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ABSTRACT 

 Hybrid organic/inorganic polyaniline/nickel composites were prepared by the in-situ 

oxidation of aniline hydrochloride with ammonium peroxydisulfate in the presence of various 

portions of nickel microparticles. Electron microscopies demonstrated the coating of nickel 

with polyaniline. FTIR and Raman spectroscopies indicated the reduced degree of polyaniline 

protonation. As a consequence, the composites containing 7.2–58.8 wt% of nickel had the 
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conductivity of the order of 10−3–10−2 S cm−1, i.e. several order of magnitude lower than the 

conductivity of polyaniline or nickel. The conductivity as a function of applied pressure is also 

reported. Relatively low conductivity of composites is explained by the partial reduction of 

polyaniline with hydrogen gas evolved during the synthesis and consequent hydrogenation of 

polyaniline catalysed by nickel. The accompanying partial dissolution of nickel manifests itself 

by the reduced composite yield. The reason why hydrogen is generated mainly after the 

synthesis of polyaniline is discussed. The magnetic properties afforded by nickel are also 

reported. The composites dispersed in thermoplastic polyurethane matrix providing mechanical 

properties have been tested for electromagnetic interference shielding.  

 

Keywords: Conducting polymer, polyaniline, nickel, hybrid conducting/magnetic composites, 

electromagnetic interference shielding. 

 

1. Introduction 

 Hybrid organic/inorganic conducting and magnetic materials are of interest both from 

the academic point of view and for application in various directions. Special attention has been 

paid to the organic component that was represented by a conducting polymer, such as 

polyaniline [1], which also served to improve the composite processing. The inorganic part may 

display both the electrical and magnetic properties. Nickel [2, 3], iron [4] or various iron oxides 

[5] and ferrites [6] are examples. Electromagnetic interference shielding is probably the most 

widely studied field where both the conductivity and magnetic properties play important role 

[2, 7–9].  

If we limit ourselves to polyaniline/nickel systems, hybrid electrode materials [10– 13] 

should be mentioned in this context as applications relying on electrical or electrochemical 

properties. The electrocatalysis of hydrogen evolution reaction [14] or the use in supercapacitor 

electrodes [15] are additional examples. Magnetic properties of nickel in the composites have 

also been exploited. Hybrid adsorbents of environmental pollutants, viz. organic dyes of heavy-

metal ions [10, 16] or photocatalysts of dye decomposition have been reported in the literature 

[17–23]. Such composites are conveniently separable by the application of magnetic field. 

Similarly in magnetorheology the viscosity of suspensions is controlled by external magnetic 

field [4]. 

The polyaniline/nickel hybrids of above type have been prepared by the electrochemical 

deposition of nickel on polyaniline [14] or reduction of nickel(II) ions with ethylene glycol [23, 

24]. A reverse strategy is illustrated by the in-situ coating of nickel foam with polyaniline [9] 
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or electropolymerization of aniline at such macroporous substrate [15]. The similar deposition 

of polyaniline on nickel-coated carbon fibres also belongs to this category of preparations [7]. 

Finally, polyaniline and nickel particles can be simply mixed together with some additives [6, 

13, 25]. The present study also combines an organic conducting polymer, polyaniline, with 

inorganic component, nickel metal. In-situ deposition of conducting polyaniline shell on nickel 

particles, i.e. the coating of nickel immersed in the reaction mixture used for the oxidation of 

aniline to polyaniline, has not yet been studied in detail. This is probably due to a priori doubt 

if nickel can withstand the strongly acidic and oxidizing aqueous medium typical of polyaniline 

preparation. Nevertheless, the in-situ polymerization of aniline was reported to deposit 

polyaniline on 10–50 nm nickel nanoparticles functionalized with 4-aminobenzoic acid [2]. The 

composite was tested for microwave absorption, but neither its conductivity nor magnetic 

properties have been provided. Polyaniline was also prepared in the suspension of cellulose and 

nickel nanoparticles [21] and the composite was used as a photocatalyst in the Reactive Orange 

16 dye removal but, again, without reporting electrical or magnetic properties. The preparation 

and properties of polyaniline/nickel hybrids are discussed in the present communication.  

