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Electrochemical Functionalization of Graphene in an Extensive Range of
Electrical Power

A. Hasani M. Maghrebi M. Baniadam

Abstract

The electrochemical exfoliation of graphite is a method to obtain graphene. Despite the important role of
electrical power in this process, it hasn’t been investigated extensively. In this research, the effect of
electrical power in an extensive range on the amount of exfoliated graphene and oxygen functional groups
was studied. Transmission electron microscopy, weighing, UV-vis spectroscopy and electrical conductivity
were used for characterization of the products. According to the results, by decreasing the power, the
amount of exfoliated graphene and its functional groups increased.

Keywords Exfoliation, Graphene, Electrical Power, Functional Group.
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The Effect of Low Temperature Austempering on Microstructure, Mechanical and Wear
Properties of AISI 52100 Steel

M. Nourbakhsh M. Tavoosi S. R. Hosseini

Abstract

The goal of this study was to develop nano/ultrafine bainitic microstructure in AISI 52100 steel. For this
purpose, the specimens were austenitized, followed by austempering treatment at different temperatures
and times. Austempered samples were characterized using field emission scanning electron microscopy, X-
ray diffraction and tension and wear tests. The results showed, at austempering temperature up to 250°C,
the strength and ductility reached 2000 MPa and 7%, respectively. By further increasing the austempering
temperature, the strength and ductility were simultaneously reduced (to about 1808MPa and 3%).

Keywords  Nanostructured Steel, Bainite, AISI 52100, Controlled Austempering, Isothermal
Transformation.
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Dielectric Properties of Nanostructured BisTizO12 and Bi2TiOz Films
Prepared by Sol-Gel Method

A. Sadeghzadeh-Attar

Abstract

In this paper, bismuth titanate (BisTizO12, Bi12TiO20) nanostructured films were successfully fabricated
via sol-gel method. The structure and dielectric properties of the prepared thin films as a function of
annealing temperature and applied frequency were investigated. In this order, two different solutions
with optimal ratio of raw materials were prepared. The solutions were deposited on the substrates by dip
coating, and then heat treated at different temperatures ranging from 300 to 700 °C for 1 h. The prepared
films were characterized by means of Fourier transform infrared spectroscopy, X-ray diffraction,
scanning electron microscopy, energy-dispersive X-ray spectroscopy and LCR meter. It was found that
the single phases were formed when BisTizO12 and BiTiO2 samples were annealed at 600 °C, therefore,
optimal condition could be obtained at this temperature. Dielectric studies showed that the dielectric
constant and loss factor were increased with increased annealing temperatures. Also, the values of
dielectric constant were decreased and dielectric loss increased with increasing frequency.

Keywords Bismuth Titanate, Nanostructured Films, Sol-Gel Process, Microstructure, Dielectric
Properties, Characterization.
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Thermodynamics and Kinetics of Immersion Behavior of IC221M Alloy as a Separator in
Molten Carbonate Fuel Cell

H. Abdoos M. Soltanieh H. Banna Motejadded Emrooz

Abstract

The thermodynamic and kinetic behavior of nickel aluminide IC221M alloy in molten eutectic of
lithium/sodium carbonate was investigated. The nickel aluminide 1C221M alloy was produced by vacuum
arc re-melting (VAR) method. Surface layer products formed after immersion in molten carbonate at 600,
650 and 700 °C were examined by SEM and XRD. The results along with weight difference calculations
showed that IC221M alloy doesn’t have a good resistance at 650 and 700 °C . It was evidenced that the
destruction of the alloy is a diffusion-controlled process. The activation energy of the process was
calculated to be 423 kJ/mol and the process kinetics were controlled by aluminum diffusion in y” phase.

Keywords IC221M alloy, molten carbonate, diffusion, separator plate.
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Effect of Bainite Morphology on the Mechanical Properties of a
Ferrite- Bainite- Martensite Triple-Phase Steel

A. Talebi M. Ghobeiti-Hasab

Abstract

Dual and triple phase steels have unique properties such as continuous yielding behavior, low ratio of yield
strength to tensile strength, high work hardening rate and high homogenous elongation percentage; thus,
they are used widely in automotive industries. The aim of this study is to develop a triple-phase
microstructure of ferrite-bainite-martensite with high strength and desirable ductility. In this research, the
samples of 4140 steel were austenitized at 850°C for 1 hour. Then, the samples were kept at temperature
of 720°C (the ferrite-austenite region) for 3 minutes, and transferred to a salt bath at different temperatures
of 380, 400, 420 and 450°C for 4 minutes to obtain various morphologies of bainite, finally quenched in
water to form martensite. The observation of the microstructure by a scanning electron microscope showed
that with increasing austempering temperature from 380 to 450°C, the morphology changes from lower
bainite to upper bainite. Hardness and tensile tests revealed that by increasing the austempering
temperature the hardness, yield strength, ultimate tensile strength, elongation and the amounts of “n”” and
“k” in the Holloman equation, decrease. Fractography of the tensile tested specimens by a stereo-
microscope showed that with increasing the austempering temperature, the fracture surface changes from
ductile to brittle.

Keywords Austempering Temperature, Lower Bainite, Upper Bainite, Tensile Properties, Hardness.
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Effect of Milling and Heat Treatment on the Microstructure of
38wt% TiO,-36Wt%NiO-26wt%C and the Influence of Produced Nanostructured Powder
Mixtures on the Hydrogen Desorption from MgH.

F. Mehri Sh. Raygan M. pourabdoli Sardroud

Abstract

In this study 38wt%TiO,-36Wt%NiO-26wt%C powder mixture was ball milled for 5, 10, and 20 hours and
then heat treated at 300, 600, 900 and 1200 °C for one hour. Results showed that chemical reaction between
initial components of powder did not occur during milling. Increasing milling time from 5 to 20h and heat
treatment temperature from 300 to 900°C led to reduction of NiO to Ni by graphite and transformation of
anatase to rutile. Heat treatment at 1200°C led to appearance of NiTiOs phase. In the next step 10 wt% of
20h milled samples which heat treated at various temperatures were added to MgH; as catalyst and then
ball milled for 20 hours. The effect of this process on the hydrogen desorption from MgH, was investigated.
Results showed that adding catalyst produced at 1200°C to MgH, and ball milling for 20 hours led to
6.45wt% hydrogen desorption and 170°C decrease in desorption temperature. The reason of this
improvement in hydrogen desorption properties was related to the catalytic effect of NiTiOz phase.

Keywords Catalyst, Nickel Oxide, Titanium Oxide, Nonostructure, Hydrogen, Magnesium Hydride,
NiTiO3
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The Effects of Tool Rotational Speed on the Microstructure and Mechanical Properties of
Friction Stir Welded 7075-T6 Aluminum Thin Sheet

A. Mehri A. Abdollah-zadeh S. Entesari H. Assadi  J. T. Wang

Abstract

In the present research, FSW of thin sheets of the 7075-T6 aluminum alloy were investigated. Welding
speed was held at 50 mm/min. The tool rotational speeds were 600, 1000 and 1600 rpm. The microstructure
was investigated by both transmission electron microscope (TEM) and electron backscattered diffraction
scans (EBSD). The results indicated that several phenomena occur instantly during FSW in the stir zone,
such as precipitation, continuous dynamic recrystallization (CDRX), grain growth and precipitates
dissolution which have a severe effect on the mechanical properties. It could also be concluded that for
thin sheet of 7075-T6 aluminum alloy, plastic strain is the dominating factor over heat input of the FSW in
determination of the microstructure of the weld zone.

Keywords Friction stir welding, Aluminum alloys, Recrystallization, Mechanical properties, Precipitation.
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Rapid Heating Effects on Microstructure and Thermal Stability of a NisAl Base
Alloy, 1IC221M

M. Soltanieh H. B. Motejadded

Abstract

The effects of rapid induction heating on the thermal stability of a NisAl base alloy containing Cr, Mo, Zr
and B was investigated. The alloy was produced with vacuum-arc remelting technique. Microstructural
changes in the dendritic and interdendritic region during rapid heating process are clarified using
scanning electron microscopy and image analyzing technique. The results of this type of heat treatment
were compared with normal heat treatment. Results showed that rapid heating can accelerate the
elimination speed of high zirconium phase and also the growth kinetics of y' precipitates but has no
significant effect on the growth mechanism.

Keywords NisAl Base Intermetallic, Rapid Heating, Zirconium Rich Structure, Coarsening
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Improvement of the Photovoltaic Performance of Dye-Sensitized Solar Cell by Using
TiO2:CNT Nanocomposite Photoanode

S. Daneshvar e Asl S. K. Sadrnezhaad

Abstract

TiO—-MWCNT nanocomposite films containing various percentages of multi-wall carbon nanotubes were
coated on fluorinated tin oxide (FTO) conductive glass substrates by sol-gel dip coating technique. Dye-
sensitized solar cells were assembled by using anodes made of these nanocomposite films, iodide/triiodide
redox couple electrolyte and platinum coated FTO cathodes. Cells having TiO,—3wt.%MWCNT
nanocomposite anode showed maximum solar-to-electric energy conversion efficiency of 5.31%, which was
69% higher than conventional TiO; solar cells. The enhancement of conversion efficiency was attributed
to the increased electrical conductivity of the anode, decreased charge carrier recombination in the anode
and decreased charge transport resistance at the TiO/dye/electrolyte interface.

Keywords Dye-Sensitized Solar Cell, Titanium Dioxide, Carbon Nanotube, Sol-Gel Dip Coating and
Conversion Efficiency
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Effect of Ceria on Phase Behavior and Photocatalytic Properties of Colloidal and
Polymeric Nano-Titania

H. Sarpoolaky V. Tajer-Kajinebaf H. Heydari Boroujeni

Abstract

Titania is one of the best-known photo-catalysts. Its photocatalytic properties can be improved by coating
on silica spheres and using an additive. In this study, titania sol was separately synthesized by colloidal
and polymeric methods. Titanium tetra-isopropoxide, isopropanol, cerium nitrate, deionized water; nitric
acid and chloride acid were used as precursors for the preparation of titania sols. Cerium-doped titania
sols were prepared with Ce/Ti molar ratios of 0.05, 0.1 and 0.15 using two different methods and then
their properties were investigated. The properties of the samples were evaluated using X-ray diffraction
and scanning electron microscopy. The photocatalytic activity of titania-ceria composites was evaluated
using methylene blue photo-degradation by ultraviolet waves. Removal ability of methylene blue from
aqueous solution was also determined by ultraviolet spectroscopy. According to the results, the titania-
ceria composites synthesized through the polymeric method showed better photocatalytic activity than the
pure titania. Photocatalytic efficiency increased from 67.39% for pure polymeric titania to 81.39% for
cerium-doped polymeric titania with a molar ratio of Ce/Ti equal to 0.05. The photocatalytic efficiency of
samples with Ce/Ti molar ratio of 0.1 and 0.15 was calculated to be 80.25% and 79.34%, respectively.
Also, the colloidal titania-ceria composites exhibited more photocatalytic activity than pure titania in the
early stages of radiation.

