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1. Introduction

The high entropy alloys are known as solid solution alloys
that have 5-13 elements with the same or almost the same
atomic percentage (5-35%). Solid solutions with several
elements due to the high entropy tend to be stable at high
temperatures. It is remarkable that these alloys have low
diffusion coefficient, which causes the formation of
nanometer precipitates, and severe lattice distortion due to
the difference in atomic radii.

Al1gCo25CrgFeisNisg Tig high entropy alloy has superior
tensile strenght and elongation till 800 °C, even beter than
800H and Inconel 617 superalloys. Ultimate tensile
strenght and elongation of Ali;gC0o25CrsFeisNissTis alloy is
reported 400-600 Mpa and 12-30%, respectively.
Researches show that the microstructure of aged
Al1gCo25CrgFeisNissTig alloy is consist of orderd y' in y
matrix, FCC solid solution with acicular B2. It is reported
that after 1000 °C, y' precipitates dissolved and under 800
°C, the formation of brittle phases such as sigma and NiAl
is possible. Fe2Cr «Fe0.2Ti0.8 and Ni2AITi phases are
reported as a strenghten phases of AICrFeNiTi0.5 alloy.

Heat treatment process is an integral part of the
industrial production components. New studies on high
entropy alloys also show the need for further research in
this field. Most of the researches has been done on the field
of microstructure and mechanical properties of
Al10C025Cr8Fe15Ni36Ti6 alloy.

The production of this alloy and the improvement of its
properties can provide a basis for replacing these alloys
with superalloys and improving the performance of air
engines in various industries in the coming years.
AICoCrFeNiTi high entropy alloys in the field of high
temperature materials can fill the gap between steels and
nickel based superalloys (temperatures greater than 650
and less than 850 °C) at a lower cost.

2. experiments
Al1gCo25CrgFeisNissTig alloy was melted in a vacuum
induction melting (VIM) furnace under a vacuum of 5x10-

4 Pa and remelted in vaccum arc remelting (VAR). The
chemical composition of AIl0.7CoCrFeNi alloy was
measured using EDS analysis and the results are
summarized in Table 1. Samples of 1x1x1 cm3 were
homogenized at 1220 °C for 17 hr and furnace cooled till
950 °C and then air cooled. The ageing treatment were
done at 850, 900 anf 950 °C for 1, 2, 4, 8 and 16 hr. In
order to study the microstructure, the samples were
polished and etched in 10ml HCL+ 10ml HNO3 + 10ml
H20 solution. The microstructure was examined by
Olympus optical microscope and Vega-Tescan scanning
electron microscopy equipped with EDS analysis. The
phase analyzed using XRD with CuKa and lengthwave of
1.54 angstrom. The tensile tests were performed at 600
using Instron 8502 machine. The samples were prepared
according to ASTM 8.

Tablel. chemical composition of alloy.
Elements Ti Ni Fe Cr Co Al

Nominal composition (wt%)| 5.3 | 39.1 15.5 77 | 273 5

Nominal composition (at%)| 6 36 15 8 25 10
EDS results (wt%) 53 39.4 15.3 7.3 26.9 5.4
EDS results (at%) 6 36 14.7 7.6 245 | 10.9

3. results and discussion
The microstructure of the alloy aged at 850, 900 and 950
°C for 4 and 16 hr is shown in figure 1. The y’ phases are
seen in these figures. According to these microstructures
and the other ageing situatians, the ' precipitates size and
volume fraction calculated and measured as a function of
ageing times at different temperatures in figure 2 and 3.
As it is seen in figure 2, with increasing ageing
temperature and at all times, the volume fraction and size
of y’ decreased. For example, the volume fraction and size
for 8 hr ageing decreased from 60 Vol% and 338 nm at
850°C to 31 Vol% and 123 nm at 950°C, respectively. The
y'primary morphology is cubic which changed to square
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and semi-square like with increasing ageing time and
temperature.

4 hr 16 hr

200°C
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Figure 1. SEM images of Al1oCo25CrsFeisNizsTis high

entropy alloy aged at different temperatures and
times

400 ¢

§30¢ Jo—o——o—°

@ 300 'é J/H’n\-ﬂ

N E

‘@ 250 £

(%2} E

£ 200 £

2 150 §

S 100 £ H"/A/—:—ssmc
e —A—900°C
= 0 E —0—950°C

0 5 10 15 20

ageing time (hr)
Figure 2: the variation of y’ size with ageing time at
different temperature.

The hardness of alloy is 314, 329 and 327 Hv at 850,
900 and 950°C, respectively. The results of tensile tests at
600°C are shown in table 2. The best high temperature
tensile properties of 840.9 MPa ultimate tensile strength
and 17.9 elongation obtained at 850 °C. According to these
results, 850°C for 8 hours is the best ageing conditions.

70%
60% +
S 50% +
40% +

(%)

o 30%
= 20%
o

me fract

<. 10% £
0% +

Figure 3:

2
—0—3850°C
l —A—900°C
R i S
0 5 10 15 20

ageing time (hr)
the variation of y' volume fraction with

ageing time at different temperature.

