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Abstract

The objective of this work is to improve certain physical properties
of the polymer Carboxymethylcellulose (CMCHV). The samples were
prepared by adding sodium chloride and Zinc oxide nanoparticles to
CMCHV solutions at different weights (0.00, 0.75, 1.50, 2.25, 3.00
g). When samples are exposed to heat, they do not become liquid or
evaporate, but instead ignite and burn. The elasticity of the samples
increased with increasing weights of the materials added to them, but
the elasticity increased more with increasing weights of sodium chloride
than with increasing weights of zinc oxide nanoparticles. The decrease
in the transmission spectrum of the samples with increasing weights of
sodium chloride and zinc oxide nanoparticles indicates that the opacity
of the samples increases with increasing weights (As in the sample
containing 3 grams of sodium chloride or Zinc oxide nanoparticles).

1. Introduction:
The purpose of the study is to improve certain physical

properties of the polymer CMCHV by adding materials that
modify them to obtain samples that can be used in specific
fields. Aqueous solutions of carboxymethyl cellulose (CMC)
can have different rheological properties depending on the syn-
thesis conditions, of substitution total degree, concentration,
degree of polymerization and temperature [1]. CMC obtained
from cellulose and monochloroacetic acid or by adding alka-
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line cellulose to sodium monochloroacetate.

The polymer chains of CMC monomers are formed by
joining them through 1, 4-glycosidic bonds. Each unit of the
chain has free hydroxyl groups that can undergo substitution
with carboxymethyl groups, with a maximum of three such
substitutions being possible [2]. Nanoparticles (NPs) encom-
pass a wide range of particles of matter defined as having a
diameter of less than 100 nm. These particles can exist in
the form of nanocapsules or nanospheres. They exhibit size-
related properties that are very different from those of bulk
materials [3].

Zinc oxide is an inorganic compound with the molecular
formula ZnO. It comes in the form of a white powder and
is almost insoluble in water. ZnO powder is widely used as
an additive in many materials, including ceramics, products,
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glass, cement, paints, rubber lubricants, ointments, plastics,
adhesives, etc. [4]. Sodium chloride (NaCl), also known as
salt, is an ionic compound. Pure NaCl is an optical compound
and is used in studies of the infrared spectrum, also it has
been used to clean household surfaces, and in shampoos and
toothpastes [5].

Ultraviolet-visible spectroscopy is based on the absorption
of light by a sample. Depending on the amount of light and
its wavelength absorbed by the sample, valuable information
can be obtained. Furthermore, the amount of light absorbed is
related to the amount of sample and, therefore, it is possible
to perform quantitative analyzes using optical spectroscopy
[6]. In UV/VIS spectroscopy, light absorption is measured as
a function of wavelength. The spectrum provides information
about the electronic transitions that occur in the material [7].
In the transmission configuration, the user places the sample
of interest, here called a working sample, in the path of a
collimated light beam. Samples should have at least a small
degree of transparency. Light passes through the working
sample and is partially absorbed at characteristic wavelengths
corresponding to electronic transitions in the sample [7].

Stress test is probably the most basic type of mechanical
test that can be performed on a material. Tensile tests are sim-
ple, relatively inexpensive and fully standardized tensile tests.
Material properties are used as the primary method of material
acceptance, quality control, and design limits. The main pa-
rameters that describe the stress-strain curve obtained during
the tensile test are tensile strength, elastic limit, elastic mod-
ulus, percentage of elongation and area reduction. [8]. The
stress-strain state of composite structures in the connection
zones of the elements under the action of forced deformations
breaking along the contact line of the elements is character-
ized by an exponential characteristic. The stress-strain state
in the irregular point zone of the surface boundary under the
action of forced deformations, especially those of tempera-
ture, is determined by solving the homogeneous limit value
problem of the theory of elasticity. [9]. Stress that a material
can withstand can be described by its ultimate strength, while
the elastic limit describes the maximum amount of stress nec-
essary to elastically deform the part [10]. The objective of this
work is to improve certain physical properties of the polymer
Carboxymethylcellulose (CMCHV). The samples were pre-
pared by adding sodium chloride and Zinc oxide nanoparticles
to CMCHV solutions at different weights (0.00, 0.75, 1.50,
2.25, 3.00 g).

