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M ULTIWALL carbon nanotubes (MWCNTs) were added to poly-(vinyl alcohol) (PVA)/
sodium alginate (SA) bio-blend. PVA/SA was prepared with ratio (80/20) wt%. Different 

ratios of MWCNTs were added to PVA/SA blend to study the change in its physicochemical 
properties. The prepared films were characterized by Fourier transform infrared spectroscopy 
(FTIR), Scanning electron microscopy (SEM), Differentierties that are preferably al scanning 
calorimetry (DSC) and X-ray diffraction (XRD) analysis to confirm the good miscibility of the 
two biopolymers and the uniform distribution of the MWCNTs. Mechanical properties, thermal 
stability, morphological properties, and crystallinity of the polymer matrix before and after 
blending were evaluated. The enhancement of structural and mechanical properties was observed 
during the addition of MWCNTs. PVA/SA with the optimum concentration of MWCNTs hoped 
to be suitable for the field of drug delivery and other various medical applications.
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Introduction

In the past few years, the use of individual polymers 
as a matrix was limited by the problems associated 
their limited physical and mechanical properties. 
So, blends have become technologically important 
because blending two or more polymers may be 
useful to modify some physical and structural 
properties of polymers [1-4], It includes physical 
combination of biopolymers leads to formation 
a new material with some properties that are 
preferable of any one of the component polymers 
[5, 6], which can be used in different applications 
that cannot be achieved by one polymer alone.

Poly (vinyl alcohol) (PVA), is a semi-
crystalline polymer biocompatible, highly 
hydrophilic and thermoplastic polymer [7]. PVA 
is water-soluble, and its water solubility depends 
on its molecular weight and degree of hydrolysis 
[8, 9].  PVA is also nontoxic, good charge storage 
capacity, dopant-dependent optical and electrical 
properties and the potential material having high 
dielectric strength [10].

Sodium alginate (SA), a natural biodegradable 
polymer with large relativemolecular 
mass, containing a long chain structures of 
polymannuronic acids and polyaluronic acid [11], 
extracted from brown seaweed that grows in cold 
water regions [12], and SA have unique properties 
such as non-toxicity, tasteless, biocompatibility, 
low cost and its biological origin [13, 14].

A lot of applications have been reported for the 
copolymers including burn dressings, hydrogel 
membranes, tissue engineering and controlled 
drug delivery. Natural polymers such as sodium 
alginate have excellent biodegradability and 
biocompatibility but poor mechanical properties. 
This drawback can be overcome by using a 
synthetic polymer in combination with the 
natural polymer to obtain a modified polymer 
having desirable properties [15]. PVA interacts 
with SA through hydrogen bonds to form PVA/
SA composite films that are smooth, flexible, 
transparent and uniform [16]. 

Multiwall Carbon nanotubes (MWCNTs) have 
received much attention in recent years not only due 
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to its excellent physical and mechanical proprieties 
but also its wide range of potential applications 
[17, 18, and 19]. One of the most interesting 
applications of MWCNTs is the polymer/CNTs 
nanocomposites. The higher mechanical, thermal 
properties and verity of bonding functional 
groups of MWCNTs make them ideal candidates 
as reinforcing fillers in polymer nanocomposites 
designed for structure or functional applications 
[17, 18]. Recently, much research on a 
fabrication of biopolymers such as chitosan, [19] 
polycarbonate, [20] poly (methyl methacrylate), 
[21] and poly (vinyl alcohol) [22] with MWCNTs 
nanocomposites has been investigated. Two factors 
for MWCNTs as reinforcing fillers for polymers: 
homogenous dispersion in the polymer matrix 
and efficient adhesion between the sidewall of 
MWCNTs and the polymer matrix [23-25]. 

In this work, we have added (MWCNTs) to 
PVA/SA bio-blend and characterized the prepared 
films by using various techniques to know the 
effect of MWCNTs on this blend to use in the 
medical application like drug delivery.

Experimental details                                                            

Materials 
Poly (vinyl alcohol) (PVA) was obtained from 

Qualikems Fine Chemicals Pvt.Ltd Mw=14,000. 
Sodium alginate (SA) powder was purchased 
from Sigma-Aldrich, United Kingdom. A Multi-
walled carbon nanotube (MWCNTs) was supplied 
by Bayer Material Science AG, Germany.

