Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Rheological properties of carbon nanotubes- Gk on thcclogy and tesiuhity

behavior of magnetorheological elastomer

reinforced magnetorheological elastomer with embedded cobalt particles

Afiq Azri Zainudin, Saiful Amri Mazlan,

Muhammad Kashfi Shabdin et al.
To cite this article: S A A Aziz et al 2017 J. Phys.: Conf. Ser. 795 012074 - Influence of particles size and
concentration of carbonyl iron powder on
magnetorheoloaical properties of silicone

rubber-based magnetorheological
elastomer

Cong Wu, Cheng Cheng, Ali Abd EI-Aty et
al.

View the article online for updates and enhancements.

- A macroscopic viscoelastic model of
magnetorheological elastomer with
different initial particle chain orientation

angles based on fractional viscoelasticity
Jiahao Fan, Jianfei Yao, Yang Yu et al.

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

242nd ECS Meeting
Oct 9 - 13, 2022 » Atlanta, GA, US

Early hotel & registration pricing

ends September 12 ECS Plenary Lecture featuring

M. Stanley Whittingham,
Binghamton University
Nobel Laureate —

Presenting more than 2,400
technical abstracts in 50 symposia 2019 Nobel Prize in Chemistry

This content was downloaded from IP address 161.139.222.42 on 07/09/2022 at 07:51


https://doi.org/10.1088/1742-6596/795/1/012074
/article/10.1088/1361-665X/abedf3
/article/10.1088/1361-665X/abedf3
/article/10.1088/1361-665X/abedf3
/article/10.1088/1361-665X/abedf3
/article/10.1088/2053-1591/abaf8a
/article/10.1088/2053-1591/abaf8a
/article/10.1088/2053-1591/abaf8a
/article/10.1088/2053-1591/abaf8a
/article/10.1088/2053-1591/abaf8a
/article/10.1088/1361-665X/ac4575
/article/10.1088/1361-665X/ac4575
/article/10.1088/1361-665X/ac4575
/article/10.1088/1361-665X/ac4575
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjssLjDCJnW1jiV0vIsQZGiiU9kadDIF5NWHIr1aA3vQqCYq9P7hCNENS4IlunF_jeniSAF9p7UWnOsJAO8hx-xp_t5kdQALc04n8UYWBKYgaNfJFm_cVK3K9lawlFqhQjEh3m8og4LnU21Jn85cSEmlcG3jnAG-i4RBWSezeWDTtIqfAqb8PiKybAWuVjubU34-ibxdIGaIn9TNrvyJcqDAPA-keSg-e-ZUGol3KPMbK4bXLcjAlBR7vJifO4rsiWHeY5Px5gYECYQi4nqQ5x36-R2OfpVF6aACyYURrVH2Jxw&sai=AMfl-YSbXC18gXIRjD-npRP3US3o4i7VXZ73Isxs1lhQvxTmFLrjikx0R-lUnmKBAkc5qwQbnHbWrhpJMP80pi8&sig=Cg0ArKJSzAN4h1vrg-Kc&fbs_aeid=[gw_fbsaeid]&adurl=https://community.electrochem.org/eWeb/DynamicPage.aspx%3Fwebcode%3DEventInfo%26Reg_evt_key%3Dcdc97533-dd9f-4411-a7c2-faa5b85a1388%26utm_source%3DIOP%26utm_medium%3DADV%26utm_campaign%3D242Reg

ICSAS IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 795 (2017) 012074 doi:10.1088/1742-6596/795/1/012074

Rheological properties of carbon nanotubes-reinforced
magnetorheological elastomer

S A A Aziz', SA Mazlan' N I Nik Ismail’, Ubaidillah’, MHA Khairi', NA Yunus'

'VSE Research Laboratory, Malaysia — Japan International Institute of Technology, Universiti
Teknologi Malaysia, Jalan Sultan Yahya Petra, Kuala Lumpur, Malaysia, 54100

2Advanced Processing & Product Technology Centre, R&D Centre of Excellence (COE),
Malaysian Rubber Board, Experimental Station, 47000 Sg. Buloh, Selangor, Malaysia
3Mechanical Engineering Department, Faculty of Engineering, Universitas Sebelas Maret, J1.
Ir. Sutami 36A, 14 Kentingan, Surakarta, 57126, Central Java, Surakarta

E-mail: amri.kl@utm.my

Abstract. Magnetorheological elastomer (MRE) based on the natural rubber with different types
of multiwall carbon nanotubes (MWCNT) as additives were synthesized. MRE with pristine
MWCNTs was prepared as a control and the carboxylated (MWCNT-COOH), as well as
hydroxylated (MWCNT-OH) were introduced as new additives in MRE. Their rheological
properties under different magnetic field were evaluated by using the rheometer (MCR 302,
AntonPaar, Austria) equipped with the electromagnetic device. The dependency of MREs
towards excitation frequencies under different magnetic field was investigated. It is shown that
the storage modulus and loss factor of MRE with functionalized MWCNTs exhibited noticeable
increment in MR performance compared to control parallel with the frequencies increment.

