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Cunme3supoeanvt HOGble MAZHUNIHbIE HCUOKOCIMU HA OCHOGE HAHOYACMUY, MAZHEMUMa ¢
UCNONIb306AHUECM CMEUIAHHO20 NOBEPXHOCHIHO-AKMUBHO20 6euieCmea (CMech 0NeUHO060T KUCIOMbL
U ANKEeHUAAHMAPHO20 AHSUOPUOQ), KOMOpble Obliau OUCNEPZUPOBAHbl 8 PA3TUUHBIX OUCHEPCUOHHBIX
cpeoax (nepeuvlii 0opazey 6 ouankunioughenune, 6mopoi oépasey 6 noaurmuicuiokcarne). Onpede-
JIeHbl Pu3UKO-XUMUUECKUEe C8OIICHEA NOAYYEHHBIX MAZHUMHBIX HCUOKOCHEll, maKue KaK: niom-
HOCMb, 6A3KOCHMb, HAMAZHUYEHHOCHMb HACLIW{CHUA, KOHUEHMPAUUs MAZHUmMHON pazvl, pamep
meepooit maznumnoi gazel. bvino ommeueno, umo éce cunmeszuposannvle MAZHUMHbBLE HCUOKOCHLU
YCmOoUuugsl 6 WIUPOKOM OUANA30HE memMnepamyp. Ycmanoeieno, umo noyyennvie 00pasybl maz-
HUMHBIX JHCUOKOCHEN 001a0ai0m MURUYHLIMU CYHEPRAPAMAZHUMHbIMU ceolicmeamu. Bnepevie
IKCHEPUMEHMATIbHO OblAU OnpeodesieHbl MAZHUMOKANOpudecKuil ygpgexm u yoenvHas menyioem-
KOCHMb CUHME3UPOBAHHBIX MAZHUMHBIX HcuOKocmell 6 unmepeaie memnepamyp 288 — 350 K npu
usmeneHuu mazHumnozo noaa 0 — 1,0 Tn. Ycmanoeneno, umo nonegole 3a6Ucumocmu MazHUmMoKa-
nopuueckozo Idhghexma umerom Knaccudeckuil auHennsli euo. Onpeoeneno, Ymo memnepamypHole
3a6UCUMOCIU MAZHUMOKATIOPUYECKO20 IPPeKma MaAZHUMHBIX HCUOKOCMEN 6 MAZHUMHBIX NOJIAX
HOCAmM IKCmpemanvuwlit xapakmep. Paccuumanvt mepmoounamuueckue napamempovl HAMAZHUYEH-
HOCMU MAZHUMHBIX HCUOKOCHIENl, @ UMEHHO U3MEHEHUE IHMATbNUY U U3MeHenue Inmponuu. Tem-
nepamypHan 3a6UcCUMOCHb YOEnAbHOI MENI0eMKOCIU CUHIMEIUPOBAHHBIX 00PA3Y06 MAZHUNIHOIL
HCUOKOCIU 6 HYJIE60M MAZHUMHOM NOAE NPU PA3IUYHbIX memnepamypax (278 — 350 K) ovina no-
Jiyuena Ha oughgpepenyuanvHom CcKanupylouwem Kaaiopumempe U OPUZUHATILHOM MUKPOKAN0pU-
mempe. OmmeueHno, umo memnepamypHvie 3a6UCUMOCHIY MENAOEMKOCIU MAHUMHBIX HCUOKO-
cmeil @ MAZHUMHBIX ROJIAX MAKJICce HocAm IKcmpemanvHulil xapakmep. Ilokazano, umo pasnuya 6
3HAYEHUAX MENNOEMKOCHU, NOIYUEHHBIX 6 MAZHUMHOM RoOJle U 0e3 He20, HAXOOUMCA 6 npeoenax
OWUOKU IKCHEPpUMEHmaA. YCmanoeieno, Ymo IKCIMpemaibHolil XapaKkmep MmenioemMKocmu ompa-
JHcaemes Ha MeMnePAmypHIX 3a6UCUMOCIAX MAZHUMOKATIOPUYECK020 IPdhexma.

