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Yogendra Kumar Mishra is Professor MSO at
Mads Clausen Institute, NanoSYD, University
of Southern Denmark (SDU), Denmark. Prior
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Functional = Nanomaterials  Chair, Kiel
University, Germany. He did Habilitation in
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Burc Misirlioglu was born in Istanbul. He received his B.Sc. and M.Sc. in Metallurgy (1998)
and Materials Science (2001) from Istanbul Technical University. He obtained his Ph.D. degree
from University of Connecticut in 2006. He was with Max Planck Institute of Microstructure
Physics followed by a researcher position at MIT during 2007-2008. Since 2008, he has been
a faculty member in the Faculty of Engineering and Natural Sciences of Sabanci University,
Istanbul, Turkey.Professor with a demonstrated history of working in the higher education
industry. Skilled in Mechanical Properties, Materials, Semiconductors, Interfaces, and
Characterization. Strong education professional with a Ph.D. in Materials Science from
University of Connecticut.

Our research is centered around understanding the effects of defects and microstructure on the
physical properties of functional oxides. Using continuum level computational and
experimental approaches, we try to reveal the mechanisms by which defects and interfaces
impact the physical properties and at what magnitude this occurs. Such knowledge is the key to
design and fabricate structures in various geometries for specific engineering applications. The
applications governed by such phenomena encompass macro- and micro-scale capacitors for
electric energy storage, non-volatile solid state memories, nanoscale devices and electrooptical
thin films.
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Her research focuses on the chemistry, properties and applications of phthalocyanines, mainly
for photodynamic therapy. She has authored so far 82 research articles, three book chapters,
and supervised many Master and PhD students. Fabienne has also been the recipient of several
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a Member of the Royal Society of Chemistry.
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the perspective of optimizing its

performance for multilayer actuators; potentially for energy harvesting applications under the
supervision of Professor Ian Reaney at the University of Sheffield. To fabricate the multilayers,
a novel Wet-Multilayer-Method (WMM) was also developed to overcome the issues of
delamination during firing of multilayers actuators. He has authored/co-authored publications
in well reputed journals, around 30 papers including key articles on piezoelectric, capacitor and
microwave dielectric ceramics in bulk and multilayers with 238-citations, h-index 8 and 110-
index 6 of last five years. Current research interests: ynthesis of Piezoelectric Ceramics and
their multilayers, Multiferroics, Thermoelectric Ceramics and Microwave dielectrics.
Characterisation Methods: LCR, impedance spectroscopy, d33 meter for piezoelectric
coefficient, Vibrating Sample Magnetometer for magnetic properties, XRD Analysis, SEM/

EDX, ferroelectric testing, etc.
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Saarbriicken/Germany. In addition to his
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instructor at Saarland University and
Applied University of Kaiserslautern), he
gained invaluable experiences at Leibniz-
INM since it is a well-known scientific
partner to national and international institutes and a provider of research and development for
companies throughout the world. Aktas also acted as advisor and instructor in several
professional training programs of various institutions including German Chemistry Society,
Korean University of Technology, European Postgraduate School and etc. Currently he is
carrying out research activities on synthesis of functional nanomaterials and their potential
applications in diverse fields including energy, medicine, textile, surface, and composite
technologies at the Institute of Materials Science, CAU-Kiel In addition, he acts as the PI at
Cardiovascular Materials Laboratory at UdS-Homburg and is giving lectures in the Medical
Faculty, UdS-Homburg. Aktas has been involved in various projects funded by EU, DFG,
BMBEF and similar public institutions.. Aktas published more than 70 research papers and 10
patents in different fields (on nanomaterials and nanotechnology). He has several prestigious
awards including Prof. Werner Petersen Award, Prof. Horst Hardt Award, Prof. Baki
Komsuoglu Award, International Nanomedicine Foundation Award and etc.
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CHARACTERISING THE POTENTIAL OF PHTHALOCYANINES FOR
PHOTODYNAMIC THERAPY

Fabienne Dumoulin!*

! Acibadem University, Medical Engineering Department, Turkey

The fascinating properties of phthalocyanines made them useful in a full range of applications,
either for environmental, energy-related, and also biomedical applications. Their maximum
absorption makes them particularly interesting as photosensitisers for photodynamic therapy
because it matches the phototherapeutic window, allowing excitation at wavelengths that do
not excite endogeneous chromophores and deeper tissue penetration of the light.

After an introduction on the general use of phthalocyanines in various applications, we’ll focus
on their characterization as photosensitisers for photodynamic therapy.

Keywords : Photodynamic therapy, Phthalocyanines, Photosensitisers

* Fabienne.Dumoulin@acibadem.edu.tr / dumoulin.fabienne@gmail.com
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INVESTIGATION OF GREEN COMPRESSION STRENGTH AND GREEN SHEAR
STRENGTH IN GREEN SAND MOULD USING ANT HILL SLIT AS A PARTIAL
REPLACEMENT OF FOUNDRY SAND USING RESPONSE SURFACE
METHODOLOGY

Prasad Chandran N !, Manoj D. Naik 2, Manjunath Patel GC 3, Avinash Lakshmikanthan 4,
Ganesh R. Chate 2

' Department of Mechanical Engineering, Sahyadri College of Engineering and Management,
Manglore 590006, Visvesvaraya Technological University, Belagavi 590018, India

2 Department of Mechanical Engineering, KLS Gogte Institute of Technology, Belagavi
590006, Visvesvaraya Technological University, Belagavi 590018, India

3 Department of Mechanical Engineering, PES Institute of Technology and Management,
Shivamoga, Visvesvaraya Technological University, Belagavi 590018, India.

4 Department of Mechanical Engineering, Nitte Meenakshi Institute of Technology,Bengaluru,
Visvesvaraya Technological University, Belagavi 590018, India.

Abstract

In sand casting foundry, quality of sand mould is very important to get a high-quality casting.
The present work is focussed on partial replacement of foundry sand by Ant hill clay (slit) and
also to get good sand mould properties which in turn will give defect free castings. The,
responses such as green compression strength (GCS), green shear strength (GSS), mould
hardness number and permeability were studied. The factors considered for experimentation
were Ant hill to Sand ratio (Ant hill quantity in terms of Percentage weight of sand), number of
strokes, water quantity and coal dust. Experiments were carried out using central composite
design of response surface methodology which is a part of Design of Experiments. Two
replicates were done and also randomization and blocking is implemented during
experimentation. The optimization is carried out to maximise GCS, Green Shear Stregth. The
multi-objective optimization is done to get a same settings for both GCS and GSS.Thus
obtained settings of factors were not there in experimental desig matrix, hence the confirmation
tests wereconducted. The five confirmation test were carried out and the average Green
Compression stregth was 1502gms/cm?, the optimum level of GSS average valve of Green
Shear Shtregth was 356gm/cm2 because of the conflection requirements of both GCS and GSS,
multi objectives optimization is done by using discribable function approach and level for this
average values 1373 gms/cm? and 335gms/cm?.From optimized levels, 15% of sand can be
replaced with ant hill clay without the need of bentonite.

Keywords: Sand Casting, Cental Composite Design, Ant Hill Slit, Green Compression
Strength, Design of Experiments, Optimization.
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BUCKLING ANALYSIS OF AXTALLY LOADED NANOBEAMS RESTING ON A
ROTATIONAL ELASTIC FOUNDATION

Svetlana Lilkova-Markova '*, Dimitar Lolov 2

! University of Architecture, Civil Engineering and Geodesy, Faculty of Hydraulic
Engineering, Departmant of Technical Mechanics, Sofia, Bulgaria

2 University of Architecture, Civil Engineering and Geodesy, Faculty of Hydraulic
Engineering, Departmant of Technical mechanics, Sofia, Bulgaria

dlolov@yahoo.com

lilkovasvetlana@gmail.com

1. Introduction

Nanostructures are applied in various fields of industry — in nanoelectromechanical systems,
biotechnology, aerospace, chemical sensors. The study of the mechanical behavior of
nanobeams is not possible with the classical theory of continuous media. The nonlocal elasticity
theory, the strain gradient elasticity theory, the modified couple stress theory and the surface
elasticity theory are applied to nanomaterials [1]. The Eringen's theory of elasticity is applied
in [2] to study the stability of a nanotube with different types of supports. The nanotube is
divided into segments. In the analysis the exact solutions in each of the segments was used.
Numerical examples have been solved. In [3] were examined cantilever nanobeams with a
rectangular cross-section and the presence of cracks. The local theory of elasticity was used.
An analytical solution and a parametric numerical study were performed to determine the
buckling critical force. An analytical solution for bending, vibration and the buckling of a
functionally graded nanobeams lying on a Winkler/Pasternak elastic foundation was presented
in [4]. Two models of the nanobeam - a Timoshenko and an Euler-Bernoulli beam were
considered. The nonlocal gradient theory and the principle of Hamilton were applied. The
Eringen’s nonlocal theory is applied to study the buckling behavior of a tapered nanobeam on
a Winkler and rotational elastic foundation [5]. The differential equations are solved using the
Chebyshev collocation method. The critical values of the compressive force on the beam are
determined according to the parameters of the elastic base, geometrical characteristics of the
nanobeam and boundary conditions.

An Euler-Bernoulli nanobeam lying on a Winkler elastic foundation and on different
supports at both ends was studied in [6]. The small scale effect and the Eringen’s nonlocal
theory are taken into consideration. It was found that for clamped-clamped ends of the
nanobeam and large values of the Winkler elastic foundation parameter, the effect of the small
parameter is significant. A parametric study of the mechanical behavior of a nanobeam on an
elastic foundation is presented in [7]. An analysis of the results for the vertical displacements,
the critical force and the values of the natural frequency is presented.

The theoretical and atomistic simulations are presented in connection with the buckling of a
Cu nanobeam subjected to uniaxial compression [8]. The critical strain of buckling, maximum
defection and nominal failure strain are obtained. The stability of a multilayer nanopipe at
different types of supports - stuttering - stuttering, stuttering - free end, stuttering - joint is
studied in [9]. The nonlocal strain gradient theory is applied. The aim of the present study is to
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determine the critical force for a simply supported nanobeam lying on a rotating elastic
foundation.

1. Problem formulation

The present paper considers an Euler-Bernoulli nanobeam of length /, resting on a rotational
elastic foundation and under an external axial compressive force F'. The beam, shown in Fig.1,
is hinged at its both ends.

F
A A =
L d L
1 g

Fig. 1 Static scheme of the investigated nanobeam

The governing equation for the buckled slender beam, lying on a rotational foundation has
the form:

4 2
EIdZVJr(F—kG)d;”:o 1
dx dx

where E/ is the rigidity of the beam, W is the lateral displacement of its cross-section as a
result of the buckling and } G is the rigidity of the rotational foundation.

The bending moment M of the nanobeam is represented by the function W of the lateral
displacement of the axis

d?w )

M =—-FEI 5
dx

Inserting equation (2) in equation (1), yields:

d>M _Fd2w A d’w 3)
dx? B dx? e dx?

In this paper the nonlocal elasticity theory is employed for the stability analysis of the
nanobeam. According to it the following holds:

2 2.5 4)
M —(eqa)® ? Af — _rr? =
dx dx
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where o 0 is experimentally determined material constant. is also a constant, which denotes

the characteristic internal length (lattice parameter and granular distance) of the material of the
nanobeam.

()
d*w d?*w d*w
M = (ega)?| F — kg > |- EI
(coa) [ dx? dezJ dx?
(6)
4 4 4 2 2
> Fd WL d w —EId W:Fd W, d“w
(co) [ PR dx? a2 ax?
d*w 2 d*w d?w (7
El— —(epa) (F —kg)—+(F —kg)—==0
dx4 (O ) ( G)dx4 ( G)dx2
The differential equation for transverse displacements acquires the form:
4 2
d'w dw 8
[El—(eoa)z(F—kG)]4+(F—kG)2:0’ ( )
dx dx
4 _ 2 9)
d’w N (F-kg) d“w 0
dx*  EI- (eoa)2 (F —k¢) dx?
To simplify the equation, a new parameter is introduced:
K2 = (F ~kg) (10)
El —(ega)’ (F — k)
Thus the following equation is obtained:
4 2 : (11)
d k2 d Y=o
dx dx
The solution of (11) has the form:
w(x) = Cj coskx+ Cy sinkx + Cyx + Cy (12)
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The boundary conditions for the nanobeam in Fig. 1 are:

w(0) =0 (13)
w”(0) =0
w(/) =0
w”’(l) =0

Equation (13) represents a system of four homogeneous linear equations for the unknown
integration constants Cl e C 4 In order to have a non-zero solution for the function of the

lateral displacement W of the beam, the determinant of the coefficients in front of integration
constants must be equal to zero. As a result the following equation is obtained:

smkl=0 (14)
The solution of this equation is:
ki=nm, n=12,.. (15)

For the function of the lateral displacement is obtained the following:
w(x) = C, sinkx (16)
From equations (10) and (15) could be obtained the critical force. The minimal critical force

for the nanobeam is obtained when 72 = 1:

22ET (17)

F = kG -+
“ 1?2 + 72 (eol)2

3. Results and Duscussion

Numerical studies have been carried out for the nanobeam in Fig. 1

The geometric and the material characteristics of the beam are: Young’s modulus
E = 200GPa- the length of the beam /| = 400 771 The cross section of the beam is

circular with radius R . The nonlocal parameter epa = 1,5 nm

20



1%t International Symposium on Characterization 08-09 October 2021, Turkey

For a nanobeam with a radius of the cross-section R — 57722 1s obtained the critical force
for different values of the rigidity of the rotational foundation. The results are shown in Fig.2.

It is obvious that the rotational foundation has a stabilizing effect over the beam - with
increasing the rigidity of the foundation the critical force increases.

kg1 OJ) [Nnm/nm]

6 1 1 1 I I I |
0 1 2 3 4 S 6 7

Fig. 2 Critical force versus the rigidity of the rotational elastic foundation

Fig. 3 shows the numerical results reflecting the relationship between the critical force and
radius of the circular cross-section of the nanobeam for different rigidity of the rotational elastic
foundation.

7., 10 [~V] 4
e V—fe; = O LNrerrz/rzrrz] =
32 — 2K —1.2.10 - [ Nrzrrzs727727] o
o S—foy —2.5.10 | Nrzrrzrarra |
Ao, —3.7.10
2 S-Fc, —32.9.10

R [r2772]

Fig. 3 Critical force versus the radius of the cross-section

4. Conclusion
The results from numerical investigation show that for all considered beams the critical force

of the nanobeam increases when the rigidity of the rotational foundation is increased. Thus the
rotational foundation has a stabilizing effect on the beam.
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Abstract

Fiber-reinforced composite (FRC) materials have become the indispensable basic materials of
many industries due to their low weight and high strength today. As a result, intensive studies
are carried out on the characterization of these materials and the development of material
models. FRC materials are subjected to many characterization tests for different material
models developed due to their anisotropic structures. The most basic of these are tensile tests.
In order to determine the deformation in tensile tests, strain gauges specially produced for FRC
materials are generally used. The use of strain gauges can be quite laborious and expensive in
characterization studies. Although strain gauges are essential for some application areas, the
measurement of strain with the Digital Image Correlation (DIC) method is becoming
widespread for tests that can be imaged with the help of a camera today. In the DIC method,
measurements can be made on uneven surfaces by taking images with more than one camera at
the same time (stereo cameras) by calibrating the cameras. However, since a flat surface can be
obtained on the composite in the tensile test, accurate results can be obtained by positioning a
single camera directly opposite the measurement surface. In this study; Tensile tests of glass
fiber reinforced composites produced by vacuum assisted resin infusion method was carried out
according to ASTM D3039 tensile test standard, both with the help of strain gauges and with
the help of virtual extensometer using DIC method with a single camera. The results show that
a virtual extensometer can be used instead of a strain gauge in tensile tests of fiber-reinforced
composites.

Keywords : Fiber Reinforced Composites, Tensile Characterization, Strain Gauges, Virtual
Extensometers
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1. Introduction

The needs of the modern world require producing more, faster and cheaper, it's the prefabricated
concrete. In order to accelerate the setting and hardening concrete treatments prominently
among the different possible methods. Atmospheric steam curing is a heat treatment which has
been used for many years to accelerate the strength development of precast concrete products
[1]. The curing temperature will be a compromise between rate of strength gain and ultimate
strength, because of the higher, the curing temperature, the lower and the ultimate strength [2].
[3] Concluded that in the delay in the commencement of steam curing operation by a period
equal to the initial setting time of cement, higher strengths were obtained when the delayperiod
was equal to the setting time. To fix ideas, we may admit that in the absence of any external
load, the minimum strength to compressive should be located around 50 to 60% of the required
strength (at 28 days under natural conditions) is 10 MPa [4]. In order to evaluate the carbonation
potential of concrete in the laboratory, accelerated tests are carried out which involve submitting
samples at CO2 concentrations well above the "natural" concentration of the air, generally after
a thermal pretreatment for packaging water. The required objective is to evaluate through
experiments the influence of atmospheric steam curing on the mechanical strength of concrete
and In the light of what has been mentioned above, the characterization of the open porosity of
the zone of the concrete of coating of these concretes put into carbonation [5].

2. Experimental program

2.1 Materials

Two cements from the clinker same are used: CEM 142.5 and CEM 11/B 42.5 (Biskra - Algeria).
Fineness = 3300 cm?2/g, apparent density = 1215 kg/m3 and specific density = 3150 kg/m3.
The water is drinking water and having a temperature of 20 + 1°C. Its quality conforms to the
requirements of standard NFP 18-404.

