International Journal of Applied and & International Academy of Science,

Natural Sciences (IJANS)
ISSN(P): 2319-4014; ISSN(E): 2319-4022 ‘ b ) Engineering and Technology
(\éoll’l“g,El_ls_sue 3, May 2014, 123-134 IASET Connecting Rescarchers; Nurturing Innovations

A STUDY OF EFFECT OF COPPER(II)-COMPLEX(CU-BHBH) ON THE
PHOTODEGRADATION OF POLYSTYRENE FILMS

HAMEED K. ALI & ABDULHAMEED H. SHUKKUR

Department of Chemistry, College of Education faré®’Science, University of Anbar, Ramadi, Iraq

ABSTRACT

This study included photodegradation of polystyrdilves after exposing them to light using Schifiase of
Copper-complex. The films were made by mixing vilie polymer solution at different weight percentagethe range
(0.025%-0.4%) with thickness of (704fn). The specimens were irradiated for differentenat wavelength (365nm) at
40°C. The photodegradation of the prepared filmghweind without additives were followed by FT-IR heigue for
evaluating both ICO and IOH. Ultraviolet-visible \WVis) was used to calculate the rate of degradatithe results
indicated that the synthesized complex has indticediegradation which increases as the concenirafithe additives
increase which coincides with the resulted Kd inteats which followed in presence and without of580of the added
Copper-complex by measuring both the number avemagjecular weight and the degree of decompositi@sjdes the
chain mean scission (S) and the degradation dggjeé was found that in the presence of the metahglex led to

decrement in the molecular weight (M.W) and chaisson which fit with other researchers.
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INTRODUCTION

In recent years there is a great interest in thetgpbxidative degradation of polymeric material®&chuse
macromolecules have increasingly wide spread cowiaieapplications. Polymeric materials, syntheiemi-synthetic
and natural are photodegradable when exposed tervieonment [1,2]; all commercial organic polymelegrade in air
when exposed to sun light as the energy of sun igghufficient to cause the breakdown of polymérmds. Moreover,
degradation is due to the action of short-waveler(gtV) rays §£-290nm) present in solar spectrum. Thus the life of
thermoplastics for outdoor applications becomegéidndue to weathering [3-5]. The photodegradatibpolystyrene and
its analogous has been reviewed [6-8] and was jectulif many scientific publications [9-14]. Inceeal photodegradation
of polystyrene rates at wavelengths >280 nm reghaieketone or other carbonyl groups be introdungd the molecule
by copolymerization or grafting. Photo-oxidativegdedation of polystyrene is accelerated by thegres of compounds
which become activated by Sunlight such as metl$ sand transition metal complexes [15-17] whichabze the
decomposition. It is well known that trace amouafé metallic impurities or additives present in ywler play an
important role in photodegradation of the substrgte8-20). In this study a new type of transitioetah tetradentate
Schiff's base 1,3-bis(2-hydroxybenzyl-idene)hydnazias been used as (UV) photo inducer for polgetydegradation.

EXPERIMENTAL SECTION

All chemicals used for the preparation of the dt®mpounds were of reagent grade quality. Sontkeo$olvent
was distilled before use. The ligand and complerewsrepared with a procedure similar to that reggbih the literature
[21,22].
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Synthesis of Ligand (L)

Salicylaldazine was synthesized by stirring a sotutof salicylaldehyde (2.44g, 2.0mmol) with hydrez
(0.5g, Immol, 80%) at (25ml) of ethanol. The yeliglwpowder produced was filtered off and washed withanol.

Its m.p. was of 210°C.

Preparation of Complex (L-M)

Complex was obtained by dissolving 1.5 mol of thmprapriable metal salt (Cug£2H,0) in ethanol and
dissolving 0.5 mol of ligand in ethanol as welldahen the PH was raised to 8 by adding 10% w/Ma®H solution.
Different intensely colored precipitate was obtdivehich was then filtered, washed with an excesalsblute ethanol.