The present communication is aimed at the preparation of a new functional material and 

the characterization of its electrical and magnetic properties. Its potential application is 

illustrated by the electromagnetic interference shielding. Other fields of application, however, 

are open to discussion and they are represented by organic dye adsorbents separable by 

magnetic field, photocatalysts for the dye decomposition in environmental issues, 

electrocatalysts in organic hydrogenation reactions or in hydrogen generation by water splitting.    

2. Experimental  

2.1. Preparation 

Nickel microparticles (99.8 wt% nickel; Goodfellow, Great Britain) with a hedgehog-

like morphology were used as a conducting and magnetic substrate with a normal size 

distribution and mean diameter 5.5 μm. Aniline hydrochloride (2.59 g; Sigma-Aldrich) was 

dissolved in water to 100 mL, ammonium peroxydisulfate (5.71 g; Lach-Ner, Czech Republic) 

also to the same volume. Both solutions were mixed at room temperature, specified amount 

nickel powder was added, and the mixture was gently stirred with a mechanical stirrer. The 

concentrations of reactants used for the preparation of polyaniline were 0.1 M aniline 

hydrochloride and 0.125 M ammonium peroxydisulfate. The originally colourless mixture 

gradually turned blue and finally green as the polymerization of aniline was completed in ca. 

30 min. The gentle sparkling was then heard when listened close to the beaker, suggesting the 
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hydrogen-gas evolution. After 1 h the solids were separated by filtration, rinsed with 1 M 

hydrochloric acid, followed by copious amounts of ethanol and dried in air. 

 

2.2. Characterization 

Scanning electron micrographs were taken with an ultra-high-resolution electron 

microscope MAIA3 (Tescan, Czech Republic). Transmission electron microscope JEOL JEM 

2000 FX (JEOL, Japan) was equipped with energy dispersive X-ray analysis (EDAX) of 

elemental composition. In addition, weight fraction of nickel in the composites was determined 

as an ash composed by nickel(II) oxide [26], after the correction for oxygen content.     

ATR FTIR spectra of the powdered samples were analysed using Nicolet 6700 

spectrometer (Thermo-Nicolet, USA) using a reflective ATR extension GladiATR (PIKE 

Technologies, USA) with a diamond crystal. Spectra were registered in the 4000–400 cm–1 

range with a deuterated L-alanine-doped triglycine sulfate detector at 4 cm–1 resolution, 64 

scans and using Happ-Genzel apodization. The spectra were corrected for the presence of 

carbon dioxide and humidity in optical path. 

Raman spectra were collected with a Thermo Scientific DXR Raman microscope 

equipped with a 780 nm line laser using 4 mW power. The spot size of the laser was focused 

by 50× objective. The scattered light was analysed by a spectrograph with holographic gratings 

(1200 lines per mm), and a 50 μm pinhole width. The acquisition time was 10 s with 10 

repetitions. 

The conductivity of polyaniline/nickel composites was determined by a four-point van 

der Pauw method on pellets 10 mm in diameter and ca 1 mm thickness compressed at 527 MPa. 

The dependence of resistivity on applied pressure has also been characterized by van der Pauw 

method. The powder was placed in a cylindrical glass cell with 10 mm inner diameter between 

an insulating support and a glass piston carrying four platinum/rhodium electrodes on the 

perimeter of its base. The experimental set-up included a current source Keithley 220, a 

Keithley 2010 multimeter and a Keithley 705 scanner with a Keithley 7052 matrix card. The 

pressure was controlled with a L6E3 load cell (Zemic Europe BV, The Netherlands). The actual 

thickness of the sample was determined for each pressure using an ABS Digimatic indicator 

Mitutoyo, model ID-S112X. 