Keywords Titania, Ceria, Dopant, Photocatalytic Properties, Composite, Sol-gel.
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Fabrication of TiB,-TiC Composite through Microwave-Assisted Self-Propagating High-
Temperature Synthesis (SHS) Method

A. Ghanbari M. Dastjerdi  A. Faeghinia M. Sakaki M. Sh. Bafghi

Abstract

The aim of this study was to propose a facile route for the fabrication of TiB,-TiC composite powder by
microwave-assisted self-propagating high-temperature synthesis process. For this purpose, TiO2-B,03-Mg,
TiO2-Mg-C and TiO2-B,03-Mg-C mixtures were heat treated in a domestic microwave oven. The products
were characterized by XRD and SEM. Type of reactions in all investigated mixtures was SHS. Result of
2Ti02:B203:9Mg:C mixture showed successful formation of TiB,-TiC-MgO composite. Unwanted MgO
compound was leached out by an HCI acid, yielding a pure TiB,-TiC powder. In this work, the possibility
of chemical reactions was evaluated by thermodynamic calculations.

Keywords TiB,-TiC Composite, Combustion Synthesis, Microwave Heating.
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Investigation of Failure Behavior of W/ (ZrssCuszpAl1oNis)100-xNbx Composites during
Compression Test

M. Mahmoodan R. Gholamipour Sh. Mirdamadi S. Nategh

Abstract

(ZrssCusoAlioNis)100xNb= o, 2) bulk metallic glass matrix/tungsten wire composites were fabricated by
infiltration process at 950 “C and 15 minute processing time. Structural studies and mechanical behaviors
of the materials were investigated by scanning electron microscopy and compressive tests, respectively.
Based on the results, the fracture surface in the composite sample with X=2 was vein like pattern and with
increase of the vein's intensity in the matrix, the ductility reached 28%. In the niobium-free composite
sample the secondary intermetallic phases of (W2Zr , WsZr3) (as the crack nucleation sites) act as the stress
concentration sites and the fracture surface changed to smooth mode. In addition, the composite ductility
was reduced because of the rapid convection of shear bands to cracks.

Keywords Composite, Bulk Metallic Glass, Niobium, Fracture Surface
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Simulation of Wear Behavior of AISI 4130 Steel Against Al.O; Ball

M. J. Rajabloo M. Rafiei H. Mostaan

Abstract

In this research, the simulation of wear behavior of 4130 steel has been carried out by ABAQUS software.
The wear behavior of 4130 steel was simulated at three normal loads of 1, 3 and 5 N under pin-on-disk
test. It was found that the predominant wear mechanism was the abrasion and with increasing normal load
the contact stress between pin and disk, width and depth of wear track increase during the wear test. Also,
it was concluded that the results of simulation, had a good agreement with experimental results that shows
the validity of simulation to predict the wear process.

Keywords Surface Tribology, ABAQUS Software, 4130 Steel, Pin-on-Disk Test, Contact Stress.
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Pyrometallurgical Recovery of Metallic Zinc from Galvanizing Dust by Using
Ammonium Chloride Flux

H. R. Karimi Zarchi

Abstract

Having investigated the different reports and various fluxes, ammonium chloride was eventually selected
for pyrometallurgical recovery of metallic zinc from the galvanizing flue dust in the present work. This flue
dust constitutes 10 to 15 wt.% of galvanizing wastes. The mechanism of ammonium chloride in the
extraction of the metallic zinc from the galvanizing dust was explained. Furthermore, the efficiencies of
zinc recoveries in the temperature range of 500 to 700 °C, treating time of 0 to 40 minutes and mixing
percentages of 10 to 30wt% fluxes were investigated. The optimum efficiency of zinc recovery was
calculated equal to 85% which was observed in the temperature 600°C, flux mixing ratio of 20wt% and
treating time of 20 to 30 minutes.

Keywords Melting Flux, Ammonium Chloride, Pyrometallurgical extraction of Metallic Zinc, Galvanizing
Flue Dust.
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Fig. 4 Surface profiles of 4130 steel wear track under (a) 1, (b) 3and (c) 5N loads, and (d) columnar diagrams of
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4- Conclusions

1. With increasing the normal load, the contact stress
between 4130 steel and Al,O3 ball increased.

2. In all wear samples the contact stress was higher
than the ultimate tensile stress of 4130 stedl.
Therefore, the amount of plastic deformation and wear
increase with increasing the normal load.

3. The experimenta results verified the wear
simulation of 4130 steel under different normal loads.
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Simulation of Wear Behavior of AlSI 4130
Steel Against Al.O3 Ball

M.J. Rajabloo* M. Rafieiz H. Mostaan®

1- Introduction

Wear is the volume loss of contact materials in relative
motion. The wear and corrosion are the initial stages of
material degradation and in other stages lead to friction,
noise, unwanted heat and dimensional changes. These
degradation mechanisms lead to decrease in lifetime of
components and catastrophic faillure. Mathematical
modeling and computer simulation with high calculation
efficiency and user-friendly software packs assist to predict
and control surface degradation mechanisms with low cost
and time. Therefore, it is possible to simplify and simulate
wear process. |n the present study the simulation of the wear
behavior of 4130 steel against Al,Oz ball isinvestigated.

2- Experimental

The stages of the research include Cad model design,
simulation of wear process with different loads and
validation of simulations with experimental results. Two
important universal standards of DIN and ASTM, suggest
the ball-on-disk wear test for evaluating the wear behavior
of materials. Based on thiswear experiment, the map of disk
and ball was drawn and the simulation process was
performed. The Hertzian software was used for calculating
contact stress between the disk and ball. 4130 steel and
Al>O;z ball were used as pair wear. For smulation of the
wear process ABAQUS software was used.
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Fig. 1 Stressdistribution areasin the disk under the normal
load of 1N

3- Results and Discussion

Wear simulation of 4130 steel under different normal
loads. The stress contoursin Fig. 1, Fig. 2 and Fig. 3 are up
to 670 MPa for 4130 sted regarding the ultimate tensile
stress of this steel. It means that the 4130 sted plastically
deforms and the wear occurs after this stress. It can be easily
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seen that the plastic deformation and wear have occurred in
all samples. Also, as can be seen with increasing the normal
load during the wear test, the plastic deformation area was
increased on the surface of 4130 steel.
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Fig. 2 Stressdistribution areasin the disk under the normal
load of 3N
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Fig. 3 Stressdistribution areasin the disk under the normal
load of 5N

Wear behavior of 4130 steel according to experimental
results. Fig. 4 shows the surface profiles of the wear track
and the columnar diagrams of wear volume loss versus
normal load for 4130 stedl. As can be seen, with increasing
the normal load from 1 to 5 N, the width and depth of the
wear track increased, indicating the higher volume loss with
increasing normal load (Fig. 4(d)). The increase in normal
load resulted in higher contact stress and therefore, higher
wear. Moreover, by increasing the frictional heat in the
contact surface of Al.Os bal and 4130 steel induced by
increasing the normal load, the strength and hardness of
4130 steel were decreased. Therefore, the materia was
softer and more plowing could occur during the wear test.
The presence of humps at the boundary of the wear track
indicated plastic deformation and mass transfer. It has also
been reported that with increasing the normal load, the
contact stress and frictional heat are increased to over the
elastic limit of one or both contact surfaces. Therefore, the
plastic deformation of asperities increases the real contact
surface. Other researchers have reported the same behavior.
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Spectra: 5-ZONE A

Element Series unn. € norm. C Atom. C
[wt.-%] [wt.-%] [at.-%]

Aluminium K series 4.08 4.89 l16.41

Nickel K series 1.72 2.086 3.17

Copper K series 9.13 10.93 15.357

Tungesten L series 40.80 48.85 48.47

Zirconiom L series 27.78 33.27 16.38

Total: 83.5 %

Fig. 3 shows the quasi-static stress—strain curves of
W/(ZrssCuzoAl1oNis)100-xNbx=0, 2y composites samples
infiltrated at 950°C for 15 min.
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Fig. 3 Stress—strain curves of W/(ZrssCuzoAl1oNis)100-
xNbx=0,1,2,3) composite samples infiltrated at 950°C for
15 min

As shown in Fig. 3, the composite sample with X=2
has the best mechanical properties (plastic strain and
compressive strength) and the lowest plastic strain and
compressive strength belongs to the composite sample
with X=0. As shown in Fig. 3, the amount of plastic strain
before failure in the composite sample with X=2 is 28%.

Fig. 4 and Fig. 5 show the backscattered SEM
micrographs of BMG matrix and W/(ZrssCu3oAl;oNis)ioo-
Nb=0) composite sample (at failure point according to
the detected points in Fig. 3) infiltrated at 950°C for
15min.

Fig. 4 SEM backscattered micrographs at matrix and fiber
in different stages of compressive test in
W/(Zrs5Cu3z0Al10Nis)100-xNb=0) infiltrated at 950°C for
15min at failure point

Fig. 5 SEM backscattered micrographs at matrix and fiber
in different stages of compressive test in
W/(Zrs5Cuz0Al10Nis)100-xNbx=2) infiltrated at 950°C for
15min at failure point

With comparison of the presented figures, it can be
concluded that the fracture happens within the tungsten
fiber near the W/BMG interface region with the increase
of the external loading at the fracture point. The shear
bands are formed in the composite sample with X=0 but
they do not have enough time to propagate in the BMG
matrix due to rapid conversion of shear bands to shear
cracks and for this reason the shear bands are not visible
in the matrix and W/BMG interface distinctly in Fig. 4.
The SEM micrographs of the fracture surface from the
W/(ZrssCuszpAligNis)i100xNbx=02 composite samples are
shown in Fig. 6.

Fig. 6 SEM micr;graphs of fracture surface from the
W/(Zrs5CuzoAl10Nis)100-xNbx=0,2) composite samples
infiltrated at 950 °C for 15 min a) X=0 b) X=2

As can be recognized in Fig. 6, there are two regions;
first one is a vein like pattern, being typical fracture
feature for metallic glass and second one is smooth.
According to Fig. (6-b), the density of the veins has
increased with the addition of Nb in the matrix and
increase of the shear bands propagation.

