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The grafted nanocopolymers were synthesized via an esterification process, where the first
step was to generate a linear copolymer by reacting terephthalic acid with glycerol. Then, a certain
amount of maleic anhydride was added to the resulting linear copolymer solution to obtain the grafted
PTGM nanoparticles. The prepared nanopolymers were characterized using FT-IR spectroscopy, 'H-
NMR, and atomic force microscopy (AFM). The average particle height was 8.3 nm and was exposed
to three different temperatures (298, 308, and 318 K). Four different concentrations (1, 3, 5, and 7
ppm) of the nanocopolymers were examined and it was evident that they play a vital role in the
adsorption process. The experimental results showed that the average surface area of this nanopolymer
for adsorption of dye (methyl orange) decreased with increasing temperature, indicating that the
process is endothermic. It was also observed that the highly efficient nanocopolymers were able to
successfully remove (methyl orange) from aqueous solutions.

NOMENCLATURE
DMSO DiMethyl SulfOxide Log Logarithm
PTGM Poly(_Terphtha!ic acid-CO-Glycol-G- N Number of malls
Maleic anhydride)
Wt weight g gram
Vsol Volume solvent ppm part pear million
Co The concentration at zero nm nanomater
Ce The concentration at equilibrium Temp. Temperature
Qe The amount of adsorbate substance N The adsorption intensity
Eq. equation Kf The adsorption amplitude
K Kalvin R, Reagen
mL milliliter A Wave length
AFM Atomic force Microscope Conc. Concentration

1. INTRODUCTION

Nanomaterials are materials with a limited size
range (1-100)nm[1, 2]. Controlling the size and shape at
the nanoscale allows for the characterization, design,
installation and utilization of materials, systems and
devices [3, 4]. Pollution is one of the greatest concerns.
Pollutants should be removed as much as possible, since

they pose a threat to humans, health and
aquatic organisms, and are the most significant water
pollutants (dyes, organic compounds, heavy metals,
pharmaceuticals and anything that affects or changes the
natural properties of water). Industrial dyes are common
in many modern fields including the dyeing of fabric,
hair, leather, paper, food and cosmetics[®]. Many toxic
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painting, and another 10% is used for textile coloring.
Water (universal solvent) increases their
susceptibility[6, 7]. Since dyes have a strong affinity for
water, and are more difficult to remove via traditional
methods, one of the most significant methods is the
adsorption method on the surface of nanopolymers.
Many toxic components in water systems, including
many scientists, tend to utilize nanomaterials, larger and
more effective adsorbents to create new and effective
materials because the particles in question have a
different interaction with each other than when they are
naturally sized [8]. Our research also showed the
capacity of poly (terephthalic acid-glycerol-G-maleic
anhydride) toads to successfully adsorb dyes.
Nanopolymers were found to be effective[9]for the
purpose of eliminating pollutants.

2. MATERIALS and METHODS
Terephthalic acid, glycerin maleic anhydride,
and other chemicals were used. All chemicals used in

this work were of analytical grade procured from E.
Merck Ltd.

2. 1. Synthesis of Graft PTGM Nanoparticles

The nanoparticles consist of terephthalic acid and
glycerol in a ratio of 2:1 (200 mL, 2.0 mol) terephthalic
acid and (50 mL, 2.0 mol) DMSO. A temperature-
sensitive cup is integrated into the vessel. The mixture is
heated to 40 degrees Celsius with a magnetic stirrer and
then (92 g, 1.0 mol) Glycerol is incorporated into the
mixture. Next, heat the mixture to 120 degrees Celsius
and then add 25 ml of xylene to the vessel in 2 drop
increments until the water from the esterification
process is expelled and the vessel is only marginally
heated. After the 80-minutes incubation at 145 degrees
Celsius, the temperature will be decreased because the
water no longer facilitates the generation of
nanopolymers. The proposed equation would then state
that the reaction vessel should be decreased to around
50 degrees Celsius. This is evident in the figure. The

original formula for linear polymer creation (1).
COOH
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Equation 1. The initial stage of linear polymer synthesis.

