FY-aY

Yr_sv

Clo by 4 oadadyl TP 05855 oV Jlsluy ) 9 JIR2 lie » S5 JE2 Sl oy
Sl = (299 w58
Ayl Ao 5 guigy 2yl 35 f e Cpeval Sares




[KES €beb

45 it S5 59L3 g g0 4y g

2RO g Jgmmo pho
Sola> daw Dlsdsl Ao
Q‘ﬂl ‘st‘éjf‘jél)" em‘}}é Ql).'.‘ cd‘;@.’v‘ cﬁ..SJ:A\WcK.«iJ\Q
SN2 A

U\J:’\ ;CJS ‘(53}".5 )‘)ﬂ am)} ‘JQUAS LJJ:L.G

4 3 970 Sl
Opl QL rote S 5 o821 b (5l Ol Ol o bl o ol8ils LT 5 ST Loy dtese
Ol 0l 0l o Kiils (S5 LA s b Olnl g S g3l 5 3lm oty 36 pligy aol e
Ol Ol g5 e b s o821 ol WBIS e Ol S e85 31 5 3150 oo 55 (S 53k s

Q\ﬁ‘gcjs‘djjl\))\fa@)};gé}ﬂléﬂfﬁf 4....."‘_).'9‘w)li;&ﬂséujuj;ﬁgwa&ﬁbgﬁﬁwlﬁ;

d\jil ujiji; uL;ayLw\ Jl)T a@\: ‘zjjmu J.>-\j ‘L;BLA wu Qlﬁ‘ ‘CJS géj):. 9 b‘}ﬁ omj:,;: 4é)[.ﬂ> Lz
Q‘ﬁ‘ ‘st ‘65).:\ E) }\}A nm}}‘; gk;\“.éUa_v )}U Q\ﬂ‘l ‘CJS ‘Léjfl 9 Jl}.c am}}; gQL:.sLA) Lfl"'
Ol O sk S p ke oS3 (Sl 5 L e Ol gl 8 Dl ) x5 oo 8 casllalis
OLnl S 8351 5 2lpe sliags (S S5 bl aablb iy o St 5t peae Sl (S sl o8l (gl 5 OL 5
@ g il )&
OV 5 o e
Al s ol o n sl o e U8 e
SH2tog s

‘;Ujl;; M|C)) ;_j.).: QJJJLL& CL> A s[)LLJ\J}é =

Sl ghao &
sl Vs O s 35 odge o ah iy Slassld 5 dlse 4 00 53 ol e QY&&LA&;@;}M»:\:@AJWQW

ol OBy 55 51 5 gme oS 5hs gl 5 Lals sed ol Sl sslial ol Wladly dle S5 455l 1 B

(YVAF= 2 AT S g 80l 6bLa) (YVAY— AN+ ¢ ol LLS) ad iy slas 5k 5 5 9o s i3
office@jamt.ir : o5 3 oy « WWW.jAMLIT (s oKL
CYPIWEY VA 53 YAV s (YSIFEYA ¥ —q Ll oyled

6313‘}:‘}# e@}}%


http://www.jamt.ir/

ISSN: 2783-0810; e-ISSN: 2783-0829

\—\/Y' 4(\?,"* dmb) LY e‘)l.a.«.: L\Y’ 092 4.73]«:,.:.: LSLhL;)‘}LJ‘} D‘jﬁ MLLM

L 4

S 42

oL 59 o jo ClueS (S jolic g (Jure Slgo Caodl 9 (i (w0

V-4
ol Jadllyl 8l <) 5
&3l 09 SN plghe s JSo5 pgd (59 3 LS Lwgl Glawdgo S (o bag i8I (SLAS gy
Y-y
Tl (=5 25T 05 sage
9134192 Jolge 3l ooliiwl LZNO/WO3 gl alogil (S jud olsd w2 9 o2l das Ui « jiuw
£ vy =BG ey 4 piulejT (o lib aliwgay (Bl g3 gd Wialyd oy
Lisyzgp (sl i iadS Olse ol 1>
ROPTCSVU P E TR YR L Pt LTV o PEPR S IPRRCE gV P PUN I UK { g
AY-F)
ol dns 16557 Ol 25 Lgs) ol ol £l 000 L
INSb ;bS5 S iUl plgs gandllao
SY-OY )
ol ol s g jlis] ol
CSlu gy 4 oabaddgl Y18 (355 oY g8 LSl 9 JKs (e 2 655! B 51 (w2
S = (29 (w8l
VY-

el oo sy 5 ol 5 ol o



Journal of Advanced Materials and Technologies: Vol. 13, No. 2, (Summer 2024), 1-9

et Materier;
2 N\

Journal of Advanced Materials and Technologies

Materials and Energy
Research Center

Journal Homepage: www.jamt.ir MERC

Original Research Article - Extended Abstract

On the Role and Importance of Mineral Materials and Rare-Earth Elements in
the Wind Energy Industry

Zari Behniafar "' 1, Abolfazl Pourrajabian “= 2*

! Master, Department of Energy, Materials and Energy Research Center, Karaj, Iran.
2 Assistant Professor, Department of Energy, Materials and Energy Research Center, Karaj, Iran.

*Corresponding Author’s Email: a.pourrajabian@merc.ac.ir (Abolfazl Pourrajabian)

Paper History:
Received: 2024-02-11
Revised: 2024-04-18
Accepted: 2024-06-23

Keywords:

Wind Energy,

Wind Turbine,
Mineral Materials,
Rare-earth Elements

Abstract: Wind energy plays an important role in the transition from fossil fuels to renewable energies. The study
examines the role and importance of minerals and rare earth elements in the future of the wind energy industry.
Following the investigation of the conducted studies and the literature survey, the required amount of minerals and
also rare earth elements are predicted in the horizon of 2030 and 2040 using the two scenarios of the International
Energy Agency (IEA). The investigation shows that the copper, zinc, manganese, chromium, nickel and
molybdenum are the main materials required in the wind energy industry but the contribution of the zinc and
copper is significant compared to other materials. In the field of rare earth elements, neodymium, praseodymium,
dysprosium and terbium are of significant importance but the contribution of neodymium is higher with respect to
other rare elements. In order to achieve the goals of the countries in the coming decades, the importance of research

and development on new technologies with the aim of reducing the need for the mentioned materials and also their

recycling is very important.
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1. INTRODUCTION

Nowadays, addressing the crisis of climate change
and also the global warming issue is the need of hour.
Although these problems threat the global community
and spell trouble for coming years, they could be
adequately mitigated by employing clean energy
sources. In this regard, shifting the energy from fossil
fuels to the renewable sources, including the solar and
wind, is inevitable. Despite the undertaken efforts,
conducted mainly by environmentalists throughout the
world, it is argued that they are not enough and more
specific steps are required to increase the share of clean
energies. Also highlighted by researchers is the prompt
actions that should be done by all stakeholders including
the government agencies and regulators, environmental
organizations, landholders, construction team, local
businesses, and also local communities (IEA, 2020c;
International Energy Agency, 2021).

Many countries set a specific target for years to
come, increasing the share of renewable energy in their
electricity sector. Such a pertinent example is India
which aims to add 200 GW to its installed wind energy
capacity by 2032 (Verma, 2022).

As a proven technology, wind energy has a pivotal
role through the abovementioned transition as vast
windy areas are available in the land, seas and also the
oceans throughout the world wherein harnessing the
wind energy is completely economic.

One of the main concerns that could increase the cost
of the wind energy in the coming decades is the lack of
mineral materials and also rare-earth elements required
for different parts of wind energy systems including the
generator, the inverter, the gearbox, the blade and also
the tower (Pavel et al., 2017). The present research aims
at investigating this issue by carrying out a review study
to shed light on the status of these materials in the
coming decades. The details of the study are provided in
the following subsections including the method of the
study, the results and findings, and also some
suggestions for the future work.

2. METHODS

Two different scenarios including Sustainable
Development Scenario (SDS) and Stated Policies
Scenario (STEPS) proposed by International Energy
Agency (IEA) were studied (IEA, 2020c; International
Energy Agency, 2021). While the latter is an indication
of where the energy is heading based on a sector-by-
sector analysis of today’s policies, the former implies
what would be required to meet the Paris Agreement
goals.

From the mineral materials and also rare-earth
elements perspective, the generator is the main part of a
wind turbine system. In this regard, the investigation
was mainly based on the four different types of
generators including the double-fed induction

Please cite this article as: Behniafar, Z. & Pourrajabian, A. (2024) On the Role and Importance of Mineral Materials and Rare-Earth Elements in the
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generators (DFIG), the permanent-magnet synchronous
generator (PMSG), the direct-drive permanent magnet
synchronous generator (DD-PMSG) and finally the
electrically excited synchronous generator (EESG).

3. FINDINGS AND ARGUMENT

Results of the study highlight the importance of
some specific materials. Of the considered mineral
materials, copper, zinc, manganese, chromium, nickel
and molybdenum are the main materials required in the
wind energy industry but the contribution of the zinc and
copper is significant compared to other materials. The
investigation also reveals that the neodymium,
praseodymium, dysprosium and terbium are of
significant importance in the field of rare-earth elements
but the contribution of neodymium is higher with
respect to other elements. Quantitalively speaking, the
assessment of mineral materials and also rare-earth
elements required for the wind energy industry in the
coming years for the STEPS and also the SDS scenario
are depicted in detail in Fig. 1 and Fig. 2 respectively.

4. CONCLUSION AND SUGGESTIONS

In order to achieve the targets of the countries in the
coming decades, set for the wind energy industry, the
importance of research and development on new
technologies with the aim of reducing the need for the
mentioned materials is very important (Manberger and
Stenqgvist, 2018). Also would be very helpful is
recycling the turbine components and bringing them
back to the production process, implying the idea of
circular economy.
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Figure 1. STEPS scenario: the assessment of mineral
materials and also rare-earth elements required for the wind
energy industry in the coming years.

SDS
2000

= 1800

> 1600

g 1400

£ 1200

S

< 1000

E 800

3 o \

£ p-

~ 200 " 2 [ I - o - e
Chro Copp Mang Moly Nicke Zinc Neod Dyspr Prase Terbi Othe
mium er anes bden | ymiu osiu odym um rs

e um m m ium

2040 75 610 117 16 52 822 50 10 16 04 03
m2030 70 577 110 15 49 770 85 09 15 03 03
m2020 29 217 46 6 21 | 321 (<31 | 03 |05 (01| 02

2020 ®2030 w2040
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rare-earth elements required for the wind energy industry in the
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Abstract: Nanostructured nickel molybdate (NiMoO,), used as a supercapacitor electroactive material, was
grown through a two-step process including cathodic galvanostatic electrochemical deposition on a nickel foam
(NF) current collector followed by calcination heat treatment. The structure and surface morphology of the
resulting nickel molybdate electrode were evaluated using X-Ray Diffraction (XRD), Fourier Transform Infrared
Spectroscopy (FTIR), nitrogen adsorption and desorption measurements, and Field Emission Scanning Electron
Microscopy (FESEM). Additionally, the supercapacitor performance of the nickel molybdate electrode was
investigated using Cyclic Voltammetry (CV), Galvanostatic Charge-Discharge (GCD), Electrochemical
Impedance Spectroscopy (EIS), and cycle stability measurements. In summary, the prepared binder-free nickel
molybdate electrode demonstrated good electrochemical performance, including a high specific capacitance of

676 F g at a current density of 1 A g, high rate capability (45% capacity retention with a 10-fold increase in
the discharge current rate), and excellent cyclic stability (89.1% capacity retention after 2000 cycles at 5 A g™%).
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1. INTRODUCTION

Based on the energy storage mechanism,
supercapacitors can be classified into two different
categories: (1) Electrochemical Double Layer capacitors
(EDCL) and (2) Pseudocapacitors. Hybrid systems that
combine faradic and non-faradic processes for charge
storage have been notably developed. In EDCLs, the
electrostatic  charge accumulation and release
mechanisms are formed based on nanoscale charge
separation at the interface between the electrode and
electrolyte. Pseudo-capacitors, or redox supercapacitors,
however, have a Faradaic charge storage mechanism
based on fast and reversible electrochemical surface
reactions (Faryabi & Kazazi, 2019).

