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1- Introduction

Considering the extraordinary mechanical properties of
carbon nanotubes and its lubrication ability, a number of
research works have been carried out to investigate the
relative properties of copper composites with carbon
material reinforcement. Guiderdoni and his colleagues
have studied the hardness, friction and wear of copper
nanocomposites with reinforcement. Investigated carbon
nanotube with double wall. It has been observed that the
hardness of nanocomposites is 50% higher than pure
copper. A lower friction coefficient at a lower wear rate
was obtained for nanocomposites by 4 and 20 times,
respectively, compared to pure copper. The carbon
materials formed during the tests were mixed with
mechanical layers, which reduced the wear rate and
friction coefficient. Lin and his colleagues investigated the
wear properties of copper composites with carbon
nanotube reinforcement by conducting wear tests.
Composites with 10%-15% weight percentage of carbon
nanotubes can reduce wear rate and friction coefficient.
After adding carbon nanotube to the composite, the
amount of plastic deformation decreased during the wear
test. This research investigated the wear behavior of Cu-
Zn/CNT  nanocomposites and the  copper-zinc
nanocomposite was made by powder metallurgy and
forging process. Wear test based on pin on disc method
based on G99 standard, friction and wear parameters under
different loads and also different sliding speed have been
studied and discussed. The reason for using Cu-5Zn alloy
is that this alloy is known as gilded brass (with 5% zinc).
Gilding rice is the most used in the gold and jewelry
industry for making golden coatings. The malleability of
this brass is like copper, but its strength is greater; At the
same time, it has poor machinability. Very little research
has been done on gilding rice. The aim of this research is
to improve the mechanical and wear properties of this
series of copper alloys using carbon nanotubes.

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 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 electron microscope images of carbon
nanotubes before coating and after annealing with nickel.
As shown in Figure 1-A, the carbon nanotubes are in
cluster form, and in order to break the clusters, they were
subjected to ultrasonic waves for 30 minutes in ethanol
solution. Ultrasonic waves disperse the carbon nanoplates
inside the ethanol.

Figure 1-b shows the SEM image of carbon nanotubes
coated with nickel by electrolysis method, in which nickel
is coated on the outer walls of carbon nanotubes. The main
purpose of creating a nickel coating on carbon nanotubes
is to improve the connection between carbon nanotubes
and the copper-zinc alloy base. Effective charge transfer
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from metal substrate to carbon nanotubes creates strong
nanocomposite and improves mechanical properties.

Fig. 1 Scanning electron irﬁages of (a) as received and (b)
nickel coated carbon nanotubes.

Figure 2 shows the coefficient of friction of copper-zinc
alloy and its nanocomposites at a sliding speed of 0.3 m/s.
In this test, by increasing the sliding speed, the sliding
distance of 5940 meters and the load of 5 Newtons were
kept constant for all wear tests. It was observed that with
the increase of the sliding speed, the friction coefficient
increased for all materials, including copper-zinc alloy and
nanocomposites. The coefficient of friction for the
nanocomposite with 0.75% by weight of uncoated and
coated carbon nanotubes increased from 0.15 to 0.25 and
from 0.21 to 0.32, respectively, when the sliding speed
changed from 0.3 m/s to 0.9 m/s.

051 051 b Cu-Zn/CNT @ Cu-Zn/NFCNT

0.5 —

035

0.31
0.25

Fig 2 Coefficient of friction of uncoated and nickel
coatedCNTbased copper nanocomposites at sliding speed of
0.3 ms—1.
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Figure 3 shows the effect of uncoated and nickel-coated carbon
nanotubes on the wear rate of copper-zinc nanocomposites.
Figure 4 shows the wear rate of nanocomposites coated with
carbon nanotubes. In variable loads of 5 newtons and 25 newtons,
the sliding speed and distance were kept constant with values of
0.3 m/s and 5940 m, respectively. The estimated wear rate for
copper-zinc base alloy was 65*10-5 mm3/m3. While for the
nanocomposite with 0.75% by weight of uncoated carbon
nanotubes, it was equal to 19*10-5 mm3/m for a load of 5
Newtons. When the load increases from 5 N to 25 N, the wear
rate for copper-zinc base alloy is 85*10-5 mm3/m and for
nanocomposites with 0.75% by weight of carbon nanotubes
without nickel coating, it is 28*10-5 mm3 /m was obtained.

90 85
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Fig 3 Wear rate of uncoatedCNT/Cu nanocomposites at
fixed sliding speed of 0.3 m s—1.

4- Conclusion

[1 Copper-zinc nanocomposites reinforced with carbon
nanotubes coated with nickel and without nickel
coating were successfully prepared using the primary
process of powder metallurgy and pressing was used
as a secondary process.

[ By increasing the content of carbon nanotubes, the
coefficient of friction of copper-zinc nanocomposites
reinforced with carbon nanotubes coated with nickel
and without nickel coating decreased.

[ The decrease in the friction coefficient of copper
nanocomposites compared to copper-zinc base alloy
is related to the lubrication effect of carbon
nanotubes.

[ The amount of wear for both nanocomposites
reinforced with nickel coating and without coating
decreased with the increase of carbon nanotubes. The
low wear rate of these nanocomposites is related to
the high hardness and the limitation of wax flow by
carbon nanotubes.

[ With increasing load from 5 newtons to 25 newtons
and wear speed from 0.3 m/s to 0.9 m/s, the wear rate
of copper-zinc nanocomposites reinforced with
carbon nanotubes with nickel coating and without
coating has increased.

[] Factors such as adhesion, flaking and oxidative wear
are effective in examining the wear levels of copper-
zinc base alloy and its nanocomposites.
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Investigating the Wear Behavior of Nanocomposite Based on Cu-5Zn
Alloy Reinforced with Carbon Nanotubes

Mohammad Alipour

Abstract In the present work we report the development of carbon nanotube reinforced copper-zinc alloy
nanocomposites. The carbon nanotubes were used in both uncoated and nickel coated conditions to reinforce copper
matrix. The nanocomposites with different carbon nanotubes (0.25 to 1.0) weight percentage were developed using a
combination of ultrasonication, ball milling and sintering processes. The developed nanocomposites were subjected to
microstructural characterization using scanning and transmission electron microscopes to observe the dispersion of
carbon nanotubes. The effect of carbon nanotubes on friction and wear properties of copper nanocomposites were studied
using pin on disc testing rig as per ASTM G99 standard. The coefficient of friction of both 1 wt% uncoated and nickel
coated carbon nanotubes reinforced nanocomposites was found when compared to copper-zinc alloy. Similarly the wear
rate of nanocomposites were found to decrease with the incoporation of carbon nanotubes. The low coefficient of friction
and wear rate were attributed to uniform dispersion of carbon nanotubes and formation of carbonaceous layer on the
surface of nanocomposites during dry sliding wear.

Key Words Carbon Nanotubes, Copper, Friction and wear, Nanocomposites.
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1- Introduction

Silicon carbide (SiC), despite its excellent tribological
characteristics and wear resistance in corrosive and harsh
environments, there are still no significant studies on its
deposition by thermal spraying. SiC strongly oxidizes and
decomposes at temperatures of 2400 to 2500°C (before
reaching the melting temperature). This feature makes
silicon carbide coating difficult during thermal spraying.
One idea for coating the SiC particles by thermal spraying
process is to protect them with a metal clad. Although
nickel electroless has been used to increase the wettability
of carbide nanoparticles in metal matrix composites, so far
no research has been done on the use of this process to
produce silicon carbide micron powder coated with nickel
for thermal spraying.

The high-velocity oxygen-fuel (HVOF) process is
commonly used to create metal matrix composite coatings.
The HVOF process uses the combination of oxygen with
compressed air along with gas fuel or liquid fuel to create
temperatures of 2400-3200°C. The special design of the
chamber has led to the formation of an ultrasonic flame in
which the injected powders can reach speeds of 700-800
m/s and form a coating after reaching the substrate. In
some applications, despite the occurrence of severe
thermal decomposition, atmospheric plasma spraying
(APS) process is used to apply composite coatings on
metal surfaces.

The aim of this research is to protect silicon carbide
particles during HVOF and APS processes using SiC
powder particles coated with nickel. A cobalt-based alloy
is also added to the SiC(Ni) powder mixture to increase the
spray ability of the coating.

2- Experimental Study

The SiC powders had a high purity of 99%, a particle size
of -45+15 pum and a theoretical density of 3.2 g/cm?®.
Degreasing of the powder was done by ultrasonic cleaning
in acetone. The powders were sensitized and activated by
tin chloride (SnCly) and palladium chloride (PdCly)

solutions, respectively.In order to cover the activated
powder particles, nickel electroless bath composition
according to Table 1 was used. Temperature and pH during
the electroless plating process were 85°C and 4.5,
respectively.

Table 1- nickel electroless bath composition

Compound Content
NiSO4.6H.0 10 g/l
NaH,PO, 1:1
NaOH 10 ml/l
CaoHsN2 1:3

In roughen the powder particles, a solution containing 100
ml/l HF and 2 g/l NaF was used for 10 minutes.Four
different samples were coated according to Table 2.

Table 2- coated samples in the nickel electroless bath

Sample | Roughening | Plating time
1 No 5 min
2 No 10 min
3 Yes 5 min
4 Yes 10 min

The SiC(Ni) powder and 70 vol.% cobalt mixture was
used for coating by HVOF (JP-5000 torch) and APS (F4
gun) processes. The substrates used for coating were
simple carbon steel with a thickness of 10 mm and a
diameter of 25 mm.

To identify SiC powder phases, X-ray diffraction
analysis was performed. The data obtained from XRD
were analyzed by Xpert high score plus software.
Metallographic samples were prepared according to
ASTM E1920. From the morphology and cross section of
the  metallographic  samples, scanning electron
microscopic images using the TESCAN VEGA3
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microscope were prepared. Also, to determine the
chemical composition of different phases, EDS elemental
distribution analysis was also performed on the powders.
The SEM images were used to measure the thickness of
Ni-P coating created on SiC particles. Hardness test was
evaluated using a Vickers indenter with a load of 300 g on
the polished cross-section of the coatings.

3-Result and discussion

The SEM images of powder morphology of the samples 1
and 2 are shown in Figure 1. EDS analysis showed that the
white phases contain 92.9 wt.% of nickel and 1.7 wt.%
phosphorus.In the sample 1, a significant part of the SiC
powders do not have a coating. Although with the increase
of time from 5 to 10 minutes in the sample 2, more nickel
was deposited from the solution, but a uniform coating was
not formed on the SiC particles.

Figure 1- SEM of powder morphology: a) sample 1, b)
sample 2

SEM images of powder morphology of the samples 3 and
4 are shown in Figure 2. As can be seen from Figure 2a, a
continuous Ni-P coating is formed on sample 3 powder.
Increasing the electroless plating time from 5 to 10 minutes
has resulted in cracks in the coating (Figure 2b).

Figure 2- SEM images of powder morphology: a) sample 3,
b) sample 4

The thickness of the Ni-P coating in sample 3 was
measured to be about 1 to 3 micrometers (Figure 3).

