
xvii 

 

List of Tables 
 

Table 1.1 Constituents of selected biomass (wt% composition) 4 

Table 1.2 Demerits of raw biomass 11 

Table 2.1 Effect of torrefaction on proximate and ultimate analysis of 

biomass 

24 

Table 2.2 Effect of torrefaction on mass yield, energy yield and higher 

heating value of biomass 

29 

Table 2.3 Optimization of process parameters for torrefaction of different 

biomass 

35 

Table 2.4 Optimization of process parameters for pyrolysis of different 

biomass 

38 

Table 2.5 Effect of torrefaction on quality of bio-oil obtained from pyrolysis 

of torrefied biomass 

43 

Table 2.6 Application of biochar from pyrolysis raw biomass towards 

aqueous methylene blue removal 

46 

Table 3.1 List of controlled and measured variable during experiment 55 

Table 3.2 Specifications/detail of instruments/variables used in experimental 

setup and procedure 

56 

Table 3.3 Different ASTM standards used to calculate engineering properties 

of torrefied biomass 

58 

Table 3.4 Proximate and ultimate analysis of raw and torrefied biomass 66 

Table 3.5 ICP-MS analysis of raw and torrefied biomass 69 

Table 3.6 Fuel and flow properties, different types of densities of raw and 

torrefied biomass 

71 

Table 3.7 Characteristic flow properties of biomass (Lumay et al., 2012; 

Szalay et al., 2015) 

78 

Table 4.1 Models of pyrolysis reaction with different values of f ( ) and g 

( ) 

96 

Table 4.2 Fiber analysis of DAN and torrefied biomass and solid yield 

during torrefaction 

99 

Table 4.3 The activation energy of DAN and torrefied biomass at different 

level of conversion using KAS, OWF, Friedman and Starink 

methods 

111 

Table 4.4 Predicted models for DAN and torrefied biomass (TAN-220, 

TAN-250, and TAN-280) 

115 

Table 4.5 Thermodynamic parameters for pyrolysis of DAN and torrefied 

biomass at a heating rate of 10 K/min 

119 

Table 5.1 Experimental design matrix and actual, predicted and residual 

value of responses obtained using RSM 

127 

Table 5.2 ANOVA for quadratic model of response: HHV and EY 132 

Table 5.3 Experimental and predicted values of responses at optimum 

condition 

139 

Table 5.4 Characteristics of DAN and TAN252-60-5 141 

Table 5.5 Crystalline parameters of DAN and TAN252-60-5 150 



xviii 

 

Table 6.1 Coded levels of experimental variables used in CCD method 158 

Table 6.2 Experimental design matrix, actual and predicted value of 

responses 

159 

Table 6.3 ANOVA of quadratic model for pyrolysis oil response and 

corresponding model terms 

168 

Table 6.4 Independent variables and response as constraints for optimization   173 

Table 6.5 Experimental and predicted values of pyrolysis oil yield at 

optimum condition 

173 

Table 6.6 The average yield of pyrolysis oil, pyrolytic gases and biochar at 

optimum condition from pyrolysis of DAN and TAN-252-60-5 

174 

Table 6.7 Chemical composition of pyrolysis oil identified by GC-MS 

analysis at optimum condition of pyrolysis of DAN and TAN-252-

60-5 

177 

Table 6.8 Physicochemical properties of pyrolysis oil (PO-DAN and PO-

TAN) at optimum condition and comparison with ASTM grade oil 

and mineral oils (Dhyani & Bhaskar, 2018; Oasmaa et al., 2009) 

186 

Table 6.9 Characteristics of biochar obtained at optimum condition from 

pyrolysis of DAN and TAN-252-60-5 

188 

Table 7.1 Specification of various analytical instruments used for 

characterization of biochar and batch adsorption process 

204 

Table 7.2 Different experimental conditions and their ranges studied during 

batch adsorption of MB dye 

206 

Table 7.3 BET surface area analysis of Biochar-DAN and Biochar-TAN 209 

Table 7.4 Functional groups detected in Biochar-DAN and Biochar-TAN 

before and after adsorption of MB dye 

215 

Table 7.5 Adsorption kinetics and related parameters for adsorption of MB 

dye onto Biochar-DAN and Biochar-TAN 

226 

Table 7.6 Mass transfer models and related parameters for adsorption of MB 

dye onto Biochar-DAN and Biochar-TAN 

228 

Table 7.7 Linear and non-linear forms of isotherms 233 

Table 7.8 Isotherm and related parameters for adsorption of MB dye onto 

Biochar-DAN and Biochar-TAN 

236 

Table 7.9 Thermodynamic parameters for adsorption of MB dye onto 

Biochar-DAN and Biochar-TAN 

239 

 