In the second step, the anhydride maleic (0.5
mol, 49 g) was solving in 10 mL DMSO, heated to 40
°C and added it to the mixture (created in the first step).
The beaker was gradually heated to 90 degrees Celsius,

and then xylene was added in small doses. (2 drops per
batch to remove water) until no more water came out
after 40 mins at 105 °C. This was used to produce
PTGM nanoparticles. The reaction flask was allowed to
cool to room temperature and then cold distilled water
was added to the resulting suspension after 6 h. The
suspension was then allowed to settle overnight as
shown in Eq. (2) and then filtered, washed with distilled
water and dried..
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Equation 2. The second stage of the synthesis of graft PTGM
nanoparticles

2. 2. Polymer Purification

Since the nanopolymers may be contaminated with
trace amounts of unreacted solvent or monomers, they
must be filtered. After separation, the synthesized
nanopolymers are dissolved and precipitated using an
appropriate solvent. According to the recommended
protocol, a concentration of 5% is added while
continuing to "stir" vigorously [10]. The polymer and
solvent are miscible with the non-solvent. Once the
solid polymer is formed, it is separated from the
solution. To enhance the purity of the polymer, repeat
the melting and re-emplacement process 3 times [11].
After cleaning, the nanopolymers are prepared for use.
The new synthetic polymers are heated to 57 degrees
Celsius and kept in a desiccator with a vacuum for
processing and diagnostic testing [12].
2. 3. Adsorption Behavior of Grafted
Nanopolymers

The process of adsorption of the new polymers
onto dyes was studied to produce solutions containing
Methyl orange dye (active ingredient). This was
achieved by first preparing a solution of the dye in water
(0.5 g) and then diluting it to 1000 mL to achieve a
concentration of 500 ppm. From this concentrated
solution, dilution solutions with concentrations of 1, 3,
5, and 7 ppm were prepared, all by taking an appropriate
volume of the concentrated solution and then diluting it
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with 100 mL of water. The vials containing the solution
consisting of the surface-adsorbed nanopolymer and the
surface-adsorbed dye were left for 60 minutes and their
absorbance was measured after 60 minutes. The solution
came from a vibrator set at a temperature of 298K.
Samples were then taken and the absorption of the
solution was determined by observing the changes in the
visible and ultraviolet spectra as time progressed. After
determining the amount of dye (Methyl orange)
adsorbed on the surface of the new polymer material,
the following equation was established[13].

Qe = (Co-Ce) * ‘::;l ™)

3. DISCUSSION and RESULTS

Nanopolymers were created through an
esterification process and studied usingFT-IR, 'H-NMR,
and AFM. The first step is demonstrated in Figure 1:
The spectrum of the linear copolymer's FT-IR is
demonstrated in Figure 1. The spectrum has a strong,
broad band at 3,423 cm™ caused by the presence of OH
in the copolymer, and a weak band at approximately
2902 cm-1 caused by the -OH of the carboxylic acid.
Additionally, the band at around 2902 cm-' s
attributed to the -OH acid. The composition of CH sp3
and sp2 is 2544 and 2654 cm’!, respectively, and the
spectrum exhibits a strong association with the OC band
of the ester band at around 1,726 cm’'. The spectrum
exhibits weak and sharp bands at 1597 cm™ — 1158 cm’!
[14].The spectrum shows weak, but distinct bands
between 1597 and 1158 ¢cm™! and a band between 1284
and 1259 cm™ due to the C=C system of the benzene
ring. Van states that the esterification of the oil (CO) is
responsible for these bands. The spectrum is in
agreement with the pattern of the linear copolymer that
was proposed in the first step.