2. The theory:
2.1 stress-strain:

By known (A) which is the cross-sectional area, and the
force applied by the tensile testing machine (F), then the
tensile stress σs is [11, 12]

σs =
F
A

(1)

The strain resulting from the tensile stress on the sample
is calculated by equation (1). [11, 12]:

ε =
L−L0

L0
(2)

Where (L0) is the original length of the samples, and (L)
is the length of the samples after applying a tensile force. The
constant in the following relationship between stress and strain
(E) is called elastic modulus or Young’s modulus. [11, 12, 13]:

σs = E ε (3)

2.2 UV/VIS spectroscopy:

The absorption coefficient (α) was calculated using equa-
tion (4), where (T) is the transmittance value and d is the
thickness of the samples [14]. While the extinction coefficient
(K) was calculated using the equation (5), where λ is the
wavelength of the spectrum [15]

α =−1
d

ln (T ) (4)

K =
α λ

4 Π
(5)

3. Experiment and Materials:

3.1 Materials:

Zinc oxide nanoparticles were provided by Sigma-Aldrich
GMBH and carboxymethyl cellulose was provided by Na-
tional Corporation Jowfe Oil Technology. Sodium chloride is
a dietary salt.

3.2 Samples preparation:

The samples studied in this manuscript consist of two parts,
the first part contains sodium chloride and the second part
contains zinc oxide nanoparticles. Samples were prepared
by dissolving 6 g of CMCHV in 40 ml of distilled water,
then adding sodium chloride and zinc oxide nanoparticles by
weights (0.00, 0.75, 1.50, 2.25, 3.00 g) and stirring for three
hours, then pour it onto a plate and leave it until thin films
with thickness(0.05 nm) form.
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3.3 Measurements:
3.3.1 Heat effect:

The effect of heat on the pieces of samples was tested. They
were placed in a water bath and heated to more than 1000 C,
then the other pieces of samples were tested by placing them
directly over a flame. Finally, the samples were placed on top
of a heater.

3.3.2 stress-strain:

Loads were applied to the samples and the increase in their
lengths was measured. The loads were gradually increased
until the sample were cut off, where the stress and strain
were calculated using equations (1) and (2), then the elastic
modulus was calculated using equation (3).

3.3.3 UV/VIS spectroscopy:

Transmission and absorption measurements were studied
using a DU 800 spectrophotometer, serial number 8000770,
software version ”2.0, Build 67”, firmware version 2.0.012,
method name ”Default method” located at the laboratory of
the Faculty of Sciences. Omar Al-Mukhtar University, Al-
Bayda, Libya.

4. Results and Discussion:
4.1 Heat effect:
4.1.1 Water bath:

When the samples were placed in a water bath, they shrank
and dried at the boiling temperature of water (100 °C).

4.1.2 Direct flame:

A flame was placed under the samples, they burned and
turned into ashes.

4.1.3 The Electric heater:

The samples were placed in an electric heater. The Table
1 shows the evolution of the state of the samples with the
change in temperature.

These results show that samples containing sodium chlo-
ride resist higher temperatures than those containing ZnO
NPs.

4.2 The stress-strain effects:
Figure 1 represents the relationship between stress and

strain for (CMCHV/ NaCl) samples. It is clear that the in-
crease the weights of (NaCl), the greater the ability of the
samples to withstand stress despite the increase in strain, fur-
thermore, Figure 2, shows that the increase the weights of
(ZnO NPs), the greater the ability of the samples to withstand
stress applied to them as the strain increases.

The relationship between the elastic modulus and the
changing of the weights of (NaCl) in (CMC/ NaCl) thin films

Figure 1. The effect of weights of NaCl on stress-strain
curves for CMCHV thin films.

Figure 2. The effect of weights of ZnO NPs on stress-strain
curves for CMCHV thin films.
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Table 1. The evolution of the state of the samples with the change in temperature.

