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A B S T R A C T  
 

 

Polypyrrole hydroxyethyl cellulose/TitaniumDioxide (PPY-HEC/TiO2) nanocomposite was 
synthesized via in situ chemical oxidative polymerization method at room temperature in water and 
water/ethyl acetate solution in the presence of ferric chloride (FeCl3). The effect of TiO2 nanoparticles 
and HEC on the characteristics of products such as thermal stability and morphology was investigated. 
The fabricated composite and nanocomposite morphology and structure were analyzed by atomic 
forced microscopy (AFM), Scanning electron microscope (SEM), Fourier transform infrared (FTIR) 
spectroscopy, X-ray diffraction (XRD) and Thermogravimetric analysis (TGA). The AFM images of 
products indicated that hydroxyethyl cellulose decreased the surface roughness of nanocomposite. 
Also, hydroxyethyl cellulose decreased particle size. The molecular structure of product was 
determined by FTIR spectroscopy. The results of XRD confirmed crystalline structure of TiO2 
nanoparticles and partly crystalline structure of PPY-HEC/TiO2 nanocomposite. TGA was used to 
study the thermal behavior of nanocomposite. The TGA curves indicated that TiO2 and HEC enhanced 
thermal stability of products. 
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1. INTRODUCTION1 
 
Electrically conducting polymers like polyaniline 
(PAN), polypyrrole (PPY) and polythiophene (PTH) are 
of great interest as new class of materials in industry 
during the last two decades, owing to their unique 
combination of characteristics: electronic, optical, 
magnetic properties and processing advantage of 
polymers [1]. Synthesis of composites of conducting 
polymers with various materials has been reported. For 
instance, in some literatures [2-6], synthesized 
PAN/xanthan gum, PPY/xanthan gum, PAN/CoFe2O4, 
PAN/Sb2O3 and CoFe2O4/PAN/Ag nanocomposite, 
respectively. Polypyrrole can be prepared by 
electrochemical or chemical methods. Although the 
electrochemical polymerization of PPY leads to the 
                                                        
1*Corresponding Author’s Email: M.tanzifi@mail.ilam.ac.ir (M. 
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formation of polymer thin film on working electrode, it 
is not suitable for mass production. Chemical oxidative 
polymerization is simple, cheap and fast [7]. 

TiO2 is one of the main pigments which is usually 
used in the organic coatings [8] and nano-TiO2 also has 
excellent physical and chemical properties, and it has 
been used in sensor, solar cell, photocatalyst, concrete 
and corrosion resistant film [9-14]. Polymer surfactants 
are important for a variety of industrial applications in 
the area of cosmetics, personal-care, food, 
pharmaceutics, detergents and mineral processing, and 
have drawn much attention in the last decades [15-19]. 
Compared with oligomer surfactants, polymer 
surfactants have many advantages such as densification, 
emulsification, decentralization, dissolution and film-
building [19]. In 1980, a nonionic cellulose-based 
polymer surfactant was firstly patented by Landoll [20], 
which was synthesized by hydrophobically modified 
hydrotropic cellulose with long alkyl. Since then, 
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besides nonionic cellulose based polymer surfactants 
[21, 22], ionic [23], fluorocarbon [24] and amphoteric 
cellulose-based polymer surfactants [23, 25] have also 
been synthesized subsequently; they present many novel 
performances such as costless production, 
biodegradation and peculiar emulsification [26]. 
Hydroxyethyl cellulose (HEC), an important 
commercial water-soluble non-ionic polysaccharide, 
bears hydroxyl and ether proton-accepting groups and 
can form hydrogen bonds with proton-donors such as 
carboxylic acid groups. Because of its excellent 
biocompatibility and unique physicochemical 
properties, HEC has wide applications in the areas of 
coatings, fibers, dyeing, paper making, cosmetics, 
medicine, pesticides and oil exploitation [27, 28]. In this 
study, polypyrrole hydroxyethyl cellulose / TiO2 
nanocomposite was prepared in the aqueous and 
aqueous/non-aqueous solution using ferric chloride as 
an oxidant. Also products were investigated in terms of 
morphology, chemical structure and thermal stability. 
 
 
2. EXPERIMENTAL 
 
2. 1. Instrumentation      The instruments used for 
this work included a magnetic stirrer (model HMS 
8805, Iran), digital scale (model HP2 7HB, Sartorius, 
England), centrifuge (model Z-36HK), scanning 
electron microscope (SEM) (model KYKY-EM3200, 
China), Fourier-transform infrared (FTIR) spectrometer 
(model VERTEX 70; BRUKER, Germany), X-ray 
diffraction (XRD) (Philips model PW3040/60, 
Netherland), thermogravimetric analyzer (TGA) 
(PerkinElmer model 4000) and atomic force microscopy 
(AFM) (model Dualscope/Rasterscope C26, DME, 
Denmark). Also products were filtered on filter paper 
(model Whatman 41). 
 