KiroueBble c10Ba: MarHuTHast )HUJIKOCTh, Y/IEIbHAS TEINIOEMKOCTh, MarHUTOKaJIopudeckuii ahdext
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The magnetic fluids based on magnetite nanoparticles were synthesized using mixed sur-
factants (oleic acid/alkenyl succinic anhydride) dispersed in different carrier media (polyeth-
ylsiloxane and dialkyldiphenyl). The physicochemical properties of magnetic fluids (density, vis-
cosity, saturation magnetization, magnetic phase concentration, magnetic core size) were deter-
mined. Magnetic fluids are stable in a wide temperature range. All the samples of the magnetic
fluids exhibit typical superparamagnetic behavior. The magnetocaloric effect and the specific
heat capacity of the magnetic fluids were first direct determined at 288—-350 K in a magnetic field
of 0-1.0 T. The field dependences of the magnetocaloric effect have a classic linear form. The
temperature dependences of the magnetocaloric effect of magnetic fluids in magnetic fields have
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an extreme character. Thermodynamic parameters of magnetic fluids (magnetization namely en-
thalpy/entropy change) were determined. The specific heat capacity of magnetic fluid samples in
a zero magnetic field was obtained at different temperatures (at 278-350 K) on a differential
scanning calorimeter and on the original microcalorimeter. The temperature dependences of the
heat capacity of magnetic fluids in magnetic fields have an extreme character. It was established
that the difference in heat capacity values obtained in and without the magnetic field is within the
experimental error. The extreme character of the heat capacity is reflected in the magnetocaloric

effect temperature dependences.
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INTRODUCTION

In the last two decades, scientists have inten-
sively studied the magnetocaloric effect (MCE) in
various magnetically ordered substances [1, 2]. The
essence of the MCE phenomenon is the adiabatic
change in the sample temperature under changes in
the external magnetic field as a result of the internal
energy redistribution between the system of magnetic
atoms and the crystal lattice. The intensive studies of
MCE have been motivated by its possible medical ap-
plications [3, 4] and the possibility to develop a mag-
netic refrigerator capable of working at room temper-
ature. The literature in this field consists of several
thousand articles and reviews [5-8] with a large amount
of experimental data. However, scientists have not yet
fully understood the MCE physical nature.

In order to solve the fundamental problems of
magnetism and solid state physics, it is of special im-
portance to study the magnetocaloric effect in mag-
netic materials. Thus, we can obtain information about
magnetic phase transitions in magnetic materials and
about the magnetic state of matter [9]. A magnetocalor-
ic effect changes entropy, heat capacity and thermal
conductivity of the magnetic material [10, 11].

In terms of studying magnetothermal proper-
ties, the magnetic fluids are very promising objects.
The magnetocaloric characteristics of these systems
are determined by the nature and size of magnetic
phase nanoparticles, the thickness of their adsorption
shell, the dispersion medium nature [12, 13]. The
MCE and heat capacity, at the same time, can provide
us with a lot of information but, among the thermo-
dynamic characteristics of magnetic fluids, they are
the least studied ones. The magnetic fluids are unique
representatives of nanoscale systems. They combine
the properties of a liquid and a magnetic material.

All this makes it undoubtedly important, both
for the fundamental science and for developing vari-
ous functional devices, to conduct experimental stud-
ies of the magnetocaloric effect and the heat capacity
of magnetic colloids of different nature.

RESEARCH METHODS

The following commercial grade components
from Acros Organics were used: iron sulfate
(FeSO,4 7TH,0O, 99%), iron chloride (FeCls-6H,0, 98%),
aqueous ammonia (NH,OH, 25%), oleic acid (97%),
and alkenylsuccinic anhydride (C76H14503, 80%).