While double layer supercapacitors use carbon
materials with a high specific surface area as the active
materials, pseudo-capacitors use conductive polymers
such as polyaniline, polypyrrole, polythiophene or metal
oxides such as NiO, MnO;, Co304, M0Os, etc. as the
electroactive materials (Jiang et al., 2018).

According to the reports, binary metal oxides
exhibited better electrochemical performance than
single metal oxides due to the synergistic effect and
combined capacitance contribution of their individual
components. Among the binary metal oxides,
nanostructured nickel molybdate (NiMoO.) has
attracted extensive research attention during the last
decade for its wide applications in the fields of energy
storage, energy conversion, and catalysis (Peng et al.

2015).

In the current research, an efficient method was
employed to produce binder-free nickel molybdate
electrode that incorporates the electrochemical
deposition of active materials on the surface of the
nickel foam current collector, followed by subsequent
heat treatment. The obtained electrode was maticulously
evaluated in terms of its structure, morphology, and
energy storage properties.

2. MATERIALS AND METHODS

The galvanostatic  cathodic  electrochemical
deposition in two-electrode cell was used to prepare
nickel molybdate electrode. The electrolyte composition
was an aqueous solution with the concentration of 0.1 M
ammonium acetate, 0.1 M ethylenediaminetetraacetic
acid (EDTA), 0.1 M sodium molybdate, and 0.1 M
nickel nitrate at 80 °C. The initial pH of the prepared
solution was about 4.5, which increased to 8 by adding
some ammonia solution. After preparing the electrolyte,
the galvanostatic deposition process was employed
using acid-washed nickel foam as the cathode (negative
electrode) and a sheet with a high area of 316L stainless
steel as the anode (positive electrode). The used current
density was measured as 20 mA/cm2. Finally, the
prepared electrode was calcined at 450 °C for 3 hours to
obtain the NiMoO, electrode.

The structural and chemical characterization of the
prepared electrode was conducted using XRD and FTIR,

a  supercapacitor  electrode, Journal of  Advanced
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respectively. The specific surface area and total pore
volume of the electrode material were measured using
nitrogen adsorption/desorpting based on Brunauer—
Emmett-Teller (BET) method. The surface morphology
of the as-prepared electrode was evaluated by FESEM.
Further, the supercapacitive performance of the
prepared electrode was evaluated in a three-electrode
cell containing 2M KOH aqueous electrolyte using
cyclic voltammetry, galvanostatic charge-discharge,
electrochemical impedance spectroscopy, and cycle
stability measurements.

3. RESULTS AND DISCUSSION

3.1. Characterization of nickel hydroxide electrode

Figure 1 shows the X-ray diffraction pattern of the
NiMoO; electrode. As demonstrated in this figure, aside
from the peaks related to pure nickel, the other peaks are
attributed to the monoclinic structure of NiMoOs with
space group C2/m (JCPDS number: 0361-86). The
relatively broad peaks indicate the relatively weak
crystallinity and small size of the crystals of the nickel
molybdate nanoparticles. Of note, according to the given
pattern, the obtained coating corresponds to a-NiMoO,
single phase (Jothi & Shanthi, 2015).

Intensity (a.u.)

ye— a-NiMoO,
Ni— Nickel foam

10 20 30

40

50 60 70 80

20/ degree

Figure 1. XRD patterns of the bare nickel foam and nickel molybdate electrode.

FESEM images of pure nickel foam and nickel
molybdate electrode at different magnifications are
shown in Figure 2. The nickel foam is characterized by
a regular porous structure, facilitating the easy
penetration of electrolyte ions into the electrode
structure. The low magnification FESEM image of the
prepared electrode reveals a uniform coating of nickel

molybdate has been obtained. At higher magnifications,
the pure nickel molybdate coating consists of spheres
composed of very small nano-particles. These tiny
particles provide a high specific surface area, facilitating
electrochemical reactions.

SEM MAG: 50.0 kx
WD: 10.32 mm

Figure 2. FESEM images of the (a) bare nickel foam and (b,c) NiMoO4 electrode.

3.2.  Electrochemical nickel
hydroxide electrode

Fig. 3(a) shows the Cyclic Voltammetry (CV) curve
of the nickel molybdate electrode at a different scanning
rate of 10 mV s*. As observed, the CV curve displays
oxidation and reduction peaks attributed to faradic
oxidation-reduction (redox) reactions, indicating a

pseudocapacitive mechanism. These strong redox peaks

performance of

are attributed to the reversible faradic reaction of
Ni(I1)/Ni(l1) conversion. The faradic reactions of the
nickel molybdate active material in alkaline electrolytes

are as follows (Wu et al., 2015):
Ni2* 4+ 20H~ - Ni(OH), (1)
Ni(OH), + OH™ — NiOOH + H,0 + e~ )
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Fig. 3(b) shows the Galvanostatic Charge-Discharge
(GCD) curves of NiMoOQ; electrode at different current
densities ranging from 1 to 10 A g*. The curves exhibit
a stable voltage plateau in both charging and discharging
processes, corresponding to  Ni(I1)/Ni(lll) faradic
conversion. These stable voltage regions in the charge-
discharge curves are characteristics of the pseudo-
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capacitive behavior of the electrodes. Based on the
obtained results, the prepared nickel molybdate
electrode has a capacitance of 676 F g at a current
density of 1 A g*. Additionally, an acceptable capacity
retention of 45% was achieved with a 10-fold increase
in the current density.
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Figure 3. (a) CV curve of the NiMoOj4 electrode at 10 mV s; (b) GCD curves of the NiMoOs electrode at various current rates.

4. CONCLUSION

In the present study, the binder-free nickel molybdate
electrode was prepared with a relatively simple and
efficient  two-step  process,  which  included
electrochemical deposition of nickel molybdate
nanoparticles and subsequent calcination heat treatment.
The electrode was then evaluated in terms of its
structure, morphology, and supercapacitance. The
results indicated the successful deposition of nickel
molybdate with nanometer-sized and high specific
surface area, making it suitable for supercapacitor
applications. The prepared electrode was characterized
by a high specific capacity of 676 F g* at a current
density of 1 A g%, high rate capability (45% capacitance
retention with a 10-fold increase in the discharge
current), and excellent cyclic stability (89.1%
capacitance retention after 2000 cycles at 5 A g1).
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Abstract: In this study, zinc oxide (ZnO) nanorods were grown on substrates with and without a seed layer using
a hydrothermal process. WO3 nanoparticles were then coated onto the ZnO nanorods using the spin coating
method. Techniques such as XRD, SEM, EDX, and UV-Vis DRS were employed to analyze the phase,
microstructure, and photocatalytic properties. The results showed that the morphology of ZnO nanoparticles and
nanorods, whether with or without a seed layer, significantly affected their photocatalytic properties. Additionally,
the band gap size in the presence of WO3 influenced the performance of the ZnO/WO; core-shell structure. ZnO
nanorods with a seed layer exhibited a more uniform and orderly morphology compared to those without. The
ZnO/WO3 nanocomposite also improved dye photodegradation efficiency by enhancing electron-hole separation
and reducing recombination. The experiments were designed and analyzed using the Taguchi method, which
determined the number of experiments and assessed the effects of pH, time, initial methylene green concentration,
and stirring speed on the photocatalytic degradation of methylene green by ZnO nanoparticles, nanorods, and the
ZnO/WO; catalyst using ANOVA. The findings revealed that the initial methylene green concentration and pH
had the most significant impact on the photocatalytic process, with removal rates reaching 70.2% for ZnO nanorods

with a seed layer and 82.3% for the ZnO/WO; composite.
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1. INTRODUCTION

Among  semiconductor  materials used as
photocatalysts for eliminating environmental pollutants,
ZnO has garnered significant attention (Samadi et al.
2016; Ebrahimi et al., 2017). Research has highlighted
the importance of designing one-dimensional ZnO
nanomaterials (Huang et al., 2001). Various chemical,
electrochemical, and physical deposition methods have
been reported to achieve oriented structures of ZnO
nanorods and nanowires. In the hydrothermal method,
primary salts are placed in an autoclave where, under
controlled high temperature and pressure, the desired
nanostructure grows. By varying the concentration and
type of raw materials, temperature, pressure, and process
time, a wide range of nanostructures can be obtained
(Kurudirek et al., 2017; Ghasaban et al., 2017). The
present research produced ZnO nanorods using the
hydrothermal method, which is environmentally friendly,
highly efficient, low-cost, and economically significant.
Among transition metal oxides, tungsten oxide (WOs3) is

notable as a semiconductor with a wide energy gap,
useful in detecting various gases such as NOx, H-S, Ha,
and NHs, and possessing electro chromic properties for
various applications (Zhao et al., 2000; Koltypin et al.,
2002). ZnO with one-dimensional nanostructures, such
as nanowires and nanorods, exhibits unique
optoelectronic and electronic properties (Wang, 2007; Li
et al., 2009). ZnO's nanostructures surface, when
combined with other conductors, holds potential
applications in ultraviolet optoelectronics (Li et al.,
2009). The Taguchi method is a valuable tool for solving
complex problems with few variables and minimal tests
across various fields. It involves designing an
experimental procedure using orthogonal arrays,
allowing independent evaluation of factors through a
small number of experiments (Naghibi et al., 2014;
Abdul-Rani & Mahamat, 2013).

2. MATERIALS AND METHODS
Initially, ZnO nanoparticles were synthesized.
Subsequently, a ZnO nucleator was prepared to facilitate
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germination. Following this, a solution of ZnO nanorods
(NRs) was prepared and allowed to grow. This process
was followed by the synthesis of WO3, which was then
applied to the substrate where the ZnO NRs had been
grown. This was achieved through a method involving
periodic coverage addressed in layers.

Table 1. List of synthesized samples

Initial concentration>pH > reaction time > temperature >
mixing speed.

A signal-to-noise ratio greater than 4 is considered
desirable. Our ratio of 55.052 indicates a sufficient
signal, suggesting that this model can be effectively used
to navigate the design space.

Table 3. Table of test accuracy

Samples Description Code samples
Lam + ZnO
! (seed layer) ZnO(NP)
2 WOos3 WO3(NP)
Lam + ZnO -
ZnO(NR) along with the
3 (seed layer) + ( ge)rminagt]or
ZnO(NRs)
4 Lam + ZnO(NRs) Nozﬁ’ﬁgr?,;”sg'”g
5 Lam + ZnO(NRs) ZnO(NR) / WOs No
+ W03 germinating
6 (Lsae’: djazgg ZnO(NR)/WOs Along
Y with the germinator
+ZnO(NRs) +WO3

2.2. Optimization of effective parameters

The software Design Expert was used to design an
experiment considering the following intervals: pH (3, 5,
7,9, 11), time (15, 30, 45, 60, 90 minutes), temperature
(25, 30, 35, 40, 50°C), initial concentration of methylene
green (10, 20, 30, 40, 50 mg/L), and mixing speed (200,
400, 600, 800, 1000 rpm). The experiment was designed
using the Taguchi method and included 25 stages.

