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Ozet

Manyetik pargacik spektrometresi (MPS), belirli manyetik alan degerlerinde siiper paramanyetik demir
oksit nanoparcgaciklarinin dogrusal olmayan tepkisini ve manyetik doygunlugunu kullanir. Zamanla
degisen bir manyetik uyarici bobinlerin alani pargaciklarin miknatislanmasinin maksimum ve minimum
deger arasinda degismesine neden olur. Genel olarak, uygulanan alan gegici olarak degistirildiginde
manyetik bir nanoparg¢acigin yoninu degistirmenin iki yolu vardir. Pargacigin kendisi Brownian donusu
adi verilen fiziksel bir donus gergeklestirir veya pargacik igindeki manyetik moment Néel donlsi adi
verilen sabit bir yapida dénebilir. Viskoz bir ortamda, uygulanan frekansa bagli olan ve baskin bir islem
olan her iki donme tipinin kombinasyonu gercgeklesir. Relaksometre olarak da bilinen bu sistem, MPS
galismalarindaki yaparak
nanopargaciklarindurulma sirelerinin 6lgimini dikkate alir. Brownian veya Néeldurulma sireleri,
kimyasal olarak bagh veya bagl olmayan manyetik nanopargaciklarin dis degisken manyetik alana
verdigi tepkiye gore hesaplanabilir. Bu c¢alismada, nanopargaciklarin durulma zamanlari gibi
saglayan bir spektrometre Oncelikle tasarlanmis ve yapimi
gergeklestirilmistir Spektrometreden elde edilen MPS sinyalleri veri toplama karti ile bilgisayara
aktarilabilir ve Python programlama dilinde yazilmis bir yazilimla veri analizi yapilabilir.

manyetik nanopargaciklarin  yogunlugunu ve ilgili hesaplamalari

ozelliklerinin  analiz edilmesini

Portable Magnetic Nanoparticle Spectrometer

Keywords
Magnetic particle
spectrometer;Magnetic
nanoparticles
Parameters;Nonlinear
magnetization;
FFT;Data analysis

Abstract

The magnetic particle spectrometer (MPS) uses the nonlinear response of super-paramagnetic iron
oxide nanoparticles and magnetic saturation at certain magnetic field values. A time-varying magnetic
field of excitation coils causes the magnetization of the particles to vary between the maximum and the
minimum value. Generally, there are two ways in which a magnetic nanoparticle can change the
direction when the applied area is temporarily changed. The particle itself performs a physical rotation
called the Brown return, or the magnetic moment in the particle can rotate in a fixed structure called
the Néel return. In a viscous environment, the combination of both types of rotation takes place, which
depends on the frequency applied and is a dominant process. This system, also known as the
relaxometer, takes into account the density of the magnetic nanoparticles in the MPS studies and the
measurement of the relaxation times of the nanoparticles by making the corresponding calculations.
Brownian or Néelrelaxation times can be calculated according to the reaction of chemically bound or
unbound magnetic nanoparticles to the external variable magnetic field. In this study, a spectrometer
was first designed and constructed to analyze the properties of nanoparticles such as relaxation times.
MPS signals obtained from the spectrometer can be transferred to the computer with data acquisition
card and data analysis can be done with a software written in python programming language.

Afyon Kocatepe Universitesi
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1. Introduction

Magnetic particle imaging (MPI), which displays the
spatial distribution of super paramagnetic iron
oxide nanoparticles, is a new tomographic imaging
technique. In this technique, the signal is taken
from the iron oxide nanoparticles, which are
characterized as tracers. Monitoring the quality of
these tracers is important for tissue health, and
studies in this area are not yet enough. Based on
nonlinear magnetization of magnetic nanoparticles,
MPS can accurately measure the high-level
harmonic components of the signals it detects with
the spectral analysis method. In general, these
signals are analyzed using the Langevin function
model, which is expanded by a Debye front factor
that defines the dynamic magnetic properties of
the particles [1]-[2]-[3]. However, this model is a
coarse approach that has not only correctly defined
the phase of the harmonics [8]. In this study, a
magnetic particle spectrometer can be interpreted
as a zero-sized MPI scanner containing a drive field
coil and a receiver coil. The following sections
describe the current setup that can perform MPS
measurements with a freely adjustable excitation
frequency in the range of 1 kHz to 10 kHz. This
setup demonstrates the possibility of identifying
the different properties of nanoparticles, such as
the effect of Brownian and Néel rotation on signal
quality.

2. Methods

MPI relies on the non-linear magnetization curve of
magnetic nanoparticles. When a time varying
magnetic field H(t) = H,sin(2nf,t)is applied to
the nano-particles, a magnetization M(H(t)) is
observed. Due to the non-linearity of M, the
frequency spectrum of the magnetization response
does not only consist of the frequency f,, but also
of higher harmonics. Figure 1 shows this process,
response of magnetic particles to an external
magnetic field theory of nonlinear magnetization

[5].

According to the Langevin theory of
paramagnetism [6], the magnetization curve of the
particles can be described by

M(t) = mgc <coth (M)

kT

_ "B_T) o)
Mmsho H(t)

where updenotes the permeability of vacuum,
ksthe Boltzmann constant, T the temperature as
Kelvin, ¢ the sample concentration, and mg =

%D3Msthe magnetic moment of the particles at

saturation [7]. The particles are characterized by
their diameter D and the saturation magnetization
M, [8]. In eq. (1) it is assumed that the
concentration ¢ of the nanoparticles is
homogeneous within the probe. Furthermore, the
magnetic field H(t) is nearly homogeneous in the
probe chamber and has only one spatial
component. This can be achieved by using a
solenoid coil to generate the magnetic field, where
the probe chamber lays inside the coil.

M, 5 M(t) s(t), signal

IR

AU )
T 1

R

Sha signal
spectrum

135 .. naw,
Figure
1.BasicMPlprinciple.ThedrivefieldH(t)generatesaparticle
responseM(t)thatinducesavoltagein
thereceivecoils.Thetime-
dependentvoltageismeasuredandconstitutestherawsig
nals(t)adM(t)/dt.Duetothenon-linear
magnetizationcurve,thesignalspectrumSpcontainshighe
rharmonicsofthedrivefrequencyf,,whichareusedforparti
cle
detectionandimaging.Forreference,thederivativeofthe
magnetizationcurvedM/dHisalsoshown(bluecurve).

3. MaterialsandEquipment

Magnetic nanoparticle detector assembly consists
of the following components; function signal
generator, power amplifier, band-pass filter, coil
system, band stop filter, signal amplifier, data
acquisition card and PC, Figure 2.
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3.1 Function signal generator

Signal generator must be generate a desired
frequency sinusoidal signal with constant
amplitude and does not contain any
harmoniccomponent. Figure 3 shows the complete
schematic of the sinus generator performed. The
XR-2206 is a function generator that produces high
quality sinus, square, triangle, ramp and pulse
waves with high stability and accuracy. The
amplitude and frequency of the output waveforms
can also be modified by an external voltage to be
applied. The operating frequency can be selected
externally in a range of 0.01 Hz to 1 MHz [9]. The
frequency is given as follows:

1
fo =5—=

=5-rc HD (2)

-

- ) Band-pass
Exciting Coil Filter

Band

Elimination
Filter

Pick-up Coil

o ——

Coil System

The sinusoidal generator produces the sinusoidal
signal so perfectly that the bandpass filter shown in
figure 1 is not used in this study.

3.2Power amplifier

Since the function generator’s output signal is not
powerful enough to make excitation coil produce
oscillation magnetic field with a certain amplitude,
power amplifier is necessary for the detection. The
output of the power amplifier must be linear and
bandwidth wide enough. Figure 4 shows a power
amplifier with TDA2050 integrated circuit in this
study. The TDA2050 heats up excessively at high
currents and is mounted on a fan cooler. According
to the manufacturer's data of the TDA2050
integrated circuit, the maximum permissible
current value of this unit is limited to 5 A, which
can deliver 50 W of output power [10]. The 35 VDC
supply source of the cooling fan must be
independent of the supply source, otherwise
unwanted harmonics may leak into the output of
this power amplifier

Signal Source

Power Signal

Amplifier Generator

Data
Acquisition,
Processing

Data Displays

Signal
Amplifier ]

Detection of Signal Processing

Figure 2. The system schematic of magnetic nanoparticles detection.
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100k 1 4 E 1
J " P 1.0 4700 . 3
1 ! N
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[] R1
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100n | m—
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Figure 4. Current drive power amplifier with TDA2050

3.3Band-pass filter

To ensure that the output signal from the detection
coil contains only harmonics, a band stop filter
should be connected to the output of the detection
coil in series. Since the main purpose is to prevent
the base band signals, it can be accomplished using
high-pass filter or twin t notch filter. Figure 5 shows
a twin notch filter made in this study. A notch
filter,also known as band limiting circuits, can be
used to remove a particular frequency. It is usually
fixedfrequency, but some of the notch frequency

can be adjusted. Due to the high Q value, the
bandwidth

of these filters is very small. An ideal notch filter
should give a smooth frequency response on all
other frequencies, except for the notch frequency.

In reality, perfection cannot be achieved, but when
used with operational amplifier cores, high
attenuation and narrow notches can be achieved
[11].

3.4 Lownoiseamplifier
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It is not possible to perceive because of the
amplitude of the MPS signal containing the
harmonic frequencies is too small. The output
impedance of the gradiometer receiver coil must
match the input impedance of the data acquisition

board.lt is an important solution to improve
signal/noise ratio by selecting appropriate
electronic design and its components. Figure 6
shows the preamplifier circuit consisting of
integrated two operational amplifiers.

V-evoc

-9VDC

Figure 6.0perational trans conductance amplifier.

In the first, the unit gain is the monitor, in a sense
the impedance converter and the output signal
monitors the input signal. The second one is the
unit that performs the actual amplification of the
input signal and is known in the terminology as
“operational trans conductance amplifier, (OTA)"
[12].The notch filter and the preamplifier together
form a signal conditioner. The conditioner amplifies
the very small MPS signals sufficiently enough to
transmit the signal to the data acquisition card with
an improved signal to noise ratio.

J2
CONN H2
1
p O
- 3
RV3
180Kk
D

3.5 Data acquisitionandprocessing

MPS signals are analog signals and must be
converted to digital data encoded in a binary
number system in order to process these signals.
For this purpose, the sound card embedded in the
motherboard of a laptop and the
Pythonprogramming language were used to access
this sound card. The numerical data obtained from
the sound card can be stored and converted into a

database with a software written in this language.
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3.6 Coilsystem

As mentioned earlier, MPS uses the nonlinear
response of super paramagnetic nanoparticles and
magnetic saturation in certain magnetic fields,
which is why the coil system is required to
stimulate nanoparticles and detect their response.
Figure 7 shows the coil system consisting of
transmitter/driver and gradiometer receiver coil.
The upper coil is the driver coil. This coil causes the
nanoparticles to be excited by turning the high
frequency currents having the known frequency
large
magneticfield. The inductance of thiscoil made by

and sufficiently amplitude into the

winding a thin wire on a carcass can be calculated
from the following relation:

0.8 V242
L_6fr+9.€+ c (kH) ®)
Here, N is the number of turns, r is the radius of the
coil, £ is the length of the coil, and c is the
thickness of the coil. Units must be taken in mm.
The Biot-Savart law can calculate the magnitude of
the magnetic field generated by the high frequency
current passing through these two solenoid coils
along the axis of the coil as

H(O) = i(5) A/m @

N
2 )W/ +r

The last expression is the rearranged version of the
same law and i(t)is the value of the current
flowing through the coil [1]. In Figure 7, the left-
most coil is the gradiometer receiver coil.The
windings on both ends of the coil have the same
number of turns and winding the same direction.

The total number of windings of both ends is equal
to the number of windings of the middle coilbut
wound in the opposite direction. Coils with these
properties are known as gradiometer or differential
coils. This is very important in the MPS study
because the amplitude of the excitation signal
induced in the receiver coil is much larger than the
signal of the nanoparticles,suppressing the signal of
the particles and therefore the gradient coil is used
to remove thesignal that is caused by the excitation
[16].The number of turns of the gradiometer coil
made in the study was wrapped around 47 turns
for the windings at both ends, 94 for the middle
windings but in the reverse direction. In addition,

the receiver coil should be placed concentrically
inside the exciter coil, and the capsule containing
the nanoparticles to be measured should be placed
in the middle of this receiver coil. In addition, the
drive coil was wound with aluminum foil and
grounded. In the thumbnail, there is a

superparamagnetic iron oxide Fe;0,4 solution in the
capsule (nanomag® - MIP, surface: NH,, Size: 100
nm, c(Fe) = 5.0 g/ml).

t & L 4 s El
Figure 7. The coil system consisting of transmitter /
driver and gradiometer receiver coil.

Al

The accuracy of the signals of super paramagnetic
nanoparticles detected in this system as described
above for each component was obtained after
calibration of the whole system. After ensuring
correctness, the obtained signals can be displayed
as a spectrum on the screen by performing Fourier
transform. The signal flow of the system is shown
in Figure 8.

Power Amplifier
Band Pass Filter /

signal Generation

Band Elinination Filter \

o

paces]

Low Noise Amplifier

Data Acquisition, Processing
s

Figure 8. The signal flow of the system.
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4.Measurements andResults

Figure 9 shows the finished state of the
spectrometer; the operating frequency is 1.556 kHz
and this value can be changed according to the
expression (2). Figure 10 is a view of the MPS signal

received in this spectrometer.

According to the signal processing theory, the
sampling frequency must be at least twice as large

a43e.

as the frequency of the signal to be digitized. The
sampling frequencies of the sound card we use can
be changed via software. In this study, MPS signals
obtained with 16 kHz and 38 kHz sampling
frequencies and their FFT transformations are
given in Figure 11 and Figure 12. The codes used
for the FFT conversion of the MPS signal were
written in Python version 3.6.8.

&Y
3200,

5 R

The values of the FFT peaks obtained from both
sampling frequencies are the same and these peak
values are the monovalent harmonic components
of the fundamental frequency matching the
nanoparticles. Table 1 summarizes these values
and the graph is given in Figure 13.

Figure 10. Observed MPS signal

108

S

Figure 9. Magnetic nanoparticle detection system based on a sound card embedded on a laptop.

In Figure 13, the upper end of the exponential
curve obtained because of the graphical adaptation
of the FFT peak points is cut off since the first
harmonic in the particle spectrum cannot be used
because the band stop filter suppresses the basic
frequency.

Table 1. FFT peak values.
0Odd frequency harmonics

2n-1 Frequencies (kHz) Peaks (dB)
If 1.556 4.1856
3f 4.668 2.0750
5f 7.780 1.3899
7f 10.892 0.6984
of 14.004 0.4199
11f 17.116 0.2264

7
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Figure 11. 16 KHz sampled MPS signal and FFT
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Figure 12. 38 KHz sampled MPS signal and FFT
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Figure 13. Frequency spectrum decays exponentially with increasing frequency.



5. Conclusions

In this study, the MPS system which is designed
and experimentally performed can be interpreted
as a zero-dimensional MPI scanner. This system
needs to be developed to detect small diameter
and low magnetic nanoparticle concentrations. This
requires software algorithms with high quality
hardware circuits. It also allows the creation of a
database in the following stages. As a result, this
experimental magnetic particle spectrometer
(MPS) is a useful tool for real-time monitoring of its
suitability during particle synthesis and for
monitoring the imaging quality of the particle.

6. References
Articles

Yan Tan, Yang Yu, Xing Lv, Ming Wang.

Design and Simulation of Magnetic Nanoparticles
Detector Based on the Nonlinear Magnetization,
2013 6th International Conference on Biomedical
Engineering and Informatics (BMEI 2013).

André Behrends, Matthias Graeser and Thorsten M.
Buzug. Introducing a frequency-tunable magnetic
particle spectrometer, De Gruyyer, Current
Directions in Biomedical Engineering 2015; 1:249—
253.

