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ABSTRACT : Biodegradable polymers have received considerable attention because of their applications in the fields of

environmental protection and physical health maintenance. Where the current research was involved, the optical fragmentation

study of poly films (Methylmetha acrylate) was prepared by casting method after adding weight ratios of laboratory-prepared

nanoparticle oxide from a plant (Ziziphus spina-christi) with weight ratios (0.0025, 0.005, 0.01, 0.02, and 0.04) And at (65 ± 5)

micron before and after exposure to the UV source at wavelength. (356) nm and Bazman irradiation (0, 10, 20, 40, 80, and 120)

One hour in a row and then follow up on the optical fragmentation process using the UV-visible spectrum device to calculate the

dissociation velocity constant (Kd) and an infrared device to calculate the growth coefficient of the carbonyl and hydroxyl groups

and viscosity technology to follow the change in the rate of viscous molecular weight. The measured results showed that the

decomposition velocity constant was directly proportional to the added copper nanoxide concentration and irradiation time. The

growths rate of the carbonyl and hydrologic ejectors of the nanomaterial was diagnosed using modern techniques (AFM, SEM,

and XRD). The results showed that copper nanoxide was in the form of irregular spherical particles according to SEM images.

The XRD study showed the synthetic properties of the copper nanoxide with a cubic face-centred composition, and the surface

topography and minute volume of the nanoxide were studied with atomic force microscope (AFM) technology, which showed that

the average minute volume was 20.31 nm.
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INTRODUCTION

Polymers are of great importance by entering many

packaging, packaging, medical applications, adhesives,

paint, some clothing, materials and engineering

(Subramanian, 2015). The size of nanomaterials ranges

from (1-100) nanometers, which exhibit new and unique

characteristics that differ from the original components

from which they were produced. These qualities make

them subjects in a broad field of life and industry

technology such as solar energy reactions, medical

biology, catalysts and electronics. (Vigneshwaran et al,

2018). Copper nanoparticles form an insoluble powder

in water (H
2
O), dissolve in DMS, and slowly dissolve in

ammonia solution (Singh et al, 2016). Copper nanoxide

is of great importance during the research process for

its ability to remove heavy metals from water

contaminated with high efficiency and low cost and is of

great significance in advanced techniques and applied

fields because it has visual and catalytic properties where

its particles are highly thermal and electrical (Devi and

Singh, 2014). Green synthesis of nanoparticles through

the use of plant extracts is a new area of research. It is

likely preferable to chemical or microbial synthesis

because it eliminates the complex process of nanoparticle

production and is capable of meeting large-scale

production at good quality and low cost (Das et al, 2013).

A polymer (methylmetha acrylate) has good stability

due to solid polymer chains, is resistant to acids and alkali,

does not dissolve in most organic solvents, is transparent,

colourless, has visual properties and is considered to be

commercially available polymers (Nahida, 2012). PMMA

dissolves dramatically in organic solvents such as

chloroform (CHCl
3
) and its resistance to many other

chemicals are weak due to the presence of the easily

Biochem. Cell. Arch.  Vol. 21, No. 2, pp. 3173-3182, 2021 www.connectjournals.com/bca ISSN 0972-5075

DocID: https://connectjournals.com/03896.2021.21.3173 eISSN 0976-1772



3174 Hamid Khaled Ali and Luay Majeed Hamid

decomposing ester group. Multiple (Methylmetha

acrylate) is more stable in the environment than other

plastics such as polyethylene and polystyrene, so it is

preferable to other polymers in external uses (William,

2006). Poly (methylmetha acrylate) are widely used in

household appliances, dentures and laser disk

manufacturing. PMMA is durable, transparent, corrosion-

resistant and UV and has strong weather resistance (Lee

and Jang, 1996). Stabilization and fragmentation is a multi-

purpose process by which the properties of polymers can

be modified or altered. Environmental risks from the

degradation of polymers can be overcome (Rivaton and

Gardette, 1999). The present study, therefore, aims to

prepare a copper oxide nanomaterial and to use the

nanomaterial as a catalyst for the photodegradation

process of the polymer (methylmetha acrylate), the study

of the dissociation mechanism through the use of infrared

and ultraviolet-visible techniques and study of the rate of

change in molecular weight through the use of viscosity

scale.

