CHAPTER Il

EXPERIMENTAL SECTION

3.1 Materials

3.1.1 Polymer Matrix

'@Im grade LD1902F, supplied

by Thai Polyethylene Co, LId. Se S a poll mer matrix. The melt flow index was

Low-density pol
2.0 g/10 min and the densitywa: _

ymer (PE-g-MA), obtained from

3.1.2 Compatibili

Polyethylene/male

DuPont Co., Ltd., USA under, =.J'E‘f:“§” “’ : s used as a compatibilizer. The

graft level was 0.5-1 wt%. | ‘,5,3‘ ‘ 7

3.1.3 Photosersitize N

'!I rit
|

i¥ |

Partnership wiasﬁﬁﬁ(ﬁﬁiﬂ%ﬁs% ff-rf’h%cs Xenon Limited
ARBIAIA NN INYAY

Banana starch was used as a biodegradable additive. Preparation of

banana starch will be described in the next section.



42

3.2 Instrument

Table 3.1 shows the instruments listed consecutively based on the experimental

procedure. The detail of each step will be further described in next section.

Table 3.1 Experimental instruments

Instruments odel Manufacturer

Twin screw extruder 2% Thermoprism

Chill roll cast film Collin

Fourier transform infrarec o-- / ﬁl@%&u.
'\

Thermogravimetric analy //// A‘\\\,‘\ Perkin Elmer
Differential scanning calori lllﬂ .,“k\ x Perkin Elmer

Universal testing machine l I , ....i\‘k.‘h\ LLOYD

Nicolet

Scanning electron micros§ rl g u}‘ i\\ L Jeol

3.3 Experimental Procedure

Y Y
The flow chart ?rj-‘w s shown in Figure 3.1

B“BaFfﬁﬁ%‘?’rﬂmwmm
.n oowmﬁm S T

slurry was flltered through sieve (120 pm pore size). Prime starch was sedimented from
the filtrate. The starch was washed several times with distiled water until the

supernatant layer was substantially free of color. Finally, starch was dried in an air oven

at 80°C and kept in a dessicator until being used.
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3.3.2 Film Preparation

A twin screw extruder was used to mix the blend composition. Prior to

mixing, banana starch was dried in an air oven at 80°C for 24 hours. The constituents,
LDPE, banana starch, PE-g-MA, and photosensitizer, were physically premixed before

being fed into the extruder. Temperature profile of five zone extruder was 100, 135, 140,

145 and 150°C, respectively. The screw speed was kept at 25 rpm. Starch content

was 5, 10, 15, and 20 wt%. A was used as compatibilizer at an

amount of 10 wt% based upol tosensitizer concentration was
varied in three different leve he amount of both starch and

photosensitizer was varied s

After mixing ifffo ifefbéliet-form, starch ba ed LDPE films were prepared

AN

\

using a chill roll cast film. 4 ange of 100-1 60°C and the

screw speed was 25 rp

3.4 Selection of Photosensiti

"
Two types of a -‘.“o 0S

o :"jj? nd 1% ZnO, were used to
|

mix with LDPE using a twin screw extruder and then the films were prepared by a chill

roll cast film. P %ﬁﬁnﬁg ﬂﬁw lfTﬂrﬁLDPE/ZnO films was

performed by outdoor exposure. Carbonyl index and tensile properties of the films were

T Y T
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Figure 3.1 Flow chart of manufacturing process.
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3.5 Characterization of Blend Films

3.5.1 Chemical Structure of Films

Fourier Transform Infrared Spectroscopy (FTIR) was used to study the
structure and functional group of the blend films. For each spectrum, 32 consecutive

” -1 "
scans with 4 cm  resolution were used. The samples were scanned at a frequency

range of 4000-400 cm’.

op \\? used to examine the surface of
\\ \ layer of gold before being

blend films. The surfac

scanned.

