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Investigation of the Effect of Phosphate on the Physical
and Microstructural Properties of Synthetic Calcium
Aluminate Cement

G.Ghodsiyeh, R.Naghizadeh®, S.M.Mirkazemi, S.M Masoudpanah, J.Javapour
School of Metallurgy and Materials Engineering, iust
* rnaghizadeh@iust.ac.ir

Abstract: The aim of this study was to investigate the synthesis of calcium aluminate
cement with and without phosphate additive by combustion synthesis. After preparing the
gel from a solution containing aluminum and calcium nitrates and glycine fuel and
ammonium dihydrogen Phosphate, its combustion was performed at 400°C. X-ray
diffraction pattern and thermal analysis of the combustion sample showed that the sample
contains an amorphous phase and requires heat treatment at temperatures to reach the
crystalline phases. Calcination were performed at 900°C and 1100°C for one hour. The
results showed that the sample without phosphorus additive contained the main phase
CaAl;,0, and in the sample with phosphorus additive contained the main phases
Ca0.2Al,0;3 and Ca3(PO.).. Final setting time of samples without phosphorus additive
were 242 minutes and with phosphorus additive were 672 minutes.

Keywords: Calcium Aluminate Cement, Combustion synthesis, CaAl,O4 Phase, CaAl,O
Phase.
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Abstract: In this paper, investigated the optical properties of bulk BiFeO3 by using the
full potential linearized augmented plan wave in framework density functional theory
(DFT) with wien2k code. The band structure and energy gap of the bulk structures are
calculated with GGA-PBE, GGA+U and GGA+MBJ approximations, and results obtained
from the MBJ function are more consistent with the reported experimental results. The
optical properties such as real and imaginary parts of dielectric function, absorption
coefficient, reflection coefficient, refractive index, extinction coefficient, conductivity and
electron energy loss spectrum have been calculated and studied. The results show that the
bulk of tetragonal ferrite bismuth is a semiconductor with a optical gap of 2.7 electron volt.
Since compound has magnetic properties, all calculations of compound is performed in full
spin polarization.

Keywords: ferrite bismuth, Density Functional Theory, Optical Property, Spin-Polarized.
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Abstract: In the present project, the use of scarp electronic components in the synthesis of
Bismuth titanate ceramic has been attracted as a lead-free ferroelectric due to its high Curie
temperature in high temperature applications as well as high frequency applications. In this
study, the effect of niobium oxide as an additive on the microstructure and dielectric
properties of bismuth titanate ceramic was investigated. For this purpose, niobium oxide was
added to bismuth titanate, synthesized by the solid state method, in the amounts of 0.3, 0.6
and 1.2 mole %. The results showed that niobium oxide has a significant effect on the
microstructure and dielectric properties of bismuth titanate ceramic. The addition of niobium
oxide improved the density and the densification of bismuth titanate ceramics. For a sample
containing mole % of niobium oxide, the highest density was obtained at 98% of the
theoretical density. The amount of 0.6 mole % of niobium oxide is reported as the optimal
value. In this sample, the highest dielectric constant (420) and the least amount of dielectric
loss (0.04) were obtained. Also, the dependence of the dielectric properties of this sample on
the frequency was less than bismuth titanate. Improvements in the dielectric properties of
bismuth titanate can be attributed to grain growth and higher density by the addition of
niobium oxide additive. The results of this study show that the grain size of bismuth titanate
ceramic will have a significant effect on dielectric constant and dielectric loss.

Keywords: Bismuth titanate, Niobium Oxide, Microstructure, Dielectric constant,

Dielectric loss.
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Composite Nano Powder
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Abstract: In this research, ZrC-ZrB,-SiC nanocomposite powder was synthesized by carbothermal
and borocarbotermal reduction methods. Zirconium silicate was first milled for four hours. Then eight
mixtures of raw materials were prepared. Finally, the samples were pyrolyzed at 800°C for two hours
and then heat-treated at 1500°C for 30 minutes under an argon atmosphere. X-ray diffraction (XRD)
and scanning electron microscopy (SEM) tests were used to examine the microstructure of the
samples. Examination of XRD test results showed the presence of two-phase ZrC and SiC and the
absence of ZrB; phase due to boron evaporation. It was found that by increasing the molar ratio to
three times the molar value of boron oxide does,nt cause the formation of ZrB, phase. In a sample
containing four times the molar amount of boron oxide, a ZrB, phase was formed, in addition to
which the presence of an undesirable ZrO, phase was also observed. As the molar ratio of boron
oxide increases to eight times the molar, the amount of both of the ZrB, and ZrO, phases increased.
Finally, it was found that the optimal powder due to the undesirable phase of ZrO,, the powder
sample containing four moles of boron oxide. Using Anix software, it was found that the optimal
powder crystal size for ZrC, ZrB, and SiC was 51, 60 and 30 nm, respectively.