MATERIALS AND METHODS

Materials and devices used

Aqueous copper chloride salt (CuCl
2
.2H

2
O), sodium

hydroxide NaOH, poly (methylmetha acrylate) PMMA,

chloroform solvent, distilled water, dimethyl sulfoxide

solvent, ethanol solvent, and dislocated water Atomic force

microscope, X-ray diffraction, scanning electron

microscope, UV spectroscopy, infrared spectroscopy,

Ostwald viscometer and centrifuge were used.

Preparation of plant extract

We prepare the Ziziphus spina-christi tree by

collecting samples of its leaves and washing its leaves.

(Three times) with distilled water, dried with shade and

crushed with mortar for a powder to be sifted to get rid

of objects stuck to it and keep the powder in the shade,

weighed 5gm of powder and put it in a glass baker add a

mechanism (200mL) of ion-free water with continuous

stirring by magnetic motor and heating at temperature

80°C for 30 minutes to obtain the brown-coloured extract.

Then leave to cool at room temperature and filter with

filter sheets for a solution to be placed in test tubes in the

centrifuge at speed (1200) cycle/minute to dispose of the

remaining fibre and then store the solution in a glass bottle

at low temperature (Sally, 2018).

Preparation of copper nanoxide

It weighs 0.30gm of Aqueous copper chloride salt

(CuCl
2
.2H

2
O). It is placed in a glass baker and added to

a 300 mL mechanism of ion-free water with continuous

stirring by the magnetic motor until completely dissolved.

And then, add 20 ml of the plant extract to the surface in

the form of droplets gradually with constant stirring at

20°C, after which the temperature of the solution is raised

to 80°C to adjust acid function by adding sodium

hydroxide (NaOH) in concentration (1) Mullary where a

coloured (green-brown) sediment is formed to cool the

sediment to room temperature. Then filter the sediment

with filter sheets and wash (three times) with ion-free

water and absolute ethanol for impurity disposal and oven-

dried at 60°C for 2 hrs (Sally, 2018).

Poly purification (methylmetha acrylate) : Re-

deposition mediated by dissolving 15gm from poly

(methylmetha acrylate) in 100 mL chloroform solvent with

continuous stirring by magnetic motor to ensure

homogeneity for one hour. Then the homogeneous solution

is added to 250 mL of ethanol alcohol with constant stirring

until the polymer is deposited (Marwa, 2018).

Preparation of a poly solution (methylmetha

acrylate) : For the preparation of poly (methylmetha

acrylate), 7gm of it is dissolved in 100 mL of the

chloroform solvent and then blended continuously by using

the magnetic motor at room temperature until fully

homogeneous for one hrs (Marwa, 2018).

Polymeric Film preparation

Polymeric films for PMMA have been prepared

according to the following steps:

1. Add copper nanoxide prepared in the following

weight ratios (0.00. 0.0025. 0.005. 0.01. 0.02. and 0.04)%

to (5 mL) PMMA solution and then place the mixture in

glass molds made from sliced glass.

2. Perform homogeneity between solution and oxide

and ensure that bubbles are not present on polymeric foil

and then leave the mixture for 24 hrs at room temperature

(RT) until the mixture dries up without being exposed to

sunlight.

3. Polymeric films are removed 24 hrs later by blade

and forceps.

4. We use the Micrometer to adjust the thickness of

polymer films at (60±5) micrometers.

5. Polymeric films are chopped at the following

dimensions at (3.5 cm) and viewed (1.5 cm) for

dimensions proportional to spectral measurement cells

(UV-Visible, FT-IR).

Follow-up the optical fragmentation for poly

(methylmetha acrylate)

Infrared spectroscopy : We use (FT-IR) to track

the growth rate of carbonyl group (I
CO

) and hydroxide

group (I
OH

) by measuring the infrared spectrum to
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determine the intensity of the beams absorbed within the

range (400-4000cm-1) prior to irradiation and after each

period of irradiation of pure PMMA chips containing

different concentrations of copper nanoxide, where the

carbonyl group absorption site appeared (C=O) at the

range (1735) cm-1 and the hydroxide group (OH) position

appeared at the range (3700-3300) cm-1 through which

the growth coefficients of carbonyl (Ico) and hydroxide

were found (I
OH

) by applying equation (1) by adopting

the package coefficient (Chandra and Handa, 1982) and

by selecting location (1435cm-1) as the reference point

for PMMA.

 ( )
( )

( )R

S

S
A

A
I = (1)

Where, I
(S)

 represents: Group growth coefficient

under study, A
(S)

: Absorption of group under study A 
(R)

:

Reference summit absorption.

