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Keywords Abstract

Functionally graded material Functionally graded materials (FGM) are a new type of composites with non-homogenous microstructure, which
Powder metallurgy their physical and mechanical properties vary in the thickness direction continuously. In the past two decades many
Microstructure researches in the field of property estimation, structural and thermal analysis of materials have been targeted.
Bend_ing strength Different mechanical, physical and thermo-dynamical properties can be expected from these materials by changing
Tensile strength the containing materials volume fraction. In this research, five layered Cu-Fe FGM specimens were fabricated with

changing stepwise in the layers composition between pure copper and pure iron by powder metallurgy method. First
the metal powders were compressed by press in high pressures and then the green specimens were sintered in a
proper furnace was used to improve the layers connection and to increase the strength of the specimens. Two press
systems containing uniaxial press and cold iso-static press were used in the fabrication of specimens to compare the
results. Optical microscope was used to observe the microstructure and the combination of FGM layers. The results
of microscopic investigations showed fine connectivity of the layers and powders and low density of pores in each
layer. The produced Cu-Fe FGM specimens were tested in bending and tension to achieve their mechanical
properties. The obtained stress-strain curves of these specimens showed enhancement in flexural and tensile strength
of Cu-Fe FGM compared with the existing curves for pure copper and iron made by powder metallurgy method.
Also cold iso-static press was highly more effective than uniaxial press in increasing the strength of specimens.
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Fig. 3 Tubular vacuum furnace used in sintering process of specimens
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Fig. 4 Sintering cycle diagram of specimens in vacuum furnace
M 0,55 50 lakid igmiis a5 > Jloges 4 S

3 il slasl [0 Ve By ot 51 oolitiol b odds bgmiis lakd
aslo @labd o lasbial 5l Giegh ol ,o 0l by (SolKe sl iole;]
o oolazwl (ASTM B925) j05: (65,5le (g, aliwg 45 00

F

fmm
Q 24mm
(a)
75 mm

10 mm i 45 mm

- |
A\ ®

R=6mm
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Fig. 8 Microstructure of FGM layers pressed by uniaxial press, (a)
100% Fe and 75% Fe- 25% Cu, (b) 25% Cu-75% Fe and 50% Cu- 50%
Fe, (c) 75% Cu- 25% Fe, and 100% Cu
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Fig. 9 FGM specimens, (a) bending test, (b) tension test
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Fig. 6 Optical microscope image of Cu-Fe FGM cross section

BT = e dedi s3le Caslied sLiuly 15 oK Ko g 6 JSU

(©)
Fig. 7 Microstructure of FGM layers pressed by cold iso-static press,
(a) 100% Fe and 75% Fe- 25% Cu, (b) 25% Cu-75% Fe and 50% Cu-
50% Fe, (c) 75% Cu- 25% Fe, and 100% Cu
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Improvement in interlaminar shear strength and flexural properties of carbon
fiber/epoxy composite using surface-modified carbonate calcium

Soraya Shahbakhsh, Hamed Khosravi®, Esmaeil Tohidlou

Department of Materials Engineering, Faculty of Engineering, University of Sistan and Baluchestan, Zahedan, Iran
*P.0.B. 9816745845, Zahedan, Iran, hkhosravi@eng.usb.ac.ir

Keywords Abstract

Fiber-reinforced composite, In the presen study, the effect of carbonate calcium (CaCOs) loading and CaCO; modification on the interlaminar
Nano-carbonate calcium, shear strength (ILSS) and flexural properties of carbon fiber/epoxy composite was investigated. Firstly, CaCO3was
Surface modification, functionalized with 3-glycidoxypropyltrimetoxysilane (3-GPTMS), which was confirmed by Fourier transform
Interlaminar shear strength, infrared (FTIR) spectroscopy. The CaCOj; nanoparticles were infused into carbon fiber/epoxy composite at various
Flexural properties contents (0.5, 1, 3, and 5 wt.% with respect to the matrix) using ultrasonication and standard mixing routes. The

results of mechanical tests showed that adding 3 wt.% silanized-CaCO; improved the ILSS, flexural modulus, and
flexural strength of the carbon fiber/epoxy composite by 25%, 36%, and 27%, respectively. Micrographs of fracture
surface analysis confirmed that the carbon fiber/matrix interfacial bonding can be improved significantly by
incorporating the silanized CaCOj3; nanoparticles. The ILSS, flexural modulus, and flexural strength of the silanized
CaCOg/carbon fiber/epoxy composite were greater than that of unmodified CaCOs/carbon fiber/epoxy composite.
These results indicated that the silane-modified CaCOj; dispersion within the matrix of fibrous composites plays a
key role to achieve high performance composites.
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Fig. 1 a) SEM and b) TEM images of as-received nano-carbonate
calcium.
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Fig. 2 The chemical structure of silane coupling compound.
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Fig. 5 The variation of the interlaminar shear strength of the
specimens as a function of nano-carbonate calcium loading in the
matrix.
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Fig. 6 The variation of the flexural strength of the specimens as
a function of nano-carbonate calcium loading in the matrix.
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Fig. 4 FTIR spectra of a) as-received nano-carbonate calcium, and b)
silane-modified nano-carbonate calcium.
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Table 3 Mechanical properties of multiscale composites having 3 wt.%
untreated or silane-modified carbonate calcium nanoparticles

Fig. 8 Fracture surface of a) neat carbon fiber/epoxy composite, b)
specimen containing 3 wt.% un-modified nano-carbonate calcium, and
c) specimen containing 3 wt.% silane-modified nano-carbonate calcium.
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Experimental and numerical investigation of effect of shape of ribs on flexural
behavior of curved composite sandwich panels with lattice core

Soroush Masoumiaslt, Gholam Hossein Rahimit”

1- Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran
* P.0.B. 14115- 111, Tehran, Iran, rahimi_gh@modares.ac.ir

Keywords Abstract

Curved composite sandwich Sandwich panels have become popular in various industries like aerospace, marine and automotive as a lightweight
panel . . structure that has high stiffness and strength to weight ratio. Since many of composite structures that been used in
Three point bending these industries has curvature, there is a desire to investigate the effect of curvature on flexural behavior of these
Bending stiffness structures. Composite Sandwich panel with lattice core are made from thin composite shell connected to both sides

of a series of composite ribs. In this research, the flexural behavior of curved composite sandwich panels under three
point bending, has been investigated experimentally and numerically. For this purpose, two types of sandwich panels
with core of square and isogrid ribs were considered. Grids are fabricated by filament winding method. Samples
were subjected to three point bending test. The test has been numerically simulated by FEM in Abaqus. Tension
tests are conducted on grids and shells in order to obtain mechanical property of them. Also, structure failure were
predicted for numerical simulations. Good correlation between experimental and FEM analysis was obtained.
Results show that sandwich panel with isogrid shape of core has 7% more bending stiffness compared to square-
shaped core sandwich panel. Results also indicate that the ultimate strength of sandwich panel with isogrid core is
7.5% higher than the sandwich panel with square shape of core.
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Fig. 1 schematic of Sandwich Panel with lattice core
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Grid (b) Triangular Grid (Isogrid)
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Fig 6 Sandwich panel (c) is composed by attaching Grid-Stiffened
composite (a) to composite shell (b)
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(b) sandwich panel with square rib core Fig. 4 Curved Platform
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Table 1 Mechanical properties of composite shell

Slade S oly> slade S ol
525  S;,(MPa) 169  E,(GPa)
525  Si;3(MPa) 16.9 E,(GPa)
525  S,3(MPa) 4 E3(GPa)

206 X,(MPa) 2.55 G1,(GPa)
120 X.(MPa) 186  G3(GPa)
206 Y;(MPa) 1.86 G,3(GPa)
120 Y.(MPa) 0.25 Vig
75 Z;(MPa) 0.21 Vi3
95  Z.(MPa) 0.21 Vas