2.3. Taguchi method experiment design for catalyst
ZnO NPs & NRs particle

At the optimal conditions of pH3, a reaction time of
15 minutes, a catalyst amount of 0.1 g, an initial
concentration of methylene green at 10 ppm, and a
stirring speed of 200rpm, the final concentration of
methylene green in the aqueous solution was reduced to
2.98 mg/L. This corresponds to a70.20% removal from
the initial solution. The effects of different parameters on
the removal process of methylene green using the
catalytic converter follow this sequence: initial
concentration>pH < reaction time > temperature >
mixing speed.A ratio greater than 4 is considered
desirable. Our observed ratio of 42.792 indicates a
sufficient signal. This model can be used to inform design
decisions.

Table 2. Test accuracy rate

Std. Dev. 0.8745 R?2 0.9987
Mean 17.52 Adjusted R? 0.9925
CV % 4.99 Predicted R? 0.9511

Adeq Precision 42.7917

2.4. Taguchi test design table for catalyst ZnO/WQO3

The optimal conditions were found to be a pH of 3, a
reaction time of 15 minutes, 0.1 g of catalyst, an initial
concentration of methylene green at 10 mg/L, and a
stirring speed of 200 rpm. Under these conditions, the
final concentration of methylene green in the aqueous
solution was reduced to 1.77 mg/L, achieving an82.30%
removal from the initial solution.

The effect of different parameters on the removal
process of methyl green by the catalytic converter
follows this sequence:

Std. Dev. 0.6619 R2 0.9992
Mean 16.03 Adjusted R2 0.9953
CV % 4.13 Predicted R? 0.9693

Adeq Precision 55.0523

3. RESULTS AND DISCUSSION

3.1. Review of Fuzzy Analysis of XRD Samples

All the peaks in the diffraction spectrum are
indicative of the quartzite structure of zinc oxide, with no
diffraction peaks attributable to impurities in the
diffraction spectrum X (Figure 1).
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Figur 1. X-ray diffraction pattern (XRD) a) ZnO(NP), b)
ZnO(NR), ¢) ZnO(NR)/WO3 with nucleator, d)
ZnO(NR)/WO3 without nucleator
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3.2. Examination of the microstructure of the samples

using SEM analysis and elemental analysis EDX

Figure 2. SEM image of ZnONRs coated on nucleator

3.3. Examination of the microstructure of the
samples: ZnO(NR) on germinating and non-
germinating substrates, sample WO3, and sample
ZnO/WO3.

Figure 4. ZnO(NR) with nucleator
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Figure 5. WOs3

Figure 6. ZnO/WOs3

3.4. Evaluation of the effects of parameters (pH, time,
temperature, and initial concentration) on the
photocatalytic removal of methylene green by ZnO
NPs & NRs, and ZnO/WO3
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Figure 7. Simultaneous effects of pH and methylene green
concentration on the photocatalytic removal of methylene
green by ZnO NPs & NRs
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Figure 8. Simultaneous effects of pH and time on the
photocatalytic removal of methylene green by ZnO NPs &
NRs
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Figure 9. The simultaneous effect of pH and temperature
on the removal of methylene green through the
photocatalytic process by ZnO NPs & NRs
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Figure 10. Simultaneous effect of pH and methylene
greenconcentration on methylene green removal by
photocatalytic process with ZnO/WQO3 catalyst

4. CONCLUSION

The results indicate that both the morphology of ZnO
nanoparticles (NPs) and nanorods (NRs), whether with
or without a nucleating agent, significantly influence
photocatalytic properties. Furthermore, the band gap of
the ZnO/WO3 core/shell sample is also affected by the
presence of WO3. ZnO NRs with nucleators exhibit a
more uniform and orderly morphology compared to
those without nucleators. Additionally, the ZnO/WO3
nanocomposite enhances the separation and reduction of
electron-hole recombination, thereby increasing the
photocatalyst's  efficiency in  photodegradation.
Specifically, the removal percentage in the
photocatalytic process reaches 70.20% with ZnO NRs
and nucleators, but improves to 82.30% with ZnO/WO3.
Analysis using Design Expert software reveals that for
photocatalytic removal with ZnO NRs and nucleators,
key parameters include pH, time, and the initial
concentration of methylene green. In contrast, with the
ZnO/WQ3 catalyst, the significant parameters are pH,
time, temperature, and initial concentration of
methylene green. The initial concentration of methylene
green solution and pH has the greatest impact on the
photocatalytic process.
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Figure 11. Simultaneous effect of pH and time on the

removal of methylene green through the photocatalytic
process with ZnO/WO3 catalyst
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Figure 12. Simultaneous effect of pH and temperature on
the removal of methylene green via the photocatalytic
process with ZnO/WO3 catalyst
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21 11 45 30 10 1000 0.1 6.55 34.50
22 9 90 35 10 800 0.1 5.07 49.30
23 7 15 35 50 400 0.1 29.10 41.80
24 9 45 25 40 400 0.1 23.87 40.32
25 7 30 40 10 600 0.1 3.14 68.60
ANOVA Ui £ Jsd>
Source Sum of Squares | df | Mean Square | F-value p-value
Model 2226.38 20 111.32 254.10 | <0.0001 | significant
A-ph 248.05 4 62.01 141.55 0.0001
B-time 30.30 4 7.57 17.29 0.0086
C-temperture 16.76 4 4.19 9.56 0.0252
D-ip S date sl ke 1929.29 4 482.32 1100.98 | <0.0001
E-Losl cs o 1.99 4 0.4967 1.13 0.4530
Residual 1.75 4 0.4381
Cor Total 2228.14 24
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Abstract Use of drug-carrying scaffolds in regenerative medicine induces simultaneous tissue regeneration and
drug release at the injury site. In this research, nanofibrous scaffolds based on poly-caprolactone/decellularized
Wharton’s jelly matrix (PCL/DWIM) with a weight ratio of 20:80 containing curcumin were prepared through
electrospinning method. Nanofibrous scaffolds were then compared in terms of morphology, physicochemical
properties, and drug release in the presence and absence of MWCNTs-COOH. The morphology of the fibers,
observed using a Scanning Electron Microscope (SEM), shows that the presence of curcumin and MWCNT
increases the conductivity of the solution and charge density as well, thereby reducing the diameter of nanofibers
and facilitating the electrospinning process. Infrared Spectroscopy (FTIR) indicated the interaction between the
functional groups in curcumin, DWJM, and MWCNT, hence an improvement in the tensile strength of the scaffold.
Addition of MWCNT-COOH increased the tensile strength of the scaffold by about two times that of the scaffold
without ceramics. Curcumin, as a lipophilic substance in the PCL/DWJM structure, prevents the reduction of the
contact angle while addition of MWCNT-COOH decreases the contact angle of water. The drug release evaluation
revealed that compared to the polymer scaffold without ceramics, the amount of curcumin released from the
scaffold containing MWCNT-COOH enhanced due to the increased repulsion of the negative charges between the
oxygen anion and carboxylate anion.
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1. INTRODUCTION

Tissue engineering is a combination of material
science and cell technology that provides bio-imitation of
natural tissue by designing and manufacturing a scaffold.
The main purpose of fabricating tissue engineering
scaffolds is to restore the damaged tissues; therefore, the
selection of materials, manufacturing method, simulation
of the properties, and biological function of the scaffold
are of high important in tissue engineering science (Lavik
& Langer, 2004). The preparation and use of a
biodegradable scaffold with the ability to release drugs to
regenerate long-term tissues, such as articular cartilage,
is regarded as a new solution to improving damages to
this type of tissue. Polymer-based scaffolds play an
important role in tissue engineering. Scaffolds with a
nanofibrous structure similar to the ECM structure can
create suitable biomimicry for ablated tissue
(Zadehnajar, Akbari, et al., 2019). Electrospinning is one
of the conventional methods for producing nanofiber
scaffolds (Ghasemi-Mobarakeh et al., 2008; Zadehnajar,
Akbari, et al., 2019). The combination of PCL with
natural polymers, while increasing the hydrophilic
properties, will also reduce the mechanical strength of the
scaffolds. Studies have shown that the application of
decellularized ECM (dECM) as a natural polymer can

increase the similarity of the function and nature of the
scaffold to the target tissue (Jeon et al., 2016). A few
studies employed dECM as a natural polymer in the
construction of scaffolds (Lin et al., 2020). Wharton's
jelly found in the umbilical cord is similar to articular
cartilage ECM in terms of some compounds such as
hyaluronic acid, glycosaminoglycan, and collagen type 2,
making it a promising material in the regenerative
medicine of this type of tissue (Lin et al., 2020; Xu et al.,
2020). Carbon-based nanotechnology is rapidly
advancing due to its wide applications in regenerative
medicine. Nowadays, multi-wall carbon nanotubes
functionalized with a carboxyl group (MWCNT-COOQOH)
are widely used to increase the strength and improve the
biological properties of composites. In the present study,
curcumin was used as a plant compound with
hydrophobic, negatively charged, and anti-inflammatory
properties in the construction of polymer-ceramic
scaffolds. In the current research, simultaneous
electrospinning of curcumin was carried out along with
PCL-DWIJM/MWCNT  combination.  Further, the
morphology, physical and chemical properties, and
curcumin release in the presence and absence of
MWCNT-COOH were evaluated and compared.

https://doi.org/10.30501/jamt.2024.457730.1300.
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2. MATERIALS AND METHODS

In the present study, PCL (molecular weight =
80,000), curcumin (HOCgH3 (OCH3z) CH=CHCO), CH,
Mw= 368.38 g/mol) and sodium didecyl sulfate (SDS,
C12H25NaSOy4, density = 1.1 g/cm3, Mw = 288.38 g/mol,
purity > 98.5%) were purchased from Sigma-Aldrich
(USA). Multi-walled carbon nanotubes functionalized
with carboxyl (diameter = 5-25 nm, length = 0.5-2
micrometers, conductivity s/m 107-105 and purity >
95%) were also purchased from Pisgaman Nano
Materials Company of Iran. Trifluoroethanol (TFE,
C2H3F30, density = 1.38 g/cm3, Mw = 100.04 g/mol,
purity > 99%) and trifluoroacetic acid (TFA, CoHF;0,
density = 1.49 g/cm3, Mw = 169.87 g/mol) solvents,
purity > 99%) were purchased from Merck, Germany. To
prepare DWJM, 20 blood-free human fetal umbilical
cords were cut into pieces. The Wharton’s jelly contained
in them was collected and stirred for 5h under 0.1 wt.%
SDS solution at ambient temperature. The remaining
bodies were thoroughly washed using Phosphate Buffer
Solution (PBS) and then centrifuged at 8000 rpm at 4°C
to separate the bodies. The collected objects were kept in
a freezer at -80 °C for 12 hours and finally placed in a
freeze dryer for 24 hours to remove moisture.

A solution of 12 wt.% PCL/DWJM with a ratio of
20:80 was prepared. First, a certain amount of PCL was
stirred in TFE solvent for 1 hour at ambient temperature.
Then, a certain amount of DWJM was stirred in TFA for
30 minutes at room temperature and then added to the
PCL solution. Next, 5 wt.% curcumin was added to the
PCL/DWJM polymer mixture and homogenized with the
polymer solution for 10 minutes.

Subsequently, 1 wt.% MWCNT-COOH was added to
the polymer solution containing the drug and dispersed
in the solution for 8 minutes using sonicator. The
obtained solution was electrospun at the voltage of 18
kV, distance of 20 cm, rate of 0.25 ml/h (ml/h), and room
temperature of 25 °C. In this research, two types of
samples, i.e., PCL-DWJM-Cur (control sample) and
PCL-DWJM-Cur/MWCNT (considered sample), were
prepared. In this research, the PCL-DWJM-Cur scaffold
with the abbreviation PDC and PCL-DWJM-
Cur/MWCNT scaffold are introduced as PDCW in the
text.