Ferguson RM, Khandhar AP, Hamed A, Loc H, Hovorka O,
Krishnan KM. Tailoring the magnetic and
pharmacokinetic properties of iron oxide magnetic
particle imaging tracers. Biomedical
Engineering/Biomedizinische Technik 2013; 58(6):
493-507.

Jirgen Rahmer, Jirgen Weizenecker, Bernhard Gleich
and JérnBorgert. Signal encoding in magnetic particle
imaging: properties of the system function. BMC
Medical Imaging 2009, 9:4 doi:10.1186/1471-2342-9-
4.

AKU-IJETAS. 10: 1-9

Thorsten M. Buzuga,*, Gael Bringouta, MarlittErbea,
KsenijaGrafea, Matthias Graesera, Mandy Grittnera,
AleksiHalkolaa, Timo F. Sattel a, WiebkeTennera,
Hanne Wojtczyka, Julian Haegele b, Florian M.
Vogtb,JorgBarkhausenb, Kerstin Lidtke-
Buzuga,Magnetic particle imaging: Introduction to
imaging and hardware realization. Z. Med. Phys. 22
(2012) 323-334
http://dx.doi.org/10.1016/j.zemedi.2012.07.004,
http://journals.elsevier.de/zemedi

S. Biederer, T. Sattel, T. Knopp, K. Lidtke-Buzug,B.Gleich,
J., Weizenecker, J. Borgert, T.M. Buzug, A
Spectrometer for Magnetic Particle Imaging.
ECIFMBE 2008, IFMBE Proceedings 22, pp. 2313—-
2316, 2008

S. Biederer, T. Sattel, T. Knopp, K. Liidtke-Buzug,B.Gleich,
J. Weizenecker, J. Borgert, T.M. Buzug, A
Spectrometer for Magnetic Particle Imaging.
ECIFMBE 2008, IFMBE Proceedings 22, pp. 2313—
2316, 2008

Web pages

Magnetic particle spectroscopy. http://www.nanomag-
project.eu/magnetic-particle-spectroscopy.html

XR-2206 Monolithic Function Generator.
https://www.sparkfun.com/datasheets/Kits/XR2206
_104_020808.pdf

TDA2050 32 W hi-fi audio power amplifier.
http://www.alldatasheet.com/datasheet-
pdf/pdf/25046/STMICROELECTRONICS/TDA2050.ht
ml

Active Filters - Characteristics, Topologies and Examples,
http://sound.whsites.net/articles/active-filters.htm

Operational transconductance amplifier,
https://en.wikipedia.org/wiki/Operational_transcon
ductance_amplifier

SlawomirTumanski, Induction Coil Sensors — a Review.
http://www.tumanski.x.pl/coil.pdf



Afyon Kocatepe Universitesi Uluslararasi Miithendislik Teknolojileri ve Uygulamali
Bilimler Dergisi

Afyon Kocatepe University International Journal of Engineering
Technology and Applied Sciences

AKU IJETAS Vol 2 (2019) Haziran (10-18 s) AKU J.Eng.App.Sci. Vol 2 (2019) June(10-18 pp)
Arastirma Makalesi / Research Article

AISI 420 Paslanmaz Celiklerin M42 Celik Tel ile Kaynagi Sonrasi Soguma
Ortamina Bagli Mekanik ve Morfolojik Ozelliklerindeki Degisimler

Mehmet Cakmakkayal, Sukra Tala§2, H. Andag Yasan®, M. iskender Eroglu2
1Afyon Kocatepe Universitesi, Teknoloji Fakultesi, Otomotiv Muhendisligi, 03200 Afyonkarahisar,Turkey
2Afyon Kocatepe Universitesi, Teknoloji Fakultesi, Metallurji ve Malzeme Muhendisligi, 03200 Afyonkarahisar, Turkey

cakmakkayal964@gmail.com,stalas@aku.edu.tr

Gelis Tarihi: 25.01.2019 ; Kabul Tarihi:30.04.2019
Ozet
Bu calismada, AISI 420 martenzitik paslanmaz celiklere TIG kaynak yontemiyle Argon gazi korumali
ortamda, M42 celik tel kullanilarak, 75 amper 4.5cm/dk kaynak ilerleme hiziyla kaynak dikisleri

Anahtar kelimeler cekilmistir. Bu amag igin @ 50mm capinda ve 2, 3.5, 5 ve 6.5 mm kalinliklarinda disk seklinde pargalar
“TIG kaynag”, hazirlanmigtir. 50 mm boyunca kaynak dikisi olusturulan bu pargalarin kaynaktan hemen sonra farkl
“Paslanmaz celikler”, sogutma sivilarina daldirilarak oda sicakhigina kadar sogumalari saglanmistir. Deney numunelerinin
“ITAB” ve “Hizh sertlik dlgimii kaynak dikisinden esas metale dogru gergeklestiriimistir. Mikroyapi karakteristikleri ise
soguma”. optik mikroskop, taramali elektron mikroskobu (SEM) vasitasiyla incelenmistir. Sonug olarak, ostenitik

yapinin ylksek soguma hizindan etkilenerek martenzitik yapiya dénismesi gerceklesmistir. Bu tir
paslanmaz celiklerin kritik soguma hizinin altinda sogutulmamasi igin uygun tedbirlerin alinmasi
gereklidir.

Changes in Mechanical and Morphological Properties of AISI 420
Stainless Steels Welded with M42 Steel Wire Associated with Weld
Cooling Medium

Abstract

In this study, the method AISI 420 TIG welding of martensitic stainless steels in the protected
environment of Ar gas and 75 amps and with a weld speed of 4.5cm/min was carried out using M42

Keywords steel wire. For this purpose, specimens of @ 50mm diameter and thickness of 2, 3.5, 5 and 6 mm was
“TIG welding”, sliced. Weld bead was formed along the specimen for about 50mm long and following the welding,
“Stainless steels”, specimens were immersed into a different cooling fluids to cool to room temperature. Microhardness
“HAZ”and “Fast measurement was carried out mainly from the base metal towards the weld seam. Microstructural
cooling”. characteristics were investigated by optical microscope, scanning electron microscopy (SEM). As a

result, the martensitic transformation of the austenitic structure has been influenced by the high
cooling rate. This type of stainless steel must not be cooled below a critical cooling rate and it is
necessary to take the appropriate measures.

© Afyon Kocatepe Universitesi

1. Giris gelmektedir (Anik ve Tulbentgi 1996). GlnUimiz

Genellikle paslanmaz celikler yiksek krom alasimli endistrisinde yaygin olarak kullamlan paslanmaz

celikler olup paslanmaz olarak celikler, icerdigi katki elemanlarina gore degisen ve

. s - . tamamen oOstenitik ile tamamen ferritik 6zellikler
nitelendirilebilmeleri icin bu malzemelerin kimyasal

iceriginde en az %10,5 Cr bulunmasi gerekmektedir araliginda siralanan bes farkh cesit paslanmaz celik

(Paslanmaz Celikler 2002). Celigin igerigindeki tiiril bulunmaktadir (Odabas 2004).

kromun korozyona karsi koruyucu kabiliyeti, krom
Martenzitik paslanmaz celikler ag. %10.5-18 arasi

Cr iceren ancak asil martenzitik yapiy icerdigi ag. %
10

ile oksijen arasindaki biylik affiniteden ileri
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0.10ile 1.2 arasindaki C ile kazanan paslanmaz celik
grubudur. En yuksek C orani genellikle, ag. %18 Cr
ile beraber bulunur. Bazi martensitik celikler ise
mekanik Ozelliklerini iyilestiren katkilari 6rnegin,
Nb, Mo ve W gibi alasim elementlerinden %3’ e
kadar igerirler. Sahip oldugu yiiksek miktardaki C
miktari, celigin normal isil islemle
sertlestirilebilmesini saglar. Martensitik paslanmaz
celikler yiksek sertlik icin, en uygun paslanmaz
celik grubu olup bu sebeple, kaynak kabiliyeti
zayiftir ve genellikle kaynak islemi sonrasi tavlama
gerektirir. Korozyon dayanimi ostenitik gruba gore
diusiktar. Tavlanmis haliyle islenebilirligi gayet
iyidir. Ancak sertlestikten islenebilirligi
Martenzitik paslanmaz geliklerin kritik

sonra
zorlasir.
soguma hizlarinin ¢ok yavas olmasi, yavas soguma
halinde, 6rnegin sakin havada soguma, martenzit
olusumuna neden olur. Martenzitikler ferritiklere
gore c¢atlak olusumuna daha da duyarhdir.
(Campbell, 1992, Oguz, 1985, Tilbentci, 1985,
Bilmes et al 2001).

Martenzit paslanmaz celiklerin korozyon direnci %
12 Cr igeriklerinden dolayr daha zayiftir. Bu Cr
diizeyinde ilave edilecek maksimum karbon miktari
% 1,5’dir (Abington Publishing 1994). Ancak bu
durumda fazla karbon tane sinirlarinda
¢okeltmekte ve tane sinirlarina yakin bolgelerde
krom miktari % 12’nin altina diismektedir (Aran ve
Temel 2004). Paslanmaz celikler turlerine gore
farkli fiziksel 6zellikler gosterirler. Bunlar elastisite
modild, 1sil genlesme katsayisi, isil iletkenlik, 6zgul
sicaklik, manyetik gecirgenlik 6zelikleridir (Odabas
2004, Tusek and Suban 2000).

Endistriyel uygulamalarda paslanmaz ¢eliklerin

kaynakh  birlestiriimelerinde ergitmeli kaynak
yontemlerinden gaz korumali olanlar 6n plana
cikmaktadir. Ostenitik paslanmaz celiklerin gaz alti
kaynaklarinda koruyucu gaz olarak argon + helyum
+ karbondioksit iceren gazlar kullaniimaktadir.
Argon + oksijen karisimi gazlar kaynak banyosunda
oksidasyona neden olmasina ragmen, daha iyi
iIsitma kabiliyeti ve ark dengesi sagladigi rapor
[Liao, and Chen 1998). MIG

kaynaginda oksijen karbondioksite gore daha etkili

edilmektedir

olup argon + % 1-2 oksijen kullanildiginda sprey ark

gecisi saglamaktadir (Tulbetgi 1990, Kalug ve Sari
1996). Paslanmaz celikleri birlestirirken en g¢ok
koruyucu gaz olarak saf argon kullanilmaktadir.
Argona hidrojen ilavesi ile kaynak hizi ve niifuziyeti
kaliteli kaynak dikisleri elde
edilmektedir (Ceyhun 1992). Helyum + argon ile

artmakta ve

argon + hidrojen karisim gazlari yuksek kaynak
hizlari gerektigi hallerde kullanilmaktadir [Ural ve
Kalug 1996, Tusek and Suban 2000). Azot gaz
Ostenit dengeleyici kaynakl
birlestirmelerde kaynak metalindeki &-ferrit orani
kontrol edilmektedir (Lothongkum al. 2001, Lin and
Chen 2001).

oldugundan

Ostenitik ve ferritik paslanmaz celik kalitelerinin
kaynaklanmasina en temel fark, potansiyel olarak
ferritik celiklerin sert ITAB’1 veren martenzitik yapisi
ile beraber c¢atlama riski tasimasi ve 0&stenitik
celiklerin daha kolay kaynaklanmasidir. Martenzitik
paslanmaz  celikler,
bilesenlerinde ve ¢ok kisitlamali
ITAB'In

alinmasini

ozellikle  kahn  kesit
baglantilarda,
catlamasini  6nlemek icin  6nlemler
saglanarak basariyla kaynaklanabilir.
ITAB'daki yiksek sertlik bu tip paslanmaz celigin
hidrojen kirilmasina ¢ok egilimli olmasini saglar.
Catlama riski genellikle karbon icerigi ile artar
(Kumar et al 2012, Sun and Han 1994, Kotecki and
Lippold, 2005, Srinivasan et al 2004). Riski en aza
indirmek icin diisiik hidrojen islemi (TIG veya MIG)
kullanarak veya sarf malzemelerinin (reticinin
talimatlarina goére kurutulmasini (Ortiilii elektrod
kaynak elektrodlari ve Tozalti kaynaginda kullanilan
tozlar) saglayarak kaynak yapilabilir. Yaklasik 200 ila
300 °C'ye 6n i1sitma islemi 6zellikle Cr ve C icerigi,
kesit kalinhigina ve kaynak metaline giren hidrojen
miktarina bagl olacaktir. Zaman ve sicaklik,
kimyasal bilesim ile belirlenecektir (Sun and Han,

1994, Kumar et al 2012, Lippold, 1981).

ince kesit, disiik karbonlu malzeme, tipik olarak 3
mm'den az olan, ¢ogu zaman 0On Isitma yapilmadan
kaynaklanabilir. Bu durum dusik difuzedebilen
hidrojen girdisinin saglanabilmesi icin birlestirme
dikkat  edilmesiyle
basarilabilinir. Daha kalin kisim ve daha yliksek
karbonlu (>% 0.1) malzeme muhtemelen 6n Isitma

alaninin  temizlenmesine

ve kaynak sonrasi isil islem gerektirecektir. Kaynak
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sonrasi Isil islem kaynaktan hemen sonra sadece
yaplyl temperlemek
hidrojenin

zamanda
ITAB'dan
uzaklagsmasini saglamak icin yapilmalidir (Lippold
1981, Kumar et al 2012, Bilmes 2001).

icin degil, ayni

kaynak metalinden ve

Martenzitik paslanmaz
birlestirmelerin yapisi

celiklerin  TIG kaynakli
ve Ozelliklerine kaynak
sonrasi soguma hizinin etkisiyle ilgili etraflica bir
c¢alisma bulunmadigindan dolayr bu c¢alismada
AISI420 martenzitik paslanmaz celigin M42 ilave
kaynak teli kullanilarak TIG kaynakh birlestirmesinin
ozelliklerine ve mikroyapisina kaynak sonrasi

soguma hizinin etkisi arastiriimigtir.

2. Materyal ve Metot

Calismada kullanilacak paslanmaz celik, serit
ile @ 50mm capinda AISI420
martenzitik paslanmaz celik ¢ubuktan kalinligi 2,
3.5, 5 ve 6.5 mm olacak sekilde kesilmistir. Disk

seklinde deney numunesi ile beraber her bir kalinhk

testere yardimi

icin 16 adet deney numunesi hazirlanmistir.
Dilimlenen numunelerin lizerine 75 Amper akimda
ve 8 It/dak debide Argon gazi altinda TIG yontemi
ile 50mm uzunlugunda, M42 kalite gelikten 2mm
kahnhginda ilave cubuk kullanilarak kaynak dikisi

cekilmistir (Sekil 1).

Sekil. 1. a) TIG kaynakh numune b) esas metal mikroyapi

Tablo 1. AISI 420 ve M42 geliklerinin nominal bilegimi
(M42 de ag.% 0.9 Mn bulunur)

Kalite C Mn P S Si Cr
420 0.20 | 1.0 | 0.04 | 0.03 1.0 | 13.0
(1.4021) max | max | max | max

C Co Mo Cr \% \\%

M42 1.08 8 9.4 39 1.2 1.5

Kaynak isleminden sonra zaman kaybetmeden
farkl kalinliktaki (2, 3.5, 5 ve 6.5 mm) numuneler
farkli sogutma hizi olusturabilmek amaciyla, bir
grup numune oda sicakhginda (20°C), diger bir grup
10°C'deki suda ve bir diger grup numune ise oda
sicakligindaki  yagda  sogutulmustur. Farkl
kalinhktaki diger bir grup malzeme ise kaynak
sonrasli havada sogutulmustur. Ege ile tufal
temizligi yapildiktan sonra diskotom kesme cihazi
ile kaynakh disk seklindeki deney numuneleri
ortadan ikiye ayrilmistir. Kesme islemi tamamlanan
numuneler 90-1200G zimparadan gegirilerek, 1
mikron alumina yardimiyla ¢uhada parlatilip alkolle
temizlenerek metalografik olarak hazirlanmistir.

