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ABSTRACT 

 
Thermal stability and thermomechanical behavior of a 

new polymer-based nanocomposite was conducted to assess 
the viability of its fabrication process. The nanocomposite 
films consisted of a polyimide matrix and dispersoids of 
20nm cobalt ferrite single crystals exhibiting room-
temperature coercivity of 2.9 kOe. For the sake of 
comparison, a bare polyimide film was also prepared. 
Infrared spectroscopy and x-ray diffraction analyses 
confirmed proper composite fabrication with development 
of expected phases. Dynamical mechanical analysis 
measurements of Tan δ and storage modulus as a function 
of temperature evidenced an increase in the viscous-like 
behavior of the composite film by incorporation of the 
ferrite nanocrystals within the polymeric matrix. The 
corresponding reduction in the storage modulus values were 
validated by thermo-gravimetrical analysis as a function of 
time and heating temperature in both, the bare polymer film 
and the nanocomposites.  
 
Keywords: PMC, magnetic nanocomposite, cobalt ferrite, 
polyimide, thermal analysis.  
 
 

1 INTRODUCTION 
 
Polymer matrix magnetic composites and 

nanocomposites, commonly referred to as magnetic 
polymers, are receiving an increasing interest due to their 
wide range of potential applications: polymer bonded 
magnets, microelectromechanical systems (MEMS), 
microsensors, high density storage and magneto-optical 
media, electromagnetic shielding, cell separation, medical 
diagnosis, controlled drug delivery, etc [1-15]. Their 
relative low cost and light weight are appealing factors 
when compared to metallic or ceramic magnets. Their high 
formability and machinability, and the possibility of 
bearing outstanding magnetic properties due to the 
incorporation of nanosize dispersoids make these 
composites the material of choice to fabricate micro- or 
macro-scaled devices with the typical advantages of using 
polymer matrices [9, 16]. Regarding the disperse phase, it 
has been already demonstrated the possibility of tuning the 
magnetic properties of cobalt ferrite nanoparticles by a 
precise control on their crystal size within the single 
domain region. This type of control leads to outstanding 

values of coercivity compared with typical values of the 
bulk [17] and enables this nanomaterial to be considered a 
suitable dispersoid in polymer-based composites for use in 
microelectronic and sensing devices [1, 5, 15]. However, 
since cobalt ferrite particles would behave as nanosize 
permanent magnets (because of its high coercivity and 
residual magnetic induction) they tend to cluster together 
making their homogeneous dispersion within the matrix a 
challenging task. In this work, 20 nm cobalt ferrite single 
crystals, which exhibited a coercivity of 2.9kOe at room-
temperature, were use as dispersoids (10% and 20% ferrite 
volume fraction) in a polyimide matrix. A high spindle 
speed homogenizer was used to improve the dispersion 
conditions. The thermomechanical properties of the 
resulting nanocomposites were determined as a function of 
the volumetric load of the ferrite nanocrystals. The thermal 
stability and thermomechanical properties of the composite 
films were carried out by using thermo gravimetrical 
analysis (TGA) and dynamical mechanical analysis (DMA), 
techniques. The obtained results were used to assess the 
feasibility of the nanocomposite fabrication. 

  
 

2 EXPERIMENTAL 
 

2.1 Materials 

All reagents were of analytical grade and were used 
without further purification.  Required weights of chloride 
salts of Fe(III) and Co(II) ions were dissolved in distilled 
water to achieve a mole ratio Fe/Co of two.  NaOH was 
used as the precipitating agent.  Commercial polyimide 
precursor (Dupont PI2555) and isopropyl trisostearyl 
titanate (Kenrich Prtrochemicals KR-TTS) were used as-
received. 

 
2.2 Synthesis of Cobalt Ferrite Nanocrystals 

Cobalt ferrite nanocrystals were synthesized by a 
modified coprecipitation method.  An aqueous solution of 
0.11M Fe(III) and 0.55M Co(II) was continuously added by 
controlled flow rate into the reaction vessel containing  an 
aqueous solution of 0.48M NaOH under boiling conditions.  
The vessel was heated for one hour to allow dehydration 
and atomic rearrangement involved with the conversion of 
the precursor hydroxide into the ferrite structure. Ferrite 
nanocrystals were magnetically decanted, washed 
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thoroughly three times with distilled water and dried in air 
at 80ºC for 24 hours [17].   

