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Abstract 
 

To improve mechanical performance of magnetorheological fluids (MRFs), two novel 
hybrid material that were embedded with magnetorheological fluids (MRFs) and 

magnetorheological gels (MRGs) were fabricated. The nonlinear mechanical properties of 

the as-prepared magnetorheological fluid (MRFs) were investigated in the presence of 

external homogeneous magnetic fields. The modulus, loss factor, and hysteresis were 
evaluated with a modified dynamic mechanical analyzer (DMA) and vibrating sample 

magnetometer (VSM). The field-dependent rheological properties of a nano-sized 

magnetic particle-based ferrofluid (NMPFF) are experimentally investigated in dynamic 
mode at different temperatures. This NMPFF has several inherent rheological properties 

such as improved shear thinning, elevated dynamic moduli, and thermo-rheological 

complexity. These properties come from the presence of a long chain- like structure in the 

NMPFF under the influence of an applied magnetic field. The proposed NMPFF is a 
magnetic colloidal suspension of a mixture of two different nano-sized magnetic particles, 

which are dispersed in a carrier liquid in an appropriate weight fraction. The structural 

and morphological properties of the particles are firstly investigated using small-angle 
neutron scattering and a transmission electron microscope, respectively. In this review 

paper we consider on the rheological performance of MR fluids. Special focus is paid to 

the understanding of their synthesizing for damping application. 
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1. Introduction 

Magneto-rheological fluid (MRF) is a kind of smart oil whose visco-elastic properties can 

be changed by applying a external magnetic field. It is a free to flow when magnetic field 

off while its viscosity increases when magnetic field on [1]. For an MRF, the yield stress 
can be tackled which can be increased or decreased with the strength of the magnetic field. 

Many MR fluid applications operate under various modes like valve mode, shear mode 

and squeeze mode. The MR damper (MRD) is a device to reduce shock by the shear stress 
of MRF. Hence, MRD operates in a direct shear mode, filling the MR fluid between the 

two surfaces. In the shear mode operation, the MR fluid is placed between surfaces 

moving (sliding) in relation to each other with the magnetic field normal to the direction of 

motion of these shear surfaces as shown in Fig. 1 The characteristic of shear stress versus 
shear rate can be handled by the magnetic field [5]. As shown in the Fig. 2, MRD consists 

of a electromagnetic piston immersed in MRF, enclosed in an electromagnet. The yield 

stress of a fluid varies as a function of magnetic field applied by an electromagnet. In 
MRD, the gap between piston and cylinder is filled with low (off state) viscosity MRF. On 

the application of magnetic field, MRF varies its state from liquid to semi-solid. Each 

magnetic particle forms north and south poles and hence, the opposite poles attract each 
other which results in strong bonding between them. This aligns them in a strong chain. 

Due to such chaining action, yield strength of fluid increases, which opposes the friction 

between piston and cylinder and hence fulfills the damping function [2]. The strength of 

chain formed by magnetic particles due to bonding is a function of relative speed between 
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piston and cylinder, applied magnetic field and volume percentage of magnetic particle. 

MRDs have been known recently as an alternative to conventional hydraulic damper for 
road vehicle applications. Park et al[7] and Karakoket al. [8] have evaluated MRDs for a 

typical medium sized car; however the damping stiffness generated by this damping 

application has been found to be inadequate. Sukhwani and Hirani [9] experimentally 

evaluated MRD performance parameters for high speed MR damping application and 
advocated MR gap of 1 mm. Attempts have also been built in the recent past to optimize 

MRD design stiffness and weight meant for automotive application. Patil and Sawant [10] 

have made an attempt to evaluate MRD system intended for vehicular application from a 
reliability perspective. To reduce the sedimentation of MR fluid particles Fang et al. [11] 

introduced single-walled carbon nanotube (SWNT) in the CI based MR fluid. Shetty and 

Prasad [12] synthesized MR fluid with a nonedible vegetable oil such as Honge oil as a 
carrier liquid and they reported that the yield stress produced is only 25 kPa. Sarkar and 

