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CHAPTER I  
INTRODUCTION 

 

1.1 Background 

Presently, petrochemical industry and polymer is quickly developed. The 

world encounters with petroleum sources and environmental problems such as 

global warming that are the world’s major point. Moreover, the using of petroleum 

to produce many chemicals leads to carbon dioxide emission. It is believed that the 

one of the factors that causes global warming [1, 2]. Consequently, many countries 

have been focusing on renewable alternative resource to replace the non-renewable 

resource. 

Biomass is attractive renewable alternative resource due to its low cost and 

abundant aromatic that can be produced to valuable chemicals such as benzene, 

toluene and xylene etc. Thailand is an agricultural country. As a consequence, there 

are of many agriculture residues [3]. That is lignocellulosic biomass that consists 

mainly of cellulose, hemicellulose and lignin. Especially, lignin is one of the three 

major polymeric components found in the cell walls of plants. Lignin’s role is to act 

as a matrix material that binds the plant polysaccharide microfibrils and fibers. 

Moreover, lignin also acts other biological functions, including protect plants from 

biological attack and assisting in water transport by sealing plant cell walls against 

water leaks [4]. Thus, lignocellulosic material is necessary to pretreated in order to 

reduce crystallinity of structure and increase the porosity of lignocellulosic material 

with physical treatment (e.g. milling, grinding) in conjunction with chemical 

pretreatment. Generally, cellulose and hemicellulose were pretreated with dilute 
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acid (e.g.. H2SO4, HCl) that were digested as sugar, dissolving in solution and removed 

from biomass. This process showed a good result in an effective lignin solubilization 

[5-7]. However, using homogeneous catalysts will cause several disadvantages such 

as reactor corrosion, difficulty in catalytic separation and recovery from reaction 

mixture [8, 9]. Thus, heterogeneous catalyst (e.g. Amberlyst-15, ZSM-5, Zeolite-, Al-

SBA-15) is one of alternative choices to solve this problem. 

This work will focus on the biomass pretreatment with dilute acid. Moreover, 

the comparison of homogeneous and heterogeneous catalysts on lignin separation 

capacity was investigated. The isolated lignin is transformed to fine chemical under 

an optimum condition. 

1.2 Literature reviews 

This research will be distributed into 3 parts, there are  biomass pretreatment, 
lignin separation and lignin transformation to fine chemicals under optimal condition.  

 1.2.1 Hardwood pretreatment  

In this title will be explicated about the hardwood pretreatment with 
physical pretreatment in combination with chemical pretreatment that removed 
hemicellulose, reduced cellulose crystallinity and increased the porosity of 
hardwood as shown in Figure 1.1. 

 

Figure 1.1 Pretreated biomass with dilute acid [10]. 
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In 2013, Nantapipat et al. [11] compared the pretreatment of corncob 

with sulfuric acid and phosphoric acid at 120◦ C for 5 min with 15: 1 liquid to solid 
ratio. Before pretreatment, corncobs were milled and sieved as particle size (1.6 
mm). The result was presented that 2 %w/w of sulfuric acid have effectively 
pretreated corncob more than phosphoric acid. Seeing that, sulfuric acid gave the 
highest total monomeric sugar (35.72 g/L) more than phosphoric acid (34.09 g/L) 
which were digested as sugar, dissolving in solution. Moreover, the structure of 
corncob was pretreated with sulfuric acid that reduced crystallinity with crystallinity 
index as 39.9. 

The above research showed that pretreatment of biomass with dilute 
acid under optimum condition gave to the product as a reducing sugar. This product 
was dissolved in solution. It is the interesting choice to be used in the pretreatment 
of biomass to increase efficiency in the process of separation of lignin as show in the 
following researches. 

 1.2.2 Lignin separation from biomass 

In 2009, Hang et al. [12] separated lignin from miscanthus with 
organosolv lignin process, using 1.2 %w/w of sulfuric acid as catalyst, EtOH/H2O = 

0.65 at 190◦ C for 60 min in a 1.0 L pressure Parr reactor equipment. The results 
showed that miscanthus lignin consists of p-hydroxyl phenol (H), guaiacyl (G) and 
syringyl (S) as monomer unit of the lignin structure. Each of monomer unit composes 
of 4%, 52% and 44% respectively. The obtained lignin was cleavage the most -O-4 
linkages and ester bond that was the major mechanism of lignin breakdown. 