The magnetite nanoparticles were synthesized
by cooprecipitation of the iron (II) sulfate and iron
(1) chloride salts with an excess amount of the water
ammonia solution (NH,OH) in a thermostatically con-
trolled vessel at a temperature of 298 K. Similar
methods are reported in work [14]. The obtained sus-
pension was repeatedly washed with distilled water
until the specific electrical conductivity of the flush
water (1.77 uSm/cm) was reached as reported in
[15]. The crystal structure of the magnetite particles
was determined by the X-Ray analysis on a multi-
functional X-ray diffractometer D8 Advance (Bruker-
AXS, Germany) (diffraction at small angels of 26 = 1-
100°). The particle size was measured by the Zetasiz-
er nano ZS (Malvern Instruments Ltd, UK). The anal-
ysis results have shown that the magnetite crystals have a
spinel structure (JCPDS Card 19-0629) and that the
size of most of the magnetite crystals is in the range of
10-20 nm [16].

Polyethylsiloxane (PES-4™) and dialkyldi-
phenyl (Alkaren D24S™) were used as dispersion me-
dia (DM). Polyethylsiloxane was chosen because of
its low saturated vapor pressure, low melting point,
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good dielectric, and hydrophobic properties, low tem-
perature viscosity coefficient and low surface tension
[15]. Besides, it has good thermal conductivity and
thermal oxidation stability. Such polyethylsiloxane-
based liquid can act as a carrier medium of magnetic
fluids in liquid sealing, especially at low temperatures
and in vacuum conditions. Dialkyldiphenyl has a high
thermal oxidation stability, low vapor pressure, low
viscosity, good tribological features and is resistant to
hydrolysis. Moreover, it is hontoxic and inert.

The magnetic fluids (MF) were prepared by
stabilizing the magnetite nanoparticles in the disper-
sion medium. The freshly prepared magnetite was
first centrifuged in order to remove water. The surface
of the particles was stabilized with a surfactant
monomolecular adsorbing layer and then the stabi-
lized magnetite was peptized in a dispersion medium
at T = 85 °C for 6-10 hrs. A mixture of oleic acid and
alkenylsuccinic anhydride [15] has been used as a
surfactant. This mixed surfactant is expected to ex-
pand the range of magnetic fluid applications. The
composition of the samples and its properties are giv-
enin Table 1.

Table 1
Composition and properties of the synthesized magnetic
fluids samples (T=296 K)
Tabnuya 1. CoctaB u cBOlicTBa 00pa3l0OB CUHTE3UPO-
BaHHBIX MArHUTHBIX kuakocreii (T=296 K)

Sample MF 1 MF 2
Oleic acid/Alkenyl Oleic ac-
- succinic anhydride | id/Alkenyl suc-
Composition MF (2:8)° cinic anhydride
Alkaren D24S (2:8)° PES-4
aeé‘r?:_t% 1.23 117
Viscosity (Pa-s) 0.54 0.17
Saturation
magnetization® 12.9 13.5
(KA m™)
Magnetic
concentration? 2.9 3.8
(% vol.)
Magnetic core 13.0 15.
size® (nm) : '

Notes: * the data was presented in work [15],

® in brackets is component ratio.

Ipumeyanus: * TaHHbIE TPEICTABICHEI B pabote [15],
b B CKOOKax YKa3aHO COOTHOILIEHUE KOMIIOHCHTOB

The magnetic measurements were made using
a vibrating sample magnetometer Lake Shore 7407

14

(Lake Shore Cryotronics, USA) [15]. In [15], experi-
mental data on magnetic measurements of the sample
MF 1 are presented. In particular, it is noted that
samples of magnetic fluids exhibit typical superpara-
magnetic behavior, with no magnetic hysteresis on the
magnetization curves.

The heat capacity in zero magnetic fields was
measured with the DSC 204 F1 Phoenix (NETZSCH,
Germany) at the temperatures of 278-320 K. The heat
capacity experimental uncertainty was 1.5%. Every
experiment was repeated five times. Besides, the heat
capacity in magnetic fields was measured by a special
microcalorimeter [17]. Research was done in the tem-
perature range of 288-350 K and in magnetic fields of
0-1.0 T. The heat capacity experimental uncertainty
was 2%. It is worth noting that the magnetic fluid heat
capacity values obtained by the DSC 204 F1 calori-
meter agree with the data obtained on the special mi-
crocalorimeter.

