CHAPTER 4
RESULTS

The progress of photodegradation of blow moulding éoly(vinyl
chloride) with and without photosensitizer, benzophenone or anthraqui-
none , were observed both by natural weathering and accelerated
irradiation test. Blow moL di , poly(vinyl chloride) sheets contain
‘ of. 0 8§, D1x5 08 %
and 0%, 005%, 0.1 X
adiation. Unsensitized and

the photosensitizer

and 1.0 % by weight fo
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pressure mercury mechanical properties
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4.1.1 Result of tensile properties
¢a %

AUEANANINEINI.

example elongation (stress-strain)

trace 7 i iat ¢ ﬁ ﬁ samples is
shomaﬁﬁﬁﬁﬁﬁmﬁﬁﬁ ﬂdm E: rupture of
the irqradiated polymer can be seen in Fig. 4.3a and b while the load
of every sample is slightly changed with irradiation time as in
Fig. 4.2a and b. Thus, for this work , the elongation at rupture

will be used for showing the degradation tendency of the
investigation of the photodegradation process.
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Fig. 4. 1b Load-Elongation of outdoor exposure samples at various
- exposure time (indicated on curve in months) :
a) 0 % photosensitizer, b) 0.1 % benzophenone, ¢) 0.5 %

benzophenone and d) 1.0 % benzophenone




TABLE 4-1a The relationship of tensile strength and the exposure.
time for PVC outdoor exposure samples
(photosensitizer : anthraguinone)

TABLE 4-1b The relationship ¢
time for PVC. ontd

(phoaéf

Exposure time Tensile strength (kg/mm”~2)
(months)
0% ANT 0.1% ANT | 0.5% ANT 1.0% ANT
original 5.85 6.10
10 5:88 5.80
2.0 3,80 6.20
320 4_90 5.95
4.0 5.40 5.95
5:0 D35 6.00
6.0 5.00 535
=5 4.20 4.55
9.0 3.80 3:55

PR Aey ¥
P

P ire Fie

e samples

far

1=

‘strength and the exposure:

Exposure time (kg/mm"~2)
(months)
0.5% BEN | 1.0% BEN
AUY f3
originall | ; 80 6.15
1.0 9 s.gg 5.50 5.95 6.20
2.0 5. 6125 6.05./ 5.35
WA IBUR TN IRY 2
: , ' .85 5.85
5.0 6.00 5.30 5.40 5.70
6.0 4.95 4.860 4.80 4.45
7.5 4.10 4.25 4.78 4.90
3.0 3.75 3.90 3.85 3.30
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Fig. 4.2 Tensile strength of PVC samples at various codpentrations
of photosensitizer as a function of outdoor exposure

time. : a) anthraguinone, b) benzophenone
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TABLE 4-2a The relationship of % elongation and the exposure
time for PVC outdoor exposure samples
(photosensitizer : anthraguinone)

Exposure time Elongation at rupture (%)
(months)
0% ANT 0.1% ANT | 0.5% ANT 1.0% ANT
original » ! 62.00 23.00 7.00
10 «.28.00 0 2.00 1.80
28 .30 - 1.00 1.50
3.0 00| “--Jiiiih 1.00 1.00
4.0 ‘ g UL 1.00 1.00
5.0 8] N ! 1.00 1.00
8.0 \ 1.00 1.00
7.5 L5058 RN 1.00 1.00
8.0 ¥ A\ 1.00 1.00
o “\
§kgiff3 !
Jiﬁf”j‘l' 3
s < 2
TABLE 4-2b The relationship ngation and the exposure
time for , re samples
_,—?: \!
Exposure tlm?lﬂ i?ﬂjppture %)
(months)

0.5% BEN | 1.0% BEN
5 0o 22.00
5.00
1.50
2.00
1.80
1 00 1.00
1.00 1.00
1.00 1.00
1.00

1.00
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Fig. 4.3 Elongation at break of PVC samples at various concentrations
of photosensitizer as a function of outdoor exposure time.