Table 2- high temperature tensile tests at 600°C for
Al10Co25CrsFeisNizsTis alloy aged at different temperatures

Yield Ultimate tensile
Ageing Strength €1(%)
(MPa) (MPa) strength
850C°/8h 520.2 840.9 17.9
900C°/8h 573.5 828.8 17.6
950C°/8h 573.9 763.4 16.6
4.Conclusion

1. The highest obtaind volume fraction of y' was 60
Vol% at 850°C/8 hr ageing.

2. The y’primary morphology is cubic which changed
to square and semi-square like with increasing
ageing time and temperature.

3. Inthe

best microstructural conditions, the hardness

of alloy was 343Hv.

4. The highest amount of high temperature tensile
properties and strain at 850 °C were 840.9 MPa and
17.9, respectively obtained.
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Investigation the Effect of Ageing on Microstructure and Hardness of
Al10Co25CrsFe1sNiss Tis High Entropy Alloy

Ebrahim Yousefi Masumeh Seifollahi Seyed Mahdi Abbasi

Abstract The effect of ageing time and temperature on the microstructure and hardness of Al;Co,5CrsFeisNizsTis high
entropy alloys is investigated in this article. The alloy melted in vacuum induction melting furnace and purified using
vaccum arc remelting process. Then homogenized at 1220°C for 17 hours. Then sample aged at 850, 900 and 950°C for
1-16 hours and assessed using XRD and SEM. The microstructure is involved y'and NiAl precipitates and y matrix.
With increasing ageing temperature, the volume fraction and size of y’ decreased from 60 VVol% and 338 nm at 850°C to
31 Vol% and 123 nm at 950°C, respectively. The y'primary morphology is cubic which changed to square and semi-
square like. The hardness of alloy is 314, 329 and 327 Hv at 850, 900 and 950 °C, respectively. According to these
results, 850°C for 8 hours is the best ageing conditions. The best high temperature tensile properties of 840.9 MPa
ultimate tensile strength and 17.9 elongation obtained at 850 °C.

Key Words High Entropy Alloy, Al;oCozsCrsFeisNissTis, Gamma Prime, Microstructure, Hardness
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1- Introduction

Metal composites are among the most important types of
advanced materials that are more than 50 years old. These
types of composites are used in many industries such as
military, transportation, aircraft manufacturing and power
transmission lines. Among the metal-based composites are
copper-based composites, which are widely used in
various industries such as aerospace and automobile
industries due to their advantages such as low density, high
specific strength, excellent wear resistance, and suitable
fatigue and corrosion resistance.

Adding ceramic strengthening agents to copper alloys
increases their mechanical and wear properties. The main
reinforcing particles that are added to copper alloy powder
alloys are carbides, borides, oxides and nitrides. Silicon
carbide with high melting temperature, low density, high
strength, high hardness, excellent thermal shock
resistance, low thermal expansion, high thermal
conductivity and high elastic modulus is considered a
suitable reinforcement for high temperature applications.
In a study, Tu et al. prepared Cu/CNTs composites in
which the percentage of carbon nanotubes was in the range
of 0-16% by powder metallurgy method. Kimetal et al.
synthesized Cu/CNTs composites by spark plasma
sintering followed by cold rolling process. In this process,
copper powders are produced by the dry spray process.
Copper powder and carbon nanotubes were mixed in ball
mills with high energy and compressed using plasma
sintering system (sps). In this research, microstructure and
mechanical properties of Cu-5Zn alloy nanocomposite
reinforced with carbon nanotubes will be investigated.
Regarding the corrosion and wear behavior of copper-
based nanocomposites, a lot of research has been done,
which shows that by adding different nanoparticles, the
corrosion and wear properties of the base are improved.

2- Experimental

In this research, multi-walled carbon nanotubes produced
by Yoas Nano Company have been used. Cu-5Zn alloy
powder with a density of about 8.9 grams per cubic
centimeter and a particle size of about 2-10 micrometers

with a purity greater than 99.5%. First, carbon nanotubes
were dispersed in 500 ml of ethanol. Ultrasonic waves
were used for homogeneous distribution of carbon
nanotubes. After adding Cu-5Zn alloy powder into the
ethanol solution containing carbon nanotubes, it was
stirred for 30 minutes and then the application of ultrasonic
waves was stopped and the nanocomposite powder
solution was dried at 50 degrees Celsius in an oven. Cu-
5Zn alloy powder and carbon nanotubes with different
weight percentages (0.25, 0.5, 0.75 and 1) were combined
using ultrasonic waves and ball milling. Then, the mixture
of copper and carbon nanotubes was pressed and subjected
to the sintering process. Hydraulic pressure was chosen to
press to pressure of 35 tons. The powders were pressed in
a mold (diameter 30 mm, length 60 mm) and using a
pressure of 400 MPa for 5 minutes. In order to prevent
friction during the pressing process between the punch and
the mold, stearic acid was used as a lubricating agent.
Pressing was done for Cu-5Zn alloy powder samples and
all nanocomposites with different percentage of carbon
nanotubes at a pressure of 400 MPa and for 5 minutes.
When the pressing of the samples was finished, the parts
were pressed and the nanocomposites were fused through
a process. Sintering was done in an electric furnace that
included an alumina tube in a controlled argon atmosphere.
The selected sintering temperature of the samples was
done at 850 degrees Celsius for 120 minutes.