Metalografik olarak hazirlanan numunenin kaynak
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bolgesi daha az miktarda Cr ve Ni icerdigi icin
yaklagik 20s Nital ile daglandiktan sonra incelemeye
hazir hale getirilirken, diger bolgelerinin paslanmaz
¢elik olmasi nedeniyle mikroyapisini yapisini daha
belirgin hale getirmek icin Kalling 2 sollisyonuna 2s
daldirilarak daglama islemi gergeklestirilmistir.
Daglama isleminden numuneler optik

mikroskop ile 500x bilylitme islemi uygulanarak

sonra

incelenmistir. Elde edilen fotograflar daha sonra
photoshop programlari yardimiyla dizenlenmistir.
Sekil 1b’de c¢alismada kullanilan AISI 420 ana
malzemenin yapisi gosterilmistir.

Nikon
incelemesi

marka  Optik kullanilarak

biten numuneler Shimadzu HMV-2

Mikroskop

Vickers mikrosertlik cihazi ile 4 adet esas metalden,
2 ser adet ITAB bdlgesinden, 1 adet ergime
bandindan ve 3 adet kaynak metali ortasindan
olmak Uzere 10 adet sertlik 6l¢imi 100gr yik
altinda gergeklestirilmistir. Her bir 6l¢imiin
ortalamasi alinarak sertlik hakkina genel egilimin
yansitilmasi saglanmistir. Calismada kullanilan her
kalinlik ve soguma durumu igin sertlik 6l¢imi tim
numunelere tekrarlanmistir. Test sonuglari kaynak
bolgesinden olan mesafe — olgllen sertlik degeri
olarak dizenlenip ana malzeme ve kaynak

bolgesinin sertlik degisimleri rapor edilmistir.

3. Sonuglar ve irdelenmesi
3.1 Mikroyapi incelenmesi.

45 numuneden ana malzeme, ITAB ve kaynak
bolgesi olmak lizere yaklasik 200 adet mikroyapi
goruntlisi alinmistir. Calismada 4 farkli sogutma
durumu igin toplam 4 grup, her grup icin 4 farkl
deney numunesi kalinligi vardir. Bu ¢alismada 16
adet mikroyapr gorintliisi verilmistir. BUtin
mikroyapilar 500x biyttme altinda alinmistir.

Sekil 2’ de yer alan mikroyapilar oda sicakhgindaki
suda sogutulan farkli kalinhklardaki kaynakli
numunelere aittir.  Ana metalde gorilen yapi
Ostenit ve martenzit fazlarindan olusmaktadir (Kerr

and Leone 1982).

Kaynakli birlestirmelerin kaynak metali

gorintilerinden yapilarin soguma ortami ve parga

kahinhgu ile iliskili soguma rejimine bagli olarak farkli

morfolojilerde martenzit fazindaki yapilardan
olustugu gobze carpmaktadir. Sekil 2 a, lath tipi
martenzitik yapiyr gosterirken, Sekil 2 b ve c de ise
yogun bir lentikiler yapi bulunmaktadir. Sekil 2d
ise, martenzitik ve beynitik yapilar birbiri igine
girmis sekilde gorulmektedir. Ferritik matrisin
yoklugu ve ayni zamanda Widmanstatten yapilarin
bulunmamasi, yiksek C miktari ve soguma hizinin
degiskenliginden dolayidir. (Lin and Chen 2001,

Clark and Guha 1982).

Sekil 3’de yer alan mikroyapi gorintileri oda
sicakhginda farkl
kalinliktaki kaynakli numunelere aittir. Sekil 4’de

bulunan vyagda sogutulan

yer alan mikroyapi gorintileri ise soguma sicaklig

10°C olan suda sogutulan farkli kalinliktaki
numunelere aittir. Son grup mikroyapilar kaynak
sonrasi havada sogutulan farkli  kalinliktaki
numunelere aittir (Sekil 5). ilk 3 grupta

gbzlemlenen ignesel martenzitler burada hacimsel
olarak daha az dagilim gostermektedir. Sekil 5’deki
mikroyapi gorintilerinden anlasildigi gibi burada
gbzlemlenen ignesel yapilar daha ylksek soguma
rejiminde sogutulan numunelerin yapilarina goére
daha kisa ve ince yapili bir olusumdadir. Olusan
martenzit yapilar ignesel morfolojili degildir
(Lothongkum al. 2001, Gokmen 2006). Sekil 2, 3 ve
4'de verilen resimlerde, ince kesite c¢ekilmis
numunedeki kaynak bolgesinin  martezit ile
baslladigi ve kalin kesite dogru martenzit + beynit
veya 10 °C lik sogutma suyunda sogutulan
numunelerde oldugu gibi ince martenzitten kaba
martenzite gecis oldugu gorlilmektedir. Buna
karsin, yukarida da ifade edildigi gibi, havada
sogutulan numunede ise gecis daha belirgin bir hal
almistir. Kalin kesitlerdeki mikroyapilarin soguma
hnzinin dismesi ile beraber beynitik+ferritik yapiya
doniistugu gorilmektedir. Unutulmamalidir ki, M42
celigi ferritik olup martensitik ¢eligin mikroyapisini
degistirmesi beklenmelidir. Ozellikle Sekil 5b ve
c’nin donusmis ferritik (martenzit-ferrit) ve kismen

beynitik yapida oldugu gorilmektedir.

Kaynak ergime boélgesi her numune igin
degismektedir. Ozellikle kalinhk arttig takdirde
kaynak hizi sabit oldugundan penatrasyon derinligi

hizla dismustir. Sadece 2mm kalinlikta tam

13
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penetrasyon gozlemlenmistir. Ayrica 2 mm

malzemeler ayni grup igerisinde daha kalin

pargalari gére daha sert bulunmustur.

Daha oncede belirtildigi lizere esas metal yapida
gorulen mikroyapi (sekil 1) martenzitiktir. Kaynak
mikroyapisi ise kalinti &stenit ve martenzitten
olusmaktadir. Esas metalde martenzit olmasina
ragmen mekanik 6zellikleri son derece dislktir.
Bunun nedeni AISI 420 celiginin 1sil islemsiz
kullanima uygun olmamasidir.

ITAB genislikleri (Sekil 6) sertlikte oldugu gibi en
genis olarak et kalinhig 2 mm olan malzemelerde
gbzlenmistir. Kalinlik azaldik¢a ITAB genisligi son
derece artmistir. Bu etki, 1s1 dagiliminin iki boyutlu

olmasindan kaynaklanmakta olup, ince kesitli
parcalarda, normal kosullarda

yapilmasaydi soguma hizini dusdrici bir etki

sogutma

yaratmasi beklenirdi. Ancak, bu c¢alismada, kaynak
metali ve numune kaynaktan sonra sogumaya
misade edilmedigi icin, kalinhgin sogumaya etkisi
su verme ortamina bagh olarak, havada sogumaya
gore daha hizli olmaktadir. Dolayisiyla mikroyapi
olmakta ancak ITAB genisligi
degismemektedir. Cunka, ITAB olusumu
sogutmadan 6nce tamamlandigl icin sogutmanin
bir etkisi degil kalinhgin bir sonucu olarak ITAB

daha ince

genislikleri fazla ¢gikmaktadir.

5d) 6,5 (mm)
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Sekil 4. Farkli kalinhkta 10°C sicakhginda suda sogutulan kaynakli numunenin mikroyapi gériinttisi (500x), a) 2 b) 3,5 c)
5d) 6,5 (mm)
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Sekil 5. Farkl kalinlikta havada sogutulan kaynakli numunenin mikroyapi gérintiisti (500x), a) 2 b) 3,5 ¢) 5d) 6,5 (mm)



AISI 420 PsImz Celiklerin M42 Celik Tel ile Kay. Sonrasi Soguma Ortamina Bagli Mek. ve Morfolojik Oz. Degisimler, Cakmakkaya vd.

3.2. ITAB Genisliginin Kaynak Sonrasi Soguma Hiziyla
iliskisi

Kaynakli birlestirmelerin mikroyapi incelemelerine
ilaveten numunelerin daha sonra ITAB gorintileri
Gzerinden o6lgimler alinmis ve ITAB genislik grafigi
olusturulmustur. Sonuglar grafiksel olarak Sekil
6’da grafiksel gosterilmistir.

ITAB GENISLIKLERI
1240

1190

1140

1090

1040
—— 2.grup

940
890 —8— 3.grup

840
4.grup

790

GENISLIK (MIKROMETRE)

710 —— lgrup

690
640

590

” KALINLIK(MM)
Sekil. 6. ITAB genisliginin kalinliga gore degisimi

En yiksek ITAB genisligi; 2mm kalinlikta ve havada
soguyan deney numunesinde tespit edilmistir (Sekil
6). 20°C ve 10°C’ de suda ve 25°C de yagda soguyan
2mm kalinhga sahip numuneler ITAB genislik
degerleri son derece birbirine yakin bulunmustur. is
parcasi kalinligi arttik¢ca ITAB genisligi dismektedir.
Dusik kahnhkta yavas soguma hizinda gorilen en
yuksek ITAB genisligi, daha kalin is parcasinda
artan kalinlikla soguma hizi artisina bagh ITAB
genisligi daralmaktadir. Bunun nedeni yiiksek et
kalinligi nedeniyle sogumanin nispeten daha hizli
gerceklesmesidir.

3.3. Kaynakli Birlestirmelerin Kaynak Sonrasi Soguma
Hizi ile Sertlikleri Arasindaki iliski

Farkh kesit kalinhgindaki deney malzemelerine TIG
kaynak islemi sonrasi uygulanan farkli sogutma
rejiminin birlestirmenin sertligi Gizerindeki etkisi de
¢alismada incelenmistir.

Sekil 7, kaynak metalinin ortalama
gostermektedir.

sertligini
Kaynak bolgesinde 2mm kesit
kalinligina sahip numunede en yiiksek sertlige
632HV0.1 ile ulasmistir. En disilik sertlik ise 527
HVO0.1 ile 6.5mm kesit kalinligina sahip numunenin
kaynak metalinde ulasilmistir. Sekil 7’de gorildigi

Uzere 20°C suda soguyan et kalinhgl en disik
(2mm) olan deney numunesinde kaynak metalinde
en yuksek sertlik degerine ulasmistir. Kesit kalinligi
azaldikca kaynak sonrasi sogumanin en hizli oldugu
bir durum sbézkonuzu olup, artan et kalinhg ile
beraber

soguma hizi dismektedir ve kaynak

metalinin genel sertlik degerleri azalmistir.
20°C SU iLE SOGUTMA

——2 —a—35 5 ——65

SERTLIK (HV)

1 3 5 7 9

BOLGELER

Sekil. 7. 20°C'de sogutulan farkli kalinhktaki

numunelere ait sertlik degerleri.

Sekil 8de 25°C yagda soguyan grupta sertlik
degerleri 1. gruba gore daha dusik olarak
gozlenmistir. En yiksek sertlik degeri yaklasik
600HV,; olarak kaynak metalinde ol¢tlmustir. En
dusik sertlik ise 567HVy;
malzemedir.

ile 65 mm lik

25°C YAG ILE SOGUTMA

—_——2 —B—35 5 ——65

S,
BOLGELER

Sekil. 8. 25°C'de yagda sogutulan farkh kalinhktaki
numunelere ait sertlik degerleri.

10°C suda soguyan numuneye ait sertlik grafigi sekil
9'da verilmistir. Sekil 9’da verilen sertlik grafigi
deneyde en vyiksek sertlik degerlerine sahiptir.
2mm kesit kalinhigina sahip numune igin sertlik
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yaklasik kaynak bolgesinde 800HV,; ye kadar
ulasmistir.

10°C SU iLE SOGUTMA

SERTLIL (HV)

5 6
BOLGELER

Sekil. 9. 10°C'de su ile sogutulan farkli kalinhktaki
numunelere ait sertlik degerleri.
HAVADA SOGUMA

——2 —8—35 5 —3—65

SERTLIK(HV)

Sekil. 10. Havada soguyan farkl kalinhktaki
numunelere ait sertlik grafigi.

Sekil 10’da kaynak sonrasi havada sogutulan farkli
kahnhktaki numunelere ait sertlik dagihmi grafiksel
olarak gosterilmistir. Sekilden gorildaga gibi en
yuksek sertlik 2 mm kesit kalinhgina sahip
numunenin kaynak metalinde yaklasik 525 HVO.1
ve en dusik sertlik ise kesit kalinligi 6,5 mm olan
numunenin kaynak metalinde yaklasik 475 HVO.1
bulunmustur.

Sertlik sonuglari kaynak metali sertliginin artan et
kesit kalinligina bagli olarak genel olarak azaldigina
isaret ederken, kaynak sonrasi soguma rejimini
arttiran soguma ortamlarina gére de kaynakli
baglantinin sertliginin arttigina isaret etmektedir.

Sekil 11’de gorlldugu gibi ¢elik numunede havada
soguma sartlarinda
edilebilmektedir.

elde
Havada soguyan numunelerde

bile martenzit yapi

yaklasik 480HV,, elde edilmistir. Bu tip celiklerde
Martenzit disi yapilarin eldesi ancak tam tavlama
tipi atmosferlerde mimkindir. Normalize, suda,
yagda sogutulan celiklerde martenzitik donlisimin
elde edilmesi kacginilmazdir, ancak mikroyapida
doénismeden kalinti

kalan Ostenitlerde

bulunabilmektedir.

1073 T armozx TT]

| \ L]
973 Y

Ar=938 K

873

|

|

Temperature, K

573

=R H H
s=s33 H v
a73 I

373 ‘
1E+00

Time, s

Sekil. 11. AISI 420 martenzitik paslanmaz celige ait
TTT diagrami ve CCT egrileri [16].

4. Genel Sonuglar

Farkh kesit kalinhginda TIG kaynak ydntemiyle
farkhh  soguma
ortamlarinda sogutulan numunelerin kaynak metali
yapisi, ITAB genisligi ve kaynakli baglantinin sertligi
incelenmistir.

birlestirilen ve kaynak sonrasi

Genel olarak degerlendirildiginde
soguma ortami ve is parcasli et kesit kalinhigina bagl
olarak artan soguma rejimiyle iliskili olarak kaynak
metalinin yapisinin martenzit fazinin yani sira
kalinti  Ostenitten
Martenzitin morfolojisi yiiksek soguma hizina sahip

numunelerde

olustugu  gorilmektedir.
formunda
olusmaktadir. Kaynak metalinin ITAB genisligi et
kesit kahnhgi dusik ve kaynak sonrasi soguma

ignesel  martenzit

rejiminin endisiik oldugu sogutma ortaminda en
genis olarak bulunmustur. Kaynak metalinin sertligi
ise en ylksek en hizli sguma rejimine sahip deney
numunesinde elde edilmistir. Sonug
martenzitik paslanmaz celiklerin kritik soguma hizinin

olarak

altinda sogutulmamasi igin uygun tedbirlerin alinmasi
gerekli oldugu gorilmektedir. Bu baglamda kaynak
oncesi bir 6n tav isil isleminin yani sira kaynak sonrasi
gerginlikleri giderme isil islemi uygulanmasi dnerilebilir.
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Ozet

Bu calismada, gesitli kompozitler Gretmek ve fiziksel 6zelliklerini ortaya koymak amaglanmistir. Toz

metallurjisi ile WC-Co-Ti seramik-metal kompozitinin hazirlanmasinda tungsten karbir (WC) tozu ve

Anahtar kelimeler baglayici faz olarak da kobalt (Co) ve titanyum (Ti) tozu kullanilmistir. WC-Co-Ti kompozitlerinde
mekanik dalga hizini 6lgmek igin iki farkh ultrasonik tahribatsiz teknik kullanildi. Calismada %60 ile %80
Kompozit; Young’s oraninda farkli WCiicerigi ve 3:1, 1:1 ve 1:3 gruplarinda Co/Ti icerigi ile cesitli numuneler

Modiilii; Darbe-Yanki;  yapildi.incelenen malzemelerde WC, igerigi standart tahribat analizi kullanilarak belirlenmistir. Uretilen

Daldirma; Isil lletkenlik kompozitlerinYoungmoduill (E) ve ultrasonik hizlari, ultrasonik darbe-yanki metodu ve daldirma metodu
ile 6lgiildii. Numunelerin termal iletkenligi, sicak disk yontemi ile élgtilmustiir.iki farkl yontemle elde
edilen ultrasonik dalga hizlari ile Young's modili degerleri ve 1sil iletkenlik arasindaki iliski, fiziksel
olarak incelenmis ve sonuglar literatir ile karsilastiriimistir.