Its m.p. was of m.p. 228°C. Scheme (1) shows swigtef ligand and L-M.
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Scheme 1

Purification of Polystyrene

Commercial polystyrene (PS) supplied by Turkish pany was freed from additives by reprecipitatiore¢h
times from chloroform solution in ethanol. The fied polymer was dried under reduced pressureahr@mperature for

24 hours.
Films Preparation

Different concentration of polystyrene solutionnid) in chloroform was used to prepare (7Q#8) thickness of
polymer films, measured by a micrometer type (Qnghacompany, USA) with and without complex prejplatgy
evaporation technique at room temperature for 2&4hd o remove the possible residual chloroformesat, film samples

were further dried at room temperature for five fsaunder reduced pressure.
Irradiation of Samples (Accelerated Testing Technige)

Accelerated weather meter (locally assembled) \gad ior the irradiation of polymer films. It contailamp type
(Fluorescent Ultraviolet Light) 18 watt (Japan).efé is lamp of the type (UV-A 365) giving the maxim wavelength
of (365nm). The polymer film samples were fixedtigally and parallel to the lamp to ensure that idgident radiation is
vertically incident on the samples, the irradiatadchples were changed with respect to their frore tiontime to fulfill that

the intensity of light incident on all sample iswfiform intensity.

Impact Factor (JCC): 2.4758 Index @ernicus Value (ICV): 3.0
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RESULTS AND DISCUSSIONS

The photodegradation is an important way to redbeegroblem of environmental pollution caused by wastes
of polymeric materials (plastics) to obtain compdsinof lower molecular weights, which decomposed nbigro
organisms [23], knowing that the exposure of pghete molecule to high-energy light UV lead to dypeeric molecule
interaction with photons of light producing carbrtyydroxyl and hydroperoxides as a result of teeainposition of the
polymer. Previous researches [15,16] were usethatiip and aromatic complexes to increase the faphato-oxidative
chips of polystyrene, at this study a complex (CHBEB) was used to achieve this purpose differenghiepercentages,
ranged between (0.025-0.4%). Polymeric films weradiated lonely and with the complex by ultraviof&JV) under
atmospheric oxygen for periods of different timéjeth range (20-320hrs.), respectively as tabladicates.

UV-Visible

The process of photodegradation of polystyrene schipdifferent concentrations of the complex (CUBH
were studied by the spectrum of UV-Vis, When expgdilms of polystyrene to UV radiation for a pet®of time that
leads to the transformation of chips color to yslkh color. That change indicates the photolysisth& polymer.
For calculating the rate of decompositiony(khat carried out by recording absorption spectairthe UV and during the
process of at different times of irradiation. Itshaeen observed that the absorption spectrum ésetkhips varies from
time of irradiation as in (Figure 1) shows where @ould notice the change in the absorption spectfithe polymer
before and after irradiation process of photodeafiad.

Table 1: Absorbance Values of the Polystyrene witfihickness (70+5um) Containing Different Concentrations of
the Complex (Cu-L) and Calculated at a of 300 nm Sgtrum Measurements of UV-Vis with Time

Irradiation Time (hr) Absorbance
Concentration % 0.0 20 40 80 160 320
PS 0.150| 0.313| 0.560 | 0.779| 0.979 | 1.025

PS + 0.025% CuL | 0.256| 0.578 | 0.704 | 0.852| 1.166 | 1.318
PS + 0.050% CuL | 0.307| 0.669 | 0.797| 1.262 | 1.344 | 1.494
PS + 0.100% CuL | 0.329| 0.748 | 0.865| 1.318 | 1.423 | 1.560
PS + 0.200% CuL | 0.344| 0.861| 0.968 | 1.456| 1.609 | 1.730
PS + 0.400% CuL | 0.356| 0.936| 1.208 | 1.538| 1.745| 1.970

The rate of changing in the absorption spectrunh waspect to time of irradiation depends on theceatration
of the complex additive which increases with insirg concentration of the complex due to increbseattive substance
(figure 2-6). For the purpose of calculating theereonstant for photolysis of polymeric chips ie firesence of complex
additive, this achieved by drawing the relationshgiween the time of irradiation and the logaritbfmabsorption in
(A-Ay (figure 7-11) and the slope was a straight limbich shows that the interaction light of this cdexpwas of the
first class which was the determinant of the camstate of photolysis (§ in different concentrations previously
determined and under the same conditions tablehizfvshows that the values of fkbe sensitive to concentrations of the
additive where increases their values in accordamitie corresponding previous studies [15], this feoms that the

