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Abstract: This study was aimed at investigating the synthesis and characterization of vinyl acetate grafted on Industrial 

Cellulose. Vinyl acetate monomer was grafted onto Industrial cellulose using benzoyl peroxide as initiator at varied 

temperatures. The Industrial cellulose-g-poly(vinyl acetate) was orange in colour. The effect of initiator concentration, 

monomer concentration and temperature on percentage grafting and grafting efficiency of the product was determined. Both 

percentage grafting and grafting efficiency increased with initiator concentration and monomer concentration for the industrial 

cellulose-g-poly(vinyl acetate). The percentage grafting and grafting efficiency increased with temperature from 60°C – 70°C 

then decreased after 70°C for the sample. The graft copolymer was analyzed and characterized using various tests, which 

included Fourier transformed infrared spectrophotometer, physico-mechanical tests which were, hardness test with durometer 

shore hardness tester, density with Monsanto Densitron 2000, softening point tester with HDT/Vicat Test Station. Moreover, 

adsorption studies of bromothymol blue onto the sample was done with Ultraviolet-visible spectrophotometer. The results of 

the FTIR confirmed the presence of O-H of alcohol (3404 cm
-1

), C=O of esters (1645 cm
-1

), N-H of protein (2272 cm
-1

), C-H 

of methyl and methylene (2933 cm
-1

), and C-O of esters (1122 cm
-1

) in the Industrial cellulose-g-poly(vinyl acetate). The result 

of the hardness showed that the Industrial cellulose-g-poly(vinyl acetate) was 87D, the density was 0.95mg/m
3
, and the 

softening point was 115°C - 135°C. The percentage of bromothymol blue removed from aqueous solution was 72.4% for 

industrial cellulose-g-poly(vinyl acetate). The rate constants for the Industrial graft copolymer was determined using pseudo 

first order kinetics and it gave 3.59 x 10
-2

 min
-1

. The research showed that Industrial cellulose-g-poly(Vinyl acetate) could be 

used in the adsorption of bromothymol blue (dye) in aqueous solution. 
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1. Introduction 

Cellulose is the most abundant renewable raw material in 

the world. It sources ranges from small amount found in 

lower classes of animals such as tunicates in bacteria, 

muscular tissues of certain mammals and in the cell walls of 

trees where it is the major constituent and to cotton where it 

occurs in a pure form. The molecular structure of cellulose is 

a linear syndiotactic homo-polymer that consist of D-

Anhydroglucopyranose units, called AGU i.e. it is a homo-

polymer of glucose. These units are linked together by β 

(1→4) - glycosidic bonds and the chains are arranged in one 

plane. It is a carbohydrate composed of carbon (49.39%), 

oxygen (44.4%) and Hydrogen (6.17%). 

Grafting with vinyl acetate (monomer) is an effective 

method of modifying the properties of cellulosic materials. 

Since cellulose is not soluble in some organic solvents and 

modification is attained when grafting in a heterogeneous 

medium. When using a single monomer, the grafting usually 

occurs in a single step, but when grafting binary monomer 
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mixture, the reaction is carried out with the use of two 

monomers at the same time or one after the other [1]. After 

grafting with monomer (vinyl acetate) onto linear chained 

cellulose backbone, a branched cellulose copolymer is 

obtained. The physical and mechanical properties of the 

cellulose graft copolymer depends on the kind and amount of 

monomer grafted onto the cellulose. After grafting reaction 

has taken place in heterogeneous medium, purification is 

achieved by completely removing the homo-polymer from 

the grafting mixture by extraction with a suitable solvent. 

However, in the case of homogeneous grafting, the graft 

copolymer is purified by precipitation and is characterized by 

some parameters such as grafting percentage (GP%), and 

grafting efficiency (GE%) [5]. The type of initiator used for 

grafting has an important effect because it determines the 

grafting percentage depending on the monomer to be used for 

grafting. In grafting with vinyl monomers onto cellulose, the 

initiation can be performed by chemical initiators. When 

binary mixture of acrylonitrile and methylacrylate was 

grafted onto cellulosic fibers in the presence of Ce(IV)ions, it 

was noticed that the grafting changed substantially on 

varying the co-monomers concentration [3]. In order to 

obtain a cellulose graft copolymer with high water or 

moisture absorbency, hydrophilic monomers such as acrylic 

acid (AA), acrylamide (AAm), 2-acrylamidomethylpropane 

sulfonic acid (AASO3H), etc. should be grafted onto the 

cellulose. In order to improve the compatibility and adhesion 

of hydrophilic cellulose fibers to the components of 

hydrophobic composites, hydrophobic monomers such as 

methyl methacrylate, styrene, acrylonitrile, butadiene, 

isobutyl vinyl ether, and vinyl acetate should be grafted onto 

the surface of cellulose [8]. Graft copolymerization is a 

common method used for the amendment of polymers [6] in 

the sense that it modifies the physical and chemical 

properties of polymers. The side chains are covalently 

bonded to the main polymer backbone during grafting to 

form a copolymer with branched structure. 