3. RESULTS AND DISCUSSION

The presence of MWCNT increases the conductivity
of the polymer solution and enhances the elongation of
the polymer jet in the electric field during the
electrospinning process. Studies have shown that the
processability of DWJM is more challenging than natural
polymers due to its collagen structure; therefore, it is
expected not to exhibit the same morphology and
distribution of fiber diameter. Curcumin, as a negatively
charged drug, can enhance the charge density in the
polymer solution, thereby increasing the conductivity of
the solution. According to the results obtained from the
morphology and average diameter of the fibers, the
presence of MWCNT with high intrinsic conductivity,
along with curcumin, reduced the diameter of the fibers
and improved their morphology. Additionally, due to the
tubular structure, MWCNTSs align with the nanofibers,
which increases the elongation of the jet in the electric
field.

The presence of DWJIM as a polypeptide with
functional groups NHs; and COOH, alongside the
hydrophobic polymer PCL, improved the water contact
angle in the two scaffolds. It should be noted that
curcumin is a lipophilic substance that does not tend to
interact with polar water molecules. The contact angles
of PDC and PDCW scaffolds were measured as
71.16°+7.54 and 66.85°+3.09, respectively. The scaffold
without MWCNT had a tensile strength of 1.87+0.48
MPa; however, the presence of MWCNT-COOH in the
PDCW scaffold significantly increased the tensile
strength up to 3.98+2.69 MPa. MWCNT with its high
tensile strength can increase the tensile strength while
improving the morphology of nanofibers. Based on the
obtained results, the presence of MWCNT-COOH
triggered more release of curcumin during the test period.
COOH groups present in MWCNT and DWJM, after
being placed in an aqueous environment with pH=7.4, are
converted into COO™ negative charge anion and release
H* cation in the environment.

Curcumin is stable in acidic environments with little
tendency to dissolve; however, after exposure to an
alkaline environment (pH<7), OH groups are ionized and
become O anions by releasing H*, thus accelerating the
process of hydrolysis of the polymer matrix. The scaffold
induces more curcumin release during the test and
finally, after 18 hours, it reaches the maximum release.
An increase in the negative charge created by COOH
groups due to the presence of MWCNT and formation of
O anion caused by curcumin creates a repulsive force in
the structure, hence more curcumin release by the PDCW
scaffold. Due to the smaller amount of COOH groups in
the structure of PDC scaffold, the repulsive forces
between O and COO" anions are lower than those in the
PDCW scaffold, thus resulting in longer drug retention in
the nanocomposite.

4. CONCLUSION

The results from hydrophilicity and tensile strength
confirmed that an increase in the carboxyl functional
groups due to the presence of MWCNT, as well as the
high strength of this material, reduced the water contact
angle and increased the tensile strength of the PDCW
scaffold. Infrared spectroscopy also revealed the
physicochemical interactions in the structure of
nanocomposites. According to the findings of drug
release evaluation indicated that the formation of COO"
and O anions due to the interaction of COOH and OH
present in MWCNT, DWJM, and curcumin with water
caused repulsion within the structure of the scaffolds and
accelerated the drug release process. Of note, the release
of H* cation due to the formation of anions is one of the
important factors involved in the dissolution of polymer
chains. The repulsive forces and hydrolysis process in the
nanocomposite scaffold containing MWCNT-COOH,
compared to the PDC, led to more efficient drug release.
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Abstract The present study aims to determine the scattering mechanism in two types of n- and p-type InSb single
crystal semiconductors. For this purpose, the changes in the Hall constant, electrical conductivity, dynamics
coefficient in the temperature range of 77K to 360K, and Hall effect with an intensity of 7900 Gauss were
simultaneously measured and compared with the theoretical results. Additionally, Debye temperature and
dispersion mechanism were determined from the curve of changes in the mobility coefficient with respect to
temperature. Further, the energy of the forbidden band and overlapping temperature were calculated from the curve
of changes in the electrical conductivity, and the density of the charged particles as well as the type of charge
carriers were determined from the changes in the Hall constant with respect to temperature. From the change
curve of the dynamic’s coefficient with respect to temperature, the dispersion mechanism was defined. In this
experiment, for the n-type sample, the scattering mechanism was carried out by the optical mode at high
temperatures and by impurity at low temperatures. In the p-type sample, scattering was done by the acoustic mode.
Finally, in both samples, the dynamics coefficient was theoretically calculated that showed good agreement with

the experimental values.
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1. INTRODUCTION
The electrical properties of the InSb semiconductor

were studied in detail (Morisaki, 1970; Sugiyama &
Kataoka, 1985; Alberga et al., 1982; Tukioka, 1991;
Tanenbaum & Maita, 1953; Hrostowski et al., 1955;
Biernat & Kriechbaum, 1976). Determining the
scattering mechanism in semiconductors enables us to
examine the behavior of electrical conductivity and
mobility of charge carriers.

In the current research, the Hall effect behavior in
different temperature ranges as well as variations in the
mobility of charge carriers and electrical conductivity
were studied based on the energy scattering mechanism.
Basically, scattering of the charge carriers occurs in five
cases, i.e., acoustic scattering mode, optical scattering
mode, percentage of impurity, charge carriers, and crystal
defects. The effects of all of the above-mentioned
specifications are observable in a certain temperature
range which is divided into two regions called high- and
low-temperature region. At low temperatures, the range
of atom vibrations in the position of the crystal lattice is
quite low; therefore, it can be ignored. In this region, the
changes result from the ionized impurity atoms and
crystal defects. On the contrary, at high temperatures, the

atoms in the lattice sites move significantly from their
equilibrium position due to thermal vibrations. The
modes increase and as a result, thermal scattering by
phonons prevails.

2. RESULTS AND DISCUSSION

The current study was carried out on two samples,
i.e., p- and n-type samples. The temperature range of the
analysis was from 77K to 360K, and the intensity of the
magnetic field applied on the sample was 7900 Gauss.
The amount of impurity in the two samples was measured
as  [Ng]=9.5x10%cm=  and  [N,]=9.2x10%cm,
respectively.

In the sample with the impurity of [Ng] = 9.5 x
10%*cm’3, the mobility increased from 180° up to 300° and
decreased from 300K to 360K. From 180K to 300K, the
relation of mobility with respect to temperature was
u~T1652 and from 300° to 360K, it was u~T /2. The
maximum mobility of 65000 cm?/v sec was measured at
300K. The obtained results were compared with the
theoretical models, the results of which showed good
agreement.

Please cite this article as: Atashbar Tehrani, Sh. & Morshedian, N. (2024) Study of Electrical Property of Single Crystal InSb, Journal of Advanced
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Figure 1. Mobility for sample n
In the sample with the impurity of [N,] = 9.2 x 101
cm3, the mobility decreased from 80K to 360K, and its
dependence on temperature was calculated as u~T 16,
indicating that the Fermi level is degenerate.
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Figure.2. Mobility for sample p

In the first sample, an increase in the mobility is
defined by the ionized atom scattering mechanism. Its
decrease is also specified by the optical phonon scattering
mechanism and interaction among the charge carriers. In
the second example, both acoustic phonons scattering
mechanism and interaction among the charge carriers
play a significant role due to the lattice vibrations.
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Abstract The selective laser melting process is one of the additive manufacturing processes of metals in which a
laser beam melts selected areas on a powder bed and creates the parts in layers. One of the important challenges
of this method is to make a part without any defects and reaching 100% density. The material selected for this
study is stainless steel 311L powder and the NOURA M100P machine was used to make the samples. In this

research, six samples with different energy densities were made from 160 j/mm3 to 260 j/mm3. After making the
samples, their density was measured by the Archimedes method. A sample made with an energy density of 220
j/mm3 has the highest relative density of 97.93. By examining the microstructure of the printed samples, it was
determined that the samples have grain boundary cracks and incomplete fusion cavities and keyhole phenomenon.

URL.: https://www.jamt.ir/article 205941.html

1. INTRODUCTION

This study investigates the influence of energy
density on the density and microstructural features of 316
L stainless steel fabricated using SLM, a pioneering
technique in the field of additive manufacturing of
metals. SLM allows the layer-by-layer production of
metal parts, relying on the selective melting of metal
powders by a high-power laser (Bakhtiarian et al., 2024).
Full density and reduction of defects, including porosity,
cracks, and keyhole formation, remain some of the
important challenges in this process (Pilehrood et al.
2021). This study aims to investigate the influence of
different energy densities on the component quality
fabricated by SLM, with an emphasis on the optimization
of parameters that will enable defect-free production.
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Figure 1: SEM image of the stainless steel 316L powder used
in this study.

2. RESULTS AND DISCUSSION

In this study, 316 L of stainless-steel powder was
employed, and six samples were fabricated using a
NOURA M100P machine with energy densities ranging
between 160 and 260 J/mm3. At figure 1, the morphology
of the stainless-steel powder indicates spherical shapes,
which provide good flowability and uniformity within
the powder layer during the SLM process.

As illustrated at figure 2, the evolution of sample
density with energy input. Insufficient energy densities
resulted in incomplete fusion, whereas higher energy
densities (> 240 J/mm3) resulted in the formation of
keyhole defects.
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Figure 2: The relationship between energy density and
relative density of the printed samples

Further evidence regarding the effects of energy
density on defect formation was obtained from the
microstructural examination. Figure 3(a) shows that the
specimens produced at lower energy densities
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demonstrated incomplete fusion and large spherical
pores, while the specimens built with higher energy
densities demonstrated keyhole defects owing to
excessive energy input.

The localized thermal stress led to melt pool
instability (Qu et al., 2022), which in turn created keyhole
defects, as shown in Figure 3(b) These types of defects
can significantly reduce the mechanical properties of a
material and lead to premature failure during structural
use (Liverani et al., 2017).

Significantly, the specimen manufactured at an
energy density of 220 J/mm?3 displayed the fewest

Vi~ T L

defects, as shown in Figure 3(c) the microstructure of this
specimen was almost devoid of porosity, suggesting that
this energy density approached the ideal level for the
fabrication of high-density defect-free components.

No keyholes were present in this sample, and the fusion
was incomplete. This indicates that 220 J/mm3 is
sufficient energy to melt the powder without overheating
or making the melt pool unstable (Wang et al., 2023).
These results emphasize the importance of optimizing
energy density in the SLM process.

Figure 3. (a) Optical micrographs of microstructure, (b) showing the defects (keyhole and incomplete fusion) at different energy
densities, (c)Microstructure of the sample fabricated at 220 J/mm3, showing minimal defects and nearly no porosity.

Tablel. The hardness test’s results.

Sample Energy Density) j/mm3( Scanning Speed (mm/s) Vickers hardness (HV)
D-1 198 800 200
D-2 158 1000 201
D-3 132 1200 213
D-4 113 1400 210
D-5 99 1600 219
D-6 88 1800 209
D-7 79 2000 195
D-8 72 2200 193
D-9 66 2400 185

In addition to density and microstructural analysis,
the hardness of the samples was also measured using the
Vickers hardness test. The results, summarized in Table
1, show that hardness increased with energy density up
to a point, reaching a maximum hardness of 219 HV at
220 J/mm3, which corresponds to the sample with the
highest density. As energy densities continued to rise
beyond this point, the formation of keyhole defects and
excessive grain growth led to a decrease in hardness
values (Tucho et al., 2018).

The hardness results match the microstructural
results, which can be seen in Figure 3. The highest
hardness was found at 220 J/mm3, which means there
were the fewest holes and the best grain structure.
Conversely, at higher energy densities, excessive heat
caused grain coarsening and defect formation, reducing
the material's hardness.

A low energy density leads to poor melting and low
bonding between the layers. When the energy density
was too high, keyhole defects, grain boundary cracks,
and increased porosity occurred (Brennan et al., 2021).
In this case, the identification of an ideal energy density
of 220 J/mm3 allows a high density of the part with
minimal microstructural defects, as shown in Figure 3.c,

where a sample shows minimal development of a keyhole
or voids in the structure.