Magnetic characteristics of prepared nanocomposites were determined with a vibrating 

sample magnetometer (VSM, Model 7407, USA) in the intensity of magnetic field range from 

–10 to +10 kOe.   
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For the electromagnetic interference shielding, polyaniline/nickel hybrids were mixed 

with thermoplastic polyurethane (TPU) Estane 58271 TPU (The Lubrizol Corporation, 

Wickliffe, OH, USA) in a micro compounder (Xplore Instruments BV, Sittard, The 

Netherlands) with a capacity of 5 cm3. Prior to mixing, TPU was dried at 90 °C for 15 h. The 

materials were melt-mixed using 100 rpm speed at 150 °C for 5 minutes to achieve good 

dispersion of the polyaniline/nickel filler at 60 wt% content. Under such conditions no changes 

in the molecular structure of polyaniline are expected [27]. 

Electromagnetic interference shielding parameters of polyaniline/nickel powders 

dispersed in TPU were recorded with a PNA-L Network Analyzer Agilent N5230A (Agilent 

Technologies, Santa Clara, CA, USA) by a waveguide method in the frequency range 8–12 

GHz (X-band). The sample of 2 mm thickness was cut to fit the sample holder (10×23 mm2).  

 

3. Results and discussion 

3.1.Chemistry of preparation   

 The preparation outlined above is expected to produce 2.17 g of polyaniline 

hydrochloride [28]. The theoretical yield in the presence of G g nickel thus 2.17+G g. In present 

syntheses, however, this limit has not been reached and true yield Y was close to 80 % of the 

expectation Yth [28]. This may have two reasons: (1) the partial dissolution of nickel, as 

suspected by the release of hydrogen gas at the final stage of the preparation, and (2) the 

decrease in polyaniline protonation. This is also in the accordance lower content of nickel in 

the composites, w, compared to the expectation, wth (Table 1).       

 

Table 1. The content of nickel in 200 mL of reaction mixture, G, the composite yield, Y, 

compared with theoretical expectation, Yth, the weight fraction of nickel in the composite, w, 

again compared with the theory, wth.      

G, g Y, g Yth, % w, wt% wth, wt% 

0 2.329 107.3 0 0 

0.5 2.198 82.3 7.2 18.7 

1 2.540 80.1 19.9 31.5 

1.5 3.250 88.5 29.4 40.9 

2 3.263 78.2 40.2 48.0 

3 4.152 80.3 53.7 58.0 

4 5.087 82.4 58.8 64.8 
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 The following scenario is offered: The starting reaction mixture contains aniline 

hydrochloride, ammonium peroxydisulfate (Fig. 1). Hydrochloric acid present in this mixture 

does not dissolve nickel, even in the presence of peroxydisulfate. As the conversion from aniline 

to polyaniline proceeds, sulfuric acid is produced as a by-product. This manifests itself by the 

drop in pH [1]. In the contrast to hydrochloric acid, dilute sulfuric acid dissolves nickel [29]. If 

nickel is present in the reaction mixture, the generated sulfuric acid reacts with this metal at the 

simultaneous evolution of hydrogen gas, Ni + H2SO4 →  H2(g) +NiSO4, as indeed observed in 

the experiment. Semiquantitative estimate can be made as follows: In present syntheses, 20 

mmol (2.59 g) of aniline hydrochloride enters the reaction. According to the assumed 

stoichiometry (Fig. 1), 25 mmol of sulfuric acid would be available for the dissolution of nickel 

(25 mmol; 1.47 g). For that reason, the polyaniline/nickel composite contains always less nickel 

than expected, w <wth (Table 1). 

 

 

Fig. 1. Aniline hydrochloride is oxidized with ammonium peroxydisulfate to polyaniline salt. 

Sulfuric acid is one of the by-products. In addition to chloride anions, also hydrogen sulfate 

ones may also act as counter-ions.   

