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Abstract 

The poor biodegradation of liquefied biopolymer extricate and faster ingesting of hydrogen 

gas, hydrogen production from control sample (raw waste biomass) with seed sludge 

practicability is limited. In the present study, hydrogen gas generation potential of paper 

industry waste(PIW) biomass was studied using sonication. During sonication mediated PIW 

biomass pretreatment, power input and specific energy were varied for liquefied biopolymer 

extricate. At optimum power (175 W) and specific energy (30667kJ/kg TS), sonication 

method obtained 2330 mg/L of liquefied biopolymer extricate during PIW biomass 

pretreatment. Then, the substrates namely sonication pretreated PIW biomass and control 

(raw PIW biomass) were subjected to hydrogen assay. At 384 h of digestion, sonication 

method got a maximal hydrogen production (17 mL/g VS) compared to control (3.8 mL/g 

VS).Therefore, sonication mediated PIW biomass helps to diminish the biomass generation 
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by ameliorate the complex biopolymer liquefaction for boosting hydrogen production at large 

scale. 

Keywords:Sonication, paper industry biomass, specific energy, biopolymer liquefaction, 

hydrogen gas 

 

1.Introduction 

Energy necessity, fossil fuel diminution and carbon release are the key factors which forcing 

the research community to attention on zero carbon based renewable energy methodology 

[1].Among renewable energy based fuels, hydrogen gas has bereft of carbon matter with 

utmost level of energy content. Hydrogen production with conventional sources likes biogas, 

coal manure and crude oil still reliant on relic based fuel. This hydrogen production practice 

leads to extricate of lethal gases which directly exposed into the air surface resulting in 

deterioration of environmental sources.Hydrogen production through biodegradation methods 

has environmental advantage likes feasible treatment conditions and significant waste 

biomass management [2].Many types of substrates namely food waste, agro residues, micro 

or macro algal biomass and waste biomass of municipal and industries, can be exploited for 

hydrogen production [3-6]. Among the substrates, sludge as biomass is needed due to 

existenceof higher biopolymer content (> 60 %, dry weight), easy accessibility and cheaper 

cost [7]. Nevertheless, energy efficient hydrogen generation from biomass is constrained 

because occurrence of complex biopolymer leads to ineffective hydrolysis process. Thus, 

biomass pretreatment is needed to overcome the hydrolysis limitation by attaining the 

effective biopolymer liquefaction. Various biomass pretreatment studies namely physical 

(microwave, thermal, electrolysis and sonication), chemical (ozonation, surfactants, 

hydrochloric acid and sodium hydroxide) and biological (microbes producing 

enzymes/hydrolytic enzymes) were stated for ameliorating hydrogen production [8-



European Journal of Molecular & Clinical Medicine 
                                                                                              ISSN 2515-8260         Volume 07, Issue 02, 2020    

 

3348 

10].Among them, sonication has potential with higher biopolymer liquefaction during the 

course of biomass pretreatment.During biochemical reaction of sonication mediated biomass 

pretreatment, oxidizing effect of free radicals, shear force and thermal effect were evolved 

from cavitation bubbles which leads to weakening complex biomass and splitting biomass 

matrix, resulting in effective liquefied biopolymer extricate.The above literature survey 

concludes that no study has been reported the impact of sonication method on PIW biomass 

for ameliorating hydrogen production through complex biopolymer liquefaction. Therefore, 

the key objectives of the present study are to i) optimize sonication specific energy with 

respect to fragmentationtime and sonication power for liquefied biopolymer extricate ii) gage 

the hydrogen production potential of sonication pretreated PIW biomass and control sample 

(raw PIW biomass) iii) find the kinetics (regression coefficient and hydrogen production rate) 

of hydrogen data of sonication pretreated PIW biomass and control samples by fitting with 

Gompertz equation. 

2. Materials and methods 

2.1 Collection and characterization of PIW biomass 

PIW biomass was derived from primary settling tank of paper industry wastewater treatment 

plant, located at TNPL karur, Tamilnadu. The collected PIW biomass was aerated to 

ameliorate microbial activity and then, stored in deep freezer for further usage in PIW 

biomass liquefaction study. PIW biomass characteristics were done as per APHA standard 

methods [11,12] and is espied in Table 1. 

Table 1. Characteristics of PIW biomass 

Parameters PIW biomass 

pH 7.3 ± 0.2 

Volatile solids (VS) (g/L) 15 ± 0.17 
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Chemical oxygen demand (COD) g/L 18.9± 0.31 

Total solids (TS) (g/L) 23 ± 0.2 

Soluble COD (SCOD) (mg/L) 710 ± 41  

Soluble carbohydrate (mg/L) 170 ± 16 

Soluble protein (mg/L) 503 ± 23 

 

2.2 Sonication mediated PIW biomass pretreatment study 

Sonication pretreatment experiment was done using an ultrasonicator (Lark Innovative, India) 

equipped with steel probe having 6 mm dia.During PIW biomass pretreatment, 250 mL of 

PIW biomass was taken in a 500 mL beaker and then, the probe was engrossed 2-3 cm depth 

into the PIW biomass and to make sure the higher PIW biomass liquefaction rate [13]. 

Optimization of sonication pretreatment was done by varying power (10 W to 250 W) and 

pretreatment time (0 to 50 min) at 25 kHz. 