Keywords: Powder Synthesis, Nanocomposite, Zirconium Dioride, Zirconium Carbide.
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Effect of Cobalt on Structural, Microstructural and

Magnetic Properties of Magnesium-Zinc Ferrite
Nanoparticles
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Abstract: Mgy s,CoyZnFe,O, ferrite nanostructures with various amounts of Co?'
substitution (x= 0, 0.05, 0.10, 0.15) were prepared using a simple and inexpensive sol-gel
method sol-gel route. Structural, microstructural and magnetic properties of the prepared
powders were investigated by x-ray diffraction (XRD), Fourier transform infrared (FT-IR),
field emission- scanning electron microscopy (FE-SEM), X-ray energy diffraction
spectroscopy (EDAX) and vibrating sample magnetometer (VSM). The x-ray diffraction
patterns showed that the prepared nanopowders have pure spinel structure without any
other impurity phases. The average particle size of the powders was between 96-43 nm,
using electron microscope images. Magneto-static analysis showed that the presence of
cobalt ions has affected the saturation magnetization (Ms) and the coercivity (Hc). The M;
values decrease and then increase with increasing dopant (x). The lowest and highest
values of M are related to x=0.10 (16.5 emu/g) and 0.15 (39.6 emu/g), respectively. Based
on this, the calculated Yafet-Kittel angle (Y-Ko) showed that the highest spin canting
belongs to the sample with x= 0.10. Also, the value of H, increases with x due to the high
crystalline anisotropy of cobalt.

Keywords: Nanostructure, Sol-gel, ferrite, Saturation magnetism, Coercivity, Yafet-Kitel
Model.
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Abstract: The aim of the present study was to fabricate a nanocomposite of diopside glass
ionomer cement and to investigate the effect of adding diopside bioceramic nanosheets to
the ceramic component of glass ionomer cement, in order to improve its mechanical and
bioactive properties. For this purpose, diopside nanoparticles (DIO) with chemical
composition (CaMgSi,Os) were made by sol-gel method. In order to identify the fuzzy
structure, grain size and morphology of diopside nanoparticles, X-ray diffraction (XRD)
and scanning electron microscopy (SEM) tests were used, respectively. Infrared Fourier
transform spectroscopy (FTIR) was used to confirm the presence of groups (SO3;H) on the
surface of silica nanoparticles. Then, 2, 4 and 6% by weight diopside nanoparticles were
added to the ceramic component of commercial glass ionomer cement (Fuji II GIC) and
glass ionomer cement nanocomposites were made. In order to investigate the mechanical
properties of the manufactured nanocomposites, the samples were subjected to
compressive strength and micro-hardness tests. In order to evaluate the fluoride release
properties of the manufactured nanocomposites, the fluoride release test in artificial saliva
was used. The results of X-ray diffraction test confirmed the composition of pure
nanocrystalline diopside. The results of infrared Fourier transform spectroscopy test
confirmed the presence of groups (SOsH) on the surface of silica nanoparticles. The
highest simultaneous increase in compressive strength, microhardness and fracture
toughness was observed in nanocomposite (GIC-4wt.% DIO). The results of fluoride
release test (ICP) showed that the amount of fluoride released from the produced
nanocomposites is slightly less than glass ionomer cement. Scanning electron microscopy
and infrared Fourier transform spectroscopy confirmed the bioactivity of the manufactured
nanocomposites. Manufactured nanocomposites can be a good choice for dental
restorations and orthopedic implants under load due to improved mechanical properties,
desirable fluoride release and increased bioactivity.