3 ASTM-D3039M
4 Santam Servo Electromechanical Universal Test Machine STM-1000
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Fig. 8 Three-point bending test
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Table 3 Cohesive mechanical property [23]

oF el s
(Soeil [Cetom]
o o e ey © -
95 as, I i S
igtess > D) o ) (MPA) (MPA)
v &I S9°
0.0001 145 500 280 30 30
o = 0,, cos? 6 + 035 sin? 9 (G2)
+ 27,3 sin6 cos 6
ot = (033 — 033) sin O cos B + 27,3(2 cos? (“2)
—-1) g
' =11,c0560 +1y35in6 (+-2)

4 Wedge C3D6
5SVUMAT

oy Sl ols> 2 Jgun
Table 2 Mechanical properties of Rib

e Sl ol Jlade Sl ol
525  S;,(MPa) 223 E,(GPa)
525  S;3(MPa) 4 E,(GPa)
525  S,3(MPa) 4 E4(GPa)
661  X,(MPa) 19 Gy, (GPa)
350  X.(MPa) 19 G,3(GPa)
75 Y,(MPa) 145 Gy3(GPQ)
95  Y.(MPa) 0.275 Vi,
75 Z,(MPa) 0.08 Vs
95  Z.(MPa) 0.08 Vs
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Effect of heat treatment on microstructure and wear behavior of in-situ formed
Al 3003/Al;Zr + Al3Ti composite fabricated via friction stir processing
Mojtaba Zadali Mohammad kotiyani, Khalil Ranjbar”

Materials Science and Engineering Department, Shahid Chamran University of Ahvaz, Ahvaz, Iran.
* P.0.B. 61357-14879, Ahvaz, Iran, k_ranjbar@scu.ac.ir

Abstract

In this article, in-situ formed hybrid surface composite of Al 3003/AlsZr + Al;Ti was fabricated by friction stir
processing (FSP). A rolled Al 3003-H14 aluminum alloy sheet and zirconium and titanium metal powders were used

Keywords
Friction stir processing (FSP)
In-situ hybrid composite

Annealing ) » as reinforcements and six passes of FSP were applied. Then, FSPed samples were subjected to annealing heat
Al;Zr and Al;Ti Aluminides treatment at 500 °C for 4 hours. Wear behavior and the hardness of the base metal as well as FSPed samples before
Al 3003 alloy and after annealing was measured. Microstructural observation was performed using optical (OM) and scanning

electron microscope (SEM), and phase formation was identified with X-Ray diffraction (XRD). Microstructural
examination revealed that applying the FSP, resulted in fine and equiaxed grains with more uniform distribution of
reinforcing particles. It was also observed that chemical reaction occurred at the interface between the aluminum
matrix and the metallic powders, to form aluminides of AlsZr and Al;Ti. The post annealing heat treatment activated
these solid state reactions and more aluminides were formed. It was also found that, the maximum hardness and
wear resistance were obtained by the FSPed and annealed hybrid composite sample.
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Fig.1 SEM images show the morphology of (a) the Zr particles,
and (b) Ti particles
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Fig.3 Optical images of the (a) base metal, (b) FSPed base
metal, and (c) FSPed hybrid composite
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temperature, and (b) test samples prepared from the stir zone
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Fig.5 SEM images from the interface between (a) the

Zirconium and (c) the Titanium particles with Al matrix in the
microstructure of the FSPed hybrid composite, and the
corresponding EDS analyses (b) and (d) marked by rectangle and
triangle, respectively
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Fig.4 SEM images show the distribution of reinforcing particles
in (a) the FSPed hybrid composite, and (b) FSPed and annealed
hybrid composite
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Detection of different defects in carbon fiber reinforced polymer matrix
laminated composite under tension by vibration analysis
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Keywords Abstract

Defects detection Nowadays, polymer matrix composites have been widely utilized in aerospace industries. Then, failures are so
Carbon fiber laminated important for designers to prevent during the service lifetime of the mechanical structure. Therefore, engineers tend
composite to use different methods, in order to detect defects, before any sudden ruptures. Such these non-destructive
Tensile loading approaches can be mentioned as the acoustic emission method, the vibration analysis, etc. To find a proper method
Vibration analysis with low costs and facilities are also important for engineers. In this article, different defects in the carbon fiber
Wavelet transform reinforced polymer matrix laminated composite under tensile loading have been detected by the vibration analysis.

Scanning electron microscopy For this objective, the tensile test on open-hole composite standard specimens was performed based on the ASTM-
D5766 standard. The tensile loading was considered as 2 mm/min, based on the mentioned standard. Acceleration
sensors was installed on standard specimens and vibration signals were acquired during tensile loading. In order to
detect different defects, in addition to composite standard samples, pure resin and pure fiber specimens were also
tested under tensile loading. Signals for pure resin and pure fiber samples were analyzed by the Fourier transform
method and signals for open-hole composite standard specimens were analyzed by the wavelet transform approach.
Obtained results from the signal analysis showed that the vibration analysis could be a proper method to detect three
types of defects in the carbon fiber reinforced polymer matrix laminated composite, including the fiber breakage,
matrix cracking and other failures. These other failures were debonding, the delamination and the pull-out. Then
also, the maximum percentage of failure mechanisms in the open-hole composite standard samples was due to
debonding of fibers from the matrix, the delamination and the pull-out failure. Such these results had an agreement
with images from the scanning electron microscopy, which obtained from the fracture surface of standard specimens,
after tensile testing.
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Fig. 1 The composite, (a) laminated from carbon and epoxy, (b) under
the pressure in the mold
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Fig. 2 The schematic of layers and dimensions of the composite
standard test specimen
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Fig. 8 The process of the determination of the failure mechanisms
percentage in composite open-hole standard specimens
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Fig. 11 The vibration wave shape for the failure of the pure fiber
under tensile loading

S o alls L S 4 bogs e bl g S5 11 S

Py 10°
X: 9795
af Vi TIe06 ] v 4 031c+04 1
Y: 3.358¢-06
® X:1.173e+04
2 3f Y:2.72e-06 b
E .
R ]
| 3 -
0 AA D " 2
0 0.5 1 1.5 2 2.5
Frequency (Hz) <10

Fig. 12 The frequency domain for the failure of the pure fiber under
tensile loading
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Fig. 9 The vibration wave shape for the failure of the pure resin under
tensile loading
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Fig. 10 The frequency domain for the failure of the pure resin under
tensile loading
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Fig. 15 The energy distribution percentage of vibration signals for
the composite open-hole standard specimen, including the energy
(%) versus the data point (A: Overall, D: Details in the third row of
the wavelet analysis)
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Fig. 14 The frequency domain of vibration signals for the composite
open-hole standard specimen, including the amplitude (V?/Hz)
versus the frequency (kHz) (A: Overall, D: Details in the third row
of the wavelet analysis)
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Fig. 16 The image of the scanning electron microscopy from the
composite open-hole standard specimen
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cold sprayed Al-SiC composite coating
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hardness of

Keywords Abstract
Cold spray - - - . - - I -
AI-SIC Composite With the development of the applications of magnesium components in many industries, relatively low corrosion

and wear resistance of this alloy leads to the development of different protective layers. In this paper, the effect of

E:rrgsiijs SiC reinforcement on the cold spraying behavior of Al-SiC powder on a magnesium alloy substrate is addressed.
Magnesium AZ31B The pure Al powder is blended with different amount of SiC powder including 25, 50 and 75 wt.%. The feedstock

is sprayed on sand blasted AZ31B substrate. The process is carried out with 30bar pressure and 300°C temperature
of process gas (Nitrogen). A 20mm standoff distance is used for spraying. The effect of different values of SiC on
the deposition behavior of the Al-SiC powders are investigated. The coatings cross-section is evaluated by scanning
electron microscopy, image analysis software and microhardness test. The results showed that the high velocity
reinforcement particles leads to the SiC particle breaking during the process. This phenomenon increases the porosity
of the coating. Furthermore, the higher value of reinforcement in initial powder leads to the homogenous distribution
of them and the higher coating hardness. The hardness of the Al-75wt% SiC coating is about 90 HV, which is

increased by 80% compared to pure Al coating microhardness.
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Fig. 2 (a) SEM image and (b) particle size distribution of pure Al
powder, (c) SEM image and (d) particle size distribution of SiC
powder
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Fig. 5 SEM
(a) Al-(25wt.%)SiC, (b) Al-(50wt.%)SiC and (c) Al-(75wt.%)SiC.
Arrows show embedded SiC particles in substrate and mechanical
locking

images of the composite coating interface;
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Strength improvement of composite-steel lap joint by grading the joint area with
carbon and glass fiber and also mechanical interference by reverse step

