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 Abstract 
 

      During this search, the polymer poly-aniline hydrochloride (PANI-HCL)  was prepared with different weights 

before and after irradiation in the form of films using the casting method. The films were recorded with the cobalt 

element(CO60), which sends a gama (1.2) Mev for a period of (72) hours. The structural properties of the (FT-IR) 

were studied. The results showed that the active groups of the recorded polymer were consistent with the chemical 

composition and topographic study of the prepared film surfaces. The images showed that the recorded polymer is 

homogeneous and its color changes after irradiation. 

      The electrical properties included the measurement of the hall effect and the continuous electrical conductivity 

and the behavior of the current and voltages where the results showed that the hall coefficient of the polymer 

mixture recorded before and after the irradiation are carriers of the (n-type) and through the measurement of 

current- voltages show results that the polymer recorded conduct the behavior of ohmic before irradiation and walk 

Conduction of a semiconductor after irradiation. In addition, the results of electrical conductivity were shown to be 

less after irradiation. 
 

1-Introduction 

      Polymers are materials which consist of alarge number of structural units by link of the same type [1]. Over the 

past few decades, as the polymers and plastics industry has very quickly [2]. By the end of 2000, near 200 million 

tons per year of plastic resources were formed universal (about 2% of the wood used, and nearly 5% of the oil 

harvested) to complete the ever-growing requirements of the plastic era, in the manufacturing world plastic 

equipment are used at a rate of nearly 100 kg per person per year. Plastic materials with over 250 billion dollars 

per year supply about 4% to the disgusting marital generate in the United States. Plastics have no complement in 

other equipment in conditions of weight, simplicity of manufacture, capable use, and finances [3]. Polymers have 

been entered in all parts of our lives. It is difficult to find affordable life with all services of services without the 

polymer industry [4].  

 

2- Poly-aniline Hydrochloride(PANI-HCL) 

      The poly-aniline hydrochloride line series of numeric molecule (Oligomer), the poly aniline considers 

condction polymers the condctivity of it variance from (100 - 10-10)S/cm. The method of oxidation and ionization 

for aniline (C6H5NH2) in began nineteen century by the German scientific Willstter , the aniline can interact with 

acid chemical solution and based and result from this special compounds have important scientific applications 

.The general structural form to polymer show by the figure (1) [5]. 

 

 
Fig. (1) Synthesis of poly-aniline(PANI). 
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3-Poly Vinyl Alcohol (PVA) 

 

      Main physical features of poly vinyl alcohol (PVA) is water soluble, semi crystalline, nontoxic, biocompatible, 

eco-friendly , better film and fiber forming, good mechanical properties, excellent chemical resistance and 

biodegradable. The physical features of it produced by the polymerization of vinyl acetate to polyvinyl acetate 

(PVAC) and then hydrolysis to obtain of  PVA. Poly vinyl alcohol (PVA) is a hydrophilic polymer which is 

serving special in application in medicine due to excellent biocompatibility and biodegradable. Finally,an 

important property of (PVA) is semicrystalline nature which is the existence of both amorphous and crystalline 

areas causing interfacial effects which increases the physical features. So, these unique characterizes of poly vinyl 

alcohol make it used in most commonly synthetic polymers [6]. PVA is commonly used in cosmetic, adhesive, 

food, paper, medicine, and packaging industries. The chief functional uses of poly vinyl alcohol involve filtration, 

optics, and catalysis. Several of the important properties of PVA are the result of its major cohesive energy 

because of polarity afrom group of hydroxyl that produce intra molecular of hydrogen bonding.  

 

      But, the same features that provide PVA with unique performance and hydrophobicity make it susceptible to 

plasticization in humid environments [7]. In addition to; the degree of swelling or rubbery in water or biological 

fluids is high [8].Polyvinyl alcohol has glass transition temperature Tg=85°C and melting point temperature Tm = 

230ºC and density is of 1.3(g/cm3) [15].Figure (2) shows structure of polyvinyl alcohol.  

 

 
                           

Fig. (2) structure of polyvinyl alcohol. 

 
4- Experimental Part   

 

4.1 The materials used in the search                                              
a . poly-aniline(PANI). 

b. Poly Vinyl Alcohol (PVA) 

d. distilled water. 

c. Slides of glass. 