The Relationship of Thermal and Elastic Properties with Ultrasonic
Wave Velocity of WC/Co-Ti Composites

Abstract
In this study,it is aimed to produce various composites and reveal their physical properties. Tungsten
carbide (WC) powder and the two of cobalt (Co) and titanium (Ti) powders as binder phase have been
Keywords used for the preparation of WC-Co-Ti ceramic-metal composite with powder metallurgy. Two different
ultrasonic non-destructive techniques were employed to measure the mechanical wave velocity in WC-
Composite; Young's Co-Ti composites. The study was performed on various specimens with different WC, content at the
Modulus; Pulse-Echo;  range from 60 to 80% and Co/Ti content in 3:1, 1:1 and 1:3 groups. The WC, content in examined
Immersion; Thermal materials was determined using the standard destructive analysis. The Young modulus (E) of the
Conductivity produced composites and the ultrasonic velocity measured through ultrasonic pulse-echo method and
immersion method. Thermal conductivity of samples has been measured via hot disk method. The
relation between the Young modulus' values with ultrasonic wave velocity, which is obtained through
two different methods and thermal conductivity has been physically examined and the results have been

compared with the literature.

© AfyonKocatepeUniversitesi

1. Introduction properties of materials. Cracks, defects, faults and
A non-destructive testing technique, which is an irregularities in the material can be detected by
ultrasonic technique, is used to qualitatively or/and ultrasonic testing (Bouda et al., 2003; Krautkramer,
quantitatively evaluate the physical and elastic 1977; Markham, 1957). The some material shows a
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distinctly anisotropic response which somewhat

complicates the experimental tests for the

mechanical  and physical  characterization,
especially if conventional testing techniques are
used. Many difficulties can be overcome by
adopting non-destructive

some experimental

approaches like, for example, the ultrasonic
immersion techniques with pulse-echo. In
particular, this ultrasonic experimental approach
allows for the determination of all the elastic
constants characterizing the mechanical response
of a composite material starting from the
measurement of the velocity of ultrasonic waves
along suitable directions of propagation (Castellano
et al.,, 2014-2016). Cemented carbides consist of
the hard carbide phase (WC, TiC, and B,C) and a
transition metal binder (Co, Ni, Ti, Fe). Due to their
high hardness (especially in high temperature),
strength, excellent wear resistance and low
thermal coefficient, cemented carbides are widely
used for a variety of machining, cutting, drilling and
other applications (Kursawe et al., 2001; Genga et
al., 2013; Guo et al., 2008; Xu, 2011). The
compatibility between the hard tungsten grains
and the ductile cobalt and nickel binder phase
enables the composites to have unique and
superior combinations of mechanical properties
(Hongsheng et al., 2012; Mohammadzadeh et al.,
2015). Due to their technological importance these
composites of WC have been subject to a great
deal of investigation in order to optimize the
compositions, the processing leading to the highest
mechanical properties and a reduction of the
manufacturing cost compared with the production
method such as welding, plastic forming, extrusion,
injection, casting (Fernandes et al., 2008). The
possibility of complete or, at least, partial
substitution of cobalt with nickel or other metals,
alloys and composite in sintered WC-Co, WC-Ni and
WC-Co-Ni
investigated for years (Voitovich et al., 1996; Zhang
et al.,2005; Krishnaveni et al., 2006; Shon et al.,

2009). Tungsten cemented carbide was used to

cemented carbides has been

designate a metal matrix composite constituted by
hard ceramic particles, normally WC, into a metallic
matrix. Conventional tungsten carbide hard metal
alloys consist of tungsten carbide with a soft and

ductile metal Co as the binder phase. Also cobalt

wets tungsten carbide well and has good
mechanical properties (Fernandes et al., 2011;
Konyashin et al., 2014; Gaoa et al., 2018). Recently,
tungsten carbide (WC) reinforced metal matrix
composites such as WC-Co (Zhong et al., 2011),
WC-Ni (Zhang et al., 2015), WC-Fe (Zhong et al.,
2016), WC-CoNi (Tarrago et al., 2015), WC-CoCr
(Hong et al., 2016), WC-CoCu (Gu et al., 2007) and
WC-Al (Lekatou et al., 2015) were obtained by
adding components such as Ti, Ni, Cr, Al, Ta and Nb
beside the Co matrix to improve the bonding
properties (Ekroth et al., 2000). In this study, WC-
Co-Ti composite samples obtained in 3:1, 1:1 and
1:3 groups using the powder metallurgy technique.
Moreover, the research carried out a series of
experimental tests to explore the characteristics
and properties of the same sintering temperatures
on different specimens with varying amounts of Co
and Ti. Evaluation of thermal and elastic properties
of composite materials obtained in this study was
investigated by using ultrasonic and thermal hot-
disk techniques. We have examined the

relationship between thermal and elastic
properties of WC / Co-Ti composites with ultrasonic
wave velocity, as they provide information about
the study of ultrasonic wave propagation in metals,
alloys and composites on the microstructure,

mechanical and physical properties of the material.

2. Materials and Methods

In this study, Tungsten carbide (WC) powders of
10 um particle size with 99.5 % purity, Cobalt (Co)
and Titanium (Ti) powders of -325 mesh particle
size with 99.5 % -99 % purity were used in the form
of powders and also were both provided from Alfa
Aesar Company (Massachusetts, ABD). One of the
purposes of this work is to reinforce WC ceramic
powders with Co-Ti. Co and Ti powders were added
in the mixture directly. In the experimental study,
the samples were prepared through three different
compositions. Co/Ti ratios were taken in 3:1, 1:1
and 1:3 groups depending on WC,volume ratio. All
the samples were mixed homogenously for 24 h in
a mixer following the weighing. The mixture was
shaped by single axis cold hydraulic pressing using
high strength steel die of 15 mm diameterand 5
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mm height. A pressure of 305,9 kg/cm’was used
for compacting all the powder mixtures. The cold
pressed samples underwent sintering at 1000 °C
for 2 h in a traditional tube furnace using Argon gas
atmosphere. The samples were cooled in the
furnace after sintering and their longitudinal and
transverse ultrasound velocity Young’s modulus
and thermal conductivity measurements were
carried out using ultrasonic non-destructive testing
which are pulse-echo and immersion methods for
the longitudinal and transverse ultrasound
(ultrasonic) velocity measurements and hot disk
method for thermal conductivity measurements,
respectively. Sintered composite samples were
characterized using Leo 1430 VP equipped with
Rontec energy dispersive X-ray (EDX) model
scanning electron microscopy (SEM). Figure 1
shows the SEM microanalyses images of WC-Co-Ti

composites.

Detector = SE1
AKU TUAM

Mag= 500KX EHT=2000kV %60 WC-%20 Co-Ti

Detectol
AKU TUAM

Detector
AKU TU

Figure 1. SEM pictures of a) WC ¢+Co»+Tig,
b) WCO‘7+COO‘15+Ti0‘15 C) WC()A8+CO()A1+Ti0‘1 salnples.

In this study, a system combining immersion and
pulse method was developed to measure the pass
times of the samples in water and both the
longitudinal and transverse ultrasound velocities of
the samples. In pulse-echo method, a transducer
serves as both a receiver and a transmitter. The
ultrasound wave obtained by applying very short
electrical signals to the transducer is sent to the
material. As the ultrasound wave moves through
the material, the same transducer starts to operate
as a receiver. When the ultrasound wave reflected
from the back wall of the sample reaches the
vibrations  are

transducer, the mechanical

converted into electrical signals. Velocity
measurements were obtained by reflection peaks
from the front and back surface of the ultrasound
wave sent to the sample by the transducer. The
determination of transmission velocity of ultrasonic
waves through the composites were performed by
5800 model Olympus brand
computer-controlled pulser-receiver (PR) and
digital oscilloscope with Sonatest SLH4-102 T/R
transducer probe to measure longitudinal velocities
and GE Inspection Technologies MB-4Y T/R
transducer probe to measure transverse velocities
at the frequency of 4 MHz at the

temperature.Sonatestsonagel-W was used as

a Panametrics

room

interface between the transducers and composite
samples, given the smoothness of the composite
surfaces. In immersion testing, the transducer
probe is placed in the water tank, above the test
object, and a beam of sound is projected. When an
ultrasound wave emitted within the water used in
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the experimental setup strikes a solid object so
that it normally has a certain angle of incidence,
the incoming wave is divided into a transverse and
longitudinal the sample. Thus,
were over

wave within
necessary measurements made
transverse and longitudinal waveforms. When the

sample each of the

Z4K53342-2324 transducer probe at the frequency
of 5 MHz were obtained by combining pulse-echo

was placed between

and immersion methods. Density of all the sintered
WC-Co-Ti composite samples was measured with
Archimedes principle, later Young’s modulus have
been obtained with using calculated densities,
ultrasonic longitudinal and transverse velocity.
Young’s modulus in medium can be found by the
following equation (1):

3VE-4V#
E=p %ﬁ (1)
wherel/; is the longitudinal wave velocity (m/s), Vi
is the transversewavevelocity (m/s) andp s
density. The thermal conductivity measurements of
the WC-Co-Ti composite samples were obtained
using the hot disk method to investigate the
relationship between the Young's modulus and
thermal conductivity. The well-established Hot
Disk Thermal Constants Analyzer method allows
rapid, accurate and non-destructive testing of
thermal conductivity of most material types, all in a
single measurement and also conductivity and
diffusivity are tested directly. The sensors used in
this test method which is sandwiched between two
insulating specimen halves (Figure 2). In this study,
using the basic theory of measuring the thermal
conductivity of the heated plane sensor, the
conductivity values have been read from the
system (Ashraf, 2014; Yi, 2005).

transducers, the time taken for the wave passing
through the track and the time taken for the wave
moving between the transducers in the water
between the transducers were taken and the speed
in the water was determined. In this study,

transverse and longitudinal ultrasonic

measurements of GE Inspection Technologies

Sample (stainless steel or
composite sample)

an

Figure 2.Schematic of samples and sensor for the Hot
Disk.

Sample (stainless steel or
composite sample)

-Plane)

Axial (Through-Pl
—>

—_—
Radial (In-Plane)

3. Results and Discussion

Young’s modulus and thermal conductivity of the
prepared ceramic-metal composite material was
physically tested. Experimental results obtained
with ultrasound velocities, elastic modulus, thermal
conductivity and density values belong to the
samples prepared by adding Co and Ti binder into
WC powder are given in Table 1. The variations in
longitudinal and transverse ultrasound velocity
with Young’s modulus and thermal conductivity of
WC-Co-Ti samples are shown in Figs. 3 and 4. When
WC-Co-Ti composite samples obtained in 3:1, 1:1
and 1:3 groups is examined, there is a linear
the and transverse
ultrasound velocities.

increase in longitudinal

Table 1.Ultrasound velocities, elastic modulus, thermal conductivity and density values of WC-Co-Ti composite

sample.

Pulse-Echo Method Immersion Method Thermal Density

|43 Vr E V. Vi E Conductivity (e /cm3)
Sample (m/s) (m/s) (GPa) (m/s) (m/s) (GPa) (W/mK)
WC 6+Co¢3+Ti 4942 2249 942 4933 2362 102.5 6.82 6.8
WC 6+C0¢»+Ti 5313 2501 1104 5104 2532 1114 6.98 6.5
WC 6+Cog 1+Ti o3 5871 2721 1332 5839 2870 1458 7.59 6.6
WC .7+C0¢225Ti 9.075 4633 2467 112.5 4777 2489 115.6 3.48 7.1
WC 7+Coq 15 Tigs 5138 2636 123.0 4982 2683 125.0 4.40 6.7
WC .7+Co0 075Ti 9.225 5653 2824 140.4 5281 3076 155.3 5.29 6.6
WC 5+Coq 15+Ti 05 4438 2626 1137 4586 2509 108.5 3.20 6.7
WC 3+Cog ;+Ti g 4934 2759 139.5 4747 2870 143.8 3.38 7.2
WC 3+C0go5s+Tig 15 5380 2941 140.2 4915 3307 149.7 3.68 6.3
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Figure 3.Variation in longitudinal and transverse ultrasound velocity with Young’s modulus (a-c) Pulse-echo method
and (d-f) Immersion method.

However, the situation is different when examined according to WC rate. A comparison showed that the
results obtained for the wave velocity from pulse-echo and immersion method are in good agreement,
indicating that both techniques can be considered as a quantitative non-destructives tool of mean grain
size content evaluation. The results are presented in the form of linear relationships of wave velocity versus
tungsten content in the composite materials. While longitudinal ultrasound wave velocity values of WC-Co-
Ti composite sample decrease depending on WC, volume ratio, there is an increase in transverse
ultrasound wave velocity values. By considering size of WC particles in the structure, arrays of atoms in the
strands in the longitudinal wave measurement performed parallel to the axis being smaller than the other
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binding phases will effect homogeneous distribution, thus longitudinal wave velocity in the matrix element
are observed to decrease. In addition, BiliciOzkanet al. (2018) have investigated the relationship between

thermal and elastic properties of WC-Fe-Ti composites in another study.They observed a modest increase
in Young's modulus and thermal conductivity, as in WC-Co-Ti composites. Also,In Figures 5.a-c, Young

modulus, as calculated depending onultrasound velocities and densities as previously described and
thermal conductivity linearly increases. R value of fit line in Figure 5.c is lower than the others. It is caused

by Young modulus values of WCqyg+C0q1+Tip1 and WCq s+C0g 05+ Tio.15 cCOMpositions, being very close to each
other for both ultrasound methods.