Figure 1. FTIR linear copolymer

Figure 2, '"H-NMR spectrum shows the signal of
the carboxylic acid group protons at 13.24 ppm and
counts of each proton in the aromatic ring in the range
of 7.53 - 8.10 ppm, while the signal is located at 6.27 -
6.46 ppm. The four methylene protons in the copolymer

structure appear, the methyl protons double at 4.24-4.50
ppm, and the triplet signal from the alcohol protons
appears at 3.44ppm. Our polymer was confirmed by this
spectrum([5].

Figure 2. The '"H-NMR spectrum of linear
copolymer The individualized second stage polymer was
created by second step infrared spectroscopy. Figure 3

depicts the FT-IR spectrum of the copolymer, which
exhibits numerous broad bands at 3550 cm™ for alcohol
-OH as well as aliphatic CH, aromatic C=H and Olefins.
= CH at 3140 cm™' and 3050 cm™!, respectively, plus a
strong, sharp band in place (1740 cm™') that is
associated with the ester bond (C=0), a band inside of it
that is linked with (CO) ester, and, based on the
spectrum's composition.It can be deduced that the
processed polymer has a structural composition similar
to that proposed in the proposed structure[15, 16].
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Figure 3. Graft co- polymer's FT-IR spectra

Figure 4, The 'H-NMR spectrum demonstrates
that DMSO has a signal at 2.5 ppm, multiple signals in
the 3.5-4.8 ppm range, which are associated with the
[CH2-OC = O, -CH = CH-] group, protons that have a
chemical composition similar to that of aromaticity, as
well as protons which are connected with the carboxylic
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acid. These protons are considered to have a single
signal at 12.77 ppm...
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Figure 4. Graft spectrum of polymer 'H-NMR

The prepared polymer was assessed using the first
method of atomic force microscopy (AFM) for melting.
From Figure Sa,b,c, the outer surface of the linear
copolymer particles is demonstrated. The results
revealed average roughness of the linear polymeric
surface is 1.19nm, and the square root is 1.37nm, which
implies that the darkness of the surface's roughness is
dependent on the nanoparticles. Its consistency,
regularity of the crystal system, average height and
surface area of the particle are all demonstrated in
Figure 5A, all of which are 4.80. Table 1. considers the
overall percentage and various ratios of the common
linear size of nanoparticles. The results demonstrate that
the molecular width of the linear nanoparticles is 94.09,
and Figure 6. demonstrates the different concentrations
of the copolymer's linear particles in different sizes. The
results demonstrate that these polymers are copolymeric
nanoparticles, as illustrated below: Yin's Fig. (5A,B,C)
The exterior of a building comprised of linear
copolymer particles..

Figure 5. ( A, B and C ) The outer surface of the linear
copolymer nanoparticle.
TABLE 1. The total rate of the particle sizes of the linear co-
polymer nanoparticle and the different proportions of these
volumes

Sample:1 Code: Sample Code

Line No.: lineno Grain No.:139

Instrument: CSPM Date:2018-04-23

Avg. Diameter: 94.09 nm <=10% Diameter:75.00 nm

<=50% Diameter: 90.00 nm <=90% Diameter:115.00 nm

Diam Volu Cumu Diam Volu Cumul Diam Volu Cumul

eter . eter . eter .
me lation me ation me ation

R O B O B OO B CO R B CO NI O

75.0 7.19 7.19 100.0 8.63 6835 125 144 93.53
80.0 1295 20.14 105.0 7.19 7554 130. 5.76 99.28
85.0 1655 36.69 110.0 7.19 82.73 145 0.72 100.00
90.0 11.51 4820 1150 5.04 87.77
95.0 11.51 59.71 120.0 4.32 92.09

Figure 6. The diameters of linear co-polymer nanoparticles
are distributed in varied ratios.

