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Films of polyvinyl chloride with oxide nanoparticles (MgO, NiO, TiOs, and
Zn0) and clarithromycin were prepared. Oxide nanoparticles were used in low
concentrations (0.01% by weight) along with clarithromycin. The analysis of oxide
nanoparticles and clarithromycin as UV blockers for PVC photodegradation
investigations into weight loss, surface morphology, and IR changes, revealed that
titanium oxide, especially, protects PVC from harmful ultraviolet light.
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1. Introduction

Plastics are used for different purposes they have many
features (strong, moldable, and can be colored). They are
utilized as a replacement for construction materials (wood,
metals, ceramics). Polyvinyl chloride (PVC) has many
features such as weathering resistance, electrical isolation,
acoustic insulation, low cost, etc. It can be used in
construction materials, equipment of office, electronics,
some components of automobiles, medical purposes,
cables, and connections [1].

PVC has different applications but a high content of
chlorine is a problem cause dangerous waste for the
environment. physical and chemical changes happen when
poly (vinyl chloride) exposure to temperatures and UV light
with an excess of oxygen [2].

The oxidative reaction leads to the splitting of the chains
and small fragments are formed which degrade the material.
Sunlight causes the photodegradation of poly (vinyl
chloride) and polymers. The properties and functioning of
polymers are altered in a number of different ways as a
result of photodegradation [3]. In order to lengthen the
useful life of polymers, it is essential to increase the
resistance of PV/C to ultraviolet light and bring down its rate
of photodegradation photo stabilizers (plasticizers,
pigments, and UV absorbers) are blended with polymers to
protect them from light, especially ultraviolet irradiation.
several  organometallics  including  clarithromycin
complexes use as photo stabilizers for polymers. In this
work clarithromycin (Figure 1) is utilized as a stabilizer, and
nano oxides [4] are utilized with clarithromycin to test their
impact on the degradation of PVC.
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Figure 1. Shows the structure of clarithromycin.

2. Experimental

2.1 Films fabrication:

Films of PVC were prepared by casting method by
Using (1 gm) from PVC, (25 gm) clarithromycin,
and 05 mg of metal oxide nanoparticles (MgO,
TiOz, ZnO, and NiO) [5,6] with 100 ml from
tetrahydrofuran were stirred for 60 min. sonicated
the mixture for 60 min to take out the bubbles and
cast it by glass templates and left the THF to
vaporize at room temperature for one day. The films
were lifted from the template and then kept at room
temperature.

2.2 Effect exposure the films to ultraviolet:

The films were exposed to ultraviolet light with a maximum
wavelength of 365 nm and an intensity of 6.0x10~° ein.dm=3.
The films were turned around every so often to make sure
that all of them got the same amount of UV light. The time
of irradiation was 50, 100, 150, 200, 250, and 300 hours [7].
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3. Results and Discussion

3.1 Utilizing FTIR spectroscopy to study
photostability:

The films were put in ultraviolet light, and FTIR

spectroscopy was used to see how the additive affected the

PVC's ability to stay stable in light. When oxygen is present
and UV light hits PVC, ketone and polyene are made. The
intensities of the bands C=C (alkenes; 1600 cm™) and C=0
(ketones; 1730 cm™2) were observed during irradiation and
were compared with a standard peak (1328 cm™) [8].
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To calculate the index of C=C and C=0 was used

equation (1). The absorption of both C=0 and C=C (As) and
for standard peak (Ar) were utilized to calculate Is. lc-o and
Ic=c were calculated for different irradiation times (50, 100,
150, 200, 250, 300)
- ...()
The addition of clarithromycin-metal oxide led to a notable
reduction in the index of lc-o, lc=c which means the
additives reduce schisms of the polymer chain and
formation fragments that contain carbonyl and polyene
groups [9,10].
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Figure 2. Shows the intensities of the bands C=C and C=0.
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Figure 3. Shows the relationship between Ic-o index and
irradiation time.
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Figure 4. Shows the relationship between lc-o index and
irradiation time.

3.2 Utilizing Weight Loss to study photostability:
The cross-linking and free radicals formed when PVC
exposure to photodegradation and Photooxidation. The
weight of PVC blank and PVC with additives was measured
before irradiation (Wo) and after irradiation (W;), Equation
(2) was used to estimate the percentage of the weight loss
[11].

weight loss % = Do 100 ...(2)
Wo

The highest percentage loss of weight was in pure PVC.
while the additives reduced weight loss notably.
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Figure 5. Shows the percentage loss of weight of PVC

films.