Sample Preparation 
Pure PVA and SA were dissolved in distilled 

water and mixed with PVA/SA ratio (80/20) Wt% 
with continuous stirring for 2 h to ensure the 
complete mixing of the two polymers. MWCNTs 
were added to the polymer solution with various 
concentrations which listed in the table (1). To 
ensure the good dispersion of MWCNTs in the 
polymer matrix a probe sonicator device was used 
with operating frequency 100 HZ for 1h. Then 
the solution was poured into Petri dishes and was 
dried in oven at 60 oC to prepare pure and filled 
polymeric films. After drying, the films were cut 
into suitable pieces for different measurements.

Physical measurements
FT-IR spectra of the prepared samples were 

examined by using (Nicolet iS10, USA) single 
beam spectrometer; which obtained in the spectral 
range of 4000–400 cm−1. X-ray diffraction (XRD) 
patterns were obtained using PAN analytical X’ 
Pert PRO system which using CuKα radiation 
(tube operating at 30 kV, Bragg’s angle (2θ) in 
the range of 5–80°c and wavelength λ = 1.54 Å). 
UV-Vis absorption spectra were measured in the 
spectral wavelength range 200–1100 nm using 
spectrophotometer (T80+, UV/Vis. spectrometer, 
PG Instrument Ltd.) to study the changes in 
structures of the samples. DSC of the studied 
samples using (SETARAM LabsysTM TG-DSC 
16, France), with measuring the temperature range 
from room temperature 30OC to 700OC and heating 
rate by 10oC / min. Scanning electron microscope 
(SEM) which studied surface nature of the 
samples by using  JEOL JSM-840A, operating at 
30 kV accelerating voltage. Dynamic mechanical 
analysis (DMA) to study the improvement of 
MWCNTs on the blend which using Universal 
Testing Machine (Shimadzu UTM, Japan), at room 
temperature. The membrane specimens were 30 x 
10 nm. Measurements carried out at the constant 
speed of crossheads movement (1mm / minute). 
Three measurements were performed at least for 
each sample and the mean values were reported.    

Results and Discussion                                           

FT-IR Studies  
FT-IR spectra of the blend and its composites 

have been measured in the spectral range 4000 
– 400 cm-1. FTIR spectrum of pure MWCNTs 
represented in Figure (1). MWCNTs have three 
distinctive peaks C=O, O–H, C–O which are 
considered as a result of oxidation forming the 
COOH groups on the surface of MWCNTs. 
The absorption band at 1744 cm-1 refers to C=O 
stretching, while the absorption band at 1416 cm-1 
and 1032 cm-1  are associated with O–H bending 
and C–O stretching respectively. FT-IR absorption 
bands positions and the assignments are listed in 
Table (2) [26-29].

TABLE 1. sample preparation.

sample S0 S1 S2 S3 S4 S5

MWCNTs (wt% 
added)

0 0.008 0.02 0.05 0.08 0.1
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FTIR spectrum of pure PVA/SA blend with 
different concentrations of MWCNTs represented 
in Figure (2), which display characteristic peaks 
of O-H stretching vibration at 3357 cm-1, C=O 
stretching vibration at 1734 cm-1, symmetric –
COO – stretching vibration at 1608 cm-1, CH2 
bending modes at 1260 cm-1 and CH asymmetric 
stretching at 2942 cm-1for pure blend and FT-IR 
absorption bands positions and the assignments 
are listed in Table (3) [27-29]. When adding 
MWCNTs with different concentrations to 
the pure blend, the peaks at 3357, 1095 cm-1 
beginning to be more boarding and the intensity 
of some peaks was changed such as the peaks at 
2942, 1734, 1420, 946 and 826 cm-1, and observed 
that the peak at 1608 cm-1 has shifted, this result 
confirms the good miscibility between MWCNTs 
and the blend films.

