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ABSTRACT  

The SWNTs was purified/functionalized by acid treatment method and the F-SWNTs were used as 

reinforcing materials. The acid treatment introduced carboxyl (–COOH) group to the SWNTs. The PVC and 

F-SWNTs/PVC films were prepared by solution casting method. The fractured surfaces of sample was 

analyzed through SEM and showed the dispersion of F-SWNTs in PVC. The thermal study indicated that the 

thermal stability of PVC is enhanced with F-SWNTs incorporation. The mechanical properties were also 

increased with CNTs filling. The solvent uptake study suggested that the nanocomposites resist towards 

solvent uptake, which is due to the hydrophobic nature of CNTs and their irregular network formation within 

the polymer matrix.  
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1. INTRODUCTION 

Since its discovery [1], CNTs is known for its unique electrical, mechanical and optical properties. A wide 

range of research work is done to determine the exact nature of CNTs [1-7]. CNTs are rolled graphene sheets, 

which can be Single-walled, double-walled or multi-walled depend on the number of rolled graphene sheets. 

Beside this they can be either metallic or semiconducting depending upon their chirality and diameter, thus 

making them ideal reinforcing materials in composite materials industry. Incorporation of very small amount 

of CNTs in polymeric materials can enhance their mechanical, thermal and electrical properties to greater 

extent. The unique properties of CNTs can also be used for engineering applications [8-11]. In CNT/polymer 

composites, the CNTs dispersion is the major issue encountering by the researchers and thus simple mixing 

of these materials is not possible with polymer matrix. This is because they are present in the form of bundles 

and ropes, which agglomerated to each other through Van der Waal’s attractions. Beside this, higher 

viscosity polymeric materials, whose viscosities are relatively higher than low molar mass materials, have 

difficulty in penetrating the CNT bundles. To overcome these problems some physical and chemical 

approaches were followed. Covalent and non covalent functionalization of CNTs are the examples of 

chemical approaches, while sonication is the example of physical dispersion. Functionalization not only 

possible the even dispersion of CNTs, but also introduce a desirous functional group on it, which enable them 

to attached with the polymeric materials chemically [12,13]. 

             Polyvinyl chloride (PVC) is the third most widely produced plastic after polyethylene and 

polypropylene [14]. PVC is an important engineering polymer, which finds uses in many applications 

including construction, pipe, clothing, electrical cable insulation, inflatable products and many applications in 

which it replaces rubber [15]. 

            Thermally PVC is relatively weaker and decomposed at 140 
o
C [16], thus incorporating a reinforcing 

materials can improve its thermal stability. Beside thermal stability, mechanical properties can also be 

improved as reported by Aljaafri et al [17]. 

             In the present study, we prepared neat PVC films and its nanocomposites with F-SWNTs by solution 

casting method, where the F-SWNTs were used as incorporating material. After characterizing the samples 

through POM, TGA, UTM etc., the properties of F-SWNTs/PVC nanocomposites are compared with neat 

PVC.  
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2. MATERIALS AND METHODS 

2.1 Materials  

In our study we used PVC polymer. PVC used was kindly provided by Kawsar PVC Company Peshawar, 

Khyber Pakhtun Khwa (KPK) Pakistan, which has average molecular weight 90,000. The CVD synthesized 

SWNTs were used as filler, which is purchased from Chengdu Organic Chemicals Co. Ltd., Chinese 

Academy of Sciences (CAS). Diameter and length of the SWNTs were 0.8–1.6 nm and 1– 2 nm respectively, 

and its purity were higher than 90 wt %. The analytical grade chloroform was used as solvents.  

2.2 Purification/Functionalization of SWNTs  

SWNTs were purified/functionalized by the using acid treatment method [12]. Known amount of 

concentrated (8M) HNO3 and SWNTs were taken in distillation flask and has been refluxed for about 10 h at 

optimized temperature. The acid treated SWNTs were washed with distilled water, which removes the 

unwanted impurities and HNO3 traces from the final product. The F-SWNTs were dried at 105 ºC in an oven 

and stored for further use [12].   

2.3 Preparation of neat PVC Films  

The neat PVC film or sheet was prepared by solution casting.  During this method, known amount of PVC 

was dissolved in 10 mL chloroform at room temperature. The clear thick solution was obtained, which was 

then cast on flat glass and finally the films or sheets were obtained after the removal of solvent (chloroform) 

via distilled water. 

2.4 Preparation of F-SWNTs/PVC nanocomposites  

By using weight/weight (%) measuring unit, F-SWNTs (1 3, 7 and 10 wt%)/PVC nanocomposites film were 

prepared by using the above method. To prepare 3 wt% F-SWNTs/PVC nanocomposite, the known amount 

of F-SWNTs was added to 5 mL chloroform and stirred it for 15 min. The known quantity of PVC was also 

dissolved into 10 mL chloroform and dissolved it through continuous stirring. The dispersed F-SWNTs and 

dissolved PVC were mixed and sonicated for 20 min to get a homogenous solution. The solution of F-

SWNTs/PVC solution was then cast on the flat glass and smooth thin films were obtained at room 

temperature after removal of solvent (chloroform) using distilled water. Similar procedure was adopted for 7 

and 10 wt% F-SWNTs/PVC nanocomposite films.   

