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ABSTRACT

In most studies, carbonyl iron particles (CIP) were merged with carbon-based
particles such as graphite (Gr) or carbon black (CB) particles as fillers to enhance the
electrical properties of magnetorheological elastomers (MRE). Although the electrical
properties were improved, excessive implementation of particle in MRE led to brittle
phase which caused decrement of properties such as elasticity. Hence, this study
examined a single material, cobalt particles, as a filler to enhance the rheological and
electrical properties in MRE. The selection of cobalt particles is due to its dual
properties — magnetic and electrical. A total of three MRESs containing 53, 60 and 67
wit% of cobalt were fabricated through mixing and curing processes. Characterization
related to physicochemical properties of MRE samples was analysed by using X-Ray
diffraction (XRD), energy-dispersive x-ray spectroscopy (EDX), field emission
scanning electron microscopy (FESEM) and vibrating sample magnetometer (VSM).
Then, the rheological properties of the MRE in various strengths of magnetic field
intensity between 0 to 0.8 T were conducted by using a rheometer. Subsequently, the
effect of the cobalt on the electrical properties was investigated and compared with
different applied forces towards the MRE. The physicochemical properties indicate
the presence of cobalt has influenced the rheology and electrical properties of the
MRE. Both properties were enhanced with the increase of cobalt content that
embedded in the silicone matrix. Even though, the initial storage modulus of MRE
increased from 0.28 to 0.52 MPa, the magnetorheological (MR) effect has enhanced
from 57.14% to 82.69%. On the contrary, the MRE resistance decreased when
increasing the applied force from 1 to 10 kg. In sum, the findings show a higher cobalt
content in MRE contributed to a higher MR effect, and simultaneously lower the
electrical resistance. The finding suggests the potential of cobalt particles as a filler in

the MRE fabrication for future sensing applications.
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ABSTRAK

Dalam kebanyakan kajian, partikel besi karbon (CIP) digabungkan dengan
zarah berasaskan karbon seperti zarah grafit (Gr) atau karbon hitam (CB) sebagai
pengisi untuk meningkatkan sifat elektrik pada Elastomer Reologi Magnet (MRE).
Walaupun sifat elektrik ditambah baik, zarah berlebihan di dalam MRE membawa
kepada fasa rapuh yang menyebabkan penurunan sifat seperti keanjalan. Oleh itu,
kajian ini mengkaji bahan tunggal, iaitu zarah kobalt, sebagai pengisi untuk
meningkatkan sifat reologi dan elektrik di dalam MRE. Pemilihan zarah kobalt adalah
kerana dwi-sifatnya — magnet dan elektrik. Sebanyak tiga MRE yang mengandungi
53, 60, dan 67 wt% kobalt dibuat melalui kaedah proses pencampuran dan
pengawetan. Pencirian yang berkaitan dengan sifat fizikokimia, MRE dianalisis
dengan menggunakan difraksi sinar-X (XRD), spektroskopi sinar-X penyebaran
tenaga (EDX), mikroskop elektron pengimbasan pelepasan medan (FESEM) dan
magnetometer sampel bergetar (VSM). Kemudian, sifat reologi MRE dalam pelbagai
kekuatan intensiti medan magnet antara O hingga 0.8 T dilakukan dengan
menggunakan rheometer. Seterusnya, kesan kobalt pada sifat elektrik disiasat dan
dibandingkan dengan daya yang berlainan terhadap MRE. Sifat fizikokimia
membuktikan bahawa kehadiran kobalt telah mempengaruhi sifat reologi dan elektrik
MRE. Kedua-dua sifat telah dipertingkatkan dengan peningkatan kandungan kobalt
yang terdapat di dalam matriks silikon. Walaupun modulus penyimpanan awal MRE
dilihat menaik dari 0.28 MPa hingga 0.52 MPa, kesan MR meningkat dari 57.14%
kepada 82.69%. Sebaliknya, nilai rintangan berkurang apabila daya yang dikenakan
meningkat daripada 1 kg hingga 10 kg. Oleh yang demikian, kandungan kobalt yang
tinggi dalam MRE menyumbang kepada kesan magnetorheologi (MR) yang lebih
tinggi dan sekaligus merendahkan nilai rintangan elektrik. Penemuan ini telah
mencadangkan potensi zarah kobalt sebagai pengisi dalam fabrikasi MRE untuk

aplikasi penderiaan pada masa akan datang.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Magnetorheological (MR) materials fall under the class of smart materials due
to their controllable rheological properties. Their rheological properties can be
changed continuously, quickly and reversibly with the presence of a magnetic field,
which makes this material of great interest due to its fast real-time response. Recently
MR materials such as MR fluids (MRF) [1-3], MR grease (MRG) [4-6], MR foam
[7-9], MR plastomer (MRP) [10-12], and MR elastomer (MRE) [13-16] have been
widely researched in both industrial and academic areas as potentials materials for

vibration/impact management or position control [17,18].

In recent years, MRE has attracted the most interest among those MR materials,
since MRE shows a desirable performance due to the stability of magnetizable
particles in the matrix and simpler material handling such as no leakage and no
sedimentation [19]. MRE is a kind of composites material that mainly consists of
rubber matrix and magnetic particles. Elastomer such as rubber has been used as a
matrix to mitigate shock and vibration in structures, vehicles, and other types of
machinery due to its high and reversible deformability. Few types of rubber such as
natural rubber (NR) [20-23], silicon rubber (SR) [24,25], thermoplastic [26,27], and
even hybrid matrix [28] have been used in the manufacture of MRE. It is believed that
rubber's modulus properties are constant throughout any applied magnetic field due to
the non-magnetic nature of rubber. The interaction of the particles will therefore be
more effective and, the MR effect will be greater. The MR effect of soft rubber-like
SR based on MRE, for example, can reach as high as 500 %, while the thermoplastic
MR effect is only 70 % [29,30].



Carbonyl iron particles (CIP) [31-34] have been the most widely used
magnetic particles in MRE fabrication to date because they have high magnetic
permeability and saturation, but low in magnetic remanence. Because of these
advantages, the MR group, including MRE, has become actively tuned and quick to
respond to the applied magnetic field. The amount of magnetic particles used in MRE
fabrication also had a significant impact on the MRE's final performance; particularly
related to the MR effect. Previous studies have reported that the use of magnetic
particles is typically in the range of 10-90% by weight. Even though higher particle
loading is known to lead to a greater storage modulus and MR effects, however, some
drawbacks like brittle issues [35], will occur which limit the use of MRE in some
potential applications like in sensors, automotive and rehabilitation [36-38].
Therefore, several attempts also have been made in order to enhance the mechanical,
rheological as well as electrical properties of MRE by the introduction of additives
[39-42]. Additive helps in property enhancement, cost reduction, reinforcement and
processing improvement [43-50]. A variety of additives including graphite (Gr) [51],
graphene [52], silica [53] and carbon black (CB) [54,55] have been utilized and the
final performance of MRE, on the other hand, was found to be directly dependent on
several factors, including matrix-particle interaction, particle-particle interaction,

matrix and particle types, and particle distribution within the MRE.