The sand used is from the region of Biskra. Apparent density = 1630 kg/m3. Specific density =
2650 kg/m3, Fineness modulus = 2.82

We used crushed stone fraction 3/8, 8/15 and 15/25 mm of the region. Apparent density = 1340
kg/m3, Specific density = 2610 kg/m3.
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2.2 Study of the temperature in the steam curing chamber and at ambient air

Our study is first to raise the temperatures in the open air using a thermometer and within the
confines of conservation by other thermometers hourly and daily same time of 07 h to 21 h for
12 months of the year, the average of these monthly records are illustrated in fig. 1.
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Figure 1: Monthly exchange in outdoor temperatures and the steam curing chamber

2.3 Formulation of concrete

Optimizing the formulation of concrete based on several criteria that are often a compromise
between them: consistency, strength, durability and economy. The method of formulation is B.
Scramtaiv (cone slump of 7 cm). In all tests the w/c = 0.4, A = 0.6, Dmax = 25 mm and S/CS
=0.33, (Table 1).

Table 1: Composition of concrete (Kg/m3)

Cement Sand Crushed stone | Crushed stone | Water
(7/15) (15/25)
512 407 432 802 205

From the graphs of the temperature variation with time of 12 months, we can say that for six
months from April to September, the average temperature (K1 = 1.70), and October to March,
the average temperature is: (K2 = 1.40). K: the average temperature (K = 1.55). Based on the
findings deduced from the variation curves of temperature versus time inside the chamber, we
select the six months which corresponds to the seasons: spring and summer (Table 2) and
autumn — winter (Table 3).
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Table 2: maximum temperatures in the room (spring-summer)

Month Apr May Jun Jul Aug Sept
Cycles 3x8x3 3x8x3 3x8x3 3x9%3 3x9x3 3x8x3
Max. T° 38 43 44 46 48 43

We opt for cycle 1: (3x8x3) (45 °c).

Table 3: maximum temperatures in the room (autumn - winter)

Month ' Oct ' Nov ' Dec ' Jan ' Feb Mar
Cycles 3x8x3 3x7x%3 3x7x3 3x7x3 3x7x3 3x8x3
Max. T° 34 32 30 28 23 34

We opt for cycle2: (3x7x3) (29°¢).

2.4 Preparation of specimens

The strength is expressed by the power of concrete to resist destruction under the action of
stresses due to different compressive strength. Specimens of cubic (100x100x100 mm) to
determine the compressive strength.

The concretes studied: a control concrete stored in water at an ambient temperature of 20 + 1°c,
concrete cured outdoors without irrigation, and concretes subjected to two cycles of steam
curing. After mixing the concrete, demolding, the specimens are introduced into the steam
curing chamber by solar energy with the rise of the temperature in the chamber, the thermometer
was placed outside of the chamber can adjust the temperature level selected at 45°c in the
chamber for the warm period of the year. (6 months from October to March) and 29°c for the
cold period (6 months from April to September), for durations of steam curing 1, 2, 3 and 7
days hardening in open air without spraying of 3 and 7 days.

2.5 Accelerated laboratory carbonation test

Carbonation tests were conducted using two different protocols to compare their respective
results and analyze the relevance of the accelerated test.

Then the samples of concrete are removed from the enclosure and weighed. From the splitting
of the specimens, the depth of carbonation is measured on fresh fractures using a color indicator
of pH.
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Figure 2: (a) Accelerated carbonation chamber; (a) Specimens in the carbonation chamber
under accelerated conditions

2.5.1 Detection of the depth of carbonation by phenolphthalein

To evaluate the depth of carbonation, we mainly used the phenolphthalein test AFGC-AFREM
[6], (figure 3).

Figure 3: Phenolphthalein test and measurement of the carbonation front

After a few minutes, the depth of carbonation is measured, for each face, according to the
procedure of AFPC-AFREM [7]. We have grouped together all the results of the
phenolphthalein tests and the measurement of the carbonation fronts of the different concretes
at different times in fig 4.

Figure 4: Demonstration of the carbonation fronts visualized following the spraying with
phenolphthalein.
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3. RESULTS AND DISCUSSIONS

3.1 Consistency
The slump test to Abrams cone NF P 18-451 is currently in use worldwide. Depending slump
obtained, class consistency of different concrete is plastic (slump varies from 6 to 8§ cm).

3.2 Compressive strength

The strengths are estimated at 1, 2, 3 and 7 days of steam curing, 28 days in wet and dry.

The results of compressive strength of concrete in water, the open air and concretes having
undergone a steam curing (figure 5: a, b, c and d).

(a) wwatesr cumires —

-
=
=
= -
= E—
2 Caennemnt CEM ILES4T S
= ——— A = <
= —-— T = 0S5
— el — WEFC = DL
=
—_ Cannent CEM I 425
—WEC =— O 4
— = AW =0.5
A R — oG
T T T T T T T T T T T T T T 1
o S - (-3 = 1o z 1a 1S 1s Z =2 > 26 et i
Timme {dass)
45 ] o) air cuoringe
D
=
=
= A=
= N
= 30
= =
= -
z ==
E 20
= i
E a1s Ceament CER ILTHB42 5 Cemens CEM I 42 5
- ] —e— AT = 0 — f —TWEAC = 0.
10— — - T = .S — O WS = 0.5
_ ——— R = DS — e WA = 0.6
0O 2 4 6 S 10 12 14 L6 1S 2 23 T4 s IS I0

Timme (dmy=h

=
=1
=
=3
=
=
=
=
N
=
=
= ]
= 15 Cement CEM ILB42 S Cement CENI 425
] —— W — O3 e e — e
10— —- T = 0S5 — o W = 0SS
_ i WA = DS — = R = O
T T T T T T T T T T T T T T 1
1] = Y s # 10 1T 14 Ls IS 20 2T T4 6 TS 30
Timme (daws=s)
45 ) steamnn curning at 2970
=
=
=
="
=
=
=
Z
=
=
=

T T v v . T v T v v v T v v 1
o 2 E L=1 = 1o iz 14 L is o z2 Zq 26 P2 3 20
Timme (dazxsk

Figure 5 : Effects of curing methods, cement type and w/c ratio on the compressive strength
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3.3 Extension of hardening of concrete in the open air

1) One day of steam curing at 45°c and hardening of 3 and 7 days

The strengths estimated from (1d steam curing and air 3 days) and (1 day steam curing and air
7 days) for steam curing at 45°c are shown in table 4.

Table 4. Compressive strength of concrete (1 day steam curing at 45°c + air 3 and 7 days)

st th (MPa) 1 d steam curing (%) 1 d steam (%) hard
ren a arden
€ +air3d harden curing +air 7 d °

Compressive 40 99 43 105
2) One day of steam curing at 29°c and hardening of 3 and 7 days

The strengths estimated after (1 day of steam curing and air of 3 days) and (1 day of steam
curing and air 7 days) for steam curing at 29°c are shown in Table 5.

Table 5. Compressive strength of concrete (1 day of steam curing at 29°c + air 3 and 7 days)

st th (MPa) 1 d steam curing + (%) 1 d steam curing (%)
ren a
8 air3d harden +air7d harden
Compressive 39.30 96.50 41 100

3 RESULTS AND INTERPRETATIONS

3.1 Influence of the w/c ratio and cement type on the accelerated carbonation depth

Figures 6 (a) and 6 (b) show the results of varying the carbonation depth at the age of 28 days
of the various concretes, as a function of the w/c ratio. That is an increasing function of the w/c
ratio. In other words, the w/c ratio increases with the depth of carbonation.

This depth is maximal for uncured concrete with a water/cement ratio of 0.6 which has a

remarkable effect on the carbonation kinetics by reducing about twice the carbonation depths
reached in the case of water conservation and this for the 02 types of cements.
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Figures 6 (a, b): Evolution of accelerated carbonation depth

4. Conclusion

- The technique of steam curing is an effective technique for Portlands cements for accelerated
hardening of concrete.

- The demolding is assured after all steam curing at 45 or 29°c, since we met exceeds the
minimum strength to compressive which is approximately 10 MPa after one day of steam
curing, which ensures high productivity molds.

- We reached the 28 days strength after one day and 3 days of hardening in open air, for 02
types of steam curing, which has a gain of time and shorter manufacturing lead times.

- This hardening technique which is rich in solar energy and the use of this renewable energy
in the heat treatment of concrete parts in areas with high radiation concentration and long
periods, which reduces the cost of concrete parts, resulting in a remarkable economy for
production companies.

- Carbonation of concrete is one of the causes of degradation of reinforced concrete structures
insofar as it leads to the passivation of armatures for reinforced concretes and their oxidation.
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1. Introduction

Ageing and creep resistance, similar to other mechanical properties, depends to a great extent
from the nano- and micro-structure formed in the metals. A non-uniform degradation can
accelerate the advance of cracks favouring the critical reduction of the lifetime of a component
and therefore of the system [1]. Radioactive radiation and high operational temperature may
produce significant changes in the nano- and micro-structure of metallic components of NFs -
e.g., irradiated materials of the reactor vessel, plates, piping, pumps of the primary circuit,
inside components of pumps, pressurizer, vapour generator and welds - and also of non-metallic
parts such as those made of concrete for shielding, moreover varying their macroscopic
characteristics. A consequence of these changes is the weakening of the mechanical properties
that are crucial for safety and lifetime of NFs. Lifetime extension, in particular, is a major
economical interest, as the operational cost of a NF, especially of a Nuclear Power Plant (NPP),
is not significant as compared to the investment cost. To elongate lifetime, it is essential to get
accurate information about structural alterations of the most important construction
components.

The usual methods to assess macroscopic properties (primarily, those mechanical) allow
measuring the net sum effect of the microscopic variations. The damage produced by the
irradiation can be studied on model materials or on specimens belonging to real construction
elements. Nuclear safety conditions also include monitoring of the materials’ state (i.e.,
mechanical characteristics) using the tests with control samples of the same materials working
in the identical regime - even taking larger forth-coming fluence - to provide an early
observation of dangerous trends in the changes of materials’ properties. Tests are carried out,
furthermore, in which materials or parts sensitive to damage from radiation and whose
functional safety characteristics may be undesirably affected by exposure to radiation during
exercise, are irradiated to simulate such exposure. Radiation aging, in this case, is performed
on the sample under normal and abnormal operating conditions, and it is comparable to what
the component is undergoing during employment as regards both the type of radiation and the
exposure dose. The said test is carried out also varying key parameters such as types of radiation
(that can be applied separately) and exposure rate, always ensuring the absence of effects other
than those faced in the operating conditions. In addition to the effects of radioactive radiation,
those of temperature should be taken into account, which are part of the main factors that
determine ageing and creep processes. New machine learning platforms, moreover, have been
recently set up to detect and quantify radiation-induced defects of parts and testing materials in
nuclear reactors [2].

The measurements on model materials, anyhow, need to be linked with complementary
measurements on real structural materials, as the irradiation damage strictly depends on various
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factors such as the used technologies and the concentration of alloys’ components.

In addition to the measurements on model materials, traditional investigation methods involved
by the existing norms for the NPP sector include mechanical tests - that allow measuring only
the alterations of macroscopic properties -, X-rays and mechanized ultrasonic investigations
concerning pre-service inspection and phased array ultrasonic testing. The obtainable
information, however, is not exhaustive and requires to be completed. In this context, NBT
present significant advantages in comparison with the classic methods of materials’ analysis
and fractography, contributing to solve essential problems linked with the methodological
limitations of these methods [3, 4].

A unique chance to perform advanced analyses of really aged materials and components is
represented by NF decommissioning (e.g., old NPPs with gas-cooled, graphite-moderated or
boiling water reactors), which is usually defined as the cessation of operations and the
withdrawal of the NF from service [5]. Decommissioning is also a singular opportunity to
exploit innovative diagnostics and carry out actions with the perspective of future installation
of new components, with the aim to increase security and consistency.

Despite the risks during this final stage of the NF life cycle are lower than those existing during
the plant's operating life, also considering that the process and the auxiliary systems are no
longer subjected to the mechanical and thermal stress due to pressure and exercise conditions,
researches of accumulated defects in decommissioned materials and parts as dependent on
duration and intensity of the irradiation (fluence) are very relevant. Neutron structural studies
of the ageing of materials which were submitted to irradiation and other factors (mechanical
loading, high temperatures, chemical attacks), in this case, can give a fundamental support. It
should be stressed that these nano- and micro-scale defects (vacancies, dislocations, pores and
cracks) are resulting from operative conditions (irradiation, mechanical and thermal stress):
knowledge of nature and features of these damages, thus, enables understanding the trends of
materials fracture and evaluating a latent picture of preliminary degradation processes leading
to any fast crash of material.

It is well known that: a lot of the nuclear safety conditions that require careful checks of the
preservation state and structural checks of the systems components, in the case of
decommissioning, do not exist; the systems that are classified relevant for safety, during the
decommissioning phase are very reduced in number and extension and they tend to decrease
during this process. Nuclear safety conditions, anyhow, include the monitoring of the state
(mechanical characteristics) of materials using the tests with control samples made of the same
materials and working in the same regime - even taking larger forth-coming fluence - to provide
the early observation of dangerous trends in the changes of materials’ properties. A main aim
of the investigation by NBT is a subtle analysis of structure of these samples used for
monitoring, to find the same structural features like in broken (or very aged) decommissioned
materials, which got very high doses of radiation or undergone other actions damaging their
structure. The damages that neutron irradiation can have allowed, e.g., to the vessel's structures,
are of high interest also when the vessel during the decommissioning is without fuel and it is
practically submitted to the only load of its own weight: the study of effects on structure in
decommissioned reactor vessels, indeed, can discover in detail the structural transformations of
the involved material during a very long period of its exploitation, supplying excellent data to
restore the kinetics of structural degradation and elaborating the criteria of durability of the
existing reactor equipment. Moreover, it can be taken into account also the fact that the rather
limited amount of economical budget sometimes does not allow beginning immediate dismantle
of the equipment of the shut down nuclear units without accumulation of sufficient financial
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resources, that, alongside with the time needed to build storage and disposals, results in choice
of variant with long safe storage of units under surveillance [6].

Although phenomena such as thermal shock under pressure, which are a main concern for the
reactors in operation due to the embrittlement of the vessel's materials, may have a reduced
importance in the case of decommissioning, a comparative study of structural changes in the
original (fresh-prepared) materials and in the fragments of decommissioned materials is very
important. Both kind of materials, with this purpose, should be mechanically and/or thermally
loaded, to observe the development of embrittlement as induced by structural defects (e.g.,
nano-phase inclusions, which are clear visible in neutron scattering).

Also if safety authorities have not yet raised the issue of the integrity of the systems in terms
that should require NBT, the application of such methods for deep subtle structural analysis of
reactor materials is in progress worldwide and the certification of cold neutrons scattering
methods, as briefly described in Chapter 2, can be issued as a result of both numerous
experiments performed and highly developed data treatment methods. In this perspective,
several positive recommendations from the International Atomic Energy Agency (IAEA) exist
to employ NBT for reactor materials control.

A main technological and scientific aim in the nuclear sector, finally, is to create a scientific
background for the elaboration of widely used effective methods of diagnostics of reactor
materials to extend the duration of their safe exploitation.

2. Neutron beam techniques

2.1. Neutrons

Neutrons are elementary particles practically devoid of electric charges, constituting - together
with protons - the atomic nucleus. The characteristic of not interacting electrically with
electrons and nuclei in matter has the great advantage of being able to penetrate the same matter
in depth. In fact, while X-rays offer excellent resolution but are easily absorbed by materials
(being able to penetrate only surface layers), neutrons, possessing a linear absorption coefficient
about 1000 times weaker than the first, penetrate matter up to several centimetres (about 2-3
cm for steels, about 5-6 cm for aluminium and its alloys).

Neutrons are produced by continuous sources (nuclear reactors) or by pulsed sources
(accelerators). In continuous sources, neutrons are produced by the fission reaction of heavy
nuclei such as 2*3U or 2*’Pu, and are initially characterized by a very high energy; neutrons are
subsequently slowed down to thermal energies by means of moderators, then they are subjected
to collisions that further slow them down to bring them into thermal equilibrium with the
surrounding medium. This thermal equilibrium allows using the energy equipartition theorem
as follows:

12mv? =3/2 kT (1)
and also:
A2 = h2/3mkT (2)
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where £ is Boltzmann's constant, m, v, 1 are respectively the mass, velocity and wavelength [of
the neutron, 7 is the temperature.

The consequent distribution of neutrons as a function of velocities belongs to the Maxwellian
type, and it is such that 1 is between 1.55 and 1.33 A for T in the range 0+100 °C.

Special guide channels have the task of transferring the neutrons produced from inside the core
to the different instruments (e.g., diffractometers and spectrometers).

2.2. Small angle neutron scattering

Small angle neutron scattering (SANS) allows an accurate and complete characterisation at the
nano- and micro-scale, providing statistically precise information of 10+1000 A sized
inhomogeneities, averaged over a macroscopic volume. Neutrons’ scattering on the sample is
comparable to that of the photons, as described by the neutrons’ wave optics. In addition,
neutrons interact with the magnetic moments of the atoms and allow exploring magnetic
inhomogeneities (e.g., different phases), precipitates or voids in the studied parts.
Determination of nano- and micro-structure, actually, is an important step in characterising
mechanical properties. The following parameters relative to the scattering objects (defects), in
particular, can be monitored in materials submitted to irradiation or thermo-mechanical
treatments (e.g., creep, fatigue and ageing): size, shape, concentration, volume fraction, area of
interface and chemical compound. Fundamental information on chemical or magnetic
inhomogeneities such as matrix heterogeneities (gas bubbles, pores and precipitates) can be
achieved, considering also the eventual local deviations in composition and technology,
supplying information on ageing and degradation levels of the considered materials and parts.
The specimen can be studied or measured any number of times after either further usage or
treatment. The theoretical bases of the SANS technique can be found in [3, 4, 7-10].