 

2 Prepare polymer 4. 

      The polymer was prepared by dissolving the polyvinyl alcohol (10 g) in the distilled water (90) ml. The poly- 

aniline was added with different weight ratios (1, 2 and 3 g) to the (50) ml polyvinyl alcohol solution, where it was 

formed in the form of films using the casting method, then left to dry for (24) hours. After drying, it is exposed to 

irradiation using the cobalt (CO60) element, which radiates a gama ray (1.2)MeV  and has a half-life of (5.23) years 

for (3) days. Note that the irradiation process was conducted at the University of Babylon - College  of Science – 

Department of  Physics. 

 

5- Electrical measurements 

      The current-voltages of the poly-aniline hydrochloride polymer were measured before and after irradiation 

using 616C electrometer Keithly device at room temperature and by measuring current voltages the electrical 

conductivity was calculated and the behavior of current voltages. 

6. Theoretical calculations  

1.6 Hall Effect 

 

      When a conductor is placed in a magnetic field and a current passed through it, an electric field will be 

produced, the direction of which is normal to both the current and magnetic field directions. This phenomenon, 

discovered by E.T. Hall in 1879, is known as the Hall effect [8].                                                        

  The ratio of the voltage created is divided by the current and the magnetic field product by the element thickness, 

is called Hall coefficient (RH) which is known as a characteristic of the material from which the conductor is made, 

as its value depends on the type, number and properties of the charge carriers that constitute the current.When the 

magnetic field is applied perpendicular to the electric field, it yields a current (I) then the transverse (e.m.f), which 

is called Hall voltage (VH), is set up across the sample. So that Hall coefficient (RH) is given by [9]: 

   
  
 
   
 

 
                               ( ) 

Where  t: is the thickness of the film. 

    The carrier density (nH) is related to the Hall coefficient by the following equation[10]: 

    
 

    
                                    ( ) 
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 Where  q: is the charge of electron, and it equals (1.6×10-19 C) 

  With the directions of control current and magnetic field illustrated in figure (3) , the charge carriers which 

produce the current are deflected to the front edge of the sample; therefore, the current is mainly due to electrons ( 

as in the case of an n-type sample). The front edge becomes negatively charged. In the case of holes conduction (p-

type sample) it becomes positively charged. 

  So from the sign of Hall coefficient (RH) equation (1), we can determine the type of semiconductor that we have 

used. 

From (σ) and (RH) we may determine the Hall mobility . 

                                              ( ) 
 or μH equal: 

   
 

   
                                             ( ) 

Where (ne) is represented electron density.  

 

 

 

 

 

 

 

 

 

 

 

 

 
2.6 D.C Electrical Properties 

      In the recent years, the importance utilizing of polymers can be increased in the indistrial field as insulators due 

to of the polymers have high resistance and dielectric force. Therefore; polymers attracted attention of scientists for 

applications in electronic and optical fields. Choice of polymers depends on the insulator density and other 

physical properties in the range wide of temperature and frequency . So, the nature of charge transport in polymers 

must be understood by studying the electrical conduction in polymers. There are several mechanisms of 

conduction suggested for the charge transport as the Schottky effect, Pool-frenkel effect, space charge and hopping 

conduction limited conduction. To understand the numbers of the charge carrying species must be studies the D.C 

electrical properties of polymers. Chemical composition, morphology and microstructure of the material 

determined the parameters above [11]. 

 

1.2.6  Electrical Resistivity  

      In general, most of polymeric materials have very weak current by a direct voltage is applied. So, the electrical 

resistivity of most polymeric materials has a finite value. There are two types of resistance which are the current 

passing through the polymeric materials depending on them are [12]. 

1- The surface resistance of polymeric materials (RS) which is indicated current, can pass over the surface of 

polymeric materials. In addition to, which determines the presence of contaminates and moisture of the surface 

insulator.  

2- The volumetric resistance of polymeric materials (RV) which the value determines the current pass through 

these materials. 

  The electrical conduction can be investigated either by the volume or across the surface of polymeric materials. 

The volumetric and the surface electrical resistivity can be determined by the insulator resistance. For a uniform 

body with a piece has a constant area (A), the length (l) and electrical resistance (R) to compute the resistance 

using the relation [13]. 

R=ρ
 

 
                                        (5) 

Where ρ is the electrical resistivity. 