In 2010, Sannigrahi et al. [13]separated lignin from Loblolly pine with 
organosolv process, using 1.1 %w/w of sulfuric acid as catalyst, EtOH/H2O = 65% at 

170◦ C for 60 min in a pressure Parr reactor equipment. The results illustrated that 
this condition gave the isolation of 27% Klason lignin. In addition, the acid-catalyzed 
cleavage of -O-4 linkages and ester bond were the major mechanisms of lignin 
cleavage. After that the isolated lignin was more condensed as phenol and 
carboxylic acid and lower aliphatic carbon. The result from 31P N NMR analysis found 
that the major hydroxyl groups in lignin structure were aliphatic, phenol and p-
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hydroxyl-phenyl with 7.3, 2.7 and 2.0 mmol/g of lignin, respectively. The 
concentration of the different hydroxyl groups was calculated on the basis of internal 
standard (cyclohexanol) and the integrated peak areas. 

In 2010, Hallac et al. isolated lignin from Buddleja davidii with 
organosolv process, using 1.5 %w/w of sulfuric acid as catalyst, EtOH/H2O = 65% at 

195◦ C for 60 min in a pressure Parr reactor equipment. The results reveal that this 
condition gave the isolation of 64% lignin from the starting material. The result of 
structural analysis of Buddleja davidii using quantitative 31P NMR was shown that the 
major hydroxyl groups in lignin structure were aliphatic, guaiacyl, phenolic and 
carboxylic with 1.86, 1.66, 1.07 and 0.15 mmol/g of lignin, respectively. Furthermore, 
the degradation mechanism of lignin was cleavage through -O-4 linkages as shown 
in Figure 1.2. 

 

Figure 1.2 Degradation mechanism of -O-4 linkages during organosolv process. 
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 1.2.3 Lignin transformation to fine chemicals 

Lignin is source of abundant aromatic in natural polymer that was 

expected to play an important role as raw material for intermediates and products in 

chemical industry. The different products from lignin transformation depend on 

various operating parameter such as type of catalyst, temperature, time and kinds of 

reaction that are pyrolysis, catalytic hydrogenation, oxidation or hydrocracking. 

In 2012, Li et al. [14] studied fast pyrolysis of Kraft lignin with HZSM-5. 

The result showed that the reduced SiO2/Al2O3 ratio of HZSM-5 can produce a type 

of product such as aromatic groups (benzene, toluene and xylene). On the other 

hand, the increased SiO2/Al2O3 ratio of HZSM-5 can produce a type of product such 

as phenol group and oxygenate compounds (vanillin, 2-methoxy-4-vinylphenol and 

benzene, 1,2-dimethoxy). From experiment illustrated that the increased alumina 

brought to catalyst as high acid and selectivity to product in aromatic groups more 

than phenol and oxygenate compounds. 

In 2012, Ye et al. [15] produced 4-ethylphenol and 4-ethylguaiacol 

with 3.1% and 1.3% base on weight of raw lignin, respectively via mild 

hydrogenolysis using catalyst as 5% of Ru supported on carbon, 65 %v/v ethanol at 

375◦ C for 90 min in a pressure Parr reactor equipment that was the optimum 

condition for hydrogenolysis reaction. 

1.3 Objectives  

1. To find the optimum condition for biomass pretreatment. 

2. To compare efficiency of heterogeneous and homogeneous catalysts in 

lignin separation. 

3. To transform lignin into fine chemicals under an optimal condition. 
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1.4 Scope of this work 

The scope of this study is distributed to 3 parts such as biomass 

pretreatment, lignin separation and lignin transformation to fine chemicals under 

optimal condition. Consequently, this research investigated the compare efficiency of 

heterogeneous (Amberlyst-15, ZSM-15, Zeolite- and Al-SBA-15) and homogeneous 

(e.g. H2SO4, HNO3 and HCl) catalysts in lignin separation from biomass through 

optimum pretreatment. After that the isolated lignin is purified with Klason lignin 

method.  Finally, this pure lignin is transformed into fine chemicals under optimal 

condition.    