Figure 4 shows the image of SiC(Ni)-Co created by the
HVOF process. The volume percent of SiC particles was
calculated as 20+3. On the other hand, the SiC particles
observed in the microstructure have smaller dimensions
than the original powder, which is due to the thermal
decomposition of its external surfaces, but due to the high
speed of the HVOF flame, its central core
remains.Considering that the amount of SiCin the initial
composite powder was 30 vol.%, it can be concluded that
about 10% of it was oxidized or decomposed during the

HVOF process. However, a significant volume fraction of
SiC reinforcing particles contributes to the HVOF coating.

Figure 3- SEM image of the polished cross-section of
powder sample 3.

Figure 4- Cross secion of SiC(Ni)-Co coatig created by
HVOF process (A: SiC)

The cross-sectional hardness of SiC(Ni)-Co coatings
created by APS and HVOF processes was measured as
460+30 and 570440, respectively. The hardness of the
pure cobalt coating created by the HVOF process was also
obtained as 480 + 30.The higher hardness of the composite
coating by HVOF compared to the pure type is due to the
SiC reinforcing particles. As a result, the protection of SiC
particles and its participation in metal-based composite
coatings has a significant effect on increasing the hardness
of the coating.For functional evaluation, wear test is
suggested.

4- Conclusion

e Roughening of the primary SiC particles and then
their electroless plating in 5 minutes resulted in the
continuous Ni-P coating.

e Ni-P coating led to the protection of SiC particles
during HVOF spraying, while it was not able to
protect SiC particles during APS.

e The hardness of the HVOF-sprayed SiC(Ni)-Co
coating with a significant contribution of silicon
carbide led to an increase in hardness by 110 HVo3
compared to the APS SiC(Ni)-Co coating with a small
contribution of silicon carbide.
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Investigating the Ability of Coating the SiC by APS and HVOF Processes through the Nickel-
Phosphorus Cladding on the Primary Powder

Pejman Zamani Moghadam Zia Valefi Masoud Mirjani

Abstract In this research, silicon carbide (SiC) powder with a particle size of 30 to 45 micrometers and an irregular
morphology was used for coating in an electroless nickel bath. The effect of particle surface roughening parameters in
an acidic solution and electroless process time on uniformity and thickness of Ni-P coating on the SiC particles was
investigated. SiC(Ni)-70vol.%Co blended powder was coated on simple carbon steel substrates by high-velocity oxy-
fuel (HVOF) and atmospheric plasma spraying (APS) processes. The composite powder was obtained from the
mechanical blending of cobalt powder with coated silicon carbide SiC(Ni) powder. The microstructure and morphology
of powder particles and corresponding coatings were investigated by scanning electron microscopy (SEM). The results
showed that the surface preparation of SiC powder by roughening the particles with HF/NaF solution and electroless
time of 5 minutes led to the formation of a continuous and uniform Ni-P coating with a thickness of 1-3 micrometers on
the SiC particles. Electroless nickel coating during thermal spraying by HVOF protected SiC particles against
decomposition and oxidation and as a carrier led to the placement and distribution of SiC in SiC(Ni)-Co composite
coating. In the APS process, due to the very high temperature of the plasma jet and thermal decomposition, SiC
particles was insignificantly contributed to the coating microstructure. The micro-hardness of two mentioned coatings
was measured as 570+40 and 460+30 HVq 3, respectively, and this difference was due to the effect of the significant
distribution of SiC in the HVOF coating.

Key Words Silicon carbide, Ni-P, Thermal spray, HVOF, APS.
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1. Introduction
Studying the history of novel materials has shown that the

discovery and production of these materials provides the
facilities needed for innovation in various fields. [1,2] This
revolution in the production of materials has led to the
discovery of new synthesis methods that are more
economically cheaper, environmentally friendly and
operate at a higher speed. Among; these methods are sol-
gel, co-precipitation and combustion synthesis. [3] The
solution combustion synthesis method is known as a
simple and efficient method which provides the possibility
of producing materials with the desired quality and
composition. Compared with other methods, this method
leads to the production of metal nanoparticles at lower
temperatures, attributed to the spontaneous exothermic
reaction between NHs; and HNOs. [3,4] Among well-
known metal oxide nanoparticles are NiO, MgO, CuO, and
Zn0. [5] manganese oxides have been considered as
promising materials due to their low toxicity, low cost and
environmental compatibility. [6] Additionally; copper
oxides, due to their low cost, and narrow band gap, find
applications in various fields including electro catalysts
and photo catalysts. the purpose of the current research is
to prepare mixed metal oxide from the Cu-Mn-O system
by solution combustion synthesis method as an
environmentally friendly method. Also, the effect of the
fuel-to-oxidizer ratio on phase crystallization and physical
characteristics of the obtained samples (such as particle
size, morphology, and porosity) is also investigated. In this
regard, there is no definition for the optimal molar
percentage and the optimal ratio of fuel to oxidizer

Furthermore, the best parameters are chosen based on the
desired properties for the required application. For
example, researchers have used Cu;0-Mnz0y in lithium-
ion batteries [8], and Mn,O;@MnO; as active materials in
supercapacitors [9] achieved essential results. In this
research; CuOx-MnOy mixed metal oxide was prepared by
the solution combustion synthesis method; for this
purpose, glycine fuel was used in various fuel-to-oxidizer
ratios. Additionally; the effect of changing the molar
percentage of Cu and Mn cations on the crystallization of
the final product phases was investigated.

2. Materials and Methods

The primary materials used in this study include (Cu
(NO3)2*3H20), (Mn (NO3)2*4H20), and glycine
(C2H5NO2) which are used without further purification.
The precursors of manganese nitrate tetrahydrate and
copper nitrate trihydrate are mixed separately with
distilled water. The solution is transferred to a 250 mL
beaker and subjected to further stirring by fuel addition.
Eventually, the solution is placed on a preheated hot plate
at 330 °C for water evaporation and gel formation in the
reaction medium.

3. Results and Discussion

3.1 Analysis XRD

Figure 1 shows the XRD pattern of the synthesized
samples at F/O=1 ratio for the specified chemical
compositions. In the X-ray diffraction pattern of the Cuzqo-
G sample, the presence of two main phases, Cu and Cu.0,
is observed. the CuO phase with the card number (CuO-
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ICDD card N0.=01-080-1916) is well-crystallized. In
addition to CuO, the presence of the Cu,O phase with the
card number (Cu,O-ICDD card No0.=01-075-1531) at
36.35=02 is also observed. The formation of these phases
can be attributed to the decrease in oxygen pressure within
the system, which consequently lowers the phase transition
temperature. Also, in the fuel-to-oxidizer ratio 1 observant
increase in temperature compared to other systems. As a
result, it increases the system's tendency towards forming
phases with a lower oxide state. The gradual addition of
manganese nitrate and the increase in the created
temperature prevent the placement of the reaction solution
within the stability region of the MnO, phase, leading to
the decomposition of manganese nitrate into MnyOs,
Mn3QO4, and MnO. Also, Due to its stability at temperatures
above 700°C, the solid solution CuMn;O4 exhibits a
greater propensity for formation of compositions
containing manganese nitrate.

* MnO aMn,0, *Mn,0, $Cu,0 & Cu ¥CuO @
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Figure 1. XRD pattern of the sample synthesized with glycine
fuel and fuel to oxidizer ratio of 1 in specific Cu-Mn-O ratios.

3.2 Analysis FE-SEM

Figure 2 displays FE-SEM images of synthesized samples
with stoichiometric fuel-to-oxidizer ratios. The sample
Cul00 has a cauliflower-like morphology, formed by
agglomerated spherical CuOx nanoparticles (Figure 2a).
As Mn cations increase, it transitions to a porous sponge
or foam-like structure. Higher temperatures lead to faster
reactions, and impede particle growth. Consequently, with
the increasing manganese nitrates yield smaller particles
(Figure 2b-d). Increased gas volume is the key factor in

forming a porous structure; As the gas volume of Mn100
is lower but the ignition temperature is higher, the
inhibition of the growth of nanoparticles due to reduced
reaction time was observed.

Figure 2. SEM images of the surface of synthesized
nanoparticles of Cu-Mn mixed metal oxide in the ratio of
fuel to oxidizer 1 (a)Cuioo (b)Curs-Mnzs (c)Cuso-Mnso
(d)Cuzs-Mn7s(e)Mnu1oo

4. Result and discussion

The obtained results in this research are as follows.

The obtained results revealed that glycine is used as a
suitable fuel for the synthesis of metal nanoparticles and
solid solution; The high temperature created by the glycine
fuel leads to the synthesis of the desired nanoparticles in a
single-step, rapid, without the need of furnaces and
expensive equipment. The formation of CuMn,QO, solid
solution along with a mixture of CuOx and MnOy oxides in
chemical compositions with a higher molar percentage of
Mn exhibits a greater tendency to form due to high
temperature. In all the studied compositions, the smallest
crystals size of the nanoparticles is reported in the fuel-to-
oxidizer ratio equal to 1, which is caused by factors such
as the decrease in temperature caused by the release of a
larger volume of gases in this fuel-to-oxidizer ratio.
Furthermore, the released gas volume has a significant
effect on the morphology of the final products; Analyzing
the morphology of the synthesized products in the ratio of
fuel to oxidizer 1 shows the formation of sponge-like
morphologies, which is influenced by the effect of two
parameters, the temperature increase and the output
volume of gaseous products.
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The Effect of Process Parameters on the Phase and Microstructure of Cu-Mn-O Mixed Metal Oxide
Synthesized via Solution Combustion Synthesis

Laya Agah Sahar Mollazadeh Beidokhti Ghasem Barati Darband Jalil Vahdati Khaki

Abstract Cu-Mn mixed metal oxide nanoparticles were synthesized using the solution combustion method with using
glycine as the fuel. Various ratios of fuel to oxidizer and different molar percentages of Cu and Mn cations were
considered as variables in this system for investigation. Then, the effect of the aforementioned changes on the
crystallization of the phases of the final product and the change in the crystallite size of the particles were evaluated. In
the next step, the physical and chemical characteristics of the final products were carefully evaluated using using both
X-ray diffraction (XRD) and scanning electron microscope (SEM). The results obtained from XRD and FE-SEM analyses,
the simultaneous effect of changes in the ratio of fuel to oxidizer and the molar percentage of metal cations on the
composition of phases, the morphology of the constituent particles, and the crystallite size of the particles were
investigated. Also, the use of glycine fuel led to the synthesis of solid solutions of CuMn204 and CuMnO2 without needing
furnaces or expensive equipment. By increasing the molar percentage of Mn in the fuel-to-oxidizer ratio (1), the porosity
and pore size increased. Furthermore, calculations confirmed the smallest crystallite size at this fuel-to-oxidizer ratio.