X-ray Diffraction 
X-ray patterns of pure MWCNTs, PVA/SA 

biopolymer blend films and its biocomposites 
with MWCNTs were represented in Figures (3) 
and (4) respectively. It is clear that in the pure 
blend a sharp peak centered at 2θ = 20˚attributed 
to the diffraction lattice plane (110) of the semi-
crystalline PVA [30]. From the graphs; we can be 
observed that the XRD patterns of the PVA/SA/
MWCNTs biocomposites kept the characteristic 
peaks of pure PVA, that means the incorporation 
of MWCNTs did not significantly affect the crystal 
structure of PVA, also when the concentrations 
increase the intensity of the peak began to 
decrease and shift, this may be corresponding to 
the incorporation of MWCNTs with the blend in 
high concentrations.

TABLE 2. FTIR band assignment of pure MWCNTs.

Band assignment
Wavenumbers 

(cm-1)

O-H stretch of hydroxyl group
CH stretching

C=O stretching
C=C stretching

OH bending
C–O stretching

3442
2920,2853

1744
1620
1416
1032

Fig 1. FTIR absorption spectra of pure MWCNTs.
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TABLE 3. FTIR band assignment of pure PVA/SA blend.

Band assignment 
Wavenumbers 

(cm-1)

O-H stretching vibration
CH2 stretching vibration
C=O stretching vibration

COO- asymmetric stretching          COO- symmetric 
stretching

CH2 bending
C-O stretching
C-C stretching
CH2 rocking

3357
2942
1734
1608
1420
1260
1095
946
826

Fig 3. The X-ray diffraction for pure MWCNTs.

Fig 2. Infrared spectra of PVA/SA pure blend filled with different concentrations of MWCNTs.
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UV–Visible studies
UV-Vis spectroscopic analysis of PVA/SA 

blend films filled with different concentration of 
MWCNTs represented in the Figure (5-a), which 
shows that the sharp edge in the range 200 – 230 
nm that shows in Figure (5-b), was shifted to the 
longer wavelength with increasing MWCNTs 
concentration that refers to the incorporation 
between the PVA/SA blend and MWCNTs and 
also shows that no absorption peaks at longer 
wavelength > 230 nm.

Determination of optical energy gap (Eg):-
Using UV-visible absorption spectra, it used to 

examine direct and indirect transition. Using the 
Per-Lambert-Bauger experimental relationship to 
calculate the absorption coefficient (α) 

α=2.303 (A/d)                         (1)

where A is the absorbance, d is the thickness of 
the sample.

The optical band gap was detected from the 
spectral absorption analysis of absorption close 
to the absorption edge. The relation between the 
absorption coefficient (α) and the incident photon 
energy (hυ) can be determined by using Tauc’s 
relationship [31].

α (υ) hυ = B (hυ - Eg )r                 (2)

where: B is a constant, Eg is the optical energy 
gap, h is plank’s constant, α is the absorption 
coefficient, ʋ represent the photon frequency and 
r is called the power factor of the transition mode. 

The values of (r) for direct allowed, indirect 
allowed, direct forbidden and indirect forbidden 
transitions are n = 1/2, 2, 3/2 and 3, respectively. 
Davis et al, observed the essential band gap for 
direct and the indirect transition by plotting both 
(αhν) 1/2 and (αhν) 2 versus photon energy (hυ) in 
Figure 6 (a) and (b) respectively, following the 
equations [32]:

(nαhν) 2 = C1 (hν – Egd)               (3)

(nαhν) 1/2 = C2 (hν – Egi)              (4)

where: Egd is the direct band gap, h is Planck’s 
constant, C1, C2 are constants, hν is the photon 
energy, α is the absorption coefficient, n is an 
integer and Egi is the indirect band gap.

The direct band gap and the indirect band 
gap are listed in Table (4). This shows the direct 
and indirect band gap values decreased with 
increased the concentration of MWCNTs, but 
after (0.08wt%) concentration shows disturbances 
in direct and indirect band gap values where the 
values of direct and indirect begin to increase that 
due to the bad dispersion of MWCNTs. 

Fig 4.The X-ray diffraction for PVA/SA pure blend filled with different concentrations of MWCNTs 
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TABLE 4.The energy gap between the direct and indirect transition.