The magnetocaloric effects (MCE) of mag-
netic fluids were studied using a special microcalo-
rimeter [17]. The experimental uncertainty of the
MCE measurements that were repeated five times did
not exceed 2%. The reliability of the method used was
checked by calibrating the microcalorimeter with me-
tallic gadolinium (the chemical purity was 98%) as in
[17].

The amount of the heat Quwce (J/g), which was
allocated when the magnetic field was switched on
was calculated by Equations (1):

Qwice = Qs (AT/AT)), 1)
where Q; (J/g) is the Joule heat, injected in the calo-
rimetric experiment, AT, (K) is the temperature
change of calorimetric system as a result of injecting
the Joule heat, AT (K) is the temperature change in
the calorimetric system as a result of changing mag-
netic field (MCE). The equation of heat balance [17] has
the form (2):

Qwmce = Muir Comry ATwmce, 2)
where ATuce (K) is the temperature change that is
MCE, mue (9) and Cywr (J/g K) are the mass and
heat capacity of a magnetic fluid. The enthalpy
change, AH (J/mol), in the magnetic material result-
ing from the changes in the magnetic field was deter-
mined from the experimental values of Quce.

We calculated the values of changes in the en-
tropy of the studied molecular magnetics in magnetic
field, AS (J/g K), using the C, values in zero fields by
Eq. (3):

AS = -Cp ATMCE/T (3)

Here, C, is the specific heat capacity, ATmce
is the magnetocaloric effect; T is the absolute tempera-
ture.
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RESULTS AND DISCUSSION

Since the heat capacity of a heterogeneous
system is equal to the sum of the heat capacities of its
components and depends on their concentration in the
system, it can be concluded that the relation of the
specific heat capacity of a magnetic fluid and the heat
capacity of its components can be written as (4):

Comvp = Copsolid) Wsolia) + Cpiomy Womy,  (4)
where Cpsolig), Coour and Cyomy (/g K) are specific
heat capacities of the solid phase, magnetic fluid and
dispersion medium, respectively, Wiy and Wipwmy (9)
are the mass fractions of the solid phase and disper-
sion medium in a magnetic fluid, respectively.

Equation (4) does not account for the surfac-
tant heat capacity as the magnetic fluid has a very
small amount of it.

Fig. 1 and Table 2 shows the heat capacities
of magnetic fluid samples and their components at
296 K (B = 0 T). The heat capacities of the compo-
nents were taken from literature sources [18-20] and
obtained on the calorimeter DSC 204 F1.

270 290 310 330 350 370 390
T K
Fig. 1. Temperature dependence of the specific heat capacity of
magnetic fluid samples and their components: (1) - magnetite [18],
(2) - MF 1, (3) - MF 2, (4) - polyethylsiloxane (PES-4), (5) - dialkyldi-
phenyl (Alkaren D24S)

Puc. 1. TemnepaTtypHas 3aBUCUMOCTb yJIE€IbHOM TEIIOEMKOCTH
o0pasnoB MarautHOM xuakocta (MXK 1 1 MXK 2) n ux xommo-
HeHToB. (1) — marnerut [18]; (2) - MXK 1; (3) - MX 2; (4) - TIDC-4;
(5) — Anxapen D24S

The polynomial equations to describe the de-
pendence C, = f(T) are as follows:
C, (Alkaren D24S) = 0.00000004x’ — 0.00004261x” +
+0.01741620x — 0.57457015 (5)
The correlation coefficient of the fitting R? = 0.998.
C, (PES-4) = -0.00001044x" +
+0.00926473x - 0.13271892 (6)
The correlation coefficient of the fitting R? = 0.836.
C, (MF 1) = -0.00000058x> + 0.00010250%” -
- 0.00173865x + 1.53213102 (7
The correlation coefficient of the fitting R? = 0.940.
C, (MF 2) = 0.00000038x° — 0.00008815x” +
+0.00622446x + 1.29184727 (8)
The correlation coefficient of the fitting R* = 0.812