Keywords Solution Combustion Synthesis, Mixed Metal Oxide, System Cu-Mn-O« The Effect of Fuel to Oxidizer.
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Cu (NO3)2*3H20 + 0.555 C2HsNO2 = 0.5 CuO + 0.5 Cu (NO3)2*3H20 + 1.11 CO2 + 2.8875 H20
+0.7775 N2 + 0.00102

Cu (NO3)2*3H20 + 0.8325 C2HsNO2 - 0.75 CuO + 0.25 Cu (NO3)2*3H20 + 1.665 CO2 +
4.33125 H20 + 1.16625 N2 + 0.001875 O2

100CuO

Cu (NO3)2*3H20 + 1.11 C2HsNO2 - 0.5 CuO + 0.5 Cu (NO3)2*3H20 + 1.11 CO2 + 2.8875 H20
+0.775 N2 + 0.0025 O2

Cu (NO3)2*3H20 + 1.3875 C2HsNO2 - CuO + 2.22 CO2 + 5.775 H20 + 1.555 N2 + 0.2775
C2HsNO:2

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 4.75C2HsNO2 - 3.375Cu0 + 1.125Mn0O2 +
3.375Cu (NO3)s*3H20 + 1.125Mn (NOs)s*4H0 + 9.5C05 + 26.5H,0 + 6.875N>

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 7.125CzHsNO; > 5.0625CuO +1.6875 MnOz +
1.6875Cu (NO3)2*3H20 + 0.5625Mn (NO3):*4H20 + 14.25C0Oz + 39.75H20 + 10.3125N>

6.75Cu (NO2)2*3H20 + 2.25Mn (NO3)2*4H:0 + 9.5C2HsNO2 > 6.75CuO + 2.25MnO2 + 19CO;
+53H,0 + 13.75N;

75Cu0-25Mn0O;

6.75Cu (NO3)2*3H20 + 2.25Mn (NO3)2*4H,0 + 11.875C2HsNO2 = 6.75CuO + 2.25Mn0O2 +
2.375C2HsNO2 + 19CO2 + 53H20 + 13.75N2

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H20 + 4.5C2HsNO2 > 2.25Cu0 + 2.25Mn0O2 + 2.25Cu
(NO3)2*3H20 + 2.25Mn (NO3)2*4H20 + 9CO2 + 27H20 + 6.75N2

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H0 + 6.75C2HsNO, > 3.375CuO + 3.375MnO2 +
1.125Cu (NO3)2*3H20 + 1.125Mn (NOs)2*4H20 + 13.5CO2 + 40.5H20 + 10.125N,

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H0 + 9C2HsNO2 - 4.5CuQ + 4.5MnO; + 18CO; +
54H20 + 13.5N2

50Cu0-50Mn0O;

4.5Cu (NO3)2*3H20 + 4.5Mn (NO3)2*4H20 + 11.25C2HsNO2 = 4.5CuO + 4.5MnO; +
2.25C2HsNO; + 18CO; + 54H,0 + 13.5N,

2.25Cu (NO3)*3H0 + 6.75Mn (NO3)*4H,0 + 4.25C;HsNOz > 1.125Cu0 + 3.375MnOz +
1.125Cu (NOs)2*3H20 + 3.375Mn (NOs)2*4H20 + 8.5CO; + 27.5H20 + 6.625N>

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 6.375C2HsNO2 - 1.6875Cu0O + 5.0625Mn0O2 +
0.5625Cu (NO3)2*3H20 + 1.6875Mn (NOs)2*4H20 + 12.75CO2 + 41.25H20 + 9.9375N>

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 8.5C2HsNO2 - 2.25Cu0 + 6.75Mn0O2 + 17CO2
+ 55H20 + 13.25N2

25Cu0-75Mn0O;

2.25Cu (NO3)2*3H20 + 6.75Mn (NO3)2*4H20 + 10.625C2HsNO2 = 2.25Cu0O + 6.75Mn0O2 +
2.125C2HsNO2 + 17CO2 + 55H20 + 13.25N2

Mn (NOs)2*4H20 + 0.4445 C2HsNO2 - 0.5 MnO2 +0.5 Mn (NOs)2*4H20 + 0.889 CO2 + 3.1125
H20 + 0.72225 N2

Mn (NOs)2*4H20 + 0.66675C2HsNO2 > 0.75MnO2 +0.25 Mn (NOz)2*4H20 + 1.3335CO2 +
4.667H20 + 1.0833N:

100MnO;

Mn (NOs)2*4H20 + 0.889C2HsNO2 > MnO;z + 1.7778CO2 + 2.6225H20 + 1.4445N;

Mn (NO3)2*4H20 + 1.11125C2HsNO2 = MnO2 + 0.22235C2HsNO2 + 1.7778CO2 + 6.2225H20 +
1.4445N
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1. Introduction

In the 19th century, at the same time as the industrial
revolution, the use of metals as implant materials in the
body was developed. The high degradation rate of
magnesium and magnesium alloys in the physiological
environment of the body leads to a decrease in the
mechanical strength of the implant before the complete
healing of the bone tissue. Therefore, the purpose of this
research is to improve the bioactivity behavior of AZ31
alloy by applying micro spark coating.

2- Materials and methods
In this research, commercial magnesium alloy AZ31, with
dimensions of 2 x 2 cm and thickness of 5 mm, was
prepared from AZ31 sheet.

Table 1. Chemical composition of magnesium alloy
AZ31
Mg | Al Zn Mn Si Cu

AZ31

Bal | 3.05 | 082 |04 | 0.02 0.003 | WP

In order to carry out the process of micro-spark
oxidation, an electrolyte with a silicate composition with a
fluorine precursor has been used. For this purpose, a
solution containing 50 grams per liter of sodium hydroxide
(NaOH), 50 grams per liter of sodium silicate (Na2SiO3)
in double distilled water was prepared. ..The microspark
oxidation process was carried out under voltages of 45 and
30 volts and for a period of 45 and 60 minutes..In order to
investigate the corrosion behavior of all the samples, the
electrochemical impedance spectroscopy (EIS) test was
used in simulated body solution (SBF, pH=7.4). . In order
to check the surface of the sample before and after the
corrosion test, X-ray diffraction tests, elemental analysis
and microscopy becomes bone tissue. Therefore, the
purpose of this research is to improve the bioactive
behavior of AZ31 alloy by applying micro spark coating.
Scanning electron microscopy was used. In order to check
the bioactivity properties of the prepared samples and
detect the presence of apatite layer in the coating, infrared

spectroscopy methods with Fourier transform were
performed. In order to investigate the effect of adding
Baghdadite nanoparticles on the hydrophilic or
hydrophobic behavior of the polymer coating applied on
AZ31 magnesium, the wettability test was used.

3-Results and discussion

The results of EDS from the anodized sample surface in
Figure 1 confirm the presence of Si, O and Mg elements,
which indicates the presence of MgO and forsterite on the
sample surface. The presence of this porous and uneven
layer on the surface, in addition to increasing the corrosion
resistance of the AZ31 substrate due to the created oxide
layer, leads to the improvement of the adhesion of the
polymer coating to the substrate.

Based on the electrochemical impedance results for the

coated sample (Figure 2), the MAO sample shows better
corrosion resistance than the AZ31 sample (larger
capacitance ring diameter). As can be seen, the impedance
for the uncoated and coated sample MAO in the low
frequency area has increased from 1980 to 4650
respectively. According to the sources, it is said that the
higher the impedance in the low frequency range.
The results of elemental analysis on the MAO sample at
different immersion times prove that a small amount of
calcium-phosphate compounds was formed on the surface
of the sample.

The formation of calcium-phosphate compounds on
the magnesium implantable surface has been able to
reduce its degradability to a large extent. Because these
compounds are very resistant and stable in the
environment containing chlorine ions and are not easily
destroyed like the magnesium hydroxide layer. Therefore,
it can control the degree of degradability, reduce the
corrosion rate to a great extent, and also lead to the
improvement of the connection of the implant to the body
tissue and its stabilization in the body.

Applying MAO coating on AZ31 leads to decrease of
wetting angle from 79 degrees to 28 degrees. Considering
that if the angle changes in the range of 0 to 90 degrees,
the desired surface will be hydrophilic, the results of

*Manuscript received: October 26, 2022, Revised. November 5, 2023, Accepted, December 4, 2023.
' Assistant Professor, Faculty Member of Payam Noor University. Email: f.soleymani52@pnu.ac.ir
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applying the micro spark oxidation coating have increased
the amount of water absorption, and this means that the
surface has moved towards hydrophilicity, as a result of
water absorption to The level will be higher. Figure 3. The
results of the X-ray diffraction test for the MAO sample
are in complete agreement with the results of the elemental
analysis and scanning electron microscope images
showing the reduction of corrosion products.

Figure 4 shows the result of the infrared spectrometry
test with Fourier transform for the sample sample at two
times of 7 and 28 days of immersion. As can be seen in the
picture, the peaks observed at 1621 and 501 cm-1 belong
to the hydroxyl group (H-O) in the structure of apatite.
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Figure 1. A) Scanning electron microscope image of MAO
sample surface. b) Elemental analysis of the MAO sample
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Figure 2. The results of the electrochemical
impedance test a) Phase b) Nyquist c) Bad.
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Figure 4. The pattern obtained from infrared

4-Conclusion

In this research, the results of the electrochemical
impedance test after one hour showed a decrease in
corrosion tendency. With the application of anodizing
coating, the percentage of water absorption increased from
1.7% to 3.5%, and it leads to a decrease in the wetting
angle from 79 degrees to 28 degrees, and by creating a
porous and uneven layer on the surface, it leads to the
creation of a suitable substrate for applying the secondary
coating. The results. From the simulating body fluid (SBF)
test, it has been shown to increase the amount of apatite
and increase bioactivity. According to these results, it can
be concluded that the application of anodizing on AZ31
alloy can lead to the improvement of the behavior of this
alloy as medical implants.
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Improvement the Surface of AZ31 Alloy for Using in Tissue Engineering Application

Farzad Soleimani

Abstract The main purpose of this research is to apply micro spark oxidation coating on AZ31 alloy in order to
improve the corrosion resistance, bioactivity and biocompatibility of this alloy. After modifying the surface of AZ31
alloy using micro spark oxidation method at 60-45V voltage and 30-60 minutes in SBF solution, the samples was tested.
Applying different voltages and times led to the creation of a suitable layer on the magnesium surface. The results of the
electrochemical impedance test show the improvement of the corrosion resistance of the anodized AZ31 alloy. In order
to examine the samples, X-ray diffraction (XRD), infrared spectroscopy (FTIR), scanning electron microscopy (SEM)
and elemental analysis with X-ray energy dispersive analysis (EDS) were used. The application of anodizing coating
(MAO) led to the hydrophilicity of the surface of the AZ31 alloy, and as a result, the amount of water absorption on the
surface increased compared to the AZ31 alloy (the percentage of water absorption increased from 1.7% to 3.5%)
according to the results of applying the anodizing coating of AZ31 It leads to a decrease in the wetting angle from 79
degrees to 28 degrees. Considering that the wetting angle was between 0 and 90 degrees, all the surfaces are
hydrophilic, applying the micro spark oxidation treatment on the surface of the AZ31 sample leads to the creation of a
porous and uneven layer on the surface and in The result leads to the creation of a suitable substrate for the application
of secondary coating. In order to evaluate the ability of apatite formation on the samples, simulating body fluid (SBF)
test was used. The results show that the formation of apatite layer on the surface of the samples can be considered as a
measure of bioactivity. The application of the coating showed the highest ability to form apatite, the controlled release
of ions and the lowest corrosion rate, so that it can It is a good choice for bone implants.