2.5 Characterization  

The morphological study of neat PVC and 7 wt% F-SWNTs/PVC was carried out with the help of SEM 

model JEOL, JSM-5910. These sample`s strips were fractured in liquid nitrogen and then loaded for SEM 

study. The fracture surfaces were gold-coated. The thermal properties of neat and F-SWNTs modified 

polymer nanocomposites were studied by using thermo-gravimetric analyzer (TGA) technique. The samples 

were studied through TG/DTA (Perkin Elmer) in nitrogen atmosphere at heating rate of 20 ºC/min from room 

temperature to 900 ºC. The mechanical properties of neat polymers and their nanocomposites were analyzed 

by using universal testing machine (UTM), Model 100-500 KN, Iestomeric Inc. UK. The sample strips were 

10-12 cm long, 0.5 cm wide and 0.01 cm thick. 

To study the solvent uptake capacity of neat polymers and their nanocomposites, small piece of size 

1cm long and 0.5 cm wide, was cut for each solvent. This sample is then dried, weighed and immersed in 

vials containing about 8-10 mL solvents. We used distilled water, HNO3 (2 M) and kerosene as solvent. This 

study implies to know the solvent uptake of the polymers and their nanocomposites at regular interval of 

time. The % solvent uptake was determined by using the following formula [22]. 

Solvent uptake ratio (%) = {(W – Wo)/Wo} x 100 ----------- (1) 

Where Wo is the weight of dry sample and W is the weight of wet sample in solvents.   
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3. RESULTS 

3.1. Morphological study  

Morphological study of cryofractured neat PVC and F-SWNTs/PVC films was carried out by using SEM 

technique. Figure 1 shows that the neat PVC films showed smooth surface while the nanocomposite 

presented rough surface.  

 

Figure 1: SEM images of (a) neat PVC and (b) F-SWNTs (7 wt%)/PVC nanocomposite.   

3.2Thermal study of PVC and F-SWNTs/PVC nanocomposites  

The thermal study of the neat PVC and its nanocomposites with F-SWNTs was carried out to determine the 

effect of F-SWNTs on the degradation temperature and variation in their thermal stabilities of PVC. The 

TGA thermograms of neat PVC, 3, 7 and 10 wt % F-SWNTs filled nanocomposites are collectively shown in 

the figure 2. The TGA curves of all samples show that the degradation took place at two points. The first 

degradation occurred at 280-380 
o
C, while the second degradation was took place between 420-520 

o
C.  

 

Figure 2: TGA thermograms of PVC and F-SWNTs/PVC nanocomposites  
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3.3 Mechanical properties analysis of PVC and F-SWNTs/PVC  

The mechanical properties of PVC and F-SWNTs (3, 7 and 10 wt %)/PVC nanocomposites are shown in 

table 1. The stress yield, modulus and strain yield of neat PVC was 14.45 N/mm
2
 and 566.23 N/mm

2
, 

respectively. After incorporating the F-SWNTs the values altered. The stress yield of F-SWNTs/PVC 

nanocomposites was increased from 32-38 N/mm
2
. The young modulus of nanocomposites was increased in 

the range of 461-1394 N/mm
2
. Similarly, the elongation at break is also jumped from 2.36 to 3.05.The 

elongation at break showing that the flexibility is increased in F-SWNTs/PVC nanocomposites.  

Table 1: Mechanical Properties of PVC and F-SWNTs/PVC nanocomposites. 

SAMPLES STRESS YIELD 

(N/mm
2
) 

YOUNG MODU-
LUS 

(N/mm
2
) 

ELONGATION 
AT THE 
BREAK 

Neat PVC 14.45 ± 0.28 566.23 ±134.49 2.36 ± 0.22 

3 wt% F-SWNTs/PVC 38.29 ±15.02 1394.1±25.022 4.22 ±1.44 

7 wt% F-SWNTs/PVC 34.27 ±7.85 741.05 ± 174.86 3.37 ± 0.43 

10 wt% F-SWNTs/PVC 32.29 ±11.72 461.06 ± 103.78 3.05 ±1.09 

 

3.4 Solvent uptake study of PVC and F-SWNTs/PVC nanocomposites  

The solvent uptake study of neat PVC and F-SWNTs/PVC nanocomposites were studied in three solvents i.e. 

distilled water, kerosene and HNO3 (2 M). Tables 2-4 showed the percent solvent uptake of neat PVC and F-

SWNTs (3, 7 and 10 wt %)/PVC nanocomposites. The similar method was followed as in the case of PBT 

and their nanocomposites. The neat PVC absorb about 200, 165, 154% distilled water, kerosene and HNO3 

solution, respectively within 48 hours. While in the case of nanocomposites, the absorption of solvents 

decreased as increased the quantity of F-SWNTs in PVC matrix.   

 

Table 2: Uptake of distilled water by neat PVC and F-SWNTs/PVC nanocomposites (%).  

