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Abstract 

This study deals with the mass transfer evaluation of the graft polymerization of 4-
choromethyl styrene unto irradiated polyethylene substrate. Experimental data were obtained 
from literature. These data were analysed and mass transfer parameters such as DE, DL, KL, 
were evaluated from these data using correlations such as the Wilke-Chang equation for 
estimating diffusivities, the Newman plot for estimating effective diffusivities. The mass 
transfer parameters increased with temperature as expected. Values of DL obtained were 
9.992 × 10-10 m2/s, 1.258 × 10-9 m2/s, 1.562 × 10-9 m2/s at temperatures 40oc, 50oc and 60oc 
respectively. Values of KL obtained were 3.9968 × 10-5m / s, 5.0320× 10-5 m / s, 6.2480 × 10-
5 m / s at temperatures 40oc, 50oc and 60oc respectively. It was found that pore diffusion 
mass transfer is the rate limiting step of the graft polymerization process due to high pore 
diffusion resistance as confirmed by the values of DE. The mass transfer parameters are 
necessary for a better understanding of the process kinetics as well as for process modelling. 

Keywords: Graft polymerization, Mass transfer, 4-Chloromethylstyrene, Polyethylene, 
Effective diffusivity, Wilke-Change equation    

1.0 Introduction 

Several technological advancements have been made in attempts to handle the world’s energy 

demands. Renewable and continuous sources of energy are presently being researched and 

developed; the production of biodiesel from vegetable seed oils is one of the results. The 

process basically involves transesterification of the oils obtained from plant seeds. This 

process usually involves some amount of operational complexities (Berchmans et al, 2007 

and Aransiola et al, 2012). The yield will be considerably low and the reaction time will be 

much higher without the use of a catalyst. Research has shown that novel catalysts which are 

far much more superior to the conventional catalysts such as NaOH, H2SO4 etc. can be 

synthesized using various reactive mass transfer techniques. One of such novel catalysts is 

the one gotten from the graft polymerization of 4-chloromethylstyrene on irradiated 

polyethylene (Otoikhian, 2014 and Otoikhian et al, 2015). Polyethylene (low and high 

density) is nowadays a very used semi-crystalline polymer, one of major commodities with 
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large number of applications. A number of techniques can be used to modify polymers. To 

render the polyethylene surface hydrophilic, surface modification has been studied through 

plasma and chemical treatment (Amit et al, 2009). Radiation-induced graft polymerization 

(RIGP) is a convenient technique for modification of polymeric materials (Feng et al, 2011). 

RIGP represents a useful way to improve the quality of a variety of natural materials and 

extend the range of their uses, and the technique can be done easily by using conventional 

polymers like polyethylene. (http://en.wikipedia.org/wiki/polymeric_surfaces) 

4-Chloromethyl styrene (CMS) also known as 4-vinylbenzyl chloride is a dual functional 

monomer gotten from the reaction of styrene and four molecules of chloromethyl (Otoikhian, 

2014). Reactions can be carried out on the chloromethyl group before or after polymerization. 

This allows you to control more precisely the characteristics of the desired polymerized 

product. CMS can be homo-polymerized or copolymerized using solution, suspension, ionic, 

mass, emulsion, and other specialized techniques. This bi-functional monomer may be 

polymerized or chemically modified to achieve the desired product (Robert, 2000 and 

http://en.wikipedia.org/wiki/graftpolymerization) 

The grafting process involves a great deal of mass transfer of the 4-chloromethylstyrene unto 

the polyethylene backbone. The mass transfer occurs across the solid-liquid phase boundary 

and involves a lot of kinetics. There is thus a need for the mass transfer evaluation of the 

grafting process so as to obtain the much needed characteristic mass transfer parameters 

which will help in a better elucidation of the graft polymerization process. 