3- Results and Discussion
Figure 1 shows the SEM image of carbon nanotubes in the
form of clusters.

*Manuscript received: May 6, 2023, Revised. May 31, 2023, Accepted, November August 14, 2023
! Corresponding author: Faculty of Mechanical engineering, Department of Materials Engineering, University of
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Figure 1 SEM image of carbon nanotubes.

The hardness of any material is directly related to its

microstructure. In nanocomposites, the type of reinforcing

phase, dispersion, particle size and shape are very

important. The placement of carbon nanotubes in the

copper-zinc field has improved the hardness and by

increasing the weight fraction of carbon nanotubes up to
0.75% in the prepared nanocomposites, it has caused a
linear increase in hardness and micro hardness with
increasing the amount of carbon nanotubes. It has
decreased from 0.75% to 1% (Figure 2). The effect of
adding carbon nanotubes on the tensile strength of
nanocomposites samples is shown in Figure 3.
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Figure 2 Microhardness of nanocomposites reinforced with
carbon nanotubes based on Cu-5Zn.
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Figure 3- Tensile strength of copper-zinc based
nanocomposite with carbon nanotubes reinforcing phase.

One of the ways to better understand the mechanisms
governing the strengthening of nanocomposites is to
examine the fracture surface of nanocomposite samples. In
Figure 4 and Figure 5, the fracture surface of copper-zinc
base alloy and 0.75% CNTs-Cu-5Zn nanocomposite are
shown, respectively.

Figure 4- SEM image of fracture surface of copper-zinc base
alloy after tensile test.

Figure 5- SEM image of the fracture surface of 0.75%
CNTs-Cu-5Zn nanocomposite after tensile test.

4- Conclusion

1- Nanocomposite samples with Cu-5Zn alloy base and
carbon nanotube reinforcement were prepared using
powder metallurgy method which includes the use
of ultrasonic waves, ball milling and hot forging
process.

2- The amount of porosity in nanocomposites is
minimized after the forging stage, and structural
studies by SEM showed the uniform dispersion of
carbon nanotubes in the field.

3- Based on the obtained results, the nanocomposites
prepared with the reinforcement of carbon
nanotubes have a suitable density and are close to
the theoretical density.

4- The microhardness of nanocomposites increases
linearly with the increase of carbon nanotubes up to
0.75%, and the increase in hardness of the
nanocomposite with carbon nanotube reinforcing
phase is 36.26% higher than that of copper-zinc
base alloy.

5- The tensile strength of copper nanocomposites by
increasing the amount of carbon nanotubes
reinforcement up to 0.75% is 289 MPa, which is a
significant increase compared to the copper-zinc base
alloy with a strength of 165 MPa.
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Investigating the Microstructure and Mechanical Properties of Cu-5Zn Alloy Nanocomposite
Reinforced with Carbon Nanotubes

Mohammad Alipour

Abstract After the discovery of carbon nanotubes, observations showed that carbon nanotubes have multi-purpose
properties and can be used as a reinforcing material for metal nanocomposites. In this research, multi-walled carbon
nanotubes have been used as nanocomposite reinforcement with Cu-5Zn alloy base. Carbon nanotubes were added to the
nanocomposite in percentages of 0.25-1. Ultrasonic waves were used for good dispersion of carbon nanotubes in the field.
Pressing and sintering processes were used to make nanocomposite samples. The microstructure was studied using a
scanning electron microscope. The effect of carbon nanotubes on mechanical properties such as microhardness and tensile
strength of nanocomposite was investigated. The results showed that the mechanical properties are improved by adding
carbon nanotubes. The proposed mechanism for increasing the strength in nanocomposites reinforced with carbon
nanotubes is the bridging mechanism. The microhardness of nanocomposites increases linearly with the increase of carbon
nanotubes up to 0.75%, and the increase in hardness of nanocomposite with carbon nanotube reinforcing phase is 36%
more than copper-zinc base alloy. The tensile strength of copper nanocomposites is 289 MPa by increasing the amount
of carbon nanotube reinforcement, which is a significant increase compared to the base copper-zinc alloy with a strength
of 165 MPa.

Keywords Carbon Nanotubes, Copper, Powder Metallurgy, Mechanical Properties, Nanocomposites.
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1- Introduction

The skin, being the largest organ in the human body, plays a
crucial role in various activities and functions. It serves as a
protective barrier against pathogens, allows us to sense the
external environment, and helps regulate body temperature.
However, due to its elastic and delicate nature, the skin is
susceptible to developing wounds when exposed to constant
stress and strain. The human skin consists of three layers: the
epidermis, dermis, and hypodermis. Therefore, in order to
effectively repair damaged skin tissue, it is essential to create
a structure that closely resembles living skin tissue. This
structure should not only facilitate the healing process but
also ensure its biological safety. The tissue engineering
approach involves preparing a porous material as a scaffold
or extracellular matrix for cell growth, followed by the
application of growth factors. To prevent microbial invasion,
promote cell migration and infiltration, and facilitate tissue
ingrowth, it is necessary to design an alternative skin tissue
engineering scaffold that mimics the multi-layered structure
of the skin and possesses appropriate pores. In this study, a
two-layer scaffold was created using polycaprolactone
nanocomposite/zinc oxide nanoparticles through the solvent
casting/salt particle washing method. The top layer of this
scaffold is a chitosan membrane connected to the underlying
porous layers using sodium hydroxide as a cross-linking
agent.