Ultraviolet-visual spectroscopy : We use uv-vis

radiation to calculate the absorption value of polymeric

films within the range of 200-800 nm. The speed of

photosynthesis (K
d
) by using the following equation

ln ln (A
∞
 – A

t
) = ln ln (A

∞
 – A

0
) – K

d
t (2)

A
o
 represents the pre-irradiation of polymer chips,

At the absorption of polymer chips themselves at the time

of irradiation (t) and A
∞
 the absorption of polymeric chips

at the end of time. From drawing the relationship between

ln (A
∞
 – A

t
) with irradiation time (t), the slope was found

to represent the dissociation constant (-K
d
).

Viscosity measurement : The M
v
 viscous molecular

weight rate of polymer chips is calculated by calculating

the viscosity rate by applying the (Mark- Houwink)

equation (Wang et al, 2016).

[n] = K(M
v
)a (3)

The molecular weight of a poly (methylmetha acrylate)

was calculated by the presence and absence of the

additive through intrinsic viscosity measurements in the

chloroform solvent at 200C using the equation (4)

(Hammed, 2019).

[n] = 0.6 × 10–4 M
v

0.79 (4)

The degree of fragmentation (α) and the numerical

rate of the series cut (S) were calculated according to

the following equations (Hammed, 2019).

0

11

PPt

−=α (5)

S = α p
0

(6)

P
t
 : Numerical rate of polymerization at time (t) of

irradiation, P
0
 : numerical rate of degree of polymerization

before irradiation

Microscopy

We use a Novel microscope to be able to track the

effects of UV irradiation on the surface properties of

polymer chips. Pure PMMA and polymeric films

containing copper nanoxide were taken before irradiation

and after irradiation.

RESULTS AND DISCUSSION

Atomic force microscope (AFM)

It gives information on the topography of the surface

of the material with high accuracy up to the atomic level

as atomic force microscopy probes scan the topography

of the material with very small precision. It gives

information about the surface texture and the size of the

minutes, showing a Fig. 1 two-dimensional and three-

dimensional images of the prepared copper nanoxide

surface, where the volume of the prepared minutes is

about 20.31 nm in diameter.

Scanning electron microscope (SEM)

It is an imaging technique that shines a beam of

electrons into the area to be studied so that electrons

interact with surface atoms generating three types of rays:

secondary electrons, back-scattered electrons and X-

rays. The magnification range reaches 25-250.000

thousand times. To determine the surface morphology

and particle shape of the prepared nanoscale

(Maruthupandy et al, 2017) as shown in (2) form.

Scanning electron microscopy images clearly show

nanoparticles with irregular spherical particles forming

and the average particle size is around 17.31-19.49 nm.

X-ray diffraction (XRD)

It’s used to get peaks and see where the peaks appear

when these rays are shone at different angles and shapes.

(3) demonstrates the X-ray diffraction patterns of the

Table 1 : Structural coefficients of prepared copper nanoxide

obtained from XRD X-ray diffraction analysis.

2θθθθθ(degree)

HK1 Observed

110 31.22°

002 33.18°

111 35.96°

202 41.16°

020 49.81°

202 50.23°

113 54.37°

311 63.59°

0004 76.10°
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prepared copper nanoxide compared to its standard

reference NO.(48-1548) JCPDS The diffraction peaks

shall be as follows (110), (002), (111), (202), (202), (113),

(311), (004) and shall be attributed at the angles (31.22°,

33.18°, 35.96°, 41.16°, 49.81°, 50.23°, 54.37°, 63.59°,

76.1°), respectively, as shown in Table 1. These indicators

and data indicate and confirm that they are prepared

copper nanoxide powder with a cubic face-centered

composition by standard reference and when matched

with the ICBD card (JCPDS) found to be identical, and

also consistent with literature results (Suleiman et al,

2013).

Ultraviolet-visible spectroscopy (UV-VIS)

We note that A peak of 278 nanometers

(methylmetha acrylate) will be observed, and it is through

this summit that the change is followed by absorption

values at different times. It was noted that the pure

Table 2 : Pure PMMA absorption values containing different concentrations of CuO.

Absorption A
t

0.0 20 40 80 120

PMMA 0.145 0.202 0.291 0.363 0. 466

PMMA + 0.0025 % CuO 0.181 0.252 0.334 0.444 0.515

PMMA + 0.005 % CuO 0.185 0.308 0.381 0.570 0.697

PMMA + 0.01 % CuO 0.186 0.377 0.493 0.682 0.775

PMMA + 0.02 % CuO 0.187 0.428 0.577 0.783 0.856

PMMA + 0.04 % CuO 0.189 0.520 0.697 0.938 1.090

Irradiation time

              (hour)
Type of chips

Table 3 : K
d
 Breakup Velocity constants values for PMMA films

containin CuO nanomaterials.