 
2.3 Fabrication of Polyimide-Cobalt Ferrite 
Nanocomposites  

The polyimide precursor (Dupont PI2555) was 
previously treated with isopropyl trisostearyl titanate (KR-
TTR) to help improving the dispersion of inorganic 
particles in polymeric matrices [3]. Ferrite powder was 
added to the solution and mixed using an IKA T18 
homogenizer (with S18N-19G dispersing tool) for 1 hour of 
contact rotating at 10,000 RPM. The magnetic 
nanocomposites were prepared with 10% and 20% 
volumetric loads of ferrite nanocrystals.  

 
2.4 Films Processing 

Solvent-cast free-standing films of polyimide and the 
corresponding composites were prepared by pouring 0.6 to 
1 ml of the precursor solution into a mold consisting of a 
glass substrate and a stainless steel ring (29.4 mm in 
diameter) that confined the solution into a circular shape. 
The mold containing the precursor solution was heated at 
85ºC until all solvent was removed. Produced films were 
peeled out from the substrate and thermally cured. This 
curing process was carried out by the following sequence: 
(i) heating of the films from room temperature to 200ºC at a 
4ºC/min rate; (ii) 30 minutes of heating at 200oC; (iii) 
heating up to 300oC at 2.5ºC/min; (iv) dwelling during 60 
minutes; and (v) cooling down inside the furnace (furnace 
is turned off until room temperature is reached). The whole 
curing cycle took place in a 99.998% nitrogen atmosphere. 
The film thickness obtained ranged from 100µm to 150µm. 

 
2.5 Structural Characterization 

X-ray diffraction (XRD) and Fourier-transform infrared 
spectroscopy (FTIR) analyses were carried out to confirm 
the composite formation and the development of the 
expected phases (polymer matrix and disperse phase). XRD 
patterns were collected in a Siemens D500 x-ray 
diffractometer using the Cu-Kα radiation while FTIR 
spectra were obtained in a Scimitar FTS 2000 Digilab 
spectrometer.  

 
2.6 Thermal Analyses 

Thermal stability tests were carried out by keeping the films 
at 400ºC for 8h in a Mettler Toledo TGA 851e 
thermogravimetrical analyzer. The same set-up was used to 
determine the degradation temperature of the films by 
heating them from room temperature to 600ºC at 5ºC/min. 
The viscoelastic behavior of the films was evaluated in a 
dynamical mechanical analyzer (Mettler Toledo DMA 
861e) by measurements of Tan δ (also known as tangent of 
the phase lag) and the storage (elastic) modulus M’ as a 

function of temperature for an applied 1Hz sine wave 
tensile load. The temperature was increased at a 5ºC/min 
from room temperature to 400ºC for these measurements. 
 
   

3 RESULTS AND DISCUSSION 
 

3.1 Structural Characterization 

Figure 1 shows the FTIR spectra for bare polyimide and 
nanocomposite films with volumetric loads of ferrite 
nanocrystals of 10% and 20%. The bands at 1780 cm-1, 
1710 cm-1, 1370 cm-1 and 710 cm-1 confirmed the presence 
of imide functional groups in the polymer. XRD analyses of 
the single components and nanocomposite, (Figure 2), also 
verified the formation of the expected polymeric and spinel 
(ferrite) structures. 

 
  

 
 

Figure 1. FTIR spectra for 20%v/v ferrite composite,  
(a); 10% v/v ferrite composite,  (b); and polyimide films (c) 

 
 
 

 
 

Figure 2. XRD patterns for bare polyimide film ,(a); 
pure cobalt ferrite powders, (b); 10% v/v ferrite composite, 

(c); and 20%v/v ferrite composite, (d)  
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3.2 Thermogravimetric Analyses 