 

 The idealized formula of polyaniline assumes the equal fraction of "oxidized" 

protonated quinonediimine units, x, that are responsible for the polaronic charge-carrier 

generation and for occurrence of the conductivity, and non-protonated "reduced" benzenoid 

constitutional units, y (Fig. 2), i.e. x = y (Fig. 1). Nickel is currently used as a catalyst in the 

hydrogenation of organic compounds. For that reason a part of quinonediimine constitutional 

units in polyaniline may become hydrogenated by in-situ generated hydrogen gas to benzenoid 

ones, y > x. The number of imine nitrogen sites available for the protonation will be reduced 

and, consequently, the conductivity would become lower. In addition, the sulfuric acid is 
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consumed in the nickel dissolution, the pH of reaction mixture will become less acidic, and the 

fraction of protonated nitrogen sites will decrease, as the salt/base conversion (Fig. 2) will shift 

in favour of non-conducting polyaniline base. This will further reduce the composite 

conductivity.       

 

 

Fig. 2. Polyaniline salt and base. A− is chloride, sulfate, or hydrogen sulfate counter-ion. 

 

3.2. Morphology 

Nickel microparticles had the size of the units of micrometres with irregular hedgehog 

shape (Fig. 3a). Fig. 3b shows the morphology of polyaniline/nickel (19.9 wt%) composite. It 

should be kept in mind that the volume fraction of nickel is much lower due to the large 

difference between nickel and polyaniline densities 8.9 and 1.4 g cm−3, respectively. For that 

reason, only dominating voluminous globular polyaniline coating is visible on the micrograph. 

The coating of nickel microparticles with polyaniline is also demonstrated by transmission 

electron microscopy (Fig. 4). Some free polyaniline accompanies them.   
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(a) Nickel 

 

(b) Polyaniline/nickel 

Fig. 3. Scanning electron micrograph of nickel microparticles (a) before and (b) after the 

coating with polyaniline. 

 

Fig. 4. The transmission electron micrograph of polyaniline/nickel (19.9 wt%) composite. 
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The presence of nickel is documented by the EDAX performed with two samples where 

the content of nickel was found as 19.9 and 40.2 wt% (Fig. 5). The fraction of nickel found by 

EDAX is considerably lower (Table 2). This is understandable because EDAX is the method 

of surface characterization and the access to the nickel surfaces is restricted by the polyaniline 

coating as demonstrated by carbon and nitrogen content. Sulfur and oxygen come from 

hydrogen sulfate counter-ions produced by the reduction of peroxydisulfate oxidant, oxygen 

additionally from potential p-benzoquinone by-products, and chlorine from chloride counter-

ions. If we abstain from the marginal content of sulfur, the atomic Cl/N ratio expected from the 

ideal stoichiometry would be 0.5 (Fig. 2). The EDAX finds this ratio 0.24 and 0.32, i.e. it 

confirms the reduced number of quinonediimine units that are able to be protonated.   

 

Table 2. EDAX analysis of polyaniline/nickel composites with 19.9 and 40.2 wt% nickel found 

as an ash.  

Element 19.9 wt% Ni 40.2 wt% Ni 

C 65.6 65.2 

N 11.7 11.7 

O 11.9 6.4 

S 0.7 0.5 

Cl 2.9 3.8 

Ni 6.5 11.7 

Pt 0.6 0.7 

  
 

 

Fig. 5. EDAX analysis of polyaniline/nickel composites containing 19.9 and 40.2 wt% nickel. 

The peaks corresponding to nickel are marked with an arrow. 
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3.3. FTIR spectra 

ATR FTIR spectra of various amounts of nickel particles coated with polyaniline (Fig. 