4- Conclusions

The addition of two atomic percent Nb in
W/(ZrssCuzoAlioNis)100xNbx=2) composite sample cause
the lack of the W,Zr crystalline phase formation in the
composite interface and this reason can delay the shear
bands conversion to cracks. The propagation of shear
bands in this composite also cause the increase of shear
bands numbers and local melting within them. Therefore,
the composite fracture surface converts to vein-like
pattern mode during the compressive test.
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Investigation of the Failure Behavior of
(Zrxs5Cu3z0Al10Nis)100-xNbx Composite
Tungsten Wire Reinforced During
Compressive Test
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1- Introduction

Monolithic BMGs generally fail in a catastrophic manner
during deformation at room temperature due to the
formation of highly localized shear bands. To overcome
this problem and in order to achieve an extended ductility,
a fabrication of BMG composites has been practiced.
During a melt infiltration process, in Zr-based BMG
matrix reinforcement by tungsten wire composites,
tungsten diffuses into the matrix and zirconium diffuses
into the tungsten fiber leading to formation of a diffusion
bond in the interface of the composite. When a liquid alloy
spreads on a tungsten fiber, further interdiffusion may
cause higher dissolution of the tungsten fiber resulting in
the formation of some crystalline phases presenting as a
layer (known as reaction layer) or particles (called as
convection of particles) in the microstructure of the
matrix. It is reported that some refractory elements such
as Nb and Ta can reduce the interface interaction of W/Zr-
based BMG matrix composite. The BMG materials
deform heterogeneous at low temperature and high strain
rate. During the compressive test the vein like pattern
forms that is being typical fracture feature for metallic
glass. This vein-like pattern often extends along a uniform
direction which was explained by the local melting within
the primary shear bands. In this study the failure behavior
of W/ (ZrssCuzoAlioNis)i00xNbx composite during
compressive test has been investigated.

2- Experimental

Ingots of (ZrssCu3pAlioNis)i00-xNbx=0,2) were prepared by
arc melting high purity elements in Ti-gettered and Ar
atmosphere on a water-cooled copper crucible. The
prepared molten alloy was cast into a water-cooled copper
mold (i.e. using suction casting method) to make BMG
rods with a 4mm diameter. A tungsten wire of 1mm
diameter was strengthened and cut into 50mm lengths and
cleaned in an ultrasonic bath of acetone and ethanol. The
tungsten wires were placed at the bottom of sealed 4mm
ID stainless steel tubes (304). The volume fraction of W
wires was 70%. The assembly of the tubes was washed by
repeated evacuation (up to 107> mbar) and by purging high
purity Ar gas several times followed by heating at
temperature of 950°C in an electrical furnace and holding
for 15 min under a 3.5 bar Ar pressure then they were
quenched in water. Composite specimens were cut by a
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low speed saw for preparing quasi-static compression test
samples. Mechanical properties were measured with a
SANTAM (STM250) testing machine. The gauge
dimension of specimens was 4mm in diameter and 8mm
in height for compressive test and the strain rate was 107
s”!. The microstructural observations were carried out by
scanning electron microscopy (SEM) VEGA TESCAN
model.

3- Results and Discussion

The backscattered micrographs of W/
(ZI' 55CL130A110N15)100.X Nb(x=o,2) COIl’lpOSiteS infiltrated at
950-C for 15 min are shown in Fig. 1.

Fig. 1 SEM backscattered micrographs of
W/(Zrs5Cu3z0Al10Nis)100-xNb=0, 2) composites that infiltrated
at 950°C for 15 min a) X=2 b) X=0

According to Fig. 1 the formation of crystalline phase is
seen in Nb free composite sample in Fig. (1-a). The SEM
backscattered micrographs of The Nb free composite is
shown in Fig. 2. According to Fig. 2 the crystalline phase
is formed near the matrix. The energy dispersive
spectroscopy (EDS) analysis from this phase is shown in
Table 1. The W»>Zr intermetallic crystalline phase forms
in the composite interface or matrix because of high
affinity between Zr and W.

Fig. 2 SEM backscattered micrographs of
W/(Zrs5Cuz0Al10Nis)100-xNbx=0) composites that infiltrated at
950°C for 15 min.

Table 1 Energy dispersive spectroscopy (EDS) analysis
from the W2Zr
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1 AG’, AH’ and Taq curves of the formation reaction of TiB,-TiC-
MgO composite powder in the TiO:-B203;-Mg-C mixture (reaction
)

Experimental results:

TiO»-B,Os-Mg  system:  Experimental —observations
showed that an SHS reaction occurs during the microwave
heating of TiO,-B,03-Mg mixture. XRD results showed
that the product contains some amounts of unwanted
phases (such as Mgs;B,O¢). In order to eliminate the
unwanted phases, Mg amount in the system was
increased. It was found that a pure TiB,-MgO composite
powder can be obtained using TiO,:B,03:7Mg mixture.
TiOx-Mg-C system: The results of this system revealed
that the TiC-MgO composite powder (free from unwanted
phases) can easily be synthesized from a TiO,:2Mg:C
mixture and via an SHS reaction activated by microwave
heating.

TiO2-B,0O3-Mg-C  system:  Regarding the optimum
amounts of Mg for the TiO,-B,03-Mg and TiO,-Mg-C
mixtures, TiB,-TiC-MgO composite can be synthesized
using a 2Ti0,:B,03:9Mg:C mixture. In agreement with
the thermodynamic predictions, microwave heating of the
2Ti0,:B,03:9Mg:C mixture brought about the occurrence
of an SHS reaction in the system. As Fig. 2A shows, the
product of the SHS reaction was merely consisted of TiB,
TiC and MgO phases.

The product was treated by a diluted HCI solution, which
could dissolve the MgO phase and produce a pure TiB»-
TiC composite. The XRD result is shown in Fig. 2B and
confirms the successful removal of MgO from the
product.

TiC A
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- A A MgO o
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Fig. 2 XRD patterns of 2TiO2:B203:9Mg:C mixture A) after
microwave heating and B) after acid leaching

SEM investigations of the synthesized TiB,-TiC-MgO
powder showed the formation of large and dense
agglomerates which was the sign of system high-
temperatures. MgO (which forms a melt at high-
temperatures) acted as an adhesive and connected the
TiB,-TiC particles.

It was found that the acid leaching of the MgO phase
decreases the particles size of the product and yields a
product with 100-150 nm average particle size. Fig. 3
represents the SEM image of the obtained TiB-TiC
powder.

4- Conclusions

* Thermodynamic predictions and experimental
results confirmed the occurrence of combustion reactions
in the Ti0,-B,03-Mg-C system as well as its sub-systems.

Fig. 3 SEM image of the synthesized TiB:-TiC powder

* TiB,-TiC-MgO composite was obtained by
microwave heating of a 2Ti0,:B,03:9Mg:C mixture.

* Acid leaching was found effective for the
purification of the synthesized powder.

* The average particle size of the synthesized TiB.-
TiC powder was 100-150 nm.
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1- Introduction

TiB,-TiC composite has excellent properties such as high
melting point, excellent abrasion resistance, high
hardness, good thermal stability and high corrosion
resistance. Hence, this composite has been used in various
applications such as abrasion resistant parts, cutting tools,
forming molds, lightweight parts, jet engines and heat
exchangers.

TiB,-TiC composite is usually produced by powder
metallurgy (PM) method. This method requires high-
temperatures and long heating times and therefore is
costly. Recently, use of microwave assisted self-
propagating high-temperature synthesis (MASHS) has
been proposed for the production of TiB,-TiC composite.
Some of the benefits of this method are: high production
rates, simplicity, low energy consumption and product
purity.

It has been shown that the TiB,-TiC composite can be
synthesized from a Ti-B4C mixture and in a microwave
oven. Increasing the mixing time of the reagents
eliminated the formation of the unwanted products. It also
prevented the synthesis of the intermediate compounds in
the final powder and shortened the synthesis time. The
main drawback of this route was the high-price of the
reagents.

In this research, the fabrication of TiB,-TiC composite
via MASHS method and by use of low-cost raw materials
(i.e. oxides compounds) has been studied. Synthesis was
performed in a domestic microwave oven. Moreover,
thermodynamic calculations were employed in order to
predict the type of possible reactions in the system.

2- Experimental

In this study, an inexpensive route was proposed for the
fabrication of TiB,-TiC composite powder. Raw materials
(i.e. TiO,, B,O3, Mg and C) were mixed by hand and
pressed into cylindrical samples (10 mm diameter and 4
mm height). Microwave heating was performed using a
domestic microwave oven (SAMSUNG: GE2370G, 850
watts output power). During the microwave heating, the
ignition and sparking of the samples were considered as
the signs for the occurrence of a combustion reaction.
Phase compositions of the heated samples were
determined using an XRD device. Moreover, an SEM
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(equipped with EDX detector) machine was employed for
the observation of the microstructure and morphology of
the samples.

In order to obtain a pure TiB,-TiC powder, the
byproduct of the reactions (i.e. MgO phase) was leached
out using 20 vol. % HCI solution. Temperature and time
of the acid leaching process were 50° C and 2 hours,
respectively.

In all parts of this research, AG®, AH’ and Taq (i.e.
adiabatic temperature) values of the probable reactions
were calculated and used, in order to get an insight into
the system and predict the type of the reactions.

3- Results and Discussion

Thermodynamic calculations: The overall reaction in the
Ti0,-B,03-Mg-C system can be written as follows:
2TiO, + B,O3 + C + 7Mg =TiB, + TiC + 7MgO (1)
In fact, reaction (1) is the combination of the reduction
reactions (reactions (2) and (3)), the reaction between the
reduced elements (reaction (4)) and the reaction in the Ti-
C system (reaction (5) ).

TiO, + 2Mg = Ti + 2MgO Q)
B,0; + 3Mg = 2B + 3MgO 3)
Ti+ 2B =TiB, “)
Ti+ C=TiC (5)

Thermodynamic results showed that reactions (2) to
(5) have negative AG® values. This indicates the tendency
for the reactions progress. In addition, these reactions are
very exothermic (i.e. AH® < 0). Therefore, it is expected
that the temperature of the system will be increased during
the reactions. Our calculations showed that the adiabatic
temperature (Taq) of all reactions are above 1800 K. Thus,
according to the Marzhanov’s criterion, the type of
reactions (2) to (5) will be SHS.

