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Abstract

In this work, carboxymethyl cellulose/polyanionic cellulose (CMC
HV/PAC LV) films were prepared and exposed to different X-ray doses (0, 200,
400, 600 and 800 cGy). Absorption and transmission measurements of the
ultraviolet spectrum of the incident light were studied with a DU 800
spectrophotometer. Stress and strain were calculated by applying a tensile force to
the samples and increasing its amplitude until the sample breaks. Applying this
force to the samples increased the length of the samples. The absorption of CMC
HV/PAC LV films increased with increasing X-ray dose, and therefore, the
absorption coefficient increased with increasing X-ray dose. The results show that
the amount of spectral transmittance of the films decreased with increasing X-ray
dose, indicating that the opacity of the samples increased with increasing X-ray
dose. The characteristic absorption peaks are observed at 275 nm™, 328 nm™, 345
nm™, 370 nm™, and 470 nm™, indicating molecular bonding. Increasing the X-ray
dose decreases the elastic modulus of the films, and the stress amplification factor
decreases with increasing strain ratio, indicating that X-ray photon irradiation leads
to a decrease in the elasticity of the films. The results of this research may be
useful in many fields, including industrial, medical or scientific research, as well as
in oil fields.
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1. Introduction

Cellulose, the most abundant biopolymer on Earth, is a high molecular weight
linear polymer composed of glucose monosaccharide units interconnected by beta-
acetal bonds. It exhibits unique characteristics due to hydrogen bonds in its molecular
structure. Therefore, cellulose has limited solubility and resistance to melting in
common solvents. Carboxymethyl cellulose (CMC) is a water-soluble anionic
derivative of cellulose [1]. It is produced from cellulose by replacing some of its
hydroxyl groups with carboxymethyl groups. Sodium carboxymethyl cellulose is the
sodium salt form of carboxymethyl cellulose. It is produced from natural cellulose by
etherification, where sodium groups replace hydroxyl groups. It is a linear, semi-
flexible, negatively charged polyelectrolyte. Due to its availability and its thickening
and swelling properties, sodium carboxymethylcellulose (NaCMC) is used in many
industries. Application areas include pharmaceutical, personal care, household products,
food, water treatment, mineral processing, paints and paper industries [2].

Polyanionic cellulose, water-soluble biopolymer, is chemically modified from
cellulose by introducing anionic reagents, such as carboxymethyl groups, to introduce
negative charges along the polymer chain. This modification enhances its water
solubility and makes it useful in various industrial applications. Polymer properties such
as viscosity and molecular weight can be tailored by substituting other functional
groups in the chain [3]. Polyanionic cellulose (PAC), dissolved in distilled water, is
used as a drilling fluid substitute in cuttings transport studies or other multiphase flow
studies relevant to the oil and gas industry [3].

© 2024 The Author(s). Published by College of Science, University of Baghdad. This is an open-access
article distributed under the terms of the Creative Commons Attribution 4.0 International License
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The absorption or reflection spectroscopy of the ultraviolet and near visible parts
of the electromagnetic spectrum is known as UV spectroscopy. This method is used in
many scientific and applied fields due to its ease of implementation[4]. The UV-visible
spectrum results from the interaction of electromagnetic radiation in the UV-visible
region with ions, atoms or molecules. It forms the basis for the analysis of inorganic and
organic materials and biomolecules [5]. UV radiation has a wavelength between 200
and 400 nm and is responsible for discoloration, corrosion, loss of gloss and cracking of
polymer materials. The physical and chemical changes that occur during photo-
oxidation reactions are characterized by an increase in the concentration of oxygen-
containing groups, which attack the bonds in the polymer molecules, thus reducing the
length of the molecular chain [6]. Radiation can be ionizing or non-ionizing, depending
on the energy of the irradiated sources. It includes X-rays from medical examinations,
as well as X-rays from mesons, positrons, neutrons and other particles that form
secondary cosmic rays produced after the interaction of primary cosmic rays with the
Earth's atmosphere [7]. X-rays are, in general, the most common form of
electromagnetic radiation. Advances in imaging technology have allowed for
increasingly powerful and guided X-rays, as well as greater use of visible light in
microbial and structural tissues of young material elements such as concrete [8]. The
interaction of photons with matter is characterized by the fact that each X-ray photon is
individually removed from the incident beam in a single event. The X-ray photon
collides with one of the electrons of the absorbing element and no energy is lost. In the
collision process, the scattered radiation will retain the same wavelength as the incident
beam [9]. X-rays have become a long-standing complement to gamma rays due to the
many similarities between the two photon-based technologies. Many changes are
considered when migrating to X-rays, including the dose rate effect, the effect on
materials, temperature impacts, processing time, and any possible induced radioactivity
[10].