In addition, MRE can be classified into two groups which are, isotropic MRE
and anisotropic MRE. The difference between isotropic and anisotropic MRE is the
distribution of the magnetic particle in the MRE. For anisotropic MRE, it has a chain-
like structure in a matrix due to the curing condition under an applied magnetic field.
As for the isotropic MRE, the curing condition is without the presence of a magnetic
field, which resulted in random particle distribution in the matrix. It has been known
that these groups have different rheological properties of MRE [56-58]. Due to this
fact, anisotropic MRE has closer gaps between the magnetic particle, as compared to
the isotropic MRE. Thus, a much higher MR effect can be obtained, which resulted
from strong particle interactions. The primary parameters describing the rheological
properties of MREs are the shear storage modulus (G') and loss factor or tan 6. The
energy storage capacity of the viscoelastic material is referred to as G'. The loss factor,
meanwhile, refers to the damping property of the material due to the dissipation of
energy in the MRE materials.



1.2 Motivation of Study

The previous studies thus far have contributed to the knowledge concerning
the unique functions of MRE that enable them to have sensitive mechanical and
electrical properties, which can be changed under external stimuli, such as magnetic
field and mechanical pressure. Ghafoorianfar et al. [59] investigated the electrical
properties and obtained that the resistivity value of MRE ranging from 4.41 X 10%° to
1.7 X 10 Q mm by varying particle volume fractions under different compression
mechanical loads. In order to enhance the electrical properties of MRE, a common
approach is to combine carbon-based particles such as Gr, graphene, and carbon black
with the CIP. Schimann et al. [60] analysed an electroconductive MRE (mixed CIP
with carbon black) that exhibited a highly complex resistive behavior. The results
revealed that the resistance declined exponentially from 2300 k€ to 1200 kQ within
the region of linear elasticity. In another study, Tian et al. [61] utilized various weight
fractions of Gr powder (0-5g) and mixed with CIP in fabricating MRE, so-called Gr-
MRE to achieve electrical conductivity. It has been observed that a high concentration
of the Gr filler led to an improvement in the MR effect. The conductivity of the Gr-
MRE increased with the increment of applied force, which was up to 1 kg. Later,
Shabdin et al. [35] continued to investigate the electrical properties of isotropic and
anisotropic MRE by adding 33 wt% Gr powder as a filler with 20 wt% of CIP. The
changes of Gr-MRE conductivity had a relationship with the external force up to 10
kg in certain magnetic field intensity. However, although the conductivity of MRE
could be improved by increasing the Gr particles, excessive use of particles or fillers,
in MRE often led to decrement of some other properties such as elasticity. Moreover,
the distribution of particles was more challenging, which led to a brittle phase and
decrement of the field-dependent modulus of MRE [35,61].

Nevertheless, several studies have introduced cobalt as magnetic particles in
MRE. The uniqueness of cobalt, which offered dual properties; magnetic and electrical
properties are believed can supersede the conventional combination of CIP and Gr, as
a filler. At such, Tong et al. [62] studied the interaction that occurred in MRE with
different shapes of cobalt filler; spherical and flower-like. The result demonstrated that

the flower-like shape cobalt particles exhibited a higher magnetic up to 0.1 T and



enhanced the rheological performance as compared to the spherical shape. This
phenomenon happened due to particle shape that led to a higher crosslink density.
However, their work had focused on rheology properties and a lack of supporting data
towards the electrical properties. Therefore, a comprehensive investigation to analyse
the magnetic, MR effect and electrical behavior of various compositions of cobalt filler

IS worth investigating.

1.3 Problem Statement

From the previous studies, CIP was merged with carbon-based particles such
as Gr or CB as a filler to provide electrical conductivity to the MRE. Although this
combination of fillers improves the conductivity, excessive used of particles often
results in loss of other properties such as elasticity. Furthermore, it resulted in a
decrement in MRE’s field-dependent modulus. In fact, the relationship between a
variety of properties, including rheological and electrical properties had not been
thoroughly investigated. Therefore, some other magnetic particles that exhibit dual
properties; magnetic and electrical like cobalt particles can be used to further enhance

the properties of MRE.

1.4 Research Objectives

The main aim of this research is to investigate the MRE performance by

introducing cobalt as a magnetic particle. Therefore, the objectives of the research are:

I.  To characterize the physicochemical properties of the MRE in terms of
structural observation and magnetic properties of MRE.
Il.  Toanalyse the rheological and electrical properties of MRE with cobalt at off-
and on-state conditions.
I1l.  To evaluate the effects of magnetic field and particles content on rheology and

electrical behaviour of MRE.



1.5

Research Scope

The scope of this study is specified on the experimental investigation on the

rheological and electrical properties of MRE embedded with cobalt. The scope of this

study includes:

1.6

The fabrication of MRE using various compositions 53, 60 and 67 wt% of
cobalt particles.

The microstructural, elemental analysis and magnetic performance of MRE are
performed using FESEM, XRD, EDX and VSM.

The rheological test of MRE in the absence and presence of a magnetic field
was examined under oscillatory shear mode. The tests are included input
parameters of strain sweep, frequency sweep and magnetic field sweep.

The correlation between change in MRE resistance at different applied forces

under off- and on-state conditions was analysed using a custom made test-rig.

Thesis Content

The layout of this thesis is as follows:

Chapter 1 introduces the research idea by providing the background of

research, motivation and problem statement that clearly identifies the research gap,

research objectives and research scope.

Chapter 2 contains a literature review related to the research work of MR

materials, on what has been investigated before and the evidence on how the research

is generally conducted in this area. Generally, this chapter summarizes relevant

outcomes to the research area by covering a brief history of morphological

observation, magnetic measurement, rheological and electrical properties based on

several previous studies.



Chapter 3 described step-by-step research activities to achieve the objective.
This chapter also describes the materials and details of MRE fabrication. The

experimental setup involved in the MRE characterization is described in detail.

Chapter 4 discusses the experimental results and analysis from the
physicochemical, rheology and electrical properties of MRE. The physicochemical
analysis is conducted by referring to the morphological observations and magnetic
properties of MRE. Meanwhile, results of the rheological properties are discussed
under oscillatory shear modes test, respective to strain amplitude, frequency and
magnetic field sweep. Furthermore, the electrical properties are discussed based on the
effect of the applied load on the MRE resistance under the absence and presence of the

magnetic field.

Chapter 5 concludes the research work and highlights the contribution of this

research as well as the recommendation for potential future research work.



REFERENCES

Daniela, S.-R. & Ladislau, V. Yield Stress And Flow Behavior Of Concentrated
Ferrofluid-Based Magnetorheological Fluids : The Influence Of Composition.
Rheologica Acta. 2014. 53: 645-53.

Tong, Y., Dong, X. & Qi, M. High Performance Magnetorheological Fluids
With Flower-Like Cobalt Particles. Smart Materials and Structures. 2017.
26(2): 025023.

Kumar, JS. & Alex, D.G. Synthesis Of Magnetorheological Fluid
Compositions For Valve Mode Operation. Materials Today: Proceedings.
2019. 22: 1870-7.