Further investigations revealed that the chemical
reactions in the TiO,-B,03-Mg-C mixture most probably
initiate with reaction (3). Subsequently, the heat released
from reaction (3) activates reactions (2), (4) and (5) which
forms the TiB,-TiC-MgO composite (reaction (1)). AG®,
AH® and T,q curves of the reaction (1) are presented in Fig.
L.
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colloidal titania-ceria composites exhibited more

photocatalytic activity than pure titania in the early times of

radiation. Fig. 7 compares photocatalytic efficiency of the

colloidal samples.
o

Fig. 3 SEM images of titania-ceria compositeswith molar
ratio of Ce/Ti: 1) 0.05 (colloidal), 2) 0.1 (colloidal), 3) 0.05
(polymeric), 4) 0.1 (polymeric)
XRD. Fig. 4 shows the XRD patterns of colloidal
samples.
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Fig. 4 XRD patterns of the colloidal samples calcined at
450°C
Fig. 5 compares the XRD patterns of the polymeric
samples.
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4- Conclusions

In this study, titania sol was separately synthesized by
colloidal and polymeric methods. Titanium tetra-
isopropoxide, isopropanol, cerium nitrate, deionized water;
nitric acid and chloride acid were used as raw materials for
the preparation of titania sols. Cerium-doped titania sols

were prepared by different ratios of 0.05, 0.1 and 0.15 in
colloidal and polymeric methods. According to the results,
the titania-ceria composites produced by the polymeric
method showed better photocatalytic activity than the pure
titania. Photocatalytic efficiency increased from 67.39% for
pure polymeric titania to 81.39% for cerium-doped
polymeric titania with a molar ratio of Ce/Ti equal to 0.05.
The photocatalytic efficiency of samples with Ce/Ti molar
ratio of 0.1 and 0.15 was calculated to be 80.25 and 79.34,
respectively. Also, the colloidal titania-ceria composites
exhibited more photocatalytic activity than pure titania in
the early times of radiation.
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efficiency of polymeric samples.
1.2

—t—TF

—|=TP0.0S

——TP0.1

——TP0.15

[v] 0 4an 60 80 100

Time(min)

Fig. 8 Photocatalytic activity of the polymeric samples

90

80
70
60
50
By w0 ! ! i !
30 - |
20
10
0 t
T*

TPO.O5 TPO.1 TPO.15

PR

Fig. 9 Photocatalytic efficiency of the polymeric samples



Journal of Metallurgical and Materials Engineering, Vol.30, No.1, 2019.

Investigation of Effect of Ceria on Phase
Behavior and Photocatalytic Properties of
Colloidal and Polymeric Nano-Titania

H. Sarpoolaki! V. Tajer-Kajinebaf? H. Heydari Boroujeni®

1- Introduction

Nano-titania, as a photocatalyst, has problems such as
agglomeration of nanoparticles, phase transformation,
reduction of surface area at high temperatures, recombination
of electron-hole, lack of activity in the visible light range,
problem of nanocatalyst recycling of aqueous suspension and
so on. Studies have recently been carried out on the addition
of rare earth elements such as Ln, Nd, Eu and Ce to titania,
which reported activity in the visible light range. Rare earth
elements mixed with titania show a red shift due to doping
leading to the formation of inter band states. Moreover,
addition of rare earth element is found to reduce
recombination of the electrons and holes effectively by
trapping them as well as by facilitating their faster movement
along the surface of titania. Among the various rare earths,
Ce has been reported to consistently show activity in visible
region when mixed with titania. Among the lanthanide
oxides, the catalytic properties of ceria have received much
attention due to two features of (1) the redox couple
Ce*"/Ce*" with the ability of ceria to shift between CeO, and
Ce,03 under oxidizing and reducing conditions; and (2) the
easy formation of labile oxygen vacancies with the relatively
high mobility of bulk oxygen species. The band-gap energy
of titania and doped titania with ceria with concentrations of
doping (1-10%) has been studied. As expected, the
replacement of Ce decontamination in the TiO, structure will
change the edge of the initial absorption to a higher
wavelength, called the "red shift", and reduce the band-gap
energy to a concentration of 9% of the dopant. Cerium is a
particular lanthanide element and it has two stable oxidation
states: Ce*" and Ce*". As a result of an apparent difference in
the ionic radius between Ce and Ti ions, CeO, and TiO,
phases can coexist in the mixed oxides.

2- Experimental

Isopropoxide titanium, isopropanol, nitric acid 65%,
chloridric acid 37%, cerium nitrate and deionized water were
used as raw materials in this research. The preparation
processes of the colloidal and polymeric titania-ceria
composites are shown in Fig. 1 and Fig. 2, respectively. The
molar ratio of Ce/Ti in the synthesis of titania-ceria sol was
0.05, 0.1 and 0.15.

3- Resultsand Discussion

SEM. Fig. 3 shows SEM images of the colloidal and
polymeric samples. As shown, the particle size is below
100 nm for Ce-doped titania samples with different mole
ratio. The small size of the crystallites leads to improved
surface properties, increased surface area and
photocatalytic properties.
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Fig. 1 Preparation process of colloidal titania-ceria composite
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Fig. 2 Preparation process of polymeric titania-ceria
composite

The XRD peaks at 26=25.241 and 47.981 belong to anatase
TiO,. The intensity of anatase TiO, peak decreased when
ceria content increased.

Photocatalytic Properties. Fig. 6 shows photocatalytic
activity of the colloidal samples with different Ce/Ti molar
ratios. According to the results, the titania-ceria composites
synthesized by the polymeric method showed better
photocatalytic activity than the pure titania. Photocatalytic
efficiency increased from 67.39% for pure polymeric titania
to 81.39% for cerium-doped polymeric titania with a molar
ratio of Ce/Ti equal to 0.05. The photocatalytic efficiency
of samples with Ce/Ti molar ratio of 0.1 and 0.15 was
calculated to be 80.25 and 79.34, respectively. Also, the
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Fig. 2 FE-SEM image of TiO2:4%wt.MWCNT thin film
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Fig. 3 Nyquist curves of DSSCs fabricated of
TiO2MWCNT anodes

Current density-voltage curves of DSSCs fabricated of
TiO,-MWCNT anodes (Fig. 4) represent that by
increasing the amounts of MWCNTSs, open circuit voltage
(Voc) values arise at first and then decrease. The reason
is that low incorporation of MWCNTs in TiO; layer can
reduce charge carriers recombination and resistance.
Meanwhile, it has been reported that surface treatment
usually increases Voc values regardless of the nature and
properties of the coated material on the electrode. The
short circuit between FTO and electrolyte through
MWCNTSs can also be a reason for Voc decrease in
excessive amounts of MWCNTSs. A same observation is
seen in the case of short circuit current density (Jsc). The
reasons for Jsc improvement in low amounts of MWCNTSs
is increment of electron collection and transfer in porous
layer due to electrical conductance enhancement.
However, excessive amounts of MWCNTSs reduce Jsc due
to decreasing the adsorption sites for the dye, caused by
the crack formation on the surface of the electrode, and
also increasing the back electron transfer to the electrolyte
through MWCNTs. Increment in the values of fill factor
(FF) is caused by resistance decline in the interface of
electrolyte/dye/nanoparticle, because of TiO, electrode
electrical conductance improvement.
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Fig. 4 Current density-voltage curves of DSSCsfabricated
of TIO2MWCNT anodes

4- Conclusions

TiO,—-MWCNT nanocomposite thin films containing
various percentages of MWCNTSs were coated on FTO
substrates by sol—gel dip coating technique. Then, DSSCs
were assembled by wusing anodes made of the
nanocomposite films, iodide/triiodide redox couple
electrolyte and platinum coated FTO cathodes. Cell
having TiO>-3wt.% MWCNT anode showed maximum
solar to electric energy conversion efficiency of 5.31%,
which is 69% higher than the conventional TiO; solar cell.
The enhancement of conversion efficiency was attributed
to the increased electrical conductivity of the anode,
decreased charge carriers recombination in it and low
charge transport resistance at the TiO./dye/electrolyte
interface.
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Improvement of the Photovoltaic
Performance of Dye-Sensitized Solar Cell by
Using TiO2:CNT Nanocomposite
Photoanode

S. Daneshvar e Asl,! S.K. Sadrnezhaad?

1- Introduction

Dye-sensitized solar cells (DSSCs) have gained great
attention due to their low production cost, favorable
efficiency, and simple fabrication process, in comparison
with conventional silicon solar cells. Generally, titanium
dioxide (TiO-) has been used as the working electrode in
DSSCs owing to higher resulting efficiency than other
semiconductors. In order to increase TiO,-based solar
cells efficiency, photogenerated charge carriers
recombination should be prevented. Carbon nanotubes
(CNTs) have been studied widely because of their high
electrical conductivity, chemical stability, high surface
area, and tube-like structure. CNTs’ high electron affinity
can be useful for the electrons collecting that improves
carrier mobility in DSSCs.

In this paper, TiO,:CNT nanocomposites containing
different percentages of CNTs, have been synthesized via
the sol-gel method and utilized as the anodes in DSSCs,
in order to investigate the possibility of developing the
performance of them.

2- Experimental

At first, chemical oxidation treatment was done on the
multi-wall carbon nanotubes (MWCNTs), for the
functional groups generation on their surface. TiO, sol
was prepared by the partial hydrolysis and condensation
of titanium butoxide with water. In the next step, TiO; thin
films including various percentages of MWCNTs (0-4
wt.% of the sol) were coated on fluorine-doped tin oxide
(FTO) substrates via the sol—gel dip coating technique.
The coated substrates were immersed in N719 dye
solution for the dye sensitization. Finally, the sandwich
DSSCs were assembled by using these anodes,
iodide/triiodide redox couple electrolyte and platinum
coated FTO cathodes.

3- Resultsand Discussion

TiO2:MWCNT thin films XRD patterns correspond to the
anatase phase in all coatings. Appeared peaks correspond
to (101), (004), (200), (105), (211), (204), (116), (220),
(215) and (224) planes, respectively. It should be noted
that characteristic peak of CNT in 26=26° cannot be
observed in spectra, because of overlapping with anatase
(101) peak. Another reason can be mass difference
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between MWCNTs and TiO; in nanocomposite thin films.
By TiO; crystallite size measurement by Williamson-Hall
equation, it was found that the size of anatase crystallite
decreases with increasing the amounts of MWCNTs in the
sol due to MWCNT hinders the crystallite growth of TiO,.
The grain boundaries act as trap sites in the electrons
motion pathways. Consequently, TiO, crystallite size
decline results in recombination increment which is not
favorable.

. Pure TiO2
A: Anatase | %wt. CNT
2 %wt.CNT
A 3 %wt.CNT
4 %wt.CNT

N A A AA A AAA A

20 30 40 50 60 70 80 90
20°
Fig. 1 XRD patternsof TiO2z MWCNT thin films

Intensity (a.u.)

Fig. 2 shows FE-SEM image of TiO::MWCNT thin
film morphology. In this image, clusters of TiO;
nanoparticles with approximately spherical shape and 45
nm size, and CNTs are observed. MWCNTs are dispersed
monotonously in TiO> matrix and there is a desirable
contact with the nanoparticles. Coating porous structure is
caused by solvent exit during annealing.

Nyquist curves of DSSCs fabricated of TiO»-
MWCNT anodes (Fig. 3) show that charge transfer
resistance in the interface of electrolyte/dye/TiO, is
decreased in comparison to the cell fabricated of pure
TiO, anode; because CNT one-dimensional structure
helps photogenerated electrons transfer and leads to
charge carriers recombination decline. Coating
conductance increment can be another reason for this
event. DSSC fabricated of TiO2:3%wt. MWCNT thin film
have the least charge transfer resistance and as a result,
the most electron transport rate. It is seen that an increase
in MWCNT amounts leads to interface resistance
increment. Excessive presence of MWCNTSs results in a
competition in the light harvesting between it and dye-

sensitizer.
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4- Conclusions

Due to the effect of rapid induction heating process
on diffusion coefficient of solute elements i.e.
zirconium and aluminum, this treatment increases the
dissolution kinetics of high zirconium and also y-y'
eutectic structures.