2. 2. Reagents and Standard Solutions      Materials 
used in this work were pyrrole (d = 0.97 g/mL), 
hydroxyethyl cellulose (HEC) (MW=4000, Figure 1) 
with an average number of substituted hydroxyl groups 
(DS) and a molar substitution degree (MS) of 1.5 and 
2.5, respectively) from kalle-albert (Germany), ethyl 
acetate and ferric chloride, from Merck (Germany), and 
TiO2 (rotile) from Kronos (Germany). All reagents were 
used as received without further purification, unless 
stated otherwise. 
 
 

 
Figure 1. Chemical structure of HEC. 

Distilled deionized water was used throughout this 
work. Pyrrole monomer was purified by simple 
distillation. 
 
2. 3. Polypyrrole Hydroxyethyl Cellulose / TiO2 
Nanocomposite      In this method, 0.1 g hydroxyethyl 
cellulose was added to aqueous solution (50 ml water) 
and stirred for 3 h to dissolve. Then 0.1 g TiO2 in 
nanometer size added to other stirred aqueous solution 
(50 ml water) containing 5.4 g FeCl3. Then viscous 
solution of hydroxyethyl cellulose added to it. After 30 
min, 1 ml pyrrole monomer was injected to the stirred 
solution.The reaction was carried out in aqueous media 
at room temperature for 5 h. After 5 h, the polymer was 
collected by centrifugation at 15000 rpm and in order to 
separate the oligomers and impurities, the product was 
washed several times with deionized water. It was then 
dried in a vacuum oven at 40 0C for 48 h. As a reference 
sample, pure PPY was prepared using same previous 
procedure without TiO2 (solution of 100 ml containing 
5.4 g FeCl3 and 1 ml pyrrole monomer). Also the 
reaction was conducted in water/ethyl acetate solution at 
the room temperature for 5 h. The conditions for 
products formation are summarized in Table 1. 
 
 
3. RESULTS AND DISCUSSION 
 
3. 1. Atomic Force Microscopy     Atomic force 
microscopy (AFM) was used to analyze the surface 
morphology and roughness of the products. The 
PPY/TiO2 composite, pure HEC and PPY-HEC/TiO2 
nanocomposite surfaces were imaged in a scan size of 
10 µm × 10 µm as shown in Figures 2-4. The surface 
roughness parameters of the materials which are 
expressed in terms of the mean roughness (Sa), the root 
mean square of the Z data (Sq) and the mean difference 
between the five highest peaks and lowest valleys (Sz) 
were calculated from AFM images using tapping mode 
method via Nanosurf EasyScan software at a scan area 
of 10 µm × 10 µm as given in Table 2.  

 
 

TABLE 1. The conditions for products formation and their 
effect on the particle size. 

Type of solution Type of composite Average particle 
size (nm) 

Water Pure Polypyrrole 140 
Water Polypyrrole + TiO2 152 
Water Polypyrrole + HEC 98 

Water Polypyrrole + TiO2 
+ HEC 102 

Water + Ethyl Acetate 
(50/50% v/v) Polypyrrole + HEC 68 

Water + Ethyl Acetate 
(50/50% v/v) 

Polypyrrole + TiO2 
+ HEC 92 
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The film of pure HEC shows homogeneity, as it 
could be predicted. A different morphology with more 
roughness than that of HEC film is observed for a 
PPY/TiO2 composite based film. As can be seen from 
the AFM image of synthesized nanocomposite (PPY-
HEC/TiO2) and reported parameters in Table 2, the 
surface roughness of nanocomposite is more than HEC 
and less than PPY/TiO2 composite that it is probably 
due to the effect of HEC on the structure of PPY/TiO2 
composite. 
 
 

 
Figure 2. AFM images showing the 2D and 3D surfaces of  
PPY/TiO2 composite (image size = 10mµ×10µm). 
 
 

 
Figure 3. AFM images showing the 2D and 3D surfaces of  
pure HEC (image size = 10mµ×10µm). 

 
Figure 4. AFM images showing the 2D and 3D surfaces of  
PPY-HEC/TiO2 nanocomposite (image size = 10mµ×10µm). 
 
 
TABLE 2. Surface roughness parameters of pure HEC, 
PPY/TiO2 and PPY-HEC/TiO2 nanocomposite. 