2. Materials and Methods 

2.1. Preparation of Graft Copolymer of Vinyl Acetate onto 

Industrial Cellulose 

Cellulose (2.5g) was dispersed in 50mL of distilled water. 

The substrate was initiated with 2 ± 0.5g of benzoyl peroxide 

and stirred for 5minutes. After initiation, about 20 ± 10 mL of 

40 moles of vinyl acetate was added to the reaction flask and 

monitored with continuous stirring. The reaction mixture was 

heated up using the laboratory hot plate at various temperature 

ranging from 60°C – 80°C and stirred continuously for 30mins 

of reaction time. After the completion of the reaction, the 

rough products were first precipitated in an excess of acetone 

and then separated by filtration. To obtain the pure graft 

copolymer, carbon-tetrachloride was used to extract the homo-

polymer that might be produced during the polymerization. 

Extracting for 6h was sufficient to remove the polyvinyl 

acetate homo-polymer. 

2.1.1. Grafting Percentage 

The grafting percentage (GP) indicates the increase in 

weight of original cellulose subjected to grafting with a 

monomer and it is calculated generally from the following 

equation: 

GP =  ����	
 �� 
������ ����
��
���
��� ����	
 �� ��������  x 100 =  �� � � 

� 
 x 100   (1) 

Where W1 and W0 are the weights of the cellulose graft 

copolymer and the original cellulose, respectively. 

2.1.2. Grafting Efficiency 

Grafting efficiency (GE) shows the fraction of monomer 

grafted onto cellulose and the amount of monomer converted 

to graft polymer plus the homo-polymer, in other words, 

fraction of polymer that is grafted to cellulose in total 

polymer, and it is calculated from the equation (2): 

!GE#
= Weight of Polymer Grafted

Weight of Polymer Grafted + Weight of Homopolymer  x 100 

= ��5 � 
!��5 � #/!��5 � 7 �8#  x 100                        (2) 

While the W represents weight of original cellulose (W0), 

cellulose graft copolymer (W1) and the homo-polymer (W2). 

2.2. Physico-mechanical Properties Test 

In the physico-mechanical tests, the hardness test was 

carried out using the Durometer shore hardness tester ASTM 

D1415/ISO 48. The model of density instrument used was 

Monsanto Densitron 2000. The softening point was tested 

using the Vicat station equipment HDT/Vicat tester and it 

was taken at the temperature when the indenter reached the 

base of the specimen. 

2.3. Sorption Behaviour of Industrial  

Cellulose-g-Poly(Vinyl Acetate) 

The cellulose-g-poly(vinyl acetate) of industrial cellulose 

was immersed in various organic solvents at room 

temperature and monitored to detect the increase and 

reduction in weight of the cellulose material. The solvents 

used where acetone, chloroform and methanol in order of 

polarity. Therefore, the void size and accessible amorphous 

regions are supposed to be responsible for the reaction. 

2.4. Fourier Transformed Infrared Spectrophotometer 

The model of Fourier transform infrared spectrophotometer 

used was FTIR-8400S produced from SHIMADZU Company 

Japan. The test was performed to get authenticated information 

about the vibrational regions present in the cellulose graft 

copolymer of the industrial cellulose. 

2.5. Absorption of Bromothymol Blue Dye Using Industrial 

Cellulose-g-Poly(Vinyl Acetate) 

Bromothymol blue (0.5g) was weighed out and made up 
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with Analar grade ethanol to 50mL using a measuring 

cylinder and poured into a conical flask. 2.5±0.5mL each of 

the dye in solution was measured out and made up to 50mL, 

after which a fixed weight in grams of the cellulose beads 

was immersed in each flask with intermittent shaking at room 

temperature of 25±1°C. The bromothymol blue pH was 

maintained at buffer 4 by adjusting them with addition of 

sulfuric acid (H2SO4). 

Thereafter, the amount of dye adsorbed was analyzed at 

ʎmax 570nm. The initial concentration and adsorbent dosage 

were varied and the variation in the amount of dye taken up 

by the adsorbent was analyzed. In each flask, various amount 

of the adsorbent beads were added prior to a continuous 

shaking at temperature of 25±1°C. This solution was filtered 

after a particular time interval and spectrophotometric 

analysis was performed for the amount of the dye uptake. 

The amount of dye adsorbed (qe) onto the cellulose beads 

and the percentage of removal (R) were calculated using 

equations 3 and 4. 

9: = !;<  −  ;:# >
?                               (3) 

@ =  A B 5 BC
B 

D  E 100                               (4) 

Where C0 and Ce are the initial and equilibrium 

concentration (mg/l), respectively, V is the volume of the 

solution (L) and W is the amount of adsorbent (g). 