This work contributes to the literature of additive
manufacturing by explaining the relationship between the
energy density and quality of manufactured parts. By
optimizing the process parameters, particularly the
energy density, manufacturers can improve the
mechanical properties and structural strength of 316 L
stainless steel components. Further optimization of the
scanning speed, laser power, and post-processing
techniques could be performed in future research work to
enhance the mechanical performance and reduce defects
in SLM-manufactured parts. This work may be used in
space, automotive, and biomedical engineering industries
owing to the demand for high-performance, defect-free
components.

REFERENCES

1. Bakhtiarian, M., Omidvar, H., Mashhuriazar, A., Sajuri, Z., &
Gur, C. H. (2024). The effects of SLM process parameters on the
relative density and hardness of austenitic stainless steel 316L.
Journal of Materials Research and Technology, 29, 1616-1629.
https://doi.org/10.1016/j.jmrt.2024.01.237

2. Brennan, M. C,, Keist, J. S., & Palmer, T. A. (2021). Defects in
metal  additive  manufacturing  processes.  Springer.
https://doi.org/10.31399/asm.hb.v24.a0006557



https://doi.org/10.1016/j.jmrt.2024.01.237
https://doi.org/10.31399/asm.hb.v24.a0006557

M. A. Bakhtiarian et al / Journal of Advanced Materials and Technologies (JAMT): Vol. 13, No. 2, (Summer 2024), 63-73 65

3. Liverani, E., Toschi, S., Ceschini, L., & Fortunato, A. (2017).
Effect of selective laser melting (SLM) process parameters on
microstructure and mechanical properties of 316L austenitic
stainless steel. Journal of Materials Processing Technology, 249,
255-263. https://doi.org/10.1016/j.jmatprotec.2017.05.042

4.  Pilehrood, A. E., Mashhuriazar, A., Baghdadi, A. H., Sajuri, Z.,
& Omidvar, H. (2021). Effect of Laser Metal Deposition
Parameters on the Characteristics of Stellite 6 Deposited Layers
on Precipitation-Hardened Stainless Steel. Materials, 14(19).
https://doi.org/10.3390/mal14195662

5. Qu, M., Guo, Q., Escano, L. I., Nabaa, A., Hojjatzadeh, S. M. H.,
Young, Z. A., & Chen, L. (2022). Controlling process instability
for defect lean metal additive manufacturing. Nature
Communications, 13(1), 1079. https://doi.org/10.1038/s41467-
022-29295-4

6.  Tucho, W. M., Lysne, V. H., Austbg, H., Sjolyst-Kverneland, A.,
& Hansen, V. (2018). Investigation of effects of process
parameters on microstructure and hardness of SLM
manufactured SS316L. Journal of Alloys and Compounds, 740,
910-925. https://doi.org/10.1016/j.jallcom.2018.01.098

7.  Wang, J., Zhu, R, Liu, Y., & Zhang, L. (2023). Understanding
melt pool characteristics in laser powder bed fusion: An
overview of single-and multi-track melt pools for process
optimization. Advanced Powder Materials, 2(4), 100137.
https://doi.org/10.1016/j.apmate.2023.100137



https://doi.org/10.1016/j.jmatprotec.2017.05.042
https://doi.org/10.3390/ma14195662
https://doi.org/10.1038/s41467-022-29295-4
https://doi.org/10.1038/s41467-022-29295-4
https://doi.org/10.1016/j.jallcom.2018.01.098
https://doi.org/10.1016/j.apmate.2023.100137

A\ g(\i'\* QL’L«J[J) Al c‘)w NY 092 wr“m.:“_ 6[.&6)}{.5 9 J‘}A ML\.LA_Q

Journal Homepage: www.jamt.ir

423}4'..@ ‘5‘.&‘5J‘9‘.23‘9:|y MLZLAJ

&

& 3
Girls ,mK-/.!/’._

Sl o) 4 eddad 5 VN 0585 SV g Sk le; 5 J&e Ol 5 551 J&e S e

S — 295

¥

Skl doa S s 2 5,0 O Ly elhes

Il Ol S o] _iminr o> (S s (67 Mo 5 5 g0 pocligro ] _olis 157!
Il g o8ty 5SS g () o g 3l g0 puonligo eyl ol 5T
Ol S ool inino ol 3 g0 wlo 5 poncligs oA SCEls LS
sl 5 Sl 5 ple Colis Mol ale sloy(Son 5 Slallls 5,4

Sl edd Wl g S o oMo 5 ann s S olE il el wsdS aes b s S
O 33 a8 el b iyl cotle sbansl b 5 S 55 baw s bl osd Aol ol VU fsly g1l
SIS S e sl VAN O s ) Slalad 5 S o b L3y S SO G L eddobnl Ghle 3 5
35 andlan ol gl edi bl esle .l Aoy V0 e Jngajé}Q)J{u.hé&qui))&ﬂwéuuﬂb;
53 ol 0 a3l badd yod Ctlr (51 s NOURA MI0OP ol 515 ol oS oS TV 053855 Y55 5UT
(e b b xS e Joe 1 J55 YN BN O e Sl cilise slags3 Sl S Laigad B Shass ol
S a5 Js5 Y 5 S L eddantle el LS (5 Sl edead)) By 4 0T JB

s azesey b0

A VERVA G SR PC
VY7 YN 1 5550
VET/ U ke 5
HEYS{PRNLY

(RS WS TNV Y58

(S bl s Al s

Wi
S Al asie addi p sl bl ey bl 1 AVAY Ll goltie bl I o YL e
o 2 G5 JE S drem IS s ey 5 a3l 3 slae i 5 il e GlaS 5 (5ol ek g Sy,
] 0 L;""’Jj'ﬁ" C"J).A
https://doi.org/10.30501/jamt.2024.451706.1299 URL: https://www.jamt.ir/article_205941.html
Garcia-Dominguez et al., 2020; ) . . el e dnddo —

.(Bakhtiarian et al., 2024

5 Ay 3 (S s by Gl o )

03 S cwl ol sl e le sl 3 5 S5
o Ol S aSS e i begsa ol glaans
08 Gl ol a bl O s s IS Slas sl
WS 395 0 eslinal (55 ) & Olgeas 55d 550 shaagl ol
LS oo 53 a5y 50 333 BLE 55 1y 636 535 O a4
IS8 s sl g O soa | 50 Dladad sk
S Ol oxd by ol Cud Al pdas
Loobdad ol Ol ol ool cotle sla iy,

ol Al cole lagsls Gl glaaas s

T S5 o a3 Lasusl s n Sete 5SS Ol e
Aile (glass iy gladsl b 5l eslinad b la i, ol Lleds
b lakas timen 36 5 law g bl Oopd Al b
Sl 5 ¥ Coson e sbIB 4 5L Os
Sl Sl Sls il sl .z sl gdman
(ilossngt Labln wlio dexsl 0SS olo ¢,
gl Sl ar g LS e al B 53 slaslnl 5 (S
ol o feats s did 28 (6 55l slaelSins 4 Ayl b

G slajlile 5 ooy glaawda L Silades ol OSG

Jlgdel Ao :CJL;&AJ‘DLLG.G

Mg e 5 punkign 8IS (g5 Sl mio oK1 (Labl- (UL oF Adate ol Ol 2 LGS

Omidvar@aut.ac.ir :)lfirl':


http://www.jamt.ir/
https://doi.org/10.30501/jamt.2024.451706.1299
https://www.jamt.ir/article_205941.html

r-vy c(\i"‘ QLLML?) Y o)w NY 6,93 42.9).1.:.1 LELQé))L;é} :\}A PR IPY) /Q')L{M) QL“)L::;U wl,\w a\%

sl (b egls e dB a iy )5 slags sl
Ll B 3 s se Sl b e ol ol OIS
S oLl 330l 4 Ol ey s ol b

I ol Sae )l (s Sl J&s
e ool il (Kaal iy opl bosddastle Sladad
5 L) S CH A misede e Ll
Al 18 sl eyl bl

blo L LS el (Sas oddatle Oladad s :laS 5
CulS ¢Ml¢x 4 Ll o a8 S il 55y Cins
St s Ysame OMSEs b 358 ot axdasd luLL
S St sbaY Cuabis s Kl L SLSE Ll
Al e

3 SoS bl sbal 4 S Hlse sy
o) i, ol beddantle Oladad js b slas )l saals
JSeds J:J.m_‘\bw IS ol 35 e 4SS Flos
oo gl Cubis 53 (SKeab b aul b gla el G5

.(Yadroitsev et al., 2021) da> . &

3ok Gl Dlais 5 (65ukd Bl bl sl
SRS 3 Ghs s Al SRl Lls e b Ml 5 s
Sl w5 S sl 3 K Olsea 53 ey
Spd by Ol3ls il sl

S s peile e Sla bl LonS el sy
el 55 J&s Olgea S oMaol Wl bl
3575 ol S se b Sy o e e b 0l o0
w\ RGDUOH IS 05+ 4\5‘)‘ SLM J:.M.q L Sl r&.ﬁ oS .))\.)
sl paxte s U S oD

g_,\.:SJS L: ck;vw\ IS4 eb‘b QL:.J \ A.SJL&A DL 45 )‘}bdw
O QLJLB_})Jﬁ 4.3\! Celses ‘)}_J u_i,w‘ &L.ij L)J',_:J Ql‘ﬁ;
Ll e s w JIMM® a5 55 (6550 (Sl b skt
S s i 53 Jse b ol (Yadroitsev et al., 2021)
JK}; ‘\W 63;:\ JK}; 6Lbrl; 9 b‘ﬁ.&‘_;a oslaul ‘-;o.l&

33500 08 4 O 6l o5 e w5 L3 5350 5 T3

VED=P/(V.S.h) (")

22 G sl 53 0594 335 5 ey Slaanda
G ple 5 (g Sarn, Aile g Gla by, b S AS
(Yang etal., 2021) 5 3 o plosil ety (2

SHU b 5 op G g gl b S o
g ey ke S s s See Ver BT S Sa
&5 G D s S e lans b sd 53 (e
B a3 LS e S et Ck“ Sao b slp sl sba
3 o s s Y -2 oY jalme S5 s
(Gatoes etal.. 2022) > 55 o plil 535 o5 en

03 S5 bl ool G b sl b il b
L elyl ol spls sy ladad Ll S 5 Al 3 J 8
e 5355l Jul

odol aS 55l oLl (Gls5 3 Olme as 53 Ol 1550 Ol
055 s lp 3L o, ol ezl pl sl e
Ll op 5 Ol ol @S LS o oS 5 (518 2
andsd SILLL iS5 b S 5 oy oReal oo
g ke

2 ox S IS Ol & o3 S 1Sl e
LS o e |y Sley el ol s sls e)u\)iﬁch.nd))
05 L 35 e 0l 3 gy e Sl aaE s s 5] S
2 038 osd Sl S Ol & 558 e gl Sa
W5 Oley Ll oS 3L m ST bl sl axsls s g
s alS | aalad

0353 Gos Qg 4 5o Y Culbes Dss Y Culis
g gn 033 13 C e amis G55 p ol 4k Lan g S
2l o Ll

39wl (14 S b eyl opl 5 bl o dlols
oS S Spe o phe BB el 5l Wl 5y S
2 Pabede ol (Saw 5 bl o ol bl
3ph e askd LodS el a5 cwle Do
Gatdes et al., 2022; Miranda et al., 2022; Liu et al., )

2020; Bang et al., 2021; Dutt et al., 2023; Gajera et al.,

2022: Larimian et al., 2021; Huang et al., 2019;

