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Abstract 

Sugarcane Bagasse (SCB) and Orange mesocarp (OM) are agricultural wastes obtained from farming activities and 

agro-based processing. These residues produced in billions of tons around the world, represents an abundant, 

inexpensive and readily available source of lignocellulosic biomass. The present study’s aim is targeted at studying 

the graft copolymerization reaction of acrylamide monomer on pretreated sugarcane bagasse and orange mesocarp 

cellulose. Copolymers of acrylamide onto cellulose obtained from SCB and OM was carried out by the free radical 

initiation system using ceric ammonium nitrate. Extraction was carried out on these plant residues using alkali 

pretreatment method. The percentage polymerization, graft and graft efficiency were studied by varying the effects 

of monomer to cellulose ratio, time, temperature and initiator concentrations respectively and the grafting parameters 

calculated accordingly. SCB gave a 51.1% yield while OM gave a yield of 30.0%. Comparative studies showed that 

grafting parameters were higher for OM compared to SCB. The percentage polymerization, graft and graft efficiency 

were 122.7, 39.5, 32.19 and 152.8, 61 and 57.81 for SCB and OM respectively. FTIR Characterization of grafted 

cellulose samples showed absorption peaks at 1641cm
-1

 and 1643cm
-1

  for SCB and OM indicating the stretching of 

the carbonyl (C=O) of amide group in acrylamide. A band at 897.59 and 892.79cm
-1

for SCB and OM indicates the 

(C-H) stretching vibrations of the polyacrylamide molecule. These values confirmed the opening up of cellulose 

backbone which allowed for the successful grafting of acrylamide monomer on cellulose from sugarcane bagasse and 

orange mescocarp.   
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Introduction 

Agricultural by-products obtained from farming activities and agro-based processing such as cereal straw, corn stalk, 

cotton, sugarcane bagasse, orange mesocarp and grass litters the environment constituting environmental problems. 

These polysaccharides produced in billions of tons around the world, represents an abundant, inexpensive and readily 

available source of lignocellulosic biomass. However, the paradox about this is that only a minor quantity of the 

waste residues is reserved as animal feed or household fuel while a major portion of the straw is burned in the field, 

creating environmental pollution. This gave rise to the need for sustainability and re-use of these by products as raw 

materials for other processes (Abdel-Halim, 2013). Attention was also shifted towards these naturally available 

polysaccharides because unlike the synthetic polymers, they can be biodegraded, readily available and are non-toxic 

(Kalia and Sabaa, 2013). 

Sugarcane bagasse (SCB) and orange mesocarp (OM) are both agro-industrial wastes. SCB and OM can be 

considered either as waste pollutants that litters the environment or as useful resources/ raw materials when 

appropriate valorization techniques are implemented. Possibilities for integral valorization which allows for 

processing into a set of commodities with national and international market potential are offered in cases as such
 

(Pereira et al., 2011).  

Bagasse consists approximately of cellulose 44.8%, hemicellulose 28.6% and lignin 23.5%, ash 1.3% and other 

components 2.8%. The former two components are hydrophilic and the latter is hydrophobic (Pereira et al., 2011). 

Several processes can and has been used to obtain cellulose from it. These processes include steam explosion, 

solvent extraction, alkaline treatment organosolv pretreatment (Cardona, Quintero and Paz, 2010) followed by 

bleaching to eliminate all hemicellulose and lignin residues.   
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Alkaline pretreatment has received a lot of attention lately because it can remove the lignin from the biomass, thus 

improving the reactivity of the remaining polysaccharides and removing acetyl groups and various uronic acid 

substitutions on hemicellulose. The mechanism of alkaline hydrolysis is believed to be saponification of 

intermolecular ester bonds cross-linking xylan hemicelluloses and other components, for example, lignin and other 

hemicelluloses. Dilute Sodium hydroxide, NaOH treatment of lignocellulosic material causes swelling, leading to an 

increase of internal surface area, a decrease in the degree of polymerization, a decrease in the crystallinity, separation 

of structural linkages between lignin and carbohydrates and disruption of the lignin structure (Karp, Adenise, Vanete 

and Carlos, 2013). 