Alireza Dadian®", Saeed Rahnama?, Abbas Zolfaghari?
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2- Department of Mechanical Engineering, Noshirvani University of technology, Babol, Iran
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Keywords Abstract

Functionally graded joint Effectively joining metals and composites in an efficient manner is challenging due to their dissimilar physical

Co-cured method compositions and mechanical properties. Failure of bonded joints is generally strongly influenced by the non-

Lap jomt uniform distribution of stresses and strains that usually with the maximum value, commonly located near the ends

Mechanical interference of the overlaps. In this study, carbon is used as a reinforcing element in the adhesive layer and to improve the

Reverse step distribution of stress, properties are graded by fibers along the overlap. Also, using a new method, the effect of the
reverse step on joint strength has been investigated. In addition, finite element modeling is used to express the
distribution of shear and peel stresses in the adhesive layer and also to analyze the reasons for increasing joint
strength in stepped specimens. Use of carbon at the joint surface, grading of the joint area and mechanical
interference through reverse steps, have positive effects on strength. By grading the overlap by carbon and glass, the
distribution of shear and peel stress have become more uniform and load and displacement of failure compared to
the base specimen, which has a shear strength of 1.92 kN, increased by 34%. Creating the reverse step changes the
failure mode. The presence of one step 40%, and the placement of carbon at the joint interface of that, has increased
112% of strength. But the greatest increase in strength and displacement failure is achieved using two reverse steps
and carbon in the joint surface, by a significant amount of 172%.
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Effect of graphene oxide reinforcement on the ballistic properties of Al6061-GO
nanocomposites
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Keywords Abstract

Graphene oxide (GO) In this paper, the effect of graphene oxide (GO) nanoplates on the ballistic properties and energy absorption of
Nanocomposites AIl6061 aluminum matrix composites produced by stir casting and hot rolling was investigated. The Al6061-GO
Al6061 nanocomposites were fabricated by mixing GO nanoplates with weight percentages of 0.0, 0.2, 0.5 and 0.8, in the
Ballistic limit . molten aluminum. Then, hot rolling was carried out at 530 °C on the cast samples. Mechanical behavior of
Energy absorption nanocomposites was investigated by performing quasi-static tensile tests. The perforation tests on the Al6061-GO

plates of 60x60x4.2 mm, was carried out using flat head projectiles, at the speeds of 100-300 m/s. The initial and
residual velocity of projectiles measured through 24 experiments, and the ballistic limit velocity was calculated for
the fabricated nanocomposites. The toughness, fracture mode and energy absorption of the samples, were evaluated
through the tensile and perforation tests, respectively. The results showed that by adding GO nanoplates, the ballistic
limit velocity of the composites specimens improves by 24 % with respect to the base alloy. Also, the energy
absorption of composites specimens in quasi static and impact loading was ameliorated by 116 % and 107 %
respectively. These results indicated that GO nanoplates are very effective on the energy absorption of 6061
aluminum alloy.
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Table 2 Physical properties of graphene oxide nanoplates

Parameter Value

Thickness 3.4 (nm)

Layers 6-8

Ph 7.7

Volume Resistivity 4x10™* (ohm.cm)
Diameter 1-8 (micron)
Specific Surface Area 750 (m?/g)
Density 1 (gr/cm?®)

Intensity (a.u.)

10 20 30 40 50 60 70
20 degree

Fig. 1 (a) SEM micrograph and (b) XRD pattern of the graphene oxide
nanoplates used in this research.
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Table 1 Chemical composition of Al6061 ingot (wt. %)
Al Mg Si Fe Cu Cr Ti Mn  Zn

Rem. 079 051 039 019 0.9 004 001 001

1 US research nanomaterials company
2XRD
3 Wrinkled
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Fig. 3 Tensile test sample
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Fig. 4 Gas gun machine used for ballistic testing
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Fig. 2 preparation steps of graphene oxide powder: a) sonication of GO

in aceton with ultrasonic probe and b) mixture sprayed on aluminum
foil
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Fig. 7 Engineering stress-strain curves of the fabricated samples
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Fig. 5 Geometry of the projectile and the sabot used in the ballistic tests
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Fig. 6 Functional diagram of the initial velocity of projectile versus the
air pressure of gas gun
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Table 5 Coefficients Vy, a and p in equation (7)

wt. % a p Vi (M/s)
0.0 2.85 127
0.2 2.60 138
0.5 0.95 2.32 145
0.8 213 158
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Table 3 Yield strength, ultimate tensile strength, breaking strain and
tensile toughness of aluminum nanocomposites

Sample (Mslga) (l\i E‘a) £f (%) -I-(OMu?miis
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Table 4 Impact test experimental data for Al alloys

Sample  Vi(M/s) Vi (mis) sample  Vi(mis) Vi (mis)
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Fig. 9 Energy absorption of aluminum alloy targets versus the initial
velocity of the projectile
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Fig. 8 Residual velocity (V) versus the initial velocity (Vi) of the
projectile for different aluminum samples
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An experimental study of the effects of carbon nanotube and graphene addition
on the impact strength of Epoxy/Basalt fiber composite

Hossein Bashiri Goodarzi, Mehdi Yarmohammad Tooski *

Department of Mechanical Engineering, South Tehran Branch, Islamic Azad University, Tehran, Iran.
* P.0.B. 16846-13114, Tehran, Iran, m_yarmohammad@azad.ac.ir

Abstract

As the nanoscale materials and nano-composites are increasingly used in everyday life and industrial applications,
extensive research has begun into this field. For this reason, in the course of previous research, carbon nanotubes
and nano-graphene materials were added separately with weight percentages of 0.1, 0.3 and 0.5 in the composite
; . . phase consisting of epoxy resin and basalt fiber, and nano-composites laminates with 6 layers of basalt fiber were
Field-emission scanning made through hand layup. In order to determine the amount of energy absorbed during impact, composite and
electron microscopy (FE- nanocomposite samples were subjected to Charpy impact test, and the specimen deformations were studied under
SEM) electron microscopy. An increase in the energy absorbed by samples containing nanoscale materials with all weight
percentages was observed in comparison with conventional composite specimens. The highest increase in absorbed
energy in nanocomposite samples with regard to the composite specimens was observed in samples containing 0.1%
graphene particles by weight. The highest increase in absorbed energy in carbon nanotubes composites was detected
in samples consisting of 0.3% carbon nanotubes in the matrix.
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Fig. 6 Fiber surface with nanotube
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Fig. 7 Fracture surface of specimen without nanotube
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Fig. 8 Fracture surface of specimen with nanotube(0.3% wt)
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Fig. 4 Impact strength of nano-tube samples with different content
and composite without nano-tube
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Fig. 11 Impact strength of composite with different content of nano
Graphene
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Fig. 9 Crack bridging effect of nanocomposite with 0.3% wt
nanotube
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Fig. 13 Fracture surface of nanocomposite with 0.3 %wt graphene
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Fig. 14 Fracture surface of nanocomposite with 0.5 %wt graphene
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Fig. 15 Comparing the impact strength of nano tube and graphene
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Table 1 Absorbed energy and impact strength of composite and
nanocomposite specimens

. N a4y &35 Colae & 651 S
Hged
(mm?) ) (I/mm?)
B1 43.99 3.7 0.0858
B2 43.38 3.9 0.0899
B3 42.90 3.2 0.0746
Cco0.11 42.55 3.6 0.0846
Cco0.12 42.41 3.9 0.0919
co0.13 41.49 39 0.0939
co031 45.48 6.3 0.1385
C0.32 44.74 6.3 0.1408
C0.33 47.44 6.5 0.1370
Co051 37.81 41 0.1084
C052 37.98 35 0.0921
C053 37.12 3.8 0.1024
G011 43.40 7 0.1613
G012 43.59 7.7 0.1766
G013 43.04 7 0.1626
G031 41.678 41 0.0983
G032 41.82 41 0.098
G033 41.13 35 0.0851
G051 42.90 5.7 0.1329
G052 43.01 5.6 0.1302
G053 42.22 5.8 0.1374
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PAG6/NBR nanocomposites reinforced with graphene nanoparticle

Mohammad Reza Nakhaei'", Shohreh Mohammadi?, Ghasem Naderi®, Mir Hamid Reza Ghoreishy?