Keywords Anodizing, Coating, Magnesium Alloy, Bone, Electrochemical Impedance.
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1- Introduction

The fabrication of polymer-based composites with
segregated structure using conductive fillers is one of the
methods to achieve a material with desirable electrical
conductivity in low weight percentage of the conductive
reinforcement. Using of carbon materials such as graphite,
carbon nanotubes, and carbon black as the conductive
phase, compared to metals in polymer matrix composites,
is one of the ways to reduce production costs and achieve
superior electrical properties in the segregated structure of
composites [1-4]. The weak mechanical properties of
segregated structure compared to composite with random
distribution is related to the weak interface and the
accumulation of micro-holes at the boundary of the two
phases. to solve it, the use of polymer reinforcing phase
with lower molecular weight compared to matrix is
suggested.

2- Experimental

The matrix phase of the composite in this study is High-
Density Polyethylene (HDPE) and Carbon Black (CB)
were used as the conductive phase with particle sizes
between 20 to 50 nm. Low-Density Polyethylene (LDPE)
was selected as a secondary reinforcing phase. CB/HDPE
composite samples without of LDPE phase and in the
presence of 0.5% wt LDPE with 0-5% by weight of carbon
black were prepared under hot pressing at a pressure of 16
tons, in the temperature range of 122 to 124 °C.

Results and Discussion
Considering the FESEM images obtained from the tensile
test in Figure 1-a, fracture surfaces of HDPE/2%wt CB

and HDPE/2%wt CB/0.5%wt LDPE composites can be
observed. for both samples, the segregated structure or
conductive paths is well visible. besides, in the
HDPE/2%wt CB/0.5%wt LDPE composite, the presence
of LDPE fibers can be seen in the interface of two phases.
The results of electrical conductivity (Fig 1-b) show that
the addition of 0.5% by weight of LDPE caused a
decrease in electrical conductivity due to Destruction in
the segregate path.

According to Table 1, due to the imperfect melting of
polyethylene granules and the presence of structural
defects such as holes and a weak interface between two
phases, the mechanical properties of all segregated
structure are lower than the pure HDPE. By adding the
carbon black powders, the amount of stress required to
start the plastic deformation shows a decreasing trend. The
presence of soft phase of LDPE in the interface of
composite, the amount of structural defects has decreased,
but the low resistance of this phase against plastic
deformation causes easier conformation of polymer chains
at lower stress levels. This trend is clearly observed for
HDPE/1%wtCB/0.5%wt LDPE composite. By increasing
the weight percentage of carbon black to 2%wt, the effect
of the soft micron phase in the interface with the presence
of carbon black nanoparticles is reduced and the increasing
trend of the yield stress can be seen.
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Figure 1-a: FESEM Images of Fractured Surface a) Composite containing 2%wt CB b) Composite containing 2%wt
CB/0.5%wt LDPE. b: Changes in electrical conductivity as a function of CB weight percentage in two composites containing

Table 1: Mechanical Properties Results of the
Composite with Segregated Structure

Yield Strength Young's Modulus Samples
(MPa) (GPa)
3.9 0.282 HDPE
2.89 0.290 1CB-HD
1.85 0.204 1CB-0.5LD
4.04 0.311 2CB-HD
2.27 0.250 2CB-0.5LD

2%wt CB and 2%wt CB/0.5%wt LDPE.

3- Conclusion

In this research, using dry mixing and hot compression
molding, xCB-HD and xCB-0.5LD composite samples
with segregated structure were. The cumulative
distribution of CB in the HDPE has been very favorable in
increasing electrical conductivity. The addition of 0.5%
LDPE caused a drop in electrical conductivity. But the
addition of LDPE did not improve mechanical properties
such as yield strength and Young's modulus.
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Effect of Presence LDPE on Mechanical and Electrical Properties of CB/HDPE Segregated Structure

Mehran Teimoury  Samaneh Sahebian  Seyed Abdolkarim Sajjadi

Abstract

Considering the application of conductive polymer composites with segregated structure in electronics and aerospace
industries, their mechanical properties becomes important. In this research, High Density Polyethylene (HDPE),
Carbon Black (CB) as conductive phase and Low Density Polyethylene (LDPE) were used as reinforcing phase to make
composite. Mechanical mixing followed by hot pressing was used to prepare composites. The conductivity of the
samples was measured to ensure the formation of segregated structure. In the xCB-HD sample, the maximum electrical
conductivity was 43.10 S/m and in the xCB-1LD sample, it was 36.62 S/m. Evaluation of microscopic images also
confirms the formation of conductive paths in the structure, and microscopic images also confirmed the results of
electrical conductivity. With the increase of the conductive carbon phase at the boundary of the HDPE granules due to
the creation of structural defects, the yield strength decreasing trend was observed compared to pure polyethylene.. By
increasing the weight percentage of carbon black from 1 to 2 weight percent, yield strength improved by 20 to 40
percent and Young's modulus by 7 to 22 percent in xCB-HD and xCB-1LD segregated structures.

Keywords Segregated Structure, Mechanical Properties, Electrical Conductivity, Conductive Polymer Composites, Yield
Strength, Young's Modulus.
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1- Introduction

Micro alloy steel is one of the medium carbon steels, which
are commonly used as seamless tubes in the gas and oil
industry. Generally, the seamless steel tubes are
manufactured by hot forming processes such as hot
extrusion and hot rolling. During the production process,
microstructural changes and phases transformations occur
which affect the mechanical properties and corrosion
resistance of steel tubes. Therefore, understanding of hot
working behavior of these steels could be helpful to
fabricate components with desired mechanical and
metallurgical properties. The thermomechanical processes
of materials exhibit complicated behaviors at deformation
variables that produce high-quality parts with desired
mechanical and microstructural characteristics. Most of
the researchers have extensively used mathematical and
empirical models to predict the hot deformation behavior
of materials under complex loading. Therefore, different
models are proposed to exhibit high accuracy of hot flow
behaviors. The effects of deformation temperature, strain,
and strain rate were considered in the different terms of the
model. However, due to the significant effects of dynamic
deformation mechanisms like dynamic recovery and
dynamic recrystallization on the hot flow behavior, the
modifications are considered in order to increase the
prediction accuracy of the model. Knowing the behavior
of hot deformation and microstructure changes of API-
SCT-L80 alloy steel is of great importance in the
production of oil and gas industry pipes. The main aim of
this work is to characterize the high temperature
deformation behavior of micro alloy steel through
isothermal compression tests under different deformation
temperatures and strain rates. For this purpose, hot flow
stress and microstructural behavior of this steel was
investigated by isothermal hot compression test in the
temperature range of 1173 to 1373 K and strain rates of
0.001to 1 s\,

2- Experimental procedure

The material used in the present study was the API-5CT-
L80 steel with chemical composition of 0.313C-1.35Mn-
0.621A1-0.2948Si-0.326Cr-0.052M0-0.052Ni-0.064Cu-
0.02Ti (wt %). The cylindrical specimens with standard
dimensions @10x15 mm were machined and hot
compressive test was carried out by Zwick Roell Z250
universal testing machine with a resistant furnace to
exhibit hot flow behavior under different temperatures
ranging from 1173 K to 1373 K and strain rates from 0.001
s!to 1 s, with a true strain of 0.6. Then, each specimen
was heated to homogenize specified temperature in the
range of austenite phase for 5 min and this specimen was
compressed to a true strain of 0.6. After the compression
test was completed, each specimen was immediately
quenched to maintain the microstructure changes under
different conditions. Finally, deformed specimens are
sectioned, finished, polished, and etched to illustrate
microstructure changes.

3- Results and Discussion

The experimental results showed that the hot deformation
behavior of API-5CT-L80 steel is a softening behavior
caused by the dynamic recrystallization phenomenon that
in some conditions, the material shows complex behavior
in the form of multi-peaked curves. Obviously, the effects
of temperature and strain rate on flow stresses are
noticeable so the levels of flow stress are decreased by
increasing deformation temperature and/or decreasing
strain rate. Generally, as it is clear in Fig. 1, the true stress—
strain curves can be divided into three zones including
work hardening, dynamic softening, and steady-state
stages. At the initial zone of deformation, migration,
interaction, multiplication, and generation of dislocations
increase dislocation density in the grain interior and grain
boundaries can lead to the work hardening mechanism
which causes flow stress to rapidly rise to the peak.

In the second zone, the DRX mechanism activates after
excessively high dislocation density at critical strain for a
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material with the dominant phase of austenite with low
values of the stacking fault energy (SFE) at high
temperature, so, after the peak stress point, the flow stress
curves of the material illustrate a diverse behavior under
different deformation conditions so the material response
is a DRX mechanism. At different deformation
temperatures, the multi-peak curves are observed due to
cyclic DRX at low strain rates of 0.001 s!. Generally, the
multi-peak curves represent that a temporary cessation of
the DRX mechanisms and the onset of the work hardening
behavior again, these mechanisms repeat several times to
reach a steady-state stage that a dynamic balance occurs
between the work hardening and dynamic softening
mechanism. Finally steady state condition obtains in the
final zone. The characteristics of true stress—strain curves
of this steel reflect the predominant microstructure
changes.

Fig. 2 shows the optical micrograph of deformed
specimens at 1273K and 1 s'. The results of the
microstructural investigation showed that with the increase
in the deformation temperature, the formed grains have a
larger size compared to the low temperature state, and
more martensite phases are formed, which are more
elongated martensite blades compared to the phases
formed at low temperatures.
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Fig. 1. Stress-strain curves of API-SCT-L80 steel at (a)
strain rate of 0.001 s' and various temperature and (b)
temperature of 1273K and various strain rate.

As it is clear in Fig.3, The effect of strain rate was also
significant like the effect of temperature because the rate
of deformation had an inverse effect on grain growth, so
recrystallized grains have enough time to grow at low
strain rates. At high strain rates, the pearlite phases
appeared more polygonal, and very small nucleation were
observed in the austenitic boundaries of the ferrite and
Wiedmannstein phase, which did not have enough time to
grow, and at high strain rates, the martensite blades also
tend to thin.

Fig. 2 . Various created phases in the microstructures of
deformed API-SCT-L80 steel at 1273K and 1 s\,

f oum |
Fig3. Optical microscopy of microstructures of deformed
micro-alloy steel at various temperatures and strain rates
of 1173K- 0.1 5!, 1323K- 0.1 57!, 1273K- 0.01 s and
1323K-0.01 s™!

