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Abstract. Alkaline pretreatment has been known as the most popular method to process lignocellulosic 

materials for bioethanol production due to its simplicity and high efficiency. However, the waste water of 

the process has a very high basicity, which requires neutralization with acids upon further disposal. In this 

study, rubber wood saw dust (Hevea brasiliensis) was employed as lignocellulosic material and its 

pretreatment was inspected with both diluted H2SO4 and NaOH in different combination ways. Hereby, acid 

was used not only for waste water neutralization but also to contribute to lignin removal. Analysis results 

showed that an aqueous solution of 2.0 - 2.5 wt.% H2SO4 can be used to treat the biomass followed by 

alkaline pretreatment. By this so-called combo-pretreatment technique, cellulose was well preserved 

without significant hydrolysis while the final pretreatment efficiency was up to 63.0%, compared to 48.2% 

of using only the alkaline solution and 13.7% of using only the acidic solution. Finally, alkaline waste water 

can be mixed to be neutralized with acidic waste water from the two previous steps. This innovated 

technique improved the pretreatment efficiency almost without increasing in chemical cost. 

1 Introduction  

Global energy demand is increasing while the major 

environmental damage is caused by the combustion of 

fossil fuel. Therefore, renewable resources have been the 

vital trend of the world development. Among them, 

lignocellulosic biomass is popular, abundant and able to 

be utilized from agricultural wastes. More specifically, 

lignocellulose-based bioethanol, as known as the 2nd-

generation bioethanol, attracts a lot of interest from both 

academic and industrial fields [1,2].  

To produce bioethanol from lignocellulose materials, 

it usually needs pretreatment and hydrolysis to convert 

cellulose into glucose. Lignocellulose materials have 

very strong structures, mainly consisted of lignin, 

hemicellulose, and cellulose. The purpose of the 

pretreatment is to remove lignin and hemicellulose, 

reduce cellulose crystallinity, and increase the porosity 

of the materials. Physical, physico- chemical, chemical, 

and biological processes have been used for pretreatment 

of lignocellulosic materials. There have been many 

previous studies of lignocellulose pretreatment, 

including: 

 

- Mechanical methods: grinding, steam explosion, 

applying high pressure steam [3-5]. 

- Chemical methods: soaking the materials in alkaline 

or acidic solution, organic solvents; oxidants or reducing 

agents; surfactants [6-8]. 

- Biological method [9-10] 

- Combining steam explosion, mechanical grinding 

with alkaline or acid [11] 

 

Among the methods above, alkaline or acidic 

pretreatments have been known as the most popular 

method due to their simplicity and high efficiency. After 

this type of pretreatment, the waste water solution needs 

to be neutralized for further disposal because it still 

contains much either alkaline or acid. Obviously, the 

remaining chemicals can be quite reused or utilized as 

mentioned previously [1]. In this study, a combination 

pretreatment of both lignocellulosic rubber saw dust by 

both acid and alkaline is carried out. Hereby, instead of 

using H2SO4 acid to only neutralize the wasted alkaline 

solution of alkaline pretreatment, the dilute acidic 

solution is also used to pretreat the lignocellulose in 

order to increase the pretreatment efficiency while not 

increasing the total cost of chemicals. 

2 Materials and methods  

2.1 Material 
 

Wood saw dust of Hevea brasilensis was obtained from 

Binh Duong province, Vietnam. The wood was screened 

to achieve appropriate particle sizes of 0.16mm to 

1.5mm. The wood was then dried to reduce moisture 

content lower than 15.0 wt.% and stored at room 

temperature. The dry lignocellulose content was 
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determined by oven drying at 105OC until constant 

weight as described elsewhere [12].  

2.2 Analytical methods 

2.2.1 Ash content 

Using a crucible and muffle furnace, the ash content of a 

sample is analyzed with a ramping program for 6h until 

constant weight as described in literature [13]. 