The cellulosic products obtained from these agricultural wastes possesses properties, such as great mechanical 

strength, hydrophilicity, biocompatibility, biodegradability, relative thermostabilization, high sorption capacity and 

alterable optical appearance (Hamma`Adama, Osemeahon and Barminas, 2014). Thus, cellulose has been widely 

applied in many fields. It is frequently modified in the preparation of a wide range of new materials that have proved 

to be very useful in several and diverse fields of application such as in drug delivery, removal of heavy metal ions 

from wastewater, wicking of oil and promoting biodegradation in saturated environments, selective water absorption 

from oil-water emulsions, water purification etc. (Kalia and Sabaa, 2013; Ren, Kong and Sun, 2014). The presence 

of three reactive hydroxyl groups on each glucan unit of cellulose makes it relatively easy to modify. One method of 

modifying cellulose that has been studied extensively is graft copolymerization (Hamma`Adama, Osemeahon and 

Barminas, 2014).  

Graft copolymerization is a commonly used method for the modification of either physical or chemical properties of 

cellulose as mentioned above. Properties of the cellulose’ backbone is also appreciably increased during grafting. 

During grafting, the side chains are bonded to the main polymer backbone or substrate by covalent bond to form a 

copolymer with branched structure. Due to the modifications that can be made by grafting, the products obtained 

from cellulose graft copolymers can readily be made to possess any number of the required properties, hence has 

made cellulose graft copolymers very attractive. The applications of cellulose graft copolymers change with the 

structure of polymer grafted on cellulose. For example, cellulose graft copolymers with poly(acrylic acid) or 

polyacrylamide grafts which are hydrophilic in structure, have high water absorption capacity (Nada, Mohammed 

and Hesham (2007); Okiemen, 1987). For this reason, they can be used as body fluid absorbent in medical 

applications (Thompson et al., 2005). Cellulose graft copolymers obtained by grafting of vinyl monomers with 

functional groups such as acrylamide. (Nada, Mohammed and Hesham, 2007), acrylic acid (Wen et al., 2001) and 

acrylonitrile (Ekebafe et al., 2010) have been used in adsorption of hazardous contaminants such as heavy metal ions 

or dyes from aqueous solutions.  

Fourier transformed infra-red (FTIR) spectroscopy was used to investigate the functional group(s) of the monomers 

on the cellulose materials. FTIR is a powerful spectroscopic technique used to identify specific functional groups 

present in a compound. It is more effective in ascertaining the success of the grafted cellulose by comparing the 

functional groups present on the grafted cellulose with that of the non-grafted cellulose. 

This research work describes the extraction of cellulose, optimization of the reaction conditions for grafting of  

acrylamide onto cellulosic material obtained from sugarcane bagasse and orange mesocarp by varying the reaction 

parameters such as the duration of soaking of cellulosic material in CAN (ceric ammonium nitrate), concentration of 

CAN, polymerization time, temperature and concentration of acrylamide and comparative study of their effect on 

percent graft  (%G) and percent graft efficiency (%GE).  
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Materials AND Methods 

Materials 

Sugarcane and orange were obtained from Sayedero market at Egbado South, Ilaro, Ogun state. Sodium hydroxide, 

acrylamide, ceric ammonium nitrate, nitric acid, sulphuric acid, and sodium hypochlorite used were all analytical 

grade reagents. 

Sugarcane bagasse preparation 

Sugarcane baggase was prepared according to a method adapted by Adu, Onigbinde and Osuide (2016). The 

obtained sugarcane was peeled and diced into pieces. These pieces were mashed in a mortar prior to soaking to 

ensure the efficient removal of the sucrose. The water was constantly changed every twenty four (24) hours for three 

days, after which it was sundried for 3 days followed by oven drying at 60
o
C for 6 hours to reduce the moisture 

content to a relatively low level and make it sufficiently dry for grinding. 