2.3. Neutron diffraction

Knowledge of directional and spatial residual stresses (RS) distribution is necessary to
understand material’s behaviour, being a decisive factor for safety, quality and service life
assessment. Stress concentration should be avoided to increase fatigue life and keep away from
material’s ageing related phenomena. Neutron diffraction (ND) represents an excellent and
complete method for non-destructive and non-invasive strain/stress measurement, able to
provide data also including the effects of undesirable thermal variations, which are problematic
to be studied only theoretically. In a ND measurement, the interplanar distance, the lattice strain
and the stress values can be determined, also with reference to the main axes of the investigated
object. Additional information can be attained linked with the number of dislocations and hence
with the plastic strain of the investigated material. Any alteration in the FWHM from the
reference distribution (on an unstressed sample) may be correlated to the increase of plastic
deformation, so the plastic zone may be assessed as the area where the FWHM is over that for
the unstressed material. The results, besides the evaluation of the tensile or compressive
condition, consent studying the efficiency of post-welding relaxation treatments or the effect of
further heat treatment (HT), the RS relaxation fraction at the work temperatures and after a long
time, and the RS concentration related to notches and cracks. The theoretical bases of the ND
technique can be found in[3, 4, 11-13].
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2.4. Prompt gamma activation analysis

Prompt gamma activation analysis (PGAA) is based on the detection of characteristic prompt
gamma photons originating in (n,y) nuclear reactions. Every atomic nucleus, apart from “He,
may undergo a (n,y) reaction with diverse probabilities and the energies of the emitted y-photons
are characteristic for every given isotope. The gamma peaks intensities are proportional to the
amount of a given isotope and this phenomenon allows using a quantitative elemental (isotopic)
analysis method known as PGAA or PGNAA (prompt gamma neutron activation analysis). The
prompt gamma spectra are recorded using a high purity Germanium detector surrounded with
Bismuth Germanate scintillators dedicated to perform the Compton—suppressed measurement
mode. The signals coming from the detectors are treated adopting a multichannel analyser and
the spectra are evaluated by using a Hypermet-PC; the element identification is based on a
prompt gamma library. PGAA consents a quantitative analysis (mass ratios or equally weight-
percentage ratios of elements) and a comparison between the investigated samples, carried out
by using a principal component analysis, which evidences similarities and differences. The
detection limits depend on composition of the investigated specimen and they can be enhanced
by increasing the acquisition time. PGAA, due to the high penetrability of neutrons, is able to
provide an average composition of the inside material, i.e. of the component in its whole. This
technique can be employed, e.g., to examine whole specimens or their fragments. The
theoretical bases of the PGAA technique can be found in[3, 14, 15].

2.5. Neutron radiography

Neutron radiography (NR)allows penetrating a sample through a neutron beam, which is
attenuated (according to the basic law of radiation attenuation) by the investigated material -
also by some light materials such as hydrogen, and lithium - and detected by an imaging device.
The obtained information is related to the material and the structure inside the specimen. NR
consents, e.g., visualising and measuring material's distribution within macroscopic volumes of
cement's samples, as well as defining water’s movement through the investigated cements. NR
images of concrete structures are also helpful to validate conventional measurements. The
theoretical bases of the NR technique can be found in various references, e.g. in [3, 16-18].

3. Examples of applications

Welding is a major source of RS, frequently generating, especially in the heat affected zone
(HAZ), large tensile stresses reaching values roughly equivalent to the material’s yield strength,
balanced by minor compressive RS wherever else in the studied part. Contraction of molten
weld metal all through solidification is opposed by adjacent colder metal, thus generating RS.
The major problems associated with welding involve the formation of heterogeneities too,
typically inducing a lower chemical stability as well as a higher concentration of mechanical
defects. The duration of parts submitted to very high temperature, cyclic loadings and/or
erosion, therefore, is decreased since creep, fatigue and wear damages in welded zones result
enlarged. Intercrystalline and intergranular stress corrosion cracking (SCC), in addition, can
appear in narrow welded zones (e.g., in pipes and vessels), due to both RS generated during the
production process and possible occurrence of aggressive elements [19].

The global state of the art of welding project processes linked with nuclear/traditional industrial
applications consists practically in numerical models reproducing welding procedures and in
primary interests in investigating welds to enhance their qualities. New welding project
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methods were studied based on both FEM calibrated against conventional experimental results
and real key parameters' values obtained through nano- and micro-structural investigations -
performed also by NBT - of different welded joints, considering different metallic materials
and welding processes [20].

Numerous analyses of welds have been carried out, till now, showing the advantages of
exploiting NBT to achieve essential data not available by using other means. SANS and ND
allow analysing, e.g., massive and bi-metallic welds, friction welded parts, repair welds and
TIG welds, also investigating the effects of radiation on RS and defects' formation. NBT make
possible also:

- to study the factors that control the fatigue behaviour of welded components

- to improve analytical methods to assess the total fatigue life of welds submitted to surface
treatments and/or exposed to variable-amplitude loading, to find potential means to increase
fatigue strength

- to apply probabilistic methods to assess potential nucleation of nano- and micro-cracks
within a joint due to fatigue damage processes.

- Knowledge of the inner and sub-surface RS distribution determined by ND in massive
samples allows revealing the cause-effect unknown connections between the existing state
of a given metallic part and the possible future types of failure under operating conditions.
It is possible, consequently, to forecast also the material resistance to crack propagation
under operating conditions. To build a suitable failure predictive model e.g., requires the
involvement of valid methods for specimen’s collection, cataloguing and data analysis [21-
23]. An example of RS determination by ND in pipes is shown in Fig. 1, which reports hoop
RS (5 mm depth) assessed by ND in a 2.25 Cr1Mo ferritic arc welded pipe before and after
relaxation HT [24].
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Fig. 1.Hoop residual stresses (5 mm depth) determined by neutron diffraction in a 2.25 Cr1Mo
ferritic arc welded pipe before and after HT, with representative geometry of diffraction [24].

Neutron-based investigations of welded joints related to NPPs can be carried out with reference
to dismantled parts and new welded joints made of the same constitutive materials. In welded
joints of austenitic steel pipes of NPPs, delayed reheat cracking can occur in the HAZ, needing
repair if major cracking arises. Such repair welds influence the RS distribution, which is
important to know, to evaluate the effectiveness of the repair and to forecast the kinetics
subsequent creep damage, and ND can supply crucial information. The greater risk of joints’
fracture is due to the non-uniform mechanical stresses and to other factors producing ageing
such as fatigue and thermal-related RS produced by HT. Notions of metal fracture and welded
joints are currently basically founded on the use of optical and electron microscopy - especially,
scanning electron microscopy (SEM) - to examine surface structures and defects in thin slices
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[25, 26]. Fracture surface areas and fractal properties of profiles and surfaces were examined
as a part of various fracture studies. The concept of fractals was developed underlining the
different natural self-similar structures [27]: the two most significant classes of fractal structures
are volume fractals (i.e., aggregated clusters of small particles) and surface fractals (i.e.,
systems with irregular interfaces and grain boundaries). SANS allows verifying the fractal
nature of structures and assess the fractal dimensions [28] and can provide key information in
investigating turbo-machinery parts and samples of constitutive materials (e.g., Inconel 738,
Udimet 520 and Udimet 720), characterizing precipitates in a non-destructive and non-invasive
way [29-31], also dependently on temperature, hours of serviceand ageing time: thereby
evaluating parameters largely responsible for the functional properties of these parts.Fig. 2
reports the volume distributions of precipitates vs. size, for positions 1 and 9 of two turbine
blades made of Inconel 738, one in the as-fabricated state and the other one after 25,000 hours
of service, investigated by SANS by adopting a neutron beam cross-section of 3x15 mm? [21].
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Fig. 2. Volume distributions of precipitates vs. size, for two turbine blades made of Inconel
738, one in the as-fabricated state and the other one after 25,000 hours of service, investigated
by SANS [21].

Three populations of precipitates differing by characteristic size are revealed, showing the
larger differences along the scan in the blade after service.

To trace nano- and micro-structure alterations disjointedly in materials belonging to reactors of
working NPPs (hence, submitted to elevated neutron radiation and severe thermal conditions),
structure and precipitate morphology of vessel steel materials were investigated by SANS.
Samples cut from 15Kh3MFA steel cracked specimens belonging to standard VVER-440
reactor materials were analysed, after an ageing HT at 295°C for 360 days. An anisotropic
precipitate structure formed at the nanoscale level was discovered, due to macroscopic texture,
together with the inhomogeneity of the vessel raw material [32].

An AISI 316L steel specimen was submitted to cyclic surface heating and simultaneously
cooled by low pressure water flowing through channels across the specimen, simulating
thermo—mechanical RS linked with the pulse nature of thermonuclear fusion reactor, in order
to assess these RS by ND as a function of depth along a line from surface to central hole axis
[33].

Base and welded metal of a 100 mm thickness sample cut out from a 08H18N10T austenite
stainless steel plate, wire welded in electric arc and submitted to HT, cooling down in water
from the initial temperature of 1050°C, were probed by SANS. The cross sections showed three
fractions of point like defects, having a larger amount (by factor 5) in the base metal as
compared to the welded one [20].

A feasibility study was performed for a SANS investigation of P91 martensitic steel
(9Cr1MoVND) specimens obtained by cutting 24” pipes, having a thickness of 14 mm and
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submitted to 30008000 hours accelerated creep tests consisting in 7,000 start cycles after
100,000 hours with a max. gradient<10°C/min, contained longitudinal welds in straight parts
and double axial welds in the connections. The test temperature ranged from ~545°C to ~625°C,
while the test pressure was ~50bar. The HT caused the growth of some precipitates, of which
SANS allows obtaining information on characteristics (i.e., number and size distribution) by
knowing their chemical nature (e.g., CrsCa3 carbides). SANS investigation was considered for
samples (including welds) before and after the test, to study nano- and micro-structural changes
(e.g., nano-defects and voids). The main aims of this creep tests were:

— to determine, before reaching the 30,000 operative hours, the accelerated data that facilitate
the prediction of the stress/strain level at 100,000 hours
— to contribute to the elaboration of constitutive equations (representing the strain as a
function of temperature and stresses, also taking into account the voids’ changes after HT)
able to perform interpretative analyses of effects such as temperature, strain and RS, as a
correct step to study the relations with primary/secondary phases of the creep [28].
Austenitic stainless steel with the GOST mark 08X18H10T is adopted, e.g., to built reactor
internals, collectors of parogenerators and loop pipelines of the primary circuit. Maintenance
and repair of primary circuit components involve high nickel weld filler. RS determination by
ND was carried out on NPP construction parts made of austenitic stainless steel coated with
high-nickel alloy, in order to prove the mechanical analysis and to verify RS determination on
welded material by numerical computer welding simulation. Measurements were performed on
25 and 15 mm thick samples, obtaining normal and transverse RS components [34].

NBT can contribute also to the study of other materials and parts linked with decommissioning
of NFs including nuclear waste treatment. Study of dense cements, ceramics and related
materials (e.g., cement stones) is significant to create novel advanced components for nuclear—
safety related structures, with high functional properties (such as ageing resistance, cracks’
formation, hardness, durability, stability of mechanical modules and ecological criteria). These
high-performancematerials can be considered as constitutive of corrosion resistive coatings for
nuclear waste containers.Knowledge of their thermo-physical properties in broad temperature
and moisture ranges is important for realistic modelling of potential accidents in NPPs
[35]. Conventional investigations of cements, including those for nuclear industry, use standard
methodologies to get information on aspects primarily related to micro-structure, fatigue
behaviour and computational mechanics. These investigations rely essentially on standard tests,
theoretical studies and simulation-based analyses. Porosity, e.g., is a main parameter for
cement, affecting mechanical and heat-insulation features. This parameter is generally assessed
through gravimetric techniques, gas and liquid porosimetry (e.g., mercury intrusion
porosimetry) and acoustic methods [36]. A campaign of various SANS investigations was
carried out by the Rogante Engineering Office on polymer cement concretes made of Portland
cement with added nano Al,Os (y type) mixed with PAV 22 polymer, produced by the Institute
of Material Sciences and Metallurgy of the Ural Federal University, Yekaterinburg, Russian
Federation. Results concern significant data on basic parameters connected with degradation,
fracture and other phenomena: they are related in particular to the size distribution of nano-
sized pores, which can help to comprehend the structural basis for the physico-chemical
properties and thus to improve quality and durability of the considered materials, allowing a
more reliable lifetime assessments. These results can contribute to optimise the material's
consistency, the design of operating conditions of structural elements and the design of the
procedures that support ecological criteria and enhance quality and safety levels [37-40].

Various other neutron studies have been carried out concerning radiation damages in aged
materials of NFs, e.g. [41-44]. The nanostructure of SAV-1laluminum alloy, as constructional
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material of a WWR-M reactor core (e.g., reactor vessel, support grid) was examined by SANS
for an original sample and a sample-witness with accumulated the high dose 2.25-10?! n/cm? of
fast neutrons in reactor zone. As a result, the presence was detected of nano-phase inclusions
(Mg2Si and Si) having gyration radii R ~ 3-40 nm. The irradiation produced a reduction of
the volume fraction of large entities as well as the increase of content of smaller particles (size
~ 8; 20 nm), as a fragmentation of large entities under irradiation since the total area of particles
surface did not change [44].

The final stage of the NF life cycle can involve both mechanical and hot cutting processes such
as plasma torch and oxyacetylene arc metal. Analyses performed on pipes and plates exposed to
the reactor coolant steam - by use contaminated components below the free release level of
1-10* Bq/m?, not yet considering radioactivity - allowed accurate estimations of the chemical
and physical characteristics of the emissions produced during hot cutting tests, as well as
technical parameters such as cutting time and cutting rate vs. pipe diameter or plate thickness.
The results focused on a comparison of the effects of plasma and oxyacetylene cutting processes
and the chemical composition of the dusts collected by filtering the gaseous emissions [45-49].
For instance, Fluoropore™membrane filters (hydrophobic polytetrafluoroethylene membrane
bonded to a high density polyethylene support) having a thickness of 150 um a pore size of 1
um and a 85% porosity, used to capture the gaseous emissions, were investigated by SANS.
The inhomogeneities forms distribution was evaluated in the range 10°+10* A, achieving
information complementary to those obtained by transmission electron microscopy (TEM):
while SANS supplied data on nano- and micro-structural characteristics, averaged on a volume
in the range between 1 mm?® and 1 cm?®, TEM referred to very limited surfaces. Fig. 3 concerns
SANS graphs of two different used Fluoropore™membrane filters (in the picture, shown as
fixed in the respective sample holders).
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Fig. 3. SANS graphs of two different Fluoropore™membrane filters used to capture the dusts
of gaseous emission produced during plasma torch and oxyacetylene cuts of pipes and plates of
a NPP during decommissioning.

Such graphs, despite a good scattering - with a Porod exponent close to 4 that means that the
scattering objects have sharp surfaces -, show very low differences between the two investigated
filters.

Conclusion

Safety of NFs and the need to eliminate any possible technological risk makes the most real a
development of methods to forecast exploitation resources of nuclear installations.

The NF decommissioning activity is a real opportunity to carry out important comparative
studies in depth of nano- and micro-structural features and difectoscopy of aged parts exploited
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for very long periods (in practice > 20-30 years) and fresh prepared samples, in order to found
relationships between defects' characteristics and macroscopic functional properties of
materials.

This is a key factor especially to progress new NFs components and their constitutive materials,
contributing in the assessment of their suitability, since the more deep understanding of their
behaviour.

Neutron techniques represent a valuable advance, helping to better study ageing and creep
processes and to develop the knowledge of various safety-related properties and other important
features of the involved materials.
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TETRAPODS BASED SMART MATERIALS FOR ADVANCED TECHNOLOGIES

Reza Abolhassani !, Fateme Mirsafi !, Horst-Giinter Rubahn !, Yogendra Kumar Mishra !
' Smart Materials, NanoSYD, Mads Clausen Institute,
"University of Southern Denmark, Alsion 2, 6400, Senderborg, DENMARK

Abstract

Considering the size dependent utilization complexities of nanoscopic dimensions towards real
applications, the focus of nanomaterials community is merging to three-dimensional (3D) form
of materials which are built out interconnected nanostructures. This talk will briefly introduce
the importance of complex shaped nanostructures towards smart 3D nanomaterials structuring.
A simple flame based single step approach was developed for synthesizing zinc oxide tetrapods
which demonstrated many applications in different technologies. These tetrapods have been
used as building blocks to construct highly porous interconnected 3D nanonetworks in form of
flexible ceramics which offer further new application avenues. Additionally, these 3D networks
have been utilized as sacrificial templates to develop hollow tetrapodal 3D networks from
almost any desired material, carbons, nitrides, oxides, polymers, hydrogels, etc. The sacrificial
template-based strategy offers new and unique opportunities in the direction of 3D
nanomaterials engineering and accordingly advanced technological applications. Some
examples of 3D nanomaterials engineering will be demonstrated alongwith their applications
[1-10]. The scopes of 3D nanostructuring based smart materials in sensing, electronics,
optoelectronics, energy, and biomedical engineering will be briefly highlighted in the talk.

Keywords: Smart materials; Tetrapods, Hybrid Nanomaterials, Advanced Technologies
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GROWTH OF IRON DIBORIDE LAYER ON SAE 1020 STEEL BY FOUR
APPROACHES
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Matériaux, Bab-Ezzouar, Algiers, Algeria

Abstract

The pack-boriding kinetics of SAE 1020 steel has been studied through utilizing four
mathematical approaches in case of the formation of iron diboride layers. For each model, the
values of boron diffusivity in Fe2B in the range of 850 to 950°C with incubation times included.
Finally, the models were put to the test by comparing the predicted results to the simulated
values of Fe;B layer thickness determined at 925°C for 6 hours.

