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The Fenton reaction has been widely used in the pretreatment of 
lignocellulose. It offers the advantages of simple operation, fast reaction 
speed, and low pollution. In this study, the effects of different proportions 
of Fenton reagents on the enzymatic hydrolysis of poplar were compared 
and analyzed, and the optimal ratio of Fenton reagents was obtained. The 
maximum yield of enzymatic hydrolysis of glucose in Fenton pretreatment 
samples was 406 mg/g at H2O2 and Fe2+ concentrations of 1.0 mol/L and 
0.01 mol/L, respectively, which was 2.5 times that of untreated samples. 
Meanwhile, the composition analysis and FT-IR analysis showed that 
Fenton pretreatment could degrade lignin and hemicellulose effectively. X-
ray diffraction (XRD) analysis showed that Fenton pretreatment can 
partially destroy the amorphous region of poplar. These findings will 
contribute to efforts to improve the viability of the Fenton pretreatment 
process for converting biomass into energy. 
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INTRODUCTION 
 

 Lignocellulosic biomass is an environmentally friendly renewable material that can 

be converted into an alternative to traditional fossil fuels (Csilla et al. 2019). Due to its 

physical and chemical rigidity and recalcitrance, it is difficult to produce sugars from the 

carbohydrates in lignocellulose (Chu et al. 2019). Lignocellulose is mainly composed of 

cellulose, hemicellulose, and lignin. Cellulose is a carbohydrate that can be used to produce 

glucose, which is an important raw material for microbial fermentation to synthesize 

biofuels and bio-based chemicals. Due to the protective frames of lignin and chains 

between cellulose and hemicellulose, sugar yield is limited. Physical, chemical, and 

biological pretreatment is required prior to the enzymatic hydrolysis of cellulose (Liu et al. 

2019b). Although these physical and/or chemical pretreatment methods have been 

extensively studied, they still have problems such as high operating temperatures leading 

to high energy consumption and the generation of byproducts that are toxic to biomass 

enzymolysis (Supanchaiyamat et al. 2019). Although biological pretreatment requires less 

energy and chemicals, it is less attractive to researchers because of its long reaction time. 

Biological pretreatment with fungi may offer some hints on the development of a cost-

effective and environmentally friendly pretreatment processes with less solvents and acids 

(Goshadrou 2019). For example, in the degradation of wood by fungi, the Fenton reaction 

(i.e., iron and H2O2) facilitates the chemical degradation of lignocellulose (Hyunseok et al. 

2017). The Fenton reaction involves the oxidation of Fe2+ to Fe3+ by H2O2, and then the 

reduction of Fe3+ to Fe2+, resulting in the formation of H2O, O2, and two kinds of oxygen 
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radicals, namely HO and HOO (Liu et al. 2019c). The oxygen radicals initiate chain 

reactions for the oxidation of the lignocellulosic components and the further formation of 

other reactive oxygen species (Roccotelli et al. 2020). 

 The Fenton reaction takes place under mild conditions, such as indoor temperature, 

normal atmospheric pressure, or low concentrations of chemicals. Therefore, it is 

considered to be an environmentally benign process (Zhang et al. 2018; Ying et al. 2019). 

Furthermore, the Fenton reaction is found to be effective in destroying the chemical 

composition of wood cell walls in nature, and it can be applied to the pretreatment of 

lignocellulose for increasing the enzymatic digestibility.  

In this study, poplar wood was selected as a raw material for biomass conversion, 

and it was pretreated with Fenton reagent to improve its enzymatic hydrolysis. Then the 

impact of Fenton reagents on the enzymatic hydrolysis of poplar, and the optimal ratio of 

Fenton reagents was obtained. Later, the pretreatment mechanism for poplar with Fenton 

reagents were explored through analyzing the components of poplar, FTIR, and XRD. 

These results can offer valuable references for the pretreatment of lignocellulosic biomass. 

 

 
EXPERIMENTAL 
 
Materials 

Poplar wood specimens, collected from the Woodworking Machinery Laboratory 

of South China Agricultural University in Guangzhou, China, were air-dried, crushed with 

a Wiley mill, and then separated with sieves of 40 and 80 mesh, yielding powder particles 

in the size range 0.18 to 0.425 mm. All chemicals were reagent grade, and they were 

purchased from the Damao Chemical Reagent Factory. Except as otherwise noted, batch 

cellulase with a 99% purity was purchased from Ruiyang, Jiangsu with an enzyme activity 

of 35 FPU/g. All the raw materials were dried overnight in the high-temperature oven set 

to 80 ℃, and then the change in moisture content was eliminated. 