2.0 Methodology 

Graft Polymerization Process: A detailed account of the graft polymerization of 4-

chloromethylstyrene unto polyethylene alongside the results obtained can be found in 

(Otoikhian, 2014). However, for the purpose of this study, a relevant excerpt is given thus; 

Polyethylene Substrate Activation Step (Pre-irradiation/Irradiation) 

Scout Pro SPU 401 weighing scale was used to weigh 240g of polyethylene sample. The 

sample was then divided into four equal parts of 60 g each and then packaged. The samples 

labelled A, B, C, and D was irradiated using the radiation facilities at the VINCA Institute of 

Nuclear Sciences Belgrade, Serbia. The irradiation was conducted at a constant dose rate of 

20 kGy/h for 20, 30, 40 and 50 kGy on polyethylene samples A, B, C and D respectively 

(Cleland, 1992; Ueki et al, 2010; Otoikhian, 2014 and Otoikhian et al, 2015) 

Graft Polymerization of Irradiated Polyethylene Substrates 

http://en.wikipedia.org/wiki/polymeric_surfaces
http://en.wikipedia.org/wiki/graftpolymerization
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(a.) The Monomer Emulsion Solution (MES) was obtained as follows: 50ml of 4-

chloromethylstyrene solution was measured into a beaker using a measuring cylinder. 10% of 

its equivalent volume amounting to 5ml of Polysorbate-20 was measured and added to the 

content inside the beaker. 50ml of distilled water was also measured and added to the mixture 

and then stirred vigorously. This was labelled as sample E. (Bhattacharya et al, 2004). 

 (b.) Irradiated samples A, B, C, and D, each weighing 5.1g were measured and packaged in 

sacks which were dipped into beakers containing sample E in them and then placed inside an 

electrical thermostatic water bath boiler model DK-420. The temperature of the system was 

regulated and maintained at 40oC for a period of 4hours. At every 1hr interval, sample E was 

withdrawn and analyzed for a change in concentration from the initial concentration at time 

 using the Jenway Model 6800 Double-beam spectrometer. The procedure was repeated 

at temperatures of 50oC and 60oC. A summary of the experimental results obtained from the 

graft polymerization using samples A, B, C, and D at temperatures 40oC, 50oC and 60oC 

respectively are given in the tables below 

Table 2.1: Concentration variation of Monomer Emulsion Solution at 40oC 

 

 

 

 

 

 

 

 

 

 

 

Source: Otoikhian, 2014 

Table 2.2: Concentration Variation of Monomer Emulsion Solution at 50oC 

0t

Retention 

Time 

(minutes) 

Concentration  

Readings (moles/dm3) 

 ACONC BCONC CCONC DCONC 

0 1.6420 1.6420 1.6420 1.6420 

60 1.4900 1.4798 1.4642 1.3842 

120 1.2461 1.2203 1.2180 1.1681 

180 1.2296 1.2312 1.1412 1.0402 

240 0.6604 0.6222 0.6112 0.4403 

Retention 

Time 

(minutes) 

Concentration Readings 

 (moles/dm3) 

 ACONC BCONC CCONC DCONC 

0 1.6420 1.6420 1.6420 1.6420 
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Source: Otoikhian, 2014 
 

Table 2.3: Concentration Variation of Monomer Emulsion Solution at 60oC 

Retention 

Time  

(minutes) 

Concentration Readings 

 (moles/dm3) 

 ACONC BCONC CCONC DCONC 

0 1.6420 1.6420 1.6420 1.6420 

60 1.4800 1.4640 1.4400 1.3511 

120 1.2262 1.2091 1.2013 1.1288 

180 1.2210 1.2240 1.1202 1.0194 

240 0.6466 0.6212 0.5888 0.4000 

Source: Otoikhian, 2014 

 

The above data were discussed and analysed based on the concentration variation of the 4-

Chloromethylstyrene in the monomer emulsion solution with time, irradiation dosages, and 

temperature 

Evaluation of Mass Transfer Parameters: Certain mass transfer parameters were estimated 

for the graft polymerization process and included; effective diffusivity DE, liquid molecular 

diffusivity DL, liquid film mass transfer coefficient KL. 