Keywords: Glass ionomer cement, Diopside nanoparticles, Silica sulfuric acid,
Mechanical properties, Fluoride release, Bioactive.
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Abstract: Structural characterization of historical materials, especially clay-based
compositions, as well as technical and archaeological aspects, has a significant role in the
diagnosis of the deterioration process. One of the most important parameters in the
structure of clay-base ceramics (such as pottery, brick, and tile ware) is porosity that
includes all open and closed pores in the matrix of porous material and it is formed through
primary (during the preparation of raw materials) or secondary processes (during firing
process and/or burial condition). The main function of open porosity is its role as moisture
or any electrolyte transfer channel that can launch or continue many chemical reactions.
This function has consequences such as ions transfer, phases dissolution, hydration, and
crystallization of soluble salts. Therefore, take note of the percentage of the object’s
porosity, especially in the excavation process, is highly essential. In this paper, according
to the analytical point of view, through porosimetric methods such as mercury intrusion
porosimetry (MIP) and immersing method (based on ASTM C20-92), the most important
effects of the presence of porosity in the ceramic matrix were investigated. These
parameters are a) relation between firing temperature, percentage of porosity, volume, and
radius of pores; b) relation between porosity and moisture transfer through the matrix; and
c) relation between porosity and salt crystallization pressure. Without pay attention to the
object’s condition like types and amounts of pores, the possibility of increased
permeability and diffusion of humidity, moisture shock immediately after excavation can
occur as a result of cleaning or desalination process as well as salt crystallization pressure,
capillary condensation, and further chemical reactions and physical erosions.

Keywords: historical ceramics, structure, internal erosion, porosity, mass transfer.
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Synthesis and Magnetic Properties of Znco-Ferrite
Nanoparticles Prepared Using Co-Precipitation Method

B. Shahbahrami?, S. M. Rabiee!*, R. Shidpoor?, H.Salimi-Kenari?

! Department of Materials Engineering, Babol Noshirvani University of Technology, Babol, Iran
2 Faculty of Engineering & Technology, University of Mazandaran, Babolsar, Iran

* rabiee@nit.ac.ir

Abstract: Zinc-cobalt ferrite nanoparticles (NPs) were synthesized using co-precipitation
method. In the present process, NPs precipitated at various pHs, then calcined at 750°C for
2 h. X-ray diffraction (XRD) analysis confirmed single phase of ZnCo ferrite phase in all
of the samples. Williamson-Hall calculations showed that the strain value in the
microstructure of specimen prepared at pH= 8 is equal to -7*10*. This content for pHs of
11 and 14 increased to 10“ and 107, respectively. Therefore, the highest crystallite
diameter was obtained as 51.35 nm for prepared NPs at pH= 14. Field emission scanning
electron microscopy (FESEM) showed a relatively uniform distribution of particles with
average size of 9.38, 50.1 and 30.7 nm for prepared powders at pHs equal to 8, 11 and 14,
respectively. Vibrating sample magnetometer (VSM) measurements revealed that
saturation magnetization (Ms), anisotropic constant (K) and Bohr magneton (ng)
characteristics are different at various pHs. So that, these parameters were obtained as
95.48 emu/g, 14.614*10° and 4.06, respectively for prepared powders at pH= 8, while at
pH= 11 increased to 100.34 emu/g, 15.358*10° and 4.27, then changed to 81.98 emu/g,
11.712*10° and 3.49 at pH= 14. It was found different conditions of particles precipitation
have a remarkable role on the properties of produced NPs.

Keywords: Cobalt ferrite, Zinc ferrite, Co-precipitation, Magnetic properties.
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Numerical Analysis of Low Velocity Impact on Ceramic-
Metal-Composite Targets
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Abstract: In the present paper, the problem of low velocity impact of plates made from
different configurations of ceramic, aluminum, steel and composite (S-glass polyester) is
analyzed numerically using Abaqus finite element software. The projectile is assumed to
be a rigid body with a hemispherical head. Also, for ceramic layers, Holmquist constitutive
model, for aluminum and steel layers, Johnson Cook behavioral model and for composite
layer, three-dimensional Hashin model is used to model the material behavior. After doing
the low velocity impact simulation for the composite target, comparing it with previous
researches and ensuring the accuracy of the results, the low velocity impact simulation is
performed for metal, ceramic and composite targets with different configurations. The
results indicate that the target plate with ceramic-steel-composite configuration has the
highest impact strength and the projectile penetration is reduced in this case.

Keywords: Numerical analysis, low velosity impact, composite-metal-ceramic targets.
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