4- Conclusion
In this research, the thermomechanical behavior of API-

5CT-L80 steel was investigated. The experimental results
showed that the hot deformation behavior of steel is a
softening behavior caused by the dynamic recrystallization
phenomenon that in some conditions, the material shows
complex behavior in the form of multi-peaked curves. The
results of the microstructural investigation showed that
with the increase in the deformation temperature, the
formed grains have a larger size compared to the low
temperature state, and more martensite phases are formed,
which are more elongated martensite blades compared to
the phases formed at low temperatures. The effect of strain
rate was also significant like the effect of temperature
because the rate of deformation had an inverse effect on
grain growth, so recrystallized grains have enough time to
grow at low strain rates. At high strain rates, the pearlite
phases appeared more polygonal, and very small
nucleation were observed in the austenitic boundaries of
the ferrite and Wiedmannstein phase.
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Description of Flow Behavior and Changes in Grain Size and Structure of API-5CT-L80 Steel in Hot
Deformation Process

Hamid Reza Rezaei Ashtiani Hamid Ahmadi  Golam Reza Ebrahimi Mohammad Heidari

Abstract Knowing the behavior of hot deformation and microstructure changes of API1-5CT-L80 alloy steel is of great
importance in the production of oil and gas industry pipes. For this purpose, in this research, the thermomechanical
behavior of this steel was investigated by isothermal hot compression test in the temperature range of 1173 to 1373 K
and strain rates of 0.001 to 1 s* s. The experimental results showed that the hot deformation behavior of steel is a softening
behavior caused by the dynamic recrystallization phenomenon that in some conditions, the material shows complex
behavior in the form of multi-peaked curves. The results of the microstructural investigation showed that with the increase
in the deformation temperature, the formed grains have a larger size compared to the low temperature state, and more
martensite phases are formed, which are more elongated martensite blades compared to the phases formed at low
temperatures. The effect of strain rate was also significant like the effect of temperature because the rate of deformation
had an inverse effect on grain growth, so recrystallized grains have enough time to grow at low strain rates. At high
strain rates, the pearlite phases appeared more polygonal, and very small nucleation were observed in the austenitic
boundaries of the ferrite and Wiedmannstein phase, which did not have enough time to grow, and at high strain rates, the
martensite blades also tend to thin.

Key Words Hot deformation, API-5CT-L80 alloy steel, Flow stress, Grain size, Microstructure.

AL N FTANY OT 5 Gl sV FY/O/YS Wlie sl el

Email: hr_rezaei@arakut.ac.ir S S s o8 (SO wdige 0482505 Ll T g o 55 (1)
3035 Dl 1T ol 35 Sl s (SIS g 03,5 (6555 (s mtils (Y)

s 35 o881 3l g 5 (5550 pitige 03 S slaud ()

0355 ¢ ol a1 o8l 350 K1 a s (Sl ndigs 05,5 ()

V)


https://jmme.um.ac.ir/article_44560.html?lang=fa
https://jmme.um.ac.ir/article_44560.html?lang=fa
https://jmme.um.ac.ir/
https://jmme.um.ac.ir/article_44560.html?lang=en
https://jmme.um.ac.ir/article_44560.html?lang=en
mailto:hr_rezaei@arakut.ac.ir
https://orcid.org/0000-0001-8500-1421

3 APIBCT-L80 5Y lexler s 4l o 5LLT ol pid 5 OSlos i) o 57

\'Al

03 ke slajltle |5 a4 e 3B o Y55 15 16]
OOlow (55 5, (ol ply 553 o ikt lales 635
Sle Lo b b gl 5B o3 g 5 1o 8 e 03 Sl ey
Sl sdme ko asY s ST s 55 e edaline o3V
SB s st e el izl oz 53 (DDRX) x5l
oo odls s ol SRiUl el 655 by o
o psks 5 (Seslus G5l s (g 51 [17-20] 55
55 e akS o sls 0 5lSe (CDRX) tie gy Sl
Sl el (655 S b 5l G Ol e 4 b slasY s
St &l LasY 33 ¢ 5 0l o 5, [20-23] ien VY
33 303 (S 0,5 S5 3 6l 631 ks 5 W36
Loy bkl SO ), & i Ol5 o g saes
el 455 5 el Wl o3Il 4 s pas IS 1 eslind
andad Ll 5 ab o3l s L b ek oyl Ko
sl s ) e SO ol U5 e S
Ol Wil o (S350 sl b sl 0155 o 0l by
S 5wl 0,8 5 oo b 5 s 5 55 55088
o s Sty Son 4 3,5 i 555k 015 o 1) e el
ol s onibin (bl Cilien sl 3l 5 il 3101 Jols
[24,25]
Sletd 5 G W) sz (asn ) Sl Sae
GV slos L3 3UT5 Se Y5 sla wils o3luil 5 (g bl
BT K glales 55 gl Les S0 sl sk 5l S
St L) ST U ) ST S sleg s VY K
o sl (L3 158 5l o310 s ol (g5l

Sabasl ploxil hg) 5 310
API-5CT- 5 5b ol (g S s Jhad SO 5l sy ol 5o
L ol olles 5 SO S 4_3,§@,= 05k 5 L80-1
Fase 10 Cabi 5y e e 00 b L gle 4l shais
ASTM- 35l bilies | 5 (6 e 55055 olSas 5 51 tss S eslin |
ST 5, Sn 3V 5 45 35350 o e Ao 5 oy (gl 2 E350
Vs ol abard S 5 3 oS s S eslizl API-SCT-L8O

] e.,L:uuLu

4o dle

ST 5 S Jaw e 0 S 5V 52 G API-5CT-L80-1 5Y 4
b dy Cosen s s 8 el mlo o S el
oslid OF JUiml men 5 s 5 38 Jlsl gl g2V
SV 55 05 S 534S APL 1kl Leld 5V 55 ol 358 e
L8O a5 ala 51 _dlises Sl y3 51,15 0355 o il BCT
Gl o cle (Sop 4 cuglie Lo 4 &S ol
300 bL s 5 Ok sl Csen i el
A3 IS sladisl 53 Vgmne 55 o eslial s (6,5
3 s n ool Laal gl A 5 (6l 1o 055 ST 55558 s
VL slales 53 355 g0 aniS a3 S5 sladal b w §ls LIS

S los puS o3 5o 55 5 (sd glos il I 2t Lo ses)
258 D e Sy PSS 50k (5 0050 S35 2 0B S E5
N glales 55 ele Y (6 s Y55 5 (mly SMew 45 > &
Sl 2 5 Coeal 51 EL IS sladl il mls o
O S Gosba i s,
up Aulp il fle s K5 el gl a e
bt [12] Lsbe W5 gl o Kal 5 055 2]
5 SHshls Gl Wil il S5, e
s o ) Sl s Sl S s b s (S se
bbb oS > 5 A5a) Loses olpe Sty mns J5b o
500 SRS e 85 Sl LI G Ol sea
S O slales s K085 Jib s Ul
GRS s Spson (Shshe S sl dse
Sl e 6550 L ol s oS gl S [34] Lk e
22 Kl (Soals o3l eedle (2 5 slasY b uSle VL
Ol 5 5l loslus Ly 5 Hld ) SO 5 AL e S L oles

O R SERALS |

oas il as u:?u..ﬂ slas¥y ( Jlie 55 [5-8] was
Sooles 2b5b aaslSe 8 555 oo e il ol SL|
s Sdea s 5k 5 s 55 508 (Sl siome s34 S
‘,;i-i)“)j“;‘ 6Lﬁ o.l.i.l.}: [7'9] bbjf osle )t.é) DL J‘JM ‘-;?lj::#.?
b Sl b sla S8 S s dls o3Il i Jels
&&M\FﬁQ“@‘MJ@’C) glo JML}.(MJ.,J)_e
[10-12] 5,138 o 15U 3UT5 Ko slasY 5 asle (g 36 3l 50
MG 2 Calises (550 5l 5o SaUl 2k 5 50l pesdle
5 pleze DalS s, OF 45 48 A8 o Wil Jlsle oy 55 g 9
ijﬁwudbowffduw&a&baﬁ&
[13- was .« 0L (DRV) Slys oL5L s (DRX) (Salys

VFe ¥ ler Sl ler o o s

e s sy o plige & i



vy

(Sodk doeo —u.o:uﬁ/jg/ Ldde'LG —sbor/ o —J'é.:‘ﬁ/‘duj Lé)./(:«)}

API-5CT-L80 (53U 5V jolie slasd oS 5 dooys ) o

Al \% Ti Nb Ni Mo

Cr P Mn Si C

AN IYZRS 2 BRRVES S IRV N BRIV BN VAN |

ARYd o/ Y \/Y0 +/YQ¥ AR Loy

Sy VST 0 /) /e ) /e SRS P ke o s TV
Hsyge glos b S ankd glos 055 (Kea gl .23 S
)>O°C/SL;ﬂihj§'CJJLg4.E¢§>OQ.,LAA).‘U)S).sJi_.:ng
Lo s 0 spdm) 48 5 S B e tdip e sl 513 6y S
S et i srd lads g 5L G 555 2 (gLl rals
Sl pens i ke 4 (S50 5l day 335 e Jlasl
D> sty Bl S i e sal ol
53 S s s ety Sk b el i S
sdal_ie gl 308 s Lg.,\;ibég_.il_:&udhdb
osbas A eslizel a3 Ve Jlid J o 3l esle Sl 5,
S5 P 5 S ol s Lo 5kl 550 1S Sl

W wjf NIKON ECLIPSE MA200

C«P&g}@b
3 fls OV U3,
Cf' > API-5CT-L80 5V i s S= 2 gl o
by Sl roman 5 s K3 080 lales 5 ol 5 S
sl ol jl &S njfv,a odalin .l elesls OLES (u
ole Flo ([So,08 W, sy GRS FS s SKaeE
J'.’.J'.’.J:’g}g*z'ﬁjjfj oJLA)wp_JAlstcldﬁuclﬁJ u':*-.’\j"b
CJ.. J:".’.‘J'g‘ la c(A_J—Y) L}gﬁ 44 4})3 lJ 9 JJlfu ).) Aw‘ ol
).} LSJ:"'L'S" @jl}u oJLAjC,.u:‘ wliu:.’v“ﬁld:ujcjkﬂ ‘JMJS
I a e ol eals 0L s ) K
Sy s IS s e ol 2 55 (Soen SO S i
b gas 4(;.2—\') JKM Gargbsgd eedalie >\J}_'e Ry
:;MJ@M@J)J&\)@MJA‘@;)KS@\JJJ:
S amb oy Solss us/"”)”’{f' (e S 4l el &S
‘(.5 LSL“J:-'JS BEES) Jg.,.ﬂj:::ﬁ 4.;5}\ A.l:-JA BE .L..::b@ LLL:
(C,SJP- .Ju.)b e.)LA L;?)A..\..».ﬂ )\.:é) )b ‘}.wl.w\ J:"L Lﬁ&l}ub
Sl adyl Al e s bl iSO 5 5 il 2
la 2l g 4 50 (glasl dladils s o 5s Lav_ilqu.l.}@.?u“ o

