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ABSTRACT 

The main aim of this study is to synthesize magneto-rheological fluid in laboratory using silicon oil as carrier 

oil and it is mixed with variation in concentration of iron particles of size around 4-9 µm, fine lithium grease is 

used as surfactant. Prepared MR fluid is tested under plate and cone type rheometer for finding is rheological 

properties like shear stress, shear rate, shear viscosity, storage modulus and loss modulus. 
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1. INTRODUCTION 

Among all the smart materials magneto rheological 

fluids are important group. MR fluids are materials with 

rheological properties are in the proportion to the 

magnitude of the magnetic field applied and are 

immediately reversible (Garg and Anderson, 2000). 

Magneto Rheological fluids belong to the class of 

controllable fluids. The essential characteristics of MR 

Fluid is their ability to reversibly change from free 

flowing, linear viscous liquids to semi solids having 

controllable yield strength in milliseconds when exposed 

to magnetic field (Liu et al., 2011). This feature provides 

simple, quite, rapid response interface between electronic 

controls and mechanical systems. The initial discovery 

and development of MR Fluid can be credited to 

(Rabinow, 1948; 1951) at the US National Bureau of 

standards in the late 1940s. These fluids are suspension 

of micro sized, magnetisable particles in an appropriate 

carrier fluid. However, in the presence of an applied 

magnetic field, the iron particles acquire a dipole 

moment aligned with the external field which causes 

particles to form linear chains parallel to the field (De 

Gans et al., 1999; Chin et al., 1999; Kordonskii et al., 

1999; Bica, 2006a; Bombard et al., 2007; Pu et al., 2006; 

Bossis et al., 2003) as shown in the Fig. 1. 

The phenomenon can solidify the suspended iron 

particles and restrict the fluid movement. Consequently, 

yield strength is developed within the fluid. The degree 

of change is related to the magnitude of the applied 

magnetic field and can cover in only few milliseconds. A 

typical MR fluid consists of 20-40% by volume of 

relatively pure, soft iron particles (carbonyl iron 

particles) these particles are suspended in synthetic oil, 

mineral oil, water or glycol. A variety of proprietary 

additives similar to those found in commercial lubricants 

are commonly added to discourage gravitational settling 

and promote particle suspension (Bica, 2006b). The 

ultimate strength of a MR fluid depends on the square of 

the saturation magnetisation of the suspended particles. 

The key to strong the MR fluid is to choose a particle 

with a large saturation magnetisation (Billie et al., 1998; 

Carlson and Spencer, 1996). Typically, the diameter of 

the magnetisable particles is 3 to 5 microns. Functional 

MR fluids may be made with large particles; however 

particle suspension becomes increasingly more difficult 

as the size increases (Carlson and Spencer, 1996) smaller 

particles that are easier to suspend could be used, but the 

manufacture of such particles is difficult. Significantly 

smaller ferromagnetic particles are generally available as 

oxides, such as the pigments commonly found in 

magnetic recording media.
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Fig. 1. Schematic representation of MR Effect 

 

MR fluids made from such pigment particles are quite 

stable because the particles are typically only 30 

nanometers in diameter. Magneto rheological materials 

can change their rheological properties under the 

influence of magnetic field (Kormann et al., 1996). The 

rheological properties can be changed whenever we 

needed rapidly, continuously and reversibly by changing 

the external magnetic field. This rheological behaviour is 

described by the magneto rheological effect. 

2. EXPERIMENT 

In this study the silicon oil is used is used (carrier oil) 

for magnetic carrier. The iron powder (ρ = 7.86 g cm
−3
) 

with mean particle size of 4µm was used as magnetic 

particles and we used fine lithium grease to prevent the 

sedimentation or to prevent the settling of the iron 

particles and this fine lithium grease acts as the surfactant. 

Preparation of magneto-rheological fluid is explained in 

article (Kolekar, 2014). First, some amount of (18 wt%) 

fine lithium grease is added to the carrier oil and then it is 

dissolved with the electric stirrer in room temperature. 

This stirring process is conducted around 4-5 h for 

complete mixing of carrier oil with surfactant. By this 

process the viscosity of the preparing MR fluid increases. 