1-Faculty of Mechanic and Energy, Shahid Beheshti University, Tehran, Iran.

2-- Department of Polymer Engineering, Islamic Azad University, South-Tehran Branch, Tehran, Iran.
3- - Faculty of Processing, Iran Polymer and Petrochemical Institute, Tehran, Iran

* P.0.B. 16589-53571, Tehran, Iran, m_nakhaei@sbu.ac.ir

Keywords Abstract

PO'Vam'_de_G . In this study, thermoplastic elastomer (TPE) nanocomposites based on polyamide-6 (PAG) and acrylonitrile
Acrylonitrile butadiene rubber 1 ;tagiene rubber (NBR) reinforced by Graphene nanoparticle (GNP) were prepared via a Haake internal mixer. The
Graphene nano-platelets effects of GNP content (0.5, 1 and 2 wt. %) on the thermal, mechanical, and microstructure properties of three
Nanocomposite composition ratios of PAG/NBR (90/10, 70/30 and 50/50) nanocomposites were investigated. X-ray diffraction
Mechanical properties (XRD), differential scanning calorimetry (DSC), dynamic mechanical thermal analysis (DMTA), scanning electron

microscopy (SEM) and mechanical (tensile and impact) test were performed to determine the morphology and
mechanical and thermal properties of this nanocomposite. The results showed that the mechanical characteristics of
the PA6/NBR/GNP nanocomposites such as the tensile and modulus strength increased with increasing of GNP
content in PA6/NBR blends, while these properties decreased when NBR content increased. Investigating the effect
of GNP and NBR content on the crystallization behavior of PA6/NBR/GNP nanocomposites show that the
crystallization temperature of PA6 increased with the presence of GNP whereas the increase in NBR phase content
leads to reduction of crystallization temperature. The storage modulus of PAG shifts to higher value with the presence
of GNP. The improvement of the storage modulus, with the introduction of nanoparticles was the result of the
extraordinary stiffness of GNPs and the restricted mobility of the polymer chains.
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Fig 5. XRD Spectra of PA6/NBR (70/30) containing 0.5and 2% GNP.
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Table 3. Various Diameter particle sizes and interparticle distance of
PAG6/NBR/GPN nanocomposites.

Ggas oS Dn Dw Dv PDI Ai IPDC
(um)  (pm) (um) (pm) (pm)  (um)

PN10 020 029 037 145 3.0 0.147
PN10G0.5 0.18 022 025 122 33 0.132
PN10G1 016 019 0.22 118 375 0.117
PN10G2 0.14 0.16 018 114 4.2 0.103
PN30 034 043 055 126 52 0.069
PN30G0.5 031 035 037 112 58 0.063
PN30G1 028 031 034 110 64 0.057
PN30G2 026 028 031 107 6.9 0.052
PN50 0.62 087 108 140 4.8 0.0094
PN50G0.5 059 074 091 125 5.1 0.009
PN50G1 056 062 068 110 54 0.0085
PN50G2 050 055 0.63 110 6.0 0.0076
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Fig 6. Storage modulus of PA6/NBR/ GPN nanocomposites.
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Fig 7. Loss factor (ten 8) of PA6/NBR/ GPN nanocomposites.
PAB/NBR/GPN (sl < j5:0lS 53l (1ANS) D1 oy 7 JSi

S5 At -4

Slmao gl L oo osis PABINBR jegiw¥l Siwdl oo i ¢ x> ol 5o

5 (S5 000 2 51 0.5) GNP 4w ys b 45 0t ass (GNP) 31,5

35 SH (Gl Pl s, 2 (40,5 50 530 .10) NBR wo s

ol Sy o @l 5 ZBF B ey 090 il

oo Gl S o 5 Sl 15 oo 5 sy T o
PABINBR oyl (Stadlga i 4 GPN o0 2 535380 b a5 s
5 Jsse 5 36MPa & 26MPa I Ly i ploxinl Saiod 30% L
5b ;s NBR e Lialsél b s o, e 620 MPa <, 350MPa

P )0 aSysb 4wl oo 2ol (225 Joae g plSoiiul wijgpelS
SNBR il5él b o318 lmio 56 1% L PAGINBR o ja.als

@95 YL Lo o b Jliny S 4 )0 § S g0 (5565 sl Lol S
[3.8] wsirn
s PABINBR ujslS slodiges o Koyl les  (aol3dl
Sei¥ D13) apgiloole sgzg JIs a eael (y ar S o Caj5alS U
@l milie slo e B3l 45 005 PAB 56 4o (31,5 lyd 5
ol jo ol s o8 jlie cel @l)d gl g (o wiil o (25 aen
g ol s 45 a5 ol 0 1w sl s Sialsdl 5 oy 4
PAG 4, NBR ;L 104330 51 0 0 salgs Ko sk slos Lialidl 4y e
Oy el 18 s a4 ol a5 b walgs mals 5o (Ko jek ey
0y 5 epSsle el o5 il o PAB claamsS o NBR Sl
Shd gl 0381 b [30,31]ams o el 1) (S sk o yo g oo layoh
3B o 5SS Lol anlys 1S>eS Sy B o5lail PAG/NBR 4
oS 58 oy PAB slaazysS oy NBR cpolisl 1.5 Jlozsl oy

Wb asles (Ko el oy i elS cel oyl

PAB/NBRIGPN (sls o j50alS 5 51, DSC 905 s bogs 1o (slmosls 4 Jgur
Table 4. DSC heating data for the PA6/NBR /GPN

Hges oS AH,, Xe Te To Tm
(J/9) % (°C) () (°O)
PN10 48.2 22.3 197.1 192.1  222.2
PN10G0.5 47.3 21.1 198.5 193.3 2226
PN10G1 46.4 20.4 199.8 1945 2230
PN10G2 44.6 19.8 201.7 1959 2232
PN30 47.7 214 195.3 189.9 2217
PN30G0.5 46.8 20.8 195.9 190.3 2221
PN30G1 44.9 20.1 197.2 191.6 2224
PN30G2 43.1 194 198.4 1925 2226
PN50 46.4 20.8 191.3 185.3 221.1
PN50G0.5 46.2 19.7 192.6 186.8 221.6
PN50G1 44.8 18.9 194.1 187.8 222.0
PN50G2 42.3 175 195.2 189.4 222.2

1,100 °C 1 -100 Lo odgame 10 0,038 Jgoo (Siwaly 6 IS
a4 BLF Sl b 0g38l 09 o snalive a5 glailen .l ouls ools Lis
Gl 00 slod 03L ded ;3 0053 Jsaw (i3l cely PAB/NBR 4L oole
S5 el gy, DS gl S s w03 Jade Gl Gl oS
Cugh Sl g old gl Vb g asbis NBR 5 PAG glao o)
D5 00 0, Jade Gial38l Cely iyl ool 4y s @IS gL cpl  Sas
D00 1) 6 5YL 0,33 Jode I3 ¢l is sladuo,o b oodds dngs diges
S 2 lyls aF wil o Led 4y G TAN S &l s oaims (ylas 7 S
5B ol slads gles 4 by 0 -20 © C (slos jo 55 Sy o5 aib o
L5 Sl 5b 038l b sl PAB & Ly o 030 Sy ¢ 55 anls> NBR
s PAG 3l 4y Lo (Tg) slaces Jasl sles PAB/NBR &y jsu0ls 4
Jedo g Los ol38l cplas canlon )57 oy Jlasl YL sloles 45 o5 NBR
3358 Undigas 4a 5 2l iy 3 b oSS 515 g 5 oa
ol 45 Cesl 03,5 Iy el taNd Sy cus PABINBR 4 o3 b
o ol oSy ol Ladiga ol 55 '] plys rals aims (Lis
[22,31] 0 )ls cillas 0o b Los cans 5 0,053 Joio 5 1ANS loged g0 0

! Damping properties

424

0940l (5 )9Ud 9 pole &y puiss



399405 (5 )9Ud 9 pgle &y puis

Q|)L(o.m 9 u.v:x.v Luo').).c:&o

5l ) 9108 93U Mo 5 il Loled b Ju) 25 asllle

[11]

[12]

[13]

[14]

[15]

[16]

[17]

In Persian, Journal of Science and Technology of Composites,
in press.