Longitudional Ultrasound Velocity (mis) Longitudienal Uitrasound Velocity (m/s)

Longitudional Ultrasound Velocity (m/s)

6000 : : - 2800
wc:\ S+CUE_I+Ti03
5600 [ 2700
5600 g b 2600
R'=0,74579
5400 b 2500
il .
WC_ +Co +Ti
52004 % Lol k2400
5000 ’j |- 2300
WG, +Co_ +Ti
L Pulse-Echo
4E00 T T . - 2200
6.0 65 7.0 75 80
Thermal Conductivity (W/mkK)
(a)
T T T T T T
5400 4 WG, +C0, . *Ti, s e
- 2800
5200
b 2650
5000
I 2800
4800 - "
R’=0,94007 WG, +Co, +Tiy s
4600 - B
k- 2650
4400 4 "
o * WG, +Co, +Ti, Pulse-Echo
T T T T T T 2600
32 33 34 35 LS a7
Thermal Conductivity (WimK)
()
T T T T
1 | k3100
5300 WCE_T+ CD_J m+Tlo e
el - 3000
k2000
5100 4
b 2800
] R'=0,91882
5000 Wco r+c°u.|5+T't.ls
= 2700
45000 R'=0,97282 r
|- 2600
4800 -
k- 2500
WC__+Co__ +Ti. %
e e Immersian
4700 - - r - - 2400
a0 a5 40 45 50 55

Thermal Conductivity (W/mkK)

(e)

(S/ww) A0018,\ PUNOSEI|N BSIBASUE] | (s/w) Aiooje, pUNoSel)n BsIaAsuel |

(5/1) A)o0je,), PUNOSEINN BSJBASUES]

Longitudional Ultrasound Velocity (m/s) Longitudional Ultrasound Velocity (m/s)

Longitudional Ultrasound Velocity(mi/s)

5800 - r T T
- b 2850
WG+ G0 e Tiy s
5500 4 I 2600
b 2750
5400 R=0,99854 [
b 2700
52004 i
F 2650
5000 4 |- 2600
b 2550
4800 4 L
|- 2500
4800 - WGC, #0010+ Tiy o Pulse-Echo | 450
T T T T
30 35 40 45 50 55
Thermal Conductivity (Wimk)
5000 : . T
; |- 2800
WC, o+, *Tiy,
5600
b 2800
5500 4
R b 2700
5400 4
I 2600
52004 r / -
/ /we, +o, T, |- 2500
o
5000 4 / b 2400
WC, +Co_ +Ti_ _
ae AT Immersion [

4800 . . . 2300
80 &5 70 75 80
Thermal Conductivity (W/mk)

4850 T : : : T r 3400

WC, +Co,_+Ti

4900 4 o8 ans 0.1

k3200
4850 4
el i : F 3000

R°=0,96584 R*=0,98441
4750 o "
WC_ +Co_  +Ti
o8 a1 o1 = 2800

4700 L)
4550 4

I 2600
4500 4 :

WEC,5#C0g 15+ Tl Immersion
4550 ’ ; ; . . r 2400
32 33 34 35 36 a7

Thermal Conductivity (W/mk)

®

(S/Ww) A)I00|8,\ PUNOSELYN BSIBASUE] | (5/W) Aoojen, PUNoSEN)|n asiaAsuel |

(/1) AJI00je,\, PUNOSEL)N BSJBASUES]

Figure 4.Variation in longitudional and transverse ultrasound velocity with thermal conductivity (a-c) Pulse-echo
method and (d-f) Immersion method.
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Figure 5.Thermal conductivity and Young modulus
graph of (a) WC¢—Co-Ti, (b) WC(;—Co-Ti, (c) WCs—
Co-Ti composite sample.

R’ value of fit line in Figure 5.c is lower than the
others. It is caused by Young modulus values of
WCog+C0g1+Tig 1 and WCo.5+C00 05+ Tig.15
compositions, being very close to each other for
both ultrasound methods. When SEM images are
examined, considering that WC ceramic particles
form a strong bond after sintering, grain growth is
5a and 5b and is a

observed in Figures

homogeneous structure. It can be seen that the
structure includes two types of pores, small and
large. In Figure 5.c, particle boundaries can be seen
and the pores are very small and circular in shape.

4, Conclusions

In this study, two different ultrasonic non-
destructive techniques were employed to measure
wave velocity in  WC-Co-Ti

composites and the relationship between thermal

the mechanical

and elastic properties of WC-Co-Ti ceramic-metal

composites was investigated. Two different
methods (pulse-echo and immersion) have been
used for ultrasonic velocity measurements and
obtained values are consistent with each other.
The main objective of this work was to study
efficiency and ability of the pulse-echo ultrasonic in
comparison with immersion technique to evaluate
some physical properties in WC-Co-Ti composites.
The variation of WC and Co/Ti content was clearly
identified by the use of both
techniques. Furthermore, pulse-echo proved to be

a suitable method for the investigation of such

considered

materials, but it was also less time-consuming than
the second considered ultrasonic technique. The
described difficulties that can be expected using
immersion technique suggest that in the cases
where two sides of the composite are accessible,
pulse-echo technique is recommended.

A good agreement between the results presented
in this study,
techniques can be considered as a quantitative

indicates that both ultrasonic

non-destructive assessment tools. It is therefore
concluded that these methods can be used in the
evaluation of physical properties in ceramic metal
matrix composites, producing interpretable results.
As the amount of porosity in the structure
increases, the ultrasonic wave velocity propagation
decreases (SEM images).
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Ozet

Tarimsal atiklar veya tarimsal atiklar, ¢ig tarim drlnleri yetistirildiginde ve islendiginde elde edilen

artiklardir. Tarim Uriinleri sebze, meyve, et, mahsul, kiimes hayvanlari ve sit Griinlerini igermektedir.
Her yil ortaya gikan tarimsal atiklari tahmin etmek zor ancak kuskusuz tarimsal atik, tim dinyada
Uretilen toplam atik maddesinin 6nemli bir bolimini olusturmaktadir. Bu makale, buyik miktarda
tarimsal atik miktarini ve yeni kompozit malzemelerin ve diger uygulamalarin sentezlenmesinde rasyonel
bir sekilde faydalanarak etkin bir sekilde nasil yonetilebilecegini incelemektedir. Sadece bu buylk

Anahtar kelimeler
Tarimsal atik; Pring
Kabugu; Metal Matrils
Kompozit; Karistirma
dokium teknigi; XRD;
SEM

miktardaki tarimsal atigin elden ¢ikarilmasi sorununu ¢6zmez, ayni zamanda surdurilebilir gevre igin bir
¢OzUm sunar. Tarimdaki herhangi bir gelismeye, daima farkl tarim yontemleri ve isleme teknikleri
tarafindan Uretilen atiklar eglik eder. Tarimsal atiklar ekimde kimyasallarin yaygin olarak kullaniimasi ve
tarimsal atiklarin yakilmasi veya topragin doldurulmasiyla irrasyonel bertarafi nedeniyle de kullanilir.
Cevreyi ve topragin verimliligini koti etkiler. Bu yazida ayrica, daha gliglii, daha hafif ve dusik maliyetli
olan ve ¢esitli endistriyel uygulamalar icin kullanilabilen, matriks olarak Aliminyum ile metal matriksinin
kompozit haline getirilmesinde takviye malzemesi olarak bir tarimsal atik Piring kabugunun uygulanmasi
anlatiimaktadir. Kompozitler karigtirma teknikleriyle sentezlenir ve yapisal 6zellikleri igin XRD, SEM ve
optik mikroskopi ile karakterize edilir. Piring Kabugu Kiilii, takviye malzemesi olarak agirlikga% 3'lik
Aliminyum metalinden alinmistir. Sertlik, Young moduli gibi mekanik 6zellikler de Vicker’in Sertlik test
cihazi kullanilarak degerlendirilmistir.

Agro Waste Reinforced Composites: A Solution For Sustainable
Environment
Abstract

Agro- wastes or agricultural wastes are the residuals obtained when raw agriculture products are grown
and processed. The agriculture products include vegetable, fruits, , meat, crops, poultry and dairy
products. Its difficult to estimate the agriculture waste arising every year but undoubtedly agro waste
constitutes a significant volume of the total waste matter generated in the entire world. This article
reviews the huge amount of agro waste and how it can be managed effectively by making rational use in
synthesizing novel composite materials and other application. It not only solves the major problem of
disposal of this huge amount of agro-waste but also offers a solution for sustainable environment. Any

Keywords

Agrowaste; Rice husk;  development in agricultural is always accompanied by wastes generated by different farming methods
Metal matrix and processing techniques. Agro waste is also generated because of extensive use of chemicals in
composites; Stir cast cultivation and irrational disposal of agro waste by burning or land filling. It badly affects the
technique; XRD; SEM.  environment and the fertility of the soil. This paper also describes the application of an agro —waste Rice
husk as reinforcement material in making metal matrix composite with Aluminium as matrix which is
stronger, lighter and low cost and can be used for various industrial applications. The composites are
synthesized by stir cast techniques and characterized by XRD, SEM and optical microscopy for their
structural properties. The Rice Husk Ash was taken as 3% wt of the Aluminium metal as reinforcement
material. The mechanical properties like Hardness, Young’s modulus etc are also evaluated using

Vicker’s Hardness tester.
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1.Introduction

Agro- wastes or agricultural wastes are the
residuals obtained when raw agriculture products
are grown and processed . The agriculture products
include vegetable, fruits, , meat, crops, poultry and
et al.2016).

includes animal waste (manure, animal carcasses),

dairy products (Obi Agro-waste
food processing waste for example only 20% of
maize is canned while 80% is discarded as waste,
crop waste such as corn stalks, sugarcane bagasse
etc and toxic agricultural waste which includes
insecticides, pesticides, and herbicides, etc.
According to a research study it is estimated that
about 998 million tonnes of agricultural waste is
produced annually (Agamuthu 2009).

Agro-wastes  which are the  by-products
ofagricultural produce, can be husk, straw, cobs or
fiber (Abubakar and Ahmad 2010, Zurina et
al.2004).Various agricultural activities generate
waste such as cultivation, livestock production,
aquaculture etc. The agro waste materials can be
managed properly using 3R principle of Agriculture
Waste Management System. “3Rs” stands for
Reduce, Reuse and Recycle of the waste. These
wastes can be transformed into useful materials
for human and agricultural usage. With the huge
amount of waste being produced, it has become
essential to take necessary steps to save
environment from further damage by unthoughtful

disposal of such waste.

The agro — wastes are generated by any of the
following activities:

*  Wastes from Cultivation Activities
*  Wastes from Livestock Production
*  Waste utilization routes

*  Fertilizer Application

* Anaerobic Digestion

* Adsorbents in the Elimination of Heavy
Metals

*  Pyrolysis
¢ Animal feed
¢ Direct combustion

Almost 52.5% of the agro waste materials are
used as land fillings , 25.8% are recycled, 8.9
are used for composting and 12.8% are used
for combustion process. However, Agro-
wastes can be used for the production of
Biogas, bio fertilizer, extraction of various
minerals etc. Some more applications of agro

wastes are as mentioned below:

As reinforcement material
Water glass
synthesis  of

®Rice Husk Ash -
Additive in
manufacture,

cement mixes,

Active carbon,

composite materials

®Banana Peel & Sugarcane fibers —In making Paper
pulp

®Onion skin, Groundnut husk — To remove heavy
metals

® Husk, Straw, Cow Dung — Biogas production,
Electricity generation

® Animal waste(dung) — Compost, fertilizer

Use of Agro — waste as fillers in Composite
Materials

With the advancement in technology, there is a
huge demand for novel materials with improved
and customised properties which are not offered
by traditional materials. Material scientists are
researching for new materials and processing
techniques of hybrid and composite materials
which are stronger, lighter and with so many other
properties and are highly functional ( Laad and
Jatti, 2015) Composites materials comprise of two
or more types of  materials with different
properties and the properties of the composite
material is superior to the properties of
constituent materias. The composites with agro
waste and natural fibers exhibit improved water
and oxygen barrier, enhanced mechanical strength,
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better dimensional stability,

chemical and wear resistance etc (Ates et al.

higher thermal,
2008). In industrial applications, agro waste fiber
reinforced thermoplastic composites are very
popular construction and automobile industries,
and other consumer applications because of their
improved properties and low cost (Dominiqueet al.
2012, Panthapulakkal 2005). A research study has
shown that underutilized agro-waste are significant
resources of lignocelluloses materials, such as
millet, rice, wheat, cocoa husk,
corncobs and fiber (Tsai et al. 1998, Wang and Sun
2002, Yang et al.,, 2006). Natural fibres, such as
hemp, flax, jute and kenaf have good strength and

corn straw,

stiffness, and much lighter in comparison with
other reinforcement materials such as glass fibres.
The use of natural fibers in making composite
materials grew rapidly specially in construction
industry. The use of agro-waste for developing
novel composite materials to be used for various
industrial applications provides a solution which
not only reduces the use of natural resources but
also saves energy. In this research study the
reinforcement material is rice husk ash which is
added to the aluminium alloy matrix to synthesize
a metal matrix composite.

Rice husk (RH) is a major source of silica, which is
naturally available through agricultural by-product
advocates the sustainable development. In most of
the rice producing countries, the rice husk, which is
obtained after the processing of rice is either burnt
as fuel in the boilers or used in the landfills. (Laad
et al. 2015) .Applicability of RH in metalworking will
be contemporary, eco-friendly and  will
complement the industries. For the most part RH
gets desolated by either dumping or burning, but
recently many practices have emerged for its
equitable applications. A technique, to utilise RH as
reinforcement for Metal Matrix Composite was
explored to obtain a hybrid material, which
incorporated the preparation of RHA (Rice Husk
Ash) and the stir casting method to attain the
MMC. Aluminium was used as the base metal for
the metal matrix which was melted and RHA was
added along with Magnesium.

2. Materialsand Methods

The synthesis of AI-RHA requireed Aluminium alloy
in powder form, Rice Husk Ash and Magnesium as
wetting agent. The synthesis of metal matrix
composite involved following steps.

2.1 Preparation of Rice Husk Ash (RHA)

The Rice husk was sieved using mesh size of 300
microns to remove the impurities like Rice
particles, Rice plant particles. The Rice Husk was
burned in an electrical furnace at 600 ° C for 2
hours till all the organic, volatile material present in
the Rice husk was burnt and the husk turned white
in colour. The ash obtained was almost 20% of the
total weight of the rice husk which was burnt in the
furnace. Rice Husk Ash was then sieved using
sieves of different mesh size. Different size of RHA
was obtained, which were 180 microns, 110
microns, 90 microns, 45 microns. About 30% of the
total RHA was of size 45 microns, 50% of 90

microns and 20% above 90 microns.

2.2 Preparation of Metal Matrix Composites
reinforced with Rice husk ash

For synthesis of MMC with Aluminium as matrix
metal, RHA was taken 3% wt and Magnesium
powder 1.5 wt % of Aluminium alloy. Initially, Al
alloy was charged into the graphite crucible and
heated to about 750 °C till the entire alloy in the
crucible was melted.The reinforcement particles
(RHA) were preheated to 800°C for 30 minutes
before incorporation into the melt. As wetting
agent 1.5 wt % magnesium was also added to the
melt simultaneously. A stirrer was used to stir the
molten metal at a speed of 500 -700 rpm for
uniform distribution of rice husk ash in the moltem
metal. The preheated RHA particles were added
into the molten metal at a constant rate during the
stirring time. The mixture was poured into the
mould uniform solidification. Using this process 3%
RHA  particle-reinforced

composites were

produced. The Vicker’s Hardness tests were

performed on the Aluminium and on the
composite to evaluate the mechanical properties
and results were compared. The composite sample

were subjected to Optical microscopy, SEM and
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XRD to know the composition and structural
properties.

3 Results and Discussion
3.1 Hardness Measurement

Vickers hardness tester was used to measure the
hardness of AI-RHA composite. A significant
increase in hardness of the alloy matrix was seen
with addition of RHA. It suggests that the presence
of RHA in the aluminium alloy matrix improved the
overall hardness of the composite material. It can
be concluded that the presence of stiffer and
harder RHA as filler material is responsible for the
increase in resistance to plastic deformation of the
matrix. The hardness of Aluminium alloy was
measured to be 23.17 VHN which increased to
26.93 VHN when reinforced with rice husk ash.
Young’s modulus also found to be improved from
137.315 MPa to 151.493 MPa

3.2 XRD Measurement

——600°C RHA
5 pts AAv smooth of B

Intensity
{Counts)
£
1

Figure 1. The Al-RHA composite of XRD peaks.

The major constituent of RHA is silica. It was
observed that the crystallinity of silica in RHA
depends upon incineration temperature. As per the
XRD spectroscopy at 600°C, it shows the
amorphous character of silica in RHA. Its due to the
fact that at temperature 600° C, the ash obtained
had some residual half burnt carbonious material.
When rice husk is burnt in the furnace, the volatile
matter such as lignin, cellulose, hemicelluloses do
not burn completely at this lower temperature.
That's the prime reseason for the amorphous
character of Rice husk when insinerated at lower

temperatures. The brittle behaviour of RHA can be
attributed to its glass like amorphous structure.

3.3 Surface Morphology & Micro structural Study
of RHA using SEM

Figure 2. Micro structural Study of RHA using SEM

SEM image of RHA shows the presence of
irregular, sharp edges with angular and cuboidal
shaped particles with size varying from 5
micrometer to 10 micrometer. It has highly porous
structure with homogeneous particle distribution.
The presence of micron size particles is also
observed  together with some other

particles.

bigger

3.4 Optical Microscopy
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Figure 3. Micro structural Study of RHA using Optical
Microscopy
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Above figure shows the optical micrograph of Al-
RHA composite. It shows that RHA is uniformly
distributed in the Al alloy matrix.