Sample  Roughness parameters  

 Sa Sq Sz 
Pure HEC 8.22 nm 11.1 nm 73.1 nm 
PPY/TiO2 33.8 nm 44.9 nm 261 nm 

PPY-HEC/TiO2 16.1 nm 25.6 nm 110 nm 
 
 
3. 2. SEM Analysis         The morphology of composites 
and nanocomposites was studied using scanning 
electron micrographs (SEM). As shown in Figures 5 and 
6, the role of HEC and TiO2 on the surface morphology 
of the products was studied. Figure 5a shows the 
morphology of the TiO2 nanoparticles. It indicates that 
nano-sized particles possess a nearly spherical 
morphology. The average diameter of TiO2 
nanoparticles is about 46 nm and its size distribution is 
highly uniform. Figures 5b-6d show the SEM 
micrographs of PPY and PPY/TiO2 nanocomposite 
prepared in water and water/ethyl acetate with and 
without HEC. The particle size and morphology are 
dependent on the presence of TiO2, HEC and type of 
solution. By comparison between Figures 5b and 6a , 
6b, HEC strongly influenced the morphology of 
resultant product. Also, PPY-HEC/TiO2 nanocomposite 
has the uniform size and smaller particles than 
PPY/TiO2 (Figures 6c and 6d), because HEC prevented 
gross aggregation of particles. The size and 
homogeneity of particles are dependent on the 
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surfactant. This is presumably due to the amount of 
adsorbed chemically surfactant (grafting copolymer) on 
the polypyrrole particles. Surface active agents affect 
the physical and chemical properties of the solutions. 
Surfactant is known to influence the rate of polymer 
formation, particle size, size distribution, morphology 
and homogeneity [29-33]. 

It is clear to see that the PPY-TiO2 composite 
(Figure 5c) with diameter of 152 nm tend to form bigger 
agglomerate. PPY-TiO2 nanocomposite constructed in 
aqueous media using HEC has the uniform size with the 
average diameter of 102 nm (Figure 6c). The PPY/TiO2 
nanocomposite, prepared in aqueous/non-aqueous 
media using HEC, with highly uniform structure can be 
observed (Figure 6d). The average diameter of particles 
was less than 92 nm. 

It was found that in the preparation of PPY and 
PPY/TiO2 nanocomposite in water+ethyl acetate 
solution, polydispersity increased, particle size 
decreased, and spherical/granular particles were formed, 
because the physical and chemical properties of the 
solution affected the rate of polymerization. Particle size 
of products is listed in Table 1. As shown in this table, 
particle size of PPY and PPY-HEC without TiO2 is less 
than PPY/TiO2 and PPY-HEC/TiO2 nanocomposite, 
respectively. It can be seen that the TiO2 nanoparticles 
are surrounded by amorphous organice PPY. The 
average particle size of products was measured by 
measurement software. About 30-35 particles was 
chosen and average particle size was calculated. 
 
3. 3. Fourier Transfer Infrared Spectroscopy    
The structure of obtained products was determined by 
the FTIR spectrum. Figures 7 and 8, show the FTIR 
spectra of pure PPY, pure HEC, PPY-HEC, PPY/TiO2 
and PPY HEC/TiO2, respectively. The FTIR 
spectroscopy provides valuable information regarding 
the formation of PPY composites and nanocomposites. 

For pure PPY sample (Figure 7a), the peak at 1530 
cm−1 is assigned to the pyrrole rings. The other peaks 
are located at 1286 cm−1 (C-N stretching vibration), 
1147 cm−1 (C-H inplane deformation), 1027 cm−1 (N-H 
in-plane deformation), and 884 cm−1 (C-H out-of-plane 
deformation). In the spectrum of pure HEC (Figure 7b), 
the absorption bands around 3434, 2898 and 1054 cm-1 
correspond to the O-H of alcoholic hydroxyl groups, C-
H aliphatic stretching vibrations and C–O of primary 
hydroxyl groups, respectively.  

The FTIR spectra of nanocomposites reveal that all 
of the characteristic peaks of both HEC and PPY exist 
in the synthesized nanocomposites structure as shown in 
Figure 7 and 8. For example the PPY-HEC/TiO2 
nanocomposite has the characteristic bands at 3635, 
2998, 1534, 1289, 1160, 1058, 1030 and 887 cm−1 
which are attributed to O-H band of HEC, C-H band of 
HEC, pyrrole rings, C-N band of PPY, C-H band of 

PPY, C-O band of HEC, N-H group of PPY and C-H 
band of PPY, respectively. The observed peaks of pure 
HEC, pure PPY and its composites are given in Table 3. 
 