Mohamad, N., Ubaidillah, Mazlan, S.A., Imaduddin, F., Choi, S.B. & Yazid,
I.1.M. A Comparative Work On The Magnetic Field-Dependent Properties Of
Plate-Like And Spherical Iron Particle-Based Magnetorheological Grease.
PLoS ONE. 2018. 13(4): 1-16.

Tarmizi, S.M.A., Nordin, N.A., Mazlan, S.A., Mohamad, N., Rahman, H.A.,
Aziz, S.A.A., Nazmi, N. & Azmi, M.A. Incorporation Of Cobalt Ferrite On The
Field Dependent Performances Of Magnetorheological Grease. Journal of
Materials Research and Technology. 2020. 9(6): 15566-74.

Wang, K., Dong, X., Li, J. & Shi, K. Yield Dimensionless Magnetic Effect And
Shear Thinning For Magnetorheological Grease. Results in Physics. 2020. 18:
103328.

Muhazeli, N.S., Nordin, N.A., Mazlan, S.A., Rizuan, N., Abdul Aziz, S.A., Abd
Fatah, A.Y., lbrahim, Z., Ubaidillah, U. & Choi, S.B. Characterization Of
Morphological And Rheological Properties Of Rigid Magnetorheological
Foams Via In Situ Fabrication Method. Journal of Materials Science. 20109.
54(21): 13821-33.

Norhaniza, R., Mazlan, S.A., Ubaidillah, Abdul Aziz, S.A., Nazmi, N. &
Yunus, N.A. Enhancement Of Sensitivity Of Magnetostrictive Foam In Low
Magnetic Fields For Sensor Applications. Polymer. 2020. 211: 123083.

Zhao, D., Zhao, J., Zhao, Z., Liu, Y., Liu, S. & Wang, S. Design And
Experimental Study Of The Porous Foam Metal Magnetorheological Fluid

85



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Damper Based On Built-In Multi-Pole Magnetic Core. Journal of Intelligent
Material Systems and Structures. 2020. 31(5): 687-703.

Xu, J., Pang, H., Gong, X., Pei, L. & Xuan, S. Shape-Deformable Liquid Metal-
Filled Magnetorheological Plastomer Sensor With A Magnetic Field “On-Off”
Switch. iScience. 2021. 24(6): 102549.

Hapipi, N.M., Mazlan, S.A., Ubaidillah, U., Aziz, S.A.A., Khairi, M.H.A,,
Nordin, N.A. & Nazmi, N. Solvent Dependence Of The Rheological Properties
In Hydrogel Magnetorheological Plastomer. International Journal of Molecular
Sciences. 2020. 21(5).

Hapipi, N.M., Mazlan, S.A., Ubaidillah, U., Homma, K., Aziz, S.A.A., Nordin,
N.A., Bahiuddin, I. & Nazmi, N. The Rheological Studies On Poly(Vinyl)
Alcohol-Based Hydrogel Magnetorheological Plastomer. Polymers. 2020.
12(10): 1-15.

Ju, B.X., Yu, M., Fu, J., Yang, Q., Liu, X.Q. & Zheng, X. A Novel Porous
Magnetorheological Elastomer : Preparation And Evaluation. Smart Materials
and Structures. 2012. 21: 035001.

Nam, T.H., Petrikov4, I. & Marvalova, B. Experimental And Numerical
Research Of Stress Relaxation Behavior Of Magnetorheological Elastomer.
Polymer Testing. 2021. 93: 106886.

Zhang, J., Pang, H., Wang, Y. & Gong, X. The Magneto-Mechanical Properties
Of Off-Axis Anisotropic Magnetorheological Elastomers. Composites Science
and Technology. 2020. 191: 108079.

Bastola, A.K., Paudel, M. & Li, L. Line-Patterned Hybrid Magnetorheological
Elastomer Developed By 3D Printing. Journal of Intelligent Material Systems
and Structures. 2020. 31(3): 377-88.

Wang, X. & Cai, J. Magnetorheological Elastomer: State And Application.
Advanced Materials Research. 2012. 393-395: 161-5.

Kashima, S., Miyasaka, F. & Hirata, K. Novel Soft Actuator Using
Magnetorheological Elastomer. IEEE Transactions on Magnetics. 2012. 48(4):
1649-52.

Fuchs, A., Zhang, Q., Elkins, J., Gordaninejad, F. & Evrensel, C. Development
And Characterization Of Magnetorheological Elastomers. Journal of Applied
Polymer Science. 2007. 105: 2497-508.

Lee, CJ.,, Kwon, S.H., Choi, HJ., Chung, K.H. & Jung, J.H. Enhanced

86



21.

22.

23.

24,

25.

26.

27.

28.

Magnetorheological Performance Of Carbonyl Iron/Natural Rubber Composite
Elastomer With Gamma-Ferrite Additive. Colloid and Polymer Science. 2018.
296(9): 1609-13.

Wahab, N.A.A., Mazlan, S.A., Ubaidillah, Kamaruddin, S., Ismail, N.I.N.,
Choi, S.B. & Sharif, A.H.R. Fabrication And Investigation On Field-Dependent
Properties Of Natural Rubber Based Magneto-Rheological Elastomer Isolator.
Smart Materials and Structures. 2016. 25(10): 1-11.

Yunus, N.A., Mazlan, S.A., Ubaidillah, Choi, S.B., Imaduddin, F., Abdul Aziz,
S.A. & Ahmad Khairi, M.H. Rheological Properties Of Isotropic
Magnetorheological Elastomers Featuring An Epoxidized Natural Rubber.
Smart Materials and Structures. 2016. 25(10): 1-11.

Najib Alam, M., Kumar, V., Ryu, S.R., Choi, J. & Lee, D.J. Magnetic Response
Properties Of Natural-Rubber-Based Magnetorhelogical Elastomers With
Different-Structured Iron Fillers. Journal of Magnetism and Magnetic
Materials. 2020. 513: 167106.

Rahman, N.A.N.A., Mazlan, S.A., Aziz, S.A.A. & Nordin, N.A.
Magnetorheological Elastomer Silicone-Based Containing Corroded Carbonyl
Iron Particles. Materials Science and Engineering. 2018. 772: 51-5.

Li, R. & Sun, L.Z. Dynamic Viscoelastic Behavior Of Multiwalled Carbon
Nanotube—Reinforced Magnetorheological (MR) Nanocomposites. Journal of
Nanomechanics and Micromechanics. 2014. 4(4): 1-7.

Qiao, X., Lu, X., Li, W., Chen, J. & Gong, X. Microstructure And
Magnetorheological Properties Of The Thermoplastic Magnetorheological
Elastomer Composites Containing Modified Carbonyl Iron Particles And Poly
(Styrene- B -Ethylene- Ethylenepropylene- B -Styrene ). Smart Material and
Strucuture. 2012. 21(11): 115028.

Lu, X., Qiao, X., Watanabe, H., Gong, X., Yang, T., Li, W., et al. Mechanical
And Structural Investigation Of Isotropic And Anisotropic Thermoplastic
Magnetorheological Elastomer Composites Based On Poly(Styrene-B-
Ethylene-Co-Butylene-B-Styrene) (SEBS). Rheologica Acta. 2012. 51(1): 37—
50.