 

Poplar Pretreatment  
The samples were pretreated with Fenton reagents in different proportions, and the 

ratio of Fe2+ and H2O2 is shown in Table 1. Poplar and Fenton reagents were added to 

conical flask in a solid-liquid ratio of 1:20, and the pH was adjusted to 3 with oxalic acid 

solution. The conical flask was placed in a thermostatic oscillator for 12 h at 28 C and 180 

rpm/min. The sample was cooled to room temperature, filtered to recover the solid residue, 

and rinsed with distilled water. Upon filtration, the solid was dried (105 ℃) overnight. 

 

Table 1. Fenton Preconditioning Condition 

Fe2+ (mol/L) 0.01 0.03 0.05 0.1 

H2O2 (mol/L) 

0.25 1.2 1.5 1 

0.5 1.5 2 2 

0.75 2.25 2.5 3 

1 3 3 4 

 
Enzymatic Hydrolysis of Cellulose 

Pretreated poplar samples weighing 0.05 g were placed in a 50 mL Erlenmeyer 

flask, and 20 mL of a citric acid buffer with a pH of 4.8 was added, and the cellulase content 

was 35 FPU/g. The sealed conical flask was then shaken on a constant temperature shaker 
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at a temperature of 50 ℃ and a speed of 150 rpm for 48 h. The sugar reduction 

determination was conducted following the DNS test method based on reducing sugars. 

 
X-ray Diffraction (XRD) 

Pretreated and untreated samples were analyzed by XRD. The samples were 

scanned on a D8 Advance diffractometer equipped with a sealed tube Cu Kα source. The 

operating voltage and current were 40 kV and 40 mA, and the X-ray wavelength was 

0.15406 nm. Scans were collected from 2θ = 10° to 50° with step size of 0.03 at 4 s per 

step. A peak deconvolution method was used to extract the crystallinity. The obtained 

biomass crystallinity was normalized by the cellulose content in each waste fiberboard 

sample to get the cellulose crystallinity. 

 

Fourier Transform Infrared Spectroscopy (FT-IR) 
FTIR was recorded from an FT-IR spectrophotometer (NICOLET6700, Thermo, 

Waltham, MA, USA). The samples were prepared by mixing 1 mg of material powder with 

100 mg of KBr. Thirty-two scans were taken from 4000 to 400 cm-1. 

 

 
RESULTS AND DISCUSSION 
 
Effects of Different Proportions of Fenton Reagent Pretreatment on the 
Enzymatic Hydrolysis of Poplar 

As shown in Table 2, the glucose content of poplar powder pretreated with Fenton 

reagents of different proportions was significantly different. Among them, when the 

concentration of Fe2+ was 0.01 mol/L and the concentration of H2O2 was 1.0 mol/L, the 

glucose content was the highest, which was about 2.5 times the untreated group. In this 

experiment, the concentration of Fe2+ was 0.01mol/L, and the concentration of H2O2 was 

1.0 mol/L and was determined as the optimal ratio, which can be used in further 

experiments. 

 
Table 2. Glucose Content of Poplar Powder Treated with Fenton Reagent  

Fe2+ Concentration (mol/L) H2O2 Concentration (mol/L) Glucose Yield (mg/g) 

Blank 166.79 

0.01 0.25 382.85 

0.01 0.5 246.57 

0.01 0.75 290.54 

0.01 1 405.9 

0.03 1.2 154.12 

0.03 1.5 178.70 

0.03 2.25 143.29 

0.03 3 237.69 

0.05 1.5 85.91 

0.05 2 117.29 

0.05 2.5 128.51 

0.05 3 200.41 

0.1 1 223.04 

0.1 2 183.42 

0.1 3 94.93 

0.1 4 151.8 
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Fenton Pretreatment of Poplar Component Analysis 
The composition analysis of the highest Fenton pretreatment enzymatic hydrolysis 

sample and untreated poplar was analyzed. As shown in Table 3, the hemicellulose content 

of poplar treated with Fenton reagent decreased from 21.9% to 12.3%, while the lignin 

content was reduced from 22.6% to 15.2%, which is consistent with Yu et al. (2018). This 

result indicates that Fenton pretreatment could effectively degrade hemicellulose and 

lignin, which might be the reason for the improved enzymatic hydrolysis effect of poplar 

samples after Fenton pretreatment. 