Orange mesocarp preparation 

Orange mesocarp was obtained from Citrus sinensis. Preparation of the orange mesocarp was carried out according 

to a method adapted from Adu, Onigbinde and Osuide (2016). The endocarp and epicarp were removed by peeling. 

The mesocarp was washed in water to reduce the ash contents, dried in the sun for a period of 7 days, followed by 

oven drying at 60
o
C for 6 hours  

Both samples were grinded and sieved using a standard sieve (600 micron). 

Cellulose extraction 

Sugarcane bagasse cellulose extraction 

The cellulose from sugarcane bagasse was extracted using the method adapted by Adu, Onigbinde & Osuide (2016). 

40g powder of the sieved sample was delignified with about 600ml of 2% w/v aqueous sodium hydroxide for 30 

minutes and the resulting slurry was filtered. The washed and filtered material was treated with 100 ml of 17.5% w/v 

sodium hydroxide at 80°C for 1 hour to digest the material. The resulting cellulose was washed thoroughly with 

distilled water. The extraction process was completed by bleaching with an aqueous dilution of 150ml of 3.5 % w/v 

sodium hypochlorite for 20 min at 80
o
 C and subsequent washing with water until filtrate was clear and the residue 

was neutral to litmus paper. The cellulose material was filtered, dried at 60°C for 6 hours and labelled as Sugarcane 

Bagasse Cellulose (SCBC). 

Orange mesocarp cellulose extraction 

Extraction of orange mesocarp was carried out by a method adopted by Onigbinde and Adaego (2015) with slight 

modification. The sieved mesocarp was boiled in 8% NaOH at ratio of cellulose to solvent 1:20 (w/v) for 3.5h at 

100
o
C, the obtained black slurry was filtered and washed using distilled water and bleached with 3.85% NaOCl for 

3hrs at 30
o
C. The bleached cellulose was washed again using distilled water until residue tested neutral to litmus. 

The obtained product was dried at 60
o
C in an oven. 

Measurement of Percentage Hemi-Cellulose and Cellulose from SCB and OM 

Percentage hemi-cellulose and cellulose were determined in accordance with ASTM D 2017– 98  
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Where:  

%NDF = the percentage of the neutral detergent fibre which is the measure of the total percentage of cell wall 

constituents.  

 

%ADF= the percentage of the acid detergent fibre which is the measure of the sum total by percent of cellulose and 

lignin.  

 

%ADL= the percentage of the acid detergent lignin which is the measure of the percentage of lignin only. 

 

Graft Copolymerization of Acrylamide on Sugarcane bagasse and Orange mesocarp 

Grafting of acrylamide on SCB was carried out by the method described by Nada, Mohammed and Hesham (2007). 

1g of cellulose (w) was steeped in acrylamide solution for 5 minutes followed by the addition of dissolved ceric 

ammonium nitrate in nitric acid at 20
o
C for 2 hours. After grafting, the sample was filtered, washed with distilled 

water, and then air dried (w1). This dried sample was extracted with distilled water in a soxhlet device for 48 hours to 

dissolve the formed homopolymer. After extraction, the sample was washed with distilled water and then air-dried 

(w2). The different variables of the grafted copolymerization of acrylamide onto cellulose were studied e.g. initiator 

concentration (0.005 – 0.020 M), ratio of monomer to cellulose (w/w) (1:1 – 3:1) and grafting time (0.5 – 3 hours). 

The percent graft yield (%G) and percent grafting efficiency (%GE) were calculated on an oven dry weight of 

cellulose from the increased weight of cellulose after grafting by using the Equations (1) and (2): 

       (1) 

      (2) 

           (3) 

Swelling measurement 

Swelling of the hydrogels were measured by the free swelling method, adopted by Ekebafe et al. (2010) and 

expressed as a water retention value (WRV) calculated in grams of water per grams of dry polymer. In a typical 

measurement, 0.1 g was immersed in 100 ml of distilled water for 30 min and allowed to stand. The swollen 

hydrogel was then separated from unabsorbed water by screening through a weighed No. 41 filter paper in a funnel. 