Ashenai-Ghasemi, F. Saberian, M. H. Ghasemi, 1. and
Daneshpayeh, S., “Experimental Investigation on Mechanical
Properties of Hybrid Nano-Composite Based on Epoxy/
Graphene Nano-Platelets/ Carboxylated Acrylonitrile Butadiene
Rubber”, In Persian, Journal of Science and Technology of
Composites,

McKeen, L. W., “Plastics Used in Medical Devices” in:
Handbook of Polymer Applications in Medicine and Medical
Devices, Eds., pp. 21-53: Elsevier, 2014.

Kear, K. E., “Developments in Thermoplastic Elastomers®,
iSmithers Rapra Publishing, 2003 .

Mahallati, P., Arefazar, A. and Naderi, G., “Thermoplastic
Elastomer Nanocomposites Based on PA6/NBR* International
Polymer Processing, Vol. 25, No. 2, pp. 132-138, 2010.
Fagundes, E. and Jacobi, M. A., “Pa/Nbr Tpvs: Crosslink
System and Properties* Polimeros, Vol. 22, No. 2, pp. 206-212,
2012.

Naderi, G., Razavi-Nouri, M., Taghizadeh, E., Lafleur, P. G. and
Dubois, C., “Preparation of Thermoplastic Elastomer
Nanocomposites Based on Polyamide-6/Polyepichlorohydrin-
Co-Ethylene Oxide* Polymer Engineering & Science, Vol. 51,
No. 2, pp. 278-284, 2011.

Mehrabzadeh, M. and Delfan, N., “Thermoplastic Elastomers
of Butadiene-Acrylonitrile Copolymer and Polyamide. Vi.
Dynamic Crosslinking by Different Systems* Journal of applied
polymer science, Vol. 77, No. 9, pp. 2057-2066, 2000.

[18] Paran, S., Naderi, G., Ghoreishy, M. and Dubois, C., “Essential

[19]

[20]

[21]

[22]

Work of Fracture and Failure Mechanisms in Dynamically
Vulcanized Thermoplastic Elastomer Nanocomposites Based on
PAG6/NBR/XNBR-Grafted HNTs*“ Engineering Fracture
Mechanics, Vol. 200, pp. 251-262, 2018.

Haghnegahdar, M., Naderi, G. and Ghoreishy, M., “Fracture
Toughness and Deformation Mechanism of Un-Vulcanized and
Dynamically Vulcanized Polypropylene/Ethylene Propylene
Diene Monomer/Graphene Nanocomposites“ Composites
Science and Technology, Vol. 141, pp. 83-98, 2017.
Mostafapour, A., Naderi, G. and Nakhaei, M. R., “Effect of
Process  Parameters on  Fracture  Toughness  of
Pp/Epdm/Nanoclay Nanocomposite Fabricated by Novel
Method of Heat Assisted Friction Stir Processing® Polymer
Composites, Vol. 39, No. 7, pp. 2336-2346, 2018.

Kim, H., Miura, Y. and Macosko, C. W,
“Graphene/Polyurethane Nanocomposites for Improved Gas
Barrier and Electrical Conductivity Chemistry of Materials,
Vol. 22, No. 11, pp. 3441-3450, 2010.

Taghizadeh, E., Naderi, G. and Dubois, C., “Rheological and
Morphological Properties of PAG/ECO
Nanocomposites “Rheologica acta, Vol. 49, No. 10, pp. 1015-
1027, 2010.

[23] Khodabandelou, M., Aghjeh, M. K. R. and Mazidi, M. M.,

[24]

[25]

[26]

[27]

425

“Fracture Toughness and Failure Mechanisms in Un-Vulcanized
and Dynamically Vulcanized PP/EPDM/MWCNT Blend-
Nanocomposites“ RSC Advances, Vol. 5, No. 87, pp. 70817-
70831, 2015.

Qiu, Y., Wang, J., Wu, D., Wang, Z., Zhang, M., Yao, Y. and
Wei, N., “Thermoplastic Polyester Elastomer Nanocomposites
Filled with Graphene: Mechanical and Viscoelastic
Properties* Composites Science and Technology, Vol. 132, pp.
108-115, 2016.

Taghizadeh, E., Naderi, G. and Razavi-Nouri, M., “Effects of
Organoclay on the Mechanical Properties and Microstructure of
PAG6/ECO Blend* Polymer Testing, Vol. 30, No. 3, pp. 327-334,
2011.

Paran, S., Naderi, G. and Ghoreishy, M., “Microstructure and
Mechanical ~ Properties of  Thermoplastic  Elastomer
Nanocomposites Based on PA6/NBR/HNT*“ Polymer
Composites, Vol. 38, pp. E451-E461, 2017.

Khodabandelou, M., Aghjeh, M. K. R., Khonakdar, H. A. and
Mazidi, M. M., “Effect of Localization of Carbon Nanotubes on
Fracture Behavior of Un-Vulcanized and Dynamically
Vulcanized PP/EPDM/MWCNT Blend-
Nanocomposites* Composites Science and Technology, Vol.
149, pp. 134-148, 2017.

ial5 50 % 435 (oo 5 a4y oaiS oo g plSoxiul jlaie 50 % 110
b (o
a0 a8l 290 b 31 5 Slxas 6l calise gloas,s og38l L @
50% b 10 5INBR jlaie jiulpdl b as J 0 o)l Slas s
sy (o0 143 0IM 4,52 3/m 5l a0 ol lade
Jlade PAB/NBR wb oole 4 81,5 Sl 6552% 90.5 jog38l L @
GNP & b0 26.4° aygl; 51 GNP @y bgy o (WSl anil (3l agl;
Al oo 2ol 25.8° §25.2° olie 4 ol 5 @
3 oSinssh oo Gl ol ol b & IS Sl s gl o
Sl S sk a5 wlie T ik 5l 5 08 e g sles
b (o
el PABINBR aly ool 45 2% 5 0 5l 31,5 1,3 gL 0938l @
395 oo 3.15x109 MPa 4 2.1x10°9 MPa ! 0,53 Jgoe ial3il
BT st 5 TAND Sy s LidlS el GNP 05381 3,1 51 5

D9 (50
&b -5

[1] Mohsenzadeh, R. and Shelesh-Nezhad, K., “Experimental
Studies on the Durability of PA6-PP-CaCO3 Nanocomposite
Gears”, In Persian, Journal of Science and Technology of
Composites, Vol. 3, No. 2, pp. 147-156, 2016.

[2] Shokrieh, M.M. and Ahmadi Joneidi, V., “Manufacturing and
Experimental Characterization of Graphene/ Polypropylene
Nanocomposites”, In persian. Modares Mechanical Engineering,
Vol. 13, No. 11, pp. 55-63, 2014.

[3] Nakhaei, M., Naderi, G. and Mostafapour, A., “Effect of
Processing Parameters on Morphology and Tensile Properties of
PP/EPDM/Organoclay Nanocomposites Fabricated by Friction
Stir Processing* Iranian Polymer Journal, Vol. 25, No. 2, pp.
179-191, 2016.