Bica, I., Anitas, E.M., Bunoiu, M., Vatzulik, B. & Juganaru, I. Hybrid
Magnetorheological Elastomer: Influence Of Magnetic Field And Compression
Pressure On Its Electrical Conductivity. Journal of Industrial and Engineering

87



29.

30.

31.

32.

33.

34.

35.

36.

37.

Chemistry. 2014. 20(6): 3994-9.

Zajc, P., Kaleta, J.,, Lewandowski, D. & Gasperowicz, A. Isotropic
Magnetorheological Elastomers With Thermoplastic Matrices: Structure,
Damping Properties And Testing. Smart Materials and Structures. 2010. 19(4).
Feng, W.B., Yang, X. & Lv, Z.Q. Study Of The Performance Of Practical
Magneto-Rheological Elastomers. Advanced Materials Research. 2012. 430:
1979-83.

Perales-Martinez, 1.A., Palacios-Pineda, L.M., Lozano-Sanchez, L.M.,
Martinez-Romero, O., Puente-Cordova, J.G. & Elias-Zufiga, A. Enhancement
Of A Magnetorheological PDMS Elastomer With Carbonyl Iron Particles.
Polymer Testing. 2017. 57: 78-86.

Jung, H.S., Kwon, S.H., Choi, H.J., Jung, J.H. & Kim, Y.G. Magnetic Carbonyl
Iron/Natural Rubber Composite Elastomer And Its Magnetorheology.
Composite Structures. 2016. 136: 106-12.

Cvek, M., Torres-Mendieta, R., Havelka, O., Urbanek, M., Plachy, T. & Cernik,
M. Laser-Induced Fragmentation Of Carbonyl Iron As A Clean Method To
Enhance Magnetorheological Effect. Journal of Cleaner Production. 2020. 254:
120182.

Charles, A.D.M., Rider, A.N., Brown, S.A. & Wang, C.H. Improving The
Actuation Performance Of Magneto-Polymer Composites By Silane
Functionalisation Of Carbonyl-Iron Particles. Composites Part B: Engineering.
2020. 196: 108091.

Shabdin, M.K., Zainudin, A.A., Mazlan, S.A., Rahman, M.A.A., Aziz, S.A.A.,
Bahiudin, I. & Choi, S.B. Tunable Low Range Gr Induced Magnetorheological
Elastomer With Magnetically Conductive Feedback. Smart Materials and
Structures. 2020. 29(5): 057001.

Lotters, J.C., Olthuis, W., Veltink, P.H. & Bergveld, P. The Mechanical
Properties Of The Rubber Elastic Polymer Polydimethylsiloxane For Sensor
Applications. Journal of Micromechanics and Microengineering. 1997. 7(3):
145-7.

Zainudin, A.A., Yunus, N.A., Mazlan, S.A., Shabdin, M.K., Aziz Abdul, S.A.,
Nordin, N.A., Nazmi, N. & Rahman, M.A.A. Rheological And Resistance
Properties Of Magnetorheological Elastomer With Cobalt For Sensor
Application. Applied Sciences (Switzerland). 2020. 10(5): 1-12.

88



38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Li, W., Kostidis, K., Zhang, X. & Zhou, Y. Development Of A Force Sensor
Working With MR Elastomers. IEEE/ASME International Conference On
Advanced Intelligent Mechatronics. 14 July 2009. IEEE. 2009. 233-238.

Zhao, D., Cui, J., Dai, X., Liu, S. & Dong, L. Magneto-Piezoresistive
Characteristics Of Graphene/Room Temperature Vulcanized Silicon Rubber-
Silicon Rubber Magnetorheological Elastomer. Journal of Applied Polymer
Science. 2021. 138(12): 50051.

Shabdin, M.K., Azizi, M., Rahman, A., Mazlan, S.A., Hapipi, N.M., Adiputra,
D., Aishah, S. & Aziz, A. Material Characterizations Of Gr-Based
Magnetorheological Elastomer For Possible Sensor Applications : Rheological
And Resistivity Properties. Materials. 2019. 12(3): 391.

Nayak, B., Dwivedy, S.K. & Murthy, K.S.R.K. Fabrication And
Characterization Of Magnetorheological Elastomer With Carbon Black.
Journal of Intelligent Material Systems and Structures. 2015. 26(7): 830-9.
Nayak, B., Dwivedy, S.K. & Murthy, K.S.R.K. Dynamic Stability Of
Magnetorheological Elastomer Based Adaptive Sandwich Beam With
Conductive Skins Using FEM And The Harmonic Balance Method.
International Journal of Mechanical Sciences. 2013. 77: 205-16.

Aziz, S.A.A., Mazlan, S.A., Ismail, N.I.N., Ubaidillah, U., Choi, S.B., Khairi,
M.H.A. & Yunus, N.A. Effects Of Multiwall Carbon Nanotubes On
Viscoelastic Properties Of Magnetorheological Elastomers. Smart Materials
and Structures. 2016. 25(7): 1-10.

Fan, Y.C., Gong, X.L., Jiang, W.Q., Zhang, W., Wei, B. & Li, W.H. Effect Of
Maleic Anhydride On The Damping Property Of Magnetorheological
Elastomers. Smart Materials and Structures. 2010. 19(5).

Chen, L., Gong, X.L. & Li, W.H. Effect Of Carbon Black On The Mechanical
Performances Of Magnetorheological Elastomers. Polymer Testing. 2008.
27(3): 340-5.

Chen, S., Chen, J., Xu, K., Pan, R., Peng, Z., Ma, L. & Wu, S. Effect Of Coal
Gangue/Carbon Black/Multiwall Carbon Nanotubes Hybrid Fillers On The
Properties Of Natural Rubber Composites. Polymers and Polymer Composites.
2016. 37(10): 3083-92.

Lokander, M. & Stenberg, B. Improving The Magnetorheological Effect In
Isotropic Magnetorheological Rubber Materials. Polymer Testing. 2003. 22(6):

89



48.

49,

50.

51.

52.

53.

54,

55.

56.

S57.

58.

677-80.

Chen, L., Gong, X.L. & Li, W.H. Microstructures And Viscoelastic Properties
Of Anisotropic Magnetorheological Elastomers. Smart Materials and
Structures. 2007. 16(6): 2645-50.

Balasoiu, M., Craus, M.L., Anitas, E.M., Bica, ., Plestil, J. & Kuklin, A.l.
Microstructure Of Stomaflex Based Magnetic Elastomers. Physics of the Solid
State. 2010. 52(5): 917-21.

Ubaidillah, Sutrisno, J., Purwanto, A. & Mazlan, S.A. Recent Progress On
Magnetorheological Solids: Materials, Fabrication, Testing, And Applications.
Advanced Engineering Materials. 2015. 17(5): 563-97.

Tian, T.F., Li, W.H., Alici, G., Du, H. & Deng, Y.M. Microstructure And
Magnetorheology Of Graphite-Based MR Elastomers. Rheologica Acta. 2011.
50(9-10): 825-36.