HOURS NEAT PVC 

 

3 WT % 

F-SWNTS/PVC 

7 WT % 

F-SWNTS/PVC 

10 WT % 

F-SWNTS/PVC 

½ 45.4 35.7 43.5 42.9 

1 90.9 42.9 82.6 61.9 

2 127.3 71.4 108.7 71.4 

3 172.7 107.1 117.4 128.6 

6 190.9 128.6 121.7 138.1 

12 209.1 121.4 130.4 157.1 

24 190.9 150.0 126.1 160.0 

48 200.0 142.9 126.1 158.1 
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Table 3: Uptake of Kerosene by neat PVC and F-SWNTs/PVC nanocomposites (%).  

HOURS NEAT PVC 

 

3 WT % 

F-SWNTS/PVC 

7 WT % 

F-SWNTS/PVC 

10 WT % 

F-SWNTS/PVC 

½ 37.5 29.412 30.5 35.77 

1 75 64.706 56.06 57.5 

2 125 131.76 88.55 112.5 

3 137.5 138.53 140.02 129 

6 150 135.29 122.5 146 

12 137.5 142.53 128.05 137.5 

24 162.5 147.06 135.45 154.5 

48 165 149.41 135.45 152.5 

 

Table 4: Uptake of HNO3 solution by neat PVC and F-SWNTs/PVC nanocomposites (%).  

HOURS NEAT PVC 

 

3 WT % 

F-SWNTS/PVC 

7 WT % 

F-SWNTS/PVC 

10 WT % 

F-SWNTS/PVC 

½ 45.45 53.85 66.67 36.36 

1 100 107.7 91.67 54.55 

2 127.3 169.2 83.33 63.64 

3 200 146.2 108.3 118.2 

6 181.8 161.5 116.7 127.3 

12 209.1 184.6 116.7 145.5 

24 245.5 200 133.3 154.5 

48 254.5 207.7 158.3 190.9 

 

4. DISCUSSION 

The morphological study presented that the F-SWNTs is will embedded within the PVC matrix (Figure 1). It 

is reported that if CNTs dispersed well in the concerned polymer matrix then it significantly improved the 

properties like mechanical, thermal, electrical etc. of that polymer [12, 18].   

The TG thermograms presented two stages degradation (Figure 2). The first stage degradation is 

possibly due to the dehydrochlorination during the thermal degradation of PVC [19]. The TGA curves clearly 

presented that the thermal stabilities of F-SWNTs/PVC nanocomposites was improved about 20-25 
o
C as 

compared to the neat PVC samples.  

The mechanical properties of PVC and F-SWNTs (3, 7 and 10 wt %)/PVC nanocomposites are shown 

in table 1. It was found that the mechanical properties of the nanocomposites were higher than the neat PVC. 

The result also indicated that the mechanical properties of F-SWNTs/PVC nanocomposites decreased when 

the amount of loaded F-SWNTs increased, which is might be due to agglomeration of F-SWNTs in PVC 

matrix using high nanotubes quantity. The results also presented that in case of 3 wt % F-SWNTs/PVC all 

the values are enhanced, which means that the F-SWNTs are effectively dispersed upto 3 wt % in PVC 

matrix.  

     The solvent uptake study (tables 2-4) illustrated that the initially more solvent is absorbed by the 

samples and thus sudden increase in the solvent uptake is observed but this increase is paused after some 

readings as equilibrium reached. After comparing the results, it is cleared that the introduction of F-SWNTs 

reduced the solvent uptake capacity of the polymer appreciably. As compared to neat PVC, the % solvent 

uptake is low for nanocomposite samples, especially in case of 3 wt % F-SWNTs/PVC nanocomposite [20]. 
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The reason for lower solvent uptake by the PVC nanocomposites is the interaction of F-SWNTs and PVC, 

which bound the PVC from solvent uptake. However 10 wt % F-SWNTs/PVC nanocomposites showed 

relatively high solvent uptake then other nanocomposites in all solvents, which might be due to the high 

concentration of F-SWNTs, which cause agglomeration. Agglomeration of SWNTs causes more porosity and 

enhanced solvent uptake, as reported by Stephen et al [21]. The solvent show similar uptake pattern as was in 

the case of PBT nanocomposites i.e. water and HNO3 showed appreciable solvent uptake then kerosene. The 

high molecular mass of kerosene molecules might be the cause of lowering of solvent uptake.  

5. CONCLUSIONS 

In this study, neat PVC and F-SWNTs/PVC nanocomposites were prepared by solution casting method. The 

main objective of the work is to study the effect of F-SWNTs on the properties of PVC polymer. The SEM 

images clearly showed that the F-SWNTs are fully dispersed in the polymer matrix of PVC. The thermal 

properties of the polymer were improved significantly. It was also found that the addition of F-SWNTs great-

ly enhanced the mechanical properties of the target polymers. The solvent uptake study of samples showed 

that the % solvent uptake of nanocomposites is decreased due to hydrophobic nature of CNTs and its interac-

tion with the polymer.  
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