DE was estimated from the Newman plot for estimating effective diffusivities (Zoha, 2014 

and Liu et al, 1993) 

The Newman plot is a correlation plot between the mass transfer parameter ES and 
��Ɵ

�2  

�� =  
��� − ��∞

��� − ��∞
… … … … … 2.1 

Where;  

              ES =   Fraction of fluid yet to be transferred into or out of the spherical  

                         Solid after time Ɵ 

             Ɵ = Time in seconds  

60 1.4854 1.4739 1.4512 1.3622 

120 1.2365 1.2182 1.2090 1.1389 

180 1.2247 1.2241 1.1211 1.0201 

240 0.6538 0.6121 0.5913 0.4112 
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             CAƟ = Concentration of A in spherical particle after time Ɵ 

             CAi = Initial concentration of A in spherical particle 

             CA∞ = Concentration of A in spherical particle at infinite time. 

             r = Radius of the spherical particle (Treybal,1981) 

These parameters are only available through experimental measurements. We made use of 

those found in (Otoikhian, 2014). 

The values of DE were estimated for the various irradiation dosages at a particular 

temperature of 500C. 

 The values of DE at other temperatures were evaluated by using the correlation DL/DE = 

constant for all temperatures. 

The Newman plot for diffusion in solids is shown 

The values of ES for the various irradiation dosages were computed from the values of CAƟ, 

CAi and CA∞.  

CA∞ was evaluated to be the monomer concentration in the polyethylene sample at the 

equilibrium time which is at time 4 hours which is 240 minutes reaction time. 

For every value of ES computed, a corresponding value of 
��Ɵ

�2   was also evaluated for which 

the various effective diffusivities at the various irradiation dosages were computed. 

For the same process in a given porous solid, the ratio DA/DAE can be fairly taken to be 

constant (Treybal, 1981). DAE values are not easily estimable from theoretical correlations 

and require experimental measurements, it also varies with temperature. DA values on the 

other hand can always be estimated from the Wilke-Chang equation without further 

experimental measurements and it varies with temperature.  

The Wilke-Chang equation is shown below; 

�� =  
1.173 × 10−13(∅�)0.5�

� × ��
0.6

… … … 2.2 

Where; 

          DA = liquid diffusivity of A  

           Ø = Association factor for the solvent used = 2.6 for water. 

           M = Molecular mass of solvent 

            µ = Viscosity of solvent, mNs/m2 

            T = Temperature k     

         VM = Molar volume of the solute at its boiling point, m3/kmol. 
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These can be estimated from group contribution tables found in (Richardson and Coulson, 

2011) 

The viscosities of the monomer-emulsion solution were approximately estimated to be equal 

to that of pure water at the given temperatures; this is justifiable since the solution is dilute 

(Richardson and Coulson, 2011) 

 The values of DAE as temperature changes were obtained by first computing the new values 

of DA from which DAE is then computed noting that DA/DAE is constant. 

For gas-solid systems with small particle diameter and low gas velocity, we have that; 

�� =  
2�

��
=  

�

�
… … … 2.3 

 Where Kg is the gas film mass transfer coefficient 

 (Levenspiel, 2003) 

The above correlation can also serve as an approximate estimate of liquid film mass transfer 

coefficient for liquid-solid systems with small particle diameter and low or no liquid velocity. 

Also by extension of the above, an effective mass transfer coefficient KLE can be computed 

for use in place of the normal mass transfer coefficient by putting the effective diffusivity DE 

in place of the molecular diffusivity in equation 2.3. The porosity of the polyethylene 

particles can be presumably taken from literature to be 0.5 (patent US3051993, www. 

Porex.com) 

3.0 Results and Discussion 

Results pertaining to the concentration variation of the monomer solution with time are 

shown in tables 2.1, 2.2 and 2.3 as provided by (Otoikhian, 2014). 

These data is used for the mass transfer evaluation of the graft polymerization reaction given 

in subsequent pages 

The following salient observations and deductions can be made from the data in tables 2.1, 

2.2 and 2.3; there is generally a reduction in monomer emulsion concentration with time. 