Keywords : Boriding, Iron Diboride, Kinetics, Activation Energy, Diffusion Models.
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1. Introduction

Protecting the surfaces of metals is protecting the metal itself. Because corrosion, which starts
at a tiny point on the surface, progresses towards the inner parts of the metal over time, and
corrosion and decay occur. This shortens the economic life of the metal in use. Considering that
20% of the iron produced annually is disabled in this way, it can be understood how important
properties are. The development of high-performance surface coating materials and the search
for new coating techniques have always been important to the metal coating industry (Gabe
1978, Tanwer et al 2022, Jiang et al 2022, Zhou et al 2022). Wetting behavior of solid surfaces
is a very important issue for materials science and basic research. Since it has many potential
application areas, intensive studies have been carried out on this subject in recent years (Xin et
al 2022). The hydrophobicity properties of material surfaces can be modified by the application
of nano-coatings. A hydrophobic (water repellent) coating is prepared by lowering the surface
energy of the material (Fig. 1). Low surface energy causes water droplets to roll off the surface,
taking the form of beads. Metal, glass, ceramic, textile, plastic etc. The aim of this work is to
increase the corrosion resistance of the Titanium surface by creating water-repellent
(hydrophobic) surfaces.

Fig. 1 Hydrophilic and hydrophobic surfaces (Int ref 1).

Contact angle is the quantitative measurement of the amount of a solid wetted by a liquid. If
the contact angle is less than 90°, the liquid wets the surface; If it's greater than 90°, it means
it's not getting wet (Oztiirk 2019).
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2. Sol-gel Processing

Sol-gel method is a coating technique applied to improve the surface properties of glass,
ceramic, metal and plastic substrates and to gain new properties (such as optical, electronic,
chemical and mechanical)(Klein 1988, Siti Sumaiyah et al 2014, Mindivan 2013).

Dip Coating

Spray Coating

Flow Coating

Spin Coating

Laminar Coating

Roll Coating

Printing (Augerter et al 2008).

Figure 2 shows the stages of dip coating.

Substrate
Coating

Step 1 Step 2 Step 3 Step 4
Fig. 2 Steps of dip coating process (El-Desoky et al 2020)

The thickness of film is usually calculated by the Landau-Levich equation (eq 1) (Faustini et al
2010).

P2
h=0.94 (_‘f L
Y (.-i:'g] -
(1)

Here;
h : film thickness n : viscosity of liquid
U : dipping rate yLv : liquid-vapour surface tensionr
p :density of solution g :gravity
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3. Materials and Method

Precursors :

TEOS (C8 H20 O4 Si),

Etanol (C2 H6 0),

Heptadecafluoro-1-decanethiol HDFT ( C10 H5 F17 S)

Nitric Acid (HNO3)
0.1 mol TEOS (20.8 g) Etanol (71 g)
> Mixing <«———
04molSu (72¢) Mixing
0.006 mol HNO, (0.4 g) Mixing
Sol
CioHsF;5 S Mixing _— Sol — gel
(0.50,0.1 and 1.5 @)
Fig. 3 Flow chart of experiment.
Table 1. Prepared compositions
Code Solution Amount by weight %
S1 Undoped solution 0
S2 Heptadecafluoro-1-decanethiol doped 0,5
S3 Heptadecafluoro-1-decanethiol doped 1,0
S4 Heptadecafluoro-1-decanethiol doped 1,5

As shown in Fig. 3, synthesis of silica sol by sol-gel process by using TEOS solution of, water
and ethanol mixed in erlenmeyer. The mixture is stirred using a magnetic stirrer for 2 hours.
The addition of 0.006 mol HNO3 (0,4 g) is carried out periodically dropwise. Then, by adding
different amounts of additives (Heptadecafluoro-1-decanethiol), the compositions were
prepared (Table 1). The prepared solution was coated on the metal substrate with a dip coating
device. The coated thin film was dried at room temperature and then in an oven at 105°C. Then
heat treatment was applied at 180 degrees in the oven. The contact angle measurement was
determined with the KSV Attension Theta Lite TL 101 Optical Tensiometer (Fig. 4).
Morphological examination of the formed thin films was made with the JEOL 6360 LV model
scanning electron microscope (Figure 5).
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4. Results

.

S1 CA=78°

Fig. 4 Contact angles of coated samples

The increase in HDFT contribution caused an increase in the contact angle. The maximum
contact angle was obtained with 1.5% added composition. As a result, the hydrophilic metal
surface was converted to the hydrophobic form. Corrosion resistance is increased with the
water-resistant surface.

From the SEM images in Figure 5, it is seen that the coating thicknesses are between 10 and 12
pum. The coatings were obtained as homogeneous and smooth.
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Fig. 5 SEM images of cross section of samples.

5. Conclusion

In the study, hydrophobic coating process was applied to the metal surfaces with the sol-gel
technique using fluoro alkoxy silane compound.

In order to increase the superhydrophobic behavior of the surfaces, the contact angle was
increased with amount of fluoro alkoxy silane. The maximum contact angle value was obtained
with 111°.

The surfaces of the prepared samples were given a hydrophobic (water repellent) feature, and
corrosion resistance was increased by preventing the formation of corrosion (oxide layer)
caused by effects such as water and moisture.
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Ozet

Bu ¢alismada, agirlik¢ca % 0.25 Cok Cidarli Karbon Nanotiip (CCKNT) ile agirlik¢a farkl
oranlarda (% 0.25, 0.5 ve 0.75) nanoSiO> pargacikli epoksi esasli nanokompozitlerin liretimi ve
mekanik 6zellikleri incelenmistir. ASTM D638-10 standardina gore iiretimi yapilan epoksi
esasli hibrid nanokompozitlerin ¢ekme numuneleri sabit ¢ekme hizinda ¢ekme testine tabi
tutulmustur. Modifiye edilmis epoksi hibrid nanokompozitlerin maksimum ytikleri, ¢ekme
dayanimlari, elastiklik modiilleri, tokluklar1 ve birim sekil degistirme degerleri hesaplanmis
olup, bu testin sonucunda bu 6zellikler epoksi numuneyle kiyaslanmigtir. Referans numune ile
agirlikca % 0.25 oranindaki CCKNT ve agirlik¢a % 0.5 oranindaki nanoSiO» pargacik takviyeli
nanokompozitin maksimum yiikleri sirastyla 1730 N ve 1875 N olup, 0.25CNT+0.5 nanoSiO»
epoksi esasli kompozit % 8 oraninda artig gdzlemlenmistir.

Anahtar Kelimeler: Cekme Dayanimi, Epoksi Nanokompozitler, MWCNT, Nano SiO».
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Ozet

Bu ¢aligmada yiiksek-yogunluklu polietilen (HDPE) matrisli karbon, bazalt ve kokonat fiber
takviyeli (%10 ve %30) kompozitlerin kayma aginma davraniglar1 incelenmis olup, asinma
oranlar1 ile siirtinme katsayilar1 arasindaki iliski arastirilmistir. Kompozitler ergiyik
harmanlama yontemi ile iiretilmis, uyumlastirict olarak maleik anhidrit-asili polietilen (PE-g-
MA) kullanilmistir. Ek olarak kokonat fiberlerin matris malzemesi ile karisabilirligini bir adim
daha artirmak i¢in sodyum hidroksit (NaOH) ¢ozeltisi i¢inde alkali yiizey islemi uygulanmaistir.
Asinma testleri 6zel iiretim bir ball-on-disk tribometresi kullanilarak kuru kayma sartlarinda, 5
N normal yiik ve 1100 dev/dak kayma hizinda agik atmosfer kosullarinda tamamlanmastir.
Yapilan tribo-testler sonucunda, kullanilan tiim bilesimlerdeki kompozitlerin siirtiinme
katsayilarinin saf HDPE’den yiiksek oldugu tespit edilmistir. En diisiik siirtiinme katsayisina
0,121 ile saf HDPE’de ulasilmistir. %30 bazalt fiber iceren HD-BF30 numunesi 0,303 ile en
yiiksek siirtlinme katsayist degerini vermistir. Asinma orani her bir fiber i¢in konsantrasyon ile
artis egilimindedir. Karbon fiber takviyeli kompozitler saf polimerden yiiksek siirtinme
sergilemiglerdir. En diisiik asinma oranina 64x10-6 (mm3 N-1m-1) ile %10 karbon fiber iceren
kompozitte ulagilmistir. Kokonat fiber takviyeli kompozitler karbondan sonra ikinci en yiiksek
asinma direncine sahip kompozitler olup, ayn1 konsantrasyonda bazalt fiberden daha yiiksek
asinma direnci gostermislerdir. En yiiksek asinma orani1 177x10-6 (mm3 N-1m-1) ile %30
bazalt fiber iceren kompozitte goriilmiistiir. Sonug olarak karsilagtirilan fiberler igerisinde
karbon fiberin diisiik siirtlinme ve yliksek asinma direnci anlaminda diger fiberlere gore {istiin
oldugu bulunmustur. Fiber tipine gore siirtiinme katsayisi ve asinma oran1 degerleri degiskenlik
gosterebilmektedir.

Anahtar Kelimeler : Yiiksek-Yogunluklu Polietilen, Karbon Fiber, Bazalt Fiber, Kokonat
Fiber, Asinma Orani, Siirtinme Katsayisi.
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1. Introduction

The sol—gel process is a wet chemical method also defined as chemical solution deposition.
This method is a simple, fast, and economical route in which nanomaterials can prepared
functional coatings through dip-coating, spin-coating or spray-coating methods, The sol-gel
process has several steps such as: hydrolysis, condensation, gelation, aging, drying (Lin et al
2022, Zhang et al 2022). A superhydrophobic surface refers to a type of surface where the WCA
is greater than 150° . The surface of a lotus leaf is one example of superhydrophobicity (Jin et
al 2022, Wang et al 2022). The superhydrophobic surfaces can be obtained by chemical vapor
deposition, phase separation, hydrothermal, sol-gel, etching, one-step dip-coating, layer-by-
layer deposition, and electrodeposition, etc (Wu et al 2022, Zhu et al 2022). The
superhydrophobic surfaces exhibit some properties such as self-cleaning, anti-icing, anti-
fouling, anti-fogging, oil-water separation, anti-corrosion, and membranes (Zhu et al 2022).
The wetting type of surfaces can be classified into hydrophilicity and hydrophobicity, which is
shown by Wenzel and Cassie—Baxter in Fig.1 and 2 (Zhang et al 2012).

Air pocket

90" <6<180°
Fig. 1 (a) Wenzel (hydrophilic) surface. (b) Cassie—Baxter (hydrophobic) surface.
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Fig. 2 Contact angles of surfaces (Evcin et al 2018)
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Fig. 3 Schematic diagrtam of the different routes of the sol—gel process (Brinker and Sherer,
1990).
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In this study, we reported a novel, cheap and simple route that combines the sol—gel process
(Fig. 3) and dip-coating method to prepare superhydrophobic coatings.

2. Materials and Method

RTV 664 A Silicone

e RTV 664 B Silicone

e Lam glass

¢ (3 Aminopropyl) triethoxysilane 3-APTES
e Calcium carbonate CaCOs

e Zn Stearate Zn(CisH3502)>

e C(Ca Stearate Ca(Ci3H3502)>

e Boron Carbide B4C

RTV 664 A silicone
RTV 664 B silicone

Uncoated glass
surface CA

- Weighting

measurement

*Calcium carbonate
* 7n stearate

*Ca stearate

*Boron Carbide l

4 N

*Pure RTV 664 A/B

*%10 CaCO3 Drivi Coating by film
*%10 B4C - rying applicator
*%10 Zn stearate

*%10 Ca stearate

M’

Fig. 4 Flow chart of experiment

After cleaning the glass substrates to be used, Silicon A/B and 3-APTES were put into the
beaker and mixed. Different fillers were added to it and placed in a magnetic stirrer and allowed
to mix for 10 minutes (Fig. 4). Film was taken on glass surfaces with a film applicator. Drying
films were characterized. In the experiments, the contact angle measurement was made with
the KSV Attension Theta Lite TL 101 Optical Tensiometer (Fig. 5). Morphological examination
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of the formed thin films was made with the JEOL 6360 LV model scanning electron microscope

(Figure 7).

3. Results and Discussion
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Fig. 5 Contact angle of different coatings
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Fig. 6 Contact angle versus coating compositions.

As seen in Figures 5 and 6, all other coatings show hydrophobic properties compared to
uncoated glass. In fact, the Ca-stearate filled silicon coating exhibited superhydrophobic
properties. The maximum contact angle is 153 degrees for this coating.
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Fig. 7 SEM images of coatings.

As seen in Figures 5 and 6, superhydrophobic properties were obtained in Ca stearate filled
silicon films. As seen in Figure 7, the surface and cross-section are homogeneous.

4. Conclusion

In this study, it was planned and successful to create surfaces that do not like water, to obtain
self-cleaning surfaces that are not affected by dirt and dust.

It has been observed that Calcium Carbonate reduce the contact angle compared to the contact
angle of the silicon coated glass without additives, while Boron Carbide, Zn Stearate and Ca
Stearate additives increase the contact angle.

As a result, hydrophobic glass surfaces were obtained.
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1. Introduction

Biomaterials are natural or synthetic materials used to strengthen tissues and cells that cannot
fulfill their function in the body. Such as; treatment of skeletal fractures, heart vessels, hip
prostheses, dental implants, biodegradable sutures etc (Chen and Liu 2016, Fergal 2011, Detsch
et al 2018).

Hydroxyapatite is a calcium salt found in bone and teeth with the chemical formula
Cal0(PO4)6(OH)2. It forms the inorganic part of the bone structure. Calcium phosphate based
HA is used as a bioceramic material due to its biocompatibility. It can be used as the
manufacture of various prostheses , repairing broken and cracked bones, coating metallic
biomaterials (Al-Sanabani et al 2013, Pokhrel 2018, Fiume et al 2021).

Traditionally, the use of titanium has been concentrated in the aircraft, space and marine
industries (Henriques 2009, Peters et al 2003). The metal's durability and rigid structure, low
specific gravity and relative lightness, resistance to high temperatures and resistance to
corrosion have led to its widespread use in these special areas. In recent years, there has been a
significant increase in the medical and dental applications of titanium and titanium alloys (Mott
1951, Eshawish et al 2021, Hoppe et al 2020).

Advantages of titanium alloys;

Best compatibility in long-term implantation,

the probability of a chemical reaction is minimal.

Since it is non-magnetic, it is compatible for MR (Magnetic Resonance).
Due to its low density, it has a low weight.

It is hypoallergenic (less allergic) (Kurup et al 2021, Nicholson 2020)

2. High Velocity Oxy Fuel (HVOF) Coating

In the process, the combustion gases take place in a combustion chamber, the pressures of the
combustion gases can be between 6 and 10 bar. After combustion, the velocity of the gases
released can reach 2000 m/s. The sprayed particle velocity can vary between 500-700 m/sec
depending on the particle size distribution and density (Fig. 1). The ideal spray distance varies
between 220 mm and 380 mm (Cabral-Miramontes et al 2014, Sobolev et al 2004).
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Fig. 1 HVOF gun

3. Materials and Method

In this study calcium nitrate [Ca(NO3)2 4H20] was used as a calcium (Ca) source and
phosphoric acid [H3(PO)4] was used as a phosphorus (P) source. The solutions in two separate
containers were mixed for 30 minutes on a magnetic stirrer. After 30 minutes, phosphoric acid
[H3(PO)4] solution was added to the mixture of calcium nitrate [Ca(NO3)2 4H20] and water,

which was stirred with a continuous stirrer, and mixed together for another 20 minutes.

In the meantime, ammonium was added until the pH of the solution (pH=9.2). After homogenity
was achieved, the mixture poured into the tray. The dried mixture was sintered at 1100 degrees
for 4 hours. It was then ground to 60 microns (Fig. 2).

Fig. 2 Prepared HA powder

20 samples of 1.5 cm length, 1 cm width and 0.2 cm thickness were prepared by cutting with
water jet. 5 samples were coated with hydroxyapatite and 1-2-3% Ti0O2 doped hydroxyapatite

(Fig. 3).
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Fig. 3 Ti substrate

Powder mixtures were obtained by weighing the powder and placed in the gun chamber.
Temperatures of 250° degrees to 300° degrees were reached by burning 1 bar propane gas and
2.3 bar oxygen together. The samples were placed on the panel. It was sprayed onto the sample
at a speed of 1500m/s with 25 cm distance.

Fig. 4. Coating of Ti substrate by HVOF method

Table 1. Prepared compositions

Code Solution

S1 Undoped solution
S2 1% TiO2/HA

S3 2% TiO2/HA

S4 3% TiO2/HA
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4. Results

S4. CA=107°

Fig. 5 Contact angles of coatings

Ra = average roughness value
Rz = the highest peak in the surface profile.
Rm = sum of maximum height and maximum depth for the entire measuring length

Rk = Average of 5 highest and 5 lowest points
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Fig. 6 Surface roughness of coatings
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The samples were placed in the body fluid and their corrosive behavior in the body was
examined. The changes in the amount of the substance were examined after the drying process
by keeping it in the body for 4, 7, 14, 21 and 28 days. For 1, 2 and 3 percent Ti02, 4, 7, 14, 21
and 28-day tests were performed separately.

Fig. 7 Samples in SBF solutions.
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Fig. 8 Results of immersion tests

Weight gain rises with the increase of the immersion time of uncoated and coated samples
in the SBF (Fig. 8). It can be said from the results that the doping of TiO2 directly affects
nucleation and growth of apatite on the Titanium surface .
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Fig. 9 XRD paterns of undoped and doped HA powders.

X-ray powder diffraction patterns for samples are shown in Fig. 9. All powder showed
only diffraction peaks due to hydroxyapatite (ICDD ref: 01-074-0566. Fig. 9 shows the XRD
pattern of the perovskite CaTiO3. All of the diffraction peaks of CaTiO3 can be indexed to the
orthorhombic CaTiO3 perovskite with the reported data of JCPDS No. 42-0423.