Bica, I. & Anitas, E.M. Magnetic Field Intensity And Graphene Concentration
Effects On Electrical And Rheological Properties Of MREs-Based Membranes.
Smart Material and Strucuture. 2019. 26(10): 105038.

Matecki, P., Krolewicz, M., Hiptmair, F., Krzak, J., Kaleta, J., Major, Z. &
Pigtowski, J. Influence Of Carbonyl Iron Particle Coating With Silica On The
Properties Of Magnetorheological Elastomers. Smart Materials and Structures.
2016. 25(10): 105030.

Lu, H., Wang, W., Yang, F., Wang, G. & Rui, X. Effect Of Carbon Black With
Large Particle Size On Dynamic Mechanical Analysis Of Magnetorheological
Elastomers (MRES). Materials Research Express. 2018. 29(27): 095703.
Burgaz, E. & Goksuzoglu, M. Effects Of Magnetic Particles And Carbon Black
On Structure And Properties Of Magnetorheological Elastomers. Polymer
Testing. 2020. 81: 106233.

Nam, T.H., Petrikova, I. & Marvalova, B. Experimental Characterization And
Viscoelastic Modeling Of Isotropic And Anisotropic Magnetorheological
Elastomers. Polymer Testing. 2020. 81: 106272.

Asadi Khanouki, M., Sedaghati, R. & Hemmatian, M. Experimental
Characterization And Microscale Modeling Of Isotropic And Anisotropic
Magnetorheological Elastomers. Composites Part B: Engineering. 2019. 176:
107311.

Puente-Cordova, J.G., Reyes-Melo, M.E., Palacios-Pineda, L.M., Martinez-

90



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Perales, I.A., Martinez-Romero, O. & Elias-Zufiga, A. Fabrication And
Characterization Of Isotropic And Anisotropic Magnetorheological Elastomers,
Based On Silicone Rubber And Carbonyl Iron Microparticles. Polymers. 2018.
10(12): 1343.

Ghafoorianfar, N., Wang, X. & Gordaninejad, F. Combined Magnetic And
Mechanical Sensing Of Magnetorheological Elastomers. Smart Material and
Strucuture. 2014. 5(23): 055010.

Schimann, M., Morich, J., Kaufhold, T., B6hm, V., Zimmermann, K. &
Odenbach, S. A Mechanical Characterisation On Multiple Timescales Of
Electroconductive Magnetorheological Elastomers. Journal of Magnetism and
Magnetic Materials. 2018. 453: 198-205.

Tian, T.F., Li, W.H. & Deng, Y.M. Sensing Capabilities Of Graphite Based MR
Elastomers. Smart Materials and Structures. 2011. 20(2): 025022.

Tong, Y., Dong, X. & Qi, M. Improved Tunable Range Of The Field-Induced
Storage Modulus By Using Flower-Like Particles As The Active Phase Of
Magnetorheological Elastomers. Soft Matter. 2018. 14(18): 3504-9.

Ge, L., Gong, X., Wang, Y. & Xuan, S. The Conductive Three Dimensional
Topological Structure Enhanced Magnetorheological Elastomer Towards A
Strain Sensor. Composites Science and Technology. 2016. 135: 92-9.

Park, J.E., Yun, G.E., Jang, D.l. & Kim, Y.K. Analysis Of Electrical Resistance
And Impedance Change Of Magnetorheological Gels With DC And AC
Voltage For Magnetometer Application. Sensors (Switzerland). 2019. 19(11):
2510.

Xu, L., Zhou, H., Cao, Z. & Yang, W. A Digital Switching Demodulator For
Electrical Capacitance Tomography. IEEE Transactions on Instrumentation
and Measurement. 2013. 62(5): 1025-33.

Fan, Y., Qin, H., Lu, C., Liao, C., Chen, X., Yu, J. & Xie, L. Capacitance Creep
And Recovery Behavior Of Magnetorheological Elastomers. Journal of
Intelligent Material Systems and Structures. 2020. 1045389X20969911.
Rabinow, J. The Magnetic Fluid Clutch. Transactions of the American Institute
of Electrical Engineers. 1948. 67(12): 1308-15.

Shilan, S.T., Mazlan, S.A., Ido, Y., Hajalilou, A., Jeyadevan, B., Choi, S.B. &
Yunus, N.A. A Comparison Of Field-Dependent Rheological Properties
Between Spherical And Plate-Like Carbonyl Iron Particles-Based Magneto-

91



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Rheological Fluids. Smart Materials and Structures. 2016. 25(9): 1-9.
Ashtiani, M., Hashemabadi, S.H. & Ghaffari, A. A Review On The
Magnetorheological Fluid Preparation And Stabilization. Journal of Magnetism
and Magnetic Materials. 2015. 374: 711-5.

Li, Z., Zhang, X., Guo, K., Ahmadian, M. & Liu, Y. A Novel Squeeze Mode
Based Magnetorheological Valve: Design, Test And Evaluation. Smart
Materials and Structures. 2016. 25(12): 1-11.

Milecki, A. & Hauke, M. Application Of Magnetorheological Fluid In
Industrial Shock Absorbers. Mechanical Systems and Signal Processing. 2012.
28: 528-41.

Kazakov, Y.B., Morozov, N.A. & Nesterov, S.A. Development Of Models Of
The Magnetorheological Fluid Damper. Journal of Magnetism and Magnetic
Materials. 2017. 431: 269-72.

Sun, S., Yang, J., Li, W., Deng, H., Du, H. & Alici, G. Development Of A Novel
Variable Stiffness And Damping Magnetorheological Fluid Damper. Smart
Materials and Structures. 2015. 24(8): 85021.

Du, C., Yu, G. & Gong, Z. Influence Of Different Gradation Carbonyl Iron
Particles On The Properties Of Magneto-Rheological Fluids. Advanced
Materials Research. 2012. 452-453: 623-7.

Bastola, A.K. & Hossain, M. A Review On Magneto-Mechanical
Characterizations Of Magnetorheological Elastomers. Composites Part B:
Engineering. 2020. 200: 108348.

Jolly, M.R., Carlson, J.D. & Muiioz, B.C. A Model Of The Behaviour Of
Magnetorheological Materials. Smart Materials and Structures. 1996. 5(5):
607-14.

Ge, L., Gong, X., Fan, Y. & Xuan, S. Preparation And Mechanical Properties
Of The Magnetorheological Elastomer Based On Natural Rubber/Rosin
Glycerin Hybrid Matrix. Smart Materials and Structures. 2013. 22(11): 115029.
An, J.S., Kwon, S.H., Choi, H.J., Jung, J.H. & Kim, Y.G. Modified Silane-
Coated Carbonyl Iron/Natural Rubber Composite Elastomer And Its
Magnetorheological Performance. Composite Structures. 2017. 160: 1020-6.
Xu, Z., Wu, H., Wang, Q., Jiang, S., Yi, L. & Wang, J. Study On Movement
Mechanism  Of  Magnetic  Particles In  Silicone  Rubber-Based
Magnetorheological Elastomers With Viscosity Change. Journal of Magnetism

92



80.

81.

82.

83.

84.

85.

86.

87.