The particle size of the second smaller copolymer
was determined using a two-steps method that involved
the use of atomic force microscopy (AFM). This
indicates that the size of the dark particles has a
significant impact on the particles' roughness. The
common crystal structure and consistent surface
composition are demonstrated in Figure 7a. Table (2)
calculates the average size of the copolymer
nanoparticles as a whole and various percentages of this
size. The results show that the molecular size of the
copolymer grafted nanoparticles is 74.39nm. Figure (8)
illustrates the distribution of different ratios of particle
size of the copolymeric nanoparticles.
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Figure 7. ( A,B,C): Atomic force microscopy image of the
grafted polymer showing the outer surface of the copolymer
nanoparticle and some of its properties.

TABLE 2. The average rate of graft copolymer's particle sizes
and the various percentages of these volumes.

Sample:1 Code: Sample Code

Line No.: lineno Grain No.:208

Instrument: CSPM Date:2019-05-31

Avg. Diameter: 74.39 nm <=10% Diameter:0.00 nm

<=50% Diameter: 70.00 nm <=90% Diameter:95.00 nm

Diam Volu Cumu Diam Volu Cumul Diam Volu Cumul

eter . eter . eter .
me lation me ation me ation

™o e ™ e e ™™o @

55.00 10.58 10.58 85.00 7.69 7596 1150 1.44 98.56
60.00 1298 23.56 90.00 6.73 82.69 120.0 0.48 99.04
65.00 10.10 33.65 95.00 4.81 87.50 125.0 048 99.52
70.00 12.50 46.15 100.0 433 91.83 140.0 0.48 100.00
75.00 721 5337 1050 2.88 94.71
80.00 1490 6827 110.0 240 97.12

Granularity Cumulation Distributio

Percentage(%)

Diameter(nm|

Figure 8. Distribution of the different ratios of the sizes of
the graft co- polymer nanoparticles.
3. 1. Adsorption of Methyl orange
The titration graph is a representation of the
relationship between absorption and concentration via a

graph that is shown in Figure (10). Four different
concentrations (1, 3, 5 and 7 ppm) of the (methyl orange
dye) solution employed in the study were engaged to
differentiate  them. The absorption at these
concentrations was recorded at their greatest wavelength
as clarified in Figure 9 (max. =418 nm).
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Figure 9. Maximum wavelength (A max ) for the (Methyl
orange)
y = 0.0159x + 0.0008
0.12 R? = 0.9976
A
0.1
0.08 -
é().(h’x
/“.)-
0.04
0.02 L
0 T T 1
o 2 4 6 8
Conc PPmM

Figure 10. The calibration curve between absorption and
concentration of methyl orange dye.

The effect of temperature on dye adsorption
(methyl orange dye) on the surface of freshly prepared
PTGM nanoparticles in the temperature range [298-308-
318 K] is shown in Table 3. The data show that authors
observed that the amount of orange G adsorbed on the
surface of grafted PTGM particles decreased as the
temperature  increased [12]. The procedure is
temperature-supporting. As the temperature increases,
any physical association (requiring a low temperature)
[17] decreases the rate of particle diffusion on the
surface of PTGM nanoparticles [18]. This implies that
there is a procedure by which the particles that are
adsorbed by the layer are separated from it and reenter
the liquid state [13]. as revealed in Figure 11.

TABLE 3. Effect of temperature on adsorption of methyl
orange dye.

Conc. 298K 308K 310K

Ce Qe Ce Qe Ce Qe
1 0.2641 0.7359 0.1383 0.8617  0.0754 0.9246
3 0.6415 2.3585 0.3899 2.6101 0.2012  2.7988
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5 0.8301 4.1699 05157 44843  0.2641 4.4834
7 0.9559 6.0441 0.6415 63585  0.3270 6.6730
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Figure 11. The effect of temperature on the polymer at
concentrations (1, 3,5 and 7 ppm) and temperatures (298,
308 and 318)K.

3.2. Adsorption Isotherms

The association of the dye (Methyl orange) with
the nanocopolymer was investigated, and the isotherms
of relationship were determined. At a temperature of
298 K, as demonstrated in Figure (12), this
demonstrates that the surface of the adsorbent is not
uniform and that the general shape of the isotherm
according to Giles' classification is similar to the
Frendelsh principle of type S1 [19, 20].