Disintegration velocity constant % concentration

K
d
 (Sec.)-1 × 10-5

0.175 PMMA + 0.0025% CuO

0.222 PMMA + 0.005% CuO

0.251 PMMA + 0.01% CuO

0.272 PMMA + 0.02% CuO

0.313 PMMA + 0.04% CuO

Table 4 : I
OH

 values with PMMA irradiation time containing differe concentrations of material (CuO) nanoscale.

I
OH

0.0 20 40 80 120

PMMA 0.00 0.104 0.141 0.242 0.313

PMMA + 0.0025 % CuO 0.000 0.154 0.224 0.353 0.41

PMMA + 0.005% CuO 0.000 0.176 0.257 0.42 0.51

PMMA + 0.01 % CuO 0.000 0.201 0.308 0.511 0.602

PMMA + 0.02 % CuO 0.000 0.272 0.408 0.601 0.67

PMMA + 0.04% CuO 0.000 0.335 0.468 0.654 0.754

Irradiation time

              (hour)
  Percentage %

Table 5 : Calculated values from Visual molecular weight measurements for Pu PMMA chips.

polymer chips containing the added nanomaterial began

with a slight shattering after increased irradiation periods

of 80 hours and an apparent increase in fracture at 120

hours as a result of the chips being exposed to

polymerization for different irradiation periods as in Table

2. The absorption values of the pure (methylmetha

acrylate) have been shown to increase exponentially with

irradiation time. So do the absorption values of PMMA

containing different concentrations of CuO nanoscale
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where absorption increases with increased concentration

of added nanomaterial and for the same irradiation time.

(65±5) micrometer containing different concentrations of

nanomaterial at different irradiation times is due to

increased light-absorbing functional totals with the highest

absorption value at time of 120 hours (Yousif et al, 2015)

as in (4) and (5) forms. And by the relationship between

ln ln (A
∞
 – A

0
) with irradiation time as shown in the shapes

(6) and (7) as a straight line has been obtained and this

indicates that the optical fragmentation reaction of copper

nanoxide is a first-order reaction (Adil et al, 2016). By

calculating the slop slope, the K
d
 photosynthetic

decomposition velocity constant was measured for

multiple added copper nanoxide (methylmetha acrylate)

and according to the stated concentrations (Dina et al,

2018). The photodegradable velocity constant was found

to be directly proportional to the concentration of the

nanomaterial added to the polymer as shown in Table 3.

Fig. 1 : 2D and 3D AFM image of nanoparticle oxide tested in green synthesis method.

Fig. 2 : Images showing copper nanoxide prepared by scanning electron microscope SEM.

Fig. 3 : CuO nanoxide XRD compared to standard reference NO.(48-1548) JCPDS.
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Fig. 4 : Change in radiation spectrum above Purple-visual for PMMA

movies free of additives thick (65 ± 5) Micron at different

irradiation times.

Fig. 5 : Change in UV-Vislafilm spectrum containing concentration

of 0.04% of nanomaterials thick (65 ± 5) micron at different

irradiation times.

Fig. 6 : Relationship between natural logarithm to absorb copper

oxide (CuO) 0.0025% concentration in 0.04% movies

thickness (65 ± 5) micron with irradiation time.

Fig. 7 : Relationship between natural logarithm to absorb copper

oxide (CuO) at a concentration of 0.04% thickness (65 ± 5)

micron with irradiation time.

Table 6 : Measurements of Visual Molecular weight of PMMA chips containing 0.02% of nanomaterial (CuO).

Infrared spectroscopy

The optical fragmentation of a poly methylmetha

acrylate is followed by the follow-up of carbonyl group

absorption packages (C=O) and hydroxyl (OH) generated

as a result of the polymer being affected by photons by

the presence of oxygen. The carbonyl group (C=O)

appears at (1735 cm-1) (Anju and Narayanankutty, 2017)

which showed a spectral change compared to the second
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Fig. 8 : Infrared spectrum of additive-free multi-PMMA chips before irradiation.

Fig. 9 : Infrared spectrum of additive-free multi-PMMA chips after 120-hour irradiation.