Thermogravimetric analysis (TGA) was used to 
determine the temperature of degradation (Figure 3) and the 
thermal stability as a function of time (Figure 4) of both, 
bare PI and nanocomposite films. Five percent of weight 
loss was set as the critical value, i.e. the maximum 
allowance in weight variation. The composite films 
experienced a pronounced weight loss, starting at 330oC, 
which became larger when the volumetric load of the ferrite 
increased from 10% to 20%. Bare PI film remained stable 
under similar thermal conditions and started to decompose 
only at 500oC (Figure 3). The thermal stability of the films 
was evaluated by determining the weight loss of the 
samples at a function of time at 400ºC. The data shown in 
Figure 4, revealed an almost constant weight loss rate of the 
composite with heating time, which was more pronounced 
for a larger volumetric load of the ferrite phase (23% of 
weight loss after heating for 8 hours the nanocomposite 
with 20% v/v of ferrite). On the contrary, the bare PI film 
exhibited a negligible weight loss rate, evincing its high 
thermal stability. The weight loss in the nanocomposites 
could have been attributed to an incomplete imidization 
process; however, FTIR results did not show the presence 
of OH- groups that would have reinforced this 
interpretation. Therefore, we should attribute the 
nanocomposite thermal behavior to a synergetic effect of 
chain scission, caused by the high centrifugal energy 
imposed of the homogenizer used to disperse the 
nanoparticles, and the presence of cobalt ferrite particles 
that hindered inter-chain bonding in the polyimide and 
hence, the final chains length. In order to confirm this 
hypothesis, a film of bare polyimide was produced after 
intensive homogenization, i. e. the same conditions used to 
prepare the composites. As Figure 3 evidenced, the PI film 
produced after intensive homogenization has an initial 
weight loss at 300ºC (Figure 3-d), in contrast with 500ºC 
observed when the PI film was produced without 
homogenization, (Figure 3-a).  

 

 
 

Figure 3. Degradation temperature for ‘non-homogenized’ 
bare polyimide, (a); 10% v/v ferrite composite, (b); 20%v/v 
ferrite composite, (c); and ‘homogenized’ bare PI  films, (d) 

 
 

3.3 Dynamical Mechanical Analyses 

As Figure 5 evidences, composite films exhibited a 
reduction in storage (elastic) modulus, M’, compared to the 
value for bare polyimide. This reduction in M’ value was 
larger as ferrite volume fraction in the film increased from 
10% to 20%. Furthermore, the stepped profile of the M’-T 
plots corresponding to the composite films would suggest a 
molecular relaxation of the polymer matrix. Observed 
results were in agreement with the behavior observed in 
degradation and thermal stability tests, which suggested a 
lack in the development of polyimide microstructure due to 
the presence of ferrite nanocrystals in the composite.  

 
 

Figure 4. Degradation temperature for bare polyimide, (a); 
10% v/v ferrite composite, (b); and 20%v/v ferrite 

composite films, (c). 
 

 

 
 
Figure 5. M’  for bare polyimide, (a); 10% v/v ferrite 

composite, (b); and 20%v/v ferrite composite films, (c). 
 

The variation of Tan δ as a function of temperature, 
shown in Figure 6, suggested an increase in the viscous-like 
behavior for the composite films; an explanation also 
supported by the drop in M’ values above discussed. 
Accordingly, the trends observed in Figures 5 and 6 
indicate that an increment in the volumetric load of the 
disperse phase will lead to the rise in the Tan δ values 
because, as mentioned before, the increase in nanoparticles 
volume fraction should have hindered the interchain 
binding. Furthermore, the observed dependence of M’ and 
Tan δ on the volumetric load of ferrite nanoparticles in the 
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films are in good agreement with their thermogravimetric 
behavior, discussed previously. 

The glass transition temperature, Tg, of the various 
films was determined from the data shown in Figures 5 and 
6. In Figure 6, Tg corresponds to the temperature at which a 
maximum value of Tan δ was achieved. Accordingly, Tg 
values varied from 228ºC in pure PI to 267ºC in the 
composite films.  Tg was also estimated as the onset of M’ 
drop (Figure 5).  In this later case, Tg varied from 205ºC, in 
pure PI, to 230ºC for both nanocomposites.  This increase 
in the Tg values was attributed to the presence of solid 
particles (ferrite nanocrystals), which should have delayed 
the yielding process. The latter would also suggest an 
apparent matrix/dispersoids interaction when a stress is 
applied to the composite films. This load transfer 
mechanism, however, requires a more dedicated study that 
is beyond the scope of the present research.  

 

 
 

Figure 6. Tan δ for bare polyimide, (a); 10% v/v ferrite 
composite, (b); and 20%v/v ferrite composite films, (c). 

 
 

4 CONCLUDING REMARKS 
 
We have developed polyimide-based magnetic 

nanocomposite films with tunable mechanical, thermal-
stability and magnetic properties. This tuning of the 
composite properties was attained by a suitable control of 
the processing conditions and the corresponding volumetric 
load of the ferrite nanocrystals within the polymeric matrix. 
Our results suggest that polyimide-ferrite nanocomposites 
can be used without any concern about their physical and 
structural stability for applications involving temperatures 
up to 80oC. Higher temperatures would be conducive to 
decrease in both, mechanical properties and the 
corresponding thermal stability.  
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