2.6. Effect of Time 

The study was done to know the amount of dye adsorbed 

at various time intervals by a fixed amount of the adsorbent. 

2.7. Effect of Initial Dye Concentration 

The study was done to know the concentration of dye that 

was adsorbed by the adsorbent at different concentrations. 

2.8. Kinetic Studies 

In the kinetic analysis of the reaction of the pseudo first 

order, the amount of dye adsorbed was calculated at 

various time (t) (qt in mg/g) and at equilibrium in (mg/g) 

as follows: 

9F = !B  5 BG#
H  I                                  (5) 

9: = !BJ 5 BC#
H  I                                  (6) 

R% = !MN 5 MO#
MN

 x 100                             (7) 

Where Co and Ce are the initial and equilibrium 

concentrations of the dye in solution (mg/L). Ct is the 

concentration of the dye in solution at time (t) (mg/L), V is 

the volume of the solution (L) and M is the mass of the 

adsorbent in (g). Also the removal percentage (R%) at 

equilibrium was calculated by the equation 7. 

In this study, kinetic investigation was carried out to 

monitor various experimental conditions like dye 

concentration, time, pH, and temperature to measure the rate 

of reaction throughout the adsorption process with the goal of 

reaching equilibrium. 

In order to determine the rate of bromothymol blue on 

the graft copolymer, the well-known Lagergrens pseudo 

first order equation was employed [9]. The values of log (qe 

– qt) was calculated for each time interval at 30°C in 

equation (8). 

Log !q� – q
#  =  logq� –  k ads t/2.303              (8) 

Where qe and qt signifies, the amount adsorbed at 

equilibrium and at any time (t). The graph of log (qe – qt) 

versus (t) time gave a straight line and confirmed the 

pseudo first order rate kinetics for the adsorption process 

[4]. 

3. Result and Discussions 

Table 1. Percentage Grafting and Grafting Efficiency of Industrial Cellulose-g-Poly(Vinyl Acetate) Versus Initiator Concentration. 

Preliminary test 
Initial weight of Industrial 

cellulose (g) 

Weight of 

initiator (g) 

Final weight of 

Industrial cellulose (g) 

Percentage grafting 

(%) 

Grafting Efficiency 

(%) 

1 2.5 0.5 6.8 172 76.0 

2 2.5 1.0 7.2 188 78.0 

3 2.5 1.5 7.5 200 79.0 

4 2.5 2.0 8.2 228 81.0 

5 2.5 2.5 8.5 240 82.0 

Table 2. Percentage Grafting and Grafting Efficiency of Industrial Cellulose-g-Poly(Vinyl Acetate) Versus Monomer Concentration. 

Preliminary test 
Initial weight of 

Industrial cellulose (g) 

Weight of monomer 

(g) 

Final weight of 

Industrial cellulose (g) 

Percentage grafting 

(%) 

Grafting Efficiency 

(%) 

1 2.5 10 6.80 172 76.0 

2 2.5 15 11.9 192 87.0 

3 2.5 20 14.0 198 89.0 

4 2.5 25 17.2 200 92.0 

5 2.5 30 19.4 205 93.0 
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Table 3. Percentage Grafting and Grafting Efficiency of Industrial Cellulose-g-Poly(Vinyl Acetate) Versus Temperature. 

Preliminary test 
Initial weight of Industrial 

cellulose graft (g) 

Final weight of Industrial 

cellulose graft (g) 

Temperature 

(°C) 

Percentage grafting 

(%) 

Grafting Efficiency 

(%) 

1 2.5 6.8 60 172 76.0 

2 2.5 7.1 65 178 77.0 

3 2.5 7.3 70 192 78.0 

4 2.5 7.5 75 187 78.5 

5 2.5 7.0 80 180 77.0 

 

It was observed in Tables 1 and 2 that the percentage 

grafting and grafting efficiency increased with increase in 

initiator and monomer concentrations for the Industrial graft 

copolymer. The increase in initiator concentration may have 

occurred due to increment in the yield of initiator at the 

active site on the cellulose backbone. 

The percentage grafting and grafting efficiency increased 

with temperature from 60°C – 70°C then reduced after 70°C 

in Table 3. This was because of decrease in the yield of the 

product and the molecular weight of the graft chains. As the 

monomer and initiator concentrations remains constant. 

Table 4. Physico-mechanical test on Industrial Cellulose-g-Poly(Vinyl Acetate). 