Fig. 10 : Infrared spectrum of multiple PMMA chips containing nanomaterial (CuO) at concentration (0.02%) and irradiation time (120)

hours.
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Fig. 13 : Relationship of visual molecular weight rate to irradiation time of PMMA chips with presence and absence of 0.02% concentration

of CuO nanomaterials.

Fig. 11 : Relationship between hydroxyl group absorption coefficient and irradiation time for results listed in Table 4.

Fig. 12 : Change in OH group absorption coefficient with 120 hour PMMA chip nanomaterial concentration.

beam, the hydroxyl group (OH), which appears at the

(3300-3700) cm-1 (Pipatpanukul et al, 2018) range where

the nanomaterial (CuO) is behaved as an accelerator of

the dissociation process. Changes in the infrared spectrum

were shown by increased irradiation times compared to

the infrared spectrum of the pure methylmetha acrylite

before irradiation as shown in shapes (8) and (9) and

observed through FT-IR infrared spectrum readings of

PMMI films. The top of the absorption coefficient of the

film containing the nanomaterial is higher than the top of

the pure film absorption coefficient when compared by

(FT-IR) spectrum after irradiation for 120 hrs. As shown

in (10) form. Table 4 notes that the proportionality is direct

between the values of the hydroxyl group absorption
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coefficient (I
OH

) of the multiple metha acrylate and the

increased irradiation time and when the irradiation time

is established. This applies to the rest of the different

irradiation periods as shown in the form (11). It can be

observed that the speed of disintegration by optical

oxidation is directly proportional to both irradiation time

and the concentration of copper nanoxide added to

PMMA films through form (12). This increase is

associated with increased UV absorption of polymer films

during irradiation as the absorption coefficient values

increase. (I
OH

) This increases the optical oxidation speed

of polymer films.

Viscosity measurement

The polymer, when exposed to uv radiation, has

several sequential processes, including interlocking,

secondary oxidation reactions and polymer chain cutting,

which result in fractured bonds, i.e. cutting the polymer

chain (Banik et al, 2018). Polymer chips’ visual molecular

weight ratio was calculated prior to and after irradiation

from the study of the photosynthesis process of pure

(methylmetha acrylate) films containing different

concentrations of copper nanoxide. Tables 5 and 6

showed poly films (methylmetha acrylate). The pure is

the highest partial mass of films with a concentration of

0.02% of copper nanoxide and the reason for this is that

the presence of polymer-added copper nanoxide

accelerated the rates of visual molecular weight decline

compared to pure polymer films as shown in the Fig. 13.

(α) The numerical rate values for polymeric chain cutting

(S) increase in conjunction with irradiation as in Figs. 14

and 15, respectively. This confirms that there are weak

bonds distributed randomly along the polymer chain.

PMMA Optical Microscope

Photographs of the pure methylmetha acrylate and

other images of the same polymer were taken after the

addition of copper nanoxide at a concentration of 0.02%.

Note that over time there has been a distortion in the

brightness of polymeric chips. Deformation occurs as a

Fig. 14 : Fractional degree relationship with irradiation time of PMMA chips with and no concentration of 0. 02% of CuO nanomaterials.

Fig. 15 : Chain cutting numerical rate relationship with irradiation time of PMMA chips with no concentration of 0. 02% of CuO

nanomaterials.
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result of the interaction of uv light with polymer films

and added nanomaterials, which accelerate the process

of optical fragmentation as in Figs. 16 and 17.

CONCLUSION

The results obtained from XRD measurements

showed that the copper oxide nanoparticles have a face-

centered cubic shape and are in the form of irregular

spherical particles through SEM measurements that refer

to the CuO nanoparticles with a size of (19.49) nm. And

by following the rate of change in the viscosity molecular

weight, the carbonyl coefficient and the dissociation

constant, it was found that the dissociation constant and

the carbonyl coefficient increase. While the molecular

weight decreases as the irradiation time increases and

the higher the concentration of nanoparticle copper oxide

added to the polymer, the greater the dissociation speed

of the polymer.

REFERENCES

Adil A A, Rehab A M and Emad A Y (2016) Study the Rate constant of

photodecomposition. J. Al-Nahrain Univ. 19(1), 69-75.

Anju V P and Narayanankutty S K (2017) Impact of bis-(3-

triethoxysilylpropyl) tetrasulphide on the properties of PMMA/

cellulose composite. Polymer 119, 224–237.

Banik M, Bhandaru N and Mukherjee R (2018) Transfer printing of

colloidal crystals based on UV mediated degradation of a polymer

thin film. Communications 54(28), 3484-3487.