Hirani [1] discussed the synthesis of MR fluid and its application in damping point of 

view. Choi et al. [13] encapsulated CI particles with poly methyl methacrylate as 

coreeshell structured particles to improve dispersability of the MR fluid. Jiang et al. [14] 
added wirelike iron nanostructures into the conventional CI based MR fluid and thus, 

synthesized a type of dimorphic MR fluid. Present work makes an endeavor to explore 

best suited MRF synthesized typically for MRD. Earlier, some research studies based on 
MR fluid synthesis and characterization for general purpose have been attained; however, 

past literature doesn't provide evidence of MRFs synthesized for vehicular MRD [1, 2, 4, 

12, 14]. In this review paper, research findings of synthesis of MRF samples aimed at 
MRD, based on carbonyl iron (CI) and electrolytic iron (EI) powder with oleic acid and 

grease as additives have been reported. 

 

2. Synthesis of MR fluid 

MRF samples were synthesized based on the following requirements from damper 

application point of view. 

 

2.1. Requirements 

 
2.1.1. Low off-state viscosity 

 

 

Fig 1. Shear Mode 

 
The field-independent viscosity (h) is the most critical off-state property of MRFs. The 
MR-fluid viscosity is most influenced by two factors: the intrinsic viscosity of the carrier 

fluid and the particle volume fraction [2]. Higher the particle volume fraction, higher is the 
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MR-fluid viscosity. In case of high OFF state viscosity, the vehicle will experience more 

drag as compared to the low OFF state viscosity even though damper is not applied. 
 

 

 
 

Fig 2. Schematic diagram of MRD 

2.1.2. High yield stress 

 
The material of the particles has an impact on the maximum yield stress since its value 
increases with the square of the saturation magnetization of the particles. Another factor 

influencing the maximum yield stress is the particle volume fraction [2, 6]. An increase in 

the particle volume fraction leads to an increase in the output damping coefficient of the 

MRD. A number of researchers have shown that the maximum yield stress increases non-
linearly with growing particle volume fraction and its value is nearly 50-90 kPa [13, 14]. 

For damper application, high yield stress results into high damping coefficient. 

 
2.1.3. Less In-Use-Thickening (IUT) 

 
If an ordinary MRF is subjected to high stress and high shear rate over a long period of 
time, the fluid will thicken. This phenomenon is called In-Use-Thickening (IUT) [2, 6]. 

Due to this increased OFF state viscosity owing to IUT, drag increases and results in the 

power loss when damper is not applied. 
 

2.1.4. Wide temperature range 

 
MRF meant for MRD should withstand to broad temperature range as the damper may be 

operated at subzero temperature as well as prolonged time which shall result in 

temperature rise. Commercial MRF is reported to be able to withstand from 80ºC [3]. 
 

2.2. Selection of MRF components 

 
MRF typically comprises a liquid carrier, magnetic particles and additives. The subsection 

below highlights the selection of these components. 
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2.2.1. Liquid carrier 

 
Carrier liquid is the major constituent of MRFs (50-80 percent by volume) [12]. The 

commonly used carrier liquids are mineral oil, synthetic oil and silicone oil. The mineral 

oils are neither biodegradable nor environmentally friendly, whilst synthetic oils cost more 

[2]. Synthetic oil possesses important properties like higher flash point, does not thicken at 
higher temperatures, lower friction, high shear strength and high viscosity index. Silicone 

oil has good temperature-stability and good heat-transfer characteristics, oxidation 

resistance [12,13], very low vapor pressure, and high flash points. There is little change in 
physical properties over a wide temperature span and a relative flat viscosity temperature 

slope and serviceability from 40ºC to 204ºC [2], [4]. Thus, for the proposed study, 

synthetic oil and silicone oil were selected. The limitations of commonly used liquids have 
motivated exploration of sunflower oil as an alternative carrier liquid for said application. 

After comparing properties of various alternative carriers like soybean oil, sunflower oil, 

honge oil; edible vegetable oil like Sunflower oil, which is bio-degradable, 

environmentally friendly, and abundantly available in many parts of India was selected as 
a carrier liquid in the present work. Past literature has not reported use of the same as MRF 

carrier liquid; hence, samples were synthesized with sunflower oil as a carrier fluid. 