6) differ from the spectrum of polyaniline salt prepared by the same way (spectrum 0) and from 

the spectrum of deprotonated polyaniline (spectrum of polyaniline base). Two main bands with 

maxima situated at 1553 and 1480 cm–1, assigned to the quinonoid and benzenoid ring-

stretching vibrations, respectively, are shifted to 1580 and 1493 cm–1, like in the spectrum of 

deprotonated polyaniline [1]. A small peak observed at 1374 cm–1 is also typical of polyaniline 

base and it is attributed to a C–N stretching vibrations in the neighbourhood of a quinonoid 

ring. The bands with maxima at 1300 and 1236 cm–1 in the spectrum of polyaniline salt belong 

to -electron delocalization and to the band of C~N+• stretching vibrations in the polaronic 

structure, respectively [1]. The former is much higher in comparison to the spectra of nickel 

particles coated with polyaniline. The contribution of the C–N stretching vibrations of a 

secondary aromatic amine is expected in the spectrum of polyaniline base [1]. The broad band 

with maximum situated at 1114 cm–1 has been assigned to the vibrations of the –NH+= structure 

in the spectrum of polyaniline salt. In the spectrum of deprotonated polyaniline, the aromatic 

C–H in-plane bending modes are usually observed in this region. The band situated at about 

800 cm–1 belongs to C–H deformations in the para-substituted ring [1]. We conclude that the 

spectra of nickel particles coated with polyaniline exhibit the bands characteristic of polyaniline 

base with enhanced amount of quinonoid units. The contribution of some bands typical for 

protonated polyaniline is also evident. 
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Fig. 6. ATR FTIR spectra polyaniline/nickel composites with various nickel content. Spectrum 

of deprotonated polyaniline (PANI base) is included for comparison. 
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3.4. Raman spectroscopy 

Raman spectra of various amount of nickel particles coated with polyaniline (Fig. 7) 

differ from the spectrum polyaniline prepared by the same way or of standard polyaniline salt 

or (spectrum polyaniline M = 0 and spectrum polyaniline S). The band with maximum at 

1602 cm–1 connected with C=C stretching vibrations in a quinonoid ring is slightly shifted to 

1590 cm–1. This band is situated at 1609 cm–1 in the spectrum of polyaniline base (spectrum 

PANI B). The peak with a maximum at 1514 cm–1 of the N–H deformation vibrations associated 

with the semiquinonoid structures in the spectrum of protonated polyaniline (spectrum PANI 

S) is missing in the spectrum of polyaniline base and also in the spectra of nickel coated with 

polyaniline. In contrast, the band with maximum at 1464 cm–1 assigned to C=N vibrations in 

the quinonoid units dominates the spectrum of polyaniline base and also the spectra of nickel 

particles coated with polyaniline. The peak situated at 1415 cm–1 associated with phenazine-

like structures appears in the spectra of these samples. The bands with maxima at 1380 and 

1332 cm–1 of the C~N+• vibrations of localized and delocalized polaronic structures, 

respectively, and observed in the spectra of polyaniline salt, are only sporadically detected in 

nickel particles coated with polyaniline. In the spectrum of polyaniline base, they are practically 

missing. Benzene-ring deformation vibrations are connected with the band at 1232 cm–1 in the 

spectrum of polyaniline salt and at 1223 cm–1 in the spectrum of polyaniline base and nickel 

particles coated with polyaniline. The band at 1177 cm–1 corresponds to the C–H in-plane 

bending vibrations of semi-quinonoid or benzenoid rings in polyaniline salt and at 1162 cm–1 

in the spectrum of polyaniline base and of polyaniline/nickel composites. In the spectrum of 

polyaniline salt we observe the band at 812 cm–1 linked to the benzene-ring deformations, at 

577 cm–1 assigned to the in-plane amine deformation vibrations of the polyaniline salt and out-

of-plane deformations of the ring at 520 and 423 cm–1. In contrast to this shape, a broad 

structural band with local maxima at 851, 780 and 747 cm–1 of benzene-ring deformations of 

variously substituted aromatic rings is observed in the spectrum of polyaniline base and of 

nickel particles coated with polyaniline. This band also includes phenazine-like structures. We 

thus conclude that all spectra of nickel particles coated with polyaniline are very close to the 

spectrum of polyaniline base and only sporadically contain the features corresponding to the 

spectrum of polyaniline salt.  
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Fig. 7. Raman spectra of polyaniline/nickel composites with various nickel content. Spectra of 

standard polyaniline (PANI S) and deprotonated polyaniline (PANI base) are included for 

comparison. 