4. Conclusion

The rate and volume with which the contribution
of agro waste is growing in the total waste matter
of the world, its alarming situation which calls for
serious thought on the rational waste management
techniques and use of agro waste in the best
possible manner which will constructively help the
human kind and animals and also save the
environment. The agro-waste rice husk which is
abundantly available in all the rice producing
countries is successfully used for extraction of rice
husk ash and lighter and stronger Aluminium alloy-
RHA composites were synthesized which were
characterized for their composition, structural and
mechanical properties using various techniques.
The hardness of Al alloy —-RHA composite was
found to be increased in comparison with that of
unreinforced Al alloy. Also it was revealed that
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Ozet

Bu ¢alismada kiiresel bombe merkezinde ve kaynakli plaka ile takviyelenmis bir nozul agikhigi i¢ basing
yiklemesi altinda sonlu elemanlar yéntemiyle tasarim prosediriinii anlamak amaciyla incelenmistir.
Bu prosediir ASME Boiler and Pressure Vessel Code Section VIII Division 2 standardina gore ele
alinmistir. Bu standart ilki “Formiiller ile Tasarim” ve ikincisi “Analiz ile Tasarim” olmak lzere basingl
kap tasarimi igin iki farkh kisim igcerir. ASME standardi referans alinarak, “Plastik C6kme” ve “Lokal
Hasar” hasar modlarina karsi dayanimi dogrulamak igin aksisimetrik sonlu eleman modelleri ile elastik,
limit ylk ve elastik-plastik analiz ydntemleri kullaniimistir. Maksimum izin verilen basinglar bu analiz
yontemlerine gore elde edilmis ve degerlendirilmistir. Elastik ve limit ylik analiz metodlarina gore elde
edilen plastik ¢6kme sonuglari birbirine ¢ok yakindir. Bunun yaninda plastik ¢ékme hasar modu igin
elastik analiz yonteminin elastik-plastik analiz yontemine gore daha konservatif sonuglar verdigi
gozlemlenmistir. Diger yandan, lokal hasar modu igin elastik-plastik analiz yonteminin elastik analize
gore nispeten konservatif oldugu gézlemlenmistir.

Analysis and Design of Hemispherical Head Pressure Vessel

Keywords
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1 Introduction

The pressure vessels, which are subjected
to internal or external pressure, are used to store
fluids such as oil, petroleum, and chemical. The
risks which depending on the usage places of

Abstract

In this study, a hemispherical head with pad reinforced central nozzle opening that subjected to
uniform internal pressure was investigated using Finite Element Methods (FEM) to understand the
design procedure. This procedure is handled according to the ASME Boiler and Pressure Vessel Code
Section VIII Division 2. This standard contains two parts for the design of pressure vessels, the first part
is Design by rules and the second part is Design by analysis. With reference to the ASME standard,
axisymmetric finite element models for Elastic, Limit Load and Elastic-Plastic Analysis are used to
demonstrate protection against plastic collapse and local failure. Maximum allowable pressures are
obtained in accordance with the mentioned design methods and discussed. According to the elastic
and limit load analysis methods, obtained plastic collapse results are very close. Besides, the elastic
analysis method is observed to be more conservative than the Elastic-Plastic method regarding the
evaluation of plastic collapse. On the other hand, for the local failure results, Elastic-Plastic Analysis is
observed to be slightly conservative than the Elastic Analysis.

© Afyon Kocatepe Universitesi

important engineering equipment. The failure of
pressure vessels may cause serious damage;
therefore, pressure vessel design criteria and
design steps gain significance. ASME standards are
widely used for the design of these kinds of tubes.
When the literature is examined, many studies

pressure vessels make these structural elements
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have been done to design pressure vessels using
ASME codes (Bhagyashri and Mishra, 2015; Dhalla
and Jones, 1986; Sunil Kumar and Suhas, 2016;
Thakkar and Thakkar, 2012). Also, valuable studies
which focused on design parameters of pressure
tubes (such as their geometries) are found in the
literature. For example, Agrawal and Ganesh
Narayanan (2018) studied on an analysis of pull-
out tests of Mild Steel tube stainless sheet joint
fabricated by tube end forming. They observed
that the end formed joint fails by joint unlocking,
while it is a physical failure in case of the welded
structure. Olszewski et al. (2018) carried out the
analysis, project, and experimental examination of
an original rigid riser for Coil Tubing Pipes.
According to the present conclusion in this study,
the theoretical and experimental examination has
shown that the designed riser meets all adopted
design assumptions,  which proves its
serviceability. Sharifi et al. (2018) focused on the
effect of dome geometrical shape such as
hemispherical, torispherical, and ellipsoidal
domes, on mechanical deformation and cracked
length of laminated woven reinforced polymer
composite pressure vessels under low-velocity
impact and internal pressure. According to the
presented results in this study, the maximum and
the minimum crack lengths also take place in
torispherical and hemispherical domes,
respectively. In another study of Sharifi et al.
(2016), strain deformation of three types of
internally pressurized laminated composite shells
(hemispherical, ellipsoidal, and torispherical) with
two types of woven roving stacking sequence was
carried out numerically and experimentally in this
study. According to the presented results in this
study, laminated hemispherical shells were also
found to be the preferred choice against
mechanical failure while laminated torispherical
shells were found to be the least choice.

In this study, a hemispherical head with a pad
reinforced nozzle opening subjected to the
uniform internal pressure is designed in
accordance with Part 4 requirements. Then, the

same design is evaluated with Part 5 Design by

Analysis methods of (ASME, 2017c) in order to
compare the different design methods provided by
this ASME standard.

2 Material and Method

A finite element model is developed in
order to apply the design by analysis methods.
Details of the FEM model such as geometry, mesh
modeling, boundary  conditions, material
properties are briefly explained. All applicable
loads on the component shall be considered when
performing a design-by-analysis. The load case
definition shall be included in the User’s Design
Specification. For this problem, two load cases are
evaluated. For the first load case, design pressure,
3.6 MPa, is considered at 300°C. The second load
case is shutdown case at 20°C. It should be noted
that the effects of deadweight and hydrostatic

pressure are neglected.

2.1 Finite Element Model

The details of the finite element model are
provided within this section. The same finite
element model is used as elastic, limit-load,
elastic-plastic analysis models except for that
magnitude of the applied internal pressure,
material properties and exclusion of the nonlinear
geometric effects are defined in conjunction with
the corresponding analysis method.

In this section, the development stages of
the finite element model starting with the
geometry basis to analysis is explained. Abaqus
software is used for modeling, preprocessing and
post-processing of the model.

Ln

, Shell-Head
K]: transition
" T.L.
dts

Ls

l DETAIL-A
T

Figure 1. Geometry details basis to analysis
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In Figure 1, the geometry and dimensional
notation of the hemispherical head and the nozzle
opening is shown. Values of these dimensions are
also defined in Table 1.

Table 1. Dimensions of the model

Definition Dimension
[mm]

t,: thickness of the hemispherical head 20

t,: thickness of the nozzle 25.4

tp: thickness of the reinforcing pad 20

t,: thickness of the cylindrical shell 40

rn: mean radius of the spherical shell 1420

r,: mean radius of the round nozzle 190.5

rs: mean radius of the cylindrical shell 1420

L,: nozzle projection distance from the 2130

tangent line

Ls: cylindrical shell length from the tangent 8000

L,: width of the reinforcing pad 150

An axisymmetric finite element model is

developed for this geometry. Axisymmetric
elements provide for the modeling of the bodies of
revolution under axially symmetric loading
conditions. For this problem, the internal pressure
loading and geometry is suitable for axisymmetric
modeling. Axisymmetric elements are described in
cylindrical polar coordinates r, z, 6 denoted by 1, 2,
3 respectively. Cross-sectional model is developed
in 8=0. The radial and axial coordinates of a point
on this cross-section are denoted by r and z,
respectively. At 6=0, the radial and axial
coordinates coincide with the global Cartesian X
and Y coordinates. The elements in this problem
have following degree of freedoms; translations
about Cartesian X (U1) and Cartesian Y (U2)
directions and rotation about Cartesian Z direction
(UR3) only.

Boundary conditions applied to the model
are shown in Figure 2. Axial lengths of the
cylindrical shell (L;) and nozzle (L,) are kept long
enough in order to remove the effects of
boundary conditions on the stress results
obtained at the nozzle-head junction and shell
head-transition regions. A hemispherical cap is
modeled at nozzle end in order to involve the

pressure thrust load acting on the junction.

Hemispherical
Ul=0 «— | cap at nozzle end
UR3=0 \*~<

Symmetry
axis

N
Unifi
et |~

Pressure

X s
-
U2=0
UR3=0
- Color |Material
Mesh Size is
“2 mm” I |5A-516 Gr.70
SA-350 LF2-1
Trans;ition
Mesh éize is
“4.5 mm”
l '?I?:: III(—nI;se:d Nozzle-Head
" Junction
Transition

Figure 2. Finite Element Model

Materials assigned to the model regions are
also shown in Figure 2. The material properties
assigned to these material regions and applied
internal pressures are given under corresponding
design by analysis method. The reinforcing pad is
assumed to be integral with the head. For the
nozzle weld, considering the allowable stress of the
materials, property of the weaker one of the
connecting materials is assigned. Also, weld joint
efficiency per (ASME, 2017c) is 1.0; therefore it is
neglected in the evaluations.

CAX8R
integration axisymmetric solid elements used for

8-node  biquadratic, reduced
mesh modeling. A global mesh size of “2 mm” for
the regions above shell-head transition and a
global mesh size of “4.5 mm” is used regions under
the shell-head transition. The total number of
elements used in the model is 37916, and average
aspect ratio of all element is 1.16. The aspect ratio

for all elements is less than 2.0.
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2.2  Elastic Analysis Method

By the Elastic analysis method, protection
against plastic collapse and local failure are
demonstrated. Also, a ratcheting assessment is
required even if the equipment is not in cyclic
service.

An internal pressure load equal to the
design pressure, 3.6 MPa, is applied to the
pressure boundaries. Linear, elastic and isotropic
material properties are utilized for this method.
Considering the carbon content of the materials
listed by (ASME, 2017a) and according to the
Table TM-1 and Table PRD of (ASME, 2017b),
assigned modulus of elasticity is 185000 MPa, and
the Poisson’s ratio is 0.3 for both materials.

A static-stress displacement analysis is run
neglecting the nonlinear geometric effects. Initial
and deformed shapes of the model and the
maximum stress location are shown in Figure 3.

S, Mises Max: +R.508e+002

(Avg: 75%)
+2.508e+02
+2.307e+02
+2.106e+02

Max: +2.508e+02
Elem: PART-1-1.3943
Node: 55

Y

Step: Pressure
X Increment 1: Step Time = 1.000

Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +2.000e+02

Figure 3. Elastic Nodal Averaged Stress and
Displacement (x200 scaled) Results

As seen in Figure 3, the nozzle end is free
only in the axial direction, and shell bottom edge
is free only in the radial direction in accordance
with the applied boundary conditions.

If a detailed stress analysis such as finite
element analysis performed using a numerical
method, the stress results typically provide a
combination of P +P, (at locations away from
discontinuities) and P +P,+Q+F (at structural
discontinuities or stress concentrations) directly.
In order to derive the membrane, bending and
peak components of stress distribution, stress
linearization shall be performed. There are several

options regarding the stress linearization
procedure which are listed by (ASME, 2017c) and
WRC429 1998).
Structural stress

(Hechmer and Hollinger,

stress method based on
integration is recommended by (ASME, 2017c);
this method is applied for stress linearization.

To produce valid membrane and bending
stresses, there are some guidelines in Annex 5-A
of (ASME, 2017c) for selecting the appropriate
locations and orientations of SCLs. Regarding the
orientation of the SCLs, the endpoints of the line
should be chosen so that the section is normal to
the interior and exterior surfaces of the model.
This orientation minimizes problems with shear
stresses since they will be approximately zero at
the ends of the line (ASME, 2017c). Applied stress
linearization lines along the model are shown in

Shell-Head

[Transition

T

e oo e o mm mm Em mm Em Em Em Em Em Em Em Em Em Em Em Em Em

Figure 4. Stress Classification Lines (SCLs)
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Obtained Von Mises equivalent linearized
stresses and the allowable limits (S, SPL, SPS)
along the model are depicted in Figure 5. The
allowable limit “S” on general primary membrane
equivalent stress (P,), and the allowable limit
“SPL” on local primary membrane (P,) and primary
general or local membrane plus primary bending
equivalent stresses (P.+P,) are to be satisfied in
order to demonstrate protection against plastic
collapse. Secondary equivalent stress (Q) and
additional equivalent stress produced by a stress
concentration and above the nominal “P+Q”
stress level (F) do not need to be determined to
evaluate protection against plastic collapse.
However, these equivalent stresses are needed to
be evaluated for fatigue and ratcheting
evaluations.

The allowable limits S, SPL and SPS on
corresponding equivalent stresses are obtained in
accordance with (ASME, 2017c). The hot (300°C)
and cold (20°C) load cases are considered for the
calculation of these allowable limits. Considering
the internal pressure & hot loading case and cold
& shutdown case, SPS is calculated in order to
demonstrate protection against ratcheting.

Calculated values S, SPL, SPS parameters in
accordance with (ASME, 2017c) are given in Table
2. The subscript “n” denotes for the nozzle and
the material SA-350 Gr. LF-2 Cl.1, the subscript “s”
denotes for head and shell and the material is SA-
516 Gr.70.

Table 2. Values of S, SPL, SPS

Parameter Value (MPa)

S, 129
s, 136
SPL, 194
SPL, 204
SPS, 442.0
SPS, 466.5

Computed linearized equivalent stresses
along the SCLs depicted by Figure 4 and the
allowable limits S, SPL, SPS for stress categories
are demonstrated in Figure 5. For membrane plus
bending, membrane plus bending plus peak
equivalent stresses and the sum of principals are

calculated at inside and outside locations for each
classification line, but only the governing of these
values are plotted in Figure 5. Membrane
equivalent stress obtained by “load controlled
loads” are either classified as primary general or
local membrane stress, i.e., P, or P.. Similarly,
obtained membrane plus bending stresses are
either classified as P+Pg for locations away from
structural discontinuities or P+Ps+Q at local
structural discontinuities.

Membrane equivalent stresses at structural
discontinuities are classified as local primary
membrane stress if the following rule of Part 5 of
(ASME, 2017c) applies, A region of stress in a
component is considered as local if the distance
over which the equivalent stress exceeds 1.1S
does not extend in the meridional direction more
than (r*t)>. This rule is also demonstrated in
Figure 5, (r*t)°® distances are marked for nozzle,
head and shell locations. Bending stresses within
structural discontinuities are evaluated as
secondary.
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Figure 5. Distribution of the Linearized Equivalent Stresses along the Model

As (P),
membrane plus bending (P+B) and membrane
plus bending plus peak (P+B+F) equivalent stresses
are nearly coincident at the locations away from
structural discontinuities, which shows the general

seen in Figure 5, Membrane

membrane stress characteristics.

(P), (P+B) stresses are higher next to the nozzle-
pad junction, pad-head and shell-head transition
regions which are structural discontinuities.
Especially for SCL-4 and SCL-5 (P+B+F) stresses are
generated in excess of (P+B) stresses indicate the
local stress concentration regions.