Weight of additives in the sample Dryness and shrinkage at (oC) Burning at (oC) Carbonizing at (oC)

0.0g 37.5 91.0 115

0.75 gr of ZnO NPs 38.9 6.28 102.3

1.50 gr of ZnO NPs 40.8 74.6 95.4

2.25 gr of ZnO NPs 43.6 68.2 87.3

3.00 gr of ZnO NPs 47.3 57.5 76.8

0.75 gr of NaCl 40.0 124.0 139.0

1.50 gr of NaCl 43.5 150.0 168.9

2.25 gr of NaCl 48.3 174.8 185.2

3.00 gr of NaCl 53.6 182.4 195.6

Figure 3. (a) Elastic modulus curve of CMCHV/ NaCl thin
films, and (b) Elastic modulus curve of CMCHV/ ZnO NPs
thin films.

appears in Figure 3(a) and shows the increase in the elastic
modulus with increasing weights of (NaCl).From Figures 1
and 3(a), it is clear that the flexibility of polymer thin films
(CMCHV) increases with increasing weights of (NaCl).

Figure 3(b) represents the relationship between the elastic
modulus and the changing of the weights of (ZnO NPs) in
(CMC/ ZnO NPs) thin films, this relationship shows the in-
crease in the elastic modulus with increasing weights of (ZnO
NPs). From Figures 2 and 3(b), it is clear that the flexibility
of polymer thin films (CMCHV) increases with increasing
weights of (ZnO NPs), Still, the modulus of elasticity of the
sample at zero weight is equal to (193.11 Nm−2), but by
adding sodium chloride in different weights, the highest value
of the modulus of elasticity of the samples reaches (565.75
Nm−2), while by adding different concentrations of zinc oxide
nanoparticles, the highest value of the elastic modulus reached
(565.75 Nm−2), from this result, it is clear that increasing the
weight of sodium chloride increases the elastic modulus of
the (CMCHV) thin films more than the increase caused by
increasing the weights of zinc oxide nanoparticles.

Figure 4. The wave length of UV/VIS spectroscopy vs the
absorption of UV/VIS spectrum by CMCHV/ NaCl thin
films. [16, 17, 18].

4.3 UV-VIS spectroscopy:

Figure 4 shows a relationship between the wavelength
and absorption spectrum of UV-VIS light waves, The added
weight increased the absorbance of the samples for wave-
lengths in the spectral range 350 -420.

The relationship between the wavelength and transmission
ratio of ultraviolet waves and visible light is shown in Figure
5, it shows that by increase in the weight of sodium chloride
decreases the transmission of the spectrum from 350 to 420
through the samples

Figure 6 shows a relationship between the wavelength and
absorption spectrum of UV-VIS light waves, it is observed that
the absorption of wavelengths with values (355, 365, 380, and
390 nm) of near ultraviolet waves increases with increasing
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Figure 5. The wave length of UV/VIS spectroscopy vs the
transmittance ratio of UV/VIS spectrum from CMCHV/
NaCl thin films. [19].

weights of ZnO NPs in the samples, also the absorption of
wavelengths (400 and 410 nm) of visible light also increases
with increasing ZnO NPs weights in the samples.

The relationship between the wavelength and transmission
ratio of ultraviolet waves and visible light is shown in Figure
7. In this figure we see that by increasing the weights of ZnO
NPs, the wavelengths of the ultraviolet fiber values (360,370,
385 and 395 nm) decrease their transmission ratio, while the
transmission ratio of the wavelength (405 and 415 nm) of
visible light decreases.

Figures 4, 5, 6 and 7, shows that the increase in absorp-
tion and decrease in transmission with increasing weights of
sodium chloride and zinc oxide nanoparticles occur at approx-
imately the same wavelengths.

Table 2 Shows the change in the values of the absorption
coefficient of the ultraviolet spectrum appears with the change
in the weights of sodium chloride at the peak wavelengths,
since it is clear that the absorption coefficient increases with
increasing the weight of sodium chloride.

Table 2. The absorption coefficient values for the peak
wavelengths of CMCHV/NaCl thin films.

λ (nm) α(0) α(0.75) α(1.5) α(2.25) α(3)

365 0.050063 0.064103 0.086185 0.108293 0.128411

380 0.076145 0.090203 0.100251 0.114326 0.134451

390 0.074137 0.084177 0.096231 0.108293 0.128411

400 0.068116 0.078152 0.094222 0.118349 0.138478

410 0.064103 0.074137 0.094222 0.120361 0.140492

Figure 6. The wave length of UV/VIS spectroscopy vs the
absorption of UV/VIS spectrum by CMCHV/ ZnO NPs thin
films. [16, 17, 18]

Figure 7. The wave length of UV/VIS spectroscopy vs the
transmittance of UV/VIS spectrum from CMCHV/ ZnO
NPs thin films. [19]
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Table 3 Represents the change in the values of the ex-
tinction coefficient of the ultraviolet spectrum appears with
the change in the weights of sodium chloride at the peak
wavelengths, since it is clear that the absorption coefficient
increases with increasing the weight of sodium chloride.