2- Materials and methods

In this study, we aimed to create a three-layer scaffold that
mimics natural skin tissue and promotes faster wound
healing. To achieve this, we used a porous polymer
nanocomposite made of poly(g-caprolactone) and zinc oxide
nanoparticles. The nanoparticles were incorporated into the
scaffold at different concentrations (0%, 5%, 10%, and 15%)
using the solvent casting/salt leaching method. To complete

the scaffold, a third layer made of chitosan was added as an
external membrane. This layer was created by cross-linking
chitosan with sodium hydroxide. To analyze the properties
of the scaffolds, we conducted several tests. X-ray
diffraction (XRD) was used to examine the phase structure,
Fourier transform infrared spectroscopy (FTIR) was used to
analyze chemical functional groups, and scanning electron
microscopy (SEM) was used to observe the morphology of
the scaffolds. Additionally, the mechanical strength of the
scaffolds was evaluated by subjecting them to a compressive
strength test.

3- Results and discussion

Figure 1 displays the results of Fourier transform infrared
spectroscopic analysis regarding the composition of
polycaprolactone/zinc oxide nanoparticles/chitosan scaffold.
The analysis includes samples with varying weight
percentages of zinc oxide nanoparticles (zero, 5, 10, and
15%) after cross-linking with sodium hydroxide.
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Figure 1- FTIR spectra of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds containing 0, 5, 10 and 15% by weight
of zinc oxide nanoparticles after cross-linking with sodium hydroxide.
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Figure 2 (a-d) exhibits scanning electron microscope
images of the polycaprolactone/zinc oxide nanoparticles
/chitosan nanocomposite scaffolds. These images depict
samples with different weight percentages of zinc oxide
nanoparticles (0, 5, 10, and 15%) after cross-linking with
sodium hydroxide. The images reveal that the structure of
these scaffolds is porous with open pores. Furthermore,
investigations have indicated that the rough walls of these
pores provide an ideal environment for tissue cell adhesion
and proliferation.
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Figure 2- SEM images of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds containing a) 0, b) 5, ¢) 10 and d) 15%
by weight of zinc oxide nanoparticles after cross-linking with sodium
hydroxide.

Figure 3 demonstrates the impact of adding zinc oxide
nanoparticles and cross-linking of the composite samples on
the compressive strength of polycaprolactone/zinc oxide
nanoparticles/chitosan scaffolds. The figure includes
samples with varying weight percentages of zinc oxide
nanoparticles (zero, 5, 10, and 15%). It is evident that after
cross-linking with sodium hydroxide, the compressive
strength increases as the weight percentage of zinc oxide
nanoparticles reaches 5%.
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Figure 3- Changes in compressive strength of polycaprolactone/zinc
oxide nanoparticles/chitosan scaffolds containing zero, 5, 10, and 15%
by weight of zinc oxide nanoparticles after cross-linking with sodium
hydroxide.

4-  Conclusion

The results obtained indicated that the porosity of the
three-layered scaffolds exhibited a gradient behavior. The
scaffolds containing 5 wt.% zinc oxide nanoparticles and a
chitosan membrane with a cross-linking agent displayed
significantly greater structural integrity, morphological
cohesion, and compressive strength compared to the other
scaffolds that were prepared.
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Development of Polycaprolactone/zinc Oxide Nanoparticles/Chitosan Scaffolds for Skin
Tissue Engineering and Improving its Mechanical Properties

Fatemezahra Kasaeian Narges Johari

Abstract Skin, as the largest and one of the most vital organs of the human body, which is subject to damage more than
other tissues, consists of three main layers: epidermis, dermis, and hypodermis. Tissue engineering and biomaterials as
cell support can be used to regenerate the damaged parts of skin. In the present study, a three-layer scaffold was made
for biomimicking the native skin tissue and accelerating wound healing. Poly(e-caprolactone)/zinc oxide nanoparticles
as porous polymer nanocomposite containing 0, 5, 10 and 15 wt.% zinc oxide nanoparticles prepared in two layers
using solvent casting/salt leaching method. The third layer of chitosan as the external membrane was added by sodium
hydroxide cross-linking agent on the previous two layers. The phase structure, chemical functional group, and
morphology of the prepared scaffolds were investigated using X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), and scanning electron microscopy (SEM), respectively. To evaluate the mechanical properties,
the prepared scaffolds were subjected to compressive strength test. The obtained results showed that the porosity of the
three-layered scaffolds was partially changed in a gradient behavior. The structural integrity, morphological cohesion,
and compressive strength of the scaffolds with 5 wt.% zinc oxide nanoparticles in which the cross-linking agent was
used to add the chitosan membrane were significantly higher than the other prepared scaffolds.

