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Department of Chemical Engineering, Shahrood Branch, Islamic Azad Universi-
ty, Shahrood, Iran

Research subject: Low biodegradation rate of plastics, especially dif-
ferent grades of the polyethylene leads to many environmental prob-
lems. To reduce these effects, pro-oxidant added to the polyethylene to
increase the photo-degradation and subsequently the bio-degradation
rate of the polymer matrix. Besides the pro-oxidant, it seems that the
photocatalysts can affect on the photo-degradation of the polyethylene
and the subject of this study is to examine this idea.

Research approach: Photodegradable films of LDPE were prepared by
melt blending of the polymer with cadmium selenide (CdSe) and trisil-
ver phosphate (Ag,P0,) as photo-catalysts and manganese stearate as
pro-oxidant. The samples were irradiated with visible and ultra-violet
light. Scanning electron microscopy (SEM), dynamic mechanical ther-
mal analysis (DMTA), differential scanning calorimetry (DSC) and vis-
cometry measurements were used to investigate the microstructure of
the films.

Main results: FTIR spectra indicated to increment of the carbonyl in-
dex (CI) and vinyl index (VI) of the samples with photo-catalysts. In
addition, SEM imaged confirmed higher and more homogeneous pho-
to-degradation for these samples in comparison with other ones. Also,
the dynamic-mechanical-thermal analysis showed that the polyethylene
samples without the additives had higher modulus compared to other
samples. However, the crystallinity of the samples with photo-catalysts
increased due to nucleating agent effects of their particles. The viscos-
ity of the samples containing the photo-catalysts and pro-oxidants de-
creased significantly and the modeling results showed that this decre-
ment was due to the polymer chain degradation and reduction of their
molecular weights. In general, the results showed that the combination
of the photo-catalysts and the pro-oxidants had synergistic effect on the
photo-degradation of the LDPE and accelerates its degradation process
a lot more in comparison when only the pro-oxidant was used.

*To whom correspondence should be addressed:

s.mortazavi@iau-shahrood.ac.ir
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Table 1. The name and composition of the samples

Sample code | Low density Manganese Trisilver Cadmium
polyethylene stearate phosphate selenide
(wt%) (wt%) (wt%) (wt%)

Control* 100 0 0 0

STC000 100 0 0 0

STC100 99 1 0 0

STC110 99 0.5 0.5 0

STC101 99 0.5 0 0.5

STC111 99 0.5 0.25 0.25
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Figure 1. SEM micrographs of the film samples.
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Figure 2. Schematic representation of homogenous and heterogeneous distribution of the photo-degradation of the
matrix.
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Figure 3. Frequency distribution of the defects through the matrix zones.
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Table 2 Statistical parameters of the distribution histograms of the samples

Code Total number | Average (AV) Standard STD/AV
of defects deviation (STD)
Stc000 99 14.14 8.45 0.60
Stc100 298 42.57 8.54 0.20
Stc101 372 53.14 441 0.08
Stc110 316 45.14 7.38 0.16
Stc111 417 59.57 5.62 0.09
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Figure 4. Elastic modulus of the samples at various temperatures.
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Figure 5. Damping factor (tand) of the samples.
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Table 3. Crystallinity percentages (X_or X)), crystallinity temperatures (T, or T,) and enthalpies (AH_or AH)) of the

samples during cooling (index c) or heating cycles (index f).

Sample Tc (°C) Tf (°C) AHc (J/g) AHf (J/g) Xc (%) Xf (%)
control 98.2 109.8 131 127 46 45
SEC000 100.3 109.9 97 86 34 30
SEC100 105.6 113.1 84 74 29 26
SEC110 104.7 112.6 143 121 50 42
SEC101 104.9 112.9 195 180 68 63
SEC111 105.1 113.0 150 140 53 49
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Figure 6. Changes of the molten sample viscosities versus shear rate.