B
-

LY
atmosphere at a heating rate

ll |

of 10°C/min from 20°C te 650°C. Prior to do the expenme

TGA an

the samples were dried in

a vacuum ovenﬂjgcgjrﬁ WB wﬁww astemperature (T,) for

0 T&Jﬂ&ﬂ‘iﬁl&ﬂ?ﬂ? NP8 Y

Sample size with an average weight of 4 mg encapsulated in a hermitically

sealed aluminium pan was prepared for each sample. The same temperature history
was applied to all samples: first heating from 20°C to 200°C, followed by quenching the
sample to 20°C to remove any previous thermal history, and finally heating again to

200°C at a heating and cooling rate of 10°C/min. The melting temperature (T,) and
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heat of fusion (AHf*) of the samples were obtained from the maximum peak and the
area under the peak, respectively. The percent crystallinity of the LDPE phase was

calculated using the following equation.

% Crystallinity = %—AZ%— x 100

3.6 Tensile Properties

Tensile test of rect . \ size of 1.5 cm wide, 20 cm
long and about 100 pum ns were conducted using a
crosshead speed of 50 mm/ a ‘;;_-ﬂ-v.-'-* th of 10 cm, according to the ASTM

D882. At least five specimens of € :

2 .u

“tested and the results were averaged
to obtain a mean valu

(T

3.7 Photodegradation Proc‘edure

ﬂ‘iJEl’J‘VlH‘V]‘iWEI”ﬂ‘i

7.1 Outdgor exposure
e/

q AT NENAY. e, .

photosensitizer was carried out in Bangkok, Thailand for 4 months. The natural

exposure was started from September, 2002 to December, 2002. The samples were
prepared in rectangular shape with the size of 25x30 cm, and then fixed on the
exposure racks with 45 degree angle to the horizontal. The racks were designed in
accordance with the ASTM D1435-94 as shown in Figure 3.2. The tensile properties and

carbonyl index of the film samples were tested at every 1 month of an exposure.



47

Figure 3.2 The ex@%ﬁq!y//)oor exposure study

Exposure cond testing f photodegradation was based

" ‘“  t letropolis. The weathering

ical Department. The collected data,
S

on the report of Thailan

climate data were receiv

including average of tempg

Table 3.2 Data of Thailand e Bangkok Metropolis)

Month iy _ t (mm) Radiation

(in 2002) - ' (MJ/m?)
September 472.67
October ’ _ 433.98
November ﬂ WB ’J m 8% 516.53
December |V . I 54.1 o) 50203

YWIANNIUANTINIE QY
q

3.7.2 Accelerated UV Exposure

Accelerated UV exposure was carried out by using a xenon arc lamp in
the Xenotest Beta Lamp chamber as seen in Figure 3.3. This approach is used for
evaluating the degradation of plastics exposed in a machine that produces simulated

sunlight irradiance and controls temperature and relative humidity.
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\ |

Figure?o

" ’/“""w
test Beta mber for accelerated UV

under the following parame

Table 3.3 Xenotest oper

Parameter Phase 2

enochrome 320

g 100

Temperature (°C) U = pry 27

Filter system

Irradiance (E, W/m \

r
Rain 'y

- ﬂMﬂﬁ%ﬂ%%Wﬂﬁﬂi

Phase time mlﬂlte

’QW’W@\‘iﬂ‘ﬁmﬁJ‘lﬂ’]WH’laﬂ

The film samples were collected at every 5,10,15 and 20 hours,

respectively. The change in tensile properties and carbonyl index of the films were

investigated.

* Average data of temperature and %RH in Bangkok recorded during

1992-2001 by the Meteorological Department.
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3.8 Biodegradation Procedure

3.8.1 Soil Burial Test

Biodegradation of the blends was followed during soil burial for four
months. The samples in the form of thin films were cut into size of 1.5 cm x 20 cm. Soil

was placed into plastic box (35 x 45 x 35 cm) with tiny holes at the bottom and on each

sides of the box to increase air and ation.  Soil was kept moist with water and
stored outside the room at & dity 5977 39 ) and temperature (26-30°C)
Samples were buried in soi of cnﬁ)les were removed for testing

distilled water and dried r 24 hours before testing.