It can be computed the volumetric electrical conductivity σV as: 

RA

l
                                         (6) 

The electrical resistivity is the value inverse to the electrical conductivity of polymers. 

ρ =
 

 
                                               (7) 

      By increasing of temperature, the electrical conductivity of polymers also increases exponentially according to 

the relation: 

 
7. Results and Discussion: 

Fig. (3) The circuit used for the measurements of hall effect [80]. 

σ = σ˳  exp (ـــEact/kBT)                  (8) 
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2.2.6 -FT-IR Test 

 

      The spectral measurements of the (FT-IR) of poly aniline-hydrochloride (PANI-HCL) before and after 

irradiation showed the absorption bundles shown in Table (1). Figure (4 and 5) shows the infrared absorption 

spectrum (FT-IR), which shows the chemical bonds in the polymer being prepared. The results showed that the 

sites of the active groups of the polymer were identical with their chemical composition. 

 
Table(1) Absorption Packs for Poly-aniline - Hydrochloride (PANI - HCL). 

 

Absorption Packs 1/cm Shaky group 

3100 (NH2) 

1475 (C=C) 

1350 (C-N) 

3150 (C-H) 

3650 (OH) 

2850 (C-H) Alibatics 

 

 
Fig. (4) (FT-IR) of non-irradiated poly- aniline hydrochloride compound. 

 

 
 

Fig. (5) (FT-IR) of irradiated poly- aniline  hydrochloride compound.  

 

 

 

 

T 

T 
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3.2.6 Microscope Digital 

      In order to study the topography of the films of the polymer film, polyniline hydrochloride before and after 

irradiation, the optical microscope was used with a camera with a magnification force of 1000x. The intensity of 

the image is determined to determine the changes in the recorded polymer. Figure (6 and 7) indicate that the 

recorded polymer has a dendritic branch apolymorphic film in the process of polymerization and note through the 

images as homogeneous and without abrasions in addition there is a gradient color in the color of the polymer is 

proportional to the increase in the proportion of the weight of the mixture, which is prepared polymer. The process 

of irradiation led to a difference in the color of the polymer and the reason is due to the formation of double bonds 

because of the process of irradiation[14]. 

 

                               
(PANI+PVA)(1g+50ml)  (PANI+PVA)(2g+50ml)  (PANI+PVA)(3g+50ml) 

 

 
Fig. (6) shows the images of poly-aniline hydrochloride befor irradiation. 

 

               
(PANI+PVA)(1g+50ml)  (PANI+PVA)(2g+50ml) (PANI+PVA)(3g+50ml) 

 

 
Fig. (7) shows the images of poly-aniline hydrochloride after irradiation. 

 
4.2.6 Hall effect measurements 

      Hall effect measurements for the polymer films were obtained to obtain the value of the Hall coefficient and 

the electrical conductivity and polymer mobility at room temperature. Hall effect measurements were made to 

determine the Hall factor on the recorded films to determine Hall factor and the concentration of the carriers and 

the movement using Hall effect measurement system type HMS3000  manufactured by ECOPIA Taiwanese and 

using a magnetic field of magnitude (B=0.55 tesla(. 
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      The results showed that the  Hall coefficient  signal negative and this indicates that the carriers in the polymer 

n-type  before and after irradiation due to the bonds of  Π, and the values of the concentration of carriers and traffic 

increased values after irradiation, the values of resistance and the Hall coefficient and electrical conductivity 

decreased after irradiation, lead to improved electrical properties of the recorded polymer. Table (2) shows the 

results of the measurement of the Hall effect of the pre-irradiated polymer. Table (3) shows the results of the  

measurement of the Hall effect post-irradiation [15].  

 

Table (2) Results of hall effect of the Poly-aniline hydrochloride polymer prior to irradiation. 

 

(σD.C) R.T 

(Ω.cm)-1 

μH 

(cm 2/ V.s) 

ρ 

(Ω.cm) 

nH 

( 1 / cm3 ) 

RH 

(cm-3/ C) 
PANI+PVA 

5.45×10-6 3.01×101 4.71×106 -5.09×1010 -1.22×108 1g+50ml 

6.68×10-6 7.78×102 1.15×105 -6.96×1010 -8.96×107 2g+50ml 

8.15×10-6 2.88×102 1.94×104 -1.11×1010 -5.59×105 3g+50ml 

 
Table (3) Results of hall Effect of the Poly-aniline hydrochloride polymer after irradiation.  