TABLE 4. adsorption of methyl orange on the roof of the

roof of graft co-polymer.

3.2. Freundlich’s Adsorption Equation

The Freundlich equation is one of the most
significant equations used to describe the attachment of
substances to different surfaces. Many equations exist.
The Freundlich equation for adsorption is one of the
most significant isotherms, and its expression is as
follows [21, 22]:

_ Cel
Qe =Kf* T (4)

When entering the logarithm on the equation No. (%),
the equation becomes as shown in Equation No. (°) and
through it the adsorption data of the dyes were
processed according to the following linear equation of
the logarithmic Freundlich equation[23, 24]:

LogQe =Log Kf+ ( % ) Log Ce (5)

Ce: the equilibrium concentration of the adsorbent
in (mg/L). Qe: the amount of adsorbent at the
equilibrium (mg/g). Kf and n are isothermal constants
that represent the amplitude and density of adsorption,
respectively. Table (5) and Figure (13) determine the
degree to which disperse red 1 coating is adsorbed on
the surface of the newly created nanopolymer using the
Freundlich equation. If ore connect Log Qe with Log
Ce, we will get a direct line as illustrated below..

TABLE 5. adsorption of Methyl orange dye on the roof of a
synthetic graft co-polymer at 298 K (By applying the
Freundlich equation).

nano copolymer at a temperature of 298K.

298K 308K 318K
Con.  [ogCe- LogQe LogCe- LogQe LogCe- LogQe
1 0.5782 -0.1331 0.8591 -0.0646  1.1226 -0.0344
3 0.1982 03726  0.409 0.4166  0.6963  0.4468
5 0.0808  0.6201 02876  0.6516 0.5782  0.6754
v 0.0195 0.78133 0.1928  0.8033  0.4854  0.8243

TABLE 6. Freundlich constant value of adsorbed on roof of
graft co-polymer at (298K)

Temp. -N Kf R2
298K 0.7566 284315.1486 0.9866
308K 0.7003 82186.4080 0.9725
318K 0.6282 43641.5332 0.9574
A b [
1 R IR T
03 45 " 5 *Q
& g L 2N d '
P 5 - 5 '
0 1| |[70 -
05 015 035 035 U‘TSVD.‘)S 04 04 v 14
-LogCe 0.5 Log Ce 05 -Log Ce

Temp. Conc. (ppm) Ce Qe
1 0.2641 0.7359
3 0.6415 2.3585
298K
5 0.8301 4.1699
6 0.9559 6.0441
7 0.2641 0.7359
45000
40000 v
35000
30000
o 25000
% 20000
15000 v
10000
5000 v
0
02 03 0.4 05 0.6 0.7 038 09 1
Ce

Figure 12. Adsorption isotherm methyl orange dye on the

Figure 13. The Freundlich isothermal absorbs the methyl
orange dye on the surface of the new graft co-polymer at
a) 298 K, b)308K, <¢)318K.
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4. CONCIUSION

This new nano-doped copolymer was

synthesized by reacting terephthalic acid with glycerol
to form a linear copolymer and adding malic anhydride
in the first step. This is how the nano-doped copolymer
was prepared. Our study showed that the nano-grafted
copolymer was very effective in removing dyes and
pollutants at a temperature of 25 degrees and neutral
acid by adsorbing the effective methyl orange dye on
the adsorbent surface. It has a crystalline structure.

5. REFERENCES

1.

10.

11.

Z. N. Jawad, K. I. Abd, B. K. AL-Ghanimi, and M. N. Al-
Baiati, “Using A Novel Nano Chitosan-Ampicillin Drug to
Study the Effective Range of Drug Level Outside the
Affected Cells,” HIV Nursing, vol. 23, no. 2, pp. 953-956-
953-956, 2023.