The samples were coated with bakelite. The sample surface was polished by passing through
120, 240, 320, 400, 600, 800, 1000, 1200 sandpapers, respectively, and then the images by the
SEM were obtained.
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Fig. 10. SEM images of coatings.

5. Conclusion

TiO2 doped HA coating was successfully applied on the Ti implant. TiO2 additive
reduced the surface contact angle. The increase in the amount of TiO2 in HA in the bioactivity
test caused the Ti implant to gain weight positively. This weight increase indicates that HA
nuclei are formed on the HA layer. In XRD analysis, phases formed in pure HA and TiO2 doped
HA powders were determined. It was observed that CaTiO3 was formed with Calcium in HA
in TiO2 contribution and it was attached to the structure by chemical bond.
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RECYCLABLE MATERIAL
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Abstract

“Cocoon planter” is a water-efficient technology that helps trees to survive with little irrigation
even in desert-like climates. It provides a safe shelter from the harsh surrounding environment
and an adequate water for irrigation of first critical year of tree. Cocoon Planter is basically an
Innovative technologies of planting and foresting to people living in arid and semi-arid
climates.In our Cocoon Planter we aren’t using the standard materials that are being used until
now by Land Life and Groasis Companies. Instead we are using an indigenous material that are
available in Pakistan to make the Cocoon Planter.

Keywords : Cocoon Planter, Water-Efficient Technology, Recycle
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SYSTEMATIC REDUCTION OF CASTING DEFECTS WITH THE HELP OF
MODELING AND SIMULATION
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I'NED University Of Engineering and Technology, Materials Engineering Department

Abstract

Sand casting, also known as sand molded casting, is a metal casting process characterized by
using sand as the mold material. Over 60% of all metal castings are produced via sand casting
process. Modeling refers to creation of a 3d model using a CAD software. It is then exported to
a CAE software for Simulation or to a CAM software for manufactur-ing. Simulation is the
imitation of a situation or process on a CAE Soft-ware. It is used for the purpose of thermal
analysis, removing defects, optimization etc. It includes designing a 3d model on a CAD
software, exporting it to a CAE software for simulation, filling in the parameters, and observing
the results.

Keywords : Sand Casting, Metal Casting, Cad

71



1%t International Symposium on Characterization 08-09 October 2021, Turkey

DESIGN AND DEVELOPMENT OF SUPERCRITICAL DRYING SYSTEM (SCD)
FOR SILICA AEROGEL PRODUCTION

'M.Saad Khan, ! Usama Khan, ! Ahazam Ansari, ! Tayyab Azad Khan

'Ned University of Engineering and Technology Karachi Department of Materials
Engineering

Abstract

Aerogels belongs to an innovative class of advanced materials with applications ranging from
heat transfer to fluid separation processes. This research study focuses on the development of a
Super critical drying (SCD) systems which is an integral part to produce fine quality aerogels.
A typical SCD system consists of a high pressure chamber (up to 100bar) with temperature
range of 50°C. After research and the group has completed the procurement of the SCD parts,
and assembly of the system[2]. This SCD system was designed and developed and the synthesis
of Silica aerogel was performed by using different organic chemicals i.e TMOS, Methanol,
Ammonium Hydroxide. The study aims at synthesis of silica-based aerogels using phase one
SCD system and got the final product which is Silica Aerogel. [2] The silica aerogel is
characterized by using Scanning Electron Microscopy, X-ray Diffraction and Fourier
Transfrom Infrared Spectroscopy to conclude the final product which is Silica Aerogel.

Keywords: Silica Aerogel, Advanced Materials, Super Critical Drying
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JOINING AND ANALYSING THE EFFECT OF TIG AND FS-WELDING ON
NONFERROUS ALLOYS

M.Hassan Bin Shaukat!, S.M AbuTalib Zaidi !, M.Shariq Hasnain '

'Ned University of Engineering and Technology Karachi, Department of Materials
Engineering

Abstract

Joining is a fundamental manufacturing process that is essential for making any assembly such
that jet plane could never be possible to form in a single piece.In joining category, welding class
has strongest and permanent joint moreover welding result in changing metallurgical,
mechanical and physical properties in weld and near weld region. In the current research, TIG
welding is applied to overcome welding problems in nonferrous alloys whereas FSW welding
is adopted to replace fusion (TIG) welding because of various metallurgical, environmental and
mechanical strength disadvantages occurred in fusion welding.

Keywords : TIG welding, FS-Welding, Nonferrous Alloys
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SIMULATION OF BORIDING KINETICS OF AISIT 1 STEEL BY INTEGRAL
MODEL

Brahim Boumaali '*

! University of Science and Technology Houari Boumediene, Laboratoire de Technologie des
Matériaux, Bab-Ezzouar, Algiers, Algeria

Abstract

AISI T1 steel was hardened by the solid boriding process in the temperature range 1123-1273K,
for a period of 2 to 8 hours. A kinetic model, based on the integral method, was applied to the
growth of a single boride (Fe2B) layer on the surface of AISI T1 steel.The activation energy
for the diffusion of boron in AISI T1 steel was estimated at 213.03 kJ mol-1 and a comparison
was made with other values available in the literature.A satisfactory concordance has been
observed when comparing the experimental values of Fe2B layers’ thicknesses with the
predicted results. This diffusion model has been validated experimentally by considering two
additional boriding conditions.

Keywords : Boriding, AISI T1 Steel, Integral Model
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DESIGN AND DEVELOPMENT OF GREEN COMPOSITES USING NATURAL
FIBERS

Hafiz Muhammed Bilal Hussain !, Muhamed Sami Khan !, Ebad Hassan Khan'!

'Ned University of Engineering & Technology Department of Materials Engineering

Abstract

Green composites are basically sustainable composites materials that are combination of
Natural Fibers and Natural resins. Importance of these materials is biodegradability, use of
natural material and strength, due to these characteristics they have gained a lot of importance
in the field of Materials engineering. The overview of the project is as follows; To Develop a
fiber reinforced green composite having gelatin matrix reinforced with natural fibers (include
coconut, banana and sugar cane). To Compare the mechanical properties of different fibers
reinforcement in a similar matrix. To Compare the effect of fiber length (different Grades of
Fibers) on mechanical properties of a similar material in same matrix. Fibers were collected
from the warehouse and then shredded and boiled in hot water in order to remove
contamination. Banana & Sugarcane fibers are rich in sugar so their boiling is mandatory to
remove the juicy liquid from them. After boiling in hot water for half an hour they were filtered
and then dried in air for five days. After complete drying they were subjected to grinding to
obtain a workable size of them to proceed further for composite making. According to the given
composition matrix was prepared and then fibers are embedded in mold and samples are

prepared through hand layup process.

Keywords : Green Composites, Natural Fibers, Natural Resins, Biodegradability
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DESIGN OF EXPERIMENTS (DOE) FOR THE DEVELOPMENT OF GREEN TYRE
TREAD BY REDUCING CARBON WITH ECO-FRIENDLY FILLER
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Abstract

Design of experiments(DOE) is defined as a branch of applied statistics that deals with
planning, conducting, analyzing, and interpreting controlled tests to evaluate the factors that
control the value of a parameter or group of parameters. DOE is a powerful data collection and
analysis tool that can be used in a variety of experimental situations. DOE is suitable for a
condition where more than one in put factors are suspected of influencing the output. For
instance it maybe desirable to understand the effect of binder and pigment on the adhesion of
paints. Or one want to analyze the effect of temperature, pressure and alloying elements on a
steel alloy. Or the one is evaluating the tire performance on the basis of various factors in the
recipe. So precisely it is applicable for all the industries dealing with recipes for the product
development. Through DOE, you can deal with even up to 6 or 8 factors of that particular recipe.
It is a one time effort approach resulting in the production to be tim effective, free of vaining
raw materials, efficient, as results compiled on the basis of equations/designed models. From
the obtained results it can be analyzed that the motive which is to minimize the rolling resistance
yet with better traction has been achieved throgh DOE based investigation, Thus an healthy eco-
system can be established with lowest amounts of fuel consumption.

Keywords : DOE (Desing of Experiments), Carbon Reducing, Eco-Friendly
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DESIGN & DEVELOPMENT OF CERAMICS FOR THERMOPOWER
APPLICATIONS
Syeda Sabika Fatima !, Faaz Ahmed Khan !, Muhammad Ahmed Raza !, Muhammad Usman
"Ned University Of Engineering And TechnologyDepartment Of Materials Engineering

Abstract

Strontium titanate(STO) ceramics were synthesized by solid state sintering using strontium
carbonate and titanium dioxide. The samples were doped with bismuth oxide and iron oxide in
different proportions. Compound to be formed as thermoelectric ceramic consist of
SrBiTiFeO3. With the help of this project we learned that how thermoelectricmaterial ceramics
can be of great importance other than their high temperature and corrosion resistance properties.

Keywords: Strontium Titanate, Thermoelectric Ceramic,

77



1%t International Symposium on Characterization 08-09 October 2021, Turkey

PHOTOCATALYTIC DEPOSITION OF HIERARCHICAL STRUCTURES
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Abstract

Noble metal (Au, Ag, and Pt, etc.) hierarchical structures have been received remarkable
attention during the last decades, due to their special shape, high surface area, electronic, and
catalytic properties. Especially, the incorporation of these hierarchical structures with wide-
bandgap metal oxide semiconductors such as titanium oxide (TiOz) and zinc oxide (ZnO) has
been shown many times for various applications such as photocatalysis > water splitting, self-
cleaning®, biomolecular detection, sensor applications, and so on. There are various studies
about the synthesis of hierarchical structures with well-defined size and morphology in the
literature. However, it is still a challenge to achieve good adhesion between hierarchical
structures and metal oxide surfaces, especially with TiO> thin film. Therefore, some approaches
(seed-mediated growth, etc.) have been published to enhance the adhesion of metallic
hierarchical structures on TiO; thin film by using some binder molecules (thiols and silanes,
etc.). Mostly organic molecules are used for binding metallic hierarchical structures with a solid
substrate. However, these may decrease the surface conductivity and contaminate the surface
which affects the performance of the hierarchical structures. Similarly, electrodeposition
methods can also be used to prepare metallic hierarchical structures on solid substrates. But the
electrodeposition process is only applied on the conductive substrate such as indium tin oxide
(ITO). Therefore, there is a need to prepare stable Au or Ag hierarchical structures on TiO; thin
films without using any organic molecules (binders) or a conductive electrode. Here, we
demonstrated a novel photocatalytic deposition approach for preparing Au and Ag hierarchical
structures on TiOz thin film surface by UV illumination with strong chemical adhesion for wide-
range applications such as photocatalytic degradation of organic contaminants, self-cleaning
and oil-water separation. This method allows the controlling the geometry, size, and distribution
of such Au and Ag hierarchical structures on TiO; thin film by simply changing the deposition
solution, photocatalytic activity of metal oxide, UV illumination intensity, and time.

Keywords: Hierarchical, Metallic and Bimetallic Structures, Photocatalytic Deposition,

Ti0O,Thin Film
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WO;3 VE TEO; iLAVESININ BAZALT CAMLARININ RADYASYON ZIRHLAMA
OZELLIKLERI UZERINDEKI ETKILERI

Bilgehan Giiven'*, Ediz Ercenk', Senol Yilmaz'

! Sakarya Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi Boliimii,
Sakarya, Tiirkiye.

Ozet

Bu calismada dogal volkanik kaya¢ bazalttan elde edilen camin radyasyon zirhlama
uygulamalarinda kullanilabilirligi aragtirilmistir. Kirma 6giitme sonrasi toz hale getirilen bazalt
kayacina agirlikca % 30 WO3 ve TeO: katilarak elde edilen bilesimler homojenizasyon i¢in
bilyali degirmende karistirma islemine tabi tutulmustur. Katkisiz, WO3 ve TeO; katkili olarak
hazirlanan 3 bilesim 1500 °C’de ergitilerek bazalt camlari elde edilmistir. Katki maddelerinin
bazalt camimin radyasyon zirh kabiliyeti {izerine etkilerini incelemek amaciyla camlarin 276,
302, 356 ve 383 keV enerji degerlerinde lineer zayiflatma katsayilari, yari-deger kalinlik ve
ortalama serbest yol degerleri elde edilmistir. Elde edilen degerler ele alindiginda katki
maddelerinin bazalt caminin radyasyon zirhlama 6zelligini arttirdiklar: tespit edilmistir. Ayrica
WOs ilavesinin bazalt caminin zirhlama kabiliyetini arttirmada TeO; ilavesinden daha iyi etki
ettigi goriilmiistiir.

Anahtar Kelimeler: Bazalt, Cam, Radyasyon Zirhlama.

* lgili yazar e-posta: bilgehanguven07@gmail.com; bilgehan.guven2@ogr.sakarya.edu.tr
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FONKSiYONEL DERECELENDIRILMIS Si:Ns ESASLI SERAMIKLERIN
URETIMINDE FARKLI SOGUK iZOSTATIK PRES (CIP) BASINCLARININ
ETKISININ INCELENMESI

Beyza Kasal'.>*, Ertancan Babag'.2, Yasemin Tabak',Bayise Kavakli Vatansever',Aysen
Kilig', Metin Usta',?

'TUBITAK Marmara Arastirma Merkezi, Malzeme Enstitiisii, Gebze, Kocaeli, Tiirkiye

>Gebze Teknik Universitesi, Malzeme Bilimi ve Miihendisligi Béliimii,
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Ozet

Silisyum nitriir seramikler sitotoksik olmamasi, yiiksek kirilma toklugu, uzun 6émiirlii olmasi,
asinma direnci ve diislik stirlinme katsayis1 gibi tistiin 6zellikleri nedeniyle biyo uygulamalarda
giin gectikce daha fazla kullanim alani1 bulmaktadir. Bu ¢alismada, serit dokiim yontemi ile
biyomalzeme uygulamalarinda kullanilmak {izere fonksiyonel derecelendirilmis SizNg
malzemesinin, organik bazli siispansiyonlarinin hazirlanmasi ve hazirlanan seritlerin farkl
soguk izostatik pres basincinda (1000-1500-2000-2500 bar) preslenmesi hedeflenmistir.
Kullanilan hammaddelere XRD, SEM, tane boyut analizi yapilip hazirlanan slispansiyonun zeta
potansiyeli ve reolojik Ol¢limleri yapilmis, optimum kosullarda dokim islemi
gerceklestirilmistir. Yapilan deneysel calismada ana hammadde olan Si3N4’iin disinda solvent,
baglayici, plastiklestirici, sinterleme katkis1 ve por yapict (grafit tozu) gibi ilaveler
kullanilmistir. Hazirlanan siispansiyonlar 18 saat karistirilmis ve serit dokiim cihazi ile dokiim
yapilarak ham seritler elde edilmistir. Ham seritler kurutulduktan sonra belirlenen boyutlarda
kesilip 4 farkli porozite oraninda (her katman 5 serit olacak sekilde) lamine edilmistir. Ardindan
iiretilen silisyum nitriir seritlerin sekillendirmesi i¢in ise soguk izostatik presleme (CIP)
yontemi kullanilmistir. Sekillendirilen parcalara baglayici giderme islemi uygulanmis olup
ardindan hava ortaminda 1500 °C’de sinterleme iglemi yapilmistir. Sinterlenmis olan poroz
numunelerin taramali elektron mikroskobu (SEM) ile yapilan mikroyap: analizlerinde seritler
arasindaki baglanma, grafitin por olusumuna etkisi, por yapist ve dagilimi, sinterlenmenin
gelisimi incelenmistir. Sinter sonrast XRD analizi yapilarak fazlar incelenmis olup sonuglarin
degerlendirmeleri yapilarak beklenen 6zellikleri saglayan CIP basinci secilerek proses optimize
edilmistir.

Anahtar Kelimeler: Silisyum Nitriir, Fonksiyonel Derecelendirilmis Malzeme, Serit Dokiim,
Soguk izostatik Presleme.

* lgili yazar e-posta: b.kasal2020@gtu.edu.tr

80



1%t International Symposium on Characterization 08-09 October 2021, Turkey

KUBBE-i HADRA RESTORASYON CINILERININ KARAKTERIZASYONU

Cetin Oztiirk!”
! Necmettin Erbakan Universitesi, Geleneksel Tiirk Sanatlar1 Boliimii, Konya, Tiirkiye

cozturk@erbakan.edu.tr

1. Giris

En son 1965 yilindaki [Bakirct 2020] restorasyonda yenilenen Mevlana Tiirbesinin ¢ini kaplh
dis cephe duvar yiizeylerinde enine ve dikine derin catlaklar, yer yer kabarmalar, kubbenin ug
kismina dogru kavlama, kopma ve dokiilmeler tespit edilmesi sonucu kubbe restorasyona
alinmustir.

Yaklasik 55 yil dayanan kubbe ¢inilerinde meydana gelen tahribatin nedenleri arastirildiginda
cini plakalar arasindaki derz dolgularinda ¢éziinme ve bosalmalarin oldugu goriilerek yapinin
su aldig1 anlagilmistir. Konya gibi 6zellikle kisin meydana gelen donma ve ¢6ziilme olaylari
duvar kaplama malzemelerinin su emme, basing ve asinma dayanimlarini olumsuz
etkilemektedir. Bununla birlikte kubbeden kopan ¢ini pargalarindaki har¢ kalintilarindan
cinilerin kubbeye ¢imento ile tutturuldugu belirlenmistir. Donemin sartlara gore kullanildig:
diisiiniilen ¢imento ¢ini restorasyonlarinda tercih edilmeyen bir malzemedir. Ciinkii ¢imento
zamanla tuz olusumuna neden olmakta ve olusan tuz nem ve 1s1 etkisiyle kristalleserek cinilerde
catlamalar ve kopmalara yol agmaktadir [Isikhan 2012]. Bu yiizden Kubbe-i Hadra gibi tarihi
yapitlarin dis cephe kaplama malzemeleri yenilenirken, sadece iiretilecek olan ¢ininin teknik
kalitesi degil ayn1 zamanda ¢inilerin yapistirilmasinda kullanilacak olan harg ve derz se¢imi de
¢ini Omrii agisindan oldukca onemlidir.