Keywords: Scaffold; Skin tissue engineering; Poly(g-caprolactone); Chitosan; Zinc oxide nanoparticles; Cross-linking
agent; Sodium hydroxide
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1. Introduction

Nowadays, the water consumption has increased
dramatically with the growth of the human population.
Lack of water can threaten human health and cause many
diseases. In 2019, about 785 million people did not have
access to drinking water, and by 2025, human kind will
faced more drinking water shortages. New technologies in
the field of nanocomposites have been wused for
environmental protection and wastewater treatment by
removing of various pollutants such as dyes, drugs, etc.

2. Characterization of different nanocomposites

To characterize nanocomposites obtained from metals and
metal oxide nanoparticles, several methods such as FTIR,
SEM, TGA, BET, XRD, etc. could be used (Figures 1-3).
Thermal analysis methods are used to check the thermal
balance of nanocomposite. Scanning electron microscope
images are used to analyze the homogeneity, unevenness,
and morphology of materials.
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Figure 1. XRD of (a) alginate, (b) magnetic ferrite and (c)
magnetic ferrite - alginate composite

3. Dyes and methods of dye removal from wastewater
Dyes play an important role in people's lives and have been

used since ancient times. The first synthetic dye was
synthesized and identified in 1856 by William Henry
Perkin. There are several methods of wastewater treatment
by dye removal which can be classified as (i) physical
(adsorption, membrane, etc.) (ii) chemical (ozonation,
Fenton reaction, electrochemical degradation,
photochemical irradiation, advanced oxidation process,
etc.), and (iii) biological (aerobic and anaerobic) processes.
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Figure 2. SEM image of synthesized nickel-zinc ferrite
nanoparticle
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Figure 3. FTIR spectrum of (a) alginate, (b) magnetic ferrite,
and (c) magnetic ferrite - alginate composite
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4. Factors affecting pollutant
nanocomposites as adsorbents

Dye removal increases with adsorbent dosage due to the
increase in adsorbent surface area and the availability of
more adsorption sites (Figure 4).
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Figure 4. Effect of adsorbent dose on dye removal by
magnetic ferrite - alginate composite

The effect of initial pH on dye removal by magnetic ferrite
- alginate composite is shown in Figure 5. Dye removal
decreases by increasing pollutant pH due to the repulsion
between pollutant molecule and adsorbent surface.
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Figure 5. Effect of pH on dye removal by MFN-alginate

In Figure 6, the influence of wt% of MOF in MOF@GO
and MOF@CNT on the adsorption capacity is investigated.
Dye adsorption capacity increases by increasing pollutant
concentration and then decreased.
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Figure 6. The influence of wt. % of MOF in MOF@GO and
MOF@CNT on the adsorption capacity

In order to further investigate the adsorption process, the
effect of the initial dye concentration (50-100 mg/L of
malachite green) was studied (Figure 7). Dye adsorption
capacity increases by increasing pollutant concentration.
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Figure 7. The effect of the initial concentration of green
malachite on the efficiency of the adsorption process

5. The method of adsorption process

The dye adsorption measurement is done by mixing
adsorbent nanoparticles in dye solution. At the end of the
adsorption tests, the adsorbent particles are separated and
the initial concentration of the dye is determined. The
results are confirmed by adsorption kinetics isotherms, and
thermodynamics.

6. Conclusion

Dyes cause water pollution in the aquatic environment, and
to prevent pollution, dye removal methods are needed. In
this article, the use of different nanocomposites as dye
adsorbents has been reviewed with an emphasis on the
efficiency of the adsorption process. The methods
mentioned for the dye removal show that although
chemical methods are very efficient, they should not be
used alone in dye removal processes due to their harmful
effects. Among all dye removal methods, the adsorption
process (physical method) is one of the best methods for
dye removal. Researchers should use new adsorbents to
remove the dye. Adsorbent selection should be based on
ease of availability, cost, and renewability. The
development of biocomposite materials can be considered
as promising adsorbents for water treatment to remove
organic pollutants due to their high adsorption capacity,
and easy regeneration of saturated adsorbent (Figure 8).

MIL-53(Fe)

Figure 8. Biocomposites as promising adsorbents for water
treatment to remove organic pollutants
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Removal of Organic Pollutants from Colored Wastewater using Nanocomposite Adsorbents
Ali Hosseinian Naeini  Mohammadreza Kalaei Omid Moradi Niyaz Mohammad Mahmoodi

Abstract The presence of various organic pollutants such as dyes in water changes the color of water or its quality and
creates a terrible effect on the health of all creatures on the planet. Today, researchers have done a lot of research in the
field of removing organic pollutants and have chosen the best method for wastewater treatment, which includes the
adsorption process, the main reason for which is the low cost and simplicity of this method. Several methods including
physical (adsorption, membrane, etc.), chemical (advanced oxidation, photo-Fenton, ozonation, etc.), and biological
processes are used to remove dyes. In this research, the removal of dyes as organic pollutants with different
nanocomposites with parameters affecting surface adsorption, which include adsorbent dosage, equilibrium absorption
capacity, solution pH and temperature, and based on isotherm, kinetics, and thermodynamics, have been investigated
with different models. The results showed that the adsorption process has a great impact on the environment with
wastewater treatment.