additive accelerates the process of interactiowéxt the polymer and light.
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Figure 1: Change in the Spectrum of UV-Vis for PurePolystyrene with Thickness (70+jum) at
Different Times of Irradiation and Calculated at a Wavelength of 300 nm
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Figure 2: Change in the Spectrum of UV-Vis for Polystyrene Cataining Concentration (0.025%) of the Complex
(Cu-L) with Thickness (70+5um) at Different Times of Irradiation and Calculated at a Wavelength of 300hm
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Figure 3: Change in the Spectrum of UV-Vis for Polgtyrene Containing Concentration (0.05%) of the Corplex
(Cu) with Thickness (70+5um) at Different Times of Irradiation and Calculated at a Wavelength of 300 nm
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Figure 4: Change in the Spectrum of UV-Vis for Polgtyrene Containing Concentration (0.1%) of the Com[ex
(Cu-L) with Thickness (70+5um) at Different Times of Irradiation and Calculated at a Wavelength of 300 nm
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Figure 5: Change in the Spectrum of UV-Vis for Polgtyrene Containing Concentration (0.2%) of the Comlex
(Cu-L) with Thickness (70+5pm) at Different Times of Irradiation and Calculated at a Wavelength of 300 nm
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Figure 6: Change in the Spectrum of UV-Vis for Polgtyrene Containing Concentration (0.4%) of the Comfex
(Cu-L) with Thickness (70+5pm) at Different Times of Irradiation and Calculated at a Wavelength of 300 nm
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Figure 7: The Relationship between the Logarithm oPolystyrene Films Containing of Complex
(Cu-L) with Thickness (70£5um) and Concentration (0.025%) with Irradiation Time
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Figure 8: The Relationship between the Logarithm oPolystyrene Films Containing of Complex
(Cu-L) with Thickness (70+5pm) and Concentration (0.05%) with Irradiation Time

3.5 —
r 3
3 _
W= -0.216%+ 2,994
25 R =0.922
-
=+ 2 -
B
=
5 15 -
7
Linl
l —
a
0.5 -
(]

o 2 4 (= g 10 12 14

Time , 5 *10%

Figure 9: The Relationship between the Logarithm oPolystyrene Films Containing of Complex
(Cu-L) with Thickness (70£5um) and Concentration (0.1%) with Irradiation Time
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Figure 10: The Relationship between the Logarithm bPolystyrene Films Containing of Complex
(Cu-L) with Thickness (70+5pum) and Concentration (0.2%) with Irradiation Time
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Figure 11: The Relationship between the Logarithm bPolystyrene Films Containing of Complex
(Cu-L) with Thickness (70+5pm) and Concentration (0.4%) with Irradiation Time

Table 2: Values Constants of Rate Decompositiond6f the Complex (Cu-L) in Polystyrene Chips

K4(Sec)'’X10” | Concentrations
2.087 0.025
2.139 0.05
2.161 0.1
2.267 0.2
2.321 0.4

IR Spectra

The exposure to pure polystyrene to high-energy odywvavelength (365nm) that leads to obvious charng the
spectrum of infrared (IR) [24] which gave two broadnds, the first band of carbonyl group (C=0) appeat
(1600-1700cr), which increases with irradiation time [25]. Thiand presence with very few values before the sfar

the process of irradiation for chips due to stfshermal oxidative through the manufacturing mec(figure 12).
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The second band of hydroxyl and hydroperoxide melyappears at range (3180-3600'mvhere increases the
value of the absorbance with the increase of theceatration of the complex (figure 13). Therefone walue of the
coefficient growth of absorption of hydroxyl gromy) and of carbonyl group ) are higher in the case of high
concentrations of the additive (tables 3,4 ) aigl(é 14,15), which were calculated by use the fiasemethod [26], this
results correspond with the values calculated frioendecomposition constant values (highest valyeAso, calculations
showed an average molecular weight by viscometrhoaeof polymeric chips before and after addititivat this average
decrease with increase the time of irradiation #ved concentration of the complex additive comparéth that of the
reference due to the fragmentation of chains ofmetic chains (tables 5, 6) and appears (figureti#)the decrease at
viscous molecular weight be fast at the beginnifigradiation and then slow down and that leadsbteak weak
bonds [27].
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Figure 13: Infrared Spectrum of Polystyrene Film wih Thickness (70+5um) Containing
Concentration (0.1%) of the Complex (Cu-L) and theTime of Irradiation (160 Hours)

Table 3: Coefficient Values Carbonyl (ko) with Irradiation Time for Complex (Cu-L)