.(Pilehrood et al., 2021

Loamlie 3 oS o3k bl 352y b clidr (5518

1. Volumetric Energy Density (VED)
2. Laser Density (LD)
3. Energy Per Volume of Laser Track



b S 5 s el 5158 el b o 5 5/50g AT
JJLQL«».A NG| A.LS;S\ J)J;.-).> a.,L'..Z)Jé ja...«j: a.,\..i'm.:b\
g_,.”sjs o.L.f«LSJSAJ'L,U‘ Q‘ﬂ d)..iw odalioe J).\;- BE) S
A1 5 JBlas o3b 3 ol ples G2 SUT s
ﬁj—aﬂj\ b}i—&@—w‘ J‘)‘Jul:_w‘ ‘]L,w); bJ_Jw.:zj‘)‘.L;.A
O 1 3UT ol 53 5l 255 S g Sy S

..,Uh)&

b g 0 d3all o S STy plecd oS5 dder

sdiS A 5
(%) iolesl ez | (%) sSlo= | (%) Bl | s
vt Y - C
\An YA AR Cr
- - - Fe
V.84 Yoo - Mn
AR Veon Yoo Ni
vat vt - o)
SR vt - p
A oY -
CAY Voo - Sj
v p - N
Y.oV Yo Yoo Mo

AT 5
1 7 -\
. . af it
AccV Spot Magn Det WD F———————— 100 m
260kv 60 260x SE 142

DY)..%))ﬁ)'\ JJLJJ J}JJQ\ &)&w}&ﬂ)@ \ JSA:
S STVVAISE 055

el iy, -Y-Y

oAl e S el sdd el Ol sdaze Sladles s
LS (osbas o)l 3 g5 it alaly anlad J 5 (g3,
Job B 4 b e 3l 5 IS (53555 8351 L)
s S350 5 Ll S ol ol Gosas ol s
S B3 )5 ple 53 b s pad Sl L sed S
L aS ool s oals QLGS (e A e J':.alS B J.pb
S b e P 5 &l Lt o3Il 63555 S5 SRl
e Leia dls o3ll s pd e SO ol als el
53 el o&as sla el 5l b 50 il IS0 Sl S e
S>30 S5 03 s Fgse bals GV G50 slasass
ol s glandllas .S o Ity PPN IS aals 5ot
O3 b So,me 53 b cpdor adee Sles By (ol 03l
U s Slanls o5 e S5 05 ¢ 5 sl 5 5
.(Tucho et al., 2018) . .5 s

H. Gong et al.,) o, 5 ' &5 & _iasy oo
i ol 4 sl pll TiBAIAV SUT (55, (2014
g e bl Olg 53 (Sl e R L 6 L
oA Ja W J&a il (ks sl S5l
AV & Wsad S e 5 LS o Iy SRS Ay
3 S5 25 Moas oslss Culgse 5 de e 0 Olges
sdals s 50 (gla Jselos anl S e Iy 28 asl s
W (Sl o 5 en LIS s 7585 gl s
2 r odalie (a3l b s

o gos S 535 2 oSl e B (s 0l
Py T R e AR S
el s 4y S WS g 6l w55 J&

G5 gy 9 3 g =Y
sl g0 —V-Y

SYgb o aadllas ol (gl neslan ol 3550 o3l
S i 1S Sl N2 3 s 5 odiiio el 316L 0 5K 5
sd3 (g,ld = VISTEC TECHNOLOGY SERVICES
O, b0 LYo 5O o3 el i e
s JLS (D10=15um, D50=25um, D90=40pm)

Ol Kl 5 6V glem)® ez JK gl(em)? YY/4

1H. Gong



-\Y‘—W c(\i"‘ QLMU) gY o)w ‘\\‘ d)j) 42.9).1.:.1 Lgbhé)jt.éj :\}a ML.LAJ /Q')&M} QLJ“)L:IN Uw«l,\w -\Q

A oslazwl (Than & Percent, 2012) ASTM B962 » ,lusleul
038 O35 @l p S ) S L S S g5l
O35 e 5 1m0 Ml sl 8 035 A eslinal Ladd o
S Sl A (¢ Se3lhl i T 53 0 ek pKa
Sl Ol o 5l LS ladgad 5 s LSS L gy 4ged o
Sl bdsad ot S OISl s S Sl e

A desles 3 dslae

p = (ma/(Ma-My) X pw (v)

L gad p e Ma ol 4505 J p sl (Y dsles
;.j JK};OW B gi)s))da}b « gad o2 My ool Len s
o5 S 53 Sl e pskes ladi el
5 s edalin gl Las Bl Sk Cotle C
ssbea Al eslial (g5 oSy Soe 3 sl uliie s
s SO ol 655 2 653 S A iz
A 5 S SN 3 has 4 ol aes
Cou g mls Y
S 2 638 S BBy

Sldisad Gl ool B 4 e s
éLAJK?; Lo)s el ol esls QLIS Y Jgd s S

DB dous A4/ B dons AVYY o3l s sdds Se sl

A ls
shiy p s sas JE @& Y dor
Loy
o SWRH R ppes oy ol
s 1) & (j/mm") (mm/s) & o5
)
Y/80 av/eo V4A Avs D-1
¥/ VA VoA Voo D-2
YAl AL Y VYoo D-3
Van' Ay Ny VEoo D-4
/A ELVAR) 44 Ve D-5
A A/ AA YA D-6
YT 4vv va Yoo D-7
Y/ 41/4v VY Y D8
A4 LRV au R D-9

03 S 1y 2alS e 5 il ) & as JB lie (Sl

NOURA ) anllas -pl 5 eslizul 3550 SLM olSzes

RGSE GJ&)‘JA}CH.»\ ol oy OLES Y JJJ@)JJJJ@“]%
Ju}‘.l':‘-;arﬁjbﬁjﬁg‘w\awczmw\r;ﬂ@‘\f)‘
&T,v.:.:: U V\J.}';JL;‘ é)‘.k@.i.: u«:},:.w.l‘—w 4> 2 A 6L¢J BLEE
rl.<;A BERT RPN VL?L;\ Ar gles 38 cos ol el
Sllas 03,5 w3l g i Ar B 0L >l B

ES TR S WA

NOURA M100P o&avs b Slasiin N i

Ul e Jos 100 x e Juo D125 | sl alaises o
03,5 20— 80 g aY Cubis
() Sl Yo (b o5 23 Ol S
W s oSl sl F- 5 Syl
Wl Ve b Sl s
Qs Sn Ar 35> S5 kb
Colo js e e Sl Yo b Cotle s
O8I 055 5 Lilows 58

R
S 2 3 IS i sl s ol
WJsb ) 0V o) e slal b oS wsad i ¢ ol anks
A b Sgline 5550 IS b e s (sl 5 20
oSl bglast s alsl (ol V455 Ol aalesT ol s
a3 S s SO Y um gy sbaY Culss 5 £ um
35 e VAA MM G jimme g5 S s s
Ao an S L
sty e 5 OIS osla ol stdanst b (glads yai
ool (g3lulder 5l d  Bud ar ol asmin 51O Ll
Ll 033 Ko bads gl (& (6,831l S3s a5l gl
A Blo ol o 100 o5l e3liw oo 5 s
Spierings et al., ) O, 5ea 5 K ol Jiash b Gl
Sladpes J&s Sl i) o iG3s sas (2011
R S TR IOV M PPRTR S L R E W
el S (S e Ba) A 3 G
Gl Kl S eslizal Loy cpl 51 Ve i S ol ]

boslle edendl sy Sl bieaSe J&s (680510



\z -\“—v“ ‘(\fn\" QL:.M.)U) cY a‘)w ‘\Y' 092 4..:5}.:..& 6“6}}\.& 9 }‘}A MM /d\)&mﬁﬁ E) QL_{)L::?.U u:.ﬁ\u\—&?ﬁﬁ

D- 650 (B D-1 w50 (8 05 2 55ms Son sl £ S5
5 osee g 3 D2 650 (C iz e g 22
R

sdalie s sl e glaamsm & K3 s
slal 355 g sdalin cilise slal 53 (65 S Slae i 355 0

SRS A Camdsn omen 5 Loy ol ST b

Lo i nl oS das o 0L Clde azd - slenl 53 LaO

D35 Vb Jses o Wlodal s gy 4 S Fl sty
JSE Sl e D ol e e S5 S
S 5 D3 VA0 DIy e DL 6ses @E JSKE 53 Ll
Sl IS8 s o conl sl sl U 5 ze e Ave S
Vorr (Sl w5 Ol VA Ol ;3 D-2 wsad € 5 bE
sdalive ool 0 0313 OLES ool 0wl 456 s jto_s
Slhamd s 5,5 4 Gos Cowd Ol SRIBIL o
S e Sl i sl amT)s 5 el L sl Sl
(ol odalin LB IS 3 &S ) boles ool al 2158
53 T sl 5 detn K55S L5 AlS F15m slao i
03 G JS Ok Sl 05 S Ve B0 Se £ s
JSE5 OMLL S ozl s colde am o OAS o p
JFls s el J S35 Sl 5l &S 1 J glas  Lpd e
ij..ubbblm S e sl ol
el sy slassd 3 G5 S 03 Vo e
Sl @l sbml Eeb sl man sy @B
T L R R e T

o Olde glaasms > s Qur.x.o Solse F 3 s s

SLM sl b 6l s

WJ}&)J&L&QJD-WM))}J\}AJ@‘)Q}JTH

S5 (I ST USS s e
w5 LS e Iy 2 e s gl iz I Ao
bily @55 s s Sl S e ) e ow
S G5 IS Olr s e I Ll e Ss
S S35 IS el oSl e s Al
3350 M Flpe s JSE5 Sl s ol gy e
ol 5 ol Gl Dl 551 S VL oSl e e
Liuetal,) ssi e 043 (055 5 (a3l osd e S

.(2020; Larimian et al., 2021; Zhang et al., 2013

\J,el Ls ‘J}"”J‘ AMLM.A

99.5

99 A

98.5 A

98 -

97.5 4

1) S a5

97 A

96.5 A

96 T T T
500 1000 1500 2000 2500

(mm/s) cs

O&‘Mﬂl{%@))&l{%“)))bﬁ.*ﬁ

99.5

99

98.5

98

97.5

(1) S a5

97

96.5

96 T T T T T T T
50 70 90 110 130 150 170 190 210

(i/mm3) &35 J&
S35 I b amlin 3 JSr do s Jlssas ¥ IS
£ USE 53 D2 3Dl wsed (S5 g5y S sl
I i 5ID-L & g0l Sl 6l el ok el LS
oslaial (el VAA j/mm3 L J.:‘J; S Ak gas B é}j‘

el 0l



-y g(\i"‘ QLLMJU) Al e)La..fa NY 6,93 wf;._.i LSLAé))Ld 9 J‘}A asllzd /Qb&aﬁ 9 QLg_)L_&N wnl.,\w A

Gl dae i O3 g 658 e osde sdalia plae i
53 Ysame g opl diien (5 (glae i Yzl Lae i
Ol ls a4 5 b5l e opl s 05 Sa Y B0 U
S pland G Sl 5 Il slasE a5l i plsl G
JSE Npde Sle amb e 0500 S8 g Csl
=SSOl Sl S8 e s S LK s
Slo i bl Jlozl a5y Jl3 (S ppe 5 SSlly e
slezsl 5 (Gl S ol iy el e (53
Ble b a8 5 aus Wiy bae i ol 558 0 Sl 5uS
Shekidey Gl o5lley Lae ji (B 50 oS 5 asboen
Aisd o osld amd i ma 53 g edd e slexdl e
S5 e s sl GVL s e S sl 0L LS Ol
Liu) 555 0 (5305 gl 3UT s Lae i sl 21531 sl 518