Tiirk Islam Mimarisinde sert ve dayanikl yapilarindan dolay1 duvar kaplama malzemesi olarak
siklikla yiiksek silisli (en az % 85 silis) ¢iniler kullanilmaktadir [Mason 1994]. Yiiksek orandaki
silisin pigme sonrasi nihai iiriin ebatlarinda 6l¢ii birliginin korunmasinda ve deforme olmaksizin
biiylik ebatlarda iiretimi tizerinde olumlu etkileri vardir [ Arcasoy 1983]. Osmanlidan giiniimiize
yiiksek oranda silis igerikli ¢inilerin sekillendirilmesi “tap tap” yontemi olarak adlandirilan
kaliba elle sikistirma teknigi ile gerceklestirilmistir [Kizil 2010]. Tap tap sekillendirme yontemi
biinyede su tahliyesini kolaylastiracak bir gozenek dagilimi saglamaktadir [Oztiirk 2020].

Giliniimiizde kaplama malzemesinin teknik 6zelliklerin belirlenmesinde o bdlgenin iklim
sartlarma  gdre hazirlanmis  ‘Ayrisma  Indeksi’ olarak  adlandirilan  verilerden
faydalanilmaktadir. Iskender Isik ve arkadaslari tarafindan hazirlanan Tiirkiye’nin ayrisma
indeksi haritasinda Konya donma/¢oziilme olaylarinin sert goriildiigli bolgede yer almaktadir
[Isik ve ark. 2017]. Bu yiizden restorasyonda kullanilacak ¢inilerin se¢iminde mukavemet, dona
ve termal soka dayanim belirleyici faktdr olmaktadir.

Restorasyon siirecinde aslina uygun olarak yenilenecek olan kubbe ¢inilerinin yiiksek oranda
silis icerikli (en az % 85 Si0»), oOrtiicli turkuaz sirh, yliksek mukavemetli ve dona dayanikli
olmasi gibi bazi kriterlere sahip olmasi gerektigi Miize Miidiirliigii tarafindan olusturulan bilim
kurulunca belirlenmistir.
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2. Deneysel Calisma

Konya Miize Miidiirliigiince farkli firmalara 12cm x 24cm x 2cm ebatlarinda {irettirilen ¢ini
orneklerine Eskigehir Seramik Arastirma Merkezinde (SAM) su emme testi, mukavemet testi,
termal sok dayamim testi, dona dayamim testi, kimyasal analiz, renk degisimi tayini,
kimyasallara dayanim testleri yaptirilmistir. Restorasyonda kullanilacak ¢inilerin
belirlenmesinde yol gosterici olmasi i¢in ¢ini orneklerine SAM’da yaptirilan test ve analiz
sonuclar1 teknik acidan degerlendirilmistir.

2.1.Su Emme Analizi ve Mukavemet Test Sonuclari:

Su emme testi TS EN ISO 10545-3 standartlarina, mukavemet testi ise TS EN ISO 10545-4
standartlarina gore yapilmistir. Her iki test i¢in 10 adet numune kullanilmis ve test sonucunda
elde edilen ortalama degerler Grafik 1’de verilmistir.

Su Emme- Egme Mukavemeti Grafigi
30 28,42

25
20,63 20,44 20,41
20
17,42 16,38

15 13,26 12,83
10

5

0

A Firmasi B Firmasi C Firmasi D Firmasi
Firmalar

mSuemme (%) ®Egme Mukavemeti (N/mm2)

Grafik 1. Su emme deney sonuglari

Grafik 1’de verilen su emme ve mukavemet testi sonuglari incelendiginde A firmasina ait ¢ini
orneklerinin su emme degerlerinin diger test numunelerine gore diisik (% 17,42)
mukavemetinin ise oldukga yiiksek (28,42 N/mm?) oldugu goriilmektedir.

2.2.Kimyasal Analiz (XRF) Sonuclar:

Cinilerin blinye kimyasal analizi Tablo 1°de verilmistir. Tabloda alkali (Na>O ve K»0), toprak
alkali (MgO ve CaO) ve PbO orani toplam deger olarak sunulmustur. Yiiksek silisli biinye (en
az % 85) ¢ini seciminde belirleyici etmenlerden biridir.
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Tablo 1. Firma ¢inilerinin biinyelerindeki silis orani

Oksitler (%) | SiOz | AL,Os; | Fe;05 | TiO: | P,Os | Z(Alkali+ | A.Z

Firmalar Toprak )
Alkali+ PbO)

A Firmasi 90,45 | 4,30 0,44 0,12 | - 4,43 0,26

B Firmasi 88,32 | 1,72 0,26 10,33 /0,02 |9,25 0,10

C Firmasi 77,51 19,19 0,27 0,10 10,05 |12,34 0,54

D Firmasi 77,35 |9,24 0,49 0,15 10,06 | 12,49 0,22

*A.Z. Ates Zayiati

2.3.Termal Sok Dayanim Test Sonuclar:

Termal sok dayanim testi TS EN ISO 10545-9 standartlarina uygun olarak yapilmistir. 5 adet
¢ini Ornegi iizerinde gerceklestirilen test sonucunda elde edilen degerlendirme sonucu Tablo
2’de verilmistir.

Tablo 2.Termal sok dayanim test sonuglari

Firmalar A Firmasi B Firmasi C Firmasi D Firmasi
Termal  Sok | 5/5 Hasarsiz | 5/5 Hasarsiz | 5/5 Hasarsiz | 5/5 Hasarsiz
Dayanimi

Tablo 2°de verilen Termal sok dayanim test sonug¢larindan tiim ¢ini 6rneklerinin termal soka
kars1 dayanikli oldugu anlasilmaktadir.

2.4.Dona Dayamim Test Sonuclari:

Dona dayanim testi TS EN ISO 10545-12 standartlarina uygun olarak yapilmistir. 10 adet ¢ini
ornegi lizerinde gergeklestirilen test sonucunda elde edilen sonuglar Tablo 3’de verilmistir.

Tablo 3. Dona Dayanim Testi Sonuglar1

Firmalar A Firmasi B Firmasi C Firmasi D Firmasi
100 Cevrimde | 24 Cevrimde | 25 Cevrimde | 100 Cevrimde
Dona Hasarli: 5 Hasarli: 10 Hasarli: 10 Hasarli: 6
Dayamm Saglam:5 Saglam:0 Saglam:0 Saglam:4
Su Emme: Su Emme:- Su Emme:- Su Emme:
13,83- 14,46 17,51-18,68

Tablo 3’ de sunulan dona dayanim testi sonuglarina gére A firmasina ait ¢ini orneklerinin
tamami 100 ¢evrimden ge¢mis ve 10 numuneden 5 tanesinde hasar tespit edilmistir. Test
numunelerinde tespit edilen tahribatlar Fotograf 1’de verilmistir. Buna gore hasarlar ¢ini sirlt
yiizeyin tek noktasinda olusmus olup ilerleme gdstermeden sonlimlenmistir.
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Fotograf 1. A firmasina ait ¢ini 6rneklerinin dona dayanim testi sonras1 goriiniimdi.

B firmasina ait ¢ini Orneklerinin dona dayanim testinde ise 25. ¢evrimde numunelerin
tamaminda tahribat meydana gelmistir (Tablo 3). Tahribat meydana gelen test numuneleri
Fotograf 2’de goriilmektedir. Test sonucunda numunelerinin sirli yiizeylerinde bdlgesel
kavlama, dikine uzun ¢atlama ve ag seklinde ¢atlamalar olugsmustur.

Fotograf 2. B firmasina ait ¢ini 6rneklerinin dona dayanim testi sonrast gériiniimii.

C firmasina ait ¢ini Orneklerinin dona dayanim testinde 24. g¢evrim sonucunda test
numunelerinde tahribat meydana geldigi goriilmektedir (Fotograf 3). Fotograf 3’e gore deney
numunelerinin sir tabakalar1 biinyeden ayrilmistir. Tahribat olusum seklinden ¢ini biinyesi ile
¢ini sir1 arasindaki uyumsuzluk oldugu anlagilmaktadir. Bunula birlikte sir biitiinliigli agisindan
da yer yer farkliliklar bulunmaktadir.

Fotograf 3. C firmasina ait ¢ini 6rneklerinin dona dayanim testi sonrasi goriiniimii.
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D firmasina ait ¢ini 6rneklerinde dona dayanim testi sonrasinda test numunelerinin 4’ 100
cevrim sonucunda dona dayanim sagladig: belirlenmistir. Fotograf 4’ te dona dayanim testi
sonucunda test numunelerde goriilen tahribatlardan 6rnekler goriilmektedir. Tahribatlar sirlt
ylizeylerde kavlamalar, sir ¢atlaklari, sirda kabarmalar ve uzayan ¢izgisel ¢atlaklar seklindedir.
Bununla birlikte sirda giiclii bir ortiiciiliik elde edilememistir.

YR k. &l

Fotograf 4. D firmasina ait ¢ini 6rneklerinin dona dayanim testi sonrasi goriiniimii.

Dona dayanim test sonuglarina gére A firmasma ait ¢ini orneklerinde dona dayaniminin
digerlerinden daha yiiksek oldugu anlagilmaktadir.

2.5.Kimyasallara Dayanmim Testi:

Kimyasallara dayanim testi TS EN ISO 10545-13 standartlarina gore gergeklestirilmis olup
deney i¢in her bir ¢ini iireticine ait 3 adet ¢ini 6rnegi kullanilmistir.

Tablo 4. Kimyasallara dayanim testi sonuglari

Firmalar | Ev Yiizme Diisiik Yiiksek

Kimyasallar1 | Havuzu Konsantrasyonlar Konsantrasyonlar
HCl1 | Sitrik | Alkali | HCI | Laktik | Alkali
Asit Asit

A A A LB |LB LA HC | HB HA

Firmasi

B Firmas1 | A A LB |LA LA HB | HA HA

C A A LB |LB LA HB | HB HA

Firmasi

D A A LA |LA LA HA | HA HA

Firmasi

L: Diisiik, H: Yiiksek, A: Gortilebilir degisiklik yok, B: Goriiniiste belirgin degisiklik yok, C:
Orijinal yilizeyde kismen veya tamamen bozulma

Kimyasallara dayanim test sonucunda tiim ¢ini 6rneklerinin kimyasallara kars1 istenen diizeyde
dayanikli oldugu goriilmiistiir.
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2.6.Renk Biitiinliigii:

Firmalara ait test numuneleri fiziksel muayene ile incelenmis ve ulagilan bulgular Tablo 5’te
sunulmustur

Tablo 5. Test numunelerinin renk biitlinliigli muayenesi

Firmalar | A Firmasi B Firmasi C Firmasi D Firmasi
Renk biitiinliigii tam | Renk biitiinligli tam | Farkli tonda | Farklh tonda
saglanmis olarak saglanamamis ve | goriiniimler | goriiniimler
Renk
v pae s renkte  dalgalanmalar | mevcut, renk | mevcut, renk
Biitiinligu o e o e
mevcut biitiinligi biitiinligi

saglanmamis | saglanmamis

Fotograf

Test numuneleri gorsel olarak karsilastirildiginda renk biitiinliigliniin A firmasma ait ¢ini
orneklerinde saglandig1 goriilmektedir.

3. Sonug¢

Karakterizasyon c¢alismalar1 sonucunda Miize Midiirliigii tarafindan olusturulan bilim
kurulunca belirlenen kriterlerde ¢inilerin iiretildigi goriilmiis ve genel olarak yiiksek silis
icerikli (>%90) ¢inilerin daha diisiik su emmeli, yiiksek mukavemetli oldugu ve ayrica Ortiicii
sirla 1yi pekistigi ve sirh yiizeyde herhangi bir sir hatasi icermedigi anlagilmistir.
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Abstract

The aim of this study was to investigate the physico-chemical properties of cream and cream
oil obtained from cow's milk, such as dry matter, non-fat dry matter, protein, acidity, pH, fatty
acid composition, saponification number, unsaponifiable matter and sterol composition. ; As
physical and chemical analysis, the amount of dry matter in cow cream was 61.72%, the amount
of non-fat dry matter was 6.72%, pH values were 7.28, protein content was 4.45%, fat content
was 55.0%, acidity was 1.05%. In cream oil, the free fatty acidity is 0.078% and the peroxide
number is 0.55 meq-O> / kg, respectively. The total saturated fat content of the fatty acid content
obtained from cow's milk was determined as 66.706%, and the total unsaturated fatty acid ratio
was determined as 33.699%. When the fatty acid composition values of the oil obtained from
cow cream were examined, it was determined that the highest value in terms of saturated fatty
acids was palmitic acid and 35,547%, and when it was examined in terms of unsaturated fatty
acids, the highest value was oleic acid and 26,509%. In addition, the saponification number, the
number of unsaponifiable matter and the sterol composition of the fat obtained from cow cream
were determined. Studies have generally focused on cow and buffalo cream, and it will fill an
important gap in the literature on the characterization of cream obtained from cow's milk as a
result of our research.

Keywords: Cow milks’ Cream, Cream Fat, Characterization, Sterol composition.
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1. Introduction

Concrete is a material that is highly resistant to external influences. In order to increase the
tensile strength of concrete, mild steels known as rebar are used today. Concrete is the most
commonly used material in our constructions where steel is used less, that is, it contains steel
in various amounts and thicknesses (prior or unstressed). Construction rebar is used in the
construction industry construction, which is one of the most important construction works. The
steel used in reinforced concrete is non-mechanical and hydrated iron. However, the concrete
corrosion rate of this steel is very slow. This is due to the basic property of the concrete
surrounding the steel. At the same time, the atmosphere is difficult for concrete in cloudy steel,
which again helps in acceleration. Steel donated concrete is one of the most used construction
materials in the world. A quality concrete in the structures to be formed with iron frost in
concrete; Proper curing, properly placed, appropriate water/usable,appropriate aggregate use
etc. achieved under the conditions. Corrosion of the reinforced concrete also affects the strength
of reinforced concrete structures [1-3]. In this study, some mechanical properties of
construction steel in HCI acid was investigated. In the literature, properties of construction steel
such as section losses and weight losses after acidic effect have not been investigated much. In
order to fill this gap, the corrosion behavior of rebar exposed to acidic effects at different times

was investigated

2. Material and Method

In this study, 24 samples of 16 cm length were cut from ribbed construction steels of ¥14
diameter with the help of cutting device (Figure 1a). An acid solution of 1.5M concentration
was prepared (Fig. 1b). Ribbed construction steels in @14 diameters were divided into 6, 4
pieces in each jar and immersed in acid solutions with a concentration of 0.5M, 1M, 1.5M
(Figure Ic.) In our experimental studies, 0.5 M every seven days for four weeks. The weight
losses were measured by washing, alcoholing and drying one by one, ribbed construction steels
with @14 diameters immersed in acid solution with a concentration of 1 M, 1.5 M. (Figure 1d.)

Figure 1.Tools used in the experimental study
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3. Results and Discussion

Construction steels (@14 mm) were prepared metallographically and the microstructure of the
corroded edges was examined (Figure 2). The surface edge section microstructures of the
reinforcement were examined, it was observed pitting corrosion that it was corroded in the form
of small cavities from the outside to the inside.

1.5

SR

~,. l.-
\

Figure 2. Optical microstructures of rebars soaked in HCI acid

Large decreases were observed in yield strength, tensile strength and percent elongation values
after construction corrosion. In addition, reductions in steel diameters due to corrosion
occurred. While the least decrease in the mechanical properties of the steels was observed in
the samples in 0.5 M acid, the highest decrease was observed in the samples that were corroded
at 1.5 M (Table 1).

Table 1. Changes in reinforcement after corrosion

Diameter change Weight loss Mechanical
. . after acid properties
Acidity rate | Week |Molarity - I
(V) First| End |Differ- |pefore| After| Total | Yield |Tensile o
mm | mm | mm mg mg mg N'mm* | N'mm* %
Reference 0 - : 452 570.7 29.8
sample ) ) ) ] . B
0.SM  |1400[ 1183 | 217 | 18820 | 18337 4.39 445 564 285
L 1M 1400 | 11.68 | 237 | 182.36 | 17443 | 7.35 440 560 25.9
15M 1400 1159 | 241 | 18775 [ 17959 126 434 553 224
HC 05M [1400| TL73 | 227 | 18320 [ 17725 5.6 36 | 54 1
1M 1400 1142 | 2.58 | 18291 | 17237| 84l 427 543 227
4.
15M 14.00 | 10.88 3.12 186.50 | 169.93 13.55 417 335 18.9

4. Conclusions
In this study, the corrosion behavior of all kinds of construction steels in ¥14 diameters was
investigated by corroding in HCI solutions with 0.5M, 1M, 1.5M concentrations.

e The surface edge section microstructures of the reinforcement were examined, it was
observed that it was corroded in the form of small cavities from the outside to the inside.

e The cross-sectional diameters of the samples also decreased due to corrosion.

e The samples showed decreases in yield strength, tensile strength and percent elongation
values after corrosion.

e Passivity was observed in the solution after the 4th week, as the solution was not mixed
during the experiment.
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e While the least decrease in the mechanical properties of the steels was observed in the
samples in 0.5 M acid, the highest decrease was observed in the samples that were
corroded at 1.5 M.
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1. Giris

Yeni bir borlama yontemi olan plazma pasta borlama islemi pasta borlama isleminin
plazma ortaminda 700-1000°C arasinda Ar ve H> gibi gazlarla belirli bir vakum basinc1 altinda
yapilmaktadir. Islem vakum altinda gerceklestigi i¢in herhangi bir koruyucu atmosfere gerek
yoktur. Bor igerikli tozlar1 pasta olarak kullanarak plazma pasta borlama yontemiyle ¢eliklerin
daha diisiik sicaklik ve siirelerde borlanmasi ve gelikler lizerinde kompleks boriir tabakalarinin
olusturulmasi saglanabilmektedir. Plazmanin en 6nemli avantajlarindan biri sicakligin etkisiyle
termo-kimyasal biriktirmenin yaninda, hizlandirilmis atom ve iyon hareketleri sayesinde
fiziksel bir biriktirme mekanizmasi olusturmasidir. Plazma ortami ve bor esasli bir pastanin
birlestirilmesiyle celiklerin {izerinde son derece fonksiyonel tabakalarin olusturulabilmesi
muhtemeldir. Ayrica plazma borlamada bor kaynag: olarak kullanilan gazlarin (B2Hs, BCl3)
pahali, zehirli ve patlayici nitelikte olmasi bazi dezavantajlara da sahiptir. Plazma pasta borlama
ile bu zararl etkilerden kurtulmak miimkiindiir. Plazma destekli pasta borlama yiizey islemi ile
plazma borlama islemindeki dezavantajlar yok edilebilmektedir. Kullanilan pastanin ¢evreye
zararsiz bor hammaddeleri olmasi, gazlarin ise genelde inert karakterde olan hidrojen, argon ve
azot olmasi bu islemi avantajli kilmaktadir [1,2].