5[26] ASTM-EQ 5 lkce | b iolosT 550 (glads gas
5 sk Vol L el il &y soes 27] ASTM-E209
s 5 MO 8 & Jb s b Le VO g
Ly il ul msk 0 S OLL o 5 g Sl S
S O CIVUN [P UIP P B VR 1 WS- L SV PR S LIS
Lo gl adS (a3 35 50 ladi gl 51 G Sl 03
Loy S e ok S 0o s patie et S s
P G N U PV | I SRV Ep SN LY P o¥
oSws Lo $1s Lt glalgesl 5 S o Jlasl Sie s
ZwickRoell Z250 ;L5 5 =is Jl s SO Sl gg
A el (S S (0)58 5 YO KN i b L sis J zSTL
aatia v jo bes J 8 5 olas B (il (SO Sl S
B ossS oz 08 oRan sl e 080 8 o abe sy
Sl e () JSE) 3505 51T 0°C slas STas
Vsans oS fls jLid 0305 G 5 40 o Sasl e
o3le (SOl S5 Rl Bl 5 e sl O (glasly Lol e
YUY ssu- culi bl e S350 s 3l ol ol on
gls o3 la be ST Sl Olgear e ke ot
A3 S eslinl

Z250 Jae ZWickRoell jlis 5 (5iS Jlaso s 05050 olKaws VK2
S, S L

Sl gl pladigod G55 » Ledpa Fls 5L Sl 530
K5 TYF ATVE AYTY OWE S i (sles ey s IS

se s i llea pokige &

VFe ¥ Oler Sl ler o oo s



3 APIBCT-L80 5Y lexler s 4l o 5LLT ol pid 5 OSlos i) o 57

V¥

—V)JQQ@UQA.xﬁ)‘ﬁosb&asﬁ&ﬁﬁdjbﬁ
.CJ:")J 4)JUG.A .D)}A JY}} 33@)(:3)455)&@ cMLiA é(g_)
Jﬁ<w.@\ws|mw9&d\)b~/“\S'lui.'sJS
KGN 1SS i sbos ,ois L a8 das e 0L (LI-Y)
Llaadd ol andl 5 8 o 1SS (glads i 5y ol 50 VYVY
Olgien &8 disdipr Sl S5pS Slogii S 5o Lo Sl
sl s L gladils Shaler Ol b (ISS ess sles oS
sl s (il L aS gla S sl e abasly s0e
w () IS s o 5 S Sslus sl 5l
Sy sdmasshs 5 sl 03 b S £ s
LSL@C,.FJVJ DL LC,\JU (_5LA.> &i DL éd)jb @ 4.)..«5& ULJE\
S s n o Sl Sl g ademey S sy oly S 0i0
Lp.)Mc%\?—fw|)34sw‘lilidl>&béu&w)w)
S ) e Sl o Seelys sl
S gt Y55 SO b (e SIS 5 (adlisdoms ;S

Aas e aslsl |y S s Bl L & bt

75 .
Strain rate= 0.001 s! (&N

- MPa

273K
323K

True Stress

True Strain

120 Deformation Ecmpcraturc =12T3K (o)
_ - o,
- Hé_\k_f¥* T‘f"k] gl
90 1 Single DRX
/”—'E;‘“H»_:_/:/ Tss_ 0.1s!
Ess

s —0.01s!

True Stress - MPa
D
=)

[9%]
<
I

Cyclic DRX

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
True Strain

Sl ST S e () R 5 S- h gla ee ¥ S
il 55 Slag 5 VWK (sles () 5 s (slalas

S S e bbb S )l 45 L 8
OLad s badls 5 glag e d o cpl s axdl 353
Rl gt e S 5l by Ladilaj s s Lo plomil
N5 Oy B (0w 25 ST Rl el s
5 (sl Ol o3 Lo 53 45 5l sl 5 ey Sy
b et o ol 5l s [28-30] cond o il 5 il
e 5 il gles 03 5o 3 5LEE Glad 53] plmil e 5
S Mo Ll g 4 2y b 51 API-SCT-L80 5V 56 56
3B el Sl Gal 5 IS sba il e I8 S,
e oS il 0E e sl Glos o3 5dmms 3 (Sl
S Sl GNS > Shsde s el S Olsee; DRX
ALy BT el ey Sl o Sl G b ol JE
Glakils glakils; e 53 Ldr sladils S3alr (I cpl s
el g ol oo )s GRS SRl s A dal o U85 e 3
52 a5 Sialer il 0 S e fhe s i
L b0 A 5 B sl Rl o Ladils;
p3 4l o b SRl e 5 Sl
I mms 5 it 03wt NS ) eSS ess
oz DLlS (oS- (S0 Lol 2 55 aadllaes 5o 5Y 5 2l
Salime sk, v 25 s owe S gl Sa ool
S S 5o il IS as slales 5 NS slag S s
IS s Jppll s o Ol 5 3wy 5 S 51 SYL
e Oy DRX iy (55 Ay JSU0 085 Ll o
Sl B5CT-LB0 5Y 55 Sl 5, 55 e ‘;.u};zp;
el T e Rt e R
ari abi S hls M i la gowe ) 8T 5 /8T
o Dlowr 25 28l o DRX el 0T 3l s 5 035
OAS Sludy s a4 gladd s pla e Blie 5y ol
ST RS 5 03 s el URS sl s IS DRX
b S S slales S s g a0 ST g e/
odeasOlis gl i gla s (Il pl 534S sl Sluy
3 SEpEcs sl Sl el S5k, (S
oo il a el il IS a5 b s (Se S
Ao Sl Slie 4 b bl JE oSl 51 L3 &S e
Gldas) &y 5040 DRX MKA e B3 8 B s LS
S 5 Bl Sl b ol S ol 5 el e
3 SEpicsn el pl 355 b SIS e S
Sb ks Gl (Sas e IS s DRX I 3G uf-b'r'“’rf

VFe ¥ ler Sl ler o o s

e s sy o plige & i



1

ok doases —w&z/ Lﬂf}(.& —‘5«&}/,(:.0} _u"é':";/‘o‘n’uj Lé‘).{«o}

b b dlwad I AU ol sy (C—V) I
1S ol sdalie BB ol ey o3 gdoms 3 Bl (S s
2 [ 2y s om0 Obe L glaY cupsile 5B
sl

Loelon Flo IS0 a5 b 5o eddobml (556 dlad
Fles 5 (M) gloY ozl (As) comal ol
e Ko o3Il 3 ol 55 b oy pomts a3l 45 AL e
o b sl bl 4 s il glags S
oy Glesgd K, 3 cl S 4 &S (lasl i 28 SN g
Gged gl il gla LS 53 53 e 5 0 (Slo g
JSE 55 8T B S 5 s VWK gles s il IS8 o
SV gl jltl 5o s se o B 36 Kledd el (Y)
Sz e p PR ods o o) son addlae 55
Sladilss o oS 05 5y (W) il fpadss o 3 5 (AF)
3 LS il ey Sy b Doy plal g it
WS IS en Bl s e cu b 6 Sielr ol 45 e
2L e (TDRX) Seolus (636 ool sdmme s 51 30
[B1] el ots 2158 50 Ol s Jows 55 45

Sl b 36 Aol 5 &l 831l S ks
'&I: JSKE s

Sleeds G aelie Sl o5 S S sl (V) S
e e g S, sl SISl kel
o) 1SS £ 5 Y K sles s sl S
GUls 3Y 5 ol adsl il oS 55 S e edalie das e 0L
el gy a3 by 56 s SO o sgd ael by 5B
sede IS s 51 3 sV el Gl s ils o5l Ja g2
Sl Koo 5l oS shilen Ad (6,8 o3Il ey Koo YY
3o ol Sl asite B3 el esls S as SV 8
Grman 5 sualls B Sl e 5 B Sl (S s
) sl adsl Sl s (236 oz

deolis 3l .(C} o1 K

I S 3l akils &S ol aseta (05 - T) la IS
e g S 5l Jeols IS slils glakils e b il
e Ll o5 aslsome 5o sladls b ol el

DL

O ey 358 50 (@) 54l (L) 50 S5 a5 ad sl bl () @y 50y BCT-LB0 Y58 jltla s 51 (650 o sas S gl T JSS

evst sl 'CJ.'.j\Y'YY'KdLa:): flo eddes 2

se s i llea pokige &

TF Y Oler Sl Gler o oo o



3 API-BCT-L80 Y lotlow s il o jlT oy s ODw iy o 7

\%4

y st GES A NV K les s il IS i 4 gl 3 e bl il glajl F IS

el sdalie JB (5 b illep) IS5 5 Y6 ansl IS5
2 8 Sl Gope a6 Al S F 5 o
laaler by S gl slacu sl only (58 glag 5
56 kel Ole 53 Ay 5 Goaler Gl (B Oles 5k
ol o adl gls 1 edSl s Rl 5K e O gt St
0313 QLIS 355 Sl O s 4 Joled miy 5l I
52 el ey 2o b sladl g badils ) e 5o e dleas o
sV s b bl Y o does WS, Jb
(R sl poedle adl 8 e S g5l
alsl a5 capiile 5o cemal Sl albaale
selia 36 ks (5S E 5 Ll saalia B
5 Sl (oo slasl (,la.,ab LK &S s e edalie
5B (S ams Ole O3, oS d e ST el
Lo Doty o padtay il gl SO 5o (g i oy b
338 o odaline anly S a5 gladd gad sltla s ko
3V 5 ad sl Jlla 51 i O o slacy b S sba

S NS 5 O el s el 3L
Ol s 51 0 S50 & 6 2 filed gl slacy 3550

Lilesls

S EF S
sladges  olrlay,  polar (-dH0) gl IS
3 IIVE K S is gles 0 508 5o oV il IS00 i
Bl S eis Sty 5 4l oV B/ S slag
Sos LSLAM‘J S ol wubbu)ju )l:?'-LwJ'._:_) “gi
o Ol g S slaals K- (Equiaxed grain)
sbals VL A s GBS 2 &S Sl pakie s
el s 5 ol S Glag S 4 Sl 5SS
):ASC,MIJ,_J:Jl@ygﬁﬁdutfﬁhcbg:ﬁ)}ﬂ)
S Sres s k5 sl 03Y 0les Vb 55 sl £
A s Mle RIS Bl sdme k5 sl als 13, L
ﬁ;tjé%g\yw.zsﬁ&ybu43\:}1))&5-@
GRS S s ekd ke sladilr Ssolew das
PR o)‘.b‘ Ja,,:}:,a ‘}J‘Ju. b J.ALS ..LJQ) LS‘J" ‘_;elS QLGJ JSYL:
G 0s,Se VA YY) YT L L el (6 S el
STV starstaren) st s S Gl S sl s s
ASL )
ST/ st/ sty st 5 S gles 5l
slaaisas (650 Al o WYV K 5 VY K glabes 55 )

VFe ¥ ler Sl ler o o s

e s iy le oige L



v

S lases —wﬁ/f:/ L.éjd}{ﬁ —L;,Lo}/.l:w} —yé&i/’w[éj La‘).w

@/ ST(O) ey ST JT.JJSL;LA'C]'.}\\WKdLa;); asly Ko it slad s 3 ot lasyy bl 0 IS

VST 5N st ()

(@ O ST K Q) /v o) 8T WK () (13800 Bl 5 55 5CT-LBO Y 56 assly S i (sl pod 3 (31 alzul £ IS
S STV K () 5 /) sT— v K

s s iy lles polige 4 i VoY Gler Sle ler 5 o Il



3 API-BCT-L80 Y lotlow s il o jlT oy s ODw iy o 7

YA

ol 2 sl (58 &5 53 S i gles S (M) IS
33 8 oo sdalice das o OLES 1) oddes id sladi sal (550
oty IS a5 sles Sl (85 &5l b,
BN O IS S RS ORI SOV BSIE
hglin b ol o 1S5 Y 3 kg s ik (sla 3
s 5 SIS L (o s A S