After 4-5 h of stirring process iron powder (25, 30 and 35 

wt%) is poured in the same solution to give magnetic 

properties to it. Even this stirring process must be 

conducted for another 4-5 h. Finally the prepared solution 

will be of dark black in colour with tremendous increase 

in the viscosity of the fluid. 

2.1. Characterisation 

Study of Rheological properties of MR fluid is 

conducted using a plate and cone type rheometer for 

finding its properties like shear stress, shear rate, 

viscosity, storage modulus (G
I
) and loss modulus (G

II
).  

2.2. Specification of Rheometer 
 

• Plate and cone diameter 20mm through to 60mm as 

standard size range 

• Rotational (shear) control-torque, speed and position 

• Vertical (axial) control-gap and normal force 

• Advanced vertical testing including squeeze flow 

and track testing 

 

2.3. Composition of Samples 

Preparation of MR fluid is prepared on the basis of 

percentage of weight as follows  
  Silicon oil Grease 

Sample  Fe (wt%) (wt%)  (wt%) 

A  25  75  18  

B  30  70  18  

C  35  65  18  

 

3. RESULTS AND DISCUSSION 

The MR performance of all samples were conducted 

using plate and cone type rheometer, in this shear rate 

ranging from 0.01-100 s
−1
 and magnetic field strength 

ranging from 0-85KA/m. Figure 2a and b shows the flow 

characterisation of all three MR samples under no 

magnetic field applied. Here all three MR samples showed 

(Fig. 2a) typical particle suspension characteristics, in 

which the shear stress increases with increase in shear rate 

and Newtonian viscosity characteristics at a low shear and 

then shear thinning behaviour.  

On the other hand (Fig. 2b) it is showing that the 

shear viscosity is fairly constant regardless of the shear 

rate (Choi et al., 1999). In this result we can see that the 

MR sample B has moderate shear stress and moderate 

shear viscosity when compared to the other two samples, 

based on the whole shear rate range. It indicates that the 

surfactant of MR fluid plays an important role. When 
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external magnetic field was applied, all three samples 

exhibit Bingham fluid behaviour with yield stress, 

representing increase in the shear stress along with the 

shear rate (Pasquale et al., 2001). It can be seen that the 

shear stress and shear viscosity increased by magnetic 

field force. Whenever the magnetic field increases 

around the MR samples, the same shear stress becomes 

higher due to strong bond formation between the 

magnetic particles (iron particles). In this study, the test 

of all MR fluids begins from the rest state. 

Figure 3 teaches us that the changes of shear 

viscosity with respect to the shear stress. The shear 

viscosity has the constant value at the high shear 

stress, whereas at low values of shear stress region the 

viscosity values are very high and shear viscosity 

abruptly decreased at the particular value of that shear 

stress which is well known as the static yield stress. In 

Fig. 4a and b Shows the amplitude sweep 

measurement in which it is explained about storage 

modulus (G
I
) and loss modulus (G

II
) with respect to 

the shear rate of the MR samples, in which the shear 

modulus and loss modulus are the result of viscous 

behaviour of the MR samples. Without applying the 

magnetic field the storage modulus and loss modulus 

are almost same like one another. 

As we can observe the storage modulus is greater for 

some extent when compared to the loss modulus. Some 

researchers said in their work that the MR samples are 

very stronger when they are under magnetic field rather 

than without the magnetic field (Fang et al., 2009).
 

 
 (a) 

 

 
 (b) 

 
Fig. 2. (a) Shear rate as a function of Shear stress, (b) Shear velocity as function of Shear rate 
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Fig. 3. Shear viscosity as a function of Shear stress 
 

 
 (a) 
 

 
 (b) 
 

Fig. 4. (a) Storage modulus as a function of Shear rate, (b) loss modulus as a function of Shear rate 
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4. CONCLUSION 

Our MR samples are prepared by using magnetic 

particles and fine lithium grease along with the same carrier 

oil. The rheological properties like shear stress, shear rate, 

viscosity, storage modulus and loss modulus were studied 

and presented in this study. Moreover, it was found that the 

magneto rheological effect can be controlled by the particle 

alignment to the magnetic flux or field. It means that it is 

possible to obtain high magneto rheological effect by 

increasing the magnetic field. It can be seen that the shear 

stress is decreased when there is increase in the shear rate. 

The shear thinning behaviour is observed in shear viscosity 

data and magnetic sweep data. 
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