 

 

CHAPTER II  
THEORY 

 

2.1 Biomass 

2.1.1 Definition 

 The biomass refers to organic matter which mainly consists of carbon 

atom, hydrogen atom and oxygen atom.  The sources of the elementals receive the 

photosynthesis process that is showed in Equation 1. The resource of organic 

compound is agricultural crops, agricultural waste/residue, wood and forestry residue 

and waste streams [16]. 

 

 

2.2 Composition and structure of biomass 

 The main structure of general biomass compose of three polymer include 

cellulose, hemicellulose and lignin. These polymers have different main structures 

which depend on the type of biomass. They are can be found in cell wall. Table 2.1 

shows summaries of main chemical composition of studied biomass. 
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Table 2.1 Structure and chemical composition of biomass. 

Biomass Composition (wt%) 

Cellulose Hemicellulose Lignin Ash Others 

Rice straw [17] 33.4 28.2 7.4 12.8 18.2 

Bagasse [18] 50.4 28.5 14.9 42.0 4.2 

Corncob [19] 52.9 32.1 13.1 1.2 0.7 

Giant sensitive plant [20] 36.87 15.51 20.68 0.58 26.35 

  

2.2.1 Cellulose 

 Cellulose is a crystalline structure and high-molecular- weight linear 

polymer of β-(1,4)-glucopyranose units linked together as shown in Figure 2.1. The 

main repeating unit of the cellulose polymer consists of two glucose anhydride units 

which are called a cellulobiose unit. The molecular formula of cellulose is (C6H12O6)n 

[21, 22]. 

 

Figure 2.1 Chemical structure of cellulose [22]. 

 Cellulose is insoluble in normal aqueous solutions. However, it is 

soluble in more exotic solvents, such as aqueous N-methylmorpholine-N-oxide 

(NMNO), some ionic liquids CdO/ethylenediamine (cadoxen), LiCl/N,N¢-

dimethylacetamide, and near supercritical water [23, 24]. 
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2.2.2 Hemicellulose 

 Hemicellulose is a mixture of various polymerized monosaccharides 

such as glucose, mannose, galactose, xylose, arabinose, 4-O-methyl glucuronic acid 

and galacturoic acid residues as shown in Figure 2.2. Hemicelluloses exhibit lower 

molecular weights than cellulose. Cellulose has only glucose in its structure, whereas 

hemicellulose has a heteropolysaccharide. The molecular formula of cellulose is 

(C6H12O6)n. The thermal decomposition of hemicellulose occurs at lower 

temperatures than crystalline cellulose due to the degree of polymerization is 50 to 

200 [25]. 

 

 

Figure 2.2 Main components of hemicellulose [22]. 

 2.2.3   Lignin 

 2.2.3.1 General properties of lignin 

 Lignin is a naturally occurring aromatic cross-linked polymer 

with molecular weight more than 10,000 Daltons (Da). Lignin is an amorphous cross – 

linked resin with no exact structure and a non-carbohydrate component. Lignin is 

found largely in the cell walls with lignin acting as a linker between cellulose and 

hemicellulose as shown in Figure 2.3. It is the main binder for the agglomeration of 

fibrous cellulosic components. It can resistance the rapid microbial or fungal 
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destruction of the cellulosic fibers. In addition, lignin is more difficult to dehydrate 

than cellulose or hemicellulose due to its hydrophobicity [26, 27]. 

 

Figure 2.3 Schematic representation of the location and structure of lignin in biomass 
[28]. 

 2.2.3.2 Type of lignin 

 Lignin is polyphenolic substance that consists of an irregular 

array of variously bonded “hydroxy” and “methoxy” as substituted phenylpropane 

unit. There are three main phenylpropane units of lignin such as p-coumaryl alcohol, 

coniferyl alcohol and sinapyl alcohol as shown in Figure 2.4.  
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Figure 2.4 Three main phenylpropane units of lignin [29]. 

  The composition of each lignin differs with the type of plant as 
shown in Table 2.2. Softwood lignin is found in pine trees which mainly compose of 
coniferyl alcohol and only a trace mount of sinapyl alcohol as their repeating units 
[28]. However, hardwood lignin is found in tropical and subtropical trees such as oak 
and teak which contain both coniferyl and sinapyl alcohols. It is also identified that 
neither hardwood nor softwood lignin contains significant proportion of p-comaryl 
alcohol which can be found in grass lignin. The common linkages formed during 
lignin are the -O-4 ether linkages. The other types of ether and C-C linkages can be 
found in lignin structure such as -O-4, -, -5, -1, 4-O-5 and 5-5 as shown in 
Table 2.3 and Figure 2.5. 
Table 2.2 Lignin compositions of different plants. 