Table 3. Elastic Analysis Method: Protection against plastic collapse and ratcheting assessment

Membrane equivalent stress

Membrane plus bending equivalent stress

SCL Definition

Category Limit Stress [MPa] % Uti. Category Limit Stress[MPa] % Uti.
SCL-1 Nozzle away from junction Pm Sh 23.4 18.1 P.+P, SPL, 24.9 12.9
SCL-2 Nozzle next to pad P SPL, 78.9 40.7 P+P,+Q  SPS, 83.6 18.9
SCL-3 Pad next to nozzle P, SPL, 101.9 50.0 P +P,+Q  SPS; 120.9 25.9
SCL-4 Head next to pad P, SPL, 117.4 57.6 P+4P,+Q  SPS, 161.5 34.6
H-16 Head away from junction Pm S 127.8 94.0 P.+P, SPL, 128.7 63.1
SCL-5 Shell-Head Transition P, SPL, 115.2 56.5 P+P,+Q  SPS, 135.0 28.9
SCL-6 Shell-Head Transition P SPL, 82.7 40.5 P+P,+Q  SPS 105.4 22.6
S-8 Shell away from junction Pm S 110.6 81.3 P.+P, SPL, 112.2 55.0

Categorized stresses and comparison of
these stresses to their corresponding allowable
limits are summarized in Table 3. In Table 3,
primary stress evaluations (P, P, and P+Py) are
satisfied to demonstrate the protection against

plastic collapse. The P +Py+Q stress evaluations are
for ratcheting assessment.
The protection against local

demonstrated in Table 4. It should be noted that

failure is
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elastic local failure assessment uses only the
primary membrane plus bending stresses.

Table 4. Elastic Analysis Method: Protection against
local failure

Elastic Local Failure Criteria

SCL Definition Sum of 9%
Limit Principals Uti
[MPa] :
scL-p Nozzleaway 4s, 40.4 7.8
from the
SCL-2 g;’jﬂe nextto ¢ 113.6 22.0
sCL-3 :2‘:ZT:Xt tothe o 153.4 28.2
SCL-4 ;'aejd next to 4s, 366.2 67.3
H-16 :Z?: tahvzay 4s, 2555 47.0
sclg  onell-Head 4s, 274.0 50.4
Transition
sclg onell-Head 4s, 208.2 383
Transition
58 froer: i}‘:‘; ay 4s, 191.8 353

The protection against local failure may not
be demonstrated if the design details are in
accordance with Part 4 of (ASME, 2017c). However,
all parts designed in accordance with Part 5 of
(ASME, 2017c) shall be protected against local
failure. In other words, protection against local
failure shall be demonstrated for non-standard
design details.

2.3 Limit Load Analysis

For the limit load analysis (LLA), elastic-
perfectly plastic (no strain hardening behavior)
material models are utilized as shown in Figure 6.
1.5*S vyield strength is assigned for each of the
materials in construction. The small-displacement
theory is used for analysis; in other words,
nonlinear geometric effects are not considered.
This is mainly due to that pressure loading causes
the structures to stiffen, and LLA method is not
recommended for the cases which stiffness of the
structure reduces by the applied loading.

LLA is essentially an alternative to the elastic
analysis to perform protection against plastic
collapse to limit the primary stresses. For the

internal pressure loading, the load factor to apply
is 1.5 in accordance with (ASME, 2017c).

The pressure load causes the solver to
diverge is the lower bound limit load of the
structure. The equilibrium conditions are not
satisfied for a small increase in the load, i.e., if the
yield strength is reached over an entire cross-
section, calculated displacements are infinite since
the tangent modulus is zero.

250

200 T g 204

193,5

E 150
2
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2 100
A

50

04
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—8—SA-350LF-2Cl.1 —e—SA-516 Gr.70

Figure 6. Limit Load Analysis: Material Models

In order to determine the limit load, ten
times the design pressure, 36 MPa, is applied to
the structure. Considering the minimum required
limit load, the plastic collapse utilization is
calculated as the 1.5 times the design pressure
divided by the determined limit load. Protection
against plastic collapse by LLA method is
demonstrated as shown in Table 5.

Table 5. Limit Load Analysis Method: Plastic Collapse

Utilization
Design M",‘ Diverged Plastic Collapse
Pressure Req’d Pressure % Utilization
(MPa) (MPa) (MPa) ’
3.6 5.4 5.75 93.9
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Figure 7. Limit Load Analysis: Divergence location

The region shown in grey in Figure 7 denotes
the elements reached the yield strength at collapse
pressure. The figure indicates that the head fails
due to the general membrane stress.

2.4  Elastic-Plastic Analysis

Elastic-Plastic analysis method is utilized to
demonstrate protection against plastic collapse,
local failure, and ratcheting. For plastic collapse
and local failure evaluation, the isotropic elastic-
plastic material behavior involving strain hardening
is used by the rules provided in Annex 3-D of
(ASME, 2017c) and recommendations in (Peters et
al. 2013). The strain of the proportional limit for
the elastic-plastic material curves 1E-8. At that
limit, true plastic strain is zero. Beyond the true
ultimate stress, perfectly plastic material behavior
is considered.

800 691.6
700

600 683.1
500

400

300

True Stress [MPa]

200
100
0

0 0,1 0,2 0,3 0,4

True Strain [mm/mm]

—8—SA-350 Gr. LF-2 Cl.@300°C —e—SA-516 Gr.70 @ 300°C

Figure 8. Elastic-Plastic Analysis: True Stress-Strain Curves

Table 6. Elastic-Plastic Analysis Method: Plastic
Collapse Utilization

Design M",‘ Diverged Plastic Collapse
Pressure Req'd Pressure % Utilization
(MPa) (MPa) (MPa) °
3.6 8.64 12.33 70.1

The pressure load factor for an elastic-plastic
analysis is 2.4, which gives the minimum required
pressure to be demonstrated for protection against
plastic collapse. The diverged pressure column in
Table 6 indicates that the internal pressure load
causes the overall structural instability. The ratio of
the minimum required collapse pressure, and the
diverged pressure gives the plastic collapse
utilization per the elastic-plastic analysis method.

In Figure 9, plastic strain distribution at
plastic collapse pressure is shown. The elements in
grey show the region has reached the plastic strain
at true ultimate stress which shows the plastic
collapse location.

Max: 0.565
Elem: PART-1-1.3943
Face: 1

Y
1 Step: Pressure
@==p X Increment 16: Step Time = 0.3425

Primary Var: PEEQ

Deformed Var: U - Deformation Scale Factor: +1.000e+00

Figure 9. Elastic-Plastic Analysis: Plastic Strin
distribution at collapse load

For protection against local failure, strain
damage parameter is calculated at gauss points
and extrapolated to the nodes for each element.
For calculating the strain damage parameter
(SLDR), the following are defined in the
postprocessor in accordance with (ASME, 2017c).
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(speq + scf) < g, where,

e
LT O T\, 30, 3

€. limiting triaxial strain

04,0,,04: Principal stress components for each point
in component

0.: Von Mises stress
Agp: 2.2

m, = 0.6 * (1 — R), where R is the ratio of yield
and ultimate tensile strengths of the material

€Ly = My

Epeq: total equivalent plastic strain

g, limiting triaxial strain

g5 cold forming strain, assumed to be zero

0, +0,+0; e
T3, stands for stress triaxiality.
e

(Speq + Scf)
&L

SLDR = <1.0 Eqg. 2

The load factor recommended for the
elastic-plastic local failure evaluation is 1.7 per
(ASME, 2017c). Figure 10 shows the computed
local failure ratio at 1.7 times the design pressure.
Calculating the strain damage parameter and
satisfying the Eq. 2 per the required load cases is
sufficient for demonstrating protection against
local failure. However, for the purpose of this
paper, the limit pressure for the elastic-plastic local
failure is also obtained.

SLDR

(Avg: 75%)
+1.149e-01
+1.053e-01
+9.572e-02
+8.615e-02
+7.658e-02
+6.701e-02
+5.743e-02
+4.786e-02
+3.829e-02
+2.872e-02
+1.914e-02
+9.572e-03
-3.117e-07

Max: +1.149e-01
Elem: PART-1-1.3943
Node: 55

Pad fillet weld toe

Figure 10. Elastic-Plastic Analysis: Maximum Strain Limit
Damage Ratio (SLDR) Location at 6.12 MPa

The SLDR is computed for all the nodes in
the model; Figure 10 shows its maximum location.

Strain Damage Ratio [-]
N

0 5 10 15
Applied Pressure [MPa]

Figure 11. Elastic-Plastic Analysis: Strain Damage
Parameters vs Pressure

The pressure load at which strain damage
parameter is 1.0 is roughly obtained by calculating
the parameter with increasing pressure loading as
shown in Figure 11. According to that evaluation,
the limiting pressure for local failure evaluation is
estimated as 8.4 MPa.

An elastic-plastic ratcheting assessment is
also performed. For this evaluation, the design
pressure is applied to the model, and elastic-
perfectly plastic material behavior is utilized with
the Von Mises yield function and flow rule. Also,
the effects of non-linear geometry are considered
in the analysis. Three pressure cycles are applied to
the model as a minimum required several cycles by
(ASME, 2017c).
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Figure 12. Elastic-Plastic Analysis Method: Ratcheting
Assessment, Plastic Strain by Pressure Cycles

As shown in Figure 12, the magnitude of
plastic strain does not propagate by pressure
cycling; therefore, protection against ratcheting is
demonstrated.

2.5 Part 4, Design By Rule Evaluation

For design by rule evaluation in accordance
with Part 4 of (ASME, 2017c), only the maximum
allowable pressure results are provided as given in
Table 7.

Table 7. The maximum allowable pressure
computed by Design by Rule requirements

Design Design

Maximum Allowable
Component Pressure Temp.

Pressure (MPa)

(MPa) (°C)
Head 3.6 300 3.831
Cylinder 3.6 300 3.824
Nozzle 3.6 300 3.814

3 Results

The protection against plastic collapse and
local failure are demonstrated by elastic, limit load
and elastic-plastic design by analysis (DBA)
methods. Also, ratcheting is assessed by Elastic and
Elastic-Plastic analysis methods.

Table 8. Obtained Maximum Allowable Pressure by each
Design Method

as elastic analysis.

. Maximum
. Plastic Local
Design . Allowable
Collapse Failure
Method % Uti % Uti Pressure
0 . 0 . (MPa)
Elastic Analysis 94.0 67.3 3.83
*
Limit Load Analysis 93.9 67.3 3.84
Elastlc-.PIastlc 701 729 494
Analysis
Design by i i 3.814
Rule

(*): Local failure criteria check for a limit-load analysis is same

The utilization of the applied design pressure
and the maximum allowable pressures obtained by
each of the design by analysis methods and the
design by rule requirements are tabulated in Table
8.

4 Conclusion

According to the elastic and limit load
analysis methods, obtained plastic collapse results
are very close. Besides, the elastic analysis method
is observed to be more conservative than the
Elastic-Plastic method regarding the evaluation of
plastic collapse. On the other hand, for the local
failure results, Elastic-Plastic Analysis is observed
to be slightly conservative than the Elastic Analysis.
It should be noted that all three methods may be
used to qualify a component in accordance with
(ASME, 2017c), however, the elastic-plastic
method is the most realistic DBA regarding the
more realistic material input and included
nonlinear geometric effects in the analysis.

The stress linearization and categorization
processes for an elastic analysis are more complex
compared to the post-processing of other methods
and require more effort. Also, it may produce non-
conservative results for thick walled (R/t<4)
pressure vessels. However, preprocessing and
solver time for an elastic analysis are lesser
compared to the other methods.

Limit load analysis method is shown to be
excellent for demonstrating the protection against
plastic collapse and may be used for general
component sizing. However, similar to the elastic
analysis, nonlinear geometric effects are excluded,
and the buckling failure mode is not detected by
this analysis method.

Predicted plastic collapse load in accordance
with the elastic-plastic analysis method is
considerably higher compared to the other analysis
methods given the involved strain hardening
behavior of the ductile material and applied
pressure load factor.
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Ozet

Mobil Sebeke isletmecileri (MSi) farkli jenerasyon mobil teknolojilerinin farkli siklik araliklarinda diizgiin
calismasini saglamak zorundadirlar. Ote yandan, elektromanyetik (EM) kirlilik, ki daha ¢ok mobil
telefonlar ve mobil baz istasyonlari tarafindan kaynaklanir, toplumda saghk kaygilari yaratmaktadir. Bu

sebeple, MSiler bircok anten cubugunu tek bir radomeda saklayan combo antenleri kullanmaktadirlar.

Anahtar kelimeler Bu c¢alismada, arastirmacilar mobil sebeke baz istasyonu combo antenleri igin genisband bir

5J; 4J; 3J;
Elektromanyetik Dalga

elektromanyetik sontimlendirici 6nermektedirler. Arastirmacilar bunun igin ¢ok katmanh Jaumann
sonumlendirme (JS) ve Salisbury ekranlama prensiplerini mikrometrik ve milimetrik grafit ve nonametrik
karbon siyahi malzemeleri Gzerine uygulamistir. Buna ek olarak, ileri teknoloji giimus ve nikel kaplanmig
seramik kurecikler de sonlUmlendirici kalinligini azaltmak Uzere EM sagilimini arttirmak ve

Sénimleme; Baz
istasyonu; Mobil

Haberlesme soniimlenmeyi iyilestirmek igin kullaniimistir. Son olarak, glimis kaph naylon kumas da salisbury

ekranlamasinin en yenilikgi sekli ile sonlimlendiriciye dik iplikgiklerle yerlestirilerek 1sinma sorununu
¢Ozmistir. Laboratuvar testlerinden sonra, sontimlendirici sahada test edilmistir. Doksan milimetre
kalinligindaki bir séntimlendirici uygulamasi istenmeyen radyo frekans (RF) sinyalini mobil sebekenin
¢alismasini engellemeden ve anten yayinim seklini degistirmeden 18 dB azalmistir. Bu tip bir
sonimlendirici istenmeyen elektromanyetik dalgalarin yayilmasini engellemeye yardimci olabilir ve
bltiin mobil sebeke RF gurlltistni ve EM kirliligini her iki yayin yoniinde de azaltabilir.

A Broadband Electromagnetic Absorber for Mobile Telecommunication
Combo Antennas

Abstract

Mobile network operators (MNOs) have to sustain the interworking of different generations of mobile

technologies in different frequency bands. On the other hand, electromagnetic (EM) pollution, which is
caused mainly by the mobile devices and mobile network base stations, also raises public health
concerns. Thus, MNOs use combo antennas, which encapsulate multiple antenna rods in a single
radome. In this study, the authors propose a broadband electromagnetic absorber for the mobile
network base station (BS) combo antennas. They have merged the multi-layer Jaumann absorber (JA)

Keywords
5G; 4G; 3G;

Electromagnetic Wave and Salisbury screen principles along with the merits of off-the-shelf micrometric and millimetric

graphite and nanometric carbon black. Advanced silver and nickel coated nanometric cenospheres were
also used to decrease the absorber thickness and to improve EM scattering and absorption. And finally,
silver fabric was used as the salisbury screen with novel perpendicular threads into the absorber body

Absorption; Base
Station; Mobile

Telecommunication.
as heat sink. After the laboratory tests, the absorber has also been tested in the field. The application

of the absorber has reduced the unwanted radio frequency (RF) signal around 18 dB in the tested
frequency range without any network affecting disturbances or without any noticeable antenna pattern
deformation with only a thickness of ninety millimeters. Such an absorber may also help containing the
unwanted spread of electromagnetic waves from BS antennas; and, in return, decrease the overall
mobile network RF noise and electromagnetic pollution both in uplink and downlink frequency bands.

© Afyon Kocatepe Universitesi

46



Mobil Haberlesme Combo Antenleri icin Genisband Elektromanyetik Séniimlendirici, Uluaydin vd.

1. Introduction

The mobile telecommunication has become an
essential part of our daily life. With the increasing
number of users, the mobile network operators
(MNOs) have to use more mobile base stations
(BS). The mobile technology has also advanced
parallel to increasing demands of users. Thus,
MNOs have deployed newer mobile technologies
over the existing ones further increasing the
number of BS antennas broadcasting in different
spectrum bands [1]. On the other hand, this
increasing use of wireless technologies has raised
public health concerns [2-14].

There has been extensive research performed on
the EM shielding and absorption [7-21]. Compact
with  multiple EM
available, and there can be EM interferences
between them and with other devices. So, it

devices transmitters are

becomes more important to contain the unwanted
signals, and the EM absorbers gain popularity [9].