 

 Calculation:  

 

% 100crucible ash crucible

sample

Weight Weight
Ash

ODW

+ −
=   (1) 

2.2.2 Lignin content 

Lignin content of the lignocellulosic samples was 

analyzed following the standard method presented by the 

National Renewable Energy Laboratory (NREL, Denver, 

CO, USA) [14].  

The amount of acid-soluble lignin [ASL] was 

determined by UV/vis spectroscopy at 240nm. The 

amount of acid-insoluble lignin [AIL] was determined 

by drying the acid-treated samples at 105OC, then 

burning at 575OC for 24h. Total lignin content of the 

samples was calculated as followings:  
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(3) 

 
where UVabs = average UV-Vis absorbance at 240nm, 

ε= Absorptivity of bxiomass at specific wavelength 

(=25). 

2.2.3 Cellulose content 

The cellulose content of lignocellulose samples was 

analyzed by Anthrone method [15]. This method is 

based on the colorimetric reaction between cellulose and 

anthrone. The color intensity of the sample is 

proportional to the cellulose concentration in a 

determined wavelength. 

The cellulose content was measured by hydrolyzing 

the polysaccharides into simple sugars by acid 

hydrolysis, estimating the resultant monosaccharides and 

determined by UV/vis spectroscopy at 630nm. With the 

optical density (OD), calculate the amount of cellulose 

based on the standard curve of cellulose.  

 

Calculation:  

 

( / )
% = ×100

mg ml acid treated sample
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x Volume
cell

ODW

− −
 (4) 

 

where: x = amount of cellulose content (mg/ml) 

2.3 Acidic and alkaline pretreatment 

5 grams of saw dust (dry basis) was soaked in aqueous 

solution of acid (H2SO4) or base (NaOH) at various 

concentrations and different material/solvent ratios for a 

certain time. The flask is shake at 120 rpm with a 

mechanical shaker. After the pretreatment time, the solid 

material is collected out of the solution by filtration.  

2.4 Definition of pretreatment efficiency 

Regardless the loss of cellulose, which is not significant 

in the pretreatment conditions, pretreatment efficiency is 

defined as the percentage of lignin removed from a fixed 

amount of cellulose: 

 

% 100raw material

pretreated wood

lignin
cellulose

H
lignin

cellulose

−

−

= 
 

(5) 

3 Results and discussion  

3.1. Raw material composition 

Analysis results showed that the material was mainly 

composed of cellulose (47.5 wt.%), lignin (30.1 wt.%), 

and the others (22.4 wt.%). Acid-insoluble lignin was 

found of 26.3 wt.%. 

3.2 Saw dust particle size  

It is known that the smaller size of saw dust particles, the 

more contact area between the solid and liquid. Alkaline 

pretreatment was done for saw dust with different 

particle size obtained through screening. The aqueous 

solution of NaOH 2.0 wt.% was employed at 

material/solvent ratio 1:10 and the reaction time of 24h 

at room temperature. As presented in Fig. 1, the 

pretreatment efficiency increased with the decrease of 

the saw dust particle size but remained unchanged with 

the size less than 0.8 mm. This result suggested the use 

of fine saw dust with size at maximum about 0.5 mm.  

 
Fig. 1. The dependence of alkaline pretreatment efficiency on 

saw dust particle size (pretreatment conditions: NaOH 

concentration 2%, material/solvent ratio 1:10, 24h at room 

temperature). 
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3.3 Material/solvent ratios 

The effect of material/solvent ratios on the pretreatment 

efficiency was inspected with aqueous solutions of 

NaOH 2.0 wt% and H2SO4 2.0 wt.% as shown in Fig. 2.  

 
Fig. 2. Material/solvent ratio analysis 

 
The pretreatment efficiency was ascending with the 

ratios as more alkali or acid is used to delignify the 

samples. However, the differences were not so much 

with alkaline pretreatment while it was observed that 

there would be a difficulty in mixing the mixture if the 

ratio of solid/liquid reduced to lower than 1:15. For 

further experiments, the ratio 1:20 was chosen as the 

optimum. 