Rapid induction heating accelerates the growth rate
of y' precipitates in the dendritic regions of the alloy
at the beginning of the process but after a while its
effect diminishes. This process has no significant
effect on growth mechanism. Particle size
distribution of the precipitates obeys the PSD based
on LSW theory, especially in precipitates with
smaller radius, although high y' volume fraction
cause coalescence of the particles and this to some
extent reduce the agreement between the PSD of the
particles and LSW theory.



Journal of Metallurgical and Materials Engineering, Vol.30, No.1, 2019.

Rapid Heating Effects on Microstructure of
a NizAl Base Alloy Containing Cr,
Mo, Zr and B
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1- Introduction

Ni3Al base intermetallic alloys such as IC221M have
received considerable attention in recent years due to
good combination of physical and mechanical properties
at high temperatures. I[C221M has been used for industrial
applications such as transfer rolls in steel heat treatment
furnaces. These rolls work at temperatures around 900°C
and were replaced with H series cast austenitic steels
which leads to a better resistance of the rolls in distortion
and blistering pick-up. Temperature has significant
effects on the microstructure, oxidation behavior and
mechanical properties of this alloy. Despite the good
effects of the zirconium rich phase, as a non equilibrium
structure in IC221M, it is detrimental for performance in
casting behavior of this alloy. Solution treatment before
application can improve its oxidation behavior by
reducing the volume fraction of this phase. One of the
suitable methods for decreasing the elimination time of
zirconium rich phase is applying rapid induction heating.
This type of heat treatment increases the diffusion
coefficient by inducing stress on the specimen and
therefore, can affect all diffusion controlled processes.

2- Experimental

The chemical composition of the alloy used in this study
is Ni-7.9Al-7.7Cr-1.4Mo-1.7Zr-0.008B (wt. %). The
alloy was produced with VAR technique. Effect of rapid
induction heating on the microstructure of the alloy was
investigated. The annealing temperature was 1100°C, the
frequency of heating cycles was fixed at 8500 Hz and the
heating rate was about 21°C.sec’!. The specimens were
heated for 15 and 30 minutes at 1100°C. After annealing,
all specimens were etched and examined with SEM. Mean
radius of the y’ precipitates was determined using SEM
micrographs. The volume fraction of y’ precipitates and
high zirconium phase was determined. The
microstructural changes which occurred during rapid
induction heating were compared with the microstructure
of specimens annealed for up to 43 hours at 1100°C with
0.167°C.sec’! heating rate.

3- Results and Discussion

Microstructural changes in the dendritic and inter-
dendritic region during normal and rapid heating process
are clarified using scanning electron microscopy and
image analyzing technique and are presented in Fig. 1.
Based on image analyzing technique, the as-cast
microstructure consists of about 63-66 volume percent of
v’ phase. Results showed that rapid heating can accelerate

! Corresponding Author: Assistant Professor, Iran University
of Science and Technology, School of New Technologies,
Tehran, Iran.

the elimination speed of high zirconium phase as shown
in Fig. 2 and also the growth kinetics of y' precipitates
shown in Fig. 3, but has no significant effect on the growth
mechanism. ]

Fig. 1 SEM micrograph showing microstructural changes
in the dendritic and inter-dendritic regions under rapid
heating
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microstructure. Also, a few bulging are detected implying
the fact that discontinuous dynamic recrystallization
(DDRX) is a possible but limited mechanism for grain
refinement. It is seen that the lowest rotational speed (600
rpm) is not able to induce enough deformation through
the structure. Therefore, CDRX is partially occurred and
volume fraction of the LABs remains high (26%) in
comparison to the base metal (19%). Increasing the
rotational speed to 1000 rpm, improves recrystallization
process. Therefore, the grain size and volume fraction of
LABs is reduced to 2.5 um and 13%, respectively. On the
other hand, once more strain is induced by applying
higher rotational speed (1600 rpm), the grain size and
volume fraction of LABs increases to 5.1 um and 31%,
respectively.

TEM was used to observe the morphology, size and
distribution of precipitates, in the base metal and FSW
samples (Fig. 3). The precipitates at the SZ is broken up
and homogenously distributes or dissolves during FSW at
1000 rpm (Fig. 3(b) in respect to Fig. 3(a)). By increasing
the induced strain, very few number of spherical shaped
7 precipitates (< 20 nm) is observed at 1600 rpm (Fig.

3(c)).

200 nm

Fig. 3 Bright field TEM micrographs of (a) 7075-T6 aluminum
alloy base metal: two different kinds of large precipitates that are
inhomogenously dispersed within matrix, naturally aged SZ of (b)
1000 rpm: strain induced by FSW has distributed the precipitates
in the matrix. A region of precipitation agglomeration is
surrounded by an oval, and (c) 1600 rpm: large precipitates are
dissolved. Fine spherical particles of n’ are reproduced. Black
arrows: lath-like precipitates of n, white arrows: spherical

precipitates of n’. (Insets: higher magnification images around the
grain boundaries)

It can be seen that the specimen welded at 1000 rpm
exhibited the highest UTS (381 MPa) and highest fracture
elongation (6.3%) (Fig. 4).

In Fig. 4 can be seen that the formability of AA7075-
T6 fall down dramatically after FSW. Minimum grain
size and minimum amount of subgrain structures are
obtained simultaneously at the traverse speed of 50
mm/min and the rotational speed of 1000 rpm. CDRX is
almost completed in the welding region of the specimen.
The reduction of formability observed at 1600 rpm is due
to the increase in the mean grain size, which has led to the
loss of strength and ductility. At 600 rpm, the grains
undergo the partial recrystallization and preserve initial
texture of the starting material.

600
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Fig. 4 mechanical properties of base metal as well as friction stir
welded samples under different FSW conditions. FSW has led to
an obvious reduction in formability index

At 1600 rpm, the particle dissolution makes the grain
growth possible. Increasing the induced strain can
increase the rate of dissolution. It is seen that there is an
optimum rotational speed of 1000 rpm at welding speed
of 50 mm/min below which, the microstructure doesn’t
fully change by induced strain of the FSW. At the
optimum point, dynamic recrystallization thoroughly
evolved the grain structures to the finest equiaxed shape.
The complete recrystallization can improve the
formability index of the joints. However, reduced
formability of FSW samples is attributed to the
precipitate partial dissolution in the SZ (Fig. 3(b) and

3(c)).

4- Conclusions

In the present research, for the first time a 1 mm of 7075-
T6 aluminum alloy is welded by FSW. The welding
rotational speed of 600 to 1600 rpm was used. It is
observed that low thickness of the sheets, due to very high
quenching rate of the weld region, leads to the low tensile
strength of the joints. The heat input seems to have a
negligible effect on the microstructure. Hence, the
induced mechanical strain is the dominant factor for the
microstructural evolution of the friction stir welded
AA7075-T6 thin sheets. It seems that high strain value
can partially dissolve back the precipitates to the matrix.
CDRX is the dominant mechanism for grain structure
refinement of AA7075-T6 thin sheets during FSW which
have different effects on the mechanical properties. There
is an optimum rotational speed of 1000 rpm at welding
speed of 50 mm/min below which, the microstructure
doesn’t fully change by induced strain of the FSW. At the
optimum point, dynamic recrystallization thoroughly
evolve the grain structures to the finest equiaxed shape.
The complete recrystallization can improve the
formability index of the joints. However, reduced
formability of FSW samples is attributed to the
precipitate partial dissolution in the SZ.
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The Effects of Tool Rotational Speed on
Microstructure and Mechanical Properties
of Friction Stir Welded 7075-T6 Aluminum
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1- Introduction

High strength aluminum alloys, especially 7xxx series,
are extensively used in aerospace industry. Due to their
poor weldability, it is difficult to utilize conventional
welding techniques to join these alloys. Therefore, much
attention has been paid to solid state welding, especially
friction stir welding (FSW). Many studies have been
conducted to optimize the tool and FSW parameters of
AA7075-T6 with different thicknesses, ranging from 2.3
to 9 mm. AA7xxx series contain reinforcing precipitates
that are quench sensitive. At lower thickness, the effect of
the heat input on the microstructural evolutions might be
lowered due to the higher cooling rate. There was quite
rare comprehensive studies in open literatures on the
microstructural evolution of AA7075-T6 thin sheets
during FSW. Hence, the aim of the present work was to
investigate the effects of welding tool rotational speeds
on microstructural evolution and mechanical properties
of friction stir welded AA7075-T6 1 mm thin sheet.
Tensile properties of the FSW samples were examined
using the sub-sized specimens according to ASTM E8M.

2. Experimental

In this study, the commercial AA7075-T6 sheet with 1.1
mm in thickness and the chemical composition of Al, 5.86
Zn,2.37 Mg, 1.91 Cu, 0.02 Si, 0.03 Fe, and 0.004 Mn (all
in wt.%) was used. Three different welding conditions
including rotational speeds of 600, 1000, and 1600 rpm at
a constant welding speed of 50 mm/min were used. Butt
joints were prepared with welding direction
perpendicular to the rolling direction (RD) of the sheets.
The welding tool was tilted 3° about vertical axis. After
FSW, the plates were held about two months at ambient
atmosphere to be naturally aged. The FSW tool was made
of heat-treated H13 tool steel consisted of a shoulder with
12 mm in diameter and a cylindrical probe with 3 mm in
diameter and 1 mm in length. Temperature changes were
measured at the welded joint during the process by means
of K-type thermocouples which were set 7 mm form the
welding center line on the surface of the sheet. The grain
structure and orientations were examined using a Hitachi
SU 1510 SEM equipped with an electron backscattered
diffraction (EBSD) system at the step size of 0.15 um.
The high angle grain boundaries were identified with
misorientations greater than 15°. Three millimeters in
diameter TEM specimen discs were cut out of the nugget
regions, then thinned to 100 um with sand papers, and
finally polished using ion-milling method to obtain a thin
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foil. The state of precipitates was studied by a Tecnai
G200 TEM operating at 200 kV.

3. Results and Discussion
The results shows that there is no meaningful difference
between the peak temperatures of different FSW
specimens (Fig. 1).

350
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X o 600-50
300 1600-50

Temperatere ("C)
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Time (8)

Fig. 1 Temperature-time diagram (thermal cycle) of the welding
samples at velocity of 50 mm/min and rotating speed of 600, 1000
and 1600 rpm

Therefore, the heat input is not presumably an effective
factor on the microstructure of the stirred zone (SZ). The
grains of the specimens with 600, 1000 and 1600 rpm are
converted to fine equiaxed grains with an average grain
size of 3.8, 2.5 and 5.1 um, respectively (Fig. 2(b), 2(c)
and 2(d), respectively).