[4] Menbari, S. and Ashenai Ghasemi, F. and Ghasemi, I.,
“Comparison of Mechanical Properties of Hybrid
Nanocomposites of  Polypropylene/Talc/Graphene  with
Polypropylene/Graphene”, In Persian. Modares Mechanical
Engineering, Vol. 15, No. 7, pp. 329-335, 2015.

[5] Kazemikhasrag, E. Siadati, M.H. and Eslami-Farsani, R., “Effect
of Surface Modification of Graphene Nanoplatelets on the High
Velocity Impact Behavior of Basalt Fibers Reinforced Polymer-
Based Composites”, In Persian, Journal of Science and
Technology of Composites, Vol. 5, No. 1, pp. 109-116, 2018.

[6] Esmizadeh, E., Irani, A., Naderi, G., Ghoreishy, M .H. R. and
Dobious, C., “Effect of Carbon Nanotube on PA6/ECO
Composites: Morphology Development, Rheological, and
Thermal Properties* Journal of Applied Polymer Science, Vol.
135, No. 12, pp. 45977, 2018.

[7]1 Nouri-Niyaraki, M. Ashenai-Ghasemi, F. Ghasemi, |. and
Daneshpayeh, S., “Experimental Analysis of Graphene
Nanoparticles and Glass fibers Effect on Mechanical and
Thermal  Properties of  Polypropylene/EPDM  Based
Nanocomposites”, In Persian, Journal of Science and
Technology of Composites, Vol. 05, No. 02, pp. 169-176, 2018.

[8] Paran, S. R., Naderi, G. and Ghoreishy, M .R., “Effect of
Halloysite Nanotube on Microstructure, Rheological and
Mechanical Properties of Dynamically Vulcanized PAG6/NBR
Thermoplastic Vulcanizates* Soft Materials, Vol. 14, No. 3, pp.
127-139, 2016.

[9] Shen, Z., Bateman, S., Wu, D. Y., McMahon, P ,.Dell’Olio, M.
and Gotama, J., “The Effects of Carbon Nanotubes on
Mechanical and Thermal Properties of Woven Glass Fibre
Reinforced Polyamide-6 Nanocomposites® Composites Science
and Technology, Vol. 69, No. 2, pp. 239-244, 2009.

[10] Hosseini Abbandanak, S. N. Siadati, S. M. H. and Eslami-
Farsani, R., “Effects of Functionalized Graphene Nanoplatelets
on the Flexural Behaviors of Basalt Fibers/Epoxy Composites”,



oo 5 S Lo )de=e

5l ) 910lS” 93U Mo 5 il Loled b ju) 2 asllle

[28]

[29]

[30]

[31]

Jalilian, H. Naderi, G. and Shokoohi, S., “Investigation on the
Microstructure and Properties of PVC Toughened with
DOP/PMMA/Nano-Graphene”, In Persian, Journal of Science
and Technology of Composites, Vol. 5, No. 3, pp. 451-456, 2018.
Ashenai-Ghasemi, F. Saberian, M. H. Ghasemi, I. and
Daneshpayeh, S., “Experimental linvestigation on Mechanical
Properties of Hybrid Nano-Composite Based on Epoxy/
Graphene Nano-Platelets/ Carboxylated Acrylonitrile Butadiene
Rubber”, In Persian, Journal of Science and Technology of
Composites, Vol. 5, No. 3, pp. 395-402, 2018.

Gholami, H. Shakeri, A. and Moosavi, S. H., “Preparation and
Properties Investigation of Conductive Polyaniline/Zinc Oxide
Nanocomposites” Journal of Science and Technology of
Composites, Vol. 2, No. 1, pp. 7-12, 2015.

Naderi, G., Lafleur, P. G. and Dubois, C., “Microstructure-
Properties  Correlations in  Dynamically  Vulcanized
Nanocomposite  Thermoplastic ~ Elastomers Based on
Pp/Epdm* Polymer Engineering & Science, Vol. 47, No. 3, pp .
217, 2007.

426

0940l (5 )9Ud 9 pole &y puiss



434-427 PP 98 b 3 o lest B Ala

3y sele & s
H")”U $o9Ld 9 I"}J‘c
http://jstc.iustac.ir g‘{".:.»:‘uf)‘, KA

08155 9 vy U boud ool Wl )5 (b o joumolS o3l (5L jLs ) dxi 9 (o yxd oy
Ol oWy T 50 s
3&&.,,; ouuly olg> ‘5552‘543@ RowE 7, ‘1‘5.\»:&0 Sho (yamnns>

Ol b e gy olRils ( SlSe st o 255 (gezeiils-1
Ohes L e gy olLasly (Sl qwaige colinl -2

Ohes (lhes Sais olKisls (Sl pwdige loliwl -3
gh_majzoobi@basu.ac.ir 851754161 iy Gsoo loes
ouS Ao wleMb!

W8T I8y Syee Sl S Ly S geralS il o Lad L3, 1y 0reST 3LF 5 20A yslS s 2Dlol sy sl Sl e imsi ol 5 97/9/11 .zl 5
97/10/16 - s 5

49 31 05 U s Sl o 02litol aie; 56 50 U i 298 sl et P9 3l 9 00T 4005 GuF P, L e digel Lol
535 5 vy S jseelS gl (sladigel .l ouls Bl Pl (g, SaS 4y anST 81,5 g s 5 405 ST olSiws S 4y ppiiions

B 18 5lguads’
E= )S Fyoaw o lad el aloads aisls 0.9% 0.6% 0.3% 5 3% 1% 0.5% 55 aoys dw j0 iy 4 s T
ol
S 5 il b a5 8l i gl el 41,8 alosi] el o peiss oS0 oS &y Lagms sles 45 1073,1072,107 1571 ‘fj;
6.2%4 7.6% sgupp el i i 4y aS 95 0.6% 1% ST (31,5 g oy (Si5 oy (e ezt b oo Ll Pl peds aS :
o)

Jow el Gulul iz slag 5 ps (g led (15 5= 2 (omine (i Hshate 4 (Juwe cdlal jo 000 )8 (g Lad s i o ol e
oS 5 bl 2 el 5o sl st Bl slag 0 1) S-S (S (9 4 00d il Jae g S il Gelisr- Jeo
G55 T 9 kS ($is ey bl Cujsell gl et (15 Cogs 6l (Joe e g (Slysi (Sl S Joo 5 Sl e

el s 1))

GRS sinie

Experimental and analytical study of the compression behavior of graphene oxide
and nano-clay reinforced polycarbonate nanocomposites at low strain rates
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1- Department of Mechanical Engineering, Bu-Ali Sina University, Hamedan, Iran.
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Keywords Abstract

Polycarbonate In this study, the effects of Cloisite 20A modified nanoclay and graphene oxide on the compression behavior of
Graphene oxide polycarbonate nanocomposite were examined by experiment. Samples were prepared based on injection and the
Nanoclay masterbatch method was used for a better dispersion of nano particles in the matrix phase. The masterbatch of
Compressive yield stress nanoclay was prepared through the direct method using an extruder, and the masterbatch of graphene oxide was
Diagram Stress-Strain prepared using the solvent method. The clay reinforced nanocomposite were prepared for three weight percentages

of 0.5%, 1%, 3%, and samples of graphene oxide nanocomposites were produced for 0.3%, 0.6%, 0.9%. The
compression test was performed at three strain rates of ¢ = 1073,1072,10 s~ at ambient temperature using the
universal testing machine, Santam. The results showed that, by increasing the strain rate, the yield stress is increased.
Moreover, the best weight percentage of clay and graphene oxide was 1% and 0.6%, respectively, which made
improvement of 7.6% and 6.2% in the compression yield stress, respectively. Additionally, a model was proposed
for predicting the compressive stress-strain curve at various strain rates based on a modified G’sell-Jonas model.
The proposed model could reasonably predict the stress-strain curves at the applied strain rates. Finally, based on
the combination of Eyring model and the micromechanical model of Turcsanyi et al., a model was proposed for
describing the yield stress of the nanocomposite based on volume percentage of filler and strain rate.
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A review of recent studies on self-healing smart composites for application in
dentistry