 

3.5. Conductivity 

The conductivity of polyaniline/nickel composites is in all cases lower than the 

conductivity of individual components, polyaniline and nickel (Table 3), but still at the level, 

which is satisfactory for various applications based on electrical properties. The spectroscopic 

analysis and EDAX suggest that this is due to the reduced degree of protonation of polyaniline 

as discussed above. 

         

Table 3. Electrical and magnetic properties of polyaniline/nickel composites with various 

nickel content, w: Conductivity, σ, saturation magnetization, Ms, and remanent magnetization, 

Mr.  

w, wt% Ni σ, S cm−1 Ms, emu g−1 Mr, emu g−1 

0 1.87 0.20 0.001 

7.2 1.96×10−2 1.65 0.008 

19.9 4.33×10−3 8.45 0.033 

29.4 8.33×10−3 14.0 0.063 

40.2 3.39×10−2 19.5  0.130 

53.7 1.29×10−2 27.3 0.137 
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58.8 3.62×10−2 34.5 0.268 

100 ≈1000a 55.4 2.26 

 a Could not be compressed to a compact pellet. Measured as a powder upon 10 MPa pressure. 

 

The resistivity of composite powders was measured as a function of pressure. This 

parameter was found to decrease linearly in the double-logarithmic presentation (Fig. 8). It 

should be stressed that resistivity, and not a resistance, is determined in the present experimental 

setup. The resistivity decrease (i.e. the conductivity increase) by one up to two orders magnitude 

can be achieved by the compression.   
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Fig. 8. The dependence of the resistivity of polyaniline/nickel powders and their components 

(PANI and Ni) on applied pressure. 

 

3.6. Magnetic properties 

Magnetisation curves of polyaniline/nickel hybrids (Fig. 9) demonstrate that the 

saturation magnetisation Ms is reached in fields of 5000 Oe. The original nickel particles are 

characterised by high value of saturation and remanent magnetization, 55.4 emu g−1 and 2.26 

emu g−1, respectively (Table 3). Polyaniline alone displayed only a marginal saturation 

magnetization, 0.20 emu g−1. The magnetic parameters steadily increased with the increasing 

content of nickel as expected.  
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Fig. 9. The dependence of magnetization of polyaniline/nickel composites on applied magnetic 

field. 

 

3.7. Polyaniline/nickel/polyurethane composites  

For practical applications, illustrated below by the electromagnetic interference 

shielding, the polyaniline/nickel hybrids have to be converted to materials with suitable 

mechanical properties (Table 4). For that reason, the hybrid powders were dispersed in a matrix 

of thermoplastic polyurethane (TPU).    

 

Table 4. Mechanical properties of composites at 60 wt% filler content in dependence on nickel 

content in the polyaniline/nickel filler, w: Young modulus, E, elongation at break, ε, and 

ultimate tensile strength, σm.  

 

w, wt% Ni E , MPa ε, % σm, MPa 

TPUa 23 703 37 

0 130 1.7 2.4 

19.9 306 5.1 10 

58.8 140 14 7.1 

100 39 327 12 

a Polyurethane matrix without any filler.  
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The matrix itself exhibits a typical elastomeric behaviour with a relatively low Young 

modulus and tensile strength but excellent elongation in the order of hundreds of percent (Table 

4). The addition of polyaniline or polyaniline/nickel filler leads to stiffening of polyurethane 

while lowering elongation and maximum tensile strength. This is the result of the intimate 

interaction between the both organic components, TPU matrix and polyaniline [30]. The limited 

interfacial interaction between neat nickel particles and matrix brings back the elastomeric 

behaviour of composite, however reduced in the comparison with TPU because the nickel 

particles act as defects stimulating the break at lower tensile strengths.   