: a) anthraguinone, b) benzophenone
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4.1.2 Result of molecular weight

(a) Unsensitized PVC samples
The molecular weight of unsensitized PVC
samples decrease very slightly within the first four months of the

exposure periods. After

gradual 1& with exposure

- Anthraguinone sensi

The molecular 0.1 % anthraguinone
decreases slightly exposure. While the
quinone increases from

he first month and then

molecular weight of

decrease at the seco :':_ i I’__rj as the occurance of the
} afaEweight of PVC contained 1.0 %
anthraquinone  dedyeas Jdua beginning of the
5T ‘”ﬂ ed since the first

insoluble gel residues.

exposure and ingol

months of the ex%u

the insoluble part‘-b flltratlo and then taken for further

Bl °FT“H ﬁﬁ ﬁ&f’ﬂ“ﬁ NEINQ
| Be“”%‘;mmm AMIANENAY ...

slightly during the early months of irradiation. The trend of

ra%on was separated from

decreasing in molecular weight is the same as anthraquinone
sensitizer. As the polymer contains more photosensitizer, the lower
molecular weight receives. The gel particles for every concentration

is 'not noticeable except at the concentration of 1.0 % by weight

after 7.5 months of exposure periods.
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Table 4-3a Relation between intrinsic viscosity [r(] and
average molecular weight (MW) for PVC outdoor:
exposure samples

(photosensitizer :

anthraguinone)

Exposure time

Intrinsic viscosity

molecular weight

(months) I'rﬂ x 1004
PVC-0% ANT
original 5.85220
1 5.5070
2 5.4760
3 5.4190
4 5.3980
5 5.3080
8 5.2170
7.5 5.0840
9 4.9280
PVC-0.1% ANT
original 5.6600
1 5.5660
2 5.4130
3 5.3030
4 5.1870
5 4.9980
6 4.8190
7.5 4.6240
) 4.4050
PVC-0.5% ANT '
original 0.7509 _ 5.7230
1 9o 7549 0/ 7630
: AUEINEININN T
3 Il J7 .4790
a Y 0.7102 5.3240
FHFAN 108
WA IFEAINY WY
) 0.6145 4.4110
PVC-1.0% ANT
original 0.7583 5.8070
1 0.7482 5.6970
2 0.7323 5.5400
3 0.7141 5.3620
4 0.6934 5.1610
5 0.8722 4.9570
6 0.8513 4.7580
7.5 0.6309 4.5650
9 0.8011 4.2870




Table 4-3b Relation between intrinsic viscosity [n] and
average molecular weight (MW) for PVC outdoor
exposure samples

(photosensitizer : benzophenone)

Exposure time

Intrinsic viscosity

molecular weight

(months) [ rﬂ x 107-4
PVC-0% ANT
original 99220
14 5.5076
7 5.4760
3 5.45380
4 5.3880
5 5.3080
6 5.2170
7.5 5.0840
g 4.9280
PVC-0.1% BEN :
original 5.6280
1 155810
2 5.4840
3 5.3810
4 5.2420
5 5.0810
5] 4.9340
A5 4.7360
9 4.4930
fi |
|
PVC-0.5% BEN j
original f o 0.7480¢ 5.86960
1 , L ' 4 .6600
2 Pl UE TV B8 W B0
3 q 7194 5.4140
4 ' @.7031 o m 52850
§7.5 0.6411 4.6610
] 0.6163 4.4280
PVC-1.0% BEN
original 0.75585 5.7690
1 0.7450 5.6650
2 0.7318 5.5360
3 0-7175 5.3850
4 0.7017 5.2410
5 0.6843 5.0730
6 0.6665 4.9020
1.9 0.6435 4.6840
g 0.6157 4.4230
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Fig. 4.4 Molecular weight traces of PVC samples at various concen—
trations of photosensitizer as a function of outdoor

exposure time. : a) anthraguinone, b) benzophenone




4.1.3 Result of Fourier Transform infrared absorption

The Fourier transform infrared absorption spectra
of the exposed samples are obtained and the typical spectra are
shown in Fig. 4.5. Absorption peak are observed in .