[etal., 2020

3308 gz 53 D5 sl 5l o5 oS S bl A IS
2R
&S D-9 5 D-5 D-2 D-1 & 405 e skl usn b
LE odalie sy ol wtle Jsline (6551 S L s
I p S 5 tie L aS D-9 5 D1 sladised s &S
D-5 wigel 31 iy Wae i sldad (ldg ol atle (55 )
Sl G Gy G glaesi= D5 e s ol
Clde s OF s Yzt 48 0 dalie Sole (glaanss 1>
S8 5 Sz slae i Ll ool Ol 4z el 5o
OF s o8 ol Kos latiged 31 S Sl LOT o
e a8 65315 5 e Glaazs s lis Sl
.(Zhong et al., 2016; Mashhuriazar et al., 2020) <.l

2303 3 Bl el ay Lo o pl e 350 00 e Sl
Lu et al., 2021; Deng et al., 2020; ) 55 o Aslr xlaws
(King et al., 2014
Ol 0 Ko 53 D9 Wyas )5 osSwsSe sl
S5 I o 2eS 3ID-9 & sas b (gl s 0l 03l
ol 0 o3Mitaal (el VUMM Ll s oS lasS gl oy o
5ol spie edalie glasyis e S ) o
SRR Samdse rman 5 ey ol 81 calic sy,
ol a8 das e Ol Ol gladms s> slaas S s Lol

Lledel 25 43 O g5 oy b Bl 358 31 Lne i
Sl el #5 adl 355 ol 6551 s Ise Yozl &S
S35 0a5 W oo 55 I Do ol e
2388 psbolea ol ol U o 55 ey Dl 5 5 Sl
3,8 o 2 oy o a3l Bk (ol ol esls olis K3
00 Jols Lol o3lul 5 LlotoiS ol JCal glls S
D33 b s sl dn yn el e s p B0 S
Csb oy Lls gy dgmeaede aikie 3 ediioss
SE Slinereds 5 55 S 005 oS s 55 ail
5 o &5 S LT spms s Sl bk o
Sl el clie (Sl bglast -n alols Sl pioees
Db B s 5 mie Jlel s 5 Gliges
58 5 Wlodd axtlee 0,8 )T 5 Lases 53 lads gas ol Slowil )
el 0555 SV 5o Jal sl 4 Bls 05
S (S 58 b (38 slve i L sl Sl 55 el
Zhang et ) s g sdaliv (ol 0551 58 e 51 30

.(al., 2019; Zietala et al., 2016; Rottger et al., 2020

J{JNQRJJD'Q Mﬁd)}j@j&ﬂ}ﬁ:&ﬂ}w.ag}ﬁ

Ca-lgj:.v

Ol IS8 53 D5 wped o5 asSws Sor pslad

W 03 o 1y e J& 1 SYLD-5 &gl sl 0 03l

vﬁgﬂ,;u\ 051y Jodss o 2eS 4ged it by 53l



VY vr-vy ‘(\id‘ QL:WU) Al e)\_c...ir ‘\Y' 092 wj.:.ﬁ LSLALSJJD E) }‘}A ML.L,G} /O‘)K"J’ E) Ql._{)l.:.ix U:A\J;w

slie s 4 59 (Tucho et al, 2018) O, Kes Y
s J&x 55 I b1 of s s sl e

5o e Ol wged J&s 3, VL L &S (g o ckizdls
I b W S saalie LOT pomen b o Rl

Sy oy oa £ Joder s eddeslaolis sew @Lﬁ 35 aS

m.m;.iﬁ_ 6[.5:4;}»_: L;K% @L';: £ d}.).?

S GImm©) 550 J& | mmis) ce e
35 ol
A VaA Avo D-1
Yo VOA Voo D-2
TAY \YTY VYoo D-3
Y. Ns Veoo D-4
\AE! 44 Vs D-5
ARRY A VA D-6
140 vq Yoo D-7
Vay vy Yoo D-8
VA0 " Yeoo D-9

S w4
L AISI 316L 0355 sV olakad (iass ol 3
U a3 g bkl osd sl Sl eslinul
bl e oladss J 5 by 55 S8
eddantle bad god Hltla s, 5 o JE =B
sdalis (g o bl Joline (g5 JEo LS oS
oS S (Susba (Sl Ol sl 351 s s
s o 5 a3l sd 3l aU slae i (glls & ged O
(838 5 IS Fl s slao i (51l Ol 51 i 5 ol 04
s alaly W gad S Olsee b s Ol oalgiss

yls
@
Sl Al

sl Sols EVYVA Ll w (CISSC) i pe
NG I rlz-_a‘ u‘)’.’.‘ LS)}LJ}QL&:.&J

e i (ils 1y (531 J&or s 2aS 48 D=9 50
@ P okl Sl G508 Al salie S 5 Sop ol
el 0355 B 855 o 5 sl (3L 358 5 O
Sl Sloe i 51 (g S (o slad el l 53 b2l
2 e odaline Ol slaazms s> b o 555 38 )

@Y S OULS L 5 s bl bl B s ey
el by L e sl A3 AN (655 o (5% ST
il g S T Zabis Wb Y e aS ol ol 2
ood ook 1 S sbaY 5 Jia) sl s il
oS Yoot Lk L WY s S (g sba S
gl oslys 55 ol LT aSyl s (g1 L azils gl
sddastle D-5 wiaad Hltlan, o b ocal canys Y
OLES sddanst Lo andad jlitla gy, oV IS s S o 4 528
Ko s Ol Glaams = oy e ool sl esls
Olddeie amS 20 3 Ges el odaline LB
ol ks esls 0l K s by LS sboles
5 5o S el il bag,Seslul ol Al (S5l
g il 03 el Dl sdddenie azd g a5 0
Gos 5 OS5 TV BV Sl eddidamis andsm 5,0
GPA L e 05 MO LAY eddidennin a5
o 0 dsb Sl 5 sdlidazis dd s 55 e s
Sl S ot Sl G p2 e (blie 53 (2he ok
(Hawk, 2019) <.l

38 S 53 DD el Sl 8 oK S gl ¥ JSS

Sl R

dons oS AE s p ki ged e 855 S b
odalin o« )j.lﬂuw ol ol eals QLJL.: ¢ dea- BE QT

Sl el aq jimm” Ol U g5 5 IS il s e

1 Wakshum M. Tucho



r-vy c(\i"‘ Ql.:...uu) Y o)w NY 6,93 42.9)..';:.1 LEL&é))L;é} :\}A PR IPY) /Qb&‘uﬁj QL“)L::;U wﬂl,\w VY

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Miranda, G., Faria, S., Bartolomeu, F., Pinto, E., Alves, N., &
Silva, F. S. (2022). The influence of laser power and scan speed
on the dimensional accuracy of Ti6Al4V thin-walled parts
manufactured by selective laser melting. Metals (Basel), 12(7),
1226.

https://doi.org/10.3390/met12071226

Pilehrood, A. E., Mashhuriazar, A., Baghdadi, A. H., Sajuri, Z.,
& Omidvar, H. (2021). Effect of Laser Metal Deposition
Parameters on the Characteristics of Stellite 6 Deposited Layers
on Precipitation-Hardened Stainless Steel. Materials (Basel),
14(19), 5662. https://doi.org/10.3390/mal4195662

Rottger, A., Boes, J., Theisen, W., Thiele, M., Esen, C.,
Edelmann, A., & Hellmann, R. (2020). Microstructure and
mechanical properties of 316L austenitic stainless steel
processed by different SLM devices. The International Journal
of Advanced Manufacturing Technology, 108, 769-83.
https://link.springer.com/article/10.1007/s00170-020-05371-1
Spierings, A. B., Schneider, M. U., & Eggenberger, R. (2011).
Comparison of density measurement techniques for additive
manufactured metallic parts. Rapid Prototyping Journal, 17(5),
380-386.

https://doi.org/10.1108/13552541111156504

Than, L., & Percent, T. (2012). Standard Test Methods for
Density of Compacted or Sintered Powder Metallurgy (PM)
Products Using Archimedes’ Principle 1. vol. i, 1-6.
https://doi.org/10.1007/s11665-020-05429-x

Tucho, W. M., Lysne, V. H., Austbg, H., Sjolyst-Kverneland, A.,
& Hansen, V. (2018). Investigation of effects of process
parameters on microstructure and hardness of SLM
manufactured SS316L. Journal of Alloys and Compounds, 740,
910-925. mailto:https://doi.org/10.1016/j.jallcom.2018.01.098
Gong, H., Rafi, K., Gu, H., Starr, T., & Stucker, B. (2014).
Analysis of defect generation in Ti-6Al-4V parts made using
powder bed fusion additive manufacturing processes. Additive
Manufacturing, 1, 87-98.
https://doi.org/10.1016/j.addma.2014.08.002

Yadroitsev, I., Yadroitsava, I., Du Plessis, A., & MacDonald, E.
(2021). Fundamentals of laser powder bed fusion of metals.
Elsevier. https://shop.elsevier.com/books/fundamentals-of-
laser-powder-bed-fusion-of-metals/yadroitsev/978-0-12-
824090-8

Yang, T., Mazumder, S., Jin, Y., Squires, B., Sofield, M.,
Pantawane, M. V., ... & Neogi, A. (2021). A Review of
Diagnostics Methodologies for Metal Additive Manufacturing
Processes and Products. Materials (Basel), 14(17), 4929.
https://doi.org/10.3390/mal4174929

Zhang, B., Dembinski, L., & Coddet, C. (2013). The study of the
laser parameters and environment variables effect on mechanical
properties of high compact parts elaborated by selective laser
melting 316L powder. Materials Science and Engineering: A,
584, 21-31.
https://doi.org/https://doi.org/10.1016/j.msea.2013.06.055
Zhang, X., Yocom, C. J., Mao, B., & Liao, Y. (2019).
Microstructure evolution during selective laser melting of
metallic materials: A review. Journal of Laser Applications,
31(3), 31201.

https://doi.org/10.2351/1.5085206

Zhong, Y., Liu, L., Wikman, S., Cui, D., & Shen, Z. (2016).
Intragranular ~ cellular ~ segregation  network  structure
strengthening 316L stainless steel prepared by selective laser
melting. Journal of Nuclear Materials, 470, 170-178.
https://doi.org/10.1016/j.jnucmat.2015.12.034

Zigtala, M., Durejko, T., Polanski, M., Kunce, 1., Ptocinski, T.,
Zielinski, W., ... & Bojar, Z. (2016). The microstructure,
mechanical properties and corrosion resistance of 316L stainless
steel fabricated using laser engineered net shaping. Materials
Science and Engineering: A 677, 1-10.
https://doi.org/https://doi.org/10.1016/j.msea.2016.09.028
Tucho, W. M., Lysne, V. H., Austbg, H., Sjolyst-
Kverneland, A., & Hansen, V. (2018). Investigation of
effects of process parameters on microstructure and
hardness of SLM manufactured SS316L. Journal of Alloys

and Compounds, 740, 910-925.
https://doi.org/10.1016/j.jallcom.2018.01.098

10.

11.

12.

13.

14.