This is due to the mass transfer occurring from the 4-Chloro methyl styrene monomer 

solution to the main chain of the polyethylene substrates. As the graft polymerization 

proceeds, the 4-chloro methyl styrene molecules diffuse through the monomer emulsion 

solution to the surface of the polyethylene substrates and then to the active sites of the 

polyethylene main chain where the actual grafting takes place. 

Furthermore, It is observed that the rate of decrease in concentration with time increases from 

time 0 minutes through to time 120 minutes, followed by a decrease in the rate of change of 



7 
 

concentration with time from time 120 minutes to 180 minutes after which there is a 

subsequent jump in concentration change with time from 180 minutes to 240 minutes. The 

above observation is even more pronounced with the grafting involving the 30 kGy irradiated 

polyethylene substrate (sample B). It is observed that there is an unusual rise in the 

concentration of the CMS in the monomer emulsion solution between 120 minutes to 180 

minutes for the grafting with 30 kGy irradiated sample. The above observations are quite 

complicating and can only be hypothetically explained at this point given the available data 

and information on the process. These are similar to the observations made in (Otoikhian, 

2014) 

First of all, it is worthy of remembrance that the polyethylene substrates possess pore spaces 

on which active sites for reaction are created by irradiation (Otoikhian,2014). This then 

means that the rate of decrease of monomer concentration with time is dependent on the rate 

of mass transfer by the monomer to these active sites. Also there may be the possibility of 

diffusion of some 4-chloro methyl styrene from the polyethylene pore matrix back into the 

monomer emulsion solution depending on the temperature, availability and accessibility of 

the active sites especially for the molecules that have not yet bonded to the active sites. If this 

is true, then it can simply be implied that during the grafting process there is mass inflow and 

outflow of monomer in and out of the polyethylene pore matrix. Therefore the rate of change 

in CMS concentration with time is dependent not only on the rate of mass transfer into the 

polythene pores but also on the rate of mass outflow from the polyethylene pores (Liu et al, 

1993). 

The rate of these mass outflow and mass inflows depend on a host of controlling factors some 

of which includes; the temperature of the grafting, the contact or grafting time, the irradiation 

dose of the polyethylene substrates (this determines the availability of active sites and to 

some extent accessibility), the pore structure of the polyethylene substrates, the concentration 

of monomer in the polyethylene pore matrix at any given time etc.  

Therefore based on the above discussion and on the tabulated data presented above, we can 

reasonably infer that the reason for the decrease in the rate of change of concentration with 

time from time 120 minutes to 180 minutes is due to a relative increase in the amount of mass 

outflow compared to the mass inflow of the 4-chloromethyl styrene into the polyethylene 

substrates. 
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At the initial stages of the grafting process, the 4-Chloro methyl styrene molecules from the 

monomer solution bind to the active sites which are more easily accessible. After some time 

the more exposed and thus easily accessible active sites are completely occupied leaving only 

the remote active sites which are ‘hidden’ within the polyethylene pore matrix unoccupied. 

The time around which this happens can be reasonably deduced to be around 120minutes 

from the tabulated data. At this stage of the grafting process the CMS diffusing from the 

monomer solution into the polyethylene pore matrix are not immediately attached to the 

active sites but have to travel to these unoccupied remote active sites before binding can take 

place as this happens, the rate of mass outflow increases.  

Since the 4-Chloro methyl styrene molecules entering into the pores of the polyethylene 

substrates are not readily bonded to the active sites, it is easier for the 4-Chloro methyl 

styrene molecules to diffuse back into the monomer emulsion solution and thus the rate of net 

decrease of the CMS concentration in the monomer emulsion solution is reduced. This is a 

probable explanation of phenomena or mechanism behind the decrease in rate of change in 

concentration with time from 120 minutes to 180 minutes. 

As for the grafting involving the 30 kGy irradiated polyethylene samples (sample B), there is 

an unusual increase in the 4-Chloro methyl styrene concentration rather than the usual 

decrease. It can be inferred that the rate of mass outflow for the given level of irradiation was 

anomalously high so much so that the mass outflow outweighed the mass inflow leading to 

the observed increases in the 4-Chloro methyl styrene concentration in the monomer-

emulsion solution between time 120minutes and 180minutes for the 30k Gy irradiated 

polyethylene samples. 