Biomass Composition (%wt) 
p-Coumaryl alcohol Coniferyl alcohol Sinapyl alcohol 

Softwood <5 <95 Trace amout 

Hardwood 0-8 25-50 46-75 
Grasses 5-33 33-80 20-54 
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Table 2.3 Propotions of linkages in lignin. 

Linkage type Dimer structure Percent of total linkage (%) 
-O-4 Phenylpropane  -aryl ether 45-85 

5-5 Biphenyl and Dibenzodioxocin 4-25 

-5 Phenylcomaran 9-12 
-1 1,2- Diaryl propane 7-10 

-O-4 Phenylpropane -aryl ether 6-8 
4-O-5 Diaryl ether 4-8 

- --linked structure 3 

 

 

Figure 2.5 The type of linkages as formed in lignin structure [29]. 
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 2.2.3.3 Application of lignin 

 Lignin is the most abundant resource of aromatic compound 
which can be produced many chemical reagents such as phenolic acids, catecols, 
vanillin, BTX (benzene, toluene and xylene) and fuels. In addition, lignin can be 
generated as an adhesive that is replaced from derived from oil. The application of 
lignin can be summarised as shown in Figure 2.6.  
 

 

Figure 2.6 Application of lignin as renewable resource from biomass [30]. 

2.3 Type of biomass pretreatment 

 The goal of biomass pretreatment is to reduce the crystallinity of cellulose, 
increase the porosity of biomass and efficiency in lignin separation as shown in Figure 
2.7. 
 
 
 



 
 

 

14 

 

Figure 2.7 Effects of various pretreatment processes on structure of biomass [31]. 

 2.3.1 Physical pretreatment 

  2.3.1.1 Mechanical comminution 

 The mechanical comminution of biomass is chipping, grinding 
or milling which are used to reduce cellulose crystallinity. The particle size of 
biomass is 10-30 mm after chipping and 0.2-2 mm after milling or grinding. The 
vibratory ball milling is found to be more effective than ordinary ball mill. The 
energy equipment of mechanical comminution of biomass depends on both biomass 
characteristics and the final particle size required. Hardwood uses more energy than 
agricultural residues [32]. 

2.3.2 Chemical pretreatment 

 2.3.2.1 Acid hydrolysis 

 Dried biomass is milled as particle size required which are 
submerged in acidic solution under specific temperatures for a period of time. 
Generally, sulfuric acid (H2SO4) and phosphoric acid (H3PO4) are largely used because 
they are relatively cheap and efficient in hydrolyzing biomass. Hydrochloric acid (HCl) 
and nitric acid (HNO3) are more volatile and easier to recover better than H2SO4. On 
the other hand, both acids are more expensive compared to sulfuric acid. 
 2.3.2.1.1 Dilute acid pretreatment 

 This is method of biomass pretreatment has 
obtained extensive research. Generally, the dilute acid (0.2-2.5 %w/w) at high 
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temperature (120-210◦C) and different pressures are used to succeed reaction. A 
variation of the process involves two stages of pretreatment: the first stage, most 
hemicelluloses in the biomass are solubilized in the presence of a more dilute acid, 
while the second stage concerns with the using of a higher acid concentration to 
hydrolyze the cellulose to glucose. 

Advantages of dilute acid pretreatment  is high 
reaction rates and significantly improved hemicellulose and cellulose hydrolysis by 
varying the hardness of the pretreatment, but the feedstock subjected to dilute acid 
pretreatment may be a little harder to ferment due to the existing of fermentation 
inhibitors [33]. 