(a) the 1735 cm- l;l_

the carbonyl group in //
~ (b) the in @ of a broad band at 3460
Cl o#°

m1, reflects the hydroXylegroup in PVC sheets.
(e) The 1

internal standard

related. |

orresponds to the presence of

at 638 cm~! serves as

bsorh ~ of the other bands that

The relatide /& , @q@ arbonyl groups (A1735) is
plotted in Fig. 4.6/a a 25 i’,;' ‘-«- of exposure time. The
rate of formation of o W the sengitized samples
increase remarkable at the b » r 2. and subsequently slow down.
While the carbonyl iha iSized samples increase
gining. The Fformat “" bonyl group in the

anthraguinone systg is highe i e benzophenone one.

i 1.1 ) 40 T 8528 o ot e

hydroxyl ab&é rption  band ‘(A3460) with exposure time . The

absorpa)wm']lg j m Tﬂ gf‘ﬂ y stage of
the exposure an then crease rapid a e exposure time that

correspond to the greatest changing in the tensile properties.

slowly at the keg
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Fig. 4.5.1 FT-IR spectra of PVC outdoor exposure samples at O % photosensitizer
————————— unirradiated , -+=+—-=-~ fJrradiated for 6 months
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Table 4.4a Carbonyl Index in PVC chain of oubdoor
exposure samples
(sensitizer : anthraquinone)

Exposure Time

Carbonyl Index (1735 em™-1)

0% 0.1%2 A

original
1 month
2 months
3 months
4 months
5 months
6 months
7.5 months

Table 4.db Carbqy,

expo "&4
(sensi, zer -

0.561
0.624

1713
0745
J. 730

6 months
7.5 months

0.383 0.518 0.670
0.548 0.542 0.872
0.827 0.638 0.734
0.675 0.686 0.761
0.705 0.735 0.810
0.761 0.768 0.814
0.775 0.887 0.887

' 0.680
0.705
0.745
0.797
0.812
0.896
0.965
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Fig. 4.6 Change of the relative FT-IR absorbance of carbonyl group
in PVC chains as a function of outdoor exposure time at
various concentrations of photosensitizer. :

a) anthraquinone, b) benzophenone
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Table 4.5a Hydroxyl Index in PVC chain of outdoor
exposure samples
(sensitizer : anthraguinone)

Hydroxyl Index (3460 cm™-1)
Exposure Time

0% 0.1%2 A

original 0.382

1 month 0.584

2 months 0.668

3 months , .t D.778

4 months . , .0.948

5 months j il (083
8 months 3 ARLS .51
7.5 months & BJ551 ‘ 233

Table 4.5b Hydroxyl Indék in PVC ehainef outdoor
expost |

o A ')

Exposure Time

1.0% B

orlgmal L 0.353 Qp .406

1 ‘ 6
ek el
3 ménths 0. .887

4 months 0.944 0.882
5 months 1.040 1.174

8 months 1.211 1.231
7.5 months 1:812 1.385
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Hydroxy!l Index
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Hydroxy! Index
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Fig. 4.7  Change of the relative FT-IR absorbance of hydroxyl group
in PVC chains as a function of outdoor exposure time
at various concentrations of photosensitizer. :

a) anthraguinone, b) benzophenone




4.1.4 Result of UV absorption

The UV absorption spectra is the absorption in the fange
between 200 - 450 nanometres. From the absorption spectra
particularly for wavelength 1less than 350 nanometres will

correspond to polyene with n = 6. For absorbance at 307 nm. the

polyene of n = 4 is assigned el absorbance at 230 and 280 nm. are
due to n =2 and 3, \\ % sorbance at 320 nm can be
identified for the .‘ﬂbrbance at 354 nm is due
mainly to polyen » ] ( 80 and 410 nm. are due

ton =7 and 8, re

a) Unsensitized PVC

The UV absogpti : oF the ;‘ samples were shown in
Fig. 4.8. The PVC at the range 200 -
280 nm. decreased the range 280 - 450 nm.
increased from the originat . Thus polyene with n = 2 and 3
decreased whereas thepolyﬁr t > 4 increased with exposure

time.

b) Sensitized PVC Qmples'
The UV - vi§ible absorptioriépectra of both unirradiated and

irradiated Pﬂ w&w&] w ﬁnw&%ﬂ ;ﬁs the absorption

spectra smll to the unsens:Ltlzed g.]t the atfgrbance of the
R T TN AN VG =
. ‘

The absorbance spectra of PVC contained benzophenone has
the same feature as the PVC contained anthraquinone. But the
absorbance = of PVC containing benzophenone at any wavelength

is lower than that of anthraquinone at the same concentration.

