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Appendix A
Table A.1 %Weight loss of LDPE films and LDPE/encapsulated particle films under outdoor
test
YoAdditive Exposure Time (months)
Additive (%w/w) 1 2 3 4
LDPE - 0.01 0.02 0.03 0.04
0.5 0.02 0.03 0.04 0.04
LDPE | benzophenone 0.03 0.04 0.03
0.02 0.04 0.09
" 0.03 0.05 0.12
0.02 0.03 0.05
LDPE gelatin 0.06 0.04
0.07 0.10
0.08 0.12
0.02 0.03
LDPE 0.03 0.06
0.09 0.16
0.08 0.16
0.04 0.06
LDPE 0.06 0.08
0.05 0.09
0.06 0.12
--------- 0.02 0.05
LDPE 0.08 0.09
0.10 0.25
0.08 0.20
0.04 0.03
LDPE j 0.04 0.08
U 0.07 0.10
— TR Y PO 00
LDPE : ' 0.06 0.04
0.07 0.11
0.08 0.13
0.04 0.08
LDPE 0.06 0.04
0.03 0.07
0.02 0.12




Table A.2 %Weight loss of LDPE films and LDPE/encapsulated particle films under

accelerated test

Y%Additive UVB Exposure Time (hours)
Additive (%w/w) 205 41.0 615 82.0
- - 0.01 0.03 0.02 0.07
0.5 0.02 0.03 0.04 0.02
LDPE | benzophenone 1 0.01 0.03 0.02 0.03
2 0.02 0.04 0.01
/ 0.01 0.01 0.01
0.02 0.03 0.00
LDPE gelatin ) .02 0.00 0.04
03 0.01 0.02
0.02 0.02
- 0.02 0.03
LDPE EN 4 4 0.03 0.00
: 0.02 0.00
00 0.01 0.00
, 0.04 0.02
LDPE EN2 .02 0.02 0.03
0.02 0.03 0.01
0.01 0.01 0.03
0.03 0.02 0.01
LDPE EN3 0.02 0.00
- : 0.10 0.01
i 09 0.00 0.01
~ 0.5 .00 Y 0.04 0.03
LDPE EN4 ¢ 1 ©.03 0.02 0.04 0.01
ﬂ‘uﬂa‘nﬂwiﬂ Gtﬂ'j'o.oo 0.01
: ¢ 0. 0.01 0.02
0.5 0.00 0.02 04 0.02
R VSN TE YR Bl N gy oo
q ' il gl .01 . 0.03 0.02 0.03
5 0.01 0.00 0.02 0.03
0.5 0.01 0.02 0.04 0.01
LDPE EN6 1 0.01 0.02 0.02 0.00
3 0.00 0.04 0.03 0.01
5 0.01 0.03 0.01 0.02
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Table A.3 %Weight loss of LDPE films and LDPE/encapsulated particle films under

accelerated test during 82 -143.5 hours

%Additive UVB Exposure Time (hours)
Additive (%wiw) 82.0 102.5 123.0 143.5
= - 0.01 0.02 0.03 0.05
benzophenone 5 0.01 0.02 0.06
gelatin 0.03 0.00 0.04
EN1 o 0. .01 0.02 0.06
ENZ : 03 Ol 0.01 0.05
EN3 - P T . 0.00 0.06
EN4 . 0.03 0.04
EN5 0. _ 0.02 0.05
EN6 A | b 0.01 0.04

du...

‘ﬁﬁ

‘ ‘J
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Table B.1 Carbonyl Index of LDPE films and LDPE/encapsulated films under outdoor test

Y%Additive Exposure Time (months)
Additive (%w/w) 0 1 2 3 4
~ [DPE - - 0.072 0.161 0.402 0.606 0.612
05 0.074 0.285 0411 0.695 0.627
LDPE benzophenone 1 0.079 0.207 0.599 0.666 0.741
3 0.299 0.485 0.796 1.096
0.312 0.669 0.911 1.399
0.546 0.622 0.700
LDPE gelatin 0.627 0.706 0.693
0.467 0.785 0.750
0.581 0.785 0.921
0.450 0.706 0.623
LDPE EN1 0.429 0.716 0.722
0.593 0.816 0.832
0.600 0.826 0.923
0.402 0.597 0.621
LDPE EN2 0.412 0.601 0.612
0.501 0.624 0.731
0.432 0.693 0.864
0.392 0.622 0.610
LDPE : 0.602 0.635
T 10422 0501 0.632
D:291 0.531 0.623 0.597
05 0058 044~ 0497 0665 0612
LDPE EN4 flan 1 0.0%6/  0.196 0.472 0.612 0.621
AU BB N o o
q 0.09 0.155 0.495 0.764 0.806
05 | 0.172 204 0604~ D500 0501
ore) AR ) TEU I3 98] Elokt) Ehses oo
' 3 | 0072 0.193 0.413 0.769 0.731
5 0.093 0.134 0.519 0.749 0.847
05 0.041 0.200 0.431 0.559 0.621
LDPE EN6 1 0.024 0.150 0.399 0.692 0.612
3 0.033 0.170 0.597 0.682 0.731
5 0.032 0.160 0.567 0.612 0.864
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Table B.2 Carbonyl Index of LDPE films and LDPE/encapsulated particle films under

