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Abstract  
In this study, carbon nanofibers (CNF) were fabricated using poly (vinyl alcohol) (PVA) - incorporated 

with cadmium acetate salt via electrospinning method. The successfully electrospun Cd/PVA nanofibers 

were prepared by electrospinnig of 8%wt PVA solution, afterwards, the electrospun nanofibers were 

treated with iodine and carbonized at 1100 °c for 2hr.Thermal behavior and physical properties of CNFs 

were characterized by TGA, FE-SEM, Raman spectroscopy and XRD analyses. Accordingly, differences 

in carbon yield and carbon nanofibers structure, with respect to the metal salt addition, were investigated. 

TGA analysis of PVA nanofibers indicated that metal salt has evidently improved the thermal stability of 

the nanofibers because cadmium rearranges the PVA chains structure, which makes PVA molecules 

difficult to melt at high temperature of carbonization. Moreover, carbon yield increased from 1% to 33% 
by using cadmium acetate. 
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Introduction  

Poly(vinyl alcohol),  a member of vinyl polymers, has been used to produce carbon materials 

due to its  high carbon content (ca. 54.5%), and easily splits hydroxyl groups in the polymer 

chain ,excellent chemical and physical properties, non-toxicity, processability, good chemical 

resistance, wide range of crystallinity and complete biodegrability[11, 12]. Among all the 

merits, there is one problem which is decomposition of PVA at temperatures slightly higher 

than its melting point.  As a result, large mass loss will occur under directly carbonization in 

air condition. Presence of PVA precursor with high thermal stability, therefore, is vital so as 

to obtain high carbon yield. Sashio and Tanaka reported that  the treatment with chemical 

agents has a capability to improve its stabilization [1]. In addition, Fatema and his co-workers 

show that  iodine acts as an appropriate stabilizer of PVA and boosts dehydrogenative 

polymerization during carbonization[2]. Another method to prevent   PVA nanofibers from 

rapid melting is applying of transition metal salt[3]. Use of them can not only decrease the 

necessity temperature in carbonization process but also increases the carbon yield[4]. In the 

present article, CNFs derived PVA was synthesized through both iodine treatment and 

cadmium metal salt. The spinning performance, carbon yield, diameter and morphology of the 

resultant nanofibers were investigated. 

Experimental  
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Poly (vinyl alcohol) (PVA), 87-89% hydrolyzed, low molecular weight respectively, were 

used. Cd (CH3COO)2 with Mw = 266.52 was purchased from MERCK. Pure iodine with 

mw=253.81 was purchased from ACROS.  

In the electrospinning process, a high electric potential at the range of 18–24 kV was applied 

to a droplet of PVA precursor solution at the tip of a syringe needle with 0.4 mm inner 

diameter. The electrospun nanofibers were collected on a target plate (aluminum foil), which 

was placed at 9.5-12.5 cm from the syringe tip. A syringe pump was used to provide a 

constant flow of PVA precursor solution at the tip. The output of the injection pump was 

between 6-12  μl/min. As the PVA precursor solution jet travels in the air, most of the solvent 

evaporates and the fiber was collected on the grounded target as fine fibers.  

By using experimental design (DOE) we found that the optimum concentration was 8 wt%.  

In the case of metal salts incorporation, composite solutions was prepared at the same 

concentration (8 wt%) PVA in presence of Cd-acetate . Metal salt (4 wt% of the PVA solid 

content) were dissolved in the PVA solution and were stirred for 24 h. Samples doped with 

Cd(CH3COO)2 were named as PVA-Cd. PVA nanofiber mat was enclosed with an adequate 

amount of solid iodine in a glass vessel. The sealed vessel was placed in an 80°C oven for 24 

h which iodine was vaporized. Iodinated PVA nanofibers called as PVA-I. PVA-Cd 

nanofibers which iodinated named as PVA-Cd-I. Thermogravimetric analysis (TGA) was 

carried out with a Rigaku Thermoplus II TG 8120 under N2 atmosphere from room 

temperature to 1000 °C at a heating rate of 10 °C/min. The morphologies of the nanofibers 

were observed with a FESEM(TESCAN, Czech). The diameter of the nanofibers was 

analyzed from FE-SEM images using software (measurement). Raman spectra were recorded 

in the range of 100-4200 cm-1by  using a Almega Thermo Nicolet Dispersive Raman 

Spectrometer, UK, Nd:YAG laser (_=532 nm) with 32 scans; generated at 100mW. XRD 

patterns were recorded at room temperature with an X PERTPRO powder diffractometer 

system(PANalytical- Netherlands). 
 

