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Abstract—NCC isolation involved pretreatment stages which 

are alkali pretreatment and bleaching. Microwave assisted 

process for NCC isolation expected to be efficient in the lignin 

degradation. The objectives are to extract cellulose from 

untreated EG using microwave assisted bleaching process and 

determine lignin degradation using different concentration of 

hydrogen peroxide (H2O2) as bleaching agent. Untreated EG 

will be bleached using different concentration of H2O2 in 

different time. The percentage of total lignin degradation can 

be determined from the summation of acid soluble lignin (ASL) 

and acid insoluble lignin (AIL). The result showed that the 

highest percentage of total lignin degradation is at 120 minutes, 

30% concentration of H2O2, with 180W. This can be conclude 

that microwave assisted bleaching process can be an effective 

pretreatment method for NCC isolation.  

 
Keywords— bleaching, microwave irradiation, elephant 

grass, lignin, nanocrystalline cellulose.  

I. INTRODUCTION 

Cellulose, hemicellulose and lignin are the principal 

components in lignocellulosic biomasses and their auxiliary piece 

fluctuates with climatic and development conditions [1]. Typically, 

there are about 40-50% cellulose, 20-30% hemicellulose and 10-

25% lignin comprised in agricultural lignocellulosic biomass [2]. 

From the present perspective, cellulose is the most basic natural 

polymer which about 1.5 x 1012 tons of the yearly biomass creation 

and is considered an practically unlimited wellspring of crude 

material for the expanding interest for earth neighborly and 

biocompatible items [3]. In recent year, attention towards green 

chemistry principals due to environmental concern have attracted 

scientists to do research on production of nanocrystalline cellulose 

(NCC) from lignocellulosic materials due to its miscellaneous 

application [4] that could replace the non-biodegradable resources 

[5] and their various peculiar properties make them potentially 

relevant in a different field of scientific and technological 

developments [6, 7].  

Nanocellulose is a particle with nano-sized dimension which 

displays structural characteristic of low density, renewability, high 

crystallinity, high mechanical strength, biocompatible and high 

surface area connected with modified hydroxyl group [8, 9]. 

Recently, the nanocrystalline cellulose (NCC) has been recognized 

for its greatly diverse application as emulsifier, cosmetics, 

thickener and stabilizer in food and pharmaceuticals applications 

[10, 11]. Besides, NCC also most being used as filters or 

reinforcement agents in aerospace, automobile and some 

biomedical field for manufacturing high performance materials 

with good thermal stability [12].  

Nanocrytalline cellulose (NCC) can be extracted from sources 

such as animal (tunicates) [13], algae [14], bacteria [15] and 

lignocellulosic biomasses [16]. There are also a few lignocellulosic 

biomass that have been done in NCC isolation such as jute fibers 

[17], sugarcane bagasse [18, 19], olive tree [20], areca palm leave 

stalk [21], brewers spent grain, hazelnut shell, wheat straw and 

orange peels [22]. However, this interest also includes the search to 

find a new biomass sources for the production of nanocrystalline 

cellulose (NCC) and in this outcome, Elephant Grass found to be 

possibly engaging profitable source. Elephant grass or its specific 

name, Pennisetum purpureum is a species of Napier grass which 

contains 60.20% cellulose, 23.80% hemicellulose and 8.20% 

lignin. It is a major and one of the highest yielding tropical grass 

[23]. This natural fiber is derived for use in plastic, automotive, 

and packaging industries because of their excellent characteristics 

such as high specific stiffness, low density, eco-friendly, good 

mechanical properties, good thermal and acoustic insulation, 

toxicologically harmless and biodegradability [24]. Recently, many 

researchers had done some research on NCC isolation using a 

species of Napier grass and the outcomes were very encouraging as 

the studies showed that Napier grass has a great potential for the 

industrial productions [5, 24-30].  

NCC isolation from cellulose materials happens in two stages 

which are pretreatment of the materials and chemical treatment for 

extraction process, generally bleaching [31]. Pretreatment process 

required to amend the shape of cellulosic biomass to make sure 

cellulose more approachable [27]. Normally, oxidation agent such 

as hydrogen peroxide (H2O2) is used to enhance the effect of 

bleaching treatment and it is suitable for extraction of cellulose as 

the oxidative agent is more aggressive on lignin and hemicellulose 

meanwhile cellulose is hardly decomposed. Some researchers also 

use chlorine [32], calcium hypochlorite [12], sodium hypochlorite 

[4], acetate buffer and sodium chlorite [33] as a bleaching agent in 

order to remove the phenolic chromophores but resulting in a 

negative environment effects.  