Bu calismada B>Os pastast ile Ti-6Al-4V alasimi plazma ortaminda borlanmustir.
Plazma pasta borlama islemi sonrasinda olugan boriir tabaka kalinlig1, mikro sertlik degerleri,
ylizey morfolojileri ve faz analizleri, taramali elektron mikroskobu ve X-1sinlar1 difraksiyon
analizi yardimiyla gergeklestirilmistir.

2. Materyal ve Yontem

Bu ¢alismada Ti-6Al1-4V alagimi15x8 mm boyutlarinda kesilerek elde edilen numuneler
on hazirlik metalografik islemlerden gegirilmistir.Nunumeler B2Oj3 pastasi ile 800°C’de 6 saat
stiresince %80 Ar-%20 H; gaz karigiminda, 800°C’de 6 saat siiresince 5 mbar basing altinda
plazma pasta borlanmistir (Sekil 1). Borlama isleminden sonra numuneler kesitten kesilerek
gerekli metalografik islemlerden gegcirilmistir. Plazma pasta borlanama islemi sonrasinda
olusan bortir tabakalariin yiizey morfolojileri ve faz analizleri, taramal1 elektron mikroskobu
ve X-1ginlar1 difraksiyon analizi yardimiyla yapilmistir. Olusan boriir tabakalarmin sertlikleri
Knoop sertlik 6lgme yontemiyle boriir tabakalarinin sertlikleri 6l¢tilmiistiir.
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Sekil 1. Plazma pastasi borlama cihazi

3. Sonugclar ve Tartisma

Sekil 1’ de 800°C’de 6 saat siireyle, % 100 B2Ospastasi ile plazma pastaborlanmis Ti-
6Al-4V alasiminin SEM kesit mikro yapisi goriilmektedir. Plazma pasta borlama sonucunda
numune yiizeyinin iist kisminda borca zengin titanyum diboriir (TiB2), alt tarafinda ise ignesel
yapili TiB tabakasinin olustugu tespit edilmistir. Ti-6Al-4V alasiminin B>Ospastasi ile plazma
pastaborlanmasi sonucunda 8,72 um bortir tabakasi elde edilmistir.X-151n1 analizi sonucunda
Ti6Al14V alasiminda TiB ve TiB: fazlar1 elde edilmistir (Sekil 3).

Detector = SE1 Mag = 10.00 KX EHT = 15.00 kV TiBALAV 2pm
AKU TUAM (|

Sekil 2. B>Oj3 pastast ile plazma pastaborlanmis Ti-6Al-4V alagiminin SEM goriintiisii

93



1%t International Symposium on Characterization 08-09 October 2021, Turkey

1- TiB
2- TiB,

& N =N
=3 =3 S
= (=] >

N

w
>
>

Intensity (a.u.)

N
>
(]

100

20 40 50 60 70 8 90 100
2 Theta

Sekil 3. B>Os3 pastasi ile plazma pasta borlanan Ti6Al4V alagiminin XRD paterni.

Mikrosertlik dlgiimler sonucunda plazma pasta borlanmis Ti6Al4V alagiminin yiizey
sertligi ortalama 2472 HKo 25 olarak tespit edilmistir.

4. Conclusions

e Borlama islemi sonucunda Ti6Al4V alasiminda yaklasik 8,72 um bortir tabakasi elde
edilmisgtir.

e Metalografik incelemeler sonucunda, kaplama/matris ara yiizeyi ve matrisin belirgin
olarak birbirinden ayrildigi ve borilir tabakasinin kolonsal bir yapiya sahip
oldugugdzlenmistir.

e X-iginlan difraksiyon analizi sonuglarinda, plazma pasta borlama sonucunda TiB ve
TiB> bortir fazlar1 elde edilmistir.

e 800 °C’de 6 saat siiresince islemi plazma pasta borlanmig Ti6Al4V alasiminda 2472
HKo.025 yiizey sertlik degeri elde edilmistir.
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1. Introduction

Boriding is a thermochemical surface treatment, in which boron atoms diffuse into the
surface of a workpiece to form borides with the base material [1-3]. Boriding can be carried out
in many ways, such as can, liquid, gas, plasma boriding and plasma paste boronizing [4-6].
Plasma paste boronizing is an alternative method to boriding media mentioned above. This
method (PPB) is very important in terms of the abundance, cheapness and evaluation of B2O3
boron paste used in plasma paste boronizing in our country. Yoon et al. [7] applied the paste
consisting of borax (Na:B4O7) and amorphous boron mixture on 304 stainless steel and
boronized it in Ar/H> plasma at different temperatures and investigated the diffusion kinetics
and morphology of the layer. Also, a paste containing different borax and amorphous boron
compounds was used for optimum boride layer thickness. As a result of the studies, they stated
that the cake containing 70% borax and 30% amorphous boron gave the highest thickness, and
the cake containing 100% borax formed a boride layer on stainless steel. As a result of the
diffusion kinetic studies, they emphasized that the boride layer realized with plasma paste
boronizing is thicker and the activation energy is lower than other boronizing media [8]. Gunes
et al. [3,5,6] deposited 100% borax paste on the surface of some steels containing various
alloying elements and made paste boronizing in the plasma environment. However, there is no
information about the surface properties boronized of pure titanium with boric acid paste. The
main objective of this study was to investigate the surface properties boronized titanium with
boric acid paste and structural properties were investigated using XRD, SEM and
microhardness tests.

2. Material and Method

In the experimental study, cylindrical pure titanium dimensions of 15x8 mm was used.
Boriding process of titanium was carried out in a vacuum environment with 80% Ar - 20% H2
gas mixture at 800°C for 6 hours under 5 mbar pressure using plasma paste boriding method

(Fig. 1).
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Figure 1. Plasma paste boriding device

Plasma paste boronized samples were molded by cutting with a SiC cutting disc from
the section and polished in 0.1 um alumina suspension by passing through 240-1000 grit SiC
sandpaper. Metallographic samples were prepared. Analysis of the phases formed on the
titanium surface was investigated using X-ray diffraction. The layer thicknesses of plasma paste
boronized titaniumwas obtained from 10 different regions with the help of an apparatus
connected to an Olmypus BX-60 optical microscope, and it was observed that the boride layer
thicknesses increased with the arithmetic average.

3. Results and Discussion
3.1 Characterization of Boride Coatings

The cross-sections of the optical micrographs of the borided titanium at the temperature
of 850 for 6 h is shown in Figure 2. It was found that the coating/matrix interface and matrix
could be significantly distinguished and the boride layer had a columnar structure. As a result
of the boriding process, a boron-rich titanium diboride (TiB.) layer was observed on the upper
part of the sample surface and a needle-like TiB layer on the lower part. As a result of boriding,
a boride layer thickness of 11.46 um was obtained.

Detector = SE1 Mag= 10.00 KX EHT =15.00 kV
AKU TUAM

Figure 2. The SEM image of the boronized pure Titanium
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Figure 3. X-ray diffraction patterns of boridedpure Titanium
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In this study, the presence of borides was identified using XRD analysis; see Fig. 3.XRD
patterns show that the boride layer consists of borides such as AB and AB; (A=Metal; Ti). XRD
results showed that boride layers formed on the steel contained the TiB andTiB2compounds,
see Fig. 3.

The micro-hardness of the boride layers was measured at 10 different locations at the
same distance from the surface and the average value was taken as the hardness. The surface
hardness of boronized pure titanium was determined as 2472 HKoos as a result of
microhardness measurements.When the hardness of the boride layer is compared with the
matrix, boride layer hardness is approximately seven times greater than that of the matrix.

4. Conclusions
In this study, surface properties of boridedpure titanium was investigated. Some of the
conclusions can be drawn as follows.
e As a result of plasma paste boronizing of pure titanium at 800 °C for 6 hours, TiB and
Ti2B boride layers were obtained.
e As aresult of boridingprocess, 11.46 um boridelayerwasobtained in puretitanium.

e As aresult of plasmapasteboronizingprocess at 800C for 6 hours, a surfacehardnessvalue
of 2472 HK 025 wasobtained.
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1. Introduction

In some soils or wastewater, there are bacteria and microbes that affect metals chemically or
electrochemically. This is one of the main causes of rapid corrosion, which is noticedin iron
and is generally explained by the graphitization phenomenon.Among the bacteria, the most
dangerous are sulfate-reducing bacteria. These bacteria reduce sulphates in soil, underground or
waste water and release H»>S, which affects iron alloys very quickly.The liberated H>S combines
with the O2 in the air to form the H2sO4 acid known as sulfuric acid. H2SOg4 acid, which is a
strong acid, settles on the concrete surface and causes a decrease in the pH level there, and
dissolves the cement hydration products and easily reaches the steel reinforcement bearing the
tensile stresses. The mechanical strength of the corroded concrete material decreases. The rate
and severity of the acid reaction; depending on the exposure time and acid density.
Hydrochloric acid, popularly known as the spirit of salt, is a chemical compound formed from
the elements hydrogen and chlorine. hydrochloric acid actually has a toxic content. Causes
damage to many surfaces, including the human body. Care must be taken when handling this
acid and necessary precautions must be taken. It has both toxic and irritating effects [1-5].In
this study, some mechanical properties of construction steel in H2SO4 acid was investigated.

2. Material and Method

In this study, 24 samples of 16 cm length were cut from ribbed construction steels of ¥14
diameter with the help of cutting device (Figure 1a). An acid solution of 1.5M concentration
was prepared (Fig. 1b). Ribbed construction steels in @14 diameters were divided into 6, 4
pieces in each jar and immersed in acid solutions with a concentration of 0.5M, 1M, 1.5M
(Figure Ic.) In our experimental studies, 0.5 M every seven days for four weeks. The weight
losses were measured by washing, alcoholing and drying one by one, ribbed construction steels
with @14 diameters immersed in acid solution with a concentration of 1 M, 1.5 M. (Figure 1d.)

(b) (©) (d)

Figure 1.Tools used in theexperimentalstudy
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3. Results and Discussion

D14 diameter steels were prepared metallographically and the microstructure of the corroded
edges was examined (Figure 2).

When the surface edge section microstructures of the reinforcement were examined, it was
observed that it was corroded in the form of small cavities (pits / pitting) from the outside to
the inside. In the samples, decreases were observed in the yield strength, tensile strength and
percent elongation values after corrosion. In addition, reductions in steel diameters due to
corrosion occurred. While the least decrease in the mechanical properties of the steels was
observed in the samples in 0.5 M acid, the highest decrease was observed in the samples that
were corroded at 1.5 M. The decrease in the mechanical properties of the steels is due to the
reduction in the cross section diameter. Therefore, the surfaces of these steels must be coated
to increase their resistance to corrosion or to take precautions against oxidation and rusting such
as water and moisture. In the samples, decreases were observed in the yield strength, tensile
strength and percent elongation values after corrosion. In addition, reductions in steel diameters
due to corrosion occurred. While the least decrease in the mechanical properties of the steels
was observed in the samples in 0.5 M acid, the highest decrease was observed in the samples
that were corroded at 1.5 M. The decrease in the mechanical properties of the steels is due to
the reduction in the cross section diameter. Therefore, the surfaces of these steels must be coated
to increase their resistance to corrosion or to take precautions against oxidation and rusting such
as water and moisture.

Table 1. Changes in reinforcement after corrosion

i X . Mechanical
Dlametel' change Weight loss ; i
o . after acid properties
Acidity rate | Week |Molarity
@D First| End Ie)glfggr- Before| After| Total | Yield |Tensile El&r)lfa-
mm ([ mm | mm mg mg mg Nmm® | N/mm* %
renc
I{Searlell;lece 0 - - = - - - 452 570.7 298
0.5 14.00 | 11.20 28 183.69 | 158.44 25.25 435 550 27.8
1 1 1400 | 1031 | 369 | 18607 | 13659 | 49.48 428 539 243
15 1400 999 | 401 | 18577 [12329] 6248 415 512 215
H,S0,
03 1400 1090 | 310 | 18615 | 15995 26.20 418 527 20.6
1 14.00 9.77 423 179.25 | 128.53 50.72 404 494 16.3
4.
15 1400 918 | 482 | 18312 | 11822 63.90 389 482 11.67
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4. Conclusions

In this study, the corrosion behavior of all kinds of construction steels was investigated by
corroding in H>SO4 solutions with 0.5M, 1M, 1.5M concentrations

e [t was observed that the construction steels were more corroded and lost weight in the
H>SO4 solution. Since the solution was not mixed during the experiment, passivity was
observed in the solution after the 4th week. Passivity; It is the loss of chemical activity
of some metals and alloys under certain environmental conditions.

e When the surface edge section microstructures of the reinforcement were examined, it
was observed that it was corroded in the form of small cavities (pits / pitting) from the
outside to the inside.

e While the yield strength of the reference sample was 452 N/mm2, the yield strength
decreased to 389 N/mm? after 4 weeks of corrosion. The tensile strength has decreased
from 570.7 N/mm2 to 482 N/mm?2.

e The percent elongation of rebar decreased from 29.8% to 11.6%.
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1. Introduction

The rapid growth of different industrial areas has unfortunately significantly increased
the consumption of cement and other natural resources. The concrete and cement sector is
frequently criticized because it consumes many natural resources and energy, causes high
emissions of emissions such as CO», especially NOx, originating from cement production, and
causes the formation of particulate matter that seriously affects the respiratory tract when
inhaled[1]. From another point of view, many river beds are destroyed to provide the cement
and aggregates needed to construct buildings and pavements in the construction sector, but it
also causes the natural balance to deteriorate. Criticisms on both emission and environmental
destruction force the construction industry to seek alternative raw materials. In cement-based
systems (such as plaster, mortar, concrete), industrial wastes with pozzolanic properties such
as fly ash, blast furnace slag, and silica fume can minimize carbon dioxide emissions, and the
need for natural resources and energy is reduced[2], [3]. The potential of using wastes such as
fly ash as building materials thanks to geopolymer technology geopolymer materials comes to
the fore. On the other hand, among the targets set by the European community regarding the
protection of the environment and the improvement of its quality, the targets of reducing
emissions by 40% until 2030, 80% by 2050, and increasing energy efficiency by at least 32.5%
[4]. Dissemination of geopolymer technology and solving the problems encountered in this
technology becomes the driving force.

Three-dimensional network geopolymers prepared with alumino-silicate-containing
raw materials have become a hot research topic as they have the potential to recycle industrial
solid wastes such as fly ash and blast furnace slag [5]-[7]. Geopolymer materials have attracted
great attention with their excellent mechanical, physical and thermal properties[8]. Geopolymer
chemistry generally involves the dissolution of aluminosilicate minerals in a strongly alkaline
medium (alkali metal carbonate, alkali metal fluoride, alkali metal hydroxide, alkali metal
aluminate, and alkali metal silicate) followed by the polymerization of the surface-active groups
and dissolved groups of the particles to form the geopolymer structure [9]. The alkaline medium
is generally prepared with the help of Na and K-based raw materials (NaOH, KOH, sodium
silicate, potassium silicate). When evaluated in terms of price performance, solutions
containing Na are preferred more often than those containing K. One can say that because Na-
based geopolymers encourage dissolution reactions, they gain almost twice the strength
compared to K-based geopolymers, and they are pretty cheap [10].

There are many problems encountered in every newly developed technology. Drying
shrinkage seen in geopolymer materials is one of the most important problems limiting the
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spread of these materials. The volumetric shrinkage that occurs during drying causes cracks on
the material and therefore decreases the mechanical properties. With the studies on drying
shrinkage, which is also observed in cementitious systems, the situations that cause the problem
have been revealed, and more or less strategies have been developed for the solution. However,
no clear strategy has been developed to prevent drying shrinkage for geopolymer materials.
Olalekan [11], Chindaprasirt [12], Kheradmand [13], Kuenzel [14], Zhu [15] have done studies
to reduce the pore sizes in the geopolymer mixture and thus to reduce the drying shrinkage.

The present study aims to analyze the effect of different geopolymer formulations on
drying shrinkage. For this purpose, the effects of molarity, fly ash-metakaolin ratio, calcium
stearate amount, and the curing temperature were investigated. The most influential parameters
on drying shrinkage were analyzed.

2. Material and Method

Low calcium content fly ash from Seyitomer Thermal Power Plant, and MEFISTO L05
metakaolin (conversion temperature 750°C) from Czechia was used as aluminosilicate raw
material. The chemical compositions of the raw materials used are shown in Table 1, and
specific powder properties are given in Table 2. Also XRD patterns of raw materials are given
in Figure 1. The raw materials used as aluminosilicate sources are amorphous. Fly ash and
metakaolin contain residual quartz, and peaks are observed depending on the quartz content.