1. Introduction

Magnetorheological (MR) materials have attracted interest in academic and industrial areas due to their
mechanical and rheological properties can be changed and altered rapidly and reversibly by applying
magnetic field [1,2]. Among MR materials family, MR elastomer (MRE) have been extensively studied
due to their obvious advantage; MREs has a stable performance since the magnetic particle cannot settle
with time, and also their unique mechanical performance in which their field dependent modulus
compared to the other MR materials.

MREs mainly consists of non-magnetic solid-phase material such as rubber, micrometer size soft
magnetic particles, and additives. There are two kinds of dispersion of soft magnetic particles in MREs
namely: isotropic and anisotropic. In the stage of designing the MRE, material selection plays important
roles in better performances. Few types of rubber have been used by other researchers like Silicon rubber
[3,4], natural rubber [5,6] and other types of rubber [7,8]. Carbon black is frequently used as filler on
fabricating the MRE. However, recently many other ingredients and additives have been explored by
another researcher to get the optimum performance of MR effect for variable applications.
Nanomagnetic materials have attracted the remarkable attention of researchers due to their strong
interconnected three-dimensional networks at relatively lower filler loading [9].

Nayak et al., fabricated silicon rubber with dispersed 7% nano-sized carbon black and tested in the
oscillation mode. It has been found that Young modulus and rheological properties of MRE with nano-
sized carbon black increased with 56% and 22% compare to MRE without carbon black [10]. Li et al.
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[11,12], investigated dynamic mechanical behavior silicone rubber based MRE using 1 and 3.5 wt% of
multiwall carbon nanotube as additives. By conducting both shear and compression investigations, at all
dynamic, MRE with MWCNT exhibit higher zero-field stiffness and damping and the dynamic
mechanical properties also increased. However, more study has to be continued further to investigate
the contribution of MWCNT in MRE properties. Also, functionalized MWCNTs, carboxylated
(MWCNT-COOH) and hydroxylated (MWCNT-OH) also have been introduced, and their rheological
properties such as storage modulus, and loss factor are investigated in details.

2. Materials and Fabrication

2.1 Raw Material

Natural rubber (NR) manufactured by Malaysian Rubber Board was selected as the matrix. Soft
magnetic carbonyl iron particles (type OM) with an average diameter of 6um purchased from BASF,
Germany were used. Three types MWCNT i.e. Pristine MWCNT, carboxylated (COOH-MWCNT) and
hydroxylated (OH-MWCNT) were used as an additive which obtained from Shenzhen Nanotech Port
Co. Ltd, China. The outer diameter of 10-20nm and particle length in between 10-30 um with a purity
level of MWCNT used is 95%. The vulcanizing agent and the plasticizer were sulfur and epoxidized
palm oil (EPO), respectively. Meanwhile, the zinc oxide (ZnO) and stearic acid were used as activators.
The N Cyclohexylbenzothiazole-2-sulphenamide (CBS) used as an accelerator. Santoflex 13 used as
antiozonant and as a synthetic polymer stabilizer.

2.2 MRE Fabrication

In this study, three groups of MRE samples were prepared with different types of MWCNT; MWCNT,
MWCNT-COOH, and MWCNT-OH (0.1 wt%). For comparison, the reference samples consist of NR
and CIP was also prepared. The fabrication process of MREs requires three steps: sonication of
MWCNTs using horn type ultrasonicator, mixing the rubber and other additives via double roll mill,
which ensures all components were dispersed homogeneously in the NR matrix and then vulcanized to
ensure the structures were locked into place in the matrix. First, 0.1 wt% of MWCNTSs were sonicated
in the epoxidized palm oil (Rovpro 5300, Rovski Industries Sdn. Bhd) for 15 minutes with 10 seconds
off pulse by using the horn type ultrasonicator (FB 705, Fisher Scientific (M) Sdn Bhd, Malaysia).
Secondly, 100 phr rubber, 10 phr epoxidized palm oil, 30 wt% of carbonyl iron particles (CIP), 0.1 wt%
of MWCNT and additives ( 5 phr zinc oxide, 2 phr stearic acid, 1.5 phr santoflex, 2.5 phr sulfur, and 1
phr cyclohexyl-2-benzothiazolesulfenamide were mixed via double roll mill. Finally, the MRE samples
were vulcanized at 150°C for 60 minutes under high pressure (MDR 2000).