Corrections were made for the water retention of the filter paper, that is, by repeating the measurement using blank 

filter paper in contact with water. The hydrogel was allowed to drain on the paper for 10 minutes, after which the 

paper was weighed to determine the weight of water which caused swelling of the hydrogel. Swelling equation 

characteristics was calculated in % using the equation (4) below: 

       (4) 

Where, W2 and W1 are the weights of water swollen hydrogel and dry absorbent in grams, respectively.  

Results AND Discussion  

Percent yield of cellulose from SCB and OM 

Table 1: % Yield of cellulose from sugarcane bagasse and orange mesocarp 
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 Yield (%) 

Sugarcane bagasse 51.11 

Orange mesocarp 29.10 

 

The calculation of the cellulose yield was done on a dry weight basis. The yield of SCB was higher than OM for this 

work. SCB extraction gave a percentage yield of 51.1 while OM gave a percentage yield of 29.1 on a repetitive basis. 

This result was similar to a result obtained by Onigbinde and Adaego (2015). This could be attributed to the fact that 

the fibers in orange mesocarp are not strong enough, hence easily gets destroyed or hydrolyzed in the alkaline 

treatment.  

Effect of Different Variables ON Grafting Process 

Effect of CAN concentration 

Variation of CAN initiator on the grafting parameters is shown in Figure 1.  Ceric ion concentration was varied from 

0.005M - 0.020M. The result as presented in the figure showed an increase in grafting parameters with concentration 

initiator increase up to 0.015M. Maximum graft efficiency (%GE) of 51.67, graft percentage (%G) of 78.1 and 

polymerization percentage (%P) of 104.7 were obtained at this concentration. Further increase in concentration of 

CAN beyond 0.015M led to a decrease in the grafting parameters. The enhancement of the grafting by increasing the 

concentration of CAN indicated that a certain amount of initiator is needed to create a radical site on the SCB 

cellulose for initiating grafting. The increase in grafting parameters is a result of the formation of large number of 

grafting sites which induces grafting in the presence of monomer. Beyond the optimum value of 0.015M, no more 

active sites 

are formed 

on the 

cellulose, 

hence a 

decrease 

observed in 

the 

parameters. 

 

 

 

 

 

 

 

 

Fig. 1: Effect of initiator concentration on grafting parameters.  (Reaction conditions: m/c ratio 3:1; 

temperature 30
o
C; time 2 hrs) 
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The decreasing trend in the parameters is attributed to the initiator’s involvement in the termination reactions as a 

result of many chains being initiated which leads to radical combination that brings about termination (Nada, 

Mohammed and Hesham, 2007). This factor also leads to the formation of homopolymer, since ceric ion is a very 

good oxidizing agent, it reacts with acrylamide (Aam) at higher concentrations to form more of the homopolymer 

rather than the copolymer. Similar observations were reported in the literatures by (Mahdavi et al., 2011 and Khullar 

et al., 2008)  

Effect of monomer to cellulose ratio 

Keeping other conditions fixed, the effect of the variation of the monomer to cellulose was studied as shown in 

Figure 2 below. It is observed from the result that as the ratio of the monomer to cellulose increased from 1:1 to 3:1, 

there was a significant increase in the %P and %G up to a maximum value of 104.7 and 78.1 respectively at ratio 3:1. 

Similarly, at the same ratio 3:1, there was increase in %GE up to a maximum value of 51.67 and then a decreasing 

trend was observed when the monomer to cellulose ratio was further increased. 

 

Fig. 2: Effect of monomer to cellulose ratio on graft parameters. (Reaction conditions: initiator concentration, 

0.015; temperature, 30
o
C; Time, 2 hrs).  

