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Abstract— Diffusion is the net movement of molecules 

or atoms from a region of high concentration to a region of low 

concentration. This is also referred to as the movement of a 

substance down a concentration gradient. 

In this study, the process of simulation liquid transfer is 

studied through the polyethylene vinyl acetate in two 

temperatures (250C et 450C). The increase of temperature 

reduced the diffusion time. The diffusion kinetics of simulation 

liquid enter was analysed so as to determine the diffusion 

coefficient. The Arrhenius relation, with an activation energy 

value of three simulation liquids, expressed the effect of 

temperature on the diffusion coefficient. 

 

Keywords— Temperature, diffusion, activation energy, 

polyethylene vinyl acetate 

 

I. INTRODUCTION 

Polymer Materials take a good place in the packaging field, so 

their contact with a liquid some matter transfer occur. The 

temperature is a factor that directly affects the transfer process, 

that's why we will study its influence on the diffusion by using 

the Arrhenius law. 

The liquids of simulation used are: Ethanol, heptane and nitric 

acid. 
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The purposes of this study are:  

 To examine the kinetics of diffusion of each liquid of 

simulation for two temperatures. 

 Evaluate the diffusion coefficient and the activation 

energy for each liquid of simulation. 

II. MATERIALS AND METHODS 

1. Mathematical modeling of diffusion 

 Assumptions simplify: 

Assumptions are made for the process of diffusion of a liquid 

in a polymer, give as following [1] [2] [3] [4] [5]: 

-  The distribution is in accordance with fick’s laws.  

- The diffusion coefficient is independent of 

concentration.   

-  The diffusion in the sphere is radial.  

- The polymer was spherical in shape with a constant 

radius, as the amount of a liquid is very small.  

-  The liquid does not evaporate on surface. 

The total amount of diffusing substance going into or leaving 

the sphere is given by integrating Fick’s first law according to 

time [1] [2] [7]: 

 

For short times we use the following expression [1] [2] [7]:   

 

 

 

 

 Determination of  the diffusivity of liquids of 

simulation  

    From the experimental results, we will calculate the diffusion 

coefficients D of liquid entering the PEVA. 

    The diffusion coefficient is calculated by using data obtained 

by the gravimetric method assuming Fickian type of diffusion for 
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short time. The eq2 is widely used to determine the diffusion 

coefficient of a penetrating solvent in a polymer to the 

establishment of a thermodynamic equilibrium between the 

polymer and the solvent. Indeed, tracing  Mt/Meq=f (√t) the slope 

α (linear portion of the kinetic for short time on the curve  

Mt/Meq=f (√t) allows direct access to the diffusivity by the 

equation 3 : 

            The equation used to determine that the diffusivity is [3] 

[4] [5]: 

 

 

 

Tell that α: Is the slope of the line of the mass variation 

according to the square root 

2. Activation energy 

The influence of temperature on the diffus ion coefficient (D) 

represented by the Arrhenius equation [6] :                                               

 

 

 

 

Where D0 Is the diffusion coefficient at infinite temperature 

(J/mol), ED is the activation energy of diffusion, T is the 

temperature (K) and R is the constant of perfect gases. 

3. Experimental procedure 

Follow the evolution of the amount of liquid inside the sphere 

in function of time until equilibrium [4] [5]. 

I. RESULTS AND DISCUSSION 

The results are presented in terms of kinetics of diffusion for 

each liquid at two temperatures and the activation energy for 

three simulators. 

1. kinetics of diffusion and the diffusivity(table III last 

page) 

In Table I, we present the values of the diffusion coefficient D 

experimentally calculated at T = 25
0
C and T = 45

0
C. 

 

TABLE I: THE DIFFUSIVITY FOR EACH SIMULATOR AT TWO 

TEMPERATURES. 

2. Determination of activation energy  

The diffusion coefficient can be connected to the temperature 

by the expression Arrhenius as follows [6] : 

 

 

With D0 is the constant in the Arrhenius equation (m2 / s), Ea 

is the activation energy (kJ / mol), T is the transfer temperature (° 

C) and R is the ideal gas constant (kJ / mol. K). The Eq223 can be 

rearranged as: 

 

               

  

Deff values (eq6) calculated for the two temperatures are plotted 

on Figures in table 1 above for the three simulation liquids, which 

are straight in the temperature range studied, indicating the 

Arrhenius dependency. 

Of the slope of these lines described by the Arrhenius 

equation, we deduce the activation energy for each simulation 

liquid.  

By plotting a (Deff) in function of (1/K) to determine the 

activation energy. 

The three figures below represent the variation of ln(Deff) as a 

function of (1/K) for each simulation liquid. 

 

 Ethanol  

Fig.1. Influence of temperature on the coefficient of diffusion of 

ethanol 

 Heptane 

Fig.2. Influence of temperature on the coefficient of  diffusion of 

heptane

 The diffusivity in cm²/s 

The 
simulator 

T=250C T=450C 

Ethanol 1,8279.10-6 2,2429.10-6 

Heptane 1,2599.10-6 2,4413.10-6 

Nitric acid 9,3344.10-7 1,2074.10-6 
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 Nitric acid 

 Fig.3. Influence of temperature on the coefficient of diffusion of nitric 

acid 

The values of the activation energy for different 

simulation liquid are shown in table II: 
TABLE II: THE ACTIVATION ENERGY FOR THREE 

SIMULATORS 

 

In the three figures above, we observe that the temperature is 

the main factor affecting the kinetics of diffusion simulation 

liquid in the polyethylene vinyl acetate, according to Arrhenius 

law. 

We note also that the diffusion coefficient increases strongly 

with the temperature of contact. This is consistent with the 

results from the literature. Indeed, the phenomenon of diffusion 

of a molecule in a polymer follows an Arrhenius type of 

activation process. The activation energy was calculated for 

each simulation liquid using the Arrhenius equation. 

I. CONCLUSION 

The diffusion experiments are done at two temperatures 

(25 and 45 ° C). According to the results obtained, we note that 

the diffusion curves show the same variation. 

The main factor influencing the diffusion kinetics of 

liquid of simulation enters is the temperature, meaning that when 

the temperature is high, the diffus ion time decreases 

considerably. 

The diffusivity for each liquid of simulation has been 

calculated for two temperatures 25 and 45 ° C. The coefficient of 

diffusion increases gradually as the temperature of the air 

increases. The activation energy was calculated by using the 

Arrhenius equation for all simulators. 
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Simulator Energy of activation 

Ea (kJ/mol) 

Ethanol 8,0726 

Heptane 26,0998 

Nitric acid 10,1537 
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 TABLE III : KINETICS OF DIFFUSION AND THE DIFFUSIVITY 

Liquid of 

simulation 

T=25 0C T=45 0C 

Ethanol 

  

Heptane 

  

Nitric acid 

  

 