In order to further elucidate on the effects of temperature, irradiation dosage and contact time 

on the graft polymerization of 4-Chloro methyl styrene unto polyethylene substrates and thus 

evaluate the mass transfer of the graft polymerization process, detailed plots of concentration 

versus grafting time for the different irradiation dosages and temperature are provided as 

shown; 
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Figure 3.1: Concentration-Time Variation for Different Irradiation Dosages at 

Temperature of ���� 

 

Figure 3.2: Concentration-Time Variation for Different Irradiation Dosages at        

Temperature of ���� 
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Figure 3.3: Concentration-Time Variation for Different Irradiation Dosages at 

Temperature of ���� 

From the plots, the effect of temperature, irradiation dosage and contact time on the graft 

polymerization process can be visualized. The slopes of the plots are observed to increase 

with temperature. This simply means that for higher temperatures, the rate of decrease in 

concentration and consequently the rate of grafting with time for any given irradiation dosage 

is higher. 

The reason for the aforementioned observation is not far-fetched; an increase in temperature 

corresponding to an increase in the heat content of the reacting substances has a number of 

effects on the reacting system. An increase in temperature will most likely lead to an increase 

in the diffusivity of the 4-Chloro methyl styrene from the monomer-emulsion solution into 

the polyethylene substrates. This will then lead to a rise in the rate and degree of grafting in 

the graft polymerization process. 

An increase in the liquid diffusivity of the 4-Chloro methyl styrene from the bulk of the 

monomer-emulsion solution to the polyethylene pores will in turn result in an increase in the 

liquid phase and solid-liquid inter-phase mass transfer coefficients. Thus, the rate of mass 

transfer from the monomer-emulsion solution to the surface of the polyethylene particles and 

further into the pores of the polyethylene substrates is enhanced by an increase in 

temperature. 
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Furthermore, the observed increase in rate of grafting with increase in temperature could be 

as a result of an increase in chemisorptions (reactive adsorption) at the active sites. That is to 

say, with an increase in temperature, there is a corresponding increase in the rate of binding 

of the monomer to the active sites of the polyethylene substrates. 

Irradiation dosage also has a profound effect on the rate of grafting as observed from the plot, 

the higher the irradiation dosage applied on the polyethylene substrates, the higher the rate 

and degree of grafting obtained. The polyethylene samples with higher irradiation dosage and 

consequently higher degree of polyethylene irradiation serve as better substrates for the graft 

polymerization process. 

This observation is easy to understand as already stated, higher irradiation dosages and 

consequently higher degree of irradiation result in a higher number of available active sites 

for the monomer molecules to bind to. 

(Amit et al, 2009).  

With a higher number of active sites for the monomer molecules to bind to, there is more 

‘room’ for the 4-Chloromethyl styrene molecules to occupy, this result in more of the 

monomer molecules diffusing from the monomer-emulsion solution into the polyethylene 

substrates. The final concentrations of the 4-Chloromethyl styrene in the monomer-emulsion 

solution is observed to decrease with increasing irradiation dosages of the polyethylene 

samples, this is due to the enhanced rate and degree of grafting obtained for polyethylene 

substrates with higher degree of irradiation and consequently  greater amount of available and 

accessible active sites. 

The contact time also has a substantial effect on the degree of grafting. As observed from the 

plots, the concentration of 4-Chloromethyl styrene in the monomer emulsion solution 

decreases as time increases, indicating an increase in the degree of grafting as time 

progresses. This is easily understandable when one takes into cognizance the fact that more 

monomer molecules diffuse into the polyethylene pore matrix with passage of time, also the 

rate of mass outflow from the polyethylene pore matrix is generally lower than the rate of 

mass inflow into the polyethylene substrates except for the anomalous case of sample B 

which has already been discussed above. 

The binding (adsorption) of the 4-Chloromethyl styrene unto the active sites in polyethylene 

involves an irreversible chemical reaction hence; there is almost no unbinding of the 
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monomer molecules from the active sites. The amount of monomer molecules grafted to the 

polyethylene substrates is therefore generally on the increase for a given irradiation dosage of 

polyethylene samples and at a given temperature. 