Fatemeh Ahangaran and Amir H. Navarchian®

Department of Chemical Engineering, Faculty of Engineering, University of Isfahan, Isfahan, Iran.
* P.0.B. 81746-73441, Isfahan, Iran, navarchian@eng.ui.ac.ir

Keywords Abstract
Dental composite Dental composites are widely used for dental restorations due to features such as maintaining the beauty of the teeth,
Micro-crack non-invasive and conservative nature, and improving the physical and mechanical properties. Dental composites are

Dental caries
Self-healing polymer
Fracture toughness

susceptible to damages such as micro-cracking caused by thermal and mechanical stresses, which can weaken the
properties of these materials. In dental composites, the detection of micro-cracks is very difficult and in some cases
impossible. In addition, it is not possible to repair these damages in situ by using conventional materials and methods.
Therefore, the self-healing ability in dental composites is necessary. In recent years, the spontaneous repair of
damages such as micro-cracking in dental composite materials has been developed without any type of human

intervention and the replacement of new components. The most common method for the preparation of self-healing
dental composites is microencapsulation of healing agent in polymeric shell and dispersion of the prepared
microcapsules in the acrylate matrix of dental composite. The self-healing properties of dental composites can be
investigated by determining the fracture toughness of composites before and after healing performance using single
edge V-notch beam test. In the present study, the studies on self-healing smart dental composites will be reviewed.
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Fig. 1 Approaches to self-healing include (a) capsule-based, (b) vascular,
and (c) intrinsic methods [13].
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Fig. 3 Self-healing methods using hollow fibers: a) Hollow fibers

containing single healing agent, b) Hollow fibers containing dual healing

agents, ¢) Hollow fibers containing healing agent and dispersed catalyst

in polymer matrix [22].
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(a) Capsule/catalyst (b) Dual-capsule

Fig. 2 Self-healing methods based on a) capsule-catalyst, (b) dual-
capsule, (c) single-capsule [17].
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Fig. 5 Self-healing process in lonomer system [25].
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Fig. 4 Thermal and chemical healing in polymer [24].
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Table 1 Important factors for developing microencapsule-based
self-healing materials [7].
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Fig. 7 Free radical polymerization mechanism of TEGDMA in healing
process of dental composites [43].
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Fig. 6 Mechanism of healing in self-healing dental composites using
capsule-catalyst method [42].
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Fig. 8 SEVNB geometry for self-fixing dental composites (W=4mm,
B=3mm, S;=20m) [51].
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Fig. 12 SEM images of fracture surface of self-healing dental composite
a) before healing, b) after healing [54].
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Fig. 9 SEM images of (a) melamine modified UF microcapsule, and (b)
the interface of the microcapsule and the dental matrix [42].
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Fig. 10 SEM images of TEGDMA/PU nanocapsules [43].
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Fig. 11 Micro-tensile bond strength of self-healing dental adhesives
containing a) 0%, b) 3%, c) 6%, d) 9%, e) 12% TEGDMA/PU
nanocapsules [43].
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Fig. 14 SEM images of self-healing dental composite (SHDC) cross-
sections. (A) SHDC with unsilanized microcapsules, (B) SHDC with
silanized microcapsules [51].
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(A) Control composite, 0% DMAHDM
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Fig. 13 (A) and (B) Representative live/dead images of dental plaque
microcosm biofilms on control composite and that with DMAHDM,
respectively [54].
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Fig. 17 Protein adsorption onto composite surfaces [56].
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Fig. 18 (A) Flexural strength and (B) elastic modulus of self-healing
dental composites [56].
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Fig. 15 (A) flexural strength and (B) elastic modulus of composite
containing microcapsules at different mass fractions [55].
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New hybrid approach in obtaining plastic properties by nanoindentation, finite
element method and modified dimensional analysis
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Keywords Abstract

HYbr'd method . One of the main challenges in nanoindentation tests is to work-out a method in order to obtain the material properties
Dimensional analysis ) through the test results. Using a hybrid method which combines the experimental results of nanoindentation tests
Modified dimensional analysis \yith FEM analysis is considered as one of the main solutions for this problem. In order to calculate the mechanical
Minimum resultant error properties, an explicit method was developed on the basis of modified dimensional analysis method. The main
Titanium properties advantage of this method is to provide unigue answers without any need for iteration so that it would minimize the

calculations significantly. In this paper, the mechanical properties of Titanium sample in plastic phase (yield stress
and strain hardening Module) are calculated by utilizing this method. For the first time, the dimensional analysis
was used for the bilinear constitutive equation (with two dimensionless parameters), and in the finite element
analysis, the general form of the Johnson-Cook equation was utilized. The most important property of plastic state,
namely, the yield stress, was extracted in proper agreement with reference values. In the process of solving, a new
method for error analysis based on calculating the resultant errors and determining the extremum error in the entire
range of parameters was successfully developed and applied. Finally, in order to calibrate the solution, it was also
proposed to set up the critical conditions of the problem, such as the indenter tip radius. It was concluded that the
use of a radius more than 200 nm leads to a more consistent response to the experiment.
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Bazzaz, E. Darvizeh, A. AliTavoli, M and Yarmohammad Tooski, M., “New hybrid approach in obtaining plastic properties by nanoindentation, finite element method and
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based on the experimental data of Pelletier et al. [18]
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Fig. 4 The P-h curves produced by FEM for 4 different mesh
refinements on the basis of Lichinchi et al. [19] analysis data
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Fig. 3 Meshing of the pure bulk material and element arrangement
in gradient variation so that the refinement of the mesh is maximum
at the vicinity of indenter tip contact
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Fig. 6 The P-h curves produced by FEM for 4 different mesh
refinements on the basis of Pelletier et al. [18] analysis data
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general form of constitutive equation with intercept D
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Fig. 12 PEEQ strain distribution for D=425 MPa against B=24000
MPa for pure Titanium at the end of the loading course

B=24000 MPa 5 D=425 Mpa L, ,s PEEQ sl Lii,s 12 JSi

ML 56 Ll o alls pailis ol

PEEQ

(Avg: 75%)
+6.653¢-01
+6.099¢-01

SR
\\

Fig. 13 PEEQ strai distribtion for D= 5 MPa agéinst B=24000
MPa for pure Titanium at the end of the unloading course
B=24000 MPa , D=425 Mpa L& ,s PEEQ Joles 25,5 13 JSiv

Syl 6 kL o Al el sl

S, Mises )
(Avg: 75%) -
+1.200e403 P
+1.140e+03 =
+1.0802+03
+1.020e+03
el S
18.4010402 =E'=‘
+7.801e+02 .
+7.200e+02 .
+6.600e-+02 N
| +6.000e+02 N
- +5.400e+02 §§§
i N
- +4.
L +3.600e+02 Q&
| +3.000e+02 TN §\
EE 3 N N
— +1. A\ \
1 +1.200e+02
H TN \
LR Mipy \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \ \\\
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Fig. 14 Resultant Total Error versus variation of D and B parameters
over full range domain for bulk Ti
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Fig. 17 Path of minimum resultant error versus Ti yield stress for
different indenter tip radius: Rt= 50, 100, 200 nm
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Fig. 18 Interval of pure Titanium yield stress variation for different
indenter tip radius: Rt= 50, 100, 200 nm by considering the resultant
error values
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Fig. 16 Nanondentation curves obtained by FEM analysis for bulk
Titanium via different tip radius of Berkovich indenter: Rt=0, 50, 100,
200, 400 nm
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Fabrication and analysis of composite bipolar plates with expanded graphite to
increase electrical conductivity of fuel cells
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keywords Abstract

Bipolar plate Bipolar plates are one of the most important components in a PEM fuel cell. In this study, a bipolar plate made of
Fuel cell . stamping method is developed to increase electrical conductivity and mechanical behavior and manufacturing
Expanded graphite productivity of the fuel cell and to decrease electrical resistance according to DOE. For fabrication these plates,
Composite phenolic resins were used as matrix and expanded graphite to increase electrical conductivity and graphite to filler