88.

and Magnetic Materials. 2020. 494: 165793.

Bunoiu, M. & Bica, I. Magnetorheological Elastomer Based On Silicone
Rubber, Carbonyl Iron And Rochelle Salt: Effects Of Alternating Electric And
Static Magnetic Fields Intensities. Journal of Industrial and Engineering
Chemistry. 2016. 37: 312-8.

Yoon, B., Kim, J.Y., Hong, U., Oh, M.K., Kim, M., Han, S.B., Nam, J. Do &
Suhr, J. Dynamic Viscoelasticity Of Silica-Filled Styrene-Butadiene
Rubber/Polybutadiene Rubber (SBR/BR) Elastomer Composites. Composites
Part B: Engineering. 2020. 187: 107865.

Das, C., Bansod, N.D., Kapgate, B.P., Rajkumar, K. & Das, A. Incorporation
Of Titania Nanoparticles In Elastomer Matrix To Develop Highly Reinforced
Multifunctional Solution Styrene Butadiene Rubber Composites. Polymer.
2019. 162: 1-10.

Song, X., Wang, W., Yang, F., Wang, G. & Rui, X. The Study Of Natural
Rubber/Polybutadiene Rubber Hybrid Matrix-Based Magnetorheological
Elastomer. Journal of Thermoplastic Composite Materials. 20109.
0892705719878222.

Bica, I, Anitas, E.M., Averis, L.M.E., Kwon, S.H. & Choi, H.J.
Magnetostrictive And Viscoelastic Characteristics Of Polyurethane-Based
Magnetorheological Elastomer. Journal of Industrial and Engineering
Chemistry. 2019. 73: 128-33.

Wu, J., Gong, X., Fan, Y. & Xia, H. Anisotropic Polyurethane
Magnetorheological Elastomer Prepared Through In Situ Polycondensation
Under A Magnetic Field. Smart Materials and Structures. 2010. 19(10):
105007.

Yu, M., Qi, S., Fu, J., Zhu, M. & Chen, D. Understanding The Reinforcing
Behaviors Of Polyaniline-Modified  Carbonyl Iron Particles In
Magnetorheological Elastomer Based On Polyurethane/Epoxy Resin IPNs
Matrix. Composites Science and Technology. 2017. 139: 36-46.

Paran, S.M.R., Vahabi, H., Jouyandeh, M., Ducos, F., Formela, K. & Saeb,
M.R. Thermal Decomposition Kinetics Of Dynamically Vulcanized Polyamide
6—Acrylonitrile Butadiene Rubber—Halloysite Nanotube Nanocomposites.
Journal of Applied Polymer Science. 2019. 136(20): 1-14.

Vidakis, N., Petousis, M., Tzounis, L., Grammatikos, S.A., Porfyrakis, E.,

93



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Maniadi, A. & Mountakis, N. Sustainable Additive Manufacturing: Mechanical
Response Of Polyethylene Terephthalate Glycol Over Multiple Recycling
Processes. Materials. 2021. 14(5): 1-16.

Bica, I. The Influence Of The Magnetic Field On The Elastic Properties Of
Anisotropic Magnetorheological Elastomers. Journal of Industrial and
Engineering Chemistry. 2012. 18(5): 1666-9.

Hegde, S., Poojary, U.R. & Gangadharan, K.V. Experimental Investigation Of
Effect Of Ingredient Particle Size On Dynamic Damping Of RTV Silicone Base
Magnetorheological Elastomers. Procedia Materials Science. 2014. 5: 2301-9.
De Buyl, F. Silicone Sealants And Structural Adhesives. International Journal
of Adhesion and Adhesives. 2001. 21(5): 411-22.

Chen, L., Gong, X.L. & Li, W.H. Microstructures And Viscoelastic Properties
Of Anisotropic Magnetorheological Elastomers. Smart Materials and
Structures. 2007. 16(6): 2645-50.

Hapipi, N., Aziz, S.A.A., Mazlan, S.A., Ubaidillah, Choi, S.B., Mohamad, N.,
Khairi, M.H.A. & Fatah, A.Y.A. The Field-Dependent Rheological Properties
Of Plate-Like Carbonyl Iron Particle-Based Magnetorheological Elastomers.
Results in Physics. 2019. 12: 2146-54.

Yu, M., Ju, B., Fu, J., Liu, X. & Yang, Q. Influence Of Composition Of
Carbonyl Iron Particles On Dynamic Mechanical Properties Of
Magnetorheological Elastomers. Journal of Magnetism and Magnetic
Materials. 2012. 324(275): 2147-52.

Li, W.H. & Nakano, M. Fabrication And Characterization Of PDMS Based
Magnetorheological Elastomers. Smart Materials and Structures. 2013. 22(5).
Kanking, S., Niltui, P., Wimolmala, E. & Sombatsompop, N. Use Of Bagasse
Fiber Ash As Secondary Filler In Silica Or Carbon Black Filled Natural Rubber
Compound. Materials and Design. 2012. 41: 74-82.

Liu, S., Chen, F., Zhang, Y., Shen, Q., Huang, Z. & Zhang, L. Interfacial Bond
Dependence Of Damping Properties Of Carbon Nanotubes Enhanced Polymers.
Polymer composites. 2014. 35(3): 548-56.

Agirre-Olabide, 1., Berasategui, J., Elejabarrieta, M.J. & Bou-Ali, M.M.
Characterization Of The Linear Viscoelastic Region Of Magnetorheological
Elastomers. Journal of Intelligent Material Systems and Structures. 2014.
25(16): 2074-81.

94



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Tian, T.F., Zhang, X.Z., Li, W.H., Alici, G. & Ding, J. Study Of PDMS Based
Magnetorheological Elastomers. Journal of Physics: Conference Series. 2013.
412(1): 012038.

Gordaninejad, F., Wang, X. & Mysore, P. Behavior Of Thick
Magnetorheological Elastomers. Journal of Intelligent Material Systems and
Structures. 2012. 23(9): 1033-9.

Mordina, B., Tiwari, R.K., Setua, D.K. & Sharma, A. Magnetorheology Of
Polydimethylsiloxane Elastomer/FeCo3 Nanocomposite. Journal of Physical
Chemistry C. 2014. 118(44): 25684-703.

Ubaidillah, Choi, H.J., Mazlan, S.A., Imaduddin, F. & Harjana. Fabrication And
Viscoelastic Characteristics Of Waste Tire Rubber Based Magnetorheological
Elastomer. Smart Materials and Structures. 2016. 25(11): 1-14.

Sorokin, V. V., Stepanov, G. V., Shamonin, M., Monkman, G.J. & Kramarenko,
E.Y. Magnetorheological Behavior Of Magnetoactive Elastomers Filled With
Bimodal Iron And Magnetite Particles. Smart Materials and Structures. 2017.
26(3): 035019.

Winger, J., Schiimann, M., Kupka, A. & Odenbach, S. Influence Of The Particle
Size On The Magnetorheological Effect Of Magnetorheological Elastomers.
Journal of Magnetism and Magnetic Materials. 2019. 481: 176-82.
Boczkowska, A., Awietjan, S.F., Pietrzko, S. & Kurzydtowski, K.J. Mechanical
Properties Of Magnetorheological Elastomers Under Shear Deformation.
Composites Part B: Engineering. 2012. 43(2): 636-40.