Foam geopolymer specimens were prepared using sodium-based promoters. Sodium hydroxide
and sodium silicate were mixed to prepare an alkaline environment. Chopped polypropylene
fibers (1cm long) and perlite particulates (Imm diameter) were added into the liquid alkaline
mixture to get strong bonding between additives. Liquid mixture was poured on the dry
aluminosilicate powder mixture and geopolymer paste was prepared for 5 minutes. Afterward,
hyrdogen peroxide was added into the mixture with surface active agent and mixed for
additional 30 seconds. Surface active agent was used to keep stabile porosities inside slurry,
and to get homogeneous pore distribution. Compositional informeaions are given in Table 3 in
detail. The geopolymer mixture is then poured into 40x40x160mm molds used to measure the
drying shrinkage properties of samples (Figure 2). Prismatic beams were cured, than ASTM
C157 procedure was conducted to measure deformation and total length change followed by
reading a daily length and mass difference. Microstructures of geopolymer foams were
investigated by SEM.

Table 1. Chemical compositions of raw materials.

Raw Materials (%)

Content  Metakaolin Fly Ash
MgO 0.15 4.67
ALO3 41.32 19.10
SiO; 51.49 50.30
P20s 0.04 0.13
SO; 0.13 1.80
K;O 0.53 2.16
CaO 0.16 4.55
TiO: 1.65 0.81
V205 0.07 0.05
Fe;03 1.16 12.40
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Figure 1. XRD patterns of aluminosilicate raw materials. (Blue Line: Fly Ash, Red Line:
Metakaolin).

Table 2.Properties of powder raw mateials.

Raw materials Particle Size (unm) Specific Surface Area Specific Density
(m*/g) (g/em’)

Fly Ash 29.97 7.91 2.58

Metakaolin 3.0 17.08 2.5

Table 3. Compositional informations of foam geopolymers.

Sample Molarit Fly Ash Calcium Perlite Curing H20: (%)
Codes y (%) Stearate (%) (%) Temperatur
e (°C)

85F-60C-1 8 85 0,45 2,75 60 1
95F-60C-1 8 95 0,45 2,75 60 1
85F-80C-1 8 85 0,45 2,75 80 1
95F-80C-1 8 95 0,45 2,75 80 1
85F-60C-2 8 85 0,45 2,75 60 2
95F-60C-2 8 95 0,45 2,75 60 2
85F-80C-2 8 85 0,45 2,75 80 2
95F-80C-2 8 95 0,45 2,75 80 2
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Figure 2.a) Drying shrinkage samples, and b) analysis equipment.

3. Results and Discussion

From Figure 3 it appears that decreasing the amount of fly ash in compositions is very effective
on drying shrinkage. According to the study of Kuenzel et al., the amount of structural water in
the compositions is directly related to drying shrinkage. The increase in the amount of fly ash
provides a decrease in the amount of structural water and provides a more stable geopolymer
structure [14]. The drying shrinkage increased with the increase in the amount of hydrogen
peroxide. It has been proven that foam geopolymers also show more shrinkage than dense
structures like foam concretes. The drying shrinkage of foam concrete, measured after one year,
ranges from 0.1% to 0.36%; this is 5-10 times higher than the typical shrinkage of dense mortar
and concrete samples [16].The increase in curing temperature also caused an increase in drying
shrinkage. Environmental conditions such as temperature, humidity, wind speed are essential
factors affecting drying shrinkage. Especially low humidity, hot and windy conditions cause
drying shrinkage to accelerate and high drying shrinkage to ocur [17]. The samples showed a
rapid drying shrinkage in the first 11 days after almost curing, reaching almost stable
dimensions in the following days. The sample sizes did not decrease completely but increased
at some times. Since the relative humidity values can vary, it is thought that the samples show
shrinkage or expansion behavior.
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Figure 3.15-day drying shrinkage measurements of foam geopolymer samples.

Drying shrinkage and mass changes in the samples were compared. Figure 4 shows the change
in mass of the samples during the 15-day curing period. Samples containing 2% hydrogen
peroxide lost mass more rapidly than samples containing 1% peroxide. Therefore, samples
containing 2% peroxide reached a fixed weight in a short time, like six days, while foam
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samples containing 1% peroxide took ten days to reach a constant weight. There is no
correlation between mass loss concerning curing temperatures and fly ash content. When the
mass losses and drying shrinkage of the samples are evaluated comprehensively, a direct link
cannot be established. It is not possible to interpret as the one with the most mass loss contracted
the most[18]. Many factors affect drying shrinkage, such as pore sizes, additives, the structural
water content of samples, reaction rates of raw materials, and the resulting reaction products.
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Figure 4. Mass change of foam geopolymer samples during drying.

Samples were also investigated by means of the scanning electron microscope. The most
striking detail in the images obtained by scanning electron microscope is that H2O> increases
the pore size of the foam geopolymer (Figure 5a, 5b). The amount of dissociated O increased
with the increase of H2O: caused the pores to enlarge and the formation of more porosity.

The increase in the curing temperature also caused the pore size to decrease. The main reason
behind the shrinkage is that the geopolymer network begins to form, and the system quickly
solidifies without sufficient time for the pores to mature. Although the increased curing
temperature also accelerates the degradation of H>O», accelerated geopolymer reactions do not
allow the pores to grow (Figure 5c, 5d).

With the increase in the amount of fly ash, some increase in pore size is observed. Increasing
pore size is due to the larger grain size of fly ash than metakaolin (Table 2). Therefore, the
increase in fly ash negatively affects the particle packing in the geopolymer mixture
surrounding the pore and reduces the pressure on the pores. For this reason, the pores tend to
grow. As the amount of metakaolin used in the geopolymer foam mixture increases, the pore
sizes become thinner (Figure Se, 51).
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Figure 5. Scanning electron microscope images of samples.a)85F-60C-1 b) ¢)85F-60C-2
d)85F-80C-2 €)85F-60C-2 £)95F-60C-285F-60C-2.

4. Conclusions and Recommendations

This article investigated the effects of fly ash content, H,O, amount, and curing temperature on
drying shrinkage in fly ash-based geopolymers.According to the drying shrinkage
measurements, one can report thatfly ash amount effective on decreased drying shrinkage. This
situation is thought to be related to structural water.The increase in the amount of H>O> and the
increase in the curing temperature increase the drying shrinkage.The authors also investigated
mass losses in the samples during the drying shrinkage measurements. There is no correlation
between mass loss and the amount of drying shrinkage.
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Abstract

Glass foams (GF) possess great potential for waste valorization purposes. The foaming
characteristics can be manipulated by variations in particle size (PS) distributions. In this study,
we selected waste cathode-ray tubes (CRTs), glycerine (G), water glass (WG), and water (W)
constituents with the roles of main waste, foaming agent, particle enveloping substance, and
moisturizing content, respectively. Initially, the GF system was designed as follows:
9OCRTs+2W+6WG+2W. After that, four different particle size ranges in waste CRTs were
chosen as (-500/+212 pum, PSI-coded), (-212/+125 pm, PS2-coded), (-125 pm, PS3-coded),
and (-75 pm, PS4-coded). The GF pellets were prepared by weighing, mixing, and pressing
stages, accordingly. The prepared pellets were then heated via a conventional electric resistance
furnace under the conditions of a 5°C. min™! heating rate up to 850°C, which were subsequently
dwelled for 30 min at the peak temperature. The impact of PS on physical and mechanical
properties was analyzed by measuring bulk density (psuic), predicted porosity (PP), and testing
compressive strength (CS). According to the findings, the psux values were equal to 599, 460,
303, and 264 kg. cm™ for PS1 to PS4 samples in the respective order. Based upon the measured
Puulk, the EP values were found to be 78.3, 83.3, 89.1, and 90.4 percentages for PS1 to PS4
specimens, respectively. Lastly, the CS values revealed that decreasing PS caused the
obtainment of diminishing resistance to mechanical failure. In conclusion, the authors deduced
that waste CRTs can be valorized in an effective way with the aid of manipulating particle size.

Anahtar Kelimeler : glass foam, CRTs, waste valorization, particle size, sustainability

* Corresponding author : rkurtulus@aku.edu.tr

1. INTRODUCTION

Glass foams (GF) offer unique properties for different application areas. Their main benefits
can be regarded as being waterproof and non-flammable, resistant to acids, providing precise
dimension and easy cutting, and ensuring various waste valorizations [1], [2], [3]. With these
superiorities, GF materials are extensively preferred by construction, building, underground
plumbing, and metal filtration fields. Conceptually, GF systems are produced with the use of
foaming mechanisms such as carbonaceous (eg. glycerine), neutralization (eg. CaCO3), and
oxidation/reduction (eg. Mn*? to Mn™?) [4], [5]. The fundamental goal is to expand the glass
body by forming pores inside the material. The formation of opened-or-closed porous
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determines GF material's application area. For instance, thermal insulation applications require
closed pores for separating inside and outside atmospheres whereas metal filtration applications
necessitate opened-porous for preventing undesired particles movement [6]. Therefore, the
formation of pores and their size and distribution are the key factors for fabricating high-
performance GF materials.

In addition to the excellent properties of GF materials, they present a great opportunity for
valorizing waste substances in mass production. That is to say, solid waste substances such as
glass, blast furnace slag, fly ash, and so on can be effectively utilized with the insertion of
foaming agents under suitable process conditions to fabricate GF materials [7]. Such
valorization is vital within the scope of environmental sustainability and a greener future. This
is because a large number of waste substances or by-products have been landfilled every year
without any benefit, indeed, they pollute the environment [8]. Based on these strong
motivations, the scientific community has intensively concentrated on valorizing waste
substances to produce value-added products. Among these, waste cathode-ray tubes (CRTs)
glass take great importance and require urgent action for valorization intentions. The reason
behind this urgency can be explained that light-emitting diodes (LEDs) have expeditiously
replaced CRTs glass technology in the last quarter, which means that computers, TVs, or
monitors, that use CRTs glass technology, have become useless [9]. The unusable has been
doomed to accumulate in landfills, which in turn has begun to pollute the environment.
Therefore, any attempt for valorizing waste CRTs substances is of importance for a more viable
environment.

In the present study, the authors have two certain purposes: (1) to valorize unused CRTs panel
glass in glass foam applications, (2) to understand the impact of particle size on physical and
mechanical properties in glass foams. For achieving these, we designed an experimental study
based upon the following composition: 90CRTs+2G+6WG+2W (G: glycerine, WG: water
glass, and W: water). The main waste substance, CRTs, were sieved to four different particle
size range as (-500/+212), (-212/+125), (-180), and (-80). Providing that each sample was
prepared by using the corresponding particle size range, four specimens as PS1 to PS4 were
fabricated at 850 °C (heating rate of 5 °C.min"), which were subsequently dwelled for 30 min
at the peak temperature. The synthesized GF series were analyzed by using Archimedes'
principle and mechanical testing. The findings were evaluated for calculating bulk density,
estimated porosity, and compressive strength. Eventually, we discussed and reported the impact
of particle size on physical and mechanical properties in waste-derived glass foams.

2. MATERIALS & METHODS

For producing the GF series, we initially supplied waste CRTs glass from the electronic disposal
area at Afyon Kocatepe University. The supplied CRTs monitor was then disassembled to
obtain panel glass as revealed in Figure 1. In Table 1 the chemical composition of CRTs panel
glass is also listed.
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Figure 1. The photographs of the supplied CRTs monitor.

Table 1. The chemical composition of waste CRTs panel glass in wt%.

Na;O K;O ALOs; TiO:; SiO: CaO BaO SrO PbO Fe:03

CRTs Panel 5.19 929 4.64 039 6056 2.09 749 998 0.17 0.20

The panel glass was washed and dried followed by a grinding process via alumina ball milling.
The ground particles were then sieved to different particle size ranges, and their particle size
distributions were plotted in Figure 2, as well as their dio, dso, and doo values are given in Table
2. At this point, PS1 to PS4 sample codes signify -500+212, -212+125, -180, and -80 microns
in the respective order.
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Figure 2. Different particle size distributions for the ground powders.
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Table 2. dio, dso, and doo values for the PS1 to PS4 samples.

Sample d1o (um) dso (um) dso (um)
-500+212 pm ~235.0 ~320.0 ~470.0
-212+125 ym ~135.0 ~160.0 ~195.0
-180 um 5.1 72.0 1735
-80 pym 2.7 32.7 80.6

Once four different particle size ranges, PS1 to PS4, were made ready we carried out pellet
preparation step. Here, the batch composition, 90CRTs+2G+6WG+2G, was followed for
experimental procedure, and the corresponding particle sizes, as well as other constituents, were
precisely weighed via analytical scale (Precisa XB200, + 0.0001 g), were effectively
homogenized via agate mortar, and were thoroughly pressed via uniaxial hydrolic pressing (at
0.6 MPa). The four prepared pellets were placed into a conventional electric resistance furnace
to reach up to 850 °C by applying 5 °C.min"! heating rate, which was then dwelled for 30 min
at the peak temperature. Finally, glass foam series were obtained as demonstrated in Figure 3.
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Figure 3. The photographs of unheated (upside) and heated (downside) glass foam series.

Some physical and mechanical analyses were conducted to understand the impact of particle
size in waste-derived CRTs glass foams. At the beginning, Archimedes's principle was used to
measure the bulk density (psux) via Equation 1.

Xair

Pbuik = X Pliquid €]

air — Xliquid

where Xuir, Xiiquia, and priguia signify weight in air, weight in water, and density of water (0.997
g.cm?), respectively.
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Based upon puuix value, the predicted porosity (PP) was calculated by using Equation 2. In this
regard, theoretical density (psmeorericat , 2.759 g.cm™) was figured out with the use of constituents'
weight percentages and their density values.

Pbuik

PP (%) = [(1)—( )]x1oo )

Ptheoretical
Finally, universal mechanical testing (Shimadzu AG IS 100 kN) was utilized to measure the
compressive strength of the prepared glass foam series. Before testing, the specimens were
ground to obtain flat and parallel surfaces.

3. RESULTS & DISCUSSIONS

As it is clear from Figure 3 that we successfully fabricated the foam glass series. One can also
see that all samples achieve nearly, at least, two times higher expansion characteristics when
compared to their initial pellet size. This phenomenon tells us that foaming seems to be
accomplishable with different waste CRTs particle size ranges. On the other hand, we can
certainly say that the decreasing particle size range is highly beneficial for obtaining a more
foamed structure, as well. Visually, the sample-PS1 containing coarser particles shows less
foaming rather than sample-PS4 having finer particles.

When it comes to evaluating the fabricated samples in terms of numerical values based upon
bulk density, predicted porosity, and compressive strength it becomes quite possible for better
comprehension in relation to the impact of different particle size range on foaming
characteristics. Figure 4 plots the values for bulk densities for the intended foam glass samples.
We can observe that the decreasing particle size range provides lower bulk density values. That
is, samples-PS1-toPS4 have 0.600, 0.460, 0.303, and 0.264 g/cm? in the respective order. In
contrary to this, the predicted porosity, reveals an increasing trend with the decreasing particle
size ranges, as expected based on bulk density variations, in Figure 5. The values for PSI to
PS4 samples are calculated as 78.25, 83.32, 89.03, and 90.43 percentages, respectively. Such
findings are very desirable for foaming materials, especially lightweight building materials
applications. In other respects, the variations in both parameters may be attributed to the total
surface area ensured by different particle size ranges. In other words, when the contact area
increases in a foam glass system, its dissolution increases which lead to a decrease in viscosity
[10]. With this obtained, a more foamed structure can be achievable. As a result, the authors
concluded that lower particle sizes aid to obtain lower bulk density and higher porosity aspects.
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Figure 4. The alterations in bulk density values for the fabricated foam glass series.

95

Predicted porosity

Predicted porosity (%)
& 8

(o]
o
1

75

T T T T T T T
PS1 PS2 PS3 PS4
Sample codes

Figure 5. The change in the predicted porosity percentages for the foam glass samples.

Finally, we investigated the behavior of the prepared samples in subjection to the compression.
Figure 6 illustrates the compressive strength trend for the samples. Apparently, the values are
found to be in decreasing way as the particle size lowers. Namely, PS1 to PS4 samples have
1.32,1.13,1.01, and 0.94 MPa in the respective order. These values seem to be quite acceptable,
for example, lightweight building materials, however, if one requires higher values against
mechanical failure should follow coarser particle size, though.
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Figure 6. The compressive strength trend for the produced samples.

4. CONCLUSIONS

The present study addresses the preparing foam glass that is composed of fully waste CRTs
glass. Another goal was targeted to understand the impact of changing particle size range on
foaming characteristics. The prepared foam glass series with varying particle size ranges (PS1
to PS4) were subjected to some characterization analysis to figure out the alterations in bulk
density, predicted porosity, and compressive strength. According to the bulk density
measurements, the increasing particle size caused a decrease in density values from 0.600 to
0.264 g/cm?. Therefore, we can say that the PS4 sample (-80 microns) can be regarded as the
best one. In contrary to this, the predicted porosity values were equal to 78.25, 83.32, 89.03,
and 90.43 percentages for PS1 to PS4 series, respectively, as expected. That means an
increasing trend in the porosities as the particle size lowers. Furthermore, the compressive
strength test obviously revealed that the decreasing particle size leads to the decreasing
resistance to mechanical failure, namely 1.32, 1.13, 1.01, and 0.94 Mpa for PS1 to PS4,
respectively. After these findings, we can report that a fully-waste-derived foam glass can
effectively be fabricated with acceptable technical properties for building materials
applications, particularly lightweight purposes. Additionally, this study proved that lowering
particle size aids to obtain high porosity values in waste CRTs-derived foam glass systems.
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