Evaluation of Mass Transfer Parameters 

Considering the graft polymerization process, there are certain mass transfer parameters 

which are of great importance for the elucidation of the mass transfer kinetics of the graft 

polymerization process. 

These mass transfer parameters includes, monomer-emulsion solution viscosity µ, molecular 

diffusivity of the 4-Chloromethyl styrene through the liquid monomer-emulsion solution DL , 

effective diffusivity of the monomer through the pores of the polyethylene substrates De and 

the liquid film mass transfer coefficient KL.  

These mass transfer parameters are determined from the concentration- time data for the graft 

polymerization process found in (Otoikhian, 2014). The results of the evaluation are 

presented in the tables below. 

TABLE 3.1: Mass Transfer Parameters for the Graft Polymerization Process at 400c for 

Different Polyethylene Samples. 

Mass transfer 

Parameters 

    SAMPLE 

          A 

    SAMPLE 

         B 

    SAMPLE 

          C 

    SAMPLE 

          D 

�� × 1015 

��2 �⁄ � 

   0.9653 1.3100 1.3330 1.4250 

     DL  / De    1035135 762748 749613 701226 

 

TABLE 3.2: Mass Transfer Parameters for the Graft Polymerization Process at 500C 

for Different Polyethylene Samples. 

Mass transfer 

Parameters 

  SAMPLE 

          A 

    SAMPLE 

         B 

    SAMPLE 

          C 

    SAMPLE 

          D 

�� × 1015 1.2153 1.6493 1.6782 1.7940 
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��2 �⁄ � 

     DL  / De 1035135 762748 749613  701226 

 

TABLE 3.3:  Mass Transfer Parameters for the Graft Polymerization Process at 600C 

for Different Polyethylene Samples.  

Mass transfer 

parameters 

    SAMPLE 

          A 

    SAMPLE 

         B 

    SAMPLE 

          C 

    SAMPLE 

          D 

�� × 1015
��2 �⁄ � 1.5090 2.0479 2.0837 2.2275 

     DL  / De 1035135 762748 749613 701226 

The effective diffusivity of the 4-Chloromethylstyrene through the pores unto the active sites 

of the polyethylene substrates De, is observed to vary with the type of polyethylene sample 

used. This means that De is dependent on the degree of irradiation of the polyethylene 

samples and consequently, the availability and accessibility of the active sites.  

This is in line with literature (Treybal, 1981) and is explainable if we take into cognizance the 

fact that irradiation creates free radicals on the pore surfaces of the polyethylene substrates. 

These free radicals provide active sites for the graft polymerization reaction to take place and 

the higher the degree of irradiation, the higher the amounts of these free radicals and 

consequently there are more active sites.  

The free radicals on these active sites exhibit electrostatic interaction with the 4-

Chloromethylstyrene monomers which enhances the effective diffusivity of these molecules 

through the polyethylene pore matrix. Thus the higher the degree of grafting of the 

polyethylene samples, the greater the amount of frees radicals which enhance the effective 

diffusivities of the monomer molecules. Thus, the higher the degree of grafting of the 

polyethylene samples, the higher the effective diffusivities of the 4-Chloromethylstyrene 

monomers. 

 Plots of De versus irradiation dosage show that a fairly linear correlation can be applied to 

the variation of effective diffusivity with irradiation dosage of polyethylene samples with 

average R2 values of above 0.9000. The values of De obtained are considerably very low 

compared to those found in popular literatures for other systems. Values of effective 
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diffusivity found in (Treybal, 1981) are of the order 10-9m2/s, similar range is found in 

(Levenspiel, 2003), however these very low values of effective diffusivities obtained of order 

10-15m2/s are possible in instances of very high pore diffusion resistance (Levenspiel, 2003). 

The values of effective diffusivity for higher or lower irradiation dosages can then be easily 

estimated for use in modelling and preliminary process design. 