 

Results and Discussion  

Figure 1 shows the field emission scanning electron microscopy (FE-SEM) images of PVA-

Cd, PVA-Cd-I and derived carbon nanofibers (carbonized at 1100°C) prepared by 

electrospinning. As shown in Figure 1a, the electrospun PVA-Cd nanofibers displays a 

smooth and uniform structure with no snag. The high-magnification FESEM image clearly 

shows that the electrospun nanofibers are straight with an average diameter of approximately 

360 nm. 
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Fig.1 FESEM images of a)PVA-Cd, b)PVA-Cd-I nanofibers and c)carbonized PVA-Cd nanofibers, d)carbonized 

PVA-Cd-I nanofibers. 

The TGA curves of the pure PVA, PVA-Cd and PVA-Cd I nanofibers (Fig. 2) are shown in 

Fig. 2a, c and b. PVA-Cd begins to degrade when heated near its melting point and a slight 

loss of mass took place from about 260°C due to the release of water. A dramatic weight loss 

between 290 and 500ºC, attributed to the pyrolysis of the nanofibers which indicates the 

decomposition of PVA-Cd. The loss slowed down above 550°C to give a yield of 16%. “The 

metal ions effects the thermal decomposition and carbonization behavior of vinyl 

polymers[2]. Harada M. et al reported that the addition of a small amount of Ni metal catalyst 

promotes the dehydration reaction of PVA during carbonization[5]”. 

 On the other hand, Thermogravimetric analysis was carried out to make clear the 

carbonization behavior of the PVA-Cd I. Fig. 2c shows TGA curves of iodinated PVA-Cd 

nanofibers. For treated specimen, there was no weight change up to 190 °C and drastically 

weight loss was marked by a sharp decrease in weight beginning at 200 °C. This is associated 

with the dehydration process which forms C=C bonds. The yield obtained at 550 °C for 

iodinated PVA-Cd nanofibers was about ca. 33wt% in single step heating condition. 

 

 
Fig.2 TGA curves of a)PVA, b)PVA-Cd and c)PVA-Cd-I nanofibers 

The Raman spectra of carbonized PVA-Cd and PVA-Cd-I nanofibers at 1100ºC (fig.3) show 

two Raman bands, one at ca. 1360 cm-1  (D-band) and another at ca. 1580 cm-1 corresponds 

to graphite peak (G band). As noticed from Figure 3b, the intensity ratio (known as the 

„„Rvalue‟‟) of the „„D-band‟‟ to the „„G-band‟‟ (≈1) in the spectrum of carbonized PVA-Cd 

nanofibers indicates that carbonized PVA-Cd nanofibers have large amount of disordered 

carbon structures and a little ordered graphitic structure in compare with the carbonized PVA-

Cd-I nanofibers.[6,7,8,9]. X-ray scattering patterns of carbon nanofibers containing metal salt 

is shown in Fig.4. The pattern has two broad peaks in the range of 2θ =28-18° and 45-43° 

specifies the scattering of the (002) and (10) graphite plane and the forming of carbon 

structures in both samples that is consistent with the results of Raman spectroscopy. 
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Conclusions  

In summary, this work demonstrates a novel strategy to prepare Carbon nanofibers (200–500 

nm dia.) by electrospinning appropriate combination of Cd/PVA and subsequently oxidatively 

stabilized and carbonized. The combination effect of pretreatment with iodine doping, 

addition of metal acetate as catalyst  with high thermal conductivity on the carbonization of 

PVA precursor was studied in terms of morphological aspects. 24 h-iodine-doping before 

carbonization was proved to be very helpful to thermal stability of PVA and to make a high 

carbon yield. Iodine acted as a catalyst for dehydration of PVA. The addition of Cd as a 

catalyst for carbonization provided the formation of disordered carbon structures and a little 

ordered graphitic structure by the carbonization at 1100°C. 
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Fig.4. XRD patterns of a)carbonized PVA-Cd 

nanofibers and b)carbonized PVA-Cd-I nanofibers 

Fig 3. Raman spectra of a) 

carbonized PVA/Cd nanofibers and 

b) carbonized PVA-Cd-I nanofibers 
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