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Abstract: Analysis has been provided for the experimental dan ultrasonic
absorption in magnetic nanofluids. It was shown foagnetic nanofluids that
experimental data for peaks of ultrasonic absonptioefficient can be explained
using the process of magnetic field relaxatiortgceguilibrium value in the model of
magnetic fluid with frozen-in magnetization.
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1. Introduction

Magnetic fluids are used in various branches afrsm@ and technology [1, 2].
In the first half of the twentieth century an utdéamagnetic suspensions were in use
for investigation of ferromagnetism, and in thesspgnsions the particle size was
about one micron [3-5]. With development of teclogyl the magnetic nanopatrticles
were obtained and applied in magnetic fluids [&)].t8e magnetic nanofluid consists
of a carrier liquid (water, dodecane, kerosene),attagnetic nanoparticles and small
auxiliary surfactant (often, oleic acid) [2, 7, 8] present, magnetic nanoparticles of
magnetite are in use in general. Magnetic nanapestiare coated by molecules of
surfactant, which prevents adhesion of them. Bexatithis, the magnetic nanofluids
are stable and there is no coagulation. The exposuthe magnetic field strongly
influences the motion of magnetic nanopatrticles,tbe magnetic nanofluid is stable
and it is a continuous medium for the propagatibrsraall-amplitude ultrasound.
Hence, magnetic field can affect the elasticitytlod magnetic nanofluids, which
changes the ultrasonic velocity in experiments728]. Also, magnetic field may

affect the ultrasonic absorption coefficieWith the rate of magnetic field from 0 to
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90 kA/m a peak ultrasonic absorption coefficient shawsincrease of 0.76m”,
which is quite a lot. These results were obtairtadteasonic frequency 3/&Hz [7].

At a close frequency 4.37 MHz ultrasonic absorptioefficient equals 0.185 ¢
under 6 kA/m and 0.17 c¢munder 160 kA/m in parallel propagation to static
magnetic field [8]. So, the peak absorption coedfit value is larger than the
absorption coefficient under static magnetic fi€lthe purpose of this article is to
explain the significant increase in the ultrasoaltsorption coefficient using the

relaxation process of the magnetic field to itsidopium value.

2. Analysis of experimental data on ultrasonic absor ption in magnetic nanofluids

In [9, 10] the system of equations was obtainedafapn-conducting magnetic
fluid with frozen-in magnetization with taking inccount the relaxation process of
the magnetic field to its equilibrium value. In [1fbr this model of magnetic fluid
the sound propagation was considered in parallexternal homogeneous static

magnetic field. There are expressions for the souelbcity v=aw/k and the

absorption coefficientr [11]:

, (1)

V=

(ve2 +(cf a)r)z)(1+ W)
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1++/1+ 4F?2
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T:,OOTD/(,BH +47w0), 7’ — relaxation time of the magnetic field to its itpaium
value in a magnetic fluid3, — magnetoelastic parameter, = M,/ 0, — unperturbed
specific magnetization valueM, — unperturbed magnetization valugy, -

unperturbed magnetic fluid density, — sound velocity in magnetic fluid without

exposure of external magnetic field) — sound cyclic frequencyk — sound wave
number.

The unitless parametd¥ (5) depends on they and r resonantly, so in the
cases ofw-~0 and w—- o, 7T -0 and 7 - o it tends to zero, and when

wr =v,/c, in the maximum it takes the form [11]:

F - ITﬁ'BIIZ ]
MAX 4( B+ 47;00)vecf

(6)

In the case ofwr «1 the sound velocity (1y=v, equals the sound wave

velocity (3) in an ideal magnetic fluid with eqbitium magnetization in the
propagation parallel to the magnetic field [12]. thee case ofwr >1 the sound

velocity (1) v=c, equals the fast magnetoacoustic wave velocityir{4an ideal

magnetic fluid with frozen-in magnetization undearglel propagation to the
magnetic field [2, 12].

For the magnetic nanofluid EMG — 605 [2, 7, 8, }2]=1.18 g/cnt and the
parameter maximunt,,, (6) numerical value approximately equald0™ + 1072,

Here, inequalitys > p, was used, which is confirmed by comparing thertégcal
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calculations with experimental data [2, 11, 12]irsdinear approximation the sound
absorption coefficient (2) is

a:mf,ﬁ’” ST
2V 1+(a)r)2

(7)

With constant cyclic frequencw investigating the dependence onfor (7),
so with wr =1 the maximum value of the absorption coefficientpgproximately
equal to [11]:

o _mihw
MAX '
4,

(8)
In the case ofur <1 the absorption coefficient = aw’mZp,r"/2v¢ is a small

quantity relative taz,, , i. €. @ =20, W .