accelerated test

“%Additive UVB Exposure Time (hours)
Additive (Y%ow/w) 0 20.5 41.0 61.5 82.0
LDPE - - 0.072 0.161 0.402 0.606 0.612
0.5 0.074 0.285 0.411 0.695 0.627
LDPE | benzophenone 1 0.079 0.207 0.599 0.666 0.741
3 ' | 4 0.299 0.485 0.796 1.096
9 0.669 0.911 1.399
0.208 0.267 0.540
LDPE gelatin 0.206 0.248 0.597
0.1563 0.181 0.391
.0.242 0.322 0.540
A 0.0z 0192 0365 049
LDPE EN1 40.0%64 0253 0513  0.586
0.09% 0240 0447  0.483
0.251 0.344 0.638

0.289 0.330 0.427

LDPE EN2 0.211 0.330  0.398
0227 0230  0.359

0255 0290  0.346

0.622 0.610

LDPE EN3 0.602 0.635
0.4 0.591 0.632

, 710.531 0.623 0.597

0.157 =0.155 _ 0.330 0308

LDPE EN4 0016 @ 0.120 0220 0330  0.316
ﬂ u ] WﬁJ ’] ﬂ&j 0284  0.366

| 0. 0.1 24 0. ;
g 335  0.299

LDPE quﬂ a\‘i ﬂszi i%zﬁ’l’%ﬂ E;:J:zg A %:; o:4c1>1

3 0.410 0.397

5 0.081 0.136 0.183 0.326 0.421

0.5 0.041 0.116 0.250 0.305 0.400

LDPE ENG 1 0.024 0.229 0.229 0.305 0.470
3 0.033 0.188 0.188 0.283 0.326

5 0.032 0.154 0.154 0.185 0.502
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Table B.3 Carbonyl Index of LDPE films and LDPE/encapsulated particle films under

accelerated test during 82 -143.5 hours

%Additive UVB Exposure Time (hours)

Additive (%ow/w) 82.0 102.5 123.0 143.5
LDPE = - 0.38 0.42 0.50 0.60
LDPE benzophenone ' 0.80 0.91 1.39
LDPE gelatin 0.58 0.70 0.80
LDPE EN1 0.59 0.70 0.81
LDPE EN2 _ - 0.46 0.51 0.60
LDPE EN3 ' 12 "'*‘Ei{" 0.43 0.40 0.50
LDPE EN4 A/’ ‘ \ \ 38 0.49 0.56
LDPE EN5 ij / }’ & I ﬁ\ ;\i‘\. 45 0.43 0.58
LDPE l -}( ht\\ \0 40 0.49 0.58

ﬂ'lJEJ’J‘VIEWl‘iWEJ’lﬂi
Q‘imENﬂ‘iﬂJ UA1AINYAY
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Appendix C
Table C.1 Tensile strength of LDPE films and LDPE/encapsulated particle films under
outdoor test
%Additive exposure Time (months)
Additive (%ow/w) 0 1 2 3 4
~ EDPE - - L217 6.512 6.574 6.674 5.620
0.5 6.47. (215 7.054 6.960 5.928
LDPE | benzophenone 7 110 7.125 6.461 4.976
6.689 5.723 3.954
6.169 5215 3.021
6.443 6.539 5.900
LDPE gelatin 7.485 5.877 4.900
-+ 6.128 6.036 4.587
6.051 5.046 3.954
5.385 5.322 5.012
LDPE EN1 5.712 4.279 4.592
4.785 4.300 3.278
4.310 3.210 2.518
5.709 5.394 4.900
LDPE EN2 5.642 4.900 4.657
4.980 4.830 4.068
4.520 4.629 3.210
5.500 5.210 5.120
LDPE EN3 o 4.597 3.957
4.279 4.579 3.759
827 115178 4546  3.021
5. 598 6.849 6.038 4.816 5.120
LDPE Eﬁ 4 ﬁ b 5911 5090
UHINPISHDN RS o o
4 4 804 5.342 4.235 4.560 3.876
LDPE Q ﬁ@ a ‘3 ﬂ)ﬁ EJ yﬁﬂ 2ﬂ 56 a 4.567
q 3 5.112 4.895 4.900 4.850 4.075
5 4.066 4.762 4.490 4.599 3.120
0.5 5.304 5.691 5.429 4172 5.310
LDPE EN6 1 4.053 4.675 4.205 4,096 3.870
3 5.389 5.542 6.427 4.336 3.640
5 4.147 4.213 4.556 3.945 2.900