HAB (>15)

LAB (<157

20 pm

Fig. 2 EBSD grain characteristics of (a) base metal, and naturally
aged SZs of (b) 600 rpm, (c) 1000 rpm, and (d) 1600 rpm
rotational speed specimens over 15,000 hours. A few bulgings are
indicated on the SZ images by black arrows

The conversion of the initial pancaked grains (Fig. 2(a))
into the fine equiaxed grains with a homogeneous
distribution points to the dynamic recrystallization
(DRX). The numerous low-angle grain boundaries
indicated that the continuous dynamic recrystallization
(CDRX) is a dominant mechanism of evolution of the
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Fig. 6 TG curves of samples milled with catalysts
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Meanwhile MgH, desorbs 0.6 wt.% hydrogen after
20h of ball milling. Results showed that adding catalyst
had a major effect on the hydrogen desorption of MgH>.
Catalyst produced at 1200°C had the best performance
among produced powders. Adding catalysts to MgH, and
ball milling for 20h led to hydrogen desorption from at
least 5.4 to maximum 6.45 wt.% from room temperature
to 455°C (Fig. 6). The important point was the improved
performance of catalyst produced at 1200°C which
contained NiTiOj; phase. The reason for this improvement
in hydrogen desorption properties was related to the
catalytic effect of NiTiOj; phase.

4- Conclusions
Increaing ball milling times had no effect on the phase
constituent of the powder mixture before and after heat

treatment at 300°C. Heat treatment at 600°C led to partial
reduction of NiO. This phase was completely reduced and
anatase phase partially transformed to rutile after heat
treatment at 900°C. NiTiOs3 phase was formed during heat
treatment at 1200°C. Ball milling without adding catalyst
did not significantly affect the hydrogen desorption of
MgH,. Adding produced catalysts to MgH, and 20h ball
milling led to hydrogen desorption from at least 5.4 to
maximum 6.45 wt.%. The reason for maximum increase
was related to the presence of NiTiO3 phase due to the
heat treatment at 1200°C.
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1- Introduction

Storage of hydrogen in magnesium hydride is one of
hydrogen storage mechanisms in materials. This hydride
has high storage capacity (MgH>, up to 7.6wt %). The
major challenges in hydrogen storage in this material are
high desorption temperature (more than 400°C) and very
slow reaction kinetics. In recent years a large number of
studies have been done to decrease the desorption
temperature of hydrogen and increase  the
adsorption/desorption rate of hydrogen from magnesium
hydride by decreasing the particle size of hydride and
addition of catalysts. The main goal of this research is to
study the effects of ball milling and heat treatment on the
phase constituent of TiO,-NiO-C powder mixture and
subsequently investigating the effect of produced
nanostructured catalyst on the hydrogen desorption
temperatue and capacity from MgH,.

2-Experimental

High purity laboratory grade materials were used in this
study. Ball milling of powder mixtures was done in a
planetary ball mill under argon atmosphere. The pills
produced from milled powders were heat treated at
various temperatures under flowing argon atmosphere
inside a tube furnace. In the next step, 10 wt.% of four 20h
milled and heat treated samples was added to MgH, and
then milled under argon atmosphere. X-ray diffraction
method and field emission scanning electron microscopy
were used to evaluate the phase constituent and particle
size of milled powders. Then, the powder mixture was
heated to 450°C under flowing argon atmosphere to
determine the temperature and the amount of hydrogen
desorption in a TGA machine.

3- Resultsand Discussions
The XRD patterns of milled powder mixtures showed that
even after 20h of milling, only graphate was transformed
to amourphous state. Increasing milling time from 5 to 20
hours led to a decrease in the average size of particles and
agglomerates from 60 to 30 and from 220 to 120
nanometers, respectively.

Heat treatment at 300°C led to transform the carbon
structure from amourphous to crystalline state in 5 and 10
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hour milled samples but new phases did not form in this
condition (Fig. 1). Partial reduction of NiO occurred due
to the heating of milled powder at 600°C (Fig. 2). NiO was
reduced completely and anatase transformed to rutile after
heat treatment at 900°C (Fig. 3). Heat treatment at 1200°C
led to appearance of NiTiO; phase (Fig. 4).
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In the next step 10 wt.% of 20h milled samples heat
treated at various temperatures were added to MgH, as
catalyst and then ball milled for 20h. The results of TGA
analysis showed that magnesium hydride did not desorb
any hydrogen at 350°C.
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Fig. 3 XRD patterns of milled powdersand then
heat treated at 900°C
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Fig. 3 The change of YS and UTS with austempering
temperature

Fig. 4 Stereo-microscopy images of fracture surface after
tensile test for the samples austempered at (a) 380, (b) 400,
(c) 420, (d) 450 °C

Lno vs. Lo curves for the samples austempered at
different temperatures are shown in Fig. 5. The curves are
non-linear but can be considered as two linear curves,
thus, the work hardening obeys the two-stage mechanism.
The slope of the lines is equal to the work hardening
exponent (n). The higher ‘n’ indicates the higher work
hardening rate. According to Fig. 6, ‘n’ in the first stage
is greater than the second stage. As the austempering
temperature increases, the ‘n’ value decreases.
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Fig. 5 Lno-Lni curve for samples austempered at (a) 380,
(b) 400, (c) 420, (d) 450 °C
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Fig. 6 Values of work hardening exponent in the first stage

(n1) and second stage (n2) for the samples austempered at
different temperatures

4- Conclusions

This research revealed that with increasing the
austempering temperature from 380 to 450 °C:

1- Values of hardness, YS, UTS, UTS-YS, YS/UTS and
elongation decrease.

2- The tendency for brittle fracture increases.

3- Work hardening exponent decreases.

These results are related to changing of bainite
morphology from lower bainite to upper bainite.
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Effect of Bainite Morphology on the
Mechanical Properties of a Ferrite-Bainite-
Martensite Triple-Phase Steel

A. Talebi! M. Ghobeiti-Hasab >

1- Introduction

Dual and triple phase steels have unique properties such
as continuous yielding behavior, low ratio of YS/UTS,
high work hardening rate and high homogenous
elongation percentage; thus, they are used widely for
automotive applications. The aim of this study is to
develop a triple-phase microstructure of ferrite-bainite-
martensite with desirable mechanical properties.

2- Experimental

The 4140 steel used in the present research is in the form
of a rod with diameter of 10 mm and microstructure of
ferrite-pearlite. The chemical composition of this steel is
given in Table 1. The samples were austenitized at 850 °C
for 1 h. Then, kept at 720 °C (the ferrite-austenite region)
for 3 min, and transferred to a salt bath at different
temperatures of 380, 400, 420 and 450 °C for 4 min to
obtain various morphologies of bainite, finally quenched
in water to form martensite. Microstructure, hardness,
tensile properties (yield strength, ultimate tensile strength,
elongation, work hardening exponent) and fracture
surface of the austempered samples after tensile test were
investigated.

3- Results and Discussion

Fig. 1 and Fig. 2 show the SEM images of the samples
austempered at different temperatures. As can be seen,
with increasing the austempering temperature from 380 to
450 °C, the bainite morphology has been changed from
lower bainite to upper bainite.

Table 1 Chemical composition of the investigated steel (in

wt.%)
Fe C Cr Mo Mn Si
Bal. 0.416 1.13 0.221 0.741 0.342
P S Ni AL Co Cu
0.015 0.0214 | 0.0273 | 0.0311 | 0.0041 | 0.0119
Nb Ti v W Pb Sn
0.00067 | 0.0018 | 0.0034 | 0.0016 | 0.0024 | 0.00075

Investigations revealed that increasing austempering
temperature resulted in a decrease in the values of
hardness, yield strength, ultimate tensile strength, strength
difference (UTS-YS), strength ratio (YS/UTS) and
elongation. For instance, the changes of YS and UTS with
austempering temperature are shown in Fig. 3.

! Instructor, Department of Metallurgy Engineering, Sama
Technical and Vocational Training College, Dezful Branch,
Islamic Azad University, Dezful, Iran.

2% Corresponding Author, Assistant Professor, Department of

Fig. 1 SEM images of the samples austempered at (a) 380,
(b) 400, (c) 420, (d) 450 °C

Fig. 2 Morphology of bainite in the samples austempered at
(a) 380, (b) 400, (c) 420, (d) 450 °C

Fig. 4 shows the stereo-microscopy images of fracture
surfaces of tensile tested samples. As can be seen, with
increasing the austempering temperature, the rough-dark
surfaces are changed to the smooth-bright surfaces, which
is indicative of increase in brittle fracture behavior.

Metallurgy and Materials Engineering, Dezful Branch,
Islamic Azad University, Dezful, Iran.
Email: ghobeiti@iaud.ac.ir
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Fig. 3 XRD pattern obtained from surface production after
125 h immersion in 700°C

Using weight loss data and according to Fig. 4,
activation energy can be determined as 423kj/mol.
Considering the previous researches this amount shows
that the corrosion process is controlled by aluminum
diffusion.

L

In(k)

y =-30878x + 50.77%
R*=0.8889

1/T(1/k)
Fig. 4In(k) vs. /T obtained from weight lossdatain 3
different temperature

Considering there is a few reactions which can be
accrued during the process, XRD patterns rejected the
possibility of formation of compounds such as Al,O; or
NiALOs in considerable amounts. Therefore, despite
calculating the activation energy assuming the process is
controlled by reaction, no reaction affected the process;
although there might be small amount of products resulted
by reactions but they cannot have any major contribution
to the progress of the process.

4- Conclusions

Immersion test at 600, 650 and 700°C indicates the high
corrosion rate (especially at 700°C) and weight gain
versus immersion time. So the as cast IC221M alloy
cannot be used as a separator plate in MCFC wet-seal
area.

After immersion, surface products formed regularly

on all faces of the samples with a uniform layer
microstructure consisting of a black & a white layer
repeated throughout the thickness.
According to samples corrosion rate and weight gain,
immersion temperature has a major effect on surface
products formation while immersion time has a uniform
and stable influence on the process.

The activation energy was calculated as 423kj/mol for
the process which indicates that the process is controlled
by aluminum diffusion.
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Thermodynamics and Kinetics of Immersion
Behavior of IC221M Alloy as a Separator in
Molten Carbonate Fuel Cell

H. Abdous'’ M. Soltaniyeh?
H. Banna Motejadded Emrooz’

1- Introduction

The direct contact between separator plates and the
molten salt, resulting in the corrosion of these plates in
wet-seal areas is the most important life limiting factor of
molten carbonate fuel cells. Ni based superalloys have
been introduced as the material with desired resistance in
this application but they are not suitable from the
economical point.