In the case ofwr >1 the absorption coefficienty = ¢ 3% /2pvr” is also a
small quantity relative tar,,, , i. €. a = 2a,,,, /T .

In [13] it was shown for the magnetic nanofluid EM®05 that in the interval
for the magnetic field of 30 kA/m to 120 kA/m theebretical dependengé ~ 1/ x,

was confirmed with good accuracy. So this theory10] can be used to explain

ultrasonic absorption peaks in [7]. In [13}=TD,00/(,8”+47;DO) increased

approximately 100 times, analrﬁﬁ” increased approximately 6 times on the

mentioned above interval. In [13] analytical fuonas were used to approximate the
experimental data on the change in the ultrasoehatity in the magnetic nanofluids
with dependence on the exposure time of the stadignetic field. It was shown that
relaxation timer tends to zero then the exposure time is small,taadelaxation

product wr can be approximated by this exponential dependence

Wr = exp((t/ Zl) +(t4/ 2;‘)) then the exposure timeis sufficiently large, where the

4
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characteristic timed, and t, are approximately aboutour [11]. So, according to
technique of mathematical estimation [14], thisxeakion timer is a fast function in

formula (7), and the compositiomﬁﬁ|| Is a slow function then the factor
afr/(l+(wr)2) depends on the relaxation tirmeresonantly. Irexperiments [7] the

cyclic frequencyw is constant and the magnetic field is increasedlIgl from time
to time. Therefore in Fig. 1 the peak theoreticalues (circles) were calculated by
the formula (8). The sound velocity in magnetiadlwithout exposure of external

magnetic fieldv, =14515C cm/s, the numerical values of magnetoelastic paieme
B, and specific magnetizatiom, were taken from [13]. In Fig. 1 the experimental

data (triangles) are the numerical values of uttnasabsorption maxima from Fig. 2
in [7] for sweep times 20, 40, 60, 120 and 2@utes. The theoretical values are a
little more than the experimental data. It is gdoelcause the theoretical calculations
were made under conditiowr =1. Moreover, for 90 kA/m theoretical value (8)

Q. =0.97 cmi' is larger than the maximum experimental value, cWwhis

approximately equal to 0.8 ¢hin Fig. 2 of [7].
In Fig. 1 experimental datum is very close to teéioal value under magnetic

field 39 kA/m. So, using the conditiosr =1 and ultrasonic frequency 3.6 MHz [7],

relaxation time is approximately equal tﬁz(ﬁ” +47;00)/ap0=0.1 s. Parameter

B, =1.46% 16 glcn? was taken from [13]. In [11] also water-based neiign

nanofluid W — 40 was considered, but with other camration of magnetic
nanoparticles and magnetic field was static witluedlOOmT. However, according
to the formula (20) in [11] relaxation time 7s'=0.08 s at the maximum absorption
coefficient, which is very close to mentioned abosf@xation time.

In experiment [15] the absorption peak is smootmagnetic nanofluid APG-
832 on the exposure of the static magnetic fieldoAn theoretical calculations [11]
the absorption peaks are smooth for magnetic naidsfW — 40 and HC-50 on the
exposure of the static magnetic field. In experitagi@] the absorption peaks are
sharp for the magnetic nanofluid EMG — 605, whicaiyrbe due to the fact that the
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magnetic field increased on the time, so the rélemaime 7 can increase faster than
on the exposure of the static magnetic field.
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Fig. 1. The maxima of ultrasonic absorption co&fit. circles — the
theoretical values by the formula (8) and triangléise experimental data [7], with

dependence on magnetic field strength.

3. Conclusion

The magnetic nanofluid is a complex system, sd tha magneto-mechanical
properties may depend on the conditions of the riaxyat [2, 7, 8]. Big peaks of
ultrasonic absorption coefficient were observedeuritie rate of magnetic field in
experiments [7], which is connected with irrevelesiprocess of formation of chain-

like clusters. In this article these peaks cany@agned by the fact that there is a
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relaxation process of magnetic field to its equilim value in magnetic nanofluid [9,
10]. Thus, formation of chain-like clusteiss connected witla relaxation process of

magnetic field to its equilibrium value.
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