 

Table 3. Components of Poplar Before and After Pretreatment 

Sample Cellulose  (%) 
Hemicellulose 

 (%) 
Lignin 
 (%) 

Raw poplar 42.5 21.9 22.6 

Fenton pretreated poplar 52.8 12.3 15.2 

 

FT-IR Analysis 
Infrared spectroscopy is a useful tool to study the physical and chemical changes 

of polysaccharides. The FT-IR spectra of poplar samples are shown in Fig. 1, the area and 

height of each characteristic peak are shown in Table 3. The regional bandwidth of 3400 

to 3300 cm-1 belongs to the O-H stretch vibration of cellulose, and the region of 2920 cm-1 

belongs to the C-H stretch vibration in cellulose methylene (Ferrari et al. 2019). After 

Fenton pretreatment, the characteristic peak strength and area of cellulose increased 

obviously, which indicates that the poplar samples had a higher cellulose content. This is 

consistent with the previous component analysis.  

 

 
 

Fig. 1. FT-IR analysis of poplar before and after pretreatment 
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The absorbance peak at 1740 cm-1 belongs to hemicellulose carbonyl (Sakuragi et 

al. 2018), so the peak intensity here was positively correlated with the content of 

hemicellulose in the sample (Gogoi et al. 2018). Compared with untreated samples, the 

absorbance peak strength of poplar samples pretreated with Fenton at 1740 cm-1 

significantly weakened, which was caused by the destruction of hemicellulose acetyl in the 

pretreatment process (Liu et al. 2019a). The acetyl in hemicellulose was one of the main 

obstacles in the destruction process of lignocellulose structure, and the deacetylation 

reaction in hemicellulose could improve the efficiency of enzymatic hydrolysis. The 

absorption peak at 1236 cm-1 belongs to the vibration of the C-O bond in hemicellulose or 

lignin, and the absorption peak at 1375 cm-1 belongs to the C-H vibration of cellulose and 

hemicellulose (Yao et al. 2018). The reduction of the absorption peak strength of the 

samples pretreated with Fenton at these two sites was partly due to the degradation of 

hemicellulose. 

 

Table 4. Characteristic Peak Area and Height of Poplar Samples Before and 
After Pretreatment 

Sample 

3400 cm-1 2920 cm-1 1740 cm-1 1375 cm-1 1236 cm-1 

Peak 
area 

Peak 
height 

Peak 
area 

Peak 
height 

Peak 
area 

Peak 
height 

Peak 
area 

Peak 
height 

Peak 
area 

Peak 
height 

Raw 5343.82 14.72 420.82 4 160.74 5.16 61.62 3.15 396.79 6.96 

Fenton 
pretreatment 

7845.06 23.37 701.73 7.17 91.92 2.92 55.13 2.36 220.9 3.93 

 

X-ray Diffraction Analysis 
 The XRD method was used to evaluate the structural changes of poplar. The XRD 

spectra of untreated and pretreated poplar are shown in Fig. 2.  

 

 
 

Fig. 2. XRD analysis of poplar before and after pretreatment 

2-theta (°) 
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The main diffraction peaks of 18.5° and 22.1° exhibit the crystal structure of 

cellulose I (101) and (002), respectively, and the crystallinity index (CrI) of untreated 

poplar and poplar pretreated with Fenton were 0.502 and 0.547, respectively. The increase 

of CrI can be attributed to the removal of the amorphous parts. The crystal region of poplar 

is a rigid structure that was difficult to destroy via the Fenton reagent (Xu et al. 2018). The 

removal of amorphous components provided more contact sites for cellulase in the crystal 

region of poplar, which may be the reason for the increased sugar yield of enzymatic 

hydrolysis increased after Fenton pretreatment. 

 
 
CONCLUSIONS 
 
1. A new mild and green Fenton pretreatment was used to pretreat poplar, and a high sugar 

yield of 405.9 mg/g was obtained after 48 h. 

2. Through the deep understanding of the reaction mechanism of Fenton pretreatment. 

Fenton pretreatment can effectively degrade hemicellulose and lignin, remove the non-

crystalline area of lignocellulosic fibers, and improve the accessibility of the cellulose 

crystalline area. These effects are beneficial to the enzymatic hydrolysis and 

responsible for the high sugar yield.  

3. This study demonstrates that Fenton pretreatment can make cellulose more efficient for 

enzymes and microbial species, which indicates that Fenton reagent is a viable option 

in our biomass pretreatment strategy library. 
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