GV KV [P F YU |1 'V ST S SN SR { I SO
Sl S oo al Loy 55— w5 0 )
sl oo L g9,-1,5 slwosls el o3 iiin )y p
edgae JS )0 (59,51,5 ymslie 95t amlie (So3elsS,
Carreau-Yasuda 4 Joleo Loy )lg5 o |, (o pp Cae yuo

ol il

Moo — N nTﬂ
il G C ) )

‘63)_3115;‘_0))4_;1’19a ‘y JL ‘T]m ‘T]O a Q‘)OA_S
Sy 3 $9ylS b (hp Sy 50 59,1
Al any (g aiilaie (o JLEST 090 a5 0my (y50

LER s QLM.. =Y
slopkd 59,515 wod o0 aalin a5 )5 lailes
L sl Undigas (s Mo oy 5V wals oy Lol Ly
i 45 ) 33938 g (90 5 oadls LDPE ( JL> (o
JS 53 St Lo g9,305 sty (ol 039 s
Lo, a0 loid a8 Cowl by Cae ys 00900
Gxte po— oSl el 4855 850 (o 5 Eed
S ) 58 Bl gL 35933l (g5l LDPE
039 G2l 5 ol slwe e ()9 w58 Jds 4
g Cuad (675 0omb Sl 59,515« HSge
9 )_5...,0 Q‘)Li.'f_m‘ c?ﬁl—" ‘_ngUﬁ,oJ 69)—;‘; .o)lo ua_]l:>
dem3 oo (LS (6 it Jln 2ol s Cn JUlS 28
0diiS oy 5 0938l A Joll a5 STCY VY asgal
Lnsiges ploos s |y 8578 e (28

oty = (o (paiten (69,5 S gy (sl ) (ot (A oode alilad Y



b )0 g 0B o ol ool iU sloadiges o
oo).‘;_wf ud_> T Jj_la ;0)‘\.\_; S9—>9 LDPE J)_».»S
th.‘s OB;MAJM‘ YA Cmi\ u>—” \Veo e
O—izee g (Voo e -Y0- o cm™) S5 0 J o8
ST slwog S > g (Yeor \Yer cm) LSl
Slass a8 o apl 4S5 Wos palls (VY. -4%+ cm™)
S99 (Sor—alinST Y5 aze g5 S 5l s At
RS GOSN X | 1 PRV ORI KVOW. 1 IUVIE Y J-JCO-I-E N
Lo il (SS9 ,S slaawl Lo I Laaadl .
lold o 5 [FV]ogs LgasUT 5 LglSIT s il
ol (6 =S o3losl Sl Jbgs ST i Ja gy LDPE
=l slm Sieie el S €D Jss S el
ookl Lo a S el Ll by slgald oy 50
YYo- cm™ BN J_uy; 0S92t u..\_‘> A w..»_».m.p.)
4, LDPE 2o slwog,S ©d> Sy ,— (Acarbonyl)
A3 a0 S e 4y (Amethylene) Y Fo+ cm”

IS Gl 6585 o B o

Jsozr el Vsl Olos g s o Lt 1) (550 e
Laools (55— sl a5 ams oo s |, ol )b F
u_;l}).g o (59)_’>|)f sl 00 oolaz_wl digal B 6‘)—.’
ele3 5l eoel s A 0ls s Foude (1M —ho
039 Slee (eSSl 0l oo 9 el (U3l
aS gl adobas oy ool 0g-is colaivl Lo pory 9S50
S g e (M) (5Sgo 35 4|y o (85,5

erles I =) o= 4

Ny « M3;# )

Ol Sl ol Ly oads 00 (e ((HsSU50 (559 Cumnnd

O 5 (a5l 4l o (HsSge (335 ) (5t g
U?J_' ua_ll.’> LDPE .l s0is oalo ULW ¥ J5J_> )_’>—|
S (990 (359 als ao )0 Vo Ll (5098 g
33 ol e e olts s b Ladls LSl L an
Hs5e 035 2l A SilaST gy a s el

M) S diges 5850 (359 4 Cams (M) Lol o slodiged JsX5e (35 Cums ol o 4y Carreau-Yasuda Joo slo yel)ly -F Jgo
Table 4. The Carreau-Yasuda equations parameters fitted to the viscometric data of the samples and the ratio of
molecular weight of the samples to that of the control film (M/MO0).

Code 10 (Pa.s) noo (Pa.s) | A(s) a n M/MO
Control 32106 156 26.3 4.45 0.61 1.00
STC000 22536 210 45 0.74 0.53 0.90
STC100 3543 32 52.5 1.51 0.35 0.52
STC110 2471 1.78 63.3 298 0.28 0.47
STC101 630 2 66.8 10.08 0.47 0.31
STC111 173 1.62 52.4 7.96 0.37 0.21
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Figure 7. FTIR spectrum of the samples before and after irradiation.
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Table 5. Carbonyl and vinyl indexes of the samples

sample nanme crbonyl index vinyl index
STC000 64 25
STC100 92 42
STC110 116 57
STC101 113 53
STC111 109 51
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