The initial increase in the grafting parameters is expected as there is a higher amount (fixed) of acrylamide available 

for copolymerization to the available grafting sites. The radicals formed around the cellulose are sessile and in order 

to initiate grafting, the monomer molecules must get attached to the radicals around the cellulose which helps in 

chain initiation and propagation and invariably leads to increase in graft chains. However, the graft yield was 

observed to fall at a higher monomer to cellulose ratio. This is expected to be true because at a given initiator 

concentration, there is a constant or limited available number of sites active for grafting which is competed for by the 

acrylamide molecules. Hence, at a higher monomer to cellulose ratio, there is an excess of the monomer molecules 

relative to the available sites for graft formation which leads to the molecule participating in more of the 

homopolymer formation (Jideonwo, 2006).  Also, the decrease can also be attributed to be due to the competition 

between homopolymerization and graft copolymerization, where the former prevails over the latter at higher 

concentration of the acrylamide (Khullar, Varshney, Naithani and Soni, 2008). 

Effect of reaction time 

Graft copolymerization of acrylamide monomer onto sugarcane bagasse cellulose was carried out from 0.5hr to 3hrs 

as shown in figure 3 below. The effect of time on reaction rate is a very important factor in a chemical reaction. 

From the figure, it can be inferred that the %P, %G and %GE increased with increase in reaction time up to 2 hrs. 

and then there was a fall in the trend. 
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Fig. 3: Effect of reaction time on graft parameters. (Reaction conditions: initiator concentration, 0.015; 

monomer to cellulose ratio, 3:1; temperature, 30
o
C). 

The initial increase should be expected since in the presence of the initiator, the graft copolymerization would 

continue until tactically all the monomer has been used up in the reaction. Although the reaction may still continue 

since there is an excess of the monomer, but the reaction rate will be slowed down. At the initial stage of reaction, 

due to high rate of ceric ion participation in the formation of reactive sites at the cellulose backbone, there is increase 

in the number of grafting sites available for graft copolymerization which leads to the increase in the graft 

parameters. At a reaction time above 2 hrs, the parameters decreased which can result from the fact that there will be 

a less amount of active site available for grafting over time due to a simultaneous consumption of the monomer and 

initiator (Jideonwo, 2006). Similar findings have also been reported in the literatures as observed by (Nada, 

Mohammed and Hesham 2007; Khullar, Varshney, Naithani and Soni, 2008). 

Effect of reaction temperature 

 

Using the optimized conditions for the other parameters, the effect of the variations in reaction time was studied. As 

shown in Figure 4 below, it is observed that there is a dependence of the graft parameters on temperature. In every 

chemical reaction, it is known that temperature accelerates the rate of molecules collision leading to a faster reaction. 

This can also be considered here as well. As the temperature increases from 10- 40
o
C, there is a high rate of the 

penetration of the monomer through the cellulose backbone and an increase in chain length due to increase in 

initiation and propagation rate (Nada, Mohammed and Hesham 2007). According to Mahdavi et al. (2011), this could 

also be attributed to a faster decomposition of the redox system which leads to radical formation for initiation and 

propagation reaction to take place and a higher mobility of the monomer from the aqueous phase to the cellulose 

backbone giving rise to a significant increment in the graft parameters. 

 



              Proceedings of the 2
nd

 International Conference, The Federal Polytechnic, Ilaro, 10
th

 – 11
th

 Nov., 2020 

 

2137  Joy BAMIDELE & Adetola AJAYI 

 

Fig. 4: Effect of reaction temperature on graft parameters. (Reaction conditions: initiator concentration, 

0.015; monomer to cellulose ratio, 3:1; time, 2hrs).  

Comparison of physicochemical and graft parameters of SCB and OM 

The physicochemical parameters and grafting parameters of SCB and OM at the optimum conditions are compared 

and summarized in the table below. 

Table 2: Physicochemical parameters and grafting parameters of SCB and OM at the optimum conditions. 

