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General Objective: PPE calorimetry for thermal effusivity investigation of magnetic 
nanofluids. 
 

1. Behaviour of the static and dynamic thermal parameters of magnetic nanofluids 
as a function of concentration of nanoparticles  

1.1.Preliminary measurements on liquids with known thermal properties. 
This section contains some results obtained on water which is a liquid with known thermal 

properties and used as carrier liquid in many types of nanofluids. All investigations have been 
performed at room temperature and, as detection configurations, those used later for nanofluid 
investigations, have been selected: (i) the thermal diffusivity was measured in BPPE-TWRC 
technique and the obtained results were: 13.6 x10-8m2/s from the information obtain in the 
phase of the signal and 13.4 x10-8m2/s from the information obtain in the amplitude; the 
results are in agreement which literature data.(ii) the thermal effusivity was measured in the 
FPPE-TWRC configuration, using water both as backing material as well as coupling fluid. 
The result for the value of thermal effusivity was 1540 Ws1/2m-2K-1, in agreement with 
literature data. 
1.2.PPE measurements of thermal diffusivity and effusivity of magnetic nanofluids with 
different nanoparticles concentration. 

In this report two PT techniques have been used in order to characterize magnetic 
nanofluids: PPE and for comparison PTE. In both cases, the same experimental setup has 
been used. The pyroelectric sensor was a single crystal LiTaO3 (0.5 mm, and 0.215 mm 
thickness -  depending on the configuration – and 1.5x1.5 cm2 area. The PTE sensor consists 
of high density sintered pellets (15 mm diameter and 460 μm thickness) of TiS3 with a 
Seebeck coefficient of about −600 μV・K−1. Both sensors were provided with gold 
electrodes on both faces. 

The liquid samples were magnetic nanofluids with transformer oil as the carrier liquid, 
oleic acid as the surfactant, and Fe3O4 nanoparticles. They have been investigated as a 
function of the nanoparticles’ concentration, in the range of 0 to 0.623 mg Fe3O4/ml fluid. 
The synthesis procedure for hydrophobic magnetite nanoparticles (Fe3O4・OA) involves the 
co-precipitation (at 80 ◦C) of magnetite from aqueous solutions of Fe3+ and Fe2+ ions in the 
presence of a concentrated NH4OH solution (25 %) followed by chemisorption of oleic acid 
(80 ◦C to 82◦C) on the magnetite nanoparticles. After several steps of purification and 
elimination of excess oleic acid, the hydrophobic Fe3O4・OA nanoparticles are dispersed in 
transformer oil at the required concentration. 

The results obtained for the thermal parameters are presented in Tables 1 and 2. 
 

Table 1 
sample Thermal effusivity   

(Ws1/2 m-2K-1) 
Thermal effusivity  

(Ws1/2 m-2K-1) 
PTE phase PPE phase 

0.156 mg(Fe3O4)/ml fluid 450 460 
0.312 mg(Fe3O4)/ml fluid 480 480 
0.623 mg(Fe3O4)/ml fluid 520 530 



 
 

 
 
 

Table 2 
sample Thermal diffusivity 

x108 (m2s-1) 
Thermal diffusivity 

x108 (m2s-1) 
Thermal diffusivity 

x108 (m2s-1) 

PTE phase PTE amplitude PPE phase 
Transformer oil 9.06±0.6 8.72±0.6 9.14±0.4 

0.156 mg(Fe3O4)/ml fluid 9.33±0.3 8.73±0.4 9.48±0.2 
0.312 mg(Fe3O4)/ml fluid 9.70±0.7 9.02±0.5 10.22±0.3 
0.623 mg(Fe3O4)/ml fluid 9.84±0.5 10.38±0.4 10.33±0.5 

 
1.3.Analysis of the results 

Small increases of the thermal diffusivity (from9.06×10−8 m2・s−1 up to 9.84×10−8 m2s−1, 
if using the phase of the signal and from 8.72×10−8 m2s−1  up to 10.38×10−8 m2s−1, if using the 
amplitude) with increasing concentration of Fe3O4 nanoparticles (from 0 up to 0.623 mg 
Fe3O4/ml fluid) were observed. Similar small increase of the thermal effusivity from 450 
Ws1/2m-2K-1  up to 520 Ws1/2m-2K-1 in the same nanoparticles’ concentration range, was found. 

This increase of the values of the thermal parameters with increasing nanoparticles 
concentration can be attributed to higher values of the nanoparticles’ thermal parameters as 
compared with those of the carrier liquid.  

 
2.  Complementary methods for magnetic nanofluid characterization. 

The preparation of magnetic nanofluids with suitable properties for successful 
applications involves optimizing synthesis methods of magnetic nanoparticles coated with 
surfactants and their characterization through advanced techniques in order to determine the 
correlation between the nanostructure and properties. 

The properties of magnetite nanoparticles (mean sizes in the range 7-15 nm) stabilized 
with either hydrophobic layer of oleic acid and oleylamine or with hydrophilic layer of 
glycerol phosphate have been investigated by magnetization measurements and X-ray 
Photoelectron Spectroscopy (XPS).  

The coating of magnetite nanoparticles with different surfactants was evidenced by 
XPS spectra. The XPS analysis provides information concerning the element composition 
(atomic concentration) of the materials surface, as well as the chemical state of the emitting 
atoms (valence states, oxidation degree, etc.). The element composition of the magnetite 
nanoparticles coated with surfactants was inferred from the areas delimited by the 
photoelectron peaks. The chemical state of the atoms relates to the chemical shifts of the 
peaks with respect to the elemental state, induced by the chemical surrounding of the atoms. 
Chemical shift represents a change in the binding energy of a core electron of an element due 
to a change in chemical bonding of that element. Using the appropriate software Casa XPS 
the peaks have been deconvoluted into the components, each component corresponding to a 
particular bond type. 

The magnetization curves at room temperature for all investigated magnetite 
nanoparticles covered with surfactants show superparamagnetic behavior and saturation 
magnetization values in the range 60-73 emu/g. These characteristics demonstrate the 
potential applications of these biocompatible nanoparticles for biomedicine. 
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