 

(σD.C) R.T 

(Ω.cm)-1 

μH 

(cm2/V.s) 

ρ 

(Ω.cm) 

nH 

( 1 / cm3 ) 

RH 

(cm-3/ C) 
PANI+PVA 

5.394×10-7 9.701×101 4.77×105 -1.541×1011 -4.052×107 1g+50ml 

5.006×10-7 8.761×102 1.065×105 -1.358×1011 -4.597×107 2g+50ml 

7.821×10-7 6.109×102 1.617×103 -3.904×1011 -1.599×105 3g+50ml 

 

 

5.2.6 Electrical Conductivity (D.C)  

       Continuous electrical conductivity was measured for all weight ratios of the poly-aniline hydrochloride 

polymer recorded before and after irradiation according to equation (6). In Table (4) we observe that the electrical 

conductivity values of the polymer are increased by increasing the weight ratio. The increase in the weight ratio 

leads to an increase in the number of ions and free electrons on a regular basis, which increases the interaction 

between the mixture particles, which in turn leads to disturbance within the mixture. Conductivity. As for the 

effect of the irradiation process, there was a decrease in the values of the electrical conductivity compared to their 

values before irradiation due to the increase of the interferometry rate due to the irradiation effect which in turn 

restricts the movement of the charge carriers in the recorded polymer [16],[17]. 

 

 
Table(4) shows the electrical conductivity(σD.C)values of the poly-aniline hydrochloride polymer  

 

(σD.C) (Ω.cm)-1
 

Irradiated Non-radiated PANI+PVA 

1.382×10-7 1.458×10-6 1g+50ml 

1.435×10-7 1.556×10-6 2g+50ml 

1.546×10-7 1.655×10-6 3g+50ml 
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6.2.6 Current -Voltage Behavior 

 

         The current-voltages of the poly-aniline hydrochloride polymer were measured before and after irradiation . 

Figure(8) shows the current-voltmeter curves of the poly-aniline hydrochloride polymer recorded before 

irradiation. Note that when the voltages increase, the current increase is almost constant. The current change in 

voltages with the current is an ohmic change in the conductive material. This is expected to occur because the 

mixture from which the polymer is present contains On poly-aniline it is a material conductive material. Figure (9) 

shows the curves of the current-current of the polymer poly-aniline hydrochloride recorded from the mixture after 

irradiation. At low voltages (V>0.5V), the transmission of the charge across the material is very low and therefore 

the current is very small or zero, either when the voltages are increased to a certain limit (V<0.5V) the process 

begins with a collapse in the semiconductor so we notice a rapid increase in current, that the moment of collapse is 

the release of a large number of electrons are available for the passage of the current due to the irradiation process 

that leads to broken bonds and this leads to increased concentration of the voltage vector in the semiconductor. 

Note that the polymer recorded from the  mixture behaves the behavior of the ohmic before irradiation while the 

behavior of exponential or semiconductor after irradiation is due to the increase of tangled due to the effect of the 

irradiation process, which leads to the restriction of movement of carriers in the polymer in addition to note the 

electrical connection less after irradiation and this guide the polymer (PANI-HCL) exhibits a semiconductor 

conduct after irradiation [17],[18]. 
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Fig. (8) Current -voltage of the poly-aniline hydrochloride (PANI-HCL) polymer before irradiation. 

 

 

(PANI+PVA)(1g+50ml)   

V(volt) 

I(Am) 

V(volt) 

(PANI+PVA)(2g+50ml) 

V(volt) 

(PANI+PVA)(3g+50ml) 
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Fig. (9) Current -voltage of the poly-aniline hydrochloride (PANI-HCL) polymer after irradiation 
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7- Conclusions 

 
1- Poly aniline hydrochloride polymer changes color gradually after irradiation. 

2- The irradiation process did not change the type of the charge carriers in the prepared polymer, but kept the 

cargo carriers of (n-type). 

3- The recorded polymer behaves as a maternal behavior before irradiation and behaves as a semiconductor after 

irradiation. 

4- The process of irradiation affected the electrical conductivity as it decreased after irradiation. 
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