Sample MWCNTs Conc wt% direct band gap (eV) Indirect band gap (eV)

S0
S1
S2
S3
S4
S5

0  
      0.008       

0.02  
  0.05  
0.08
0.1

4.9
4.8
4.68
4.5
4.4
4.8

5.6
5.55
5.5
5.43
5.4
5.5

Fig. 5-a. UV–Vis. Spectra of pure PVA/SA blend filled with different concentrations of MWCNT

Fig 5-b. The sharp edge for pure PVA/SA blend filled with different concentrations of MWCNTs in the range 200 -230 nm.
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Fig. 6-a. The relation between (αhν) 1/2 and (hν).
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Fig. 6-b. The relation between (αhν) 2 and (hν).
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Morphology studies
A scanning electron microscope (SEM) used 

to investigate the surface Morphology. Figure 8 
(a, b, c, d, e and f) shows the SEM of PVA/SA 
filled with various concentration of MWCNTs (0, 
0.008, 0.02, 0.05, 0.08 and 0.1 wt%) respectively. 
In Figure 8 the PVA/SA biopolymer blend shows 
the smooth appearance of the blend surface, and 
then by adding MWCNTs filler with different 
concentrations to the biopolymer blend, the 
surface of biocomposites become rougher and the 
grain size was formed. The formation of granules 
in polymer composite after addition the MWCNTs 
may be due to the attraction force between the 
MWCNTs surface and the polymer matrix due to 
the hydrophilic interphase around the tubes. The 
boundaries of granules formed at the tubes ends 
and appear at the biocomposite surface.

After that shows pools of MWCNTs on the blend 
in the higher concentration (0.1Wt %) that may be due 
to the bad dispersion of MWCNTs. That’s mean the 
morphology of PVA/SA/MWCNTs biocomposites 
is affected by the addition of MWCNTs. These 
results agree with the XRD and energy gab values 
which confirm the significant   change in the 
structural properties of the biocomposite at higher 
concentration of MWCNTs. 

Differential scanning calorimetry
Differential scanning calorimetry is a 

key thermal analysis technique that used to 
determine the physical and chemical changes 
such as glass transition temperatures (Tg), phase 
transitions, and melting parameters (melting 
point Tm, thermal decomposition temperature 

Td). Differential scanning calorimetry (DSC) 
of pure PVA/SA blend and PVA/SA that doped 
with different concentrations of MWCNTs were 
presented in Figure (9).

The DSC curves show exothermic and 
endothermic peaks. For pure PVA/SA curve a 
small endothermic transition observed at about 
91°C attributed to (Tg ) that may be ascribed to 
bound water in the sample prepared [33] and also 
due to the formation of strong intermolecular 
hydrogen bonding because sodium alginate 
has hydroxyl and carboxylate groups [34]. The 
thermogram shows two endothermic peaks (Tm), 
and (Td). Endothermic peak (Tm) observed at 
about 190.2°C which attributed to the melting 
point of PVA [35] and the other endothermic peak 
(Td) observed at 312.5°C. In Table (5) the values 
of the transition temperatures (Tg, Tm, and Td) for 
PVA/SA/MWCNTs biocomposite are reported.

In this table, the position of melting point (Tm) 
doesn’t show any significant change it its values 
compared with the pure polymer blend. However, 
the values of Tm and Td show increase in their 
values than the pure blend except in the Tm value 
of sample S3. This could be due to the increase 
of amorphous phase in this sample. These results 
agree with XRD results and are confirmed by the 
mechanical behavior tests of the samples. 

Mechanical testing
The stress-strain test was studied to know the 

effect of MWCNTs on the mechanical properties 
PVA/SA blend. The stress-strain curve of the 
prepared samples with MWCNTs biocomposite 
ratios of 0.008, 0.02, 0.05, 0.08 and 0.1 wt% was 

Fig. 7. Comparison between direct and indirect calculated energy gap values
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Fig. 8. SEM images for PVA/SA pure blend (a): S0 and blend filled with different concentrations of MWCNTs (b): 
S1, (c): S2, (d): S3, (e): S4, (f): S5.
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TABLE 5. The values of Tg, Tm, and Td for PVA/SA/MWCNTs biocomposites.

