APPARATUS AND EXPERTMENTAL METHOD

The effect of photosensitizers on the photodegradation of blow
moulding PVC was studied by incorporating photosensitizer

(anthraquinone or into PVC samples at various

concentrations. This «tes aded into 2 sections: natural

weatheri and accelers bing  irrafiiat by usi Phillips medium
e ——— . -dy g 2

pressure mercury 1 est] ing methods for following

the photodegradati

and accelerating ir

Smigboth natural weathering

'3.1 Reagents and HMa

3.3.1 Blow ing. rigid PVC Supplied by Thai Plastic &
Chemicals Co., Ltd. POYS: ] perties of the orliginal sample

before exposure are shown irn Tzl

ot |
w
K value 1 G/lOO‘m

’ﬂﬁﬂ‘ﬁﬂ%ﬁl'ﬂﬁ'ﬂﬂ

Bulk density gm/ml

TRIFMIA NI TS

% on 40 mesh
% under 270 mesh 3 % max
polymerization degree (P) - 720

3.1.2 Photosensitizer

3.1.2.1 Anthraquinone
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- vyellow needle, melting point 286 © C

- ultraviolet absorption maximum between 280 and

330 nm.
3.1.2.2 Benzophenone
- white prism, melting point 47.5 © C

absorption maximun between 330 and

3.1.3.1 Tetrafyelrofutan ; ( Analar, GC ) ; >89 %
3.1.3.2" Cyefonexahone) ; \( Anz .'-.f ) 5 >99 %

3.2 Apparatus and
3.2.1 Mixer
3.2.2
3.2.3
3.2.4
3.2.5

7 eel and porcelain
m: 4 1 metre
3.2.6

3.2.7 LamP Medlum—pressure mercu@y vapour lamp (Phillip

ﬂ 118 ?ﬁn }jﬁ i’gwlet radiation
QW'WENﬂ‘mJ llﬂ YERGH

Fig. 3.1 Medium-pressure mercury 125 W lamp
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Table 3.2 Absolute spectrum power distribution

Wavelength. nm 248,2 2537 2653 28693 257.3 280.c 2894 2967 3025 3130 3341 365.5 4047/ 2358 4916 5467 £7:
S z ] ; : : ;4078

Lines - W 0.5 255 - ) 1502 502 055 030 TU1a B A 0 RABE T Y8 =35 0251l

Regon . nm 240-280 _ STan ' 280-315 - o 315-400 - 400-600

Lines W B e 82 7 : 55 134

Continuum = W =% 44 A ; ¥ 25 - : 23 i 15

Total W+

e ] : SRR Ll ; 7.8 - 14,9

3.2.8 Tensile tester AUTOGRAPH model S-100-C
selected 50 kg.

3.2.8 i anstorm Infrared cectrometer :

3.2.108 ltrav1olet Shimadzu

3.2.11

3:2.12 Mlcro?eter

o e AUBANENTNYNS
Wﬁiﬁa‘ﬁﬁfﬁﬁmﬁﬁwmaa

PVC ( grade 102, rigid bottle) g.
Impact modifier 6 g.
Tin stabilizgr Z g.
Internal lubricant 1 g.
External lubricant 0.3 g.
Processing aid 305 g.

CHMBS-CLR 0.03 %




3.3.2 Moulding method

Blending:- Compound mixer ( for making PVC compound and

mixing photosensitizer into PVC compound )
- heating from 60 to 120°C , speed 2000 rpm ,
- cooling from 120 to 60 °C , speed 1000 rpm

for better mix of the
ing higher heat )
ure 60 °C for 5 min.,
ess-of the film , then
t ure 160 °C for 3 min.
M the plastic £ilm )
. steam pressure 50 kg/cm?

, Steam pressure 180 kg/cm2

-

k\*j pressure 220 kg/cm2

@ WU N UNTNYINT

3.4.1% Natural weathegmg test

q Hlﬁq;] i@)&)jsulg Z.l Bglngkok which is located

at 1at1tude 1 and longitude E. The
meteorological data for the exposure period is shown in Table 38
which was obtained from " The monthly report of the Climatology

Division, Mateorological Department” .

The dimensions of the exposed samples are 20 x 20 cm.
and the thickness is approximately 1 mm. The samples were placed on
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the exposure frames by having cloth adhesive tapes attached with

the iron wire at the top side of the samples, as shown in Fig. 3.2 .

The samplés were mounted on the exbosure stages in such way
the the main part of the specimen was free from the obstructions.

Exposure frames are place in the horizontal. As shown in Fig. 3.3

)
Table 3.3 Meteorologics _\-_;‘;:‘ _ //

Site Avg.temp. , Anr Humid Ann.Solar Rad.
o / 102 MI/M2
Bangkok 1938.92

‘-‘;'J’JI f'

.iiﬂ'gf.’;ﬂ dia

Fig. 3.2 Exposure sample




As an accekratmg tester the Philips medium-pressure

mercury lamp E EJ ?F ﬁ%ﬂ (ﬁrﬂ %rformed at room

temperature. thickness of the specimens are approximately 0.4

" wrasnsTmA e

The cabinet is composed of the lamp ( at the center of

the cabinet), a round rack ( for the sample holders ) which is 20 cm.
from the lamp and the cooling fan placed at the bottom of the
tester, as shown in Fig. 3.5. The irradiation specimens were set
on the sample holders (four dumbbels for each holder), then placed
into the tester as in Fig. 3.6 .
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10 mm.