 Nevertheless, although pretreatment and  bleaching are the 

common and widely used method in delignification process 

however, this process does not result in significant biomass 

delignification instead causing repolymerization of some amount of 

lignin with other degraded products and the requirement of large 

amount of acid can cause the corrosion problem to the equipment. 

Besides, the acid or alkali chemical pretreatment methods that used 

conventional heating method also have disadvantages such as low 

conversion of biomass components and producing by-products. 

Hence, the bleaching assisted microwave technique can be used in 

order to improve the yield of NCC isolation. Lignocellulosic 

biomass was revealed to the microwave heating as the effect of 

swelling and fragmentation occurred internally within the biomass 

materials resulting interference of biomass structures [30]. 
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Microwave technology assisted bleaching process represents as a 

replacement and genuine option to conventional thermal treatment 

[34]. They found that these process have become popular due to 

their low energy consumption, fast reaction time, fully distributed 

heat convection and effective heat transfer as compared to 

conventional heating process such as thermo-chemical conversion 

technologies and biological conversion technologies [35, 36]. 

Microwave irradiation induces heat at the molecular level by direct 

conversion of the electromagnetic heat into energy [37]. Several 

studied have analyzed the use of microwave irradiation preceding 

to NCC isolation and it has been illustrated that microwave heating 

is efficient in accelerate the lignin degradation [31, 38].  

 Therefore, there are two objectives of this research which are to 

extract cellulose from untreated Elephant Grass (EG) using 

microwave assisted bleaching process and to determine lignin 

degradation using different concentration of H2O2. In this study, 

the focus is the microwave-assisted bleaching to pretreat the 

untreated elephant grass with present of bleaching process. The 

manipulated parameter is the concentration of H2O2 at 20%, 25% 

and 30%. The bleached elephant grass later will be extracted to 

find the lignin content. 

II. METHODOLOGY 

A. Preparation of raw materials 

The Elephant Grass roughly cut into 2cm and oven dried at 

110oC until the moisture content is <10%. The sample was 

grounded and sieved to obtain 355μm and was sealed and placed in 

the desiccator to maintain its moisture content before further 

process.  

 

B. Bleaching process 

The raw material was bleached using three different 

concentration of hydrogen peroxide which are 20%, 25% and 

30% for seven different time which are 5,10,15, 30, 60, 90 and 

120 minutes [39].  

 

C. Lignin extraction 

0.3g of bleached biomass was added into 3ml of 72% sulphuric 

acid and was kept for 2 hours in a room temperature. After that, 

84ml of distilled water was added into the sample and the sample 

was being autoclaved at 121oC. The sample was filtered through 

vacuum using filtering crucible and the residue was dried at 121oC 

in order to get the percent of acid insoluble lignin (AIL). The acid 

soluble lignin (ASL) also being measured using UV-VIS [40].  

 

III. RESULTS AND DISCUSSION 

A. The effects of microwave power at 180W in 20, 25 and 

30% concentration of hydrogen peroxide on lignin 

degradation. 

 
Total of percentage lignin degradation is the summation of acid 

insoluble lignin (AIL) and acid soluble lignin (ASL) results. Acid 

insoluble lignin (AIL) is known as an insoluble fraction sample 

obtained through filtration process using vacuum pump in order to 

separate the AIL and ASL and it can be calculated manually in 

order to get the percentage of lignin degrade in the process. 

Meanwhile, acid soluble lignin (ASL) is known as a hydrolysate 

from lignin removal process where a mixture of 3 ml 72% H2SO4 

with 0.3 g bleached sample was mixed with 84 ml distilled water 

and has been autoclaved for 1 hour. The graph showed the 

percentage of AIL, ASL and total lignin degradation from different 

concentration of H2O2 versus time of bleaching process at 20%, 

25% and 30% hydrogen peroxide concentration.  