2.3.2.1.2 Concentrated acid pretreatment 

This pretreatment variation uses concentrated 
sulfuric (65-86 %w/w), hydrochloric (41 %w/w), or phosphoric (85 %w/w) acids to 

crushed biomass at low temperature (30-60◦C) and pressures. The process consists of 
diluted with deionized water for saccharification to take place at intermediate 

temperatures (70-120◦C), isolated into solid and liquid fractions and followed by 
washing and neutralization of the solid substrates. This process uses low 
temperature. Nonetheless, the concentrated acid pretreatment includes corrosion of 
apparatus and neutralization waste when acid can’t be recovered [34, 35]. 
 2.3.2.2 Alkaline Pretreatment 

 The pretreatment utilizes aqueous bases such as sodium, 
potassium, and ammonia [36, 37] at specific temperatures and pressures to degrade 
ester and glycosidic side chains of biomass. This pretreatment leads to lignin 
structure destruction, cellulose swelling, and low crystallization. Alkaline 
pretreatment extracts hemicelluloses in biomass and produces organic acids which 
lower the pH. For example, application of KOH pretreatment on rye straw gave lower 
sugar yields than dilute acid. Nonetheless, It was found to give high fermentation 
efficiency [38]. 
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 2.3.3 Biological pretreatment 

 Biological pretreatment is usually used with the action of fungi able to 
produce enzymes which can successfully disrupt lignin, hemicellulose and 
polyphenols. On the other hand, biological pretreatment is more expensive than 
other pretreatments. This pretreatment is too slow for industry due to used time as 
10-14 days. The mechanical of biological pretreatment by fungi is complicatedly 
understood and can be distinguished into two main categories such as oxidative and 
hydrolytic [39]. 
 
2.4 Method for separated lignin from biomass  
 2.4.1 Organosolv process 

 The organosolv process relates to adding of aqueous organic solvent 
mixture with inorganic acid catalyst such as H2SO4 and HCl [40, 41] that is used to 
break the internal lignin and hemicellulose bonds. Generally, H2SO4 is used 
extensively as a catalyst because of its strong reactivity. However, it is toxic and 
corrosive equipment. The solvents generally use in the process are methanol, 
ethanol, acetone, ethylene glycol, triethylene glycol and tetrahydrofurfuryl alcohol. 
The pretreated biomass residues are isolated by filtration.  The principle advantage 
of the organosolv process is that it is typically of higher purity than lignin received 
from other methods.  
 2.4.2 Iionic liquid pretreatment 

 Ionic liquids are new kind of solvents as low melting points, (<100◦C), 
high polarities, high thermal stability and few vapor pressures [42]. Most ionic liquids 
used in lignin separation are 1-Ethyl-3-methylimidazolium acetate ([Emim][CH3COO]) 
[43], 1-butyl-3-methylimidazolium acesulfamate ([BMIM]Ace) [44], and 1-(4-
sulfobutyl)-3-methyl imidazolium hydrosulfate ([C4H8SO3Hmim]HSO4) [45]. Ionic 
liquids are high selective solubilization of biomass components, but they are not 
economic feasibility for industry use. 
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 2.4.3 Oxidative process with hydrogen peroxide (H2O2) 

 Hydrogen peroxide is the most generally oxidizing agent. The previous 
studies have shown that about 50% of the lignin and most of hemicellulose were 

dissolved by 2% H2O2 at 30◦C for 8 h. Studies show that hydrolysis of hydrogen 
peroxide bring about the generation of hydroxyl radicals that degrade lignin and 
produce low molecular weight products. Besides, the pretreatment with hydrogen 
peroxide is considered as a very strong treatment which leads to lignin isolation and 
high yields of reducing sugars. The main disadvantages of hydrogen peroxide are the 
high cost and demand of reactions vessels which can resist as condition [46]. 

 2.4.4 Ozonolysis pretreatment 

 The biomass is treated with ozone that causes degradation of lignin by 
breaking aromatic ring structures while hemicellulose and cellulose are not 
disrupted. This pretreatment is more effective for lignin separation. On the other 
hand, ozonolysis pretreatment is the high cost that it isn’t appropriate as using for 
large-scale applications [36] 

2.5 Mechanism of lignin separation from biomass  

 Generally, the easily hydrolysable -ether linkages are the most readily broken 
whereas -ether bonds are broken under the conditions of many process. The -
ether cleavage is likely to be more significant in this process that is more strongly 
acidic. More over Acidic organosolv process is encouraged by the hydrolysis of ether 
linkages between lignin and carbohydrate. 