 
 
 

 
Figure 5. SEM micrographs of (a) pure TiO2, (b) pure PPY 
and (c) PPY/TiO2 composite 
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Figure 6. SEM micrographs of (a) PPY-HEC in aqueous 
media, (b) PPY-HEC in aqueous/non-aqueous media, (c) 
PPY-HEC/TiO2 nanocomposite in aqueous media and (d) 
PPY-HEC/TiO2 nanocomposite in aqueous/non-aqueous 
media. 

TABLE 3. FTIR spectra of pure PPY and its composite and 
nanocomposite. 

FTIR 
Spectra                                            Composite 

PPY-
HEC/TiO2 

PPY-
HEC 

PPY-
TiO2 

PPY HEC  

3635 3675  -  - 3434 O-Ha 
2998 3006  -  - 2898 C-Hb 
1058 1062  -  - 1054 C-Oc 
1534 1519 1522 1530  - C=Cd 
1289 1282 1281 1286  - C-Ne 
1160 1127 1128 1147  - C-Hf 
1030 1005 1008 1027  - N-Hg 
887 841 834 884  - C-Hh 

 

a O-H alcoholic hydroxyl groups 
b C-H aliphatic stretching vibrations 
c C-O primary hydroxyl groups 
dC=C stretching 

e C-N stretching vibration 
f C-H in-plane deformation 
g N-H in-plane deformation 
h C-H out of plane deformation 

 
 

 
Figure 7. FTIR spectra of (a) pure PPY, (b) pure HEC and (c) 
PPY-HEC nanocomposite in aqueous media. 
 
 

 
Figure 8. FTIR spectra of (a) PPY/TiO2 and (b) PPY-
HEC/TiO2 nanocomposite in aqueous media. 
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3. 4. X-ray Powder Diffraction        The crystalline 
nature of the nanocomposite was determined from XRD 
analysis. XRD patterns of pure PPY, pure TiO2 and 
PPY-HEC/TiO2 nanocomposite are shown in Figure 9. 
PPY is innately amorphous and therefore, there are no 
sharp peaks for PPY (Figure 9a). As can be seen in 
Figure 9c, XRD pattern of PPY-HEC/TiO2 
nanocomposite exhibit a predominant TiO2 peaks than 
PPY. The broad peak with 2θ around 25.4° is related to 
the diffraction of amorphous polypyrrole and other 
peaks with 2θ at 27°, 39.2° and 55.1° are related to 
diffraction of TiO2, respectively.  The average crystallite size was estimated from the 
intensity of the X-ray diffraction peak maximum using 
the Scherrer's equation, L=kλ/βcosθ, where L is the 
mean dimension of the crystallite, β is the full width at 
half maximum of the diffraction peak, θ is the 
diffraction angle, λ is the X-ray wavelength and K is the 
shape factor and if the shape is unknown, k is often 
assigned a value of 0.89 [34].  

When the reflecting peak at 2θ = 27° is chosen for 
calculating the average diameter, the average size of the 
crystals of pure TiO2 and PPY-HEC/TiO2 core-shell  
nanocomposite is achieved as 45 and 100 nm which is 
consistent with the result of the SEM. Calculated 
crystallite sizes of pure TiO2 nanoparticles and PPY-
HEC/TiO2 core-shell nanocomposite indicate that the 
thickness of PPY-HEC shell on the surface of TiO2 
nanoparticles in PPY-HEC/TiO2 core-shell 
nanocomposite is ∼50 nm. 
 
 

 
Figure 9. XRD pattern of (a) pure PPY, (b) TiO2 and (c) PPY-
HEC/TiO2 nanocomposites in aqueous/non-aqueous media. 

3. 5. Thermogravimetric Analysis        In order to 
understand the effect of HEC and TiO2 on the thermal 
stability of Polypyrrole and its composites, TGA 
analysis was used to identify the thermal stability of 
these composites. 

Figure 10 shows a comparison of the weight losses 
between the PPY, PPY/TiO2 and PPY-HEC/TiO2 
nanocomposites, upon heating in a nitrogen atmosphere 
with the temperature range of 25–600 °C at a rate of 10 
°C min−1. Three steps of weight loss occurred in the 
TGA curve of PPY samples. The thermogram of pure 
polypyrrole (Figure 10a) shows that the mass loss 
begins at around 30°C and continues until temperature 
reaches to 140°C. The mass loss remains steady until 
320 °C and then a rapid mass loss occurred from 320 °C 
to 600 °C. At first, the mass loss comes from the loss of 
water molecules and then it is increased due to the loss 
of oligomer. The subsequent rapid mass loss can be 
attributed to the degradation of the polymer chain. 