Figure 1 showed the graph trends of the percentage AIL 

increased for all the three concentrations. The increment of the 

percentages can be explained by sufficient hydrolysis of insoluble 

polysaccharides in the acidic suspension, thus resulting sufficient 

destruction of the microfibrils structure which later give a higher 

percentage of degradation [41]. Half of the linkage structures in 

lignin consists of the ß-O-4 bond and some research has been done 

stated that depolymerisation of lignin normally targeting the ß-O-4 

bond cleavage, thus it will become acid soluble lignin. But, some 

of them will remain as acid insoluble lignin [42, 43]. The highest 

percentage was obtained at point of 120 minutes in 30% 

concentration of H2O2 because the reaction of sulphuric acid 

decreased the lignin content in the biomass and resulting highest 

percentage of degradation based on the weight of the original 

biomass [44]. The elimination of lignin groups such as ethylenic 

and carbonyl groups and solubilisation of hemicellulose are from 

the reaction of hydroperoxide anions (HOO-) and radical hydroxyl 

ions (OH-). 

 

 
 

Fig 1: Graph of % Acid Insoluble Lignin (AIL) degradation at 

180W 

 

Figure 2 showed the graph trend of percentage ASL degradation 

for all three concentrations. This indicated that during the 

bleaching process, the linkage between lignocellulosic materials 

might be broken evenly with increasing of reaction time hence it 

will ease the hydrolysis process in the sulphuric acid solution to 

solubilize the lignin in the liquid fractions and resulting the 

increasing percentage of the degradation at 30% concentration 

[45]. Based on the graph, the percentage of the ASL is the highest 

at 120 minutes in 30% concentration which contributed as a peak 

towards this process. The utilization of high concentration of 

sulphuric acid which provide high concentration H3O
+ ions that in 

charge of the protonation of ether-bond group in lignin, thus 

enhance the bonds to eventually hydrolyzed and give the high 

percentage of the ASL [46]. As is observed in graph of 30% 

concentration, the power of microwave with increasing time and 

concentration in bleaching process enhanced the efficiency of 

lignin degradation due to the disorganized and broken structures of 

lignocellulosic materials by microwave irradiation [47] that give 

high surface area for the fast reaction to take place [46].  

Meanwhile, the acid soluble lignin showed a significant 

decreased with respect to reaction time because of the efficient 

removal of the non-cellulosic components from the sample which 

resulting in the reduction of percentage ASL in the sample [48]. 

Besides, the breakage of intermolecular ester linkages between 

cellulose and lignin during the bleaching treatment does not 

distributed evenly with existence of heat from microwave 

irradiation which affected the electromagnetic waves through the 

sample, thus reducing the percentage of ASL [31]. Furthermore, at 

concentration 20% and 25%, the percentage ASL reduced can be 

illustrated by reduction of some activity by the groups contains in 
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the sample that unable to overcome the re-polymerization process 

and degradation effectively [49] which showed in the figure 2.  

 

 
 

Fig 2: Graph of % Acid Soluble Lignin (ASL) degradation at 

180W 

 

Figure 3 showed that the highest percentage of lignin 

degradation was at 30% hydrogen peroxide concentration for 120 

minutes as the retention time gave a significant effect on the 

degradation process. Furthermore, the enhancement of the cleavage 

of the chemical bond provides an efficient degradation process. It 

was said that high retention time presumably assisted more 

efficient contact time for hydroxide and oxygen radical ions with 

the lignin content [49]. At microwave power of 180 W, it was 

found to be the maximum percentage of lignin degradation because 

of the mechanism of microwave which used electromagnetic waves 

induction through the sample compared to conventional heating 

that used only poor conduction process [31]. The amorphous 

region in the biomass can absorb the chemical solution and become 

soft and flexible thus resulting the hydrolysis of the amorphous 

regions into nanocrystalline cellulose. 

Besides, microwave heating helps in the dewaxing of the 

biomass. After the bleaching process is done, the sample will 

undergo acid hydrolysis process where the cellulosic fiber is 

exposed to the sulphuric acid. The process introduced to remove 

the amorphous region and isolation of NCC. As the concentration 

of bleaching agent is higher, the cellulose amorphous region will 

going through a hydrolytic cleavage by hydronium ions and 

released an individual crystallite [50]. 

 

 
 

Fig 3: Graph of % total lignin degradation at 180W 

 

IV. CONCLUSION 

 
In summary, microwave assisted bleaching process could 

simultaneously degrade the lignin from biomass elephant grass. 

The bleaching process resulted in 49.93% of total lignin 

degradation at 180 W of microwave power at 120 minutes. The 

comparison between different concentration can be seen clearly 

indicate that concentration hydrogen peroxide for bleaching 

process at 30% give the best maximum for lignin degradation. 

Besides, significant lignin degradation could be achieved 

effectively using microwave irradiation due to their heating 

mechanism.  
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