K. T. Rashid, H. M. Alayan, A. E. Mahdi, M. N. Al-Baiati,
H. S. Majdi, I. K. Salih, J. M. Ali, and Q. F. Alsalhy,
“Novel water-soluble poly (terephthalic-co-glycerol-g-
fumaric acid) copolymer nanoparticles harnessed as pore
formers for polyethersulfone membrane modification:
permeability—selectivity tradeoff Manipulation,” Water,
vol. 14, no. 9, pp. 1507, 2022.

S. Hassan, and B. A. Ganai, “Deciphering the recent trends
in pesticide bioremediation using genome editing and
multi-omics approaches: A review,” World Journal of
Microbiology and Biotechnology, vol. 39, no. 6, pp. 151,
2023.

B. K. AL-Ghanimi, Z. N. Jawad, and M. N. Al-Baiati,
“Study of the Effective Range of Drug Level Using a Nano
Chitosan-Mefenamic Acid,” HIV Nursing, vol. 23, no. 2,
pp. 260-263-260-263, 2023.

[5] S. Bayda, M. Adeel, T. Tuccinardi, M. Cordani,
and F. Rizzolio, “The history of nanoscience and
nanotechnology: from chemical-physical applications to
nanomedicine,” Molecules, vol. 25, no. 1, pp. 112, 2019.

T. Shindhal, P. Rakholiya, S. Varjani, A. Pandey, H. H.
Ngo, W. Guo, H. Y. Ng, and M. J. Taherzadeh, “A critical
review on advances in the practices and perspectives for
the treatment of dye industry wastewater,” Bioengineered,
vol. 12, no. 1, pp. 70-87, 2021.

D. Banerjee, “Water pollution and human health,” 2017.

M. Sajid, M. K. Nazal, N. Baig, and A. M. Osman,
“Removal of heavy metals and organic pollutants from
water using dendritic polymers based adsorbents: a critical
review,” Separation and Purification Technology, vol. 191,
pp. 400-423, 2018.

C. I Idumah, “Recently emerging advancements in
polymeric nanogel nanoarchitectures for drug delivery
applications,” International Journal of Polymeric
Materials and Polymeric Biomaterials, vol. 73, no. 2, pp.
104-116, 2024.

Q. Lei, J. Zhao, F. He, X. Zhao, and J. Yin, “Preparation of
Poly (Ionic Liquid) Microbeads via Cooling-Assisted
Phase Separation Method,” Macromolecular Rapid
Communications, vol. 42, no. 17, pp. 2100275, 2021.

A. F. Hasan, M. M. Kareem, and M. N. Al-Baiati,
“Synthesis a novel nano co-polymer and using as carrier

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

drug system,” International Journal of Pharmaceutical
Research, vol. 12, no. 4, pp. 850-589, 2020.

H. E. Salman, and N. J. Hussein, "Synthesis of zinc-
aluminum layered double hydroxides and application of
adsorption for nitrate from water." p. 012070.

K. G. Akpomie, F. A. Dawodu, and K. O. Adebowale,
“Mechanism on the sorption of heavy metals from binary-
solution by a low cost montmorillonite and its desorption
potential,” Alexandria Engineering Journal, vol. 54, no. 3,
pp. 757-767, 2015.

N. Boukabcha, A. Benmohammed, M. H. M. Belhachemi,
M. Goudjil, S. Yahiaoui, Y. Megrouss, A. Djafri, N.
Khelloul, Z. D. Benyehlou, and A. Djafri, “Spectral
investigation, TD-DFT study, Hirshfeld surface analysis,
NCI-RDG, HOMO-LUMO, chemical reactivity and NLO
properties  of  1-(4-fluorobenzyl)-5-bromolindolin-2,
3-dione,” Journal of Molecular Structure, vol. 1285, pp.
135492, 2023.

M. N. Bahjat AL-Baiati, “Synthesis of new Corrosion
Inhibitor from Nano-Polymer and study its adsorption on
carbon steel at different Temperatures,” Egyptian Journal
of Chemistry, vol. 65, no. 11, pp. 691-705, 2022.