 

3.8. Electromagnetic interference shielding 

The materials for electromagnetic interference shielding are objects of extensive 

research [31–37]. The composites based on conducting polyaniline contain as a rule an 

inorganic component, which is conducting and/or magnetic and a supporting material that 

provides the mechanical or other materials properties. Due to the wide selections of the 

components, their distribution, various compositions, and a variety of morphological forms, the 

performance is difficult to compare.    

Conducting polymers have often been used for the surface modification of various 

supports in order to achieve shielding efficiency in GHz region [31, 32]. They promote 

especially the radiation reflection contribution while the absorption of radiation is low [33]. The 

absorption contribution can be increased by the addition of a ferromagnetic component. Here, 

nickel was tested in the combination of polyaniline for this purpose.  
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Fig. 10. Absorption, transmission, and reflection contribution to the electromagnetic 

interference shielding at 9 GHz in dependence on nickel content in the composite with TPU 

matrix at 60 wt% polyaniline/nickel fillers, wc = 0.6 w.   

 

Figure 10 shows the dependence of absorption, transmission and reflection contributions 

on nickel content in composite materials at the same 60 wt% filler content. This means that as 

the nickel content increases, the content of polyaniline increases accordingly. The composite 

based exclusively on polyaniline had low transmission, ≈3 %. This is also due to higher volume 

fraction of polyaniline because of its much lower density compared to nickel. The composite 

containing neat nickel reflects and absorbs about 60 and 20 % of radiation, respectively and 

about 20 % of the energy of electromagnetic wave is transmitted. It might be expected that the 

combination of polyaniline and nickel would leads to properties similar to these fillers, 

however, their transmission reached even ≈40 % (Fig. 10). This trend copies the conductivity 

pattern of polyaniline/nickel hybrids that have the conductivity lower than any of their 

constituents (Table 2, Fig. 2). This is caused by the presence of partly reduced polyaniline with 

excess of non-conducting quinonedimine units (Fig. 2), which does not contribute to shielding. 

Hence the reflection and absorption of the composites are mostly given by the nickel content. 

But still, less than 50 % energy of the electromagnetic wave was transmitted through such a 

composite at 2 mm sample thickness.     

 

4. Conclusions 

Polyaniline/nickel composites were prepared by the oxidation of aniline hydrochloride 

with ammonium peroxydisulfate in aqueous medium containing nickel microparticles. As the 

oxidation proceeded, sulfuric acid had been generated as a by-product. In contrast to 

hydrochloric acid, which does not dissolve nickel, sulfuric acid does. This resulted in the partial 

dissolution of nickel and the consequent decrease in yield and nickel content in the composites. 

Hydrogen gas generated during the dissolution caused a partial hydrogenation of polyaniline 

catalysed by nickel, and reduced the degree of protonation in polyaniline. This led to the 

decrease in the conductivity of composites to 10−3–10−2 S cm−1, i.e. below the conductivity of 

polyaniline alone, 1.87 S cm−1, and nickel powder ≈1000 S cm−1. This is also due to the fact 

that the individual nickel microparticles are separated in polyaniline with reduced degree of 

protonation. Polyaniline/nickel fillers dispersed in the matrix of thermoplastic polyurethane 

were further tested for shielding efficiency at 9 GHz. The composites were able to absorb and 

reflect more than 50 % of the energy of the incident electromagnetic wave at 60 wt% loading 
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and 2 mm sample thickness. It should be noted, however, that those based on individual 

components were even more efficient, thus reducing the transmission below 20 % and 3 % for 

nickel and polyaniline dispersed in polyurethane matrix, respectively.  
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