IC221M is a nickel-aluminide intermetallic (NizAl)
base alloy, with characteristics similar to superalloys.
Because of the high content of y’, the mechanical
properties of this intermetallic will decrease at
temperatures higher than 800 °C.

According to IC221M applications, there is a surface
oxidation on the alloy, therefore most researches have
tried to optimize the performance in oxidizing conditions
and reduce the oxidation rate of the alloy. However, the
compositions obtained from the oxidation above the
surface, are the most resistant compounds in molten
carbonate. Therefore, controlled surface oxidation of
IC221M can be proposed to establish a protection in
molten carbonate environment. In this research, the effect
of molten carbonate on the behavior of IC221M has been
investigated.

2- Experimental

The behavior of IC221M alloy was investigated in molten
carbonate with eutectic composition (43Li,COs-
57Na;COs) according to working conditions in molten
carbonate fuel cell. The working temperature considering
the conditions in MCFCs, was selected as 600, 650 and
700°C to investigate.

To determine the scale and the rate of corrosion,
immersion time varied from 0.5 to 125 hours,
isothermally. Samples were cooled and weighted after the
end of the immersion. Microstructure analysis was
performed using SEM and also XRD was used for phase
identification of samples and molten salt after immersion
test.

3- Resultsand Discussion

After 125 hours immersion at 700°C, there was surface
products, regularly formed on all faces of the samples
with uniform shape and also the base metal was consumed
uniformly on all faces too.

According to Fig. 1 sectional back-scattered images from
one of the samples shows that the microstructure of the
surface products mainly formed by two phases (black &

' M.Sc student, School of Material Science & Eng. , M.Sc. ,
IUST
2 Professor, School of Material Science & Eng. , Faculty, IUST

white layers) which repeated periodically throughout the
thickness of products; from alloy interface to outer top.

-Immersion time & temperature. The weight of the
samples changes versus immersion time and is
demonstrated in Fig. 2 (weight changes have been
considered for samples together with surface
productions). According to this plot, direct influence of
temperature on corrosion rate can be observed. Weight
gain trend at 700°C indicates the increase in corrosion rate
as the immersion time passes.
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SEM MAG: 1.50 ks 'l

Fig. 1 Sectional SEM image from alloy/surface products
interface after 100 h immersion at 650°C.

The microstructure of the surface products consists of
black & white layers with same chemical composition for
each uni-color layers. Based on this, it can be concluded
that IC221M behavior is independent from immersion
temperature and as molten salt temperature increases,
corrosion rate and products formation will be increase
with same type of behavior.
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Fig. 2 Weight gain vs. temperature for samples after
isotherm immer sion test

-process controlling criteria.  Absence of any new
compound resulting from immersion, indicates that the
alloy corrosion process is equivalent with formation of
surface products. According to Fig. 3, no composition or
compound has been formed (in considerable amount)
after immersion on surface production which can be
related to a chemical reaction.
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temperature, which is an indicative of higher crystallinity
and larger particle size.
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Fig. 2 The XRD patterns of a) BiaTi3012, b) Bi12TiO20 samples
annealed at various temperatures for 1 h

Fig. 3 indicates FESEM images of nanostructured
Bi4Ti3012 and Bi12TiO films annealed at 600 °C for 1 h.
It can be found that the surface of films is uniform and
smooth without any crack. Bi, Ti, and O elements were
detected in both samples correlated to the formation of
stoichiometric BisTi30,, and Bii2TiO29 compositions.

ke

R 121555732101112ﬁ|n ke
Fig. 3 FESEM images of the a) BisTi3012, and ¢) Bi12TiO20
samples annealed at 600 °C for 1 h. EDS analysis of the b)
BisTi3012, and d) Bi12TiO20 samples
Fig. 4 and Fig. 5 show the temperature dependence of
dielectric properties for BisTizO12 and Bi;TiOy films
measured at various frequencies. It is found that with
increasing annealing temperature, dielectric constant and

dielectric loss increases in both samples. Also, with

increasing frequency, dielectric constant reduces and
dielectric loss of the samples increases due to molecular
polarization. As can be seen in these curves, frequency and
annealing temperature have different effects on the
dielectric properties. Therefore, these parameters should
be considered prior to selecting the effective piezoelectric
material.
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Fig. 4 Values of dielectric constant and dielectric loss at various
frequencies plotted as a function of annealing temperature for
BisTi3012 sample
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Fig. 5 Values of dielectric constant and dielectric loss at various
frequencies plotted as a function of annealing temperature for
Bi12Ti020 sample

4- Conclusions

Nanostructured bismuth titanate (BisTi3012, BijnTiOx0)
films were successfully fabricated via sol-gel method on
the glass substrate. The structure and dielectric properties
of the prepared thin films as a function of annealing
temperature and applied frequency were also investigated.
It was found from XRD patterns that the single phase were
formed when Bi;Ti301, and Bi;zTiOz samples was
annealed at 600 °C for 1 h. Therefore, optimal condition
could be suggested at this temperature. FESEM images
demonstrated that the surface of the films has a smooth and
dense morphology. Dielectric studies show that the
dielectric constant and loss factor increased with increased
annealing temperature. Also, the values of dielectric
constant of samples decreased and dielectric loss increased
with increasing frequency.
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Dielectric Properties of Nanostructured
Bi4sTi3012 and Bi12TiO20 Films Prepared by
Sol-Gel Method

A. Sadeghzadeh—Attar1

1- Introduction

In recent years, ferroelectric materials due to their good
dielectric properties have received considerable attention
for many applications in nonvolatile electronic and
electro-optical devices. Layered compounds were studied
for the first time by Bengt Aurivillius, who discovered a
new phase with layered structure in the BixO3-TiO;
system. He described the structure as formed by bismuth
oxide based layered interleaved with pseudo-perovskite
type layers. In the general formula of the Aurivillius
family, (B202)*"(Am-1B)mOsm1)*, A is a large 12 co-
ordinate cation, B is a small 6 co-ordinate cation, and m is
an integer named integration factor between 1 to 8. Several
phases in the Bi-Ti-O system can be formed, such as
BisTi3012, Bi2TiOz, BixTi207, BiyTisO11, BigTiOy4,
BiyTiO3, and so on. Among them, Bi;TiO;» and
Bi12TiOy are the best known compounds, attracted great
interest duo to their possible applications in optical devices
and ferroelectric memories transducers, capacitors, and
acoustic piezo-sensors. Many techniques have been
employed for preparing a layered structure of bismuth
titanate phases including chemical vapor deposition
(CVD), pulse laser deposition, magnetron sputtering,
atomic layer deposition, sol-gel synthesis, and others.
Between them, sol-gel method gives the possibility for
fabrication of complex and homogeneous compounds,
easy control of the process, synthesis at low temperature,
and low cost. The purpose of the present work is to
synthesize and characterize nanostructured BisTi301, and
Bi2TiOy films by sol-gel method and to study their
dielectric properties depending on annealing temperature
and applied frequency.

2- Experimental
Bismuth titanate (BisTi3052 and Bi;pTiOz) films were
prepared by sol-gel method using bismuth nitrate
pentahydrate [Bi(NO)3;.5H>O] and titanium isopropoxide
[Ti(OCH(CHj3),)4] as starting materials. Glacial acetic acid
was used simultaneously as solvent and catalyst. Ethanol
was used as solvent. In order to prepare stable mixtures,
the Ti ions were connected in stable

complexes with acetylacetone [CsHsO-] with a ratio of
1:3. The typical procedure was as follows: initially, a
transparent solution was formed by dissolving bismuth
nitrate in glacial acetic acid and deionized water according
to the relevant stoichiometric ratio and stirring for several
minutes at room temperature. Subsequently, the mixture of
titanium isopropoxide, ethanol and acetylacetone was
slowly added into the above solution under constant
stirring. The obtained sols were dip coated onto the glass

! Assistant Professor, Department of Metallurgy and Materials
Engineering, University of Kashan, P.O. Box. 87317-53153, Ghotb
Ravandi Blvd., Kashan, Iran.

slide substrates by using a dip coater at the rate of 2 mm/s.
After dip coating the substrates, the films were kept at 100
°C for 2 h. Heat treatment of dried films was carried out in
a furnace at the temperature range from 300-700 °C for 1
h to promote the crystallization of the samples. The crystal
structure of annealed films was examined by X-ray
diffraction (XRD) wusing a Philips X’Pert X-ray
diffractometer. FT-IR spectra for samples with different
annealing temperatures were carried out using a FTIR
spectrometer (model; Bruker TENSOR 27). Field
emission scanning electron microscope (Hitachi S4160)
equipped with energy-dispersive X-ray spectroscopy
(EDS) was used to study the surface morphology and
chemical composition of the films. Dielectric constant and
loss of samples were measured using a LCR meter (model
INSTEK LCR-821). Prior to studying the dielectric
properties, a thin layer of silver was deposited by direct
current sputtering on top and bottom of the glass slide as
electrode. The dielectric constant ¢ for the investigated
samples was measured at ambient temperature in the 1, 10,
100, and 1000 KHz frequency.

3- Resultsand Discussion

Fig. 1 shows IR spectra of the as-prepared and annealed
Bi4Ti3012 and Bi12TiO, samples, respectively. The broad
band around 3000-3500 cm™! was due to O-H stretching
vibrations of the hydroxyls. This bond decreased in
intensity with increasing heating and disappeared after
calcination at 400°C. The bands in the region of 1500-1600
cm’! were attributed to the formation of acetylacetanate
ligands. It can be observed that the absorption bands in the
range of below 900 cm ™! can be attributed to the Bi-O and
Ti-O vibrations.

Transmittance (%)

4000 3500 3000 2500 2000 1500 1000 SO0 4000 3500 3000 2500 2000 1500 1000 S0
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Fig. . IR spectra of the as-prepared and annealed samples; a)
Bi4Ti3012 and b) Bi12TiO20

Fig. 2 illustrates XRD patterns of BisTi3012 and Bi12TiOx
samples annealed at various temperatures for 1 h. The
XRD pattern in Fig. 2a shows that the peaks of TiO» and
Bi,03 completely disappeared at 600 °C. The intensity and
position of peaks corresponding to BisTi301, single phase
with orthorhombic crystal structure without second phase
corresponding to JCPDS card number: 0213-12. The XRD
pattern shown in Fig. 2b confirms the formation of
Bi12TiO2 with the cubic crystalline phase at 600 °C in
accordance with standard card JCPDS: 0097-34. The
intensity of peaks decreased with increasing annealing
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amount of retained austenite from the microstructures is
the main reason of increasing the ductility of these
samples.