3.3 Utilizing molecular weight to study
photostability:
There is a reversible relation between molecular weight
(Mv) and time of irradiation. Photodegradation of PVC
leads to breaking the bond and decreased molecular weight.
The decrease in PVVC molecular weight with additives was
much less compared with the PVC blank. The reduction of
molecular weight could be estimated by equation (3) [12]
[n]=1.38 x 102 M277 ...(3)

3.4 Effect of irradiation on surface morphology of
films:

After UV exposure, the film's surface can be examined

under an optical microscope to reveal any deformations,

cracks, dark patches, or chain-scission.
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Dehydrochlorination is the main reason why the surface of
an irradiated PVC film breaks down [13]. In contrast to the
surface that has been irradiated, which has cracks, spots, and
other irregularities, the surface of pure PVC that has not
been irradiated is usually uniform and does not have any
cracks or spots. Figure 6 shows pictures (400x
magnification) taken with a microscope of pure PVC film
and PVC that has been exposed to radiation for 300 hours
and mixed with additives [14]. When the pure PVC film was
exposed to radiation, cracks, spots, and changes in color
showed that the surface was breaking down more quickly
[15].

Figure 6. Shows microscopic images of blank PVC film,
PCV with additives before irradiation.

Also, SEM was used to study the damage on the films.
The SEM technique gives images containing information
about homogeneity [16], spots, cracks, size, and shape of
particles. Photodegradation leads to formed spots, grooves,
and irregular nanoparticles [17].
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Another technique in the study of polymer surfaces is
atomic force microscopy (AFM). The roughness degree and
dark spots in the film depend on the additives type.
irradiated blank PVC film shows a high roughness,
heterogeneity, and a high number of spots compared with
films that have additives [18]. using clarithromycin and
metal oxides lead to a decrease in the factor of roughness.
The additives protected the PVC films [19,20].

Figure 7. Shows SEM images of PVC film with additives
after irradiation for 300 hours.

Figure 7. Shows SEM images of PVC film with additives after irradiation for 300 hours.
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4. Conclusions

A combination of metal oxide and clarithromycin was
utilized to lessen the effects of UV radiation damage. In
comparison to films alone, changes in weight, infrared
spectra, and surface morphology were smaller when
additives were present. The additives act as absorbers of
ultraviolet rays that damage the polymer surface and
convert these rays into heat.

References

[1] Geyer R.; Jambeck J. R. & Law K. L.; "Production, use,
and fate of all plastics ever made", Science advances,
3(7), €1700782, 2017.

[2]Jin D., Khanal S., Zhang C. and Xu, S,;
"Photodegradation of polybenzimidazole/polyvinyl
chloride composites and polybenzimidazole: Density
functional theory and experimental study", Journal of
Applied Polymer Science, 138(3), 49693, 2021.

[3] Ma Y.; Liao S.; Li Q.; Guan Q.; Jia P. and Zhou Y.;
"Physical and chemical modifications of poly (vinyl
chloride) materials to prevent plasticizer migration™,
Still on the run React. Funct. Polym., 147(45): 104458,
2019.

[4] Aboud N.; Jasim B. and Rheima A.; "Nickel oxide
nanofibers manufactured via sol-gel method: synthesis,
characterization and use it as a photo-anode in the dye-
sensitized solar cell”, Digest Journal of Nanomaterials
and Biostructures, 17(1): 59-64, 2022.

[5] Aboud N.; Jasim B. and Rheima A.; "Adsorption study
of phosphate ions pollution in aqueous solutions using
microwave synthesized magnesium oxide
nanoparticles”, Digest Journal of Nanomaterials and
Biostructures, 16(3): 801-807, 2021.

[6] Aboud, Jasim B. and Rheima A.; "Methylene orange
dye removal in aqueous solution using synthesized
CdO-MnO; nanocomposite: kinetic and thermodynamic
studies”, Chalcogenide Letters, 18(5): 237-243, 2021.