Bica, I. Influence Of The Magnetic Field On The Electric Conductivity Of
Magnetorheological Elastomers. Journal of Industrial and Engineering
Chemistry. 2010. 16(3): 359-63.

Landa, R.A., Soledad Antonel, P., Ruiz, M.M., Perez, O.E., Butera, A., Jorge,
G., Oliveira, C.L.P. & Negri, R.M. Magnetic And Elastic Anisotropy In
Magnetorheological Elastomers Using Nickel-Based Nanoparticles And
Nanochains. Journal of Applied Physics. 2013. 114(21): 213912.

Tong, Y., Dong, X. & Qi, M. Payne Effect And Damping Properties Of Flower-
Like Cobalt Particles-Based Magnetorheological Elastomers. Composites
Communications. 2019. 15: 120-8.

Aziz, S.A.B.A., Mazlan, S.A., Nordin, N.A., Rahman, N.A.N.A., Ubaidillah,
U., Choi, S.B. & Mohamad, N. Material Characterization Of

95



110.

111.

112.

113.

114.

115.

116.

117.

118.

Magnetorheological Elastomers With Corroded Carbonyl Iron Particles:
Morphological Images And Field-Dependent Viscoelastic Properties.
International Journal of Molecular Sciences. 2019. 20(13).

Kramarenko, E.Y., Chertovich, A. V., Stepanov, G. V., Semisalova, A.S.,
Makarova, L.A., Perov, N.S. & Khokhlov, A.R. Magnetic And Viscoelastic
Response Of Elastomers With Hard Magnetic Filler. Smart Materials and
Structures. 2015. 24(3): 35002.

Wen, Q., Wang, Y. & Gong, X. The Magnetic Field Dependent Dynamic
Properties Of Magnetorheological Elastomers Based On Hard Magnetic
Particles. Smart Materials and Structures. 2017. 26(7): 075012.

Radmanesh, M.A. & Seyyed Ebrahimi, S.A. Synthesis And Magnetic Properties
Of Hard/Soft SrFe 120 19/Ni 0.7Zn 0.3Fe 20 4 Nanocomposite Magnets.
Journal of Magnetism and Magnetic Materials. 2012. 324(19): 3094-8.

Sun, Z., Voigt, T. & Shah, S.P. Rheometric And Ultrasonic Investigations Of
Viscoelastic Properties Of Fresh Portland Cement Pastes. Cement and Concrete
Research. 2006. 36(2): 278-87.

Cao, Y., Lu, H., Wang, W., Chen, D., Yang, F., Wang, G. & Rui, X. The
Dynamic Mechanical Properties Of Magnetorheological Elastomer: Catalytic
Effect Of Carbonyl Iron Powder. Journal of Intelligent Material Systems and
Structures. 2020. 31(13): 1567-77.

El harmony, M., Maaroufi, A., Benavente, R., Perena, J.M., Pinto, G. & Halim,
M. Improvement Of Mechanical Performance Of Epoxy Resins Filled With
Cobalt And Chromium Powders. Journal of Applied Polymer Science. 2010.
116(5): 2658-67.

Stepanov, G. V., Semerenko, D.A., Bakhtiiarov, A. V. & Storozhenko, P.A.
Magnetoresistive Effect In Magnetoactive Elastomers. Journal of
Superconductivity and Novel Magnetism. 2013. 26(4): 1055-9.

Thanh-Vinh, N., Binh-Khiem, N., Takahashi, H., Matsumoto, K. &
Shimoyama, |. High-Sensitivity Triaxial Tactile Sensor With Elastic
Microstructures Pressing On Piezoresistive Cantilevers. Sensors and Actuators,
A: Physical. 2014. 215: 167-75.

Semisalova, A.S., Perov, N.S., Stepanov, G. V., Kramarenko, E.Y. &
Khokhlov, A.R. Strong Magnetodielectric Effects In Magnetorheological
Elastomers. Soft Matter. 2013. 9(47): 11318-24.

96



119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

Mietta, J.L., Jorge, G., Perez, O.E., Maeder, T. & Negri, R.M.
Superparamagnetic Anisotropic Elastomer Connectors Exhibiting Reversible
Magneto-Piezoresistivity. Sensors and Actuators, A: Physical. 2013. 192: 34—
41.

Mietta, J.L., Ruiz, M.M., Antonel, P.S., Perez, O.E., Butera, A., Jorge, G. &
Negri, R.M. Anisotropic Magnetoresistance And Piezoresistivity In Structured
Fe 30 4-Silver Particles In PDMS Elastomers At Room Temperature.
Langmuir. 2012. 28(17): 6985-96.

Amutha Jeevakumari, S.A., Indhumathi, K. & Arun Prakash, V.R. Role Of
Cobalt Nanowire And Graphene Nanoplatelet On Microwave Shielding
Behavior Of Natural Rubber Composite In High Frequency Bands. Polymer
Composites. 2020. 41(10): 4362-71.

Song, Y., Yu,J., Yu, L., Alam, F.E., Dai, W., Li, C. & Jiang, N. Enhancing The
Thermal, Electrical, And Mechanical Properties Of Silicone Rubber By
Addition Of Graphene Nanoplatelets. Materials and Design. 2015. 88: 950-7.
Gan, L., Shang, S., Yuen, C.W.M., Jiang, S.X. & Luo, N.M. Facile Preparation
Of Graphene Nanoribbon Filled Silicone Rubber Nanocomposite With
Improved Thermal And Mechanical Properties. Composites Part B:
Engineering. 2015. 69: 237-42.

Ausanio, G., lannotti, V., Ricciardi, E., Lanotte, L. & Lanotte, L. Magneto-
Piezoresistance In Magnetorheological Elastomers For Magnetic Induction
Gradient Or Position Sensors. Sensors and Actuators, A: Physical. 2014. 205:
235-9.

Xin, F.L., Bai, X.X. & Qian, L.J. Principle, Modeling, And Control Of A
Magnetorheological Elastomer Dynamic Vibration Absorber For Powertrain
Mount Systems Of Automobiles. Journal of Intelligent Material Systems and
Structures. 2017. 28(16): 2239-54.

Zhang, H., Shi, W., Ke, J., Feng, G., Qu, J. & Chen, Z. A Review On Model
And Control Of Electromagnetic Active Engine Mounts. Shock and Vibration.
2020. 2020: 20.

Blom, P. & Kari, L. The Frequency, Amplitude And Magnetic Field Dependent
Torsional Stiffness Of A Magneto-Sensitive Rubber Bushing. International
Journal of Mechanical Sciences. 2012. 60(1): 54-8.

Sun, S., Yang, J., Yildirim, T., Ning, D., Zhu, X., Du, H., Zhang, S., Nakano,

97



129.

130.

131.

132.

133.

134.

135.

136.

137.

M. & Li, W. A Magnetorheological Elastomer Rail Damper For Wideband
Attenuation Of Rail Noise And Vibration. Journal of Intelligent Material
Systems and Structures. 2020. 31(2): 220-8.