2.3 Rheological Properties

The rheological properties of MRE samples were measured by using an oscillation magnetorheological
device (MRD), Rheometer (Physica MCR 302, Anton Paar, Germany) under the variable magnetic
fields. The circular sample with the 1mm thickness was used and placed in the cavity base plate. Each
sample has been tested in the oscillatory mode to investigate the dynamic rheological properties. The
electric currents were varied at 0 and 4 A. The magnetic flux density calculated which corresponding to
the 0, and 4 A were 0, and 643 mT, respectively. MR effect formula can be calculated as below;

G. -G

Gy

max

9 x100% (1

The samples were tested under the frequency sweep test. The shear strain was fixed at 0.6%, and the
frequency was varied from 0.1 to 100 Hz.
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3. Results and Discussion

The variation of storage modulus and loss factor of the MRE samples are shown in Figure 1 (a)-(b) as a
function of frequency. The linear viscoelastic response of MRE samples has been studied using constant
strain amplitude of 0.6% and frequency sweep from 0.1 to 100 Hz. Figure 1(a-b) hows the storage
modulus increase with the increasing of the frequency with and without magnetic field. In the case of
MRE samples without MWCNT, the initial and maximum storage modulus is found to be considerably
lower than the MRE samples with carboxylated and hydroxylated MWCNTSs. Upon addition of 0.1 wt%
of carboxylated and hydroxylated MWCNT, both storage modulus showed noticeable increment,
nevertheless the pristine MWCNT stay lower trend in the region of lower and highest frequencies. The
distribution of CIP and MWCNTs in the matrix was random [13] , which lead to larger moveable of CIP
and MWCNTs in the matrix, resulting in higher storage modulus. In addition, the high specific areas
and essential modulus of MWCNT enhance the stiffness of rubber. This phenomena also will lead to
increment in the storage modulus [14].
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Figure 1 Storage modulus vs frequency (a) 0 mT (b) 643 mT

Loss factor can be used to describe the ratio of the loss modulus to storage modulus. It is also related to
the damping property of MREs caused by friction in materials. Figure 2 shows the relationship between
the loss factor and different frequencies at room temperature. As shown in Figure 2, the loss factor of
all MRE samples increased remarkably parallel with the increased of frequencies. As shown in Figure
2(a)-(b), the loss factor of MRE without MWCNT at 50 Hz slightly increased from 0.037 to 0.039 at
zero field and 643 mT. The loss factor of MRE with carboxylated MWCNT showed slightly increased
compared to MRE with pristine and hydroxylated MWCNTSs. However at frequencies above 60 Hz, all
the MRE samples with and without MWCNTs, decreased rapidly with and without magnetic field.
Moreover, MRE with MWCNTs show lower loss factor as compared to MRE without MWCNT. 1t is
due to the decreasing in the slipping displacement as a results from the strong interaction force between
matrix and particles which lead to decreament in energy dissipation [15]. In addition, this result is
consistent with the results of Jiang et. al [16] which natural rubber has better filler compatibility
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compared to other rubbers which lead to better filler matrix interaction [17] . Besides, this finding is in
agreement with Ramana et al. whereby the functional groups of MWCNTs attached to the surface of
MWCNTs will react with the MRE during curing process. Subsequently the covalent linkage would
built which contribute to better interaction of the MRE [18]. At higher magnetic field, all the MRE
samples with the MWCNTs showed almost the same trend at higher magnetic field of 643 mT.
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Figure 2 Loss factor vs frequency (a) 0 mT (b) 643 mT

4. Conclusion

The rheological properties of the MRE with and without the different types of the MWCNTs have been
analyzed in the present work. It has been shown that the incorporation of the different types of the
MWCNTs affected towards the MR performance. The change brought by the study is tremendously
important to interpret the function of the different types of the MWCNT as new additives in the MRE
materials. The addition of the MWCNTs into the matrix leads to lower loss factor ratio and improved
storage modulus. The MRE without MWCNT has shown the highest loss factor in both zero field
modulus and at higher current induced. Rheological studies indicate that the interaction and
compatibility between MRE with CIP and MWCNTs play an important role for the improvement of
modulus and changes in loss factor of MRE properties.
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