Keywords Nanocomposite adsorbent; Colored wastewater; Organic pollutant removal
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1-Introduction

IPMC material (Ionic Polymer Metal Composite) consists
of an ionic polymer with anionic groups that are in balance
with mobile cations dissolved in water (or other solvent).
Metal-ionic polymer composites (IPMCs) are a group of
electroactive polymers that, due to their special structure,
are a suitable option for use as sensors and soft actuators
with low excitation voltage. An IPMC tape consists of a
polymer layer covered with two metallic conductive
layers. IPMC is a material that converts mechanical
movement into electrical signals (in sensing mode) and
electrical signals into physical deformation (in operating
mode). The behavior of matter is mainly explained by two
phenomena of electromechanical and mechanoelectric
transfer. In electromechanical transmission, electrical
energy is converted into mechanical energy, and in
mechanoelectric transmission, mechanical energy is
converted into electrical energy.

2- Experimental

2-1- Polymer structure

IPMC electroactive polymers consist of a perfluorinated
ion exchange membrane, chemically combined with noble
metals such as gold, palladium, platinum, and silver.
Nafion is the first polymer of synthetic polymers with ionic
properties, which are called ionomers. The unique ionic
properties of Nafion are the result of the combination of
perfluorovinyl ether groups that end in sulfonate groups on
a tetrafluoroethylene (PTFE) skeleton. Nafion has
attracted much attention in proton exchange membranes
due to its excellent thermal and mechanical stability.

2-2- lonic current

In the operating mode, the migration of hydrated cations in
the polymer structure, which is caused by the application
of an electrical signal, causes the mechanical movement of
IPMC. In other words, IPMC consists of a polymer branch
that is attached to anionic groups and a solvent with mobile
cations. The perceptual model is shown in figure (1). When

a voltage is applied to the IPMC electrodes, the flow of
cations (or ion current) will occur due to the generated
electric field. In the case of IPMCs with a water solvent,
the migration of cations also moves water molecules (due
to the change in osmotic pressure and the swelling of the
polymer near the cathode and its compression near the
anode) along with it; which in turn leads to bending of the
material towards the anode.

o Water Molecule

Q Hydrated Cation

g Polymer Backbone
with anions

E attached to it

Figl. Perceptual model of IPMC water

2-3- Electric effect of electrodes

The conducted studies indicate that the current of the
electrodes has an effect on the behavior of the
electromechanical transfer, and the electrodes significantly
affect the load dynamics and the operating performance of
the IPMC. To consider the electrode in the model, the ionic
current in the polymer is coupled to the electric current in
the electrodes. Contrary to the previous physical models,
the electrodes are not ideal but have electrical conductivity
with a limited transfer coefficient. Although the electrode
effect is better understood in the case of electromechanical
(current resistive) transmission, the basic physics is the
same for both types of transmission. The equation
describes the ion flow in the polymer part of IPMC. In the
case of electrodes, the differential form of Ohm's law for
current density is equation:
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Where ¢ is the electrical conductivity of the electrodes,
V and j is the electrical potential and current density in
the electrodes, respectively.

3- Back relxation in IPMCs

The phenomenon of back relaxation observed in IPMC
beams stimulated by applying DC voltage is due to the
presence of non-hydrated molecules in the polymer
network. Therefore, since the hydrated cations move from
the anode electrode to the cathode electrode, they
simultaneously transfer some free water molecules to the
cathode as additional mass. Now, it is decided that first, to
understand the bending behavior of these materials, we
modeled an IPMC strip and by getting some details from
solving the physical equations related to each area, we
were able to extend the model to three-dimensional space.

4- Methodology

4-1- Physico-chemical equations

As aresult of the deformation, the voltage between the two
electrodes is induced throughout the polymer. The main
cause of both mechanoelectric and electromechanical
phenomena (although they are the opposite) is the induced
ion current and as a result the generation of non-zero
charges in the vicinity of the electrodes. The ion current in
the polymer is calculated from the Nernst-Planck equation:

dC/dt+ V.(DVC — zuFCV¢ — nCAVAP) = 0 )
where C is cation concentration, ucation mobility, D
diffusion constant, F Faraday constant, Z charge
number, AV molar volume (which is a measure to quantify
the hydropbhilicity of cations), P is the solvent pressure and
electric potential in the polymer. It should be noted that the
electric potential ¢ inside the polymer and the electric
potential V in the electrodes are two different variables.
The dynamic coefficient can be expressed as equation (3):
u=D/RT 3)
In this relationship, R is the gas constant and T is the
absolute temperature. Equation (2) is the main relationship

that governs the explanation of the transfer phenomenon in
IPMC material. In addition to time, this relationship is also
affected by field gradients such as electric potential
gradient, concentration gradient and solvent pressure
gradient. These gradients exist in both types of transitions.
The potential gradient is explained by the Poisson equation
(relation (3)).

~v2¢p =P/ )
p=F({C—Co) ®)

The cation concentration is obtained from equation (6),
while the anion concentration depends on the local volume
tension.

5- IPMC 3D modeling and results

The model for the involved beam is prepared. The
geometry of the created model has been designed and
implemented in dimensions of 28.5 mm, 0.45 mm and 5
mm. The dimensions of the beam are considered with the
aim of validating the results of 3D simulation with
practical test data, similar to the sample of Naqvi and her
colleagues. In this geometry, 2.5 mm of the length is
considered to apply voltage in a fixed clamp.