S/N Parameters Units Industrial Cellulose-g-Poly (Vinyl Acetate) 

1 Hardness Shore D (D) 87D 

2 Density mg/m3 0.95 

3 Softening point °C 115°C – 135°C 

 

The physico-mechanical properties showed that industrial 

cellulose-g-poly(vinyl acetate) had a density of 0.95 mg/m
3
, 

and the hardness test was 87D (shore D), which means that 

the material is hard. Having a hardness with the same trend 

as ebonite shows that the material may have high resistant to 

chemical attack including chlorine and chlorine based 

compounds [10, 13]. The major applications of these kind of 

material may be in making of bottles for storing chemicals, 

car gaskets, highly vulcanized water tanks, industrial pipes, 

tanks etc. The softening point for graft copolymer was 115°C 

– 135°C. 

In brief, it was observed that the graft copolymer has 

thermoplastic properties. And these basic properties may 

have proved its vitality in some areas, more research need to 

be done on how to improve the properties of this cellulose 

graft polymer so that the materials can be used for handling 

aggressive chemicals. This will justify that the material may 

have the capability to possess the mechanical properties 

required for various purposes. 

 

Figure 1. FT-IR result of Industrial Cellulose-g-poly(Vinyl Acetate). 
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Table 5. Sorption results of Industrial Cellulose-g-Poly(Vinyl Acetate). 

Solvents Amount (ml) 
Industrial cellulose-g-poly(vinyl 

acetate) initial weight (g) 

Final weight (g) 

After immersion every 6h 

Mean weight (g) after 

immersion 

Acetone 2ml 0.12 

0.09 

0.07 0.07 

0.06 

Dissolved  

Chloroform 2ml 0.07 

0.11 

0.13 0.13 

0.14 

Adsorbed  

Methanol 2ml 0.20 

0.25 

0.26 
0.26 

0.28 

Adsorbed 

 

After immersion for 24h in three different solvents, 

adsorption occurred in some solvents while dissolution took 

place in one solvent. The industrial cellulose-g-poly(vinyl 

acetate) dissolved in acetone and was adsorbed in chloroform 

and methanol. 

The infrared analysis showed the functional groups 

associated with O-H, N-H, C=O, C-O, CH2 of methyl and 

methylene which are consistent with cellulose-g-poly (vinyl 

acetates). 

 
Figure 2. Plot of percentage of dye removed by the graft copolymer versus 

time (t). 

The graph in figure 2 showed the effect of time on 

percentage dye removal on the graft copolymer. As the time 

increased, more dye was removed by the Industrial cellulose-

g-poly(vinyl acetate). As the colour of the graft copolymer 

changed to green with dye removal, a chemical modification 

must have taken place leading to colour change in the dye [2, 

12, 14]. 

This is collaborated by the fact that the graft copolymer 

got more closely packed molecules indicating that the dye 

had some chemical effect on the graft copolymer. 

The percentage of the dye removed by the graft copolymer 

increased with increase in the concentration of the dye. The 

concentration of the adsorbing species is linearly related to 

the adsorbance. The concentration of the dye was obtained 

from the adsorbance [7, 11, 15]. 

 
Figure 3. Plot of percentage dye removed by the graft copolymer versus 

Concentration of dye. 

 

Figure 4. Plot of log (qe – qt) versus time (t) for Industrial cellulose. 

The graph plotted between log (qt –qe) against time shows 

the change of the value of the graph rate constant (k1). The 

pseudo first order equation was used in the adsorption of 

bromothymol blue by the graft copolymer. The rate constant 

was determined from the slope of the graph and was found to 

be 3.59 x 10
-2

 min
-1

 at 30°C. The (R
2
) values was 0.952 that 

indicated the adsorption was reasonably good. 

4. Conclusion 

In this research, the grafting of Industrial cellulose was 

achieved using different quantities of vinyl acetate and 
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benzoyl peroxide at different temperatures and the outcome 

was a graft copolymer of Industrial cellulose-g-poly (vinyl 

acetate). 

The physico-mechanical test results of the graft copolymer 

from this study showed that the Industrial cellulose-g-poly 

(vinyl acetate) gave (87D i.e. 87 shore D) for hardness, 0.95 

mg/m
3
 for density and 115°C – 135°C for softening point. 

In the adsorption of dye, it revealed that the removal of 

dye by the graft copolymer increased with increase in the 

concentration of the dye. The adsorption capacities of the 

graft copolymer had a removal efficiency of 72.4%. 

It was also observed that the percentage grafting and 

grafting efficiency increased with increasing initiator 

concentration due to the formation of great number of 

grafting site on the cellulose which in the presence of 

monomer induced grafting. Increase in temperature had a 

very strong effect on percentage grafting. The percentage 

grafting improved from 60°C to 70°C and then decreased 

after 70°C. 

The infrared analysis showed that the groups in the 

Industry cellulose-g-poly (vinyl acetate) functional groups 

are associated with O-H, N-H, C=O, C-O, CH2 of methyl and 

methylene which are consistent with graft copolymer. 
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