4.1.5 Result of visual inspection

The result of visual inspection are summerized in Table 4.6.
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Fig. 4.8 UV spectra of PVC outdoor exposure samples at
a) 0% photosensitizer, b) 0.1% anthraguinone, c¢) 0.1% benzo-
phenone, d) 0.5% benzophenone, e) 1.0% benzophenone
———————— unirradiated, - - - - irradiated for 6 months
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Difference in surface changes of the accelerating exposure samples
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Table 4.6 Results of visual inspection for outdoor exposure
as a function of time with various concentrations of
photosensitizers ( anthraquinone and benzophenone )

Results of visual inspection Ranks of change

CONTROL
colour Noticable change after 1 month exposure 7
gloss No change
fragile Breakable by hand 2

0.1 % BEN - —
colour Noticable change .-te lru%s' G 6
gloss No change
fragile Breakab

0.5 % BEN _ - \
colour Noticable ye ng after l m ‘exposure 5
gloss No changs il \
fragile Breakable b d after 5 months exposure

1.0 % BEN
colour

gloss
fragile

sz FULY ﬂﬂﬂﬁ‘iﬂﬁ Na |

r 9 months of exposure

1R AR A SRR N

0.5 % ANT
colour Browning after 1 month exposure and become 2
black after 6 months exposure
gloss Change slightly after 5 months exposure
fragile Breakable by hand after 2 months exposure

1.0 % BEN ;
colour Becoming dark brown at 1 month and severly 1
change to black after 3 months exposure
gloss Change slightly after 3 months exposure
fragile Breakable by hand after 2 months exposure




4.2 Accelerating weathering test
4.2.1 Results of Tensile properties

The load-elongation (stress-strain) diagram of PVC sheet
irradiated by high pressure mercury lamp 125 W. are shown in Fig.

410a and b. i02 samples in this diagram is the
same as the samples f ’ p re in Fig. 4.1 a and b.

The changes i i engt --- elongation at break with
g. aand b, Fig. 4.11 a and b.

The tensile str : 1 unse gitized and sensitized

irradiation time
samples  increase and then gradually
decrease after But the tensile
streﬁgth of every# igfadh. E:‘ ) \ :\ 0 hours is still higher
e for &Ethe PVC contained 0.05 %
anthragquinone and O. The tensile strength of
these samples have 7 : = _ ~decrease as increasing the

irradiation time

The result jof ! 3 @PVC samples containing

benzophenone decreaie rapidly afte 8 hours of irradiation. Whereas

the elongat uﬂp‘q %ﬁﬁﬁﬂmﬁ qumone increase
value

from its ordginal ecrease rapidly after 24
hours ,JT cﬂ ﬁ :Iﬁ EIZ After

%ﬁ ag ﬂai ﬂﬁ ’i m Els containing
photosensitizers show slowly decrease and have tendency to

approach zero value.
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qu Load-Elongation of accelerating exposure samples at various
irradiation time (indicated on curve in hours) :
a) 0 % photosensitizer, b) 0.05 % anthraguinone,
¢) 0.1 % anthraguinone and d) 0.5 ¥ anthraguinone
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Fig. 4. 1 Load-Elongation of accelerating exposure samples at various
irradiation time (indicated on curve in hours) :
a) 0 % photosensitizer, b) 0.05 % benzophenone,
c) 0.1 % benzophenone and d) 0.5 % benzophenone
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TABLE 4-7a The relationship of tensile strength and the irradiation
time for PVC accelerating irradiated samples
(photosensitizer : anthraquinone)

Irradiation time Tensile strength (kg/mm™2)
(hours)

0% ANT 0.05% ANT | 0.1% ANT | 0.5% ANT

original 6.13 6.39
8 6.46 6.41

24 6.56 6.69
48 6.66 6.61
72 7.42 6.04
120 6.76 B.51
168 6.64 6.40
240 6.42 B.37
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TABLE 4-7b The relatifnship of ten
time for PVC accelerat
(Phqtoseps:i;; en:

ength and the irradiation
irradiated samples

Irradiation time
(hours? D : -
| BEN | 0.05% 0.1% BEN | 0.5% BEN

~eofl U RN RN N
g A1

68 6.52 6.20 6.41
240 6.33 6.14 6.32
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& Tensile strength, (kg/mm~2)