Parameters Sugarcane bagasse Orange mesocarp 

Form Powder Powder 

Colour Light yellow Whitish 

Ph 7.55 6.95 

% Polymerization 122.7 152.8 

% G 39.5 61 

% GE 32.19 57.81 

Water retaining volume (WRV) (%) 288 695 

Bulk Density (kg/m
3
) 608 686 

 

It can be deduced from the table above that at the optimum conditions, the grafting parameters for OM were higher 

than those of SCB. This is an indication that the grafting of acrylamide monomer is more efficient on the OM 

cellulose backbone than on the SCB cellulose backbone which may be due to efficient hemicellulose and lignin 

removal, opening up the space for acrylamide to be grafted onto the cellulose matrix with little or no side reactions.  

Also, the water retention capacity and bulk density of OM were considerably higher than those of SCB which means 

that the adsorption capacity of orange mesocarp cellulose would likely be higher than those of SCB cellulose.  

FT-IR spectroscopy 

Infrared spectra of extracted cellulose and grafted cellulose for both sugarcane bagasse and orange mesocarp are 

shown in figures 5-8. The cellulose spectra for the extracted samples are those obtained by modified process using 

alkaline and hypochlorite treatment. The absorption bands found at 3448.00 and 3422.26 of the SCB and OM 

indicates the stretching vibrations of the OH- group. Bands at 1052.21 and 1049.40 is indicative of the presence of an 

ether group.  Peaks observed at 2906.02 and 2920.77 for SCB and OM is indicative of C-H stretching vibrations. 

1430.78 and 1322.70 corresponds to -CH2 scissoring and OH- bending vibrations for OM while it appears for SCB 
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at 1437.00 and 1325.10. The absorption bands observed at 1641cm
-1

 and 1643cm
-1

  for grafted SCB and OM indicate 

the stretching of the carbonyl (C=O) of the amide group in acrylamide. A band at 897.59 and 892.79cm
-1

for SCB and 

OM indicates the (C-H) stretching vibrations of the polyacrylamide molecule. These values confirmed the grafting 

and are similar to values in literetures (Onigbinde and Adaego, 2015; Mahdavi et al., 2011). 
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Fig. 6: FTIR Spectrum for grafted SCB 
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Fig. 7: FTIR spectrum for grafted OM. 
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Conclusion 

Cellulose obtained from natural polysaccharides has been discovered to be of great importance in diverse field of 

applications most especially in sorption of heavy metals and in drug delivery systems.  More enhanced properties are 

conferred on the cellulose backbone when modified through grafting. This research study reports the grafting of 

acrylamide monomers on cellulose obtained from SCB and OM. The result of this research work has confirmed the 

possibility of grafting acrylamide monomer on extracted sugarcane bagasse (SCB) and orange mesocarp (OM) 

cellulose with a good graft efficiency, graft % and % polymerization yield. Extraction of cellulose from sugarcane 

bagasse gave a yield of 51.1%, while that of orange gave a yield of 30.0%. The Comparative studies of the grafting 

of acrylamide monomer onto SCB cellulose and OM cellulose showed that grafting parameters were high with the 

cellulose obtained from OM (%G 61.0, %GE 57.81 & % P 152.8) compared to that of SCB (% G 39.5, %GE 32.19 

& %P 122.7). Also, the physicochemical parameters were also higher for OM cellulose (bulk density 686kg/m
3
& 

WRV 695%) compared to SCB cellulose (bulk density 608kg/m
3
& WRV 288%). The presence of the acrylamide 

monomer on the cellulose backbone was confirmed using FT-IR spectroscopy. These findings shows that the 

grafting of acrylamide monomers on SCB and OM can be used to enhance their properties and confer desired 

properties on them which can make them useful as potential adsorbents in sorption of heavy metals in wastes like 

textile mill effluents, palm oil mill effluents or in wicking of oil, selective water absorption from oil-water 

emulsions, body fluid absorbents in medical applications and other related applications. 
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