Absorption spectroscopy is a powerful technique to study photoinduced
phenomena in a wide range of states, from solutions to solid film samples. It was
designed and developed based on photoinduced absorption changes or on the fact that
photoexcitation triggers a chain of reactions with intermediate states or reaction steps
with presumably different absorption spectra [11].

Ultraviolet and visible light -NIR absorption spectroscopy is one of the most
popular measurement methods, among the most relevant advantages is the direct
measurement, which requires little or no sample preparation, so the analysis is simple,
fast and does not require manual intervention. It is a non-destructive analysis that uses a
small amount of sample, being highly compatible with industrial use thanks to the
compact instruments [12].

Polymers are safe, economical, have eco-sustainable properties and have many
applications in engineering and scientific studies. Polymers can be used in
optoelectronics, solar cells, UV filters, coatings, photovoltaics, light-emitting diodes,
laser production and many other applications [13]. The mechanical properties of a
polymer are one of the characteristics that distinguish it from small molecules, and
which involve its behavior under stress. Stress-strain tests are the most widely used
mechanical tests, but probably the least understood in terms of interpretation. In stress-
strain tests, the sample is deformed at a constant rate and the stress required for this
deformation is measured simultaneously [14]. Polymers exhibit a wide range of
mechanical behaviors depending on the loading rate and temperature. The neglected
aspect is relaxation, which is important because it acts over a wide time interval and
starts as soon as the polymer is loaded [14]. The elastic modulus is the ratio of stress to
strain in the linear elastic region and measures the stiffness of the material. The yield
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stress is the stress at the end of the elastic region where the deformation can be reversed,
i.e., the material returns to its original state [15]. Abd et al. reported that the absorbance
and reflectivity value increase and the transmittance decrease as the solution
concentration increases before and after irradiation [16]. Igbala et al. samples irradiated
with different X-ray fluences; irradiation enhanced the absorption in the UV-visible
region [17]. Nouh et al. Samples of polyester polymer sheets were exposed to X-rays.
Stress and strain measurements indicated that X-ray irradiation in the dose range of 30
to 100 kGy produced a highly resistant cross-linked polyester [18]. Hamza and Sharada
A sample of polyvinyl alcohol doped with 5 wt% molybdenum oxide was prepared
forming a composite film (PVA-MoO3) and exposed to UV radiation. The
transmittance and oscillator energy decreased with increasing radiation exposure time.
Furthermore, the results showed that the composite film (PVA-Mo03) can be used as a
UV sensor [19]. Abdullahi et al. Tris-(8-hydroxyquinoline) aluminum exposed to
different X-ray doses in the range of 5 to 20 Gy. The systematic changes observed in the
optical properties of Alg3 and the resulting excellent linear response curves of
irradiation doses as a function of signal intensities were encouraging [20]. Qwasmeh et
al. They studied the effect of gamma radiation on the optical properties of polyethylene
oxide thin films doped with different concentrations of potassium iodide (KI) salt. The
optical properties of the thin films were found to be significantly influenced by the
concentration of the KI dopant and gamma irradiation [21].

2. Materials and Methods
2. 1. Materials and Samples preparation

High-viscosity carboxymethyl cellulose (CMC HV) and low-viscosity
polyanionic cellulose (PAC LV) were obtained from National Oil Corporation Jowfe
Oil Technology/Ganfouda/Benghazi/Libya.

CMC HV / PAC LV films were prepared by mixing 73% CMC HV with 27%
PAC LV to form films (the higher proportion of PAC LV gives a homogeneous film)
using the casting technique. The mixture was dissolved in 40 ml distilled water for three
hours at room temperature (30 °C) with stirring. The solution was poured onto a flat
glass plate of 8cm diameter and allowed to dry at room temperature. A film was
produced of a thickness varying between 49 and 50um.

