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In this paper, magnetorheological fluids (MRFs) based on micro-sized iron particles dispersed in silicone oil are

presented. The iron particles are modified by adding different ratios of oleic acid and lauric acid as surfactants

to the suspensions. Lauric acid was found to reduce the stability of the MRFs, and more lauric acid results in a

higher rate of sedimentation. Further study showed that the formation and structure of lauric acid may result

in the sedimentation of micrometer-sized particles. Meanwhile, the electro-resistance of MRF in this paper

shows a decrease from beyond 6000 MΩ to 190 Ω with an increase in the external field from 0 mT to 400 mT.
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1. Introduction

Magnetorheological fluids (MRFs) are a new type of

controllable, intelligent materials [1] that typically consist

of ferro- or ferri-magnetic microparticles (e.g., iron and

iron oxide, etc.) suspended and dispersed in a liquid

matrix that contains a carrier liquid (e.g., mineral oil,

silicone oil or water), surfactants and additives [2, 3]. The

microparticles in MRFs are known to have the ability to

form chains when an external magnetic field is applied

[4]. The ordering of the particles, which influences the

rheological and electrical properties of the material,

depends on the intensity of the magnetic field that is

applied [5, 6]. For example, MRFs have already been

applied in dampers, brakes, journal bearings, pneumatic

artificial muscles, optics finishing, fluid clutches, and

aerospace components, as a result of their particular rheo-

logical properties (e.g., viscosity) [7-9].

However, the gravity and agglomeration of magnetic

particles may lead to instability in the MRFs [10]. It is

difficult to prevent sedimentation in MRFs, and great

efforts have been made to this end [12]. In general,

surfactants and additives have been introduced to reduce

particle sedimentation and to improve the stability of the

MRFs [13-16]. For instance, different annexing agents,

such as lauric acid, stearic acid, oleic acid and sodium

dodecyl benzene sulfonate, have been introduced to

improve the hydrophobic property of the surface of the

particles, and particles coated with a polymer have been

observed to have a reduced density [17, 18]. Agglome-

ration can be reduced when oleic acid molecules are

coated on the magnetic particles, and lauric acid has an

advantage in that it forms a kind of flocculent structure

within the system to prevent sedimentation. In this work,

a combination of oleic acid and lauric acid is considered

to modify the surface of the magnetic particles to ensure

these are sufficiently dispersed in a carrier liquid con-

sisting of silicone oil. The influence of the oleic acid and

lauric acid on the stability of the magnetorheological

fluids is investigated by analyzing the sedimentation

indifferent samples. 

2. Experimental Methods

2.1. Production of MRFs

The MRFs in this work were obtained by mixing

carbonyl iron particles, silicone oil, stearic acid and lauric

acid. The particles in carbonyl iron powder have a mean

diameter of 6 to 8 microns. Fig. 1 shows an SEM image

of the carbonyl iron particles. The setup that was used to

produce the MRFs is shown in Fig. 2. The system mainly

consists of an electric stirrer, an electric heater, and a

three-neck flask. 

The MRFs were prepared according to the following
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procedures:

Step 1: Surface modification of the iron particles. 

The oleic acid and iron powder are mixed with an

anhydrous ethanol solvent in a flask, and the mixture is

strenuously stirred using a mechanical agitator at 40°C.

After several hours, the extra solvent is evaporated to

obtain iron particles with hydrophobic surfaces.

Step 2: Preparation of the suspension. 

A suitable amount of modified iron particles are stirred

with silicone oil and lauric acid. 

This paper focuses on the effect that the lauric acid and

oleic acid have on the stability of the MRFs. Four group-

comparable tests were designed, as shown in Table 1. α

represents the mass ratio of oleic acid and carbonyl iron

powder. β represents the mass score of the lauric acid. A,

B, C, and D represent the four groups of tests with

different α. In each group, the mass score of the oleic

acid is kept to at the same value for group A of 0.2, group

B of 0.5, group C 0f 0.7 and group D of 1.0. Every group

has four different tests, and the mass score for lauric acid

added to MRF is 0%, 1%, 5%, 7%, respectively. In total,

16 different tests were carried out, as listed in Table 1.

2.2. Experiment

Sedimentation rate was measured by conducting visual

observation of the position of the boundary between the

clear and turbid parts of the carrier oil. The prepared

samples were placed into cylindrical glass test tubes

(diameter 15 mm), and the sedimentation ratio ϕ is

simply defined as the proportion of the length between

the clear and the turbid parts of the MRFs.

 (1)

where h1 is the initial length of the MRFs, and h2 is the

length of the turbid part. The data for h2 was recorded

every hour until the MRFs were stable. The sedimentation

ratios were compared between the different samples to

study the influence that the oleic acid and the lauric acid

had on the stability of the MRFs.

The resistance of the MRF was recorded by construct-

ing an MRF resistor consisting of a glass cube containing

MRF and two electrodes at the two opposite sides. The

MRF resistor is placed in a controllable external field, and

an ohm gauge was used to measure the resistance.

3. Results and Discussion

3.1. Influence of lauric acid on the stability of MRFs

ϕ = 1
h2

h1

-----–

Fig. 1. SEM image of the carbonyl iron particles.

Fig. 2. Experimental installation for the MRF production: (1)

100-W electric stirrer; (2) condenser, (3) three-neck flask, (4)

liquid suspension, (5) 300-W electric-heated water bath.

Table 1. Parameters for the MRF samples.