Ma, N., Yao, Y., Wang, Q., Niu, C. & Dong, X. Properties And Mechanical
Model Of A Stiffness Tunable Viscoelastic Damper Based On
Electrorheological Elastomers. Smart Materials and Structures. 2020. 29(4):
045041.

Ubaidillah, Mazlan, S.A., Sutrisno, J. & Zamzuri, H. Potential Applications Of
Magnetorheological Elastomers. Applied Mechanics and Materials. 2014. 663:
695-9.

Prabhakar R. Marur. Magneto-Rheological Elastomer-Based Vehicle
Suspension. 2013. 1(19).

Thorsteinsson, F., Gudmundsson, I. & Lecomte, C. Prosthetic And Orthotic
Devices Having Magnetorheological Elastomer Spring With Controllable
Stiffness. 2013. 1(61): 19.

Jonsdottir, F., Gudmundsson, F.B., Gudmundsson, K.H. & Lecomte, C.
Preparation And Characterization Of A Prototype Magnetorheological
Elastomer For Application In Prosthetic Devices. 7th ECCOMAS Thematic
Conference on Smart Structures and Materials. June 2015.

Adiputra, D., Nazmi, N., Bahiuddin, I., Ubaidillah, U., Imaduddin, F., Rahman,
M.A.A., Mazlan, S.A. & Zamzuri, H. A Review On The Control Of The
Mechanical Properties Of Ankle Foot Orthosis For Gait Assistance. Actuators.
2019. 8(1): 10.

Nguyen, A.N., Reinert, L., Lévéque, J.M., Beziat, A., Dehaudt, P., Juliaa, J.F.
& Duclaux, L. Preparation And Characterization Of Micron And Submicron-
Sized Vermiculite Powders By Ultrasonic Irradiation. Applied Clay Science.
2013. 72: 9-17.

Ansari, S.M., Bhor, R.D., Pai, K.R., Sen, D., Mazumder, S., Ghosh, K., Kolekar,
Y.D. & Ramana, C. V. Cobalt Nanoparticles For Biomedical Applications:
Facile Synthesis, Physiochemical Characterization, Cytotoxicity Behavior And
Biocompatibility. Applied Surface Science. 2017. 414: 171-87.

Ozdogan, N., Kapukiran, F., Oztiirk Er, E. & Bakirdere, S. Magnetic Cobalt
Particle-Assisted Solid Phase Extraction Of Tellurium Prior To Its
Determination By Slotted Quartz Tube-Flame Atomic Absorption

98



138.

139.

140.

141.

142.

143.

144,

145.

146.

147.

Spectrophotometry. Environmental Monitoring and Assessment. 2019. 191(6):
1-8.

Nippon Steel. Nippon Steel Technical Bulletin NS 625 A & B. 2000. (NS 625
A & B): 1-3.

Shah, F.A., Ruscsdk, K. & Palmquist, A. 50 Years Of Scanning Electron
Microscopy Of Bone—A Comprehensive Overview Of The Important
Discoveries Made And Insights Gained Into Bone Material Properties In Health,
Disease, And Taphonomy. Bone Research. 2019. 7(1): 1-15.

Abd Mutalib, M., Rahman, M.A., Othman, M.H.D., Ismail, A.F. & Jaafar, J.
Scanning Electron Microscopy (SEM) And Energy-Dispersive X-Ray (EDX)
Spectroscopy. Membrane Characterization. Elsevier B.V.; 2017. 161-179.
Foner, S. Versatile And Sensitive Vibrating-Sample Magnetometer. Review of
Scientific Instruments. 1959. 30(7): 548-57.

Lam, C., Martin, P.J. & Jefferis, S.A. Rheological Properties Of PHPA Polymer
Support Fluids. Journal of Materials in Civil Engineering. 2015. 27(11):
04015021.

Gbmez, E., Pellicer, E. & Vallés, E. Electrodeposition Of Soft-Magnetic
Cobalt-Molybdenum Coatings Containing Low Molybdenum Percentages.
Journal of Electroanalytical Chemistry. 2004. 568(1-2): 29-36.

Sorokin, V. V, Ecker, E., Stepanov, G. V, Shamonin, M., Monkman, G.J.,
Kramarenko, Y. & Khokhlov, A.R. Experimental Study Of The Magnetic Field
Enhanced Payne Effect In Magnetorheological Elastomers. Soft Matter. 2014.
10: 8765-76.

Sorokin, V. V., Stepanov, G. V., Shamonin, M., Monkman, G.J., Khokhlov,
A.R. & Kramarenko, E.Y. Hysteresis Of The Viscoelastic Properties And The
Normal Force In Magnetically And Mechanically Soft Magnetoactive
Elastomers: Effects Of Filler Composition, Strain Amplitude And Magnetic
Field. Polymer. 2015. 76: 191-202.

Lee, M., Park, T., Kim, C. & Park, S.M. Characterization Of A Magneto-Active
Membrane Actuator Comprising Hard Magnetic Particles With Varying
Crosslinking Degrees. Materials and Design. 2020. 195: 108921.

Wang, X., Gordaninejad, F., Calgar, M., Liu, Y., Sutrisno, J. & Fuchs, A.
Sensing Behavior Of Magnetorheological Elastomers. Journal of Mechanical
Design, Transactions of the ASME. 2009. 131(9): 0910041-6.

99



LIST OF PUBLICATIONS

Journal with Impact Factors

1. Zainudin, A.A., Yunus, N.A., Mazlan, S.A., Shabdin, M.K., Abdul Aziz, S.A.,
Nordin, N.A., Nazmi, N. and Abdul Rahman, M.A., 2020. Rheological and
resistance properties of magnetorheological elastomer with cobalt for sensor
application. Applied Sciences, 10(5),1638 (Q2, IF: 2.474)

2. Zainudin, A.A., Mazlan, S.A., Shabdin, M.K., Aziz, S.A.A., Homma, K.,
Nazmi, N., Nordin, N.A., Noordin, A.F. and Rambat, S., 2021. Effects of
magnetic field and particles content on rheology and resistivity behavior of
magnetorheological elastomer with embedded cobalt particles. Smart
Materials and Structures, 30(5), 055002. (Q1, IF: 3.613)

3. Shabdin, M.K., Zainudin, A.A., Mazlan, S.A., Rahman, M.AA., Aziz,
S.A.A., Bahiuddin, I. and Choi, S.B., 2020. Tunable low range Gr induced
magnetorheological elastomer with magnetically conductive feedback. Smart
Materials and Structures, 29(5), 057001 (Q1, IF: 3.613)

Indexed Conference Proceeding

1. Zainudin, A.A., Khalid, K.H., Aziz, S.A.A., Mazlan, S.A., Nordin, N.A.,
Yahaya, H. and Abd Fatah, A.Y., 2020. Rheological Properties of
Magnetorheological Elastomer Using Cobalt Powder as Filler. In Proceedings
of the 6th International Conference and Exhibition on Sustainable Energy and
Advanced Materials (pp. 119-127). Springer, Singapore.

100