0
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120 144 188 9 16 240

Irradiation time , (hours)
—— O —+ 0.06BEN —* 01BEN -8 0.6 BEN

Fig. 4.11 Tensile strength of PVC samples at various concentrations
of photosensitizer as a function of irradiation

time. : a) anthraguinone, b) benzophénone




TABLE 4-8a

The relationship of % Elongation and the irradiation
time for PVC accelerating irradiated samples

(photosensitizer : anthraguinone)
Irradiation time Elongation at rupture (%)

(hours)

0% ANT |0.05% ANT 0.1% ANT | 0.5% ANT

original 5.83 8.00

8 6.00 8.00

24 8.50 8.50

48 10.00 12.50

72 5.50 8.13

120 2.50 5.00

168 2.00 3.50

240 1.88 1.80

TABLE 4-8b ngation and the irradiation

The relations it

time for PYC ae

(p 10tosen

irradiated samples

xd
Irradiation timﬁ ' atrupture (%)
(hours) ‘ -
¢ 0% BEN | 0.05% Bm%mo.m BEN | 0.5% BEN
ol oQJ
AU INANINENNT
origin J‘u E -g0of 1 | 1+50 .00 11.67
8 5 10.00 8.13 5.50
.0 . 7 5.00
ARAINR BP9 P ese] o
» A '8 4" 4 .80
120 : 4.00 3.90 4.00
168 3.13 2.50 3.13
240 2.85 2.00 2.00
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Fig. 4.12 Elongation at break of PVC samples at various concentrations
of photosensitizer as a function of irradiation

time. : a) anthraguinone, b) benzophenone




4.2.2 Result of molecular weight

When unsensitisized and sensitisized PVC samples are
irradiated to medium pressure mercury lamp , the gel residue are

formed in every samples since the begining of the irradiation.
irradiated PVC samples both sensitized

The molecular weight of the
and unsensitized decreased

as shown in Fig. 4.12. ™

with the irradiation time

AULINENINYINg
RIAINIUNRAINYAE
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Table 4-8a Relation between intrinsic viscosity [n] and average
molecular weight (MW) for PVC accelerating irradiated samples

(photosensitizer : anthraquinone)
Irradiation time Intrinsic viscosity molecular weight
(hours) [n] x 1074
PVC-0% ANT
original 535110
8 5.4440
24 5.3800
48 : 5.2950
72 - ‘ 5.2030
120 5864 . _ 5.0930
168 0:6769 - —. 5.0020
240 : \\\ 4.8980
P [ = . X
F #TEE ' : ‘Q
PVC-0.05 ANT / = A '
original 5:5610
8 5.5270
24 5.4620
48 5.3610
72 5.2050
120 5.0520
168 4.8930
240 4.7710
PVC-0.1 ANT m
original » - 5.6270
8 ; 5.95630
24 1‘ 78.. ‘ 5.4960
48ﬂ ‘u E] ﬁﬁo W E] ﬂ ‘35.3710
T2 q J.7021 5.2450
120 0.6815 a 5,0460
A VAN SN 1Y) 8 el
q
PVC-0.5 ANT
original 0.7840 6.0530
8 0.7426 5.8410
24 0.7361 5.5770
48 0.7266 5.4840
72 0.7081 5.3130
120 0.8840 5.0700
168 0.6619 4.8590
240 0.8412 4.6620
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Table 4-Sb Relation between intrinsic viscosity [n] and average
molecular weight (MW) for PVC accelerating irradiated samples

(photosensitizer : benzophenone)
Irradiation time Intrinsic viscosity molecular weight
(hours) [n] x 1074
PVC-0% BEN
original D.5110
8 5.4440
24 5.3800
48 5.2850
72 5.2030
120 5.0830
168 5.0020
240 4 .8380
PVC-0.05 BEN
original 5.5380
8 5.4880
24 5.4220
48 5.3400
72 5.2550
120 5.1100
168 5.0010
240 4 .8680
PVC-0.1 BEN
original ; 5.5860
8 : 5.5180
24 fa 1 -5.4550
) umwmwa e
. 72 9 0.7000 5.2250
120 ;] 0.6811 o 500420
q
PVC-0.5 BEN
original 0.7480 5.6850
8 0.7401 5.8170
24 0.7308 5.5250
48 07185 5.4050
7 7 0.7070 5.2940
120 0.68385 5.1230
168 0.8700 4.9360
240 0.6480 4.7260