Sample

Mass ratio of oleic 

acid and carbonyl 

iron powder α

Mass score of 

lauric acid 

β (%)

Mass score of 

carbonyl iron powder 

φ (%)

A1 0.2 0 50

A2 0.2 1 50

A3 0.2 5 50

A4 0.2 7 50

B1 0.5 0 50

B2 0.5 1 50

B3 0.5 5 50

B4 0.5 7 50

C1 0.7 0 50

C2 0.7 1 50

C3 0.7 5 50

C4 0.7 7 50

D1 1.0 0 50

D2 1.0 1 50

D3 1.0 5 50

D4 1.0 7 50
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The four groups of experiments with 16 different

samples are listed in Table 1 to distinguish the influence

that the lauric acid had on the sedimentation rate of the

suspension. The MRF samples are placed into cylindrical

glass test tubes, for which h1 is the initial length of the

MRFs, and h2 is the length of the turbid part during the

standing process.

Fig. 3 shows time-settlement curves for the MRFs. The

increase in β is associated with a decrease in the 1−ϕ

value that indicated a faster sedimentation rate in each

group. This means that more lauric acid leads to worse

stability of the MRFs, which is inconsistent with the fact

that lauric acid is an active surface agent that could help

prevent sedimentation in MRF. Therefore, the experimental

results prove that the addition of lauric acid may not

always be an effective solution.

The phenomenon is a result of the molecular structures

of lauric acid and oleic acid and the preparation techno-

logy that is used. The oleic acid and lauric acid molecules

have similar structures, as shown in Fig. 4, and the chain

structure has a hydrophilic group and a lipophilic group

on both sides of it. During preparation, when the carbonyl

iron powder is surface-modified with oleic acid, the

hydrophilic group of oleic acid molecules first cover the

surface of the iron molecules, and this prevents the lauric

acid molecules from making contact with the iron. The

lipophilic group of lauric acid connects to the lipophilic

group of oleic acid, and hydrophilic groups are left, which

is exclusive to silicone oil molecules. A repulsive force

between the hydrophilic groups and the lipophilic groups

causes a reduction in the stability of the suspensions and a

faster sedimentation. However, the mass ratio α plays an

important role during preparation. In this paper, tests are

only performed when the value of α is beyond 0.2, and

the further addition of oleic acid results in fewer oppor-

tunities for lauric acid molecules to make contact with the

iron particles.

3.2. The influence of oleic acid on the stability of MRFs

Fig. 3 indicates that suspensions without lauric acid are

much more stable, so suspensions without lauric acid

have been selected as the samples to investigate the

relationship between the presence of oleic acid and

stability. Five comparable tests were made where the

value of
 β remains as zero while the value of α varies

Fig. 3. (Color online) Variation in 1−ϕ according to time for

the MRFs (a) in group A, (b) in group B, (c) in group C, (d)

in group D.

Fig. 4. (Color online) Illustration of the molecules combined

with the iron particles.

Fig. 5. (Color online) (a) variation in 1−ϕ with respect to time

for MRF under different α; (b) variation of 1−ϕ by α under the

same β and time.
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from 0 to 0.2, 0.5, 0.7, and 1.0, respectively. Fig. 5(a)

shows the time-settlement curves of the suspensions

without lauric acid. The iron particles are modified by the

oleic acid during preparation to be well mixed with

silicone oil.

The Fig. 5(a) shows how the curves are less steep as α

increases when α is less than 0.5. This means that more

oleic acid produces a suspension that is more stable.

Meanwhile, when α is over 0.5, the suspension becomes

less stable since the excess of oleic acid leads to an

excess in hydrophilic groups that repulse the silicone oil

molecules. Fig. 5(b) provides the α-settlement curves for

three different time periods, which make it more clear to

observe the variation in the trend for the samples at

different α. This shows that α = 0.5 is the saturation point,

which is in accordance with the changing law in Fig. 5

(a). It is important to note that when the mass ratio α is

0.5, 1−ϕ reaches its peak value, and the suspension

achieves the highest stability when the mass ratio of the

oleic acid and carbonyl iron powder is 0.5.

4. Electrical Properties of MRF

The MRFs obtained from carbonyl iron powder in

silicone oil with oleic acid become electro-conductive in a

magnetic field due to the formation of conductive chains.

The electrical resistance for sample A1 in an alternating

magnetic field was analyzed, and the A1 MRF exhibited a

very low resistance under the magnetic field. The variation

in R under different magnetic field is recorded in Fig. 6.

In an absence of a field, the resistance of R increased

beyond 6 × 109 Ω, and when a field was applied an

increased to 400 mT, the large resistance of the MRF

decreased to 190 Ω, which indicates it is possible to

control the characteristics of the suspension from an

insulator to a conductor.

In the absence of a magnetic field, the magnetic

particles in the carrier liquid are dispersed and disordered,

and the intervals between the molecules are relatively

large. Once an external magnetic field is applied to the

magnetorheological fluids, the magnetic particles are brought

together under the magnetic force, and flux linkages are

formed one by one as if they were electric wires. The

MRF changes from an insulator into a conductor under

the changing magnetic field, so the resistance decreases

from beyond 6 × 109 Ω to 190 Ω.

Conclusions

In this paper, we have demonstrated the significant

effect that lauric acid and oleic acid have on the stability

and settling behavior of the given suspensions. The

results suggest that the an increase in lauric acid leads to a

worsening stability of the suspensions when α is fixed.

This indicates that the formation and structure of lauric

acid may cause sedimentation of the micrometer-sized

particles. Furthermore, samples without lauric acid were

selected to produce time settlement curves, and an

adequate proportion of oleic acid was observed to result

in a good stability. Furthermore, we select the MFR A1

sample to analyze the variation in the electrical resistances

in an alternating magnetic field. R was observed to

decrease from beyond 6 × 109 Ω to when the external

field increased from 0 mT to 400 mT. These results thus

provide guidance for new electrical applications of MRFs.
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