2. 2. Irradiation of samples:
CMC HV/PAC LV films were exposed to different X-ray doses (0, 200, 400, 600
and 800 cGy) provided from the X-ray facility of the National Cancer Center in
Benghazi, Libya.

2. 3. Measurements
2. 3. 1. UV- Vis Spectra

Absorption and transmission measurements were studied using a UV-Vis
spectrophotometer (DU 800, serial number 8000770, software version “2.0, Build 677),
firmware version 2.0.012, method name “Default Method” located in the laboratory of
the Faculty of Sciences, Omar Al-Mukhtar University, Al-Bayda, Libya.

The absorption coefficient (o) was calculated using Eq. (1), where T is the
transmittance value and d is the thickness of the sample [22]. The extinction coefficient
(K) was calculated using Eq. (2), where A is the wavelength of the incident photons
[23]:

a = —% In (T) (D
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K = oA 2
= I (2)
2. 3. 2. Mechanical Properties
Force (F) was applied on the to the 5 cm long and 1 cm wide CMC HV / PAC LV
film samples shown in Fig. 1, and the tensile stress (os) was calculated using Eq. (3)
[24]:

O0s = A 3)
where (A) is the cross section of the samples.
Strain (€) was calculated from Eq. (4), [24]:

_ (L=1Lo)
g= — 0

- @

where: Ly is the original length of the sample and L is the changed length of the samples
after applying the force.

The elastic modulus (E), which is a correlation between stress and strain, was
calculated using Eq. (5) [24]:

E=— (5)
The dependence of the stress-strain relationship for the different samples is given
by:

Os

————=C, +C, 1! 6
2(t— 172 1+ 2T (6)

where t is the stretch ratio (t = 1+¢), C; is a quantity relative to the ideal elastic
behavior and C, expresses the deviation from the ideal elastic behavior [25-27].

Figure 1: CMC HV/PAC LV film.

3. Results and Discussion

3. 1. Ultraviolet and Visible Spectra

Fig. 2 shows the UV-visible spectra of CMC HV/CMC PAC LV films, which show
the relationship between nanometer wavelength and UV-visible absorption for both
irradiated and non-irradiated samples. The absorption of the spectra increased with
increasing X-ray irradiation dose. The absorption peaks of CMC HV/PAC LV spectra
were observed at 275 nm™, 328 nm™, 345 nm™, 370 nm™, 470 nm™ [28, 29]. The UV
absorption spectra of o-hydroxybenzophenone derivatives (Ci3—Hi0—0,) essentially

4
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retain the character of C13—H10—0O, spectrum. Beta-carotene (C4oHsg) absorbs throughout
the ultraviolet region, but particularly in the visible region between 400 and 500 nm
with a peak at 470 nm [29].
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Figure 2: UV-Vis absorption spectra for all CMC HV/ PAC LV films.

Irradiation of the films with X-ray photons made them opaquer. Fig. 3 clearly
shows that when the radiation dose increases, the spectral transmittance in the samples
decreases.
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Figure 3: UV-visible transmittance spectra for all CMC HV/PAC LV films.

Fig. 4 shows the variation of the absorbance measured at the absorption peaks
wavelengths (275, 328, 345, 370, 470 nm™) with the X-ray doses. It can be seen from
Fig. 3 that the intensity of all molecular bonds increased with increasing X-ray doses.
However, the absorption intensity of the spectrum at C4 Hsg, C13 —Hio — O (R = 5-
OCH3), Ciz3—Hipg— 09 (R =4- OH), Ciz3—Hi0— 09 (R =4- OCOCHg) and Ciz3Hig—-0,
(R = 4- OCHj3) bonds increased with increasing the X-ray doses.




Iragi Journal of Physics, 2024 Najla Ali Elgheryani

0.004

B2
4 ™
/':j foCc—H—0, )
0.003 ¢ c 13 10 2
g a)R=4-0CH,
2 o002l b)R= 4-UC0CH3
0 c)R=4-0OH
ﬁ . \ d)R= E-GCH3 )
| €)Go s

0o 200 40 600 80
dose of x-ray photons(cGy)

Figure 4: Variation of absorption measured at the absorption peaks wavelengths with
X-ray doses.