Molecular weight x 10™-4

q ) | n .
ARAINIUNAIANE

Irradiation time , (hours)
—— O —+ O0BBEN —* O.1BEN —8 0.6 BEN

Ay

216 240

s
Fig. 4.13 Molecular weight traces of PVC samples at wvarious concen-
trations of photosensitizer as a function of irradiation

time. : a) anthraquinone, b) benzophenone
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4.2.3 Result of Fourier transform infrared absorption

The FT-IR spectra of unirradiated and irradiated PVC at
various concentration of photosensitizers are measured and typical
spectra areshownedi in Fig. 4.13. The absorption at 1735 em~l and

itH 8 drgadiation time as shown in Fig.
4.14 - 4.15. n_that tt // tion of each interested band

increase continuously with irrs tld

- Auginaningans
RINNIUUNININY
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Table 4.10a Carbonyl Index in PVC chain of accelerating
irradiated samples
(sensitizer : anthraguinone)

Carbonyl Index (1735 cm™-1)
Irradiation time

0% A 0.05% A 0.1% A 0.5% A
original 03 0.876 0.899
8 hours 0 0.987 1.000
24 hours 1.167
48 hours 1.301
72 hours 1.520
120 hours 1.873
188 hours 2.078
240 hours 2.450

Table 4.10b Carbonyl Inde ‘ﬂ- in PVC in of accelerating

jrradiated sagples
(sensﬁuzer.- DETLZ

=3

Irradiation tim& &

originalﬂ u
8 hours

24 hours Y

48 hou

- g
120

168

240 hours
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Fig. 4.15 Change of the relative FT-IR absorbance of carbonyl group
in PVC chains as a function of irradiation time at
various concentrations of photosensitizer. :

a) anthraquinone, b) benzophenohe




Table 4.11a Hydroxyl Index in PVC‘chain of accelerating

irradiated samples
(sensitizer :

anthraguinone)

Irradiation time

Hydroxyl Index (3460 cm™-1)

0% A 0.05% A 0.1% A 0.5% A
original 0.281
- 8 hours 0.287
24 hours 0.293
48 hours 0.3%4
72 hours 0.421
120 hours 0.457
168 hours 0.478
240 hours 0.538
Table 4.11b Hydroxy accelerating
irradiatec
(sensitizer :
-1)
Irradiation ‘f
0.5% B
Sl ¢ :
original L 0.114
8 hours ﬂ u ﬂﬁ?l ﬂ%w EE?Z?] 0.138
24 hours q 0. 0.1 0.202
48 hours 0.101 |¢ 0.187 0 218 246
0. 69| # ;
E g ok e X
168 s | . ’ .432
240 hours 0.179 0.311 0.378 0.479
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Fig. 4.16 Change of the relative FT-IR absorbance of hydroxyl group
in PVC chains as a function of irradiation tiu;e at
various concentrations of photosensitizer. :

a) anthraquinone, b) benzophenone
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Fig. 4.17 Difference in surface changes of the outdoor exposure samples

9 months
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Table 4.12 Results of visual inspection for accelerated irradiation
as a function of time with various concentrations of
photosensitizers ( anthraguinone and benzophenone )

Results of visual inspection Ranks of change

CONTROL

colour Yellowing after 8 hours 7
gloss Change slightly after
after 240 hours exposure
2
W
0.05% BEN ,
colour Yellowing aft - '«?, - 6
gloss Change sligh i; hours
after 240 hong )}/ re \
- _ i:f ,5',
0.1 % BEN ;
colour Yellowing e 5
gloss Change slight
after 240 hou
‘“‘J""'J‘
.I"&{a'\ "_‘
0.5 % BEN
colour 3
gloss
after 168 r
,I
g o ﬂlJEJ’J NUNINYNT
colour Yel t 4
gloss Changé slightly after 120 hours, no gloss
after 1688 hours exposure F- ’] FI
q
0.1 % ANT
colour Yellowing after 8 hours and become brown "2
after 168 hours exposure
gloss Change slightly after 120 hours, no gloss
after 188 hours exposure
0.5 % ANT
colour Yellowing after 8 hours and become brown i
after 72 hours exposure
gloss Change slightly after 120 hours, no gloss

after 168 hours exposure

100




	Chapter 4 Results
	4.1 Natural Weathering Test
	4.2 Accelerated Irradiation Test Using Medium Pressure Mercury Lamp