 2.5.1 -Ether cleavage of the lignin in wood 

 The lignin cleavage reaction that occurs under mildly acidic conditions 
is the breaking of -ether bond. This reaction requires the presence of a 
quinononemethide intermediate. Similar to -ether bonds linkages, -aryl ethers are 
promptly hydrolyzed [47].  Cleavage of -ether and -ether structures which are 
responsible for the formation of vanillin and vanillic acid can occur under acidic 
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condition. The mechanism for this reaction has not been clarified, but it is believe to 
be the result of oxidative reaction. 

 Side chain rearrangement can occur in hot water (100◦C) and acid 
catalyzed sovolytic reaction to form -5 dilignol and dihydroconiferyl alcohol [54] 
from -ether cleavage. This rearrangement reaction under hot water and acidic 
condition as shown in Figure 2.8. These reactions result in allylic rearrangement of -
hydroxy groups to the -position. 

 

Figure 2.8 Side chain rearrangement in hot water [48]. 

2.5.2 -O-4 bond cleavage of the lignin in wood 

 The acidic system can be created by the simple reaction of water and 
wood at an increased temperature. The most important reaction during acidolysis of 
lignin is the cleavage of the -O-4 bonds. Lignin units are frequently connected to 
each other via a -O-4 bond in the  position. During cleavage reaction, the -O-4 
bond at the -position of I primarily converts into a benzyl cation type intermediate 
II. An enol ether type of substructure III is formed (route A). The -O-4 bond of III is 
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then hydrolyzed to yield a new phenolic lignin unit IV and Hibbert’s ketone type 
substructure V. 

 Another competing route (route B), which lead to -O-4 bond cleavage, 
has been previously described. Formaldehyde is released from the -position of II 
and another enol ether type substructure VI forms. The -O-4 bond of VI is similarly 
hydrolyzed to yield the new phenolic unit IV and aldehyde VII as shown in Figure 
2.9. This reaction is known to take place via a hemolysis of an intermediate quinine 
methide. The reaction can also occur under elevated temperatures [49], which 
makes of significance in processes such as steam hydrolysis, steam explosion etc. 
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Figure 2.9 Mechanism of the -O-4 bond cleavage [49]. 
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2.6 Catalysts 

 The catalyst is substance which can decrease the activation energy (Ea) than 
the corresponding uncatalyzed reaction as shown in Figure 2.10. The highest peak is 
referred to the transition state. Generally, the energy required to approach the 
transition state is high, whereas the energy to transition state reduces in catalytic 
reaction. Thus, the catalysts are necessary in industrial chemistry. 

 

Figure 2.10 The relationship between activation energy (Ea) and enthalpy (H) of 
the reaction with and without a catalyst [50]. 

 2.6.1 Type of catalyst 

 The catalyst can be categorized into two types that are heterogeneous 
and homogeneous catalyst. Heterogeneous catalyst has a lower degree of dispersion 
than homogeneous catalyst seeing that the surface of heterogeneous catalyst is 
more active. Table 2.4 shows the difference of two-type catalyst. 
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Table 2.4 Difference of homogeneous and heterogeneous catalysts [51]. 

Consideration Homogeneous catalyst Heterogeneous catalyst 
1. Active centers All metal atoms Only surface atoms 

2. Concentration Low High 

3. Selectivity High Low 
4. Diffusion problems Practically absent Present (mass-transfer-

controlled reaction) 
5. Reaction conditions Mild (50-200◦C) Severe (>250◦C) 

6. Applicability Limited Wide 
7. Activity loss Irreversible reaction with 

product (cluster 
formation), poisoning 

Sintering of the metal 
crystallites, poisoning 

8. Modification possibility High Low 

9. Thermal stability Low High 
10. Structure/ 
Stoichiometry 

Defined Undefinited 

11. Catalyst isolation Sometimes laborious 
(chemical decomposition, 
distillation, extraction) 

Fixed-bed: unnecessary 
Suspension: filtration 

12. Catalyst recycling Easy Can be very difficult 

13. Cost of catalyst High Low 
 

 2.6.2 Type of porous material 

 The IUPAC definitions into three main types such as microporous 
material, mesoporous material and macroporous materials that depend on their pore 
size as shown in Table 2.5. 
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Table 2.5 IUPAC category of porous materials [52]. 