Sample
MWCNTs 
Conc wt%

Tg Tm Td

S0

S1

S2

S3

S4

S5

0     
     

  0.008      
   

0.02      
 

  0.05      
 

0.08    

0.1    

91

96.2

96.2

83

96

90.2

190.2

191.6

191.6

192

191

190.6

312.5

318

318

321

320.4

295.6

represented in Figure (10). The tensile strength 
and Young’s Modulus also calculated as shown in 
Table (6). From the figure and table it is cleared 
that the tensile strength of biocomposites from 
0.008 wt% to 0.05 wt % increase with increasing 
MWCNTs concentrations; this may be attributed 
to the better reinforcement of the MWCNT when 
incorporated in the PVA/SA blend and hence better 
performance was observed [38], on the other hand, 
notes the results show a disturbances in Young’s 
Modulus values and in tensile strength after 0.05 
wt%, that due to the bad dispersion of MWCNTs, 

and this agreement with scanning electron 
microscope results. The results show that the 
incorporation of MWCNTs improving mechanical 
parameters including tensile strength, Young’s 
Modulus of PVA/SA/MWCNTs biocomposites 
and it appears particularly in concentration (0.05 
wt%) of MWCNTs which have the highest value 
of tensile strength and Young’s Modulus.  From 
the above, we conclude that the concentration of 
MWCNTs (0.05wt %) is the best in all results and 
measurements and maybe have a good potential 
use in medical applications.   

Fig. 9. DSC curves of PVA/SA/MWCNTs biocomposite films.
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Conclusions                                                                             

MWCNTs enhance the structural and 
mechanical properties of PVA/SA biopolymer 
blend. XRD and FTIR analysis confirmed the 
good miscibility of the two polymers and uniform 
distribution of CNTs inside the polymer matrix. 
The complexation between the PVA/SA and 
MWCNTs were shown using U.V. analysis. With 
increasing the MWCNTs concentrations the 
values of direct (Εgd) and indirect (Εgi) energy 
gap were decreased. The mechanical behavior 
was improved by increasing the MWCNTs 
percentage in biocomposites especially S3 
sample. The physicochemical properties showed 
that MWCNTs with the ratio of 0.05 wt% have the 

optimum filler ratio. The obtained biocomposite 
is suitable for potential use in drug delivery and 
biomedical applications.
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M.S. MEIKHAIL1 et al.,

توصيف ودراسات فيزيائية للبولي )كحول الفينيل(/الجينات الصوديوم/مخاليط حيوية من نانوتيوب كربونية 
متعددة الطبقات

 1محروص شاكر ميخائيل ,2 عبد الحميد محمد طاهر حزمه, 1يسمه عادل محمد  
 1قسم الفيزياء - كلية العلوم - جامعة المنصورة - 35516- المنصورة , 2قسم الطيف-المركز القومى للبحوث 

-33 ش التحرير بالدقى - جيزه -12311- القاهرة  - مصر. 

 اضافه انابيب الكربون النانونيه متعددة الطبقات الي مزيج من بوليمر البولى فينيل الكحول و الصوديوم الجينات,
 حيث تم تحضيرمزيج من البولى فينيل الكحول و الصوديوم الجينات بنسبه )20/80(, و تم اضافه نسب مختلفه
الحادث فى التغير  لدراسه  الجينات  الصوديوم  الكحول و  فينيل  البولي  الي مزيج  النانونيه  الكربون  انابيب   من 
 الخصائص الفيزوكيميائيه. و تم توصيف العينات المحضرة بواسطه طيف الاشعه تحت الحمراء, الميكرسكوب
 الالكترونى الماسح, التحليل الحراري التفاضلي و حيود الاشعه السينيه. و من خلال ذلك استنج ان انانيب الكربون
 النانونيه تمت توزيعها بشكل جيد في مزيج البولي فينيل الكحول و الصوديوم الجينات. و من خلال ذلك ايضا
 تم تقيم الخصائص الميكانيكيه و الثبات الحرارى و خصائص تركيب السطح للمزيج و ايضا التركيب البلورى.
 و بناء علي النتائج التى يتم الحصول عليها من الممكن ان نتوصل الي امكانيه استخدام افضل تركيز لانابيب

    .الكربون النانونيه متعددة الطبقات مع هذا المزيج كناقلات دواء و كثير من التطبيقات الطبيه الاخرى