Table C.2 Elongation at break of LDPE films and LDPE/encapsulated particle films under
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outdoor test
Y%Additive Exposure Time (months)
Additive (Y%w/w) 0 1 2 3 4
[DPE - - 25709 20467 12.742 __10.077 _ 8.336
0.5 21.04 27655 15189  7.365 7.458
LDPE | benzophenone 1 ) .389 10.065 6.958 3.536
3N 19.7 }2 8.544 5.796 2.196
18.263 & 8.169 5.293 1.563
6 7.871 6.275 4.563
LDPE gelatin ST 8.849 5.036 3.981
AR 783 5012  3.210
566 | 10, AT8 3.861 2.950
1 K V.mf 7814 4006
LDPE EN1 A . \7.209 718 4.598 3.197
i, UL M)
1044 1 2.866 3.095 2.685
Aanz 3298 2119 1.998
05 [p32zier) 9 6.906 4.780 4.520
LDPE EN2 L 0 4551 3.590 3.410
3 0.6 .995 3.860 3.184 2.547
| = 3368 3460  2.692
wr 5= 4058 3580 4687
LDPE EN3 L) 1 33 2.998 3.659
) ; .386 3.065 2.996
5 13.180  3.962  3.460 2.963 1.998
2 3873 7 10.104 7 7163 4.724
ore | )0 YB3 ok T e ses
q) 3 10.341 4.420 3.527 6'447 4.231

LDPE |§ ENS ; 4.624 3.698
3 9.634 5.695 3.800 3.344 2.547
5 7.192 6.581 3.468 3.590 2.782
0.5 11.060 7.244 4.535 2.21¢ 3.091
LDPE ENG 1 7.231 6.357 3.066 3.960 3.659
3 11.064 8.175 5.926 3.016 3.264
5 7.249 4.296 3.175 3.009 2.654
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Table C.3 Tensile strength of LDPE films and LDPE/encapsulated particle films under

accelerated test

Y%0Additive UVB Exposure Time (hours)
Additive (%ow/w) 0 20.5 41.0 61.5 82.0
LDPE - - 7.217 7.032 6.992 6.832 6.768
LDPE | benzophenone 5 6.13: 5.671 6.413 5.619 6.122
LDPE gelatin 5 5,885 5.099 5.455 4.597
“IDPE ENT 5 4271 3606 3450
“TDPE EN2 4.047 3.998 3.881 2.676
TDPE EN3 7. E 3584 3045  3.804
“IDPE ENZ 7 3918 3221 2666
[DPE ENG . 4205, 3538 3601 2616
AZ2MEN\N
Table C.4 Elongation at bgéak - fi ,-'.l; »kf encapsulated particle films under
accelerated test y Ao
Tdey Y]
¥ 13
Y% Ve i/, . i posure Time (hours)
Additive | (YWmpETT ; 7000 61500 82000
LDPE - -__;E,#a 5.709 & 057  21.032 20.037 19.384

13180 5 , 10317 5950 6656  5.880
' Z001 2200

. ¥ :@ 2901 2619

5 77.091 BI7 6034 4980 2199

— QW TN TINETa e
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Appendix D

A
™

Wavenumbers (cm-1)

Figure D.2 FTIR spectra of LDPE containing (a) 1%benzophenone and
(b) 5% benzophenone



Table 3.4 The formulation of LDPE films and LDPE/additives films

Appendix E

No. | LDPE | Benzophenone | Gelatin Encapsulated Benzophenone (%w/w)
(%owiw) (Y%ow/w) (%w/w) EN1 EN2 EN3 EN4 ENS  EN6
1 100 - - - - - - - -
2 99.5 0.5 - - - - - - -
3 99 - - - -
4 97 - - -
5 95 - - -
6 99.5 - - -
1 99 - - -
8 97 " = 5
9 95 = = .
10 99.5 E = =
1 99 S % .
12 97 s = s
13 95 = = =
14 99.5 - - -
15 99 = = -
16 97 = = 2
17 95 o 2 s
18 99.5 s = :
19 99 = = =
20 97 o 5 z
21 95 - = =
22 99.5
23 99
24 97
25 95
26 )
27 -
28 97
29 95
30 99.5 7
31 99 - = = = x = " 1
32 97 - = = = = s = 3
33 95 - = = = = S - 5
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