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Figure 3.3 Flow chart of the simple coacervation technique
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3.3.2.2 Effect of Amount of Hardening Agent

Encapsulated benzophenone was prepared at various concentration of
hardening agent i.e., 1, 2, 4 ml, while the benzophenone to gelatin ratio was kept constant

at 1:1. The formulation was shown in Table 3.3

Formulation aeno e | / "‘k\ ‘Q\\h N ormaldehyde (ml)
EN4 / N

ENS
EN6

3.3.3 Film Preparation

LDPE filr ;mmm:..-i.ﬁ ........... : ‘ molding. Prior to do so,

the constituents, LDPE an DE -, lated benzophenone, were

l
physically premixed in the aII mill for 1 day. The amount o benzophenone, gelatin, or

f?,il‘fil’iilfflﬁmm Y!?JJJ“?"Km ’m’? S
WIAAIN WAMINLINEL.. ...

then prepared by compressing the compositions at 4,000 Psi for 2 minutes. The

compressed films were suddenly cooled in the air after opening the molds. The dimension

of the obtained films was 9 cm x 20 cm with approximately 80 um thickness.
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3.4 Characterization of Encapsulated Benzophenone
3.4.1 Morphological Studies

Scanning Electron Microscope (SEM) was used to examine the surface

morphology of microcapsule. The surface of the samples was coated with a thin layer of

gold before being scanned. The scz nnin \ ’ oscope was operated at 15 kV.

—‘_

S
*

1) was. earried out under nitrogen

atmosphere at a heating rate f2 from 20 ¢ o .'\'\ The onset of degradation

A\

Or eéach sample were recorded.

N\

temperature (T,) and the tHér

3.5 Photodegradation Procedure

3.5.1 Outdoor !_.;. ,
v,

Outdoor exﬂsure of LDPE

|

> and LDPE 'E’J. containing benzophenone

powder, gelatin powder, or émpsulated benZophenone were carried out in Bangkok,
iactie

Thailand for 4 moﬂsugaaampﬂuni w%jfro

2005. The samples a!ere prepared in rectgngular shapeawith the size of @%20 cm, and fixed

on the expamwgf miﬂeﬁwmowﬁ}%m &J:;’rlca \%e‘le designed in

accordance With the ASTM D1435-94 as shown in Figure 3.4. The tensile properties and

r, 2004 to January,

carbonyl index including other properties of the film samples were tested at every 1 month

of an exposure.
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Table 3.4 Data of Thailad ing climate (at Bangkok Mefropolis)

[ )
Month Temﬁmture %Rl-ﬂ..o" Rainfall amount Radiation
(in 2004 - 200ﬂ u Eloa qﬂ :E_J w ‘ﬁ EJ anm tj (MJ/m?)
October (2004) M 30.2 ¢ 77 & 50.1 |os 45378
QRN RORTE 1A TR B
Decembelt (2004) 30.2 512.95
January (2005) 28.3 71 46.4 498.67
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3.5.2 Accelerated UV Exposure

Accelerated UV exposure was carried out using a 6 as shown in Figure 3.5.
It is used to predict the relative durability of materials exposed to the outdoor environment.

The damaging effects of sunlight were simulated by fluorescent UVB-313 lamps. Humidity

was simulated by a revolutionary condensa "’s tem.

The QUV o@ation program was based on A&A G154 under the following
parameters as shown in Tablefi& e

AULINYNINEING

Table 3.5 QUV opera?‘n‘on parameters ¢

AR1ANNTUURIAINYIAY

Par%meter Phase 1 Phase 2
Irradiance (E,W/m’) 394.4 -
Temperature (OC) 60 50
Condensation system no yes
Phase time (hrs.) 8 4
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The comparison between outdoor exposure time and accelerated exposure

time was calculated as follow:

Thailand UV radiation in 1 year = 348.34 x 10° Watt sec/m’
Radiation of 2 UVB lamps =197.19 Watt/m®
Radiation of 4 UVB lamps 94.4 Watt/m’

1year of outdoor exposure equivalent. W\ 3834 x 10° Watt sec/mz)/( 394.4 Watt/m’)

sec in UVB lamps

From the cal W73, Ahfe of the outdoor exposure time are

equivalent to 20.5, 41, 61.5, 82 hou ples were collected at every 20.5, 41,

61.5, 82 hours, respectively. arbenyl index including other

properties of the film sa ‘;W I::‘g posure time.

W

3.6 Evaluation of Iﬂ;lrﬁ‘ﬁﬁ Qn U ﬂ %Jw Ejfl ﬂ ‘j
AR TN INgIa Y

Weight loss of films was measured by weighing the sample before and after

photodegradation. The percentage weight loss of the film samples was calculated at every

1 month of an exposure using the following equation;
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Weight loss (%) = W - W, x100 (3.1)
Wi
where
W, = initial weight of sample before degradation (g)
W, ample after degradation (g)

! Im samples collected before
and after photodegradatio ool hvesiiating \it 8, surface morphology of the film
samples, each sample | \- dried in an oven at  50°c for
24 hours. The scanning \o at 15 kV. The film surface was

coated with gold prior to inv davoid ace charging under electron beam.

3.6.3 Carbonyl Index

Fourier - C f.J technique was used to

monitor the damage caused by UV radiation on the chemlca structure change in the films.

The films samples ﬁ ﬁg%ﬂ ﬂ;ﬂﬁrﬂtﬂ@fﬂ(ﬁcm .
coro AT ST TR TR B e

variable mtensuty peak against a peak which dose not appreciably change after the sample
has been exposed to UV radiation. The maximum intensity of the peak at 1715 cm’
represented the carbonyl peak measured the amount of oxidation and the maximum

intensity of the peak at 1467 cm™ is the characteristic of the polyolefin that was used as a
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reference peak since its height remains constant during UV exposure. The carbonyl index is

therefore the ratio of the absorbance of these two peaks as shown in Equation 3.2

Cl = A, (3.2)

where : /
A &t 1715¢cm’
S eak-heig 1467 cm’’
Since, the 3 amount of oxidation which
happens in a polymer during Suge Jther , the hi gh & .of carbonyl index indicated

Determination o Site -strength ationsat break was carried out

according to the ASTM ;u-—-._

.Pé hine. Measurement was

performed before and after --i >grac Osshead speed of 50 mm/min. The
iF |

dimension of film specimens .yvas 1.5 cm wide, 20 cm long, and approximately 80 pm

thicknesses. The QﬂeﬁﬂWTW Ej Q\fﬂﬁf five specimens was

reported as a represeptative value.

’QW’lﬂﬁﬂiﬂJﬁJiﬂ’T}ﬂmaﬂ
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