Type of porous material Pore size (Å) Example 
Microporous materials <20 Zeolites 

Mesoporous materials 20-500 SBA-15, Amberlyst-15 

Macroporous materials >500 Glasses, Ion-exchange resin 

 

 2.6.2.1 Microporous material 

 2.6.2.1.1 Zeolite structure [53]  

 Zeolite structures consists of three dimension 
network of SiO4 and AlO4 tetrahedral. The tetrahedral are linked by sharing of the 
oxygen ions leading to the empirical formula of [SiO2] and [AlO2]

-. These tetrahedral 
refer to the primary building unit (PBU) as shown in Figure 2.11. The PBUs are 
assembled into the secondary building unit (SBUs). The corner of the polyhedra 
represents tetrahedral atoms as shown in Figure 2.12. 

 

Figure 2.11 Binding of building units (PBU and SBU) in three-dimensional zeolite- 
clinoptilolite structure [54].  
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Figure 2.12 Secondary Building Units (SBUs) in zeolites [55]. 

   As a result of the negative charge from the framework 
charge of zeolite is negative. So, the zeolite must be balanced by cation such as 
alkali or alkaline metal cations as shown in Figure 2.13. These cations can be 
exchanged by various types of cation.  The position, size and number of cations can 
significantly alter the properties of zeolites. Generally, The formula for the 
component of zeolite is:  

Mx/n[(AlO2)x(SiO2)y] zH2O 

M: an extra framework cation for valence n, generally from the group I and II ions 
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x and y: the total amount of tetrahedral in the unit cell 

z: the amount of water molecule located in channels and cavities inside zeolite 
structure  

 

Figure 2.13 The structure of zeolite. 

 2.6.2.1.2 ZSM-5 

   ZSM-5 has a three-dimensional intersecting channel 
system. A straight channel of 0:560:54 nm runs parallel to the a-axis and a 
sinusoidal channel of 0:55 0:51 nm runs parallel to the b-axis. Molecules can also 
move in the direction by alternately using both channels. Although the channels are 
relatively small in comparison with those of the large-pore zeolites discussed 
previously, naphthalene molecules with a kinetic diameter of even 0.74 nm can be 
adsorbed into the pore system. This can be explained by the flexibility of the 10-ring 
apertures [56]. 

 

Figure 2.14 (a) Skeletal diagram of the (100) face of ZSM-5 and (b) Channel structure 
of ZSM-5 [57]. 
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 2.6.2.1.3 Zeolite- 

  Zeolite Beta is developing into a major catalyst in 
organic chemicals conversion, contributing to low waste technology. In comparison 
with other zeolites, zeolite Beta possesses unique acid properties which are related 
to local defects. Zeolite Beta has a three-dimensional intersecting channel system 
depicted in Figure 2.15. Two mutually perpendicular straight channels, each with a 
cross section of 0:76 0:64 nm, run in the a- and b-directions. A sinusoidal channel of 
0:55 0:55 nm runs parallel to the c-direction. Zeolite Y has a three dimensional pore 
system, which is constructed from large supercages with diameters of 1.20 nm that 
are connected via apertures of 0.74 nm diameter [58].  

 

Figure 2.15 The structure of zeolite- [58]. 

Table 2.6 Comparison of ZSM-5 and Zeolite-. 

Zeolite type Si/Al Pore volume (mL/g) Crystal size (m) 

ZSM-5 10 0.13 0.20-100 
Zeolite- 5 0.28 0.05 

 

http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKPpusP_ysgCFRJxjgoddoICqg&url=http://www.n-u.co.jp/jp/products/material/zeolite/beta&psig=AFQjCNEebgN8zm8ADXi4obCPxrXg2bIeZQ&ust=1445222446942224
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 2.6.2.2 Mesoporous material 

 2.6.2.2.1 SBA-15 

 2.6.2.2.1.1 Structure and properties of SBA-15 

 The SBA-15 mesoporous material can be prepared 
under acidic condition that uses triblock copolymer (Pluronic 123). It is a structure 
directing agent. This novel material has illustrated high thermal stability owing to high 
pore wall thickness (31-64 Å) [59]. The SBA-15 also obtains uniform pore size and 
hexagonal structured channel as shown in Figure 2.15. Other properties of the SBA-15 
are shown in Table 2.7.  

 

Figure 2.16 Hexagonal structure of SBA-15 [59]. 

Table 2.7 Properties of SBA-15 [60]. 