Table 2
Specific heat capacities of the synthesized magnetic flu-
ids samples and their components (T=296 K, B=0 T)
Taobnuya 2. YaenbHble TENVIOEMKOCTH CHHTE3UPOBAH-

HbIX 00pa310B MATHUTHBIX KMIKOCTEll U UX KOMIIO-
HeHToB (T=296 K, B=0 Tax)

Sample Gy’ (Vg K)
MF 1 1.54+0.03
Dialkyldiphenyl (Alkaren
Y 4%’) ( 1.8320.03
MF 2 1.39+0.02
Polyethylsiloxane (PES-4) | 1.69+0.03 (1.68 [19, 20])
Magnetite (Fes0y) 0.64 [18]

Note: * the heat capacity experimental uncertainty by a special
microcalorimeter was 2%

IMprMedanue: * MOTPENIHOCTh KCIEPUMEHTATIHLHOTO OIpeere-
HUS TETUIOEMKOCTH € TIOMOIIBI0 MUKpOKasiopumeTpa obuia 2%

By analyzing equation (4), we can conclude
that the heat capacity of magnetic fluids depends on
the nature of the components and, consequently, on
their specific heat capacity. A main contribution to
the heat capacity is made by the dispersion medium.
For example, at T = 296 K sample MF 1 based on
dialkyldiphenyl (Cypom) = 1.83+0.03 J/g K) has high
specific heat capacity (Cywmry = 1.54+0.03 J/g K)
compared to sample MF 2 (Cymez) = 1.39+0.02 J/g K)
based on polyethylsiloxane (Cypom = 1.69+0.03 J/g
K). Such dependence is observed in the whole tem-
perature range that was studied (Fig. 1). However,
under the influence of a magnetic field (at B # 0 T), the
dependence is changing.

1,8 1

1,4

Cp (J/g K)

0,6

280 300 320 340
TK

Fig. 2. Temperature dependence of the specific heat capacity of
magnetic fluid samples. Samples MF 1 and samples MF 2 in zero
magnetic field (B=0 T) and in magnetic field (B=1.0 T) (data were

measured by microcalorimeter). (1) - C,(MF 1) at B=0 T; (2) -

C,(MF 1) at B=1.0 T; (3) — C,(MF 2) at B=0 T; (4) — C,(MF 2)
atB=1.0T

Puc. 2. TemneparypHas 3aBUCUMOCTb YAEIbHOH TEMIOEMKOCTH
o6pa3zoB MK 1 u MK 2 MarHuTHO# )KHAKOCTH B HYJIEBOM IT0JIE
(B=0 Tn) u B MarautHOM 11071 (B=1,0 Ti1) (HaHHBIC MTOTYYCHBI HA
mukpokanopumerpe). (1) — C,(MK 1) npu B=0 Tn; (2) — C,(MK

1) mpu B=1,0 T; (3) — C,(MXK 2) mpu B=0 T; (4) — C,(MXK 2)
npu B=1,0 Tx

The specific heat capacity of samples of MF 1
and MF 2 in a zero magnetic field, were obtained at
different temperatures on a differential scanning calo-
rimeter DSC 204 F1 Phoenix (NETZSCH, Germany)
(the heat capacity measurement error was 1.5%) and
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on the original microcalorimeter (measurement error
heat capacity was 2%). In results was established that
the difference in heat capacity values is within the
experimental error.