 

1.2.2. Magnetic particles 

The size of magnetic particles is of the order of 1 mm-10 mm [2]. The sedimentation 
increases with an increase in the size of magnetic particles and hence, to get optimum 

effects EI and CI powders of 10 micron, were used for this study. With the help of the 

hysteresis loop, the magnetic properties of the material can be determined. A hysteresis 
loop shows the relationship between the amount of induced magnetization (M) and the 

magnetic field (H) applied to a magnetic material as shown in Fig. 3. Where, the 

retentivity is a material's ability to retain a certain amount of residual magnetic field when 

the magnetizing force is removed after achieving saturation. The coercive Force is the 
amount of reverse magnetic field which must be applied to a magnetic material to make 

the magnetic flux return to zero. Permeability is a property of a material that describes the 

ease with which a magnetic flux is established in the component and the reluctance is the 
opposition that a ferromagnetic material shows to the establishment of a magnetic field. 

Reluctance is analogous to the resistance in an electrical circuit [2,14,15]. Low retentivity 

and coercivity, high saturation magnetization, high permeability, small remnance and high 
electrical resistivity are the preferred magnetic properties in the formulation of MR fluids 

as it bounds smaller hysteresis loop [2,15]. The percentage of these particles varies from 

30 to 50 percent by volume [2,3]. OFF state viscosity increases with increase in volume of 

magnetic particles, however, increased magnetic particle volume also increases the 
attainable yield strength by MR fluid which is desired for damping application. Hence, for 

first four samples as shown in Table 1, magnetic particles of 45% by volume are selected 

as the OFF state viscosity obtained. However, the viscosity of sunflower oil is far less as 
compared to silicone oil and synthetic oil and hence, the OFF state viscosity of MR fluid 

prepared with Sunflower oil as a carrier fluid with 45% by volume of magnetic particles is 

found to be far less as compared to the first four samples (Refer Table 1). Thus, volume 
percentage of magnetic particles is increased to 60% to obtain higher yield strength for last 

two MR fluid samples and OFF state viscosity is also maintained. 
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Fig 3. M-H Curve 

2.2.3. Additives 

 
The stabilizers serve to keep the particles suspended in the fluid, whilst the surfactants are 

adsorbed on the surface of the magnetic particles to enhance the polarization induced in 

the suspended particles upon the application of a magnetic field [3]. In this study, highly 
viscous material grease was used to improve settling stability while oleic acid was used as 

an antifriction additive. Coating of magnetic particles improves the sediment stability and 

reduces the agglomeration of the MR fluids [16]. For this study, gaur gum was selected to 
coat the EI and CI powders. 

 

2.4. MRF synthesis plan 

 
Table 1 presents MRF samples synthesized for this study. (Bhau K. Kumbhar 2015)[17] 

 
. 

Sample name Carrier fluid Metal particles Additive package 

(grease þ oleic 

acid) 

MRF ESi 45% (250 

ml) 

Silicone oil [49% by 

vol.] 

EI powder [45% by 

vol.] ~10 mm 

1% by vol. 

MRF CSi 45% (250 

ml) 

Silicone oil [49% by 

vol.] 

CI powder [45% by 

vol.] ~10 mm 

1% by vol. 

MRF ESy 45% (250 

ml) 

Synthetic oil [49% by 

vol.] 

EI powder [45% by 

vol.] ~10 mm 

1% by vol. 

MRF CSy 45% 

(250 ml) 

Synthetic oil [49% by 

vol.] 

CI powder [45% by 

vol.] ~10 mm 

1% by vol. 

MRF ESu 60% (250 

ml) 

Sunflower oil 

[35.20% by vol.] 

EI powder [45% by 

vol.] ~10 mm 

3% by vol. 

MRF CSu 60% 

(250 ml) 

Sunflower oil 

[35.20% by vol.] 

CI powder [45% by 

vol.] ~10 mm 

3% by vol. 
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4. Discussions 
 
This section deals with results of characterization studies of MRF samples. 
 