Table 3. The extinction coefficient values for the peak
wavelengths of CMCHV/NaCl thin films.

λ (nm) K(0) K(0.75) K(1.5) K(2.25) K(3)

365 1.454845 1.862855 2.504593 3.14704 3.731699

380 2.303743 2.729075 3.033067 3.458912 4.067782

390 2.302032 2.613773 2.988069 3.36259 3.987295

400 2.169295 2.488933 3.000688 3.769092 4.410137

410 2.092522 2.420085 3.075705 3.928996 4.586134

Table 4 Shows the change in the values of the absorption
coefficient of the ultraviolet spectrum appears with the change
in the weights of ZnO NPs at the peak wavelengths, since it is
clear that the absorption coefficient increases with increasing
the weight of ZnO NPs.

Table 4. The absorption coefficient values for the peak
wavelengths of CMCHV/ ZnO NPs thin films.

λ (nm) α(0) α(0.75) α(1.5) α(2.25) α(3)

355 0.0024 0.012004 0.024014 0.034029 0.046053

365 0.010803 0.018008 95.35378 0.042044 0.050063

380 0.024014 0.038036 0.052068 0.064103 0.076145

400 0.022012 0.026017 0.032026 0.052068 0.068116

410 0.021011 0.02802 0.038036 0.056079 0.062297

Table 5 Represents the change in the values of the extinc-
tion coefficient of the ultraviolet spectrum appears with the
change in the weights of ZnO NPs at the peak wavelengths.,
since it is clear that the absorption coefficient increases with
increasing the weight of ZnO NPs. By studying the previous

Table 5. The extinction coefficient values for the peak
wavelengths of CMCHV/ ZnO NPs thin films.

λ (nm) K(0) K(0.75) K(1.5) K(2.25) K(3)

355 0.067838 0.339274 0.678751 0.961805 1.301657

365 0.313938 0.523325 2771.03 1.221825 1.454845

380 0.726551 1.150775 1.575297 1.93941 2.303743

400 0.701023 0.828564 1.019924 1.658208 2.169295

410 0.68587 0.914653 1.241626 1.83059 2.033578

tables, it is clear that increasing the weight of sodium chloride
in CMCHV thin films increases the absorption coefficient
and the extinction coefficient has a greater increase than that
caused by ZnO NPs for both coefficients.

5. Conclusion:
When all samples are exposed to heat, they do not become
liquid or evaporate, but instead ignite and burn. The elasticity
of the samples increased with increasing weights of the ma-
terials added to them, but the elasticity increased more with
increasing weights of sodium chloride as in sample with 3.0 g
of NaCl, than with increasing weights of zinc oxide nanoparti-
cles as in sample with 3.0 g of ZnO NPs. The decrease in the
transmission spectrum of the samples with increasing weights
of sodium chloride and zinc oxide nanoparticles indicates that
the opacity of the samples increases with increasing weights.
These results can be used in many fields, such as the oil indus-
try, scientific research, or even various medical or industrial
fields.

Acknowledgment:
I extend my sincere thanks and gratitude to those who

helped me in conducting this research. National Oil Corpo-
ration Jowfe Oil Techonlogy, which provided me with the
polymers, especially Mr. Mohammad Bograd and Mr. Jamal
Mohammad Al-Farjani, I also extend my sincere thanks to
Saleha Thaoud Youssef and Salah Saleh Basil, staff members
of the Department of Physics, Omar Al-Mukhtar University,
Al-Bayda, Libya.

Funding: None.

Data Availability Statement: All of the data supporting the
findings of the presented study are available from correspond-
ing author on request.

Declarations:
Conflict of interest: The authors declare that they have no
conflict of interest.

Ethical approval: The manuscript has not been published or
submitted to another journal, nor is it under review.