Measurement performd togfollev

weight loss, tensile properties ?
- m!" "
%
R :

3.8.2 Determinatio Filr »; Fun

' iaaG 'il:':

ample was the percentage

The test of degradab ﬂ;‘_ esist the blend films was carried out

according to the AS TS 2486 =
\7 Y )

e

1. Preparémm of Fungus Spore Susoension m

¥, NN INGANI. cone o
C, Mk ﬁﬂimﬁlmmﬂﬁﬁﬁ g

fungus. The spore suspension was diluted with the sterile salt solution in @ manner that

the resulting spore suspension was diluted to 1x10" to 2x10’ spores/ml, as determined

by a counting chamber.
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2. Preparation of Nutrient-Salts Agar

A nutrient-salt agar, a medium without a carbon source, was prepared

according to the following formula by dissolving in 1 L of water:

Potassium dihydrogen orthophosphate (KH,PO,) 0.7g
Magnesium sulfate (MgSO,.7H,0) 0.7g

Ammonium nitrate (NH,NO,) 1.0g
Sodium chloride (NaCl) 0.005g
Ferrous sulfate (ZnSO,.7 ‘2’..- 0.002 g
Zine sulfate (ZnSQJHM 0.002 g
Manganous sulfate (MnS 0.001g
Agar 15.0g
Potassium monohydrogen 0.7¢
The test me i _ 'f'; lan 2 foclave at 121°C for 20 minutes.

The medium was then kept in in the next step.

)

|l
. I
Sufficient nutnent-salt agar was poured onto the sterile dishes to provide a

solidified agar |ﬂ uxgdarﬂ ﬁeﬂ thﬁﬂ ﬁed the medium was

inoculated by spreading 0.1 ml of the fungus spore suspension prepared in 1.),

M N N 57U WY (1305 I

surface.

4. Incubation of Inoculated Sampl

Each inoculated test specimens were covered with a cover dish and

incubated in an incubator at 28-30°C and not less than 85% relative humidity. The test
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specimens were incubated at such condition for 28 days according to the standard test

method.
5. Observation for Visible Effects

After a specific of period of incubation, the specimens were removed from

the incubator and the growth rate of the fung| on the films surface was rate followed the

Table 3.4. Growth rates are cl V
colonies of Fungi. A rating o
microscopic observation.

._--"‘"

to the film surface covered with

or less) must be confirmed by

m_dd; i W 0

None % el

+ZAANN\
Observed growtffon ll s () “:"\\\\Q\ Rating

Traces of growth (less than 10% co £ "

=Laal

(T

—_

Light growth (10 to 30% covered

Medium growth (30 to 60% coy f—uf*E = -*

AOWN

Heavy growth (60% ;j&;-----

R FT"IETEI"‘}] NYNINYINT
ﬁmﬂ@ﬁiﬁu UAIANYA Y

Determination of tensile strength and elongation at break were carried out
according to the ASTM D882 method using universal testing machine. Measurement
was performed before and after degradation testing with a crosshead speed of 50
mm/min. The dimension of film specimens was 1.5 cm wide, 20 cm long, and about 100
pm thickness. The gauge length of specimens was 10 cm. An average of five

specimens was reported as a representative value.
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3.9.2 Weight Loss

The weight loss of the films was measured by weighing the sample before
and after biodegradation. The percentage weight loss of the film samples was

calculated using the following equation:

Weight loss (% Wi« 100

where:

3.9.3 Physical App

The scanning electron
microscope was ope "( gredCcoated with gold prior to

investigation to avoid sche charging under electron bearﬂ

so4cafl M) VlEW]‘iWEl']ﬂ‘i
q RADID TRENBAT RHDR Lo s

monitor the damage caused by UV radiation on the chemical structure change in the

films. Film samples were measured before and after the photodegradation testing.

The band index is obtained by peak ratioing of a variable intensity peak
against a peak which does not appreciably change after the sample has been exposed

to UV radiation. The carbonyl index is a measurement of the amount of oxidation which
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occurs in a polymer during UV exposure. The maximum intensity of the peak at 1715
cm’ represented the carbonyl peak measures the amount of oxidation and the
maximum intensity of the peak at 1467 cm’ is the characteristic of the polyolefins that
was used as a reference peak since its height remains constant during UV exposure.

The carbonyl index is therefore the ratio of the absorbance of these two peaks.

The equation for the carbonyl index (1) is

e péakheight at 1715 cm’’

Since, the cagbor £ is.. he amount of oxidation which

)

happens in a polymer duri SU & <There N igh value of carbonyl index

1)

‘ yl.l

)
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