4.1. Measurements of magnetic properties 

 
The measurements of EI and CI powders were made at 300 K and 400 K. These 

temperatures correspond to room temperature and rise in temperature after damping. As 

the temperature involved into the damping is more so the purpose is to only check weather 
at higher temperature, MR fluid employing CI or EI powder sustain their magnetic 

properties or not and how the behavior of these powder changes from room temperature to 

higher temperature. The hysteresis loops for the EI and CI powders at a temperature of 300 

K. Hysteresis loop found in case of CI and EI powders at 300 K temperature is almost 
similar only the value of magnetic saturation is considerably more in case of CI powder 

which is desired in the formulation of MR fluid for damper application. Magnetic 

saturation of particles is directly proportional to the strength of the chains formed among 
these magnetic particles which ultimately increases the attainable ON state shear strength 

and hence, damping torque generated. The hysteresis loops for the EI and CI powders at a 

temperature of 400 K. At a higher temperature (400 K), this small difference in magnetic 

properties of CI and EI powders changes proportionally. At this temperature also magnetic 
saturation of CI powders remains slightly higher than that of CI powder. Magnetic 

properties for EI and CI powders are at 300 K. The best-in-row values of stated magnetic 

properties which favor the damping action have been highlighted with gray. Thus, with 
above properties MR fluid sample employing CI powder produces considerably good 

magnetic properties as compared to the samples which employ EI powders. 

 

4.2. Morphological measurements 

 
Morphological properties of the magnetic particles used in the formulation of MR fluid 
contributes a lot as they directly relates to the amount of yield strength produced by the 

fluid. The characteristic morphologies of pure EI and CI particles. Flake like shape is 

observed in case of EI while the spherical shape is observed in case of CI powder The 
spherical shape helps to minimize magnetic shape anisotropy and hence depicts better 

properties [2]. This helps to increase the strength of the bonds which are formed among 

magnetic particles which further leads to increase the yield strength of the fluid. The 

difference between the morphology of coated EI and coated CI powders. The coating layer 
of gaur gum has been formed on the surface of the EI and CI powders. This guar gum 

coating not only greatly improves the sedimentation stability, but also strengthens the 

yield stress of the MR fluid. 
 

4.3. Rheological measurements 

 

The OFF state and ON state measurements of the properties like yield stress, shear strain 
rate, viscosity of all the samples were carried out. 

 

4.3.1. OFF state measurements 

 
Lord Corporation 132 DG MRF and locally synthesized MRF samples were characterized 

on ANTON PAAR Modular Compact Rheometer. OFF state viscosity measured for 
various MR fluid samples. The shear stress for various samples was then plotted against 

varying shear rate which is as the shear rate increases, shear stress goes on increasing. This 
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makes the fluid to offer more resistance to the rotation of the disc with an increase in shear 

rates. The shear stress value of MRF samples with EI powder is less as compared to CI 
powder. 

 

4.3.2. ON state measurements 

 
The rheological measurements were carried out after the application of magnetic field and 

that is termed as ON state. The MRF samples with synthetic oil and silicone oil could 
develop the yield stresses. The magnetic saturation should be as more as possible since, it 

directly affects the yield stress produced by the fluid and thus, the damping torque. 

 

Table 2 

Concluding remark 

 

MRF samples 
properties 

Csi 45% Esy 45% Csu 60% Esu 60% MRF 
132DG 

Yield stress Best Better Worse Worse Better 

Magnetic 

properties 

Best Better Better Better Better 

Temperature 

sustainability 

Best Better Worse Worse Better 

Sedimentation Better Best Worse Worse Best 

OFF state 
viscosity 

Best Best Better Better Best 

MRF sample (Bhau K. Kumbhar 2015) 

 

5. Conclusions 

 
MR fluid samples with different compositions preferably to suit damping application have 

been synthesized. Based on this synthesis, qualitative analysis (worse, better & best) for 

various MR fluid samples from damping context have been presented in Table 2. MRF 
samples Csu 60% and Esu 60% cannot meet the requirements of damping application; 

however, they may be used for low yield stress applications. The difference between the 

OFF state viscosities of examined samples is very small, however the ON state shear 
strengths produced by them are significant. CI powder is better for MR fluid samples used 

for damping application as compared to the EI powder as it produces considerably higher 

saturation magnetization. In this review paper it is clear that CSi 45% is recommended for 

the damping application as the most suitable MR fluid. 
 