SO VL slales 3 oS 355 e sdalie o5 5 o= A) IS
I kst S 51aS sl bl Cu b ol slabes
3 bl sl o Los (pnl 5 8 LS S5 s
Dl s 53 G5 Slay 3 SC ulg 53 S e a0l
sle¥ mrile gl ramen 305 e Sl ksl
0t S5 ol Loy Sl s o it B 0ls 55 (5 20
ARl s 5 55l cal b b SIS
Sl kil oS ol old o Loy il s
liimn S5 Jaw 5 35150 ol 58 el a5 s (5 2t
[31,32] el o 3158 (3WTs Som sla 2V 5 Kos s

S s sl
GRS FA oty S D i IS s sl S
SATYY K AYWY K AYYY K il glales s g o/0v) 5T
oddesly OLiS (G B - V) sla Ji.; 05 e AYVY K
Soshy 58 ool a8 ankd &l o3l Law g
A5 4 (S Jaul 3 gl edelsa 6l 03100 Law e
Jg_.bﬁ.:aj 6\.;:: ’j“:’@ dﬁfaﬂ.\." Q}J&O;’ja\ Y ‘Y'OL’
Al ladils W g sy Bl Ao sl 58l e YU
slales 53 @ls o3l 2l 53! & S day e 0l )y
Jlas odas gLES 4 Al o 22 VYWY K I SYL (ISKS s

il e sl 4l Ly e i O
S, IS s gles ol S ‘J‘::":“’T b3 039l 3
oS T oA S API-5CT-L80 sV (o306 bl

Al S pele

SIPTY K () 0TV K Q) VY K () slabos 5 /v o) ST 258 5 5 o aaily IS0 1085 sl pos 51 ol pslas VIS
WYY K (5)

VFe ¥ ler Sl ler o o s

e s iy le oige L



va

ok doases —w\.ﬁ&z/ L.djd)(& —‘;W/.L”w} _JL::"‘:/‘Q-J[”J Lg‘).{w}

K (0 50700 1= A TVF K () /) -1 = APYF K (O eo/) 81 = WY K (Qll) s el K i (sladd goi 51 oty sl A JSs

o/0) 8-1 - \¥YY

S S Sl 20 g Ssde 5k, 5 S F
S S 53 s S IS S Sl Salys suoe
bl Gk, S e lal s als s 5 VL
LS‘JJ )Ls‘j vb;_w_;tg L;LAV__M‘:;KA O &Lié dbe;

Al

o3l ghyls el J a5 gladils K5 a8 glos Jaalssl LY

5B L el s g el by Gl 4 ol 65,55
Cub a ahodks Co B Gl Sl aS sl Ll o b
ks Db gl 5B gl e s apd RS S s
[ uL;,.: aS A sdaline d)bb}_} Jw:'.v) JL?- BE ‘J'.’.L:";“
0 el (Selus (650 Al 5 sdoe 5l
335 o e o piole slasl LSS o VL glales
omlb o glales 53 ead 18 gl Loaglie s &S

L FeliS by 55 ke

S |y agp ey JB Lo Jasle w55 (NS 25 1Y

bady sy BE 0l sddyshae gladils ol (55

S S 4o

API-5CT-5Y 55 (sla3ls 5 «ils o3Il Ol is 5 S L3,
B o 3550 Geiosd pl 3 Bls IS ks a5 55 L8O
Slis g3l 5l ol s 25 S-S gl e .28 S
&Jb)é%ﬁ)‘cwﬁﬁéucf}ubé)h .C‘é
Los gla alyl 51 G a syl ol SN g3 glo S
Sl e S B 5 csline Sl S s NS
wls o3Il 5 oltle Ol s 4l as andls esle Sl

:w\&scﬁqﬁ@uﬁu\sm@abu)&wm
e S55 S55 35 528l 5 K i sles G210 L)
S5 o bl e Gl Sy S s e
U‘i‘)‘ &‘OJ:.%WW )Lié) cu:a.:JSL LI;‘“JJSCJJ)L‘J Q‘)ﬂ
03 5 o=l U’:‘.“.JSLSLA.CJ:’)‘: S8 0 ombesa SV
sdoa ks S, S ;Y}AVSLSLAJL}JSJJ by ks
Lo gla g oS SV a3 S- 0 sla o
Sl b Llie 3 a5d e ST (g o antlis (glals

o s Sl pige & o

TF Y Oler Sl Gler o oo o



3 API-BCT-L80 Y lotlow s il o jlT oy s ODw iy o 7 A+

T A A T Y B SR CHEC R PR [PLERY g Oz (530 bt (5SS Sl
il 0Bt b Sy B VL S5 S slag s dl al Losss

P> P VR PR S N UK VP V=X LE GOV VT N0 e

S g g o b Sl mmal Glasie 53 G b gladl

Lad, gl B8 Ol a5 s dalie LB kel ey

lagls

[1] H.R. Rezaei Ashtiani, M.H. Parsa and H. Bisadi, "Constitutive equations for elevated temperature flow behavior of
commercial purity aluminum", Materials Science and Engineering :A ,Vol. 545, pp. 61-67, 2012.

[2] S. B. Brown, K. H. Kim and L. Anand, "An internal variable constitutive model for hot working of metals",
Materials Science, Engineering. Vol. 5, pp. 95-130, 1989.

[3] Y.feng XIA, W. JIANG, Q. CHENG, L. JIANG, L. JIN, "Hot deformation behavior of Ti—6Al—4V—0.1Ru alloy
during isothermal compression”, Trans. Nonferrous Met. Soc. China (English Ed. 30), VVol. 237, No. 2, pp. 134-146,
2020.

[4] S. Mandal, P. V. Sivaprasad, S. Venugopal, K. P. N. Murthy, "Artificial neural network modeling to evaluate and
predict the deformation behavior of stainless steel type AISI 304L during hot torsion™, Applied Soft computing. VVol.
9, No. 1, pp.237-244, 2009.

[5] S. Zangeneh Najafi, A. Momeni, H. R. Jafarian, "Flow curves and microstructure of K107 tool steel subjected to
compression tests at elevated temperatures”, Materials Science and Engineering :A, Vol. 732, pp. 78-90, 2018.

[6] A.Momeni, S. Kazemi, A. Bahrani, "Hot deformation behavior of microstructural constituents in a duplex stainless
steel during high-temperature straining"”, International Journal of Minerals, Metallurgy, and Materials, Vol. 20, pp.
953-960, 2013.

[7] L. Xu, H. Wu, B. Xie, "An improved constitutive model for high-temperature flow behaviour of the Fe—Mn-Al
duplex steel", Materials Science and Technology. (United Kingdom). Vol 34, No 7, pp. 229-241, 2018.

[8] J.Li,J. Liu, "Strain compensation constitutive model and parameter optimization for Nb-contained 316LN", Metals
(Basel). Vol. 9, No. 2, 20109.

[9] A. Dehghan-Manshadi, M.R. Barnett, P.D. Hodgson, "Recrystallization in AISI 304 austenitic stainless steel during
and after hot deformation™, Materials Science and Engineering A, Vol. 485, pp. 664-672, 2008.

[10] S. K. Rajput, G. P. Chaudhari, S. K. Nath, "Characterization of hot deformation behavior of a low carbon steel using
processing maps, constitutive equations and Zener-Hollomon parameter”, Thermo-Mechanical Processing of
Metallic Materials, Vol. 237, pp.113-125, 2007.

[11] H. Mirzadeh, M.H. Parsa, D. Ohadi, "Hot deformation behavior of austenitic stainless steel for a wide range of initial
grain size", Materials Science and Engineering: A. Vol. 569, pp. 54-60, 2013.

[12] S. Serajzadeh, A.K. Taheri, "An investigation into the effect of carbon on the kinetics of dynamic restoration and
flow behavior of carbon steels", Mechanics of Materials. Vol. 35, pp. 653-660, 2003.

[13] T. H. Lee, E. Shin, C. S. Oh, H. Y. Ha, S. J. Kim, "Correlation between stacking fault energy and deformation

VFe ¥ ler Sl ler o o s Slpe s sy sllin pokign &


https://www.sciencedirect.com/science/article/abs/pii/S0921509312003243
https://www.sciencedirect.com/science/article/abs/pii/S0921509312003243
https://www.sciencedirect.com/science/article/abs/pii/0749641989900259
https://www.sciencedirect.com/science/article/abs/pii/0749641989900259
https://www.sciencedirect.com/science/article/abs/pii/S1003632619651861
https://www.sciencedirect.com/science/article/abs/pii/S1003632619651861
https://www.sciencedirect.com/science/article/abs/pii/S1003632619651861
https://www.sciencedirect.com/science/article/abs/pii/S1568494608000604
https://www.sciencedirect.com/science/article/abs/pii/S1568494608000604
https://www.sciencedirect.com/science/article/abs/pii/S1568494608000604
https://www.sciencedirect.com/science/article/abs/pii/S0921509318309110
https://www.sciencedirect.com/science/article/abs/pii/S0921509318309110
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://www.tandfonline.com/doi/abs/10.1080/02670836.2017.1368218
https://www.tandfonline.com/doi/abs/10.1080/02670836.2017.1368218
https://www.mdpi.com/2075-4701/9/2/212
https://www.mdpi.com/2075-4701/9/2/212
https://www.sciencedirect.com/science/article/abs/pii/S0921509307015626
https://www.sciencedirect.com/science/article/abs/pii/S0921509307015626
https://www.sciencedirect.com/science/article/abs/pii/S0924013616301790
https://www.sciencedirect.com/science/article/abs/pii/S0924013616301790
https://www.sciencedirect.com/science/article/abs/pii/S0924013616301790
https://www.sciencedirect.com/science/article/abs/pii/S0924013616301790
https://www.sciencedirect.com/science/article/abs/pii/S0921509313000919
https://www.sciencedirect.com/science/article/abs/pii/S0921509313000919
https://www.sciencedirect.com/science/article/abs/pii/S0167663602002910
https://www.sciencedirect.com/science/article/abs/pii/S0167663602002910
https://www.sciencedirect.com/science/article/abs/pii/S1359645410000868

A Sk M—wﬁ&z/ L.djd)(& —‘;w/w—w‘wfwuj L5 ) do

microstructure in high-interstitial-alloyed austenitic steels"”, Acta Materialia, Vol. 58, No. 8, pp. 3173-3186, 2010.

[14] S. A. Askariani, S. M. Hasan Pishbin, "Hot deformation behavior of Mg-4Li-1Al alloy via hot compression tests",
J. Alloys Compd. Vol. 688, pp. 1058-1065, 2016.

[15] J. K. Kim, B.C. De Cooman, "Stacking fault energy and deformation mechanisms in Fe-xMn-0.6C-yAl TWIP steel",
Materials Science and Engineering A. Vol. 676, pp. 216-231, 2016.