3.4 Pretreatment agent concentrations 

As shown in Fig. 3, the optimal concentration for 

alkaline solution to pretreat rubber saw dust can be 

chosen as 2.5 wt.% while higher concentration did not 

give higher pretreatment efficiency. Noticeably, with 

acidic pretreatment, the concentration of H2SO4 higher 

than 2.0 – 2.5 wt.% gave decreasing pretreatment 

efficiency, which is ascribed to carbohydrate hydrolysis. 

To proceed further experiments, aqueous H2SO4 2.0 

wt.% and 2.5 wt.% NaOH are the pretreatment solution 

to choose.  

3.5 Pretreatment time 

Pretreatment time is an important factor in industrial 

scaled production. In general, the alkaline pretreatment 

is more efficient than that of acidic pretreatment in the 

same retention time. Presented in Fig. 4, the pretreatment 

efficiency increased then remained unchanged at 24h 

(48.5% for NaOH 2% and 13.7% for H2SO4 2.5%), 

suggesting a pretreatment time of 24 hours in these 

conditions is recommended. 

. 

 

 
Fig. 3. The result of alkaline and acidic pretreatment at various 

concentrations. 

 

 
Fig. 4. The pretreatment efficiency at different times. 

3.6 Ultimate pretreatment by combining both 
acidic and alkaline pretreatment 

To utilize the acid for wasted alkaline solution 

neutralization, aqueous H2SO4 2.5 wt.% was used to 

pretreat the saw dust before or after alkaline 

pretreatment. Herein, two experiments were set up as 

followings. 

Experiment 1: Pretreatment with NaOH 2.0 wt.% 

followed by acidic pretreatment with H2SO4 2.5 wt.%.  

Experiment 2: Pretreatment with H2SO4 2.5 wt.% 

followed by alkaline pretreatment with NaOH 2.0 wt.%. 

 

The results of these so-called combo-pretreatment 

were presented in Table 1. 

 
Table 1. The results of the pretreatment with acidic, alkaline 

solution, and by combo-technique. 

 

Pretreatment 
with only  

H2SO4 2.5 

wt.% 

Pretreatment 
with only 

NaOH 2.0 

wt.% 

Exp 2 Exp 1 

Pretreatment 

efficiency (%) 
13.7 48.2 63.0 26.37 

Final cellulose 

content  (%) 
55.47 60.45 68.73 42.32 
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Based on the experimental results in Table 1, the 

pretreatment efficiency in Exp. 2 by combo-technique is 

the highest among 4 experiments. Interestingly, combo-

technique in Exp. 1 gave surprisingly low pretreatment 

efficiency. It can be explained that during the prior 

alkaline pretreatment, a large portion of lignin was 

removed. Thus the cellulose in the following acidic 

pretreatment was hydrolyzed intensively. Indeed, the 

final cellulose content of Exp 1 is the lowest among the 

4 entries.  

Compared with single pretreatment, combo-

technique in Exp 2 improved the pretreatment efficiency 

significantly. The wasted solution of both acidic and 

alkaline pretreatment could be mixed finally to 

neutralize each other before disposal. 

4 Conclusion 

Acidic (H2SO4 2.5 wt.%) and alkaline (NaOH 2.0 

wt.%) solutions were respectively used to pretreat rubber 

saw dust in a so-called combo-technique in order to 

increase the pretreatment efficiency. Instead of using 

acids only to neutralize the alkaline wasted solution, this 

method could increase the pretreatment efficiency from 

48.2% as in the single alkaline pretreatment to 63.0%. 

This modified process gives a positive meaning to the 

industrial production of the second-generation 

bioethanol. 

 
This research was funded by Vietnam National University Ho 

Chi Minh City (VNU-HCM) under grant number B2018-20-02. 
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