It is necessary to solve partial differential equations in
meshing software or to create a mesh design in material
geometry. It is very important to achieve logical and
correct results of mesh selection, as well as the non-
dependence of the results on the number of elements and
the type of meshing (in other words, reaching a model
independent of the mesh).

The single-ended beam simulated in this research has
been excited under the application of direct voltage with
an amplitude of 3.5 volts and for a duration of 140 seconds.
Figure 2 clearly shows the changes in the components of
the force acting on the boundary between the polymer and
the electrode.

According to the gradient color spectrum in Figure 3, it
can be seen that the highest stress is applied to the IPMC
beam in the red areas close to the clamp and the lowest
stress is applied to the blue areas (tip of the beam).

(s ]

Fig 2. IPMC beam body forces. Forces acting on the upper(arrow) and lower (cone) electrode boundaries with the
polymer.(By applying DC voltage with a range of 3.5 volts for a period of 140 seconds.)
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Fig 3. Stress distribution in IPMC. (By applying direct electrical stimulation with an amplitude of 3.5
volts for a period of 140 seconds.)
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Fig 4. Concentration gradient in the polymer regions of the IPMC composite (by applying direct electrical stimulation
with an amplitude of 3.5 V a period of 140 seconds)
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Fig 5. Comparison of IPMC tip displacement in Back-Relaxation state
with a similar sample modeled in Comsol multi-physics software
(by appliying of 3.5v DC excitation for 140s)
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Figure 4 shows the result of Nafion concentration
changes after IPMC stimulation. According to these
concentration changes, IPMC swelling occurs in the red
area of this figure. It should be noted that the concentration
gradient is exactly the opposite of the potential gradient in
polymer regions.

The most important result of this modeling is the
displacement analysis of IPMC beam tip. In Figure 8, the
data obtained the displacement of modeled and real
IPMC beam tip as a result of different applied physics

The conformity of the data obtained from the modeling
with the real sample under direct voltage of 3.5 V indicates
the success of the designed model. Based on the criteria
mentioned in relation (11), there is a 93% agreement
between the IPMC modeling data and the real sample.

In this regard, it represents the displacement resulting
from modeling,d displacement of the real sample, | time
step, and n the total number of recorded time steps.

Fitting(%) =100 — -
n 11)

Comparison of IPMC tip displacement in the post-
relaxation state (by applying DC voltage with an amplitude
of 3.5 V in a period of 140 seconds) with the same sample
modeled in Comsol multi-physics software.

6- Conclusion

The phenomenon back relaxation observed in Excited
IPMC strips by applying DC voltage is due to the presence
of non-hydrated molecules in the polymer network.
Therefore, as the hydrated cations move from the anode to
the cathode, they simultaneously transfer some free water
molecules to the cathode as additional mass, and if the
excitation voltage is DC, due to static equilibrium, It is
expected the IPMC remains at the end of the activity and
does not go back (i.e. the state before stimulation and
bending), but in fact the IPMC strip bends back and as a
result shows the phenomenon of Back Relaxation. The
purpose of this modeling was to predict the rate of return
of IPMC to Back Relaxation state. According to the
reported results, the model can be extended to other
geometries with different electrode dimensions and
polymer thickness. The described model is capable of
predicting all types of IPMCs by having the mechanical,
chemical and electrical properties of the polymer part in
addition to moving other components such as changes in
concentration, changes in potential, changes in boundary
forces, and the amount of stress on any point of the
geometry. Definitely, considering the costs of preparing an
IPMC strip, using this model will be very economical in
terms of time and cost, and it will prevent the wastage of
healthy samples as well as the preparation of accurate data
recording hardware from this material.
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3D Modeling of Fatigue Effect in lonic Metal Polymer Composites
Arezoo Kharaji Nadia Naghavi Hojat Zamyad

Abstract lonic Polymer Metal Composites (IPMC) are smart materials that consist of two parts, metal, and elastomer.
Functionally, IPMCs are a group of electroactive polymers that, due to their special structure, are a suitable option for
use as sensors and soft actuators with low excitation voltage. When used as an actuator, in addition to the excitation
voltage, IPMC bending is affected by intrinsic and environmental factors. One of the serious challenges in the practical
application of IPMC is the prediction of the "Back-Relaxation effect". The term back-relaxation effect is a term used for
the gradual reduction of IPMC bending and return to the cathode side under constant voltage excitation. In this
research, the effect of back-relaxation on the bending behavior of IPMC has been modeled in three dimensions with
Comsol software, for the first time. The comparison of the results with the practical test data indicates high accuracy of
93% of the modeling in predicting displacement, which also confirms other important performance information such as
concentration changes and stress distribution in the material. Using this model to predict IPMC behavior will be very

cost-effective in terms of time and cost compared to practical tests.