The other mass transfer parameters DL, µ, KL were from the evaluation observed to be fairly 

constant and non-varying with the different polyethylene samples. However, there is 

significant variation in the values of these mass transfer parameters with temperature as is 

expected. 

The table below shows the variation of these mass transfer parameters with temperature. 

Table 3.4: Mass Transfer Parameters for the Graft Polymerization Process at the 

Various Temperatures         

Mass transfer  

Parameters  

           400C            500C             600C 

DL (m2 / s) 9.992 × 10-10 1.258 × 10-9 1.562 × 10-9 

KL (m / s) 3.9968 × 10-5 5.0320× 10-5 6.2480 × 10-5 

µ (centipoise) 0.72 0.59 0.49 

 

As observed in the Table 3.4, the liquid diffusivity DL and liquid film mass transfer 

coefficient KL, increase with temperature while the viscosity (fluid friction) µ, decreases with 

increase in temperature.  

The observations from Table 3.4 are in concordance with basic mass transfer and kinetics 

theory found in literature (Treybal, 1981 and Levenspiel, 2003).  As temperature increases, 

the average kinetic energy of the monomer molecules also increases leading to more 

movements of the monomer molecules through the monomer-emulsion solution. Thus, the 

molecular diffusivity or diffusive mobility of the 4-Chloromethyl styrene monomer through 

the solution is significantly increased with an increase in temperature. 

The liquid film mass transfer coefficient is directly proportional to the diffusivity especially 

for low fluid velocity and small particle size systems like that of the graft polymerization 
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process. An increase in the molecular diffusivity will consequently lead to an increase in the 

liquid film mass transfer coefficient. 

A careful observation of the data in Tables 3.1, 3.2 and 3.3 shows that there is a jump in 

effective diffusivity between the 20 kGy and 30 kGy irradiated polyethylene samples at any 

given temperature. This observation can be related or connected to the data provided in tables 

2.1, 2.2 and 2.3 where it is observed that the rate of change in monomer concentration 

between sample A and sample B is low compared to those between sample B and C or 

between sample C and D.  

This observation is even more pronounced between time 120 and 180 minutes. The 

observation in Tables 2.1, 2.2 and 2.3 can be explained using Tables 3.1, 3.2 and 3.3. With 

the jump in diffusivities observed for the increase in degree of irradiation from 20 kGy to 30 

kGy, the rate of mass inflow and outflow is also greatly increased. 

 However, the increase in number of available and accessible active sites is not 

commensurate with the super increases in the diffusivities and consequently the rate of mass 

inflows. Therefore so as to establish a balance between the amount of monomer in 

polyethylene substrates and that in solution, the rate of mass outflow is increased thereby 

leading to the observed net reduction in the rate of grafting when transiting from sample A to 

sample B compared to others. 

The values of the effective diffusivities as shown in the tables are substantially lower than the 

liquid diffusivities presented in table 4.4 for any given temperature. This could be as result of 

very strong pore diffusion resistance to mass transfer posed by the polyethylene substrates to 

the 4-Chloromethylstyrene monomer molecules. This kind of strong pore diffusion resistance 

which leads to drastically low values of effective diffusivities is actually characteristic of 

particles with small size like the one involved in the process under study (Levenspiel, 2003). 

4.0 Conclusion 

In conclusion, the mass transfer evaluation of the graft polymerization of 4-chloromethyl 

styrene onto irradiated polyethylene substrate shows that pore diffusion mass transfer is the 

rate limiting step of the graft polymerization process due to high pore diffusion resistance as 

confirmed by the values of DE. Mass transfer parameters such as DE, DL, KL, were evaluated 

and they increased with temperature as expected. Values of DL obtained were 9.992 × 10-10 

m2/s, 1.258 × 10-9 m2/s, 1.562 × 10-9 m2/s at temperatures 40oc, 50oc and 60oc respectively. 
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Values of KL obtained were 3.9968 × 10-5m / s, 5.0320× 10-5m / s, 6.2480 × 10-5m / sat 

temperatures 40oc, 50oc and 60oc respectively. 
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