H. M. Awwad, A. F. Alkaim, and M. N. Al-Baiati,
"Adsorption of Maxilon Blue (GRL) from Aqueous
Solutions by using a novel nano-composite polymer." p.
012095.

S. N. Shankar, D. R. Dinakaran, D. K. Chandran, G.
Mantha, B. Srinivasan, and U. P. N. Kannaian,
“Adsorption kinetics, equilibrium and thermodynamics of a
textile dye V5BN by a natural nanocomplex material:
Clinoptilolite,” Energy Nexus, vol. 10, pp. 100197, 2023.
A. A. Jalil, S. Triwahyono, S. H. Adam, N. D. Rahim, M.
A. A. Aziz, N. H. H. Hairom, N. A. M. Razali, M. A.
Abidin, and M. K. A. Mohamadiah, “Adsorption of methyl
orange from aqueous solution onto calcined Lapindo
volcanic mud,” Journal of Hazardous Materials, vol. 181,
no. 1-3, pp. 755-762, 2010.

C. H. Giles, D. Smith, and A. Huitson, “A general
treatment and classification of the solute adsorption
isotherm. 1. Theoretical,” Journal of colloid and interface
science, vol. 47, no. 3, pp. 755-765, 1974.

H. M. Awwad, A. M. Aljeboree, M. N. Al-Baiati, and A. F.
Alkaim, "Synthesis and Characterization of Nano-
composite co-polymer: Adsorption and Removal Studies of
vitamin B12 from Aqueous Solutions." p. 012057.

S. Gita, A. Hussan, and T. Choudhury, “Impact of textile
dyes waste on aquatic environments and its treatment,”
Environ. Ecol, vol. 35, no. 3C, pp. 2349-2353, 2017.

Z. M. Shaker, H. I. Salman, and M. N. AL-Baiati,
"Removal of reactive yellow 145 dye pollutant from
wastewater by using a nano surface."

A. R. Khudhair, S. T. H. Sherazi, and M. N. Al-Baiati,
"Adsorption of methylene blue from aqueous solutions by
using a novel nano co-polymer."

A. Ashour, M. Kareem, and M. N. Al-Baiati, "Improving
Asphalt Binder Properties Using Recycled Polyethylene
Terephthalate and Natural Liquid Rubber." p. 012107.



2025, Volume 2, Issues 5 PSIJK 18-26

Arabic Abstract

e Sl 51 (man Jelis 3y sk oo i o jile pads paiaad 8 (V18 shall S Cua i) glee JMA e Rexdaall 3 51 Gl el sl qieas o3
Gl S Aeabaall 46l PTGM Glasen (e Jpanll @l Jladll el sl Jslae ) clallall 2 060 (g0 dima 2pa€ dila] o lld 2ny (o pulall
sasaiy ylasilh ALY Glaall gl ) o gsie IS (AFM) 403 358 jeaas ' H-NMR (FT-IR idall Jalaill aladinly & 6l ol jaal gl (and i
5%%) (é\ﬁﬂ‘)ﬂ\ dﬂ%\d\):&a_\mw (u}:\h}\ L; eV 50 (Y s\):u:l:\'a_n ).A.S\)S‘uu‘)\ :X..A\JALLLAS (L)SE YYA YA cYQ/\)ZA:E'AAB)‘); [EgT) Iy k|
Al Gl 8 ) 5 ) s Jass gia 8 (bl (M 5l Jisall) s 31 il o A ol il < pedal ) 3 Aglee 3 gun 1) 50 el Ll aial
Alledll Aglle 3 Sl e o) o Ll L gl s 50 jal) dale Glenll of e Ja Laa bl all G50 5305 e i Sall ge aS 23e (55l el sl il

Al Jllaall (g (S ) Jipall Axa A1) 5] 8 Cinns