References
[1] C. Kaci, B. Abdelbaki, M. M’hamed, and K. Ra-

bia. Rheological study of sodium carboxymethylcel-
lulose: Effect of concentration and molecular weight.
Materials Today: Proceedings, 53(1): 185, 2022,
doi:10.1016/j.matpr.2021.12.502.

[2] Maribel M. Garcı́a, P. M. Yepes, Hoover V. Sanchez’, and
H’ector C. Hernandez. Blends of nitrophenylmaleimide
isomers with carboxymethylcellulose for the prepara-
tion of supramolecular polymers. Heliyon Elsevier Ltd,
9(2023): 16108, 2023.

Kirkuk J. Sci. Vol. 19, Iss. 1, p 16-23, 2024

https://doi.org/10.1016/j.matpr.2021.12.502


The Effect of Changing the Weights of Zinc Oxide Nanoparticles and Weights of Sodium Chloride...22

[3] N. Smita, C. Abhijeet, and V. Bhaskar. A review of
zinc oxide nanoparticles: an evaluation of their syn-
thesis, characterization and ameliorative properties for
use in the food, pharmaceutical and cosmetic industries.
Journal of Excipients and Food Chemicals, 11(4), 2020,
doi:10.1016/j.scitotenv.2016.10.032.

[4] S. Sidra, A. Muhammad, and Sunbal K. Chaudhari.
Zinc oxide nanoparticles for revolutionizing agriculture:
Synthesis and applications. Hindawi Publishing Cor-
poration Scientific World Journal, 8(2014): 1–8, 2014,
doi:10.1155/2014/925494.

[5] Navodita G. Maurice. Sodium Chloride: Common Salt.
Ezine articles, 2011.

[6] De Caro Cosimo and Claudia Haller. UV/VIS Spec-
trophotometry - Fundamentals and Applications. Mettler-
Toledo Publication, 2015.

[7] C. Zhebo and Thomas F. Jaramillo. The Use of UV-visible
Spectroscopy to Measure the Band Gap of a Semicon-
ducto. Department of Chemical Engineering, Stanford
University, 2017.

[8] E.C. Osoka and O.D. Onukwuli. Determination of
mechanical properties from stress- strain data: A new
approach. International Journal of Engineering Re-
search and Advanced Development, 4(05): 61–70, 2018,
doi:10.1080/10942912.2020.1826512.

[9] F. Lyudmila. Comparison of the stress and strain
intensity factors for the corner area of the structure
boundary. MATEC Web of Conferences, 193: 7, 2019,
doi:10.1051/matecconf/201819303029.

[10] M. Gaurav. Selection of material through ‘thermal-stress’
analysis on fusion 360 for a brake rotor. International
Journal of Engineering and Applied Physics, 1(3): 285,
2021, doi:10.1300/J153v06n0213.

[11] J. Pribe. Lecture 3: Shear stress and strain. Purdue
engineering, 1st edition, 2019.

[12] Gcse Engineering Factfile and Manufacturing. Materi-
als and Applications – Young’s Modulus. Rewarding
Learning, 2018.

[13] C. Chao, M. A. Garrido, J. Ruiz-Hervias, Z. Zhu, and
Z. Le-le. Representative stress-strain curve by spherical
indentation on elastic-plastic materials. Hindawi, Ad-
vances in Materials Science and Engineering, 2018: 9,
2018, doi:10.1155/2018/8316384.

[14] D. Rahmi, R. Krisman1 Zulkarnain, and T.S Luqman.
Characterization of optical properties of thin film ba1-
xsrxtio3 (x= 0,70; x= 0,75; and x=0,80) using ultraviolet
visible spectroscopy. AIP Conference Proceedings, 2169:
060002, 2019, doi:10.1063/1.5132680.

[15] A. Axelevitch, B. Gorenstein, and G. Golan. Investigation
of optical transmission in thin metal films. Physics Pro-
cedia, 32: 1–13, 2012, doi:10.1016/j.phpro.2012.03.510.

[16] K. Paul, N. Francis, T. Kinyanjui, and W. Zipporah. Uv
absorption and dynamic mechanical analysis of polyethy-
lene films. International Journal of the Physical Sciences,
9(24): 545–555, 2014, doi:10.5897/IJPS2014.4229.
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