Fig. 2 SEM micrograph of
austemper ed samples at 200°C
for 196 h

Fig. 1 SEM micrograph of
austemper ed samples at
150°C for 288 h

Table 2 Mechanical propertiesof austempered samples at
200°C for different time periods

Time (h)
0 24 48 96 144 192
Hardness (Hv) 570 530 505 483 462 450
Strength (Mpa) - _ 564 868 1153 1171
Elongation (%) _ _ 0 0 0 0

Same as above, the mechanical properties of
austempered samples at 300 °C for different periods of
time are presented in Table 4. According to this table, the
strength and ductility of austempered samples at 300 °C
(1808 MPa, 3 %) is lower than prepared samples at 250
°C (2000 MPa, 7 %). In this regard, the cross-sectional
micrograph of austempered sample at 300 °C for 48 h is
shown in Fig. 4. According to this figure, the structure of
austempered samples at 300 °C only consists of bainitic-
ferrite phase, and there is no evidence of micrometer-
block retained-austenite in the microstructure. The shape
of bainitic-ferrite phase in these specimens is different
from other austempering conditions and the
transformation products do not have a layered structure.
Moreover, the size of the formed bainitic-ferrite after
austempering at 300 °C is greater than other austempering
conditions, which can be related to the lower nucleation
rate and higher growth rate of ferrite at higher
temperatures. By attention to these results, the reduced
strength and ductility observed in the product samples in
this condition can be related to changes in the shape and
size of the formed phases.

Table 3 Mechanical properties of austempered samples at
250°C for different time periods

Time (h)
0 1 24 48 72 96
Hardness (Hv) 570 520 490 445 425 420
Strength (Mpa) B 576 1588 [ 2006 - 2024
Elongation (%) _ _ 0 4.2 B 7.25

Fig icrograph
of austempered samples
at 300°C for 48 h

Fig. 3 SEM micrograph of h
austempered samples at
250°C for 96 h

Table 4 Mechanical properties of austempered samples at
300°C for different time periods

Time (h)
0 1 24 48
Hardness (Hv) 570 472 423 420
Strength (Mpa) - - 1756 | 1739
Elongation (%) - - 6.35 5

4- Conclusions

The microstructure of this steel after austempering
process consists of ultrafine bainitic-ferrite plates and
retained austenite with two morphologies of micrometer-
block and fine film. At austempering temperature up to
250 °C, the micrometer-blocky morphology of austenite
was vanished completely and the strength and ductility
was increased to about 2000MPa and 7 %, respectively.
By increasing the austempering temperature, the strength
and ductility were reduced (to about 1808MPa and 3%)
simultaneously.
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The Effect of Low Temperature
Austempering Processon Microstructure,
M echanical and Wear Propertiesof AlSI

52100 Steel
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1- Introduction

AISI 52100 is a high carbon, low alloy steel that can
achieve suitable ultimate strength, hardness and abrasion
resistance. Low fracture toughness and destructive
residual tensile stress are the main problems of this steel.
A number of attempts such as formation of bainitic
microstructure have been made to overcome this
drawback. However, this steel is not quite amenable to
austempering process, and it may typically take several
days to reach the desired degree of transformation.
Although the conventional bainitic structure may not be
an attractive proposition for ball-bearing applications,
formation of ultrafine-bainitic (super-bainitic) structure in
this steel may prove superior in terms of mechanical
properties including hardness, tensile strength and
toughness as compared to those obtained in the usual
hardened and tempered condition.

Although, a lot of studies have been conducted about
the formation and characterization of bainitic structure in
AISI 52100 steel [10,11], the exact effects of low
temperature austempering treatment on the structure and
mechanical properties of this steel has not been properly
investigated. Therefore, this report attempts to determine
the effect of low temperature austempering process on the
structure and mechanical properties of AISI52100 steel.

2- Experimental

Cylindrical samples of 22 mm diameter and 5 mm
thickness were cut from an ingot of AISI 52100 steel. The
samples were austenitized at 1050 °C for 60 min and then
rapidly transferred to a salt bath furnace in the temperature
range of 150-300 °C. The structure of prepared samples
was investigated using a field-emission scanning electron
microscope. An X-ray diffractometer with Cu Ka
radiation was also used to follow the structural changes of
the specimens. Room temperature mechanical properties
of produced specimens were also studied according to
ASTM E8M-04 standard. The wear behavior of the
prepared samples was examined using pin on disc test.

3- Resultsand Discussion

The mechanical properties of austempered samples at 150
°C for different periods of time up to 288 h are presented
in Table 1. According to this table, all austempered
specimens at this austempering temperature have broken
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in the elastic region and the ductility of produced samples
is close to zero. The SEM micrographs of austempered
samples at this temperature for 288 h are presented in Fig.
1. According to this figure, the microstructure of
austempered sample at 150 °C for 288 h, is composed of
bainitic ferrite (agr) and the retained austenite with two
morphologies: as micrometer-blocks (yms, >1000 nm)
between the sheaves of bainitic ferrite plates and as nano
films (ynr, <100 nm) between the subunits of bainite. This
result confirms that the carbon-rich retained austenite is
stable at 150 °C and its transformation to bainitic ferrite
structure is a time-consuming process. In fact, the carbon-
rich retained austenite can be turned into high-carbon un-
tempered martensite, during the deformation process. The
percentage of retained austenite in these samples is so
high that the formation of brittle un-tempered martensite
during deformation is the main reason of low ductility of
austempered samples at this temperature.

Table 1 Mechanical properties of austempered samples at 150°C
for different time periods

Time (h)
0 24 48 96 192 288
Hardness (Hv) 570 540 532 505 495 480
Strength (Mpa) _ _ _ 717 1358 1384
Elongation (%o) - - - 0 0 0

The mechanical properties of austempered samples at
200 °C for different times are presented in Table 2.
According to this table, the fracture mechanism in these
specimens is also brittle, and the amount of ductility is
about zero. In this regards, the SEM micrograph of
austempered specimen at 200 °C for 192 h are shown in
Fig. 2. As seen, the microstructure of this sample is similar
to the micrograph of austempered samples at 150 °C and
consists of bainitic ferrite (ogr) and retained austenite.
Same as above, the bainitic transformation has not been
completed at this austempering condition (until 192 h) and
the low ductility of produced samples can be related to the
presence of retained austenite in the microstructure.

The mechanical properties of austempered samples at
250 °C for different times are presented in Table 3. As
seen, by increasing the annealing time at this
austempering temperature, the mode of fracture has
changed from brittle to ductile and the ductility of the
produced specimens increased to about 7 %. The SEM
cross-sectional micrograph of austempered sample at 250
°C for 96 h is shown in Fig. 3. According to this figure,
the bainitic transformation is complete at this
austempering condition and the microstructure of this
sample only consists of bainitic-ferrite (agr) and nano
films (ynr) of retained austenite. In fact, there is no
evidence of micrometer-block austenite phase in these
microstructures. It is important to note that, decreasing the
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It can be discussed that by increasing the applied
power to the cell, anions move toward anode more
quickly. With the same token, anions intercalate
between the layers of graphiterod in group of ions. As
a result, the inflation of graphite increases until the
power of 3 W. After that, intercalation of anions lead
to anode erosion. So, the increase of eroded weight is
originated from swift and cluster intercalation of
anions. On the other hand, at low power, ions
intercal ate between the layers of graphiteindividually.
Therefore, the eroded weight is not considerable. Also,
similar structure of graphite rods was reported in
Taheri’ sresearch.

Transmission Electron Microscopy (TEM) is a
common way to investigate the structure of the mono-
layer and multi-layer graphene flakes. In thisresearch,
the effect of electric power on the structure of graphene
flakes was evaluated by TEM (Fig. 4).

Fig. 4 Graphene synthesized in 1) 26.6 W, 2) 0.11 W

Fig. 4, section 1, the TEM image of graphene flake
is amost dark. It shows that in high applied powers,
the number and thickness of graphene flakes are
considerable and the mgjority of the product are multi-
layer graphene, owing to graphite demolition in 26.6
W. On the other hand, a translucent TEM image of
grapheneisobviousin section 2. It revealsthat in 0.11
W, most of the products are mono-layer graphene
flakes and the dominant mechanism is exfoliation.

4- Conclusions

According to the evidence mentioned above, the
conclusion can be drawn that in the electric power
range of thisresearch, 0.11to 12.6 W, with increase of
power the eroded weight increases. However, in low
powers, exfoliated weight considerable, because the
superficial exfoliation of mono-layer graphene flakes
is the dominant mechanism.

There is an indirect relationship between eroded
weight and exfoliated weight. The more anode
devastation in high powers, the less exfoliation takes
place.
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1- Introduction

Graphite is essentially made up of hundreds of
thousands of layers of graphene. The separation of
these graphene flakesiis called exfoliation. Because of
being inexpensive and efficient, electrochemical
exfoliation is more attractive to study.

Despite the important role of electrical power in
electrochemical exfoliation, it hasn’t been investigated
extensively. In this research, the effect of electrical
power in an extensive range on the amount of
exfoliated graphene and oxygen functional groupswas
studied. Transmission electron microscopy,
weighing, UV-vis spectroscopy and electrical
conductivity were used for characterization of the
products.

2- Experimental

In these experiments, graphite rods were used as both
anode and cathode. The electrolyte contained
deionized water and sulfuric acid. Exfoliation of
graphite anode began after DC voltage of 1.9, 5, 9, 12,
13.6 V were applied (Fig. 1).
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Fig. 1 Schematic of the electrochemical cell used in
thisresearch

In order to compare the quantity of synthesized
graphene in each electrical power, two parameters
were defined as eroded-weight and exfoliated-weight.
In that, the former is the weight of all separated
particles from graphite rod and the latter is the weight
of just few-layer graphene flakes.

1 M.Sc, Department of Chemical Engineering.
2 Associate Professor, Department of Chemical Engineering.

3- Resultsand Discussion

One of the significant factors in electrochemical
exfoliation is the electrical power of the cell.
Moreover, the electric current and applied voltage are
not constant during the exfoliation. Thus, a
combination of these two parameters defined as
electrical power, is studied with the am that the
fluctuation of either of them be considered.

Power (w)
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Fig. 2 Fluctuation of power duringthe
electrochemical exfoliation

According to Fig. 2, with increasing the applied
voltage, the electric power increases. Because in
higher voltages, the electric current is also high, as a
result, power increases. However, in applied voltages
of 9, 12, 13.6 V, the energy entering the cell, destroys
the structure of the graphite rod.

The other important factor in this research is the
total amount of eroded particles. Fig. 3 shows the
change of eroded weight with the applied power to the
cell.

Eroded weight (g)

Power (w)

Fig. 3 Eroded weight versus electric power

Asfor Fig. 3, with increase of applied power, eroded
weight increases. Moreover, the structure of graphite
rods reveal s that the maximum swelling takes placein
power of 3W.

3 Corresponding Author, Associate Professor, Department
of Chemical Engineering.
Email: baniadam@um.ac.ir.
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