Key Words Smart Material, lonic Polymer Metal Composite (IPMC), Back-Relaxation effect, Comsol, Multiphysics
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1. Introduction

Nowadays, humans are significantly exposed to the
radiation of electromagnetic waves. Tools such as TV
antenna, microwave, X-ray, light and heat, cosmic rays,
wireless  remote-control  units, radio  frequency
interference, electronic equipment such as laptops, mobile
phones, etc., are capable of producing electromagnetic
waves in a wide range of Frequency. Radiation of
electromagnetic waves can cause noise pollution, heat or
breakdown of electrical equipment. In addition, the
radiation of electromagnetic waves has harmful effects on
human health. Conductive polymer composites (CPC)
have favorable electrical conductivity, electromagnetic
interference shielding effect, ease of manufacturing,
flexibility in design, suitable corrosion resistance and low
density, compared to metal protective materials. This
category is considered in the field of protection against
electromagnetic wave .In segregated composite, a
conductive phase is coated on the surface of polymer
granules. This non-uniform distribution causes a low
percolation threshold in CPCs, but in these structures, the
surface separation of the conductive filler prevents the
diffusion of filler between the polymer granules and also
the conductive fillers accumulate on the granule surface,
which will be one of the factors of mechanical properties
drop. Adding a small amount of low molecular weight
polymer while adding conductive fillers increases the
adhesion of the conductive phase and polymer granules.

2- Materials

Multi-walled carbon nanotube powder (MWCNT)
prepared by Vera Carbon Nanomaterials Company, high
molecular weight polyethylene powder (HDPE) HD 52505
UV grade prepared from petrochemical jam and low
molecular weight polyethylene powder (LDPE), LFI2575
grade prepared from Ariassol Polymer Company was used.
Results Composite specimens were produced by mixer
milling of HDPE powder and 0.5, 3, 2, 1, 4, and 6 percent
by weight, of CNT powder. Nanocomposite samples
featuring a segregated structure were fabricated by using

hot press machine operating at a temperature of 122
degrees Celsius under a pressure of 16 tons. Subsequently,
1 wt. % LDPE was added to the composite powders to
explore the variation of conductivity within the segregated
structure.

SEM HV: 10.0 KV WD: 5.89 mm
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SEM MAG:

(d)
Fig 1. Composite powder scanning electron microscope
pictures: a and b) H-4CNT c and d) L-4CNT

The HDPE/MWCNT and HDPE/LDPE/MWCNT
composites were named as H-xCNT and L-XCNT,
respectively. In which the variable x denotes the weight
percentage of CNT in the structure, accompanied by the
incorporation of 1 weight percent of the LDPE phase.

(b)
Fig 2. Fracture surface images: a) H-2CNT, b) L-2CNT.

The FESEM images of composite powders (Figure 1)
is presented the coating of polymer granules by CNT and
also CNT bundle in some areas. By increasing the weight
percentage of CNT in the structure, the uniformity of the
carbon nanotube coating on the surface of the granules is

observed. As seen in Figure 2, the fracture surface of the
composite samples show the formation of segregated
structure, in which the carbon nanotubes have created a
conductive path around the polymer granules.

The local melting of the LDPE phase during the
processing of the composite sample causes the
creation of a fluid phase between the CNTs and
improves the adhesion of the conductive phase,
improves the conductive paths, and also reduces the
structural defects such as micro cracks and holes,
and improves the conductivity and mechanical
properties as well. If LDPE phase is added to the
structure with a high percentage of weight, it will
act as a diluent in the interface between the two
phases of HDPE and MWCNT and will cause better
adhesion of these two phases and ultimately
improve the mechanical properties and conductivity
in the structure (Fig. 3).

[ ]H-xCNT
a [ JL-xCNT
80
70
60
50 o
40
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20 4
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b — 1L-2%CNT

Fig 3. a) Conductivity changes of isolated HDPE/CNT
structures in the presence and absence of LDPE in terms of
carbon nanotube weight percentage, b) Stress-strain curve

of two H-2CNT and L-2CNT composites
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The Effect of LDPE Presence in Grain Boundaries on HDPE/CNT Nanocomposite with Segregate
Structure on Electrical Conductivity and Mechanical Properties

Reyhaneh.Rezania Samaneh.Sahebian Abolfazl.Babakhani

Abstract Conductive polymer matrix nanocomposites are suitable choice as a conductive material. Conductive polymer
composites with segregated structure has lower percolation threshold than random composites. Reinforcement in
Segregated structure composites are only located at polymers matrix particles interface instead of being distributed
randomly throughout the system. In this study, HDPE/CNT nanocomposites with segregated structure were fabricated by
dry mixing method in order to achieve significant conductivity at low weight percentage of conductive phase, due to
improvement of mechanical properties, the second polymer phase, which a lower molecular weight polymer matrix, was
added to composites structure. SEM images confirms that the presence of CNTs at polymer granules boundaries. The
conductivity in 1%wt of CNT phase for composite without second polymer phase equal 1.0491 S/m and composite with
second polymer phase was 0.4518 S/m and In case of LDPE phase, the threshold was reported as 0.07999 Vol% and in
the absence of this phase as 0.07999 Vol%. Tensile test results also show that improved mechanical properties for L-
2CNT composite compared to H-2CNT. The yield stress and fracture strain in the presence of LDPE phase have increased
by 26.11% and 208.62%, respectively.

Keywords Segregate structure, High density polyethylene, Carbon nanotube, Conductivity, Mechanical properties.
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