Electrical conductivity and carbon fiber to increase flexural strength and optimize electrical conductivity. The electrical conductivity

increased up to 40 percent respect to the DOE. The flexural strength and impact strength of the measured specimens
were improved respect to the DOE about 11 and 170 percent, respectively. The experimental results are in
accordance with DOE. According to SEM images and test curves, electric conductivity increases with expanded
graphite fillers.
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Fig.8 SEM image of broken cross-section of sample S, in bending test
with a magnification of 500x

Lg Yoo u%)] » Sz Agoes 0O Al é]a:.a c]a,.a )‘ SEM Ryl 8 I&.w*
21,500 ol

469

e 30,10 Cuoglie (S i8Il bl ol 50 «Sgb 5, o5 bl
(oS BL g andly blal codl )3 0,5 adlal b ool ol sladiges Lol
clo s b Gl (KUl Colan 5 ond iy by =S L
o yi> (i Wb 455 sk Canl e Zajorels a5 gy Slmio
ol (S Sl obloy il 0 Cenglin Jule 595 a5 dadiges 1o oadol)
[18,11]0 s 095 i (o 3VL & (oSl Colan b sl zals’

160 142.4
140 126.82 =
120 98.7 10.5;_37 100
100 — -
80
60
40
20

0

Electrical Conductivity (S/cm)

S1 S2 S3 S4
Samples

DOE

Fig.7 Electrical Conductivity for Different samples
Gilitten soaiges slp S Sl Culon 7 S5

wwbbos ;) obdlas -4-3
g05 5| '(SEM) (539 28Ul og8ng Scna Lags o0 4135 o905 8 S 50
)y S psai al 53 Ol 50 a5 058 00 ssaline (ies (5e3T 5l o S2
cola Gl g aiil blosl Codl,F beyl jo ol aseie oS
Caaglin 5 (oS Clan lojen o)) el (S SLI g S Sl
g oo (Sl

ek 5l Ll gy o0 YU (oSSl Culan anily blasl ol S alial b
g g oo Jo Gl Gazmen g auie Gl cel (aulidl )
CdlF 5l o sltn Gl e ol pls [18]aul so 2al38l 55 (o pdycais
oanlice 08 ax b ol 4SS g ol 5o 0,5 salitl auily Ll
ehdge Dlao ()8 a4z b AY S oS conl jasein byl )0 098 o0
@yl 13 oades Glxas o 0 ()5 Az b Al o 4 sl 13
39 S Ak ) gh ced camlive az )b Y )0 (SlowisS p ST me
0l AnSld ¢ ladss Slao Jul g oYL laa¥ o 4S5l ow
GRIPl g (et NS Rl o Caglie poedle oSzl
D5 oo 3 osle (6 pducats e 8L Senge Caely pias LSl

LAt 52 digad 0l dnSl ahads mhaw I SEM 50059 S o
Sl Sy ol (D) CojemalS aie) b (@) 00,8 o0 8 5 BLI S el
P aay b GLI iz pn ailons Ll pgsar 453l bl il
plSoial 2al53 5 ogdle BLI b e il stes plSocinl wly Ldls |
odalive pgal (nl )3 358 0 8 (S S Colan S Fang cel s
48 Sloj loads bylse olge ands b Cojenals 0 (o954 SLII4S 355 s

Aol e a5 09 o0 Cely od Lol aie; b ps5ay SLII )

1 Scanning Electron Microscope (SEM)



Obled 5 pliwss Ly sy

el 3 il 381 s aibly bl )T b i) 9aols ouoB s walmivo Juloss 5 eilis

WD: 14.27 mm

Det: SE 200 pm
Date(m/dly): 10/24/18

=N

SEM HV: 20.0 kV
View field: 755 ym
SEM MAG: 275 x

VEGA3 TESCAN

Chemistry & Chemical Engineening Research Center

Fig.11 SEM image of broken cross-section of sample S in bending test
with a magnification of 275x
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Fig.12 SEM image of broken cross-section of sample S, in bending test
with a magnification of 300x (a) Crushed Carbon Fiber (b) Expanded
Graphite (c) Composite Field
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Fig.9 SEM image of broken cross-section of sample S; in bending test
with a magnification of 400x (a) Crushed Carbon Fiber (b) Composite
Field
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Fig.10 SEM image of broken cross-section of sample S in bending test
with a magnification of 400x (a) Bipolar Plate (b) Carbon Cloth
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The effects of AlOs: particles on the microstructure and hardness of
cold sprayed Al-Al.Os composite coating
Hamid Ziaei, Amir Abdollah-zadeh®, Zahra Eyvazi, RajabAli Seraj, Firooz Kargar

Department of Material Engineering, Tarbiat Modares University, Tehran, Iran
* P.0.B. 14115-111, Tehran, Iran, zadeh@modares.ac.ir

Keywords Abstract

Cold spra In this study, Al-Al,O3; composite coating produced by cold spray method on Al-7075-T6 sheet. The pure
pray . Al powder is blended with different amount of Al,O; powder including 25, 50 and 75 wt. %. The feedstock

Al- Al,O3; Composite i . . o

Hardness is sprayed on sand blasted substrate using nitrogen gas at a constant temperature of 300 °C, pressure of 30

Porosity bar and the stand-off distance of 20 mm. The effect of different values of Al,O5 on the deposition behavior

Al-7075-T6 of the Al-Al,O; powders are investigated. Microstructural characteristics of the coatings are evaluated by
scanning electron microscopy, image analysis software, microhardness and X-ray diffraction tests. The
results showed that the high velocity of particles leads to the Al,O; particle breaking during the process.
This phenomenon increases the porosity of the coatings Furthermore, the higher value of reinforcement in
the initial powder leads to the homogenous distribution of them and the higher coating hardness. The
hardness of the Al-75Al,0; coating is 104 HV, which is increased by 85% compared to pure Al coating.
X-ray diffraction test indicated the fine-grained structure, no-oxidation and no phase transformation in the
pure and composite coatings.
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Table 1 Chemical composition of Al-7075 plate (in wt. %)
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Fig. 1 Schematic of cold spray process
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Preparation, characterization and biological investigation of Sodium Alginate/
Flourohydroxyapatite composite scaffold for bone tissue engineering application
Mohammad Soltani, Mardali Yousefpour®, Zahra Taherian

Department of Material Engineering, Semnan University, Semnan, Iran
*P.0.B. 35131-19111, Semnan, Iran, myousefpor@semnan.ac.ir

Keywords Abstract

Composite Hydroxyapatite has been studied intensively as an alternative to bone due to its biocompatibility and the chemical
Hydroxyapatit composition of the bone mineral matrix. Despite the good biological properties of hydroxyapatite, this material has
Flogrohydroxyapatite poor mechanical properties. Flourhydroxyapatite due to its higher thermal stability than hydroxyapatite has better
Alginate mechanical properties and its combination with with alginate as an composite scaffold, while improving its

biological properties, can be used as a substitute for hydroxyapatite. In this study, flourohydroxyapatite was prepared
using a co-precipitation method, and then Alginate- Flourohydroxyapatite composites with 40, 50 and 60 wt%
flourohydroxyapatite were synthesized by freeze-drying technique. In order to characterize the scaffolds, MTT, ALP,
FTIR, XRD, XRF, TG/DSC and compressive tests were used. Surface morphology, as well as the connection and
growth of bone cells on the scaffold surface, were studied using SEM. Data analysis were performed using one-way
ANOVA. The results showed that Alginate-60wt% flourhydroxyapatite composite scaffold has suitable and optimal
conditions for bio-mechanical and biologiical properties in comparison with two other scaffolds that prepared in this
study.
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Fig. 1 X-ray diffraction patterns of alginate (ALG), composite

scaffolds (S1, S2 and S3) and flourohydroxyapatite (FHA)
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Table. 2 Results of XRF and mole percentage of oxides of flourohydroxy
apatite
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Fig. 2 FT-IR spectra of alginate (ALG), composite scaffolds (S1,
S2 and S3) and flourohydroxyapatite (FHA)
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Fig. 1 Results of three- point bending test for composite plate
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