Fig.3.5

Exposure cabinet

% 3

25 mm.
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As mentioned béch_'r_fe, tfﬁ."' tural weathering exposed PVC
films will deterlorate W}'ﬁm ‘L%osure time . Here are many
- |

changes in the 1exposed materlals , such f?.? the formation of
_—

visible colours__ﬁhlch usually is
degradation, the g?ieady ——— ;

of abrasion resmtanp and gloss the physical properties, etc.

ﬂiJEJ’mEJW‘ﬁWEJ’]ﬂ‘ﬁ

In “Order to mves}1gate the effeots of photosen51tlzers on

o IR I I R

degradation samples .

mechan‘_:'}lcal properties and loss

3.5.1 Mechanical methods

To examine the influence of UV light on the PVC specimens at
various sensitizer concentrations, the tensile properties were

measured. Since there are several standard test methods for the
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tensile test of films with various specimen shapes, dimensions and
test speed specification. However in this experiment the JIS K-
8734 (1968) standard which is for the rigid poly(vinyl chloride)
film was selected. The details of the specimens and the conditions

of the test are as follows

|

Test specimens : . ir 1 form with nominal width 10 mm.

Enfs :20 mm, initial gage length
ckness of not more than
—

laboratory atmosphere
50 + 5 % relative

|
g
o
[oR
[N
ot

- Test speedd tmg is 100 mm/min.

\ were tested for each

The receive : - -7 ng ‘then determined as an

|
g
o
L]

average result. & o Y )

[

i Physun ethods

ﬂUHQﬂﬂﬂiWﬂﬂﬂi

odern physmal met?ods of ana1y51s have been used for
= TS
experim

3:5:2.1 Determination of average molecular weight by
viscosity method
The average molecular weights of the samples were
determined using the ASTM D. 1243 method , using a cyclohexanone
solution, and can be calculated from the Mark-Houwink-Sakurada eguation.

Bi= R
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where [r\] = viscosity number of a solution
k = constant value = 16.3 x 1073
a = constant value = 0.77
Moz molecuiar weight

Procedure in determining viscas

&hexanone (13 ml ) was

introduced into the vas te 1 R sufflclent to fill the
suspended level bul |

~
) ﬁ-_-
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Fig. 3.7 Ubbelohde viscometer

Then, it was clamped vertically in a water bath at constant
temperature (30 © C) until the solution attained thermal equilibrium
(about 10 min). Consequently, cyclohexanone was drawn into the

subsidiary bulb and was allowed to flow freely. The flow time was




recorded between the points at which the minicus of cyclhexanone pass
the upper mark and the lower mark of the Ubbelohde viscometer. The
measurement of flow time was repeated three times before removing the

solvent from the viscometer.

Each sample was washed with methanol using a liguid-solid
extraction for one day, then it Was dried at 80 °C . The solution of
washed PVC in cyclohexanohe ( 0.20004.8.0001 g.d1-1) was taken by
5 ml. ,10 ml. and 15wmbedr g
marked up with fresh
solutions of 0.04

olumetric flask and then
that we obtained a PVC
‘20g.d1"1.  In the same
manner as pure cycloheéXand ‘. ,3_ ccessive flow times of the PVC
solution at every confe ot 2C0! The whole procedure

was repeated for & ion method is shown in

Appendix B.
11 A
. ..ii-l'-ﬁj- dL
3.5.2.2 Spectras /
The obJectlverffﬂleJ pectroscopic studies on the
pE - B
samples is to detggnlne ‘the p gducts of the degraded

PVC. The techniq g5

3332, 2.; Ultravioleql’and visible spectroscopic study

ﬂﬂﬁ’)ﬂﬂﬂ'ﬁﬂﬂﬁﬂ‘ﬁ

specimens at selected 1rrad1at10n time were

ol TR D

concentrations were examined using a Ultraviolet 240 Shimudzu

UV-Visible Spectrophotometer.

3.5.2.2.2 FT-IR spectroscopic study
Irradiated PVC samples were dissolved in tetrahydro-
furan (2.0 g.dl‘l). Approximately 3 ml. of the solution was drawn

down into a  glass petri dish to give a coat glass surface. After
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 evaporation at room temperature, a film of PVC was obtained. This
film was attached to a holder fitting directly into the sample
compartment of a Nicolett FT-IR spectrophotometer. ' The changes
in absorbance peak at 1730, 3200, 3460 cn~1l were estimated.

3.5.2.3 Visual Inspection

AuEINENingIng
RINNTUUNININY
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