2.2.1 Specific energy of sonication pretreatment 

Specific energy of sonication mediated PIW biomass pretreatment was measured using 

Equation(1): 

                                 Specific energy = (Ps * Ds) / (C * TSb)                    (1) 

Where  

Specific energy (kJ/kg TS), Ps implies power (W), Ds indicates PIW biomass pretreatment 

time (s), C denotes volume of PIW biomass taken (L), TSbrepresents initial total solids 

concentration of PIW biomass (mg/L) 

2.3 Hydrogen assay  

Hydrogenassay was done with substrates namely control (raw) and sonication mediated PIW 

samples in 500 mL capacity digesters and labelled as BHP1and BHP2 respectively. For 
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digestion conditions, seed sludge (anaerobic digested sludge) and substrates were added in 

the proportion of 25 % and 75 % in each digester as stated by Dinesh Kumar et al. [14].Prior 

to hydrogen assay, the pH of substrates was maintained at 5.5. Then, nitrogen gas sprayed for 

20 sec to eradicate oxygen presence in the digesters. The digesters were sealed and placed in 

orbital shaker (temperature- 35 °C, rotation speed: 100 rpm) for 480 h [5]. The generated 

hydrogen gas was measured by sterile syringe plunger displaced technique. Hydrogen 

generation and its kinetics of substrates were evaluated using Gompertz Equation(2)  

  ( )        *    [
    

 
(   )   ]+                        (2)    

Where Gh-cumulative hydrogen produced (mL), d- digestion time (days) r- hydrogen 

production potential (mL), Ch-maximum hydrogen production rate (mL/d), p - sluggish phase 

(days). 

3. Results and discussion 

3.1 Impact of sonication specific energy on PIW biomass for liquefied biopolymer extricate 

The profile of liquefied biopolymer extricate with varying power and specific energy of 

sonication method is presented in Figure.1. From this figure, it is noted that, liquefied 

biopolymer extricate was descried to be enhancing with respect to power (0 to 175 W) and 

specific energy (0 to 30667 kJ/kg TS). At 175 W of power and 30667 kJ/kg TS of specific 

energy, a higher liquefied biopolymer extricate (2330 mg/L) was found. Further rise of power 

(> 175 W) andspecific energy (> 30667 kJ/kg TS) of sonication method, no significant surge 

in liquefied biopolymer extricate from PIW biomass was noticed. Thus the outcomes of 

sonication method indicate that power (175 W) and specific energy (30667 kJ/kg TS) had 

significant influence on liquefied biopolymer extricate from PIW biomass. 
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Figure.1 Impact of sonication method on PIW biomass for liquefied biopolymer extricate 

3.2 Hydrogen production potential of sonication pretreated PIW biomass and control 

sample 

Hydrogen generation potential of control and sonication pretreated PIW biomass were 

gauged and is espied in Figure 2. From Figure 2, hydrogen production was augmented 

slothfully from 0 to 72 h of digestion time in control and sonication pretreated samples.For 

digestion time from 96 to 384 h, the microbial energetic phase was descried in which 

hydrogen production surged rapidly which depicts that acetogenic microbes utilize the 

liquefied biopolymer effectually from PIW biomass.At 384 h of digestion, sonication method 

got a maximal hydrogen production (17 mL/g VS) compared to control (3.8 mL/g VS). It 

indicates that oxidizing effect of free radicals, mechanical shear force and thermal effect were 

evolved from cavitation bubbles of sonication method which leads to weakening complex 

biomass and splitting biomass matrix, resulting in effective liquefied biopolymer extricate 

[15]. Then, hydrogen production data of sonication and control samples were fitted with 

Gompertz Equation (1) for predicting regression coefficient (Table 2). The regression 

coefficient value was noticed to be 0.99 (sonication) and 0.97(control samples) which reveals 

the best fitness hydrogen data with Gompertz model [16-18]. Ch was measured respectively 
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to be 2.6 and 0.50 (mL/g VS d) for sonication pretreated PIW biomass and control samples. 

The above results revealed that the sonication pretreated PIW biomass got higher hydrogen 

production than control samples. 

 

Figure 2. Hydrogen gas production potential of sonication pretreated PIW biomass and 

control samples. 

Table 2 Kinetic factors of hydrogen production from sonication pretreated PIW biomass and 

control sample 

Samples Gh 

mL/(g VS) 

Ch 

mL/(g VS d) 

R
2
 

 

 

Control  (raw PIW 

biomass) 

3.8 0.50 0.97 

 

 

Sonication method 17 2.6 0.99 

 

 

 

4. Conclusion 

In this study, hydrogen gas generation potential of PIW biomass was studied using 

sonication. During PIW biomass pretreatment study, power input and specific energy were 
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varied for liquefied biopolymer extricate. At optimum power and specific energy, sonication 

method obtained 2330 mg/L of liquefied biopolymer extricate during PIW biomass 

pretreatment. Then, the pretreated PIW biomass and control (raw PIW biomass) subjected to 

hydrogen assay in which sonication method got a maximal hydrogen production (17 mL/g 

VS). Moreover, the outcomes of sonication method to be used to explore the energy reduction 

by coupling sole sonication with other chemical / biological method for effective hydrogen 

gas generation at large scale. 
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