&l
Bakhtiarian, M., Omidvar, H., Mashhuriazar, A., Sajuri, Z., &
Gur, C. H. (2024). The effects of SLM process parameters on the
relative density and hardness of austenitic stainless steel 316L.
Journal of Materials Research and Technology, 29, 1616-29.
https://doi.org/https://doi.org/10.1016/j.jmrt.2024.01.237
Bang, G. B., Kim, W. R., Kim, H. K., Park, H. K., Kim, G. H.,
Hyun, S. K., ... & Kim, H. G. (2021). Effect of process
parameters for selective laser melting with SUS316L on
mechanical and microstructural properties with variation in
chemical composition. Materials & Design, 197, 109221.
https://doi.org/https://doi.org/10.1016/j.matdes.2020.109221
Deng, Y., Mao, Z, Yang, N., Niu, X, & Lu, X. (2020).
Collaborative optimization of density and surface roughness of
316L stainless steel in selective laser melting. Materials (Basel),
13(7), 1601. https://doi.org/10.3390/mal3071601
Dutt, A. K., Bansal, G. K., Tripathy, S., Gopala Krishna, K.,
Srivastava, V. C., & Ghosh Chowdhury, S. (2023). Optimization
of Selective Laser Melting (SLM) Additive Manufacturing
Process Parameters of 316L Austenitic Stainless Steel.
Transactions of the Indian Institue of Metals, 76(2), 335-345.
https://link.springer.com/article/10.1007/s12666-022-02687-2
Gajera, H., Shah, D., & Pancholi, N. (2022). Effect of SLM
process parameters on hardness and microstructure of stainless
steel 316 material. Materials Today Proceedings, 50, 1653-
1659.
https://doi.org/https://doi.org/10.1016/j.matpr.2021.09.144
Garcia-Dominguez, A., Claver, J., Camacho, A. M., &
Sebastian, M. A. (2020). Analysis of general and specific
standardization developments in additive manufacturing from a
materials and technological approach. IEEE Access, 8, 125056
125075.
https://ieeexplore.ieee.org/abstract/document/9125875
Gatbes, D., Alves, R., Alves, B., & Vieira, M. T. (2022).
Selective Laser Melting and Mechanical Properties of Stainless
Steels. Materials (Basel), 15(21),
7575.https://doi.org/10.3390/ma15217575
Hawk, C. (2019). Laser welding behavior of laser powder bed
fusion additive manufactured 304L stainless steel. Colorado
School of Mines.
https://search.proquest.com/openview/b2827d1c5f49fc1f720d0
59ff4fdf577/1?pg-origsite=gscholar&cbl=18750&diss=y
Huang, M., Zhang, Z., & Chen, P. (2019). Effect of selective
laser melting process parameters on microstructure and
mechanical properties of 316L stainless steel helical micro-
diameter spring. The International of Journal of Advanced
Manufacturing Technology, 104, 2117-2131.
https://doi.org/10.1007/s00170-019-03928-3
King, W. E., Barth, H. D., Castillo, V. M., Gallegos, G. F., Gibbs,
J. W., Hahn, D. E., ... & Rubenchik, A. M. (2014). Observation
of keyhole-mode laser melting in laser powder-bed fusion
additive manufacturing. Journal of Materials Processing
Technology, 214(12), 2915-2925.
https://doi.org/10.1016/j.jmatprotec.2014.06.005
Larimian, T., AlMangour, B., Grzesiak, D., Walunj, G., &
Borkar, T. (2021). Effect of laser spot size, scanning strategy,
scanning speed, and laser power on microstructure and
mechanical behavior of 316L stainless steel fabricated via
selective laser melting. Journal of Materials Engineering and
Performance, 1-20.
https://link.springer.com/article/10.1007/s11665-021-06387-8
Liu, J., Song, Y., Chen, C., Wang, X., Li, H., Wang, J., ... &
Sun, J. (2020). Effect of scanning speed on the microstructure
and mechanical behavior of 316L stainless steel fabricated by
selective laser melting. Materials & Design, 186, 108355.
https://doi.org/10.1016/j.jmrt.2024.01.237
Lu, J,, Lin, X., Kang, N., Cao, Y., Wang, Q., & Huang, W.
(2021). Keyhole mode induced simultaneous improvement in
strength and ductility of Sc modified Al-Mn alloy manufactured
by selective laser melting. Materials Science and Engineering:
A, 811, 141089. https://doi.org/10.1016/j.msea.2021.141089
Mashhuriazar, A., Omidvar, H., Sajuri, Z., Gur, C. H., &
Baghdadi, A. H. (2020). Effects of Pre-Weld Heat Treatment and
Heat Input on Metallurgical and Mechanical Behaviour in HAZ
of Multi-Pass Welded IN-939 Superalloy. Metals (Basel),
10(11), 1453. https://doi.org/10.3390/met10111453



mailto:https://doi.org/https://doi.org/10.1016/j.jmrt.2024.01.237
mailto:https://doi.org/https://doi.org/10.1016/j.matdes.2020.109221
https://doi.org/10.3390/ma13071601
https://link.springer.com/article/10.1007/s12666-022-02687-2
mailto:https://doi.org/https://doi.org/10.1016/j.matpr.2021.09.144
https://ieeexplore.ieee.org/abstract/document/9125875
https://doi.org/10.3390/ma15217575
https://search.proquest.com/openview/b2827d1c5f49fc1f720d059ff4fdf577/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/b2827d1c5f49fc1f720d059ff4fdf577/1?pq-origsite=gscholar&cbl=18750&diss=y
mailto:https://doi.org/10.1007/s00170-019-03928-3
https://doi.org/10.1016/j.jmatprotec.2014.06.005
https://link.springer.com/article/10.1007/s11665-021-06387-8
https://doi.org/10.1016/j.jmrt.2024.01.237
https://doi.org/10.1016/j.msea.2021.141089
https://doi.org/10.3390/met10111453
https://doi.org/10.3390/met12071226
mailto:https://doi.org/10.3390/ma14195662
https://link.springer.com/article/10.1007/s00170-020-05371-1
https://doi.org/10.1108/13552541111156504
https://doi.org/10.1007/s11665-020-05429-x
mailto:https://doi.org/10.1016/j.jallcom.2018.01.0
https://doi.org/10.1016/j.addma.2014.08.002
https://shop.elsevier.com/books/fundamentals-of-laser-powder-bed-fusion-of-metals/yadroitsev/978-0-12-824090-8
https://shop.elsevier.com/books/fundamentals-of-laser-powder-bed-fusion-of-metals/yadroitsev/978-0-12-824090-8
https://shop.elsevier.com/books/fundamentals-of-laser-powder-bed-fusion-of-metals/yadroitsev/978-0-12-824090-8
mailto:https://doi.org/10.3390/ma14174929
mailto:https://doi.org/https://doi.org/10.1016/j.msea.2013.06.055
https://doi.org/10.2351/1.5085206
mailto:https://doi.org/10.1016/j.jnucmat.2015.12.034
mailto:https://doi.org/https://doi.org/10.1016/j.msea.2016.09.028
https://doi.org/10.1016/j.jallcom.2018.01.098

ISSN: 2783-0810; e-ISSN: 2783-0829
Journal of Advanced Materials and Technologies (JAMT): Vol. 13, No. 2, (Summer 2024), 1-73

CONTENTS

On the Role and Importance of Mineral Materials and Rare-Earth Elements 1-9
in the Wind Energy Industry

Zari Behniafar; Abolfazl Pourrajabian

Electrochemical Deposition of Nanostructured Nickel Molybdate on Nickel 10-21
Foam as a Supercapacitor Electrode

Mahdi Kazazi; Akram Ganji Ghelyji

Synthesis, Characterization, and Investigation of the Physical Properties of  22-40
ZnO/WO3Nanorods Using a Seed Layer, and Analysis of the Photocatalytic

Process via Taguchi Method Experimental Design

Hazim Hamid Awwad; Mehdi Boroujerdnia

Investigating the Effect of Multi-Walled Carbon Nanotubes on the Properties 41-52
of Nanocomposite Scaffold Containing Curcumin

Parisa Zadehnajar; Fatemeh Ajalloueian; Babak Akbari; Saeed Karbasi

Study of Electrical Property of Single Crystal InSb 53-62

Shahin Atashbar Tehrani; Nader Morshedian

The Effects of Energy Density on the Density and Microstructure of 316L 63-73
Stainless Steel Produced by Selective Laser Melting

Mohammadamin Bakhtiarian; Alborz Fathi Younesi; Hamid Omidvar



In the Name of God

Journal of Advanced Materials and Technologies

DIRECTOR-IN-CHARGE EDITOR-IN-CHIFF
H. Omidvar S. Hesaraki
Amirkabir University of Technology (Tehran Polytechnic), Tehran, Iran Materials and Energy Research Center, Karaj, Iran

EXECUTIVE MANAGER
A.R. Kolahi

Materials and Energy Research Center, Karaj, Iran

EDITORIAL BOARD

M. R. Akbarpour Arbatan, University of Maragheh, Maragheh, Iran N. Nezafati, Materials and Energy Research Center, Karaj, Iran

A. A. Behnamghader, Materials and Energy Research Center, Karaj, Iran, M. R. Nourani, Bagiyatallah Medical Sciences University, Tehran, Iran

S. Hesaraki, Materials and Energy Research Center, Karaj, Iran M. Pazouki, Materials and Energy Research Center, Karaj, Iran
S. F. Kashani Bozorg, University of Tehran, Tehran, Iran M. Soltanieh, Iran University of Science and Technology, Tehran, Iran
M. Kazeminezhad, Sharif University of Technology, Tehran, Iran E. Taheri Nassaj, Tarbiat Modares University, Tehran, Iran

S. Manafi, Shahrood Branch, Islamic Azad University, Shahrood, Iran A. Tcharkhtchi, ENSAM, Paris, France

M. Moradi Alborzi, Materials and Energy Research Center, Karaj, Iran A. Zamanian, Materials and Energy Research Center, Karaj, Iran
P. Makvandi, The University of Edinburgh, Edinburgh, UK Advisory board : F. S. Torknik Materials and Energy Research Center, Karaj, Iran
JOURNAL STAFF
M. Fouladian
LANGUAGE EDITOR PAGE MAKER
M. Safari, Z. Khormaee, M. Sabzevari M. Bahoosh

EXECUTIVE TEAM

M. Fouladian, V. H. Bazzaz, R. Chaloui

DISCLAIMER

The publication of articles in Journal of Advanced Materials and Technologies does not imply that the editorial board, reviewers, or the
publisher accept, approve, or endorse the data and conclusions of authors.

Journal of Advanced Materials and Technologies (ISSN 2783-0810) (e-1SSN 2783-0829)
Website: www.jamt.ir, E-mails: office@jamt.ir

Tel: (+9826)36280040-49 (Ext. 381), Fax: (+9826)36201888
Materials and Energy Research Center (MERC)


https://portal.issn.org/resource/ISSN/2783-0810
https://portal.issn.org/resource/ISSN/2783-0829
http://www.jamt.ir/

Vol. 13, No. 2, Summer 2024 ISSN : 2783-0810

e-ISSN : 2783-0829

ook P Sl

Investigating the Effect of Multi-Walled Carbon Nanotubes on the Properties
of Nanocomposite Scaffold Containing Curcumin

Parisa Zadehnajar; Fatemeh Ajalloweian; Babak Akbari; Saeed Karbasi

Study of Electrical Property of Single Crystal InSb

Shahin Atashbar Tehrani; Nader Morshedian

The Effects of Energy Density on the Density and Microstructure of 316L
Stainless Steel Produced by Selective Laser Melting

Mohammadamin Bakhtiarian; Alborz Fathi Younesi; Hamid Omidvar

41-52

53-62

63-73




	1.pdf (p.1)
	JAMT-داخل جلد فارسی.pdf (p.2)
	فهرست فارسی.pdf (p.3)
	Untitled.pdf (p.4-76)
	1 1294 9.pdf (p.1-9)
	2 1296 21.pdf (p.10-21)
	3 1293 40.pdf (p.22-40)
	4 1300 52.pdf (p.41-52)
	5 1298 62.pdf (p.53-62)
	6 1299 73.pdf (p.63-73)

	فهرست لاتین.pdf (p.77)
	JAMT-داخل جلد لاتین.pdf (p.78)
	2.pdf (p.79)