As shown in TGA plot (Figure 10b), the expulsion 
of water molecules retained in the polymer matrix 
which can be assigned to the adsorbed water due to the 
mesoporous structure of as-prepared samples [35], 
causes the first step weight loss for the PPY/TiO2 
composite (about 7 wt.% from 27°C to 148°C). There 
are two possible reasons for the second wight loss 
occurring between 148 and 380°C: (i) the loss of more 
tightly bound water in the matrix for the composites and 
(ii) the loss of volatile elements bound to the PPY chain 
as well as the elimination of interaction between PPY 
and TiO2. The following progressive degradation and 
combustion of PPY, can be the driving force for the 
weight loss in the temperature range of ∼400–600 °C. 
The weight loss between 200°C and 380°C (Figure 10c) 
could be attributed to the evaporation and degradation 
of HEC.  

In addition, it has been found that the extent of 
thermal decomposition of PPY in nanocomposites, at 
temperatures higher than ∼ 350°C, becomes lower than 
pure PPY. As can be seen in Figure 10, it was found that 
the weight loss of pure PPY is ∼ 30% higher than the 
PPY/TiO2 composite and 62% higher than the PPY-
HEC/TiO2 nanocomposite.  
 
 
4. CONCLUSION  
 
In this paper, Polypyrrole-hydroxyethyl cellulose /TiO2 
nanocomposite was synthesized via in situ chemical 
oxidative polymerization method at room temperature in 
aqueous and aqueous/non-aqueous media. The 
characteristics of PPY–HEC/TiO2 nanocomposite, such 
as morphology, molecular structure and thermal 
stability were investigated. It was found that the TiO2 
nanoparticles and HEC have an important effect on the 
particle size and morphology of the resulting products. 
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Figure 10. TGA curves of (a) pure PPY, (b) PPY/TiO2 
composite and (c) PPY-HEC/TiO2 nanocomposite. 
 
 
 

The AFM images of products indicate that 
hydroxyethyl cellulose decreased the surface roughness 
of nanocomposite. The results show that the surface 
roughness of PPY-HEC/TiO2 nanocomposite is more 
than HEC and less than PPY/TiO2 composite that it is 
due to the effect of HEC on the structure of PPY/TiO2 
composite. The chemical structure of synthesized 
nanocomposites was analyzed by FTIR. The results of 
XRD demonstrate the crystalline structure of TiO2 
nanoparticles and partly crystalline structure of PPY-
HEC/TiO2 nanocomposite. Using Scherrer's equation, 
the average size of the pure TiO2 and PPY-HEC/TiO2 
nanocomposite was achieved as 45 and 100 nm which is 
consistent with the result of the SEM. 

Thermal degradation behavior of products was 
compared and results show that thermal stability of 
PPY/TiO2 is better than pure PPY. Also, thermal 
stability of PPY-HEC/TiO2 nanocomposite is better than 
both of them.  
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  چکید
  

دي اکسید تیتانیوم بوسیله روش پلیمریزاسیون اکسایشی شیمیایی در دماي / هیدروکسی اتیل سلولز- نانوکامپوزیت پلی پیرول
 تاثیر نانوذرات دي اکسید تیتانیوم و هیدروکسی اتیل. اتیل استات در حضور فریک کلراید سنتز شد/اتاق و در محلول آب و آب

مورفولوژي و ساختار کامپوزیت و . سلولز روي خواص محصولات از قبیل پایداري حرارتی و مورفولوژي بررسی شد
، طیف سنج (SEM)، میکروسکوپ الکترونی پویشی (AFM)نانوکامپوزیت ساخته شده، بوسیله میکروسکوپ نیروي اتمی 

. مورد بررسی قرار گرفت (TGA)یز توزیع حرارتی و آنال (XRD)، پراش اشعه ایکس (FTIR)تبدیل فوریه مادون قرمز 
همچنین هیدروکسی . محصولات نشان داد که هیدروکسی اتیل سلولز سختی سطح نانوکامپوزیت را کاهش داد AFMتصاویر 

، ساختار XRDنتایج . تعیین شد FTIRساختار مولکولی محصولات بوسیله طیف سنج . اتیل سلولز سایز ذرات را کاهش داد
آنالیز توزیع حرارتی . را تائید کرد PPY-HEC/TiO2و ساختار نسبتا کریستالی نانوکامپوزیت  TiO2الی نانوذرات کریست

(TGA)نمودارهاي . ، به منظور مطالعه رفتار حرارتی نانوکامپوزیت استفاده شدTGA  نشان داد کهHEC   وTiO2  پایداري
  . حرارتی محصولات را افزایش دادند

doi: 10.5829/idosi.ije.2015.28.05b.02 
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