In the zero magnetic fields, the heat capacity
of both samples rises with the temperature increase
(Fig. 2). If the magnetic field induction is equal to 1.0 T
(B = 1.0 T) in the temperature range of 320-350 K (Fig.
2), the temperature dependences have maxima. The
magnetic field has effect on both samples (Fig. 2).
Moreover, when dialkyldiphenyl is replaced by poly-
ethylsiloxane in a magnetic fluid (transition from MF 1
to MF 2), the specific heat capacity of the sample
MF 1 decreases, and the sample MF 2 increases with
the appearance of an extreme at 330-340 K. The dif-
ference in the heat capacity behavior is caused by the
differences in the nature and structure of the disper-
sion media (dialkyldiphenyl has a conjugated =-
system, while polyethylsiloxane has a line chain
structure) [19] although the exact nature of the differ-
ences is currently unclear.

Fig. 3 shows the experimentally obtained
field dependences of the magnetocaloric effect of
sample MF 1 at 308 K. The linear equations to de-
scribe the dependence ATyce = f(B) are as follows:

ATwee (K) = 0.00972-B, 9)
~ATycr (K) = 0.00972-B. (10)
The correlation coefficient of the fitting R? = 0.998.

0,015
0,01 | +AT yce 1
% 0,005 | /
8 Magnetic induction (T)
=
iy 0 T T T !
<]
_0.0050_0 0,2 06 08 10
001 F AT yce 2
0,015 L

Fig. 3. Magnitudes of positive (1) and negative (2) magnetocaloric
effects in sample MF 1 as functions of magnetic induction at 308K. The
experimental uncertainty of the MCE measurements was 2%

Puc. 3. Bemmunna nonoxutenbHoro (1) u otpunarensHoro (2)
MarHuTokanopudeckoro a¢dekra oopasua MK 1 B 3aBucumocTn
0T uHAYKIuH MarauTHoro nosns npu 308 K. ITorpemHocts B
ompeneneand MKD 2%

Positive values of the MCE, obtained when
the magnetic field is switched on (heat release), are
completely the same as the negative values of the
MCE, obtained when the magnetic field is turned off
(heat absorption). It should be noted that the magni-
tude of the MCE of magnetic fluid with a volume
concentration of the magnetic phase of 2.9% (sample
MF 1) at 1.0 T is 0.008 K. Earlier, it was established
[21] that the MCE increases linearly with increasing
concentration of the magnetic phase. This is due, first-
ly, to an increase in the magnetization of a magnetic
fluid with increasing concentration of magnetite.
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Secondly, an increase in the share of magnetite
Comp = 0.64 J/g K [18] at 293 K leads to a decrease
in the heat capacity of the magnetic fluid as a whole
and, accordingly, increases the MCE (see equation 4).

The temperature dependences of MCE in the
studied magnetic fluid samples are shown in Fig. 4.
Generally, the temperature dependence of MCE in
magnetic fluid repeats the type of temperature de-
pendence of specific heat Quce (Qumce Not given here).
With increasing magnetic field induction, the MCE
values of the sample MF 2 increase (Fig. 4). In the
temperature range of 330-340 K, a maximum is ob-
served on the curves, which also increases with in-
creasing magnetic induction.

0,024
< 0,016
T 2
k 1
S 0008 | 4 o o o—etm"
0 : : : .
280 300 320 340 360
LK

Fig. 4. Temperature dependence of the magnetocaloric effect of
magnetic fluid samples MF 1 (1) and MF 2 (2) at magnetic field
B=1.0 T. The experimental uncertainty of the ATycg measure-
ments was 2%

Puc. 4. TeMnepaTypHaﬂ 3aBHUCUMOCTb MarHUTOKaJIOPUYECKOT'O
a¢dexra o6pasioB MK 1 u MK 2 ¢ uHIyKIHEH MATHUTHOTO
moiist B=1,0 T. [MorpemHocts B onpenenennu ATy 2%

The MCE for sample MF 2, at temperatures
above 310 K, is significantly higher than for MF 1
(Fig. 4) and is associated with higher magnetization
and concentration of magnetic nanoparticles (Table 1).
For the sample MF 2 based on polyethylsiloxane, the
extreme dependence of MCE in the temperature range
of 330-340 K is related to the extreme dependence of
C, at the same temperatures, which is confirmed by
the analysis of equation (1). It should be noted that
for both samples in the temperature range of 298-
330 K there is a slight decrease in the MCE values.
At the temperatures > 340 K, a sharp increase in the
MCE is observed, which is reflected in the high
magnetic fields.