The absorption coefficients of the UV-Vis spectrum for the different X-ray doses at the
absorption peaks wavelengths are shown in Table 1; it is evident that the absorption
coefficient increased with increasing the X-ray dose.

Table 1: The absorption coefficients of the UV-Vis spectrum with the X-ray doses at the
absorption peaks wavelengths.
3(nm) Absorption coefficient o (mm™)
0.0cGy | 200cGy | 400 cGy | 600 cGy | 800 cGy

275 | 0.018008 | 0.030023 | 0.034029 | 0.038036 | 0.046053

328 | 0.014005 | 0.026017 | 0.04004 | 0.048058 | 0.056079

345 | 0.016006 | 0.024014 | 0.038036 | 0.050063 | 0.06009

360 | 0.016006 | 0.030023 | 0.046053 | 0.056079 | 0.068116

470 | 0.019009 | 0.02802 | 0.044048 | 0.052068 | 0.06009

The extinction coefficients of the ultraviolet-visible spectra for the different X-ray
doses at absorption peaks wavelengths are shown in Table 2; the extinction coefficient
increased with increasing the X-ray dose.

Table 2: The extinction coefficient of the UV-Vis spectrum with the X-ray doses at the
absorption peaks wavelengths.

Extinction coefficient K (X 107)
Mnm) "5 0cGy | 200 cGy | 400 cGy | 600 cGy | 800 cGy

275 | 3.94108 | 6.57351 | 7.45062 | 8.32795 | 10.0833
328 | 3.65736 | 6.79425 | 10.4563 | 12.5502 | 14.6448
345 | 4.39655 | 6.5962 | 10.4478 | 13.7514 | 16.5056
360 | 4.58771 | 8.60532 | 13.1999 | 16.0736 | 19.5237
470 |7.11324 | 10.4852 | 16.4829 | 19.484 | 22.4859

3. 2. Mechanical Properties
Fig. 5 shows the effect of the X-ray dose on the stress-strain curves of CMC
HV/PAC LV films. It can be observed that the slope, which is the value of the elastic
modulus, of the stress-strain curves decreased with the increase of the X-ray dose; this



Iraqi Journal of Physics, 2024 Vol. 22, No. 4, PP. 1-10

result is clearly shown in Fig. 6. The elastic modulus decreased with increasing the
radiation dose. It can then be concluded that X-rays reduce the elasticity of the samples.

Fig. 7 shows the stress amplification factor (o/(2(t- T2)) plotted against the stress
ratio (). From these plots, the constants C; and C, can easily be determined. C; is
determined from the intersection of the curves with the vertical coordinate and C, from
the slope of the curves. The dependence of C; and C, on the X-ray dose is shown in
Table 3. The behavior of C; and C, with CMC HV/PAC LV thin films samples may be
due to network cross-links and other network defects [30].
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Figure 5: Stress- Strain curves for CMC HV/ PAC LV films for the different X- ray
doses.
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Figure 6: The effect of the different X-ray doses on the elastic modulus of CMC HV/ PAC LV
thin films.
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Figure 7: Strain amplification factor curve for CMC HV/ PAC LV films at different X-
ray doses.

Table 3: The values of constant C; and C, for different X-ray doses for CMC HV/ PAC LV

films.
Dose (cGy) C, C,
0 1.587714 | -0.60039
200 1.177666 | -0.44973
400 0.828006 -0.319
600 0.577972 | -0.22347
800 0.421288 | -0.17605

4. Conclusions

The UV-Vis spectra showed that absorption of the CMC HV/PAC LV films
increased, and the transmittance decreased with the increase of the X-ray irradiation
dose. So the absorption coefficient and extinction coefficient increased with increasing
X-ray irradiation dose. The decrease in transmittance indicates an increase in the
opacity of the samples with increasing the X-ray dose.

The increase in the X-ray dose caused a decrease in the elastic modulus and the
stress amplification factor and an increase in the deformation ratio of the CMC
HV/PAC LV films, indicating that X-ray irradiation leads to a decrease in the elasticity
of CMC HV/PAC LV films. The results of this research may be useful in many fields,
including industrial, medical, scientific, and petroleum research.
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