6. References 
 
[1] c. Sarkar, h. Hirani, synthesis and characterization of antifriction magnetorheological Fluids for brake, def. 
Sci. J. 63 (2013) 408-412. 
[2] s. Genc, synthesis and properties of magnetorheological (mr) fluids, ph.d. Thesis, university of pittsburgh, 

2002. 
[3] http://www.lord.com/products-andsolutions/magneto-rheological-%28mr% 29.xml. 
[4] fernando d. Goncalves, characterizing the behavior of magnetorheological Fluids at high velocities and 
high shear rates, ph. D. Thesis, virginia polytechnic Institute and state university blacksburg, virginia, jan2005. 
[5] j. Wang, g. Meng, magnetorheological fluid devices: principles, characteristics And applications in 
mechanical engineering, proc. Inst. Mech. Eng. 215 (2001) 165-174. 

International Journal of Advanced in Management, Technology and Engineering Sciences

Volume 8, Issue III, MARCH/2018

ISSN NO : 2249-7455

http://ijamtes.org/

ISSN NO : 2249-7455

1541

http://www.lord.com/products-andsolutions/magneto-rheological-%28mr%25


[6] a.g. olabi, a. Grunwald, design and application of magneto-rheological fluid, Mater. Design 28 (2007) 
2658-2664.  
[7] e.j. park, d. Stoikov, l. Luz, a. Suleman, multidisciplinary design optimization of an automotive 
magnetorheological brake design, mechatronics 16 (2006) 
405-416.  

[8] k. Karakoc, e.j. park, a. Suleman, design considerations for an automotive Magnetorheological brake, 
mechatronics (2008).  
[9] v.k. sukhwani, h. Hirani, design, development, and performance evaluation of High-speed 
magnetorheological brakes, j. Mater. Design appl. 222 (2008) 73-82. 
[10] s.r. patil, s.m. sawant, reliability analysis of automotive magnetorheological Brake: a qualitative approach, 
in: asme 2014 12th biennial conference on Engineering systems design and analysis, 2014. 
[11] f.f. fang, i.b. jang, h.j. choi, single-walled carbon nanotube added carbonyl Iron suspensionand its 
magnetorheology, diam. Relat. Mater. 16 (2007) 1167-1169.  

[12] b.g. shetty, s.s. prasad, rheological properties of a honge oil-based magnetorheological Fluid used as 
carrier liquid, def. Sci. J. 61 (2011) 583-589. 
[13] j.s. choi, b.j. park, m.s. cho, h. Choi, preparation and magnetorheological Characteristics of polymer 
coated carbonyl iron suspensions, j. Magn. Magn. Mater. 304 (1) (2006) 374-376. 
[14] w. Jiang, y. Zhang, s. Xuan, c. Guo, x. Gong, dimorphic magnetorheological Fluid with improved 
rheological properties, j. Magn. Mater. 323 (2011) 3246-3250.  
[15] c. Fang, b.y. zhao, l.s. chen, q. Wu, n.l.k. hu, the effect of the green additive Guar gum on the properties 
of magnetorheological fluid, smart mater. Struct. 14 (2005) 1-5. 

[16] w.p. wu, b.y. zhao, q. Wu, l.s. chen, k.a. hu, the strengthening effect of guar Gum on the yield stress of 
magnetorheologicalfluid, j. Smart mater. Struct. 15 (2006) 94-98.  
[17] bhau k. Kumbhar, satyajit r. Patil , suresh m. Sawant synthesis and characterization of magneto 
rheological (mr) fluids for mr brake application 2015. 

International Journal of Advanced in Management, Technology and Engineering Sciences

Volume 8, Issue III, MARCH/2018

ISSN NO : 2249-7455

http://ijamtes.org/

ISSN NO : 2249-7455

1542