[16] Y. Li, Y. Koizumi, A. Chiba, "Dynamic recrystallization in biomedical Co-29Cr-6Mo-0.16N alloy with low stacking
fault energy”, Materials Science & Engineering A. Vol. 668, pp. 86-96, 2016.

[17] C. Zhang, L. Zhang, W. Shen, C. Liu, Y. Xia, R. Li, "Study on constitutive modeling and processing maps for hot
deformation of medium carbon Cr-Ni-Mo alloyed steel”, Materials & Design. Vol. 90, pp. 804-814, 2016.

[18] C. Sommitsch, W. Mitter, "On modelling of dynamic recrystallisation of fcc materials with low stacking fault
energy", Acta Materialia. VVol. 54, No. 2, pp. 357-375, 2006.

[19] S. E. Tabatabaee, S. H. Mousavi-Anijdan, H. Najafi, "Hot deformation mechanisms, mechanical properties and
microstructural evolution of a HP-NDb steel", Materials Science and Engineering: A. Vol. 800, 2021.

[20] T. Sakai, A. Belyakov, R. Kaibyshev, H. Miura, J. J. Jonas, "Dynamic and post-dynamic recrystallization under hot,
cold and severe plastic deformation conditions”, Progress in Materials Science. Vol. 60, pp. 130-207, 2014.

[21] A. Momeni, S. Kazemi, A. Bahrani, "Hot deformation behavior of microstructural constituents in a duplex stainless
steel during high-temperature straining”, International Journal of Minerals, Metallurgy, and Materials, Vol. 20, pp.
953-960, 2013.

[22] L. Zhou, W. Chen, S. Feng, M. Sun, B. Xu, D. Li, "Dynamic recrystallization behavior and interfacial bonding
mechanism of 14Cr ferrite steel during hot deformation bonding", J. Mater. Sci. Technol. VVol. 43, pp. 92-103, 2020.

[23] X. Xu, X. Wang, J. Li, Z. Yan, D. Liu, Q. Liu, C. Shang, J. Fu, P. Shen, "Hot workability characteristics of low-
density Fe—4AI-1Ni ferritic steel”, Materials Science and Engineering A, Vol. 799, 2021.

[24] H.R. Rezaei Ashtiani, A. A. Shayanpoor, "Prediction of thermo-mechanical behavior and microstructural evolution
of copper considering initial grain size at elevated temperature”, Materials Today Communications, Vol. 28, 2021.

[25] H. R. Rezaei Ashtiani, H. Ahmadi, M. Heidari, P. Shahsavari, "Flow Behavior and Metallurgical Phenomena of
Micro-alloy Steel Under Elevated Temperature Conditions”, Transactions of the Indian Institute of Metals, Vol. 75.
No, 8, 2022.

[26] ASTM E 9, "Standard test methods of compression testing of metallic materials at room temperature™, Annu. B.
ASTM Stand. 03.01, 2000.

[27] ASTM E 209, "Standard Practice for Compression Tests of Metallic Materials at Elevated Temperatures with
Conventional or Rapid Heating Rates and Strain Rates", Annu. B. ASTM Stand. 2000.

[28] Y.C. Lin, X.Y. Wu, X. M. Chen, J. Chen, D. X. Wen, J. L. Zhang, L.T. Li, "EBSD study of a hot deformed nickel-
based superalloy", Journal of Alloys and Compounds. Vol. 640, pp. 101-113, 2015.

[29] H. Zhang, K. Zhang, S. Jiang, H. Zhou, C. Zhao, X. Yang, "Dynamic recrystallization behavior of a y’-hardened
nickel-based superalloy during hot deformation”, Journal of Alloys and Compounds, Vol 623, pp. 374-385, 2015.

[30] Y. W. Xiao, Y. C. Lin, Y. Q. Jiang, X. Y. Zhang, G. D. Pang, D. Wang, K. C. Zhou, "A dislocation density-based

Spo s iy sllin pokige & TF Y Oler Sl Gler o oo o


https://www.sciencedirect.com/science/article/abs/pii/S1359645410000868
https://www.sciencedirect.com/science/article/abs/pii/S0925838816320825
https://www.sciencedirect.com/science/article/abs/pii/S0925838816320825
https://www.sciencedirect.com/science/article/abs/pii/S0921509316310309
https://www.sciencedirect.com/science/article/abs/pii/S0921509316310309
https://www.sciencedirect.com/science/article/abs/pii/S0921509316305524
https://www.sciencedirect.com/science/article/abs/pii/S0921509316305524
https://www.sciencedirect.com/science/article/abs/pii/S0264127515307796
https://www.sciencedirect.com/science/article/abs/pii/S0264127515307796
https://www.sciencedirect.com/science/article/abs/pii/S1359645405005343
https://www.sciencedirect.com/science/article/abs/pii/S1359645405005343
https://www.sciencedirect.com/science/article/abs/pii/S0921509320313903
https://www.sciencedirect.com/science/article/abs/pii/S0921509320313903
https://www.sciencedirect.com/science/article/pii/S0079642513000698
https://www.sciencedirect.com/science/article/pii/S0079642513000698
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://link.springer.com/article/10.1007/s12613-013-0820-6
https://www.sciencedirect.com/science/article/abs/pii/S1005030220300104
https://www.sciencedirect.com/science/article/abs/pii/S1005030220300104
https://www.sciencedirect.com/science/article/abs/pii/S0921509320313228
https://www.sciencedirect.com/science/article/abs/pii/S0921509320313228
https://www.sciencedirect.com/science/article/abs/pii/S2352492821006449
https://www.sciencedirect.com/science/article/abs/pii/S2352492821006449
https://link.springer.com/article/10.1007/s12666-022-02570-0
https://link.springer.com/article/10.1007/s12666-022-02570-0
https://link.springer.com/article/10.1007/s12666-022-02570-0
https://www.astm.org/e0009-09.html
https://www.astm.org/e0009-09.html
https://www.astm.org/e0209-18.html
https://www.astm.org/e0209-18.html
https://www.sciencedirect.com/science/article/abs/pii/S0925838815009494
https://www.sciencedirect.com/science/article/abs/pii/S0925838815009494
https://www.sciencedirect.com/science/article/abs/pii/S0925838814026991
https://www.sciencedirect.com/science/article/abs/pii/S0925838814026991
https://www.sciencedirect.com/science/article/abs/pii/S092150932030770X

3 API-BCT-L80 Y lotlow s il o jlT oy s ODw iy o 7 AY

model and processing maps of Ti-55511 alloy with bimodal microstructures during hot compression in o+ region",
Materials Science and Engineering A, Vol. 790, 2020.

[31] C. Zhao, W. Kingkam, L. Ning, H. Zhang, L. Zhiming, "Effect of Deformation Temperature on the Microstructure
and Mechanical Properties of High-Strength Low-Alloy Steel During Hot Compression”, Journal of Materials
Engineering and Performance. Vol. 27, No. 8, pp. 41294139, 2018.

[32] A. Momeni, H. Arabi, A. Rezaei, H. Badri, S. M. Abbasi, "Hot deformation behavior of austenite in HSLA-100
microalloyed steel”, Materials Science and Engineering A. Vol. 528, No. 4, pp. 2158-2163, 2011.

VFe ¥ ler Sl ler o o s Slpe s sy sllin pokign &


https://www.sciencedirect.com/science/article/abs/pii/S092150932030770X
https://www.sciencedirect.com/science/article/abs/pii/S092150932030770X
https://link.springer.com/article/10.1007/s11665-018-3510-8
https://link.springer.com/article/10.1007/s11665-018-3510-8
https://link.springer.com/article/10.1007/s11665-018-3510-8
https://www.sciencedirect.com/science/article/abs/pii/S0921509310013493
https://www.sciencedirect.com/science/article/abs/pii/S0921509310013493




CONTENTS

Investigating the Wear Behavior of Nanocomposite Based on Cu-5Zn

Alloy Reinforced with Carbon Nanotubes
Mohammad Alipour

Investigating the Ability of Coating the SiC by APS and HVOF Processes through the

Nickel-Phosphorus Cladding on the Primary Powder
Pejman Zamani Moghadam - Zia Valefi - Masoud Mirjani

The Effect of Process Parameters on the Phase and Microstructure of Cu-Mn-O

Mixed Metal Oxide Synthesized via Solution Combustion Synthesis
Laya Agah - Sahar Mollazadeh Beidokhti - Ghasem Barati Darband - Jalil VVahdati Khaki

Improvement the Surface of AZ31 Alloy for Using in Tissue Engineering

Application
Farzad Soleimani

Effect of Presence LDPE on Mechanical and Electrical Properties of CB/HDPE

Segregated Structure
Seyed Abdolkarim Sajjadi  Samaneh Sahebian Mehran Teimoury

Description of Flow Behavior and Changes in Grain Size and Structure of API-5CT-L80

Steel in Hot Deformation Process
Hamid Reza Rezaei Ashtiani - Hamid Ahmadi - Golam Reza Ebrahimi - Mohammad Heidari

17

31

45

59

71


https://scholar.google.com/citations?user=9JR4e_oAAAAJ&hl=en

ISSN 2008 -7462

Investigating the Wear Behavior of
Nanocomposite Based on Cu-5Zn Alloy

Reinforced with Carbon Nanotubes
Mohammad Alipour

Investigating the Ability of Coating the SiC by
APS and HVOF Processes through the Nickel-
Phosphorus Cladding on the Primary Powder
Pejman Zamani Moghadam - Zia Valefi

Masoud Mirjani

The Effect of Process Parameters on the
Phase and Microstructure of Cu-Mn-O
Mixed Metal Oxide Synthesized via Solution

Combustion Synthesis
Laya Agah - Sahar Mollazadeh Beidokhti
Ghasem Barati Darband - Jalil Vahdati Khaki

Improvement the Surface of AZ31 Alloy for
Using in Tissue Engineering Application
Farzad Soleimani

Effect of Presence LDPE on Mechanical and
Electrical Properties of CB/HDPE

Segregated Structure
Mehran Teimoury - Samaneh Sahebian
Seyed Abdolkarim Sajjadi

Description of Flow Behavior and Changes in
Grain Size and Structure of API-5CT-L80 Steel
in Hot Deformation Process

Hamid Reza Rezaei Ashtiani - Hamid Ahmadi

Golam Reza Ebrahimi - Mohammad Heidari

Vol. 34, No. 4
Winter 2023

17

31

45

59

71



	Metalogical
	jelad
	contents1-1
	Binder1
	1-Alipour.pdf
	1-- Alipour-linked(2).pdf

	Binder2
	2- zamanie (1).pdf
	2-- zamani-linked.pdf

	Binder3
	3-mollazadeh.pdf
	3-- mollazadeh-linked.pdf

	Binder4
	4-soleymani(1).pdf
	4--solymani-linked.pdf

	Binder5
	5-teymorei.pdf
	5--teymorei-linked.pdf
	بررسی حضور LDPE بر خواص مکانیکی و رسانایی الکتریکی کامپوزیت سگرگیت CB/HDPE 0F*


	Binder6
	60-Ashtiyani.pdf
	6--Ashtiyani-linked.pdf

	contents1-2
	Metalogical2