[7] EI-Hiti G.A.; Ahmed D.S.; Yousif E.; Al-Khazrajy
0O.S.A.; Abdallh M. and Alanazi S.A.; "Modifications of
polymers through the addition of ultraviolet absorbers to
reduce the aging effect of accelerated and natural
irradiation"”, Polymers, 14(1), 2022.

[8] Ahmed D.S.; Mohammed A.; Husain A.A.; El-Hiti
G.A.; Kadhom M.; Kariuki B.M. and Yousif E;
"Fabrication of highly photostable polystyrene films
embedded with organometallic complexes”, Polymers
14(5): 20-24, 2022.

[9] Chen C.; Chen L.; Yao Y.; Artigas F.; Huang Q.; Zhang
W.; "Organotin release from polyvinyl chloride
microplastics and concurrent photodegradation in water:
Impacts from salinity, dissolved organic matter, and
light exposure”, Environ Sci, 53(18): 10741-10752,
2019.

[10] Mousa O.G.; El-Hiti G.A.; Baashen M.A.; Bufaroosha

M.; Ahmed A.; Ahmed A.A.; Ahmed D.S. and Yousif
E.; "Synthesis of carvedilolorganotin complexes and

15

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

their effects on reducing photodegradation of poly
(vinyl chloride)", Polymers, 13(14): 500-508, 2021.
Majeed A.; Yousif E.; El-Hiti G.A.; Alotaibi M.H.;
Ahmed D.S. and Ahmed A.A.; "Stabilization of PVC
containing captopril tin complexes against degradation
upon exposure to ultraviolet light”, J. Vinyl. Addit.
Techn., 26(4): 601-612, 2020.

Mohammed A.; El-Hiti G.A.; Yousif E.; Ahmed A.A,;
Ahmed D.S. and Alotaibi M.H.; "Protection of poly
(vinyl chloride) films against photodegradation using
various valsartan tin complexes”, Polymers, 12(4):
969-972, 2020.

Yaseen A.A.; Yousif E.; Al-Tikrity E.T.B.; El-Hiti
G.A.; Kariuki B.M. and Ahmed D.S.; "Bufaroosha M
FTIR, weight, and surface morphology of poly (vinyl
chloride) doped with tin complexes containing
aromatic and heterocyclic moieties”, Polymers,
13(19): 3264-3270, 2021.

Ghani H.; Yousif E.; Ahmed D.S.; Kariuki B.M. and
El-Hiti G.A.; "Tin complexes of (benzylideneamino)
benzenesulfonamide: Synthesis, structure elucidation
and their efficiency as PVC photostabilizers”,
Polymers, 13(15): 2434-2439, 2021.

Omer R.M.; Yousif E. and Al-Tikrity E.T.B.; Ahmed
DS.; Ali AA. and Abed R.N.; "A detailed
examination of UV radiation effects on the structural
and morphological properties of polyvinyl butyral
films containing different nanoparticles", Prog. Color
Colorants Coat., 14(3): 209-219, 2021.

Valko L.; Klein E.; Kovatik P.; Bleha T. and Simon
P.; "Kinetic study of thermal dehydrochlorination of
poly (vinyl chloride) in the presence of oxygen: 11",
Statistical thermodynamic interpretation of the oxygen
catalytic activity", Eur. Polym., J.; 37(6): 1123-1132,
2021.

Ahmed D.S.; El-Hiti G. A.; Hameed A.S.; Yousif E.
and Ahmed A.; "New tetra-Schiff bases as efficient
photostabilizers form poly (vinyl chloride)",
Molecules, 22(9): 1506-1509, 2017.

Das P. and Roy A.; "Chakrabarti S Photocatalytic
degradation of the nanocomposite film comprising
polyvinyl chloride (PVC) mand sonochemically
synthesized iron-doped zinc oxide: A comparative
study of performances between sunlight and UV
radiation™, J. Polym. Environ, 25: 1231-1241, 2017.
Mohamed R.R.; "Photostabilization of polymers"”, In
Palsule S. (ed) Polymers and polymeric composites: A
reference series, Springer: 1-10, 2015.

Hadi A. G.; Jawad K.; El-Hiti G.A.; Alotaibi M.H.;
Ahmed A.A.; Ahmed D.S. and Yousif E.;
"Photostabilization of poly (vinyl chloride) by
organotin (1) compounds against photodegradation”,
Molecules, 24(19): 3557-3564, 2019.