In our BS case, the urban sites are generally co-
located with other MNOs. MNOs also have to use
more than one mobile technology because of
financial, regulatory, and compliance reasons.
Therefore, there are clusters of antennas in each
urban site. These clusters may interact with each
other and with other antennas on different sites
negatively affecting the performance of the overall
mobile radio network.

The MNOs use different technologies in different
parts of the spectrum. A single BS antenna does
not necessarily cover the entire spectrum, and in
general, different antennas are used to broadcast
in different bands. For these reasons, the number
of antennas per urban site dramatically increases.
So, the MNOs use combo antennas, where three or
more antenna pairs are encapsulated within a
single radome. In order to avoid these disruptive
interactions, EM absorbers can be used to limit the
spread of unwanted EM signals. Such an EM
absorber should, therefore, be able to operate over
the range of all those frequencies that the combo
antenna operates [1].

Materials with high enough complex dielectric
coefficients are preferable for the absorption of the

electromagnetic (EM) energy and for converting it

into heat. These materials are used for wide-band
EM energy absorption applications such as in
anechoic chambers [22]. But in mobile BS case,
there are different constraints for an EM absorber
such as wind load, weight, thickness, and cost.

In this study, authors propose a broadband EM
absorber, which can operate with multiple rod
combo antennas and upcoming massive multi-
input multi-output (MIMO) 5th generation mobile
telecommunication antennas without overheating.

2. EM Absorption

There are two fundamental loss mechanisms in
shielding theory: reflection loss and absorption
loss. An EM plane wave arriving on a uniform slab
obstacle can undergo reflection, absorption, and
transmission. When such a plane wave comes
across the slab, the transmitted and the reflected
parts of electrical and magnetic components are
the same [7]. But there is a serious difference here
to note that the primary transmission of the
magnetic component occurs at the initial interface
while the primary transmission of the electrical
component occurs at the final interface. In other
words, it is much easier to reflect the electrical
component in the first boundary, and that makes
dielectric absorption not an easy task, at all.

2.1 Magnetic and dielectric loss mechanisms

The electromagnetic radiation in  mobile
telecommunication spectrum can be absorbed by
its dielectric and magnetic components. The
absorber domain should be designed in order to
allow the EM waves in, and attenuate them as the
waves penetrate further. The waves will have
propagation constant in the absorber domain as

Equation 1:
Y = (jwp* (o + jwe))'/? (1)

where p* is the magnetic permeability; €* is
electrical permittivity; o is the conductivity (1/m or
"mhos/m"); w is radial frequency, w = 2nf (f
frequency in Hz) [7]. The main factors affecting the
absorption of the EM waves are the absorber
domain complex permittivity (e*= €' - €"), the
complex permeability (u*= W' - u"), and EM
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impedance match, which is related with former
two factors and the conductivity o [7]. The real
parts of the complex permittivity and permeability
represent the energy storage capacity of the
absorber domain, whereas the imaginary parts
show the loss of electric and magnetic energy in
the absorber domain [7]. Therefore, the ratio of
imaginary to real part for the absorber material’s
permittivity and permeability shows the capacity of
absorption for electric

and magnetic parts,

respectively.

2.2Salisbury screen mechanism

The Salisbury screen mechanism is a narrowband
applicable shielding method working with the
principle of out of phase cancellation of the
incoming wave through a single absorber layer
followed by a good conductor. In order to have the
reflecting wave to be in totally out of phase with
the incoming wave, the thickness of the absorber
should be carefully arranged to the quarter wave
effective inside the absorber. The propagating
wave within the absorber will have the wavelength
as such Equation 2:

— }‘0
A= Jlellul @)

where A, is the wavelength in free space, and ||
and |u| are the modulus of permittivity and
permeability of the absorber material, respectively
[10]. This mechanism can be applied within the
range of 0.25-0.30 A in practical applications with
dielectric absorbers [10, 22].

2.3 Jaumann absorber mechanism

The JA uses the mechanism of multiple layers of
absorbers tuned to return minimum reflection. The
wave would attenuate both by the transmission
through multiple absorber layers as well as the
multiple in-bound reflections within these absorber
Another important property of JA
mechanism is that the layers are arranged with

layers.

increasing dielectric values focusing waves into the
axis perpendicular to the absorbers’ axis. This is a
great benefit for the absorption of waves with

different polarizations and incoming directions and
provides a wider absorption range [10].

The JA layers are generally followed by a good
conductor and the total thickness is arranged for
the effective quarter wave length depth in order to
benefit from the Salisbury screen mechanism. For a
designated range of frequencies, this thickness can
be arranged for the lowest operating, or the
dominant frequency of operation of the Jaumann
absorber, or any other preference in design [10,
23].

3. Material Development of Dielectric Absorbers

Our design steps included a narrowband absorber
development followed by a broadband absorber
development. We preferred a dielectric only
absorber design in order keep our design simple
and our cost low in order to fulfil our constraint set
for the telecom mobile radio network.

3.1 Narrowband Absorber Development

We have chosen polyester free form acoustic
sponge with open-cell structure as our matrix
material. This material has the following
advantages: low cost; ease of reach; easy to shape;
easy to impregnate, and most importantly it comes
in almost all sizes.

The designated frequency range greatly affects the
size and dimensions of a narrowband absorber
[23]. We have chosen micrometric, millimetric, and
nanometric carbon as our base materials having
good properties for impregnation. A micrometric
and millimetric graphite (G) and nanometric carbon
black (CB) mixture is prepared using a water-based
binder; and, the matrix material is soaked with this
mixture. So, having two different carbon materials
with different properties, one can choose between
the high thermal and electric conductivity of the
graphite, and radiation absorption and electrical
conductivity of carbon black [24].

We have

Rohde&Schwarz ZVA 40 vector network analyser

made lab measurements on a

(VNA) using ridged microwave antennas from 2.3

to 2.6 GHz band with sweep on 1 MHz steps with
time domain gating (Figure 1). The measurements
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were all done in close proximity to resemble our
field test conditions. Time domain gating used
according to VNA vendor specification in order to

avoid multipath
energy release.

reflections and wrap around

Figure 1.Measurement set-up with R&S ZVA 40 vector
analyser with ridged horn antenna pair.

Using matrix sponge with planar and pyramid
shapes and different mixtures, 1 set (5 pieces) and
1 set with Chebyshev pyramids (3 pieces) with
increasing loading were prepared, respectively. The
loading ratios for the planar set were as follows:
1%-0%; 1.5%-0%; 1%-1%; 1.5%-1%; 2%-1%, CB-G by
weight. The loading ratios for the pyramidal set
were as follows: 1%-0%; 1%-1%; 2%-1%, CB-G by
weight. The pyramid shapes had A/4 height tuned
for 2.45 GHz at 3cm with 1 cm base thickness.

The first set has provided the benefits of a gradual
dielectric change while the second set provided the
benefits of gradual surface change. S;; and
S,,values represent the reflection amounts back to
transmitter while S;; and S,; values represent the
transmission amounts in Figure 2, Figure 3, and
Figure 4 [9,17]. The absorption (A) is related with
the transmission (T) and the reflection (R) with the
equation: A=1-R-T, where R and T can be
determined by R=|S:;1|* and T=|S,:|?, respectively
[17]. So, one should minimize both the reflection
and the transmission values at the same time [25].
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Figure 4.2% CB and 1% G loaded flat layer and
Chebyshev pyramid structure together.
The 1% CB loaded flat layer (Figure 2) was
approximately 3 dB better on the average than the
nominal free transmission in S;; and S,1. The 1% CB
and 1% G loaded layer (Figure 3) was
approximately 5 dB better on the average than the
nominal in S;; and S,;. The mutual effect of
Chebyshev pyramids together with a flat layer was
approximately 15 dB better on the average than
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the nominal in S,; when both were 2% CB and 1% G
loaded (Figure 4).

We have tested the Chebyshev pyramid model in a
5 kW commercial 2.45 GHz operating microwave
(MW) oven.The material has shown good load
properties minimizing the reflections back to
magnetron. This test also demonstrated the
importance of the homogeneity of the materials
based on the observations of the temperature
distribution after a short exposure (Figure 5). Non-
homogeneous parts were hotter and one hot spot
has also suffered thermal runaway. The
commercial MW oven has also been used to test

and the load/impedance match of the overall

model.

Figure 5.Thermal picture of pyramid absorbers in
bottom-up formation in commercial MW oven
after a short exposure (temperature scale in
degrees Celcius).

3.2 Broadband Absorber Development

For a good broadband absorber performance, good
attenuation should be attained while keeping a
gradual change of dielectrics to avoid reflection of
the electrical field in the designated frequency
band. Having these two constraints in mind, a
multilayer
dielectric constant with depth strategy was chosen

strategy and gradually changing
at the same time. Other granular materials were
used either to maximize the attenuation of the
wave or to increase the scattering of the wave

within the absorber matrix.

Combo antennas range from 700 MHz up to 3.5
GHz and can support 2nd, 3rd, and 4th generation
mobile telecommunication technologies,
concurrently. This can readily explain the need for
the broad band performance. Another issue in the
absorption performance is the source to absorber
distance. Our absorber antenna distance falls in the
near field range in our case.

Multiple layers with gradual change of dielectrics
with  nanometric CB and micrometric and
millimetric graphite are used with our initial
experience. Silver and nickel cenospheres were
added between the

scattering and

layers to increase the
increase magnetic attenuation,
respectively.

CB provides attenuation across all frequencies. Its
nanometric increase the

scale does not

conductivity of the composite  material
significantly, whereas micrometric and millimetric
graphite pieces may add up to the conductivity, if
used in high amounts. These two materials are
used in layers in increasing amounts. Stacking the
different layers, the best performance has been
tuned by the help of commercial MW oven
reflection measurements both for impedance
match and minimum reflection. As a final surface,
silver coated nylon mesh fabric was used as a
flexible conductor with a shielding effectiveness of
66 dB at 900 MHz according to IEEE STD-299

(Figure 6).

ABSORPTION
INCIDENT
WAVE TRANSMISSION
[ (Sn20r S21)

REFLECTION

(S11) <:|

Antenna Back Direction Silver Coated Nylon
Mesh Fabric

Multilayer Absorber

Figure 6.lllustrative absorber and its cross section with
the mentioned material and their designated
location.
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The final absorber consisted of four layers: one flat
(1% CB), two pyramidal layer (pyramids facing each
other, 1%CB-1%G to 2%CB-1%G), and the final one
fabric  (2%CB-
coated nylon threads

cast  with silver  mesh
1%G+cenospheres+silver

perpendicular to wave front) (Figure 7).

2 Ap‘||||
Figure 7.The second layer and the fourth and final layer
left-to-right.

3.3 Measurements and Field Tests

The final prototype was measured with the same
set-up. The Si; was around 20 dB and the S,; was
around 55 dB on the 1-10 GHz range (Figure 8,
Figure 9). The shielding performance was around
20-30 dB less than expected because of the near
field positioning compared to |IEEE STD-299 values
for the silver coated mesh fabric [25].
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Figure 8.The S-parameter
prototype.

Stop 10GHz Gh1 Base Freq Stat 10MHz 0 dBm Stop 10 GHz

measurement of the

Then the prototype has been tested in the field
with an MNO, which wanted to test the absorber in
the front lobe of the antenna in order to evaluate
the performance under harder conditions. The
absorber was positioned on the radome itself
without any space in between. The voltage

standing wave ratio (VSWR) performance was used

to assess the load match. The measurements were
recorded with drive tests before and after the
montage of the absorber to the antenna.

Trea ] dBMag 10dBJ Ref0dB  Cal 3
1| 1.262478[GHz [13.074 4B

1.262478|6Hz |27 632 dB

|

Fil

Y [t

Ch1 Base Freg Start 10MHz 0 dBm Stop 10 GHz
Comparison of Suppression against Nominal Value

Figure 9.Measurement marker at 1.26 GHz with 24.5 dB
suppression.

The initial test drive was taken without any
(Figure 10) to
propagation of the signal. The average suppression
of the front lobe of the antenna was around 18 dB
(12-28 dB) in 900 MHz - 1800 MHz - 2150 MHz
range.

absorber observe normal

ccccccccccc _Bcsson TS Handset (1335) (0)- b1
2950 010 0%

® = 81000 < M0 (17)262%
® Fbow TOO0ED 30BN

Statistic ScanSiglevel for ARFCN_1
73.43076923

& DBelow -09.50 (0)0.0%
& 5= 005010 < -S400 (22 328
s= 540010 < -51.00 (5192%
® »=-81.0010 < -70.00 (171 26.2%

& Above 7000 (200 30 8%

Figure 10.The first drive test to measure nominal signal
strength and its related percentage in colour
legend.
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This performance was way over the mobile
operator's 6 dB expectation (Figure 11). There was
not any VSWR related alarm on the BS operation

and maintenance system.
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Figure 11.The second drive test results to measure the
signal strength through the absorber and its
related percentage in colour legend.

4. Results and Discussion

Open cell polyester matrix with CB and graphite of
appropriate size was an efficient and sufficient
solution for suppressing the unwanted back and
side lobe signals of mobile telecommunication
combo antennas. Open cell structure of polyester
acoustic sponge was easily impregnatable with
materials up to 100 micrometer without loss of
homogeneity. Our selection of CB and graphite
provided us with the availability of off-the-shelf
industrial materials. Although this combination
does not necessarily give the best absorption per
thickness performance [7-10;15-17], it was cost-
wise very successful together with the matrix
selection. The disadvantage in thickness was
partially related with the open cell structure of our
matrix since even after loading the matrix still
contained void areas. If loading ratios were
increased even higher, then there would be more
of the inhomogeneity related issues. Thus, we have
utilized nanometric nickel and silver coated
cenospheres in between layers to increase the

scattering and magnetic attenuation to contain the
thickness related issue.

The absorber layers were light and flexible. The
final layer was supported with a silver coated nylon
fabric to resemble the good conductor effect. The
total multilayer structure still kept its flexibility,
though. This was a great advantage over the wider
area of combo antennas’ surfaces.

The field performances were slightly less than the
laboratory measurements. There are two details to
be mentioned. Firstly, the shielding and absorption
performances degrade in very close proximity [17].
Secondly, the antenna absorber interaction was in
the near field, and one could expect capacitive
effects. Thus, we believe capacitive effects and
frontal lobe testing could have lowered the field
performance with higher power output of the
antenna.

The field test also
advantages. Firstly, the absorber can withstand

revealed three distinct

even the front radiation of telecommunication
antenna without any thermal runaway. The second
advantage is that a lower noise level will either
improve the radio network quality or increase the
frequency reuse pattern, on which mobile network
planning is mainly based. The third and final one is
in the uplink telecommunication channel part,
where unrelated mobile terminal signals will no
longer be received by the back lobe of the antenna.
In 3rd and 4th generation
technologies, the absorber would also lessen the

mobile radio
unnecessary breathing cell feature utilization. This,
in turn, serves the customer masses in front of the
antenna with a spectrum efficient focus providing
higher data throughput by the second advantage.
In the 5th generation mobile telecommunications,
the absorber can handle the immense power of
massive  MIMO
backlobe EM pollution.

antennas and suppress the

5. Conclusion

As a result of this study, one may deduct that the
mobile radio networks may benefit an average
noise suppression of 9-18 dB by the mass
utilization of such absorbers.
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The prototype lessens the mobile telecom
industry’s one of the hardest challenges in radio
network optimization. It can be used for optimum
performance in urban areas between coverage and
quality in all available spectrums concurrently,
where 80% of the whole data and speech traffic
take place.

For our future studies, we are planning to
investigate different ways of utilizing nanometric
cenospheres of nickel, copper and silver coatings
[22]. Ferromagnetic material addition to the
absorber looked promising to absorb the magnetic
component of the antenna radiation and to further
decrease the overall energy spread on back-lobe

[26].
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