Fig. 5 shows the temperature dependences of
the magnetocaloric effect of magnetic phase in mag-
netic fluid (sample MF 1). It is noteworthy that the
magnetocaloric effect of magnetite in a magnetic fluid
exceeds the value of the MCE of the magnetic fluid
(ATmce (MF 1) = 0.007 K and ATyce (magnetite in
MF 1) = 1.2 K at 308 K). This can be explained by
the difference in the heat capacities of magnetite and
magnetic fluid and their quantity per unit volume.
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2
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280 300 320 340 360
TK

Fig. 5. Temperature dependence of the magnetocaloric effect of
magnetite in a magnetic fluid sample MF1.1-02T,2-04T,
3-06T,4-08T,5-10T
Puc.5. TemnepatypHas 3aBUCHMOCTh Mar HHTOKQJIOPHYECKOTO 3¢-
(exra MaraeTHTa B coctaBe odpasa MK 1 B MarHUTHOM TIoJIe.
1-02T,2-04T,3-06T,4-08T,5-1.0T

The temperature dependences of the calculat-
ed enthalpy changes AH (J/mol) and changes in the
entropy AS (J/kg K) of the studied magnetic fluid
samples in the magnetic field are shown in Table 3.
AH and AS of magnetic phase in magnetic fluid (sam-
ple MF 1) are shown in Table 3 too. These values are
the direct parameters for estimating the cooling ca-
pacity of sample.

Table 3
The temperature dependences of the calculated entropy
and enthalpy changes of samples (B =1.0 T)
Taobnuya 3. TemnepaTypHble 3aBUCMMOCTH PACCYMTAH-
HbIX U3MeHEeHM I JHTPONUM H FHTAJIBLIMHU 00pa3L0B

(B=1.0T)
AS, J/kg K AH, J/mol

T,K Fes0, Fe;04

(from MF 1) MF1] MF2 (from MF 1) MF2
288 5.9 0.035 | 0.045 0.0074 8.7
298 5.9 0.035 | 0.046 0.0076 9.1
308 5.8 0.035 | 0.047 0.0078 9.3
318 5.9 0.036 | 0.050 0.0081 10.5
328 5.9 0.038 | 0.057 0.0083 12.7
333 5.9 0.040 | 0.064 0.0085 14.2
335 6.1 0.042 | 0.074 0.0088 16.5
336 6.4 0.043 | 0.080 0.0093 17.8
336.5 6.5 0.045| 0.078 0.0095 17.4
338 6.7 0.046 | 0.055 0.0098 11.9
348 8.6 0.049 | 0.064 0.0129 12.9
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CONCLUSION

In this work, we have synthesized magnetic
fluids based on magnetite nanoparticles using mixed
surfactants (oleic acid/alkenyl succinic anhydride)
dispersed in different carrier media (polyethylsiloxane
and dialkyldiphenyl). All the samples of the magnetic
fluids behave as superparamagnetic. The magnetoca-
loric effect and the heat capacity of the magnetic flu-
ids were determined by the microcalorimetric method
at 288-350K in a magnetic field of 0-1.0 T.

The specific heat capacity magnitude of mag-
netic fluids is determined by the heat capacity values of
its components. The temperature dependence of the
heat capacity in the magnetic field is of extreme nature.

The field dependences of the MCE are linear.
The MCE values increase linearly with the magnetic
field growth. The extreme character of the heat capac-
ity is reflected in the MCE temperature dependences.
When the dispersion medium is replaced, the charac-
ter of the MCE temperature dependence changes, i.e.
when polyethylsiloxane is replaced with dialkyldi-
phenyl, the extreme on the temperature dependence
disappears.

It should be noted that the observed jumps on
the temperature dependences of the MCE should be
taken into account when designing various devices
using magnetic magnetite fluid.
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