Chandra R and Handa S P (1982) Sensitized photodegradation of Poly

isobutylene film by addition of tris)α thiopicolinanilide)–cobalt(III).

Appl. Polym. Sci. 27(6) , 1945-1958.

Fig. 16 : Pure PMMA (A) images before irradiation and (B) after

irradiation for 120 hours.

Fig. 17 : PMMA images containing 0.02% concentration of

nanomaterial (A) prior to irradiation and (B) after irradiation

for 120 hours.

Das S K, Khan M M R, Guha A K and Naskar N (2013) Bioinspired

fabrication of silver nanoparticles on nanostructure silica,

characterization and application as highly efficient hydrogenation

catalyst. Green Chem. 15(9), 2548-2557.

Devi H S and Singh T D (2014) Synthesis of copper oxide nanoparticles

by a novel method and its application in the degradation of methyl

orange. Adv. Electronic and Electric Engineering 4(1), 83-88.

Dina S and Ahmed G A E (2018) Physical and morphological properties

of poly(vinyl chloride) films upon irradiation in the presence of

tetra schiff bases as photostabilizers. Arab J. Phys. Chem. 5, 1-6.

Hammed K (2019) Studding the effect of adding pulverized egg shell on

the effect the photo- physical properties of polyvinyl alcohol. J.

Education and Scientific Studies Chem. Sci.  14(4), 2413-2423

Lee D C and Jang L W (1996) Preparation and characterization of

PMMA–clay hybrid composite by emulsion polymerization. J.

Appl. Polymer Sci. 61(7), 1117-1122.

Maruthupandy M, Zuo Y, Chen J S, Song J M, Niu H L, Mao C J, Zhang

S Y and Shen Y H (2017) Synthesis of metal oxide nanoparticles

(CuO and ZnO NPs) via biological template and their optical sensor

applications. Appl. Surface Sci. 397, 167-174.

Marwa A M (2018) Preparation and diagnosis of nano zinc oxide and

study of the effect of photo on the physical properties of polymer.

A Thesis, University of Anbar, College of Science, Department of

Chemistry, 10.

Nahida J H (2012) Spectrophotometric Analysis for the UV-Irradiated

(PMMA). Int. J. Basic & Appl. Sci. 12(2), 58-67.

Pipatpanukul C, Kataphiniharn C, Wangkam T, Sutapun B, Kitpoka P,

Kunakorn M and Srikhirin T (2018) Polymethyl methacrylate

)PMMA) point of care for ABO-Rh)D) blood typing. Sensors and

Actuators B: Chemical 273, 703–709.

Rivaton A and Gardette J (1999) Photodegradation of poly ethersulfone

and poly sulfone. Polymer Degradation and Stability 66(3), 385-

403.

SALLY K S (2018) Removal of Cadmium and Nickel Ions from Its

Binary Systems by Adsorption on Copper Oxide Nanoparticles. A

Thesis, University of Diyala, College of Science, Department of

Chemistry,

Singh J, Kaur G and Rawat M (2016) A brief review on synthesis and

characterization of copper oxide nanoparticles and its applications.

J. Bioelectron Nanotechnol. 1(1), 1- 9.

Subramanian M N (2015) Basics of Polymers Fabrication and Processing

Technology, India, Printed in the United States of America,

Momentum Press, LLC,

Suleiman M, Mousa M, Hussein A, Hammouti B, Hadda T B and Warad I

(2013) Copper (II)-oxide nanostructures: synthesis,

characterizations and their applications–review. J. Materials and

Environ. Sci. 4 (5), 792-797.

Vigneshwaran N, Prasad V, Arputharaj B and Patil P G (2018) Nano-Zinc

Oxide prospects in the textile industry. Shahid-Ul-Islam and Butola

B S (eds.). Nanomaterials in the wet processing of Textiles, 113-

134.

Wang J, Huang H and Huang X (2016) Molecular weight and the

MarkHouwink relation for ultra-high molecular weight charged

polyacrylamide determined using automatic batch mode multi-angle

light scattering. J. Appl. Polymer Sci. 133 (31), 1 - 7.

William S H J (2006) Foundations of materials science and engineering.

(4th ed.). McGraw-Hill. ISBN 0-07-295358-6,

Yousif E, El-Hiti G, Haddad R and Balakit A (2015) Photochemical

stability and photostabilizing efficiency of poly(methyl

methacrylate) based on 2-(6-Methoxynaphthalen-2-yl) propanoate

metal ion complexes. Polymers 7(6), 1005–1019.