Properties SBA-15 

Pore size 46-300 

Pore volume (mL/g) 0.8-1.23 

Surface area (m2/g) 690-1040 

Wall thickness (Å) 31-64 

 
 2.6.2.2.1.2 Synthesis of SBA-15 and formation mechanism 

 The previous synthesis of SBA-15 reports that aging 
time and temperature are especially necessary factors to synthesize SBA-15. The 
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aging of the precursor in the mother liquors bring about an improvement on the 
pore size distribution as shown in Figure 2.17. 

 

Figure 2.17 The pore evolution upon thermal treatment, depending on pre-
treatment and aging [61]. 

 2.6.2.2.2  Modification of SBA-15 

 2.6.2.2.2.1 Al-SBA-15  

 Nowadays, several post synthesis method that 
aluminium was grafted onto the mesoporous wall with various aluminium source 
such as Al(CH3)3, AlCl3 have been developed without the mesoporous structure 
seriously destroy. Figure 2.18 shows that synthesis of Al-SBA-15 use basic probe (L) 
(e.g. pivalonitrile, the therminal silanol groups) inducing to form the bridging hydroxyl 
group. 
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Figure 2.18 Synthesis of Al-SBA-15 using basic probe inducing to form the bridging 
hydroxyl group. 

 2.6.2.3 Resin catalyst 

 2.6.2.3.1 Amberlyst-15 

 Amberlyst-15 is a macro reticular polystyrene based 
ion exchange resin with strongly acidic sulfonic group. Thus, it serves as an excellent 
source of strong acid. It has been used in various acid catalyzed reactions. It is easy 
to measure, safe to use, and readily removed at the end of the reaction. Moreover, 
the advantage is that the catalyst can be regenerated and can be used several times. 
The structure of Amberlyst-15 unit is illustrated in Figure 2.19. 

Figure 2.19 The structure of Amberyst-15 unit [62]. 

2.7 Characterization of SBA-15 

 2.7.1 X-ray Powder Diffraction (XRD) 

 X-ray powder diffraction (XRD) is a rapid analytical technique that is 
used to identify minerals and the crystallinity of materials. This technique can 
provide information including the degree of crystallinity and specifying hexagonal 
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mesoporous structure. In addition, it can allowed information that is the degree of 
hydration of sample. X-ray powder diffraction is based on constructive interference 
of monochromatic X-rays and a crystalline sample. These X-rays are generated by a 
cathode ray tube, filtered to produce monochromatic radiation, collimated to 
concentrate, and directed toward the sample as shown in Figure 2.20 [63]. The 
interaction of the incident rays with the sample produces constructive interference 
when conditions satisfy Bragg’s law:  
 

nλ = 2dsinθ 
n = the order of diffracted beam 
λ =  the wavelength of X-ray source 
d =  the distance between adjacent planes of atoms 
θ = the angle between the incident beam and these planes 
This law relates the wavelength of electromagnetic radiation to the diffraction angle 
and the lattice spacing in a crystalline sample. 

 

Figure 2.20 Diffraction of X-ray by regular planes of sample [64]. 

 2.7.2  Nitrogen adsorption-desorption 

 The nitrogen adsorption-desorption technique is used to assign the 
physical properties of porous material which are surface area, pore volume, pore 
diameter and pore size distribution. The monolayer capacity of non-porous solid that 
is measured by chemisorption or physisorption. The adsorption depends on gas 
pressure, temperature, properties of adsorptive gas as well as adsorbent solid. The 
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porous materials are characterized in terms of pore sizes derived from gas sorption 
data [65]. The IUPAC type of adsorption isotherms is demonstrated in Figure 2.21. 

Type I: the isotherm of microporous materials     
 Type II: the non-porous materials with high external surface area  
 Type III: the non-porous materials with high flat surface   
 Type IV and V: the mesoporous materials with strong and weak interaction to 
nitrogen  
Type VI: some materials with very strong interaction with nitrogen pretreated 
the multilayer adsorption 

 

Figure 2.21 The IUPAC type of adsorption isotherm [66]. 

 2.7.3 Aluminium-27 Nuclear Magnetic Resonance (27Al-NMR) 
 27Al-NMR spectroscopy is used to distinguish between tetrahedrally and 
octrahedrally jointed aluminium in the framework. The peak at about 50 ppm 
accords to tetrahedrally coordinated aluminium in the framework. On the contrary, 
the peak at 0 