Percentage by Weight Irradiation Time (hr.)
for Additives W% 0.0 40 80 160 320

PS 0.157 | 0.354 | 0.620 | 0.803| 1.125

PS + 0.025 0.170 | 0.518 | 0.865 | 1.187 | 1.266

PS + 0.05 0.175 | 0.650 | 0.976 | 1.296 | 1.387

PS +0.1 0.179 | 0.774 | 1.203 | 1.501 | 1.565

PS +0.2 0.186 | 0.861 | 1.350 | 1.557 | 1.614

PS +0.4 0.193 | 0.989 | 1.480 | 1.618 | 1.663

Impact Factor (JCC): 2.4758

Index @ernicus Value (ICV): 3.0
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Table 4: Coefficient Values Hydroxyl (by) with the Irradiation Time of the Complex (Cu-L)

Percentage by Weight Irradiation Time (hr.)
for Additives W% 0.0 40 80 160 320

PS 0.000| 0.106| 0.156 | 0.256 | 0.312

PS + 0.025 0.000| 0.202| 0.291 | 0.330 | 0.417

PS + 0.05 0.000| 0.237| 0.354 | 0.403 | 0.462
PS+0.1 0.000| 0.280| 0.399 | 0.448 | 0.550

PS +0.2 0.000| 0.357| 0.470 | 0.534 | 0.613

PS +0.4 0.000| 0.421| 0.565 | 0.625 | 0.679

The average viscous molecular weight (figure 1fraportional to the square of the molecular weigith time.
The results showed that the bonds between the golghmins were random along the polymeric chainamdirmed by
the linear relationship of the average cut the rhand the degree of degradation with time (figui®& 19),
respectively [28], which shows that the valuesS)f &nd &) of chips supported by complex additive are higihemn for
chips the pure of polystyrene. These results gavepective for using of complex as a good catdtyrsphotodegradation

of plastic materials to accelerate the decompastareduce the environmental pollution.
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Figure 14: The Relationship between the AbsorptioiCoefficient of the
Carbonyl and Irradiation Time of the Results Listedin the Table (3)
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Irradiation Time of the Results Listed in the Table(4)
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Table 5: Values Calculated from Measuring of the \dcous Molecular Weight for Pure Polystyrene

1.085 11.772 10417.666 0.959

0.863 7.447 3. 083 8286.125 1.206 0. 247 0 257
40 0.724 5.241 2.506 6951.512 1.438 0.479 0.499
80 0.651 4.238 1.506 6250.600 1.599 0.640 0.666
160 0.585 3.422 0.868 5616.898 1.780 0.821 0.855
320 0.457 2.088 0.545 4387.902 2.278 1.319 1.374

Table 6: Values Calculated from Measuring of the 6cous Molecular
Weight for Polystyrene with Complex (Cu-L)

1.085 11.772 10417.666 0.959
0.714 5.097 5. 152 6855.496 1.458 0 499 0 520
40 0.637 4.057 3.111 6116.178 1.635 0.676 0.704
80 0.575 3.306 1.770 5520.883 1.811 0.852 0.887
160 0.502 2.520 1.012 4819.971 2.074 1.115 1.162
320 0.354 1.253 0.634 3398.943 2.942 1.983 2.066
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Figure 16: Relationship between Average Viscous Metular Weight with Irradiation Time for Polystyrene with
Thickness (70+5um) Presence and Absence of Concentration (0.05%) tife Complex (Cu-L)
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Figure 17: Relationship between Decreases of the drage of Molecular Weight (dMv/dt) and the of
Viscous Molecular Weight for Polystyrene with Thickiess (70+5:m) Presence and
Absence of Concentration (0.05%) of the Complex (Gi)
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Figure 18: Relationship between Average Cut Serig§) with Irradiation Time for Polystyrene with
Thickness (70+5um) Presence and Absence of Concentration (0.05%) tife Complex (Cu-L)
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Figure 19: Relationship between Degree of Degradatn (P) with Irradiation Time for Polystyrene with
Thickness (70+5um) Presence and Absence of Concentration (0.05%) tife Complex (Cu-L)

CONCLUSIONS

« Addition of complex of copper ion (Cu Il) increasefl the photodegradation due to absorption of uidat
(UV), where the complex containing of chromopharsréasing photo-oxidation under atmospheric oxygan

formed free radicals.

« Effect of the time factor, it was found that théeraf degradation increasing with exposing irradiaperiod at
(320 hrs.).

« Study the effect of the different concentrationgref complexes in the degradation, it was found tthe rate of

degradation of polymer increases with increasimgreatration for each complex.

« The results and calculations for average viscoukecutar @ght (M), average numerical cut the chain (S) and

the degree of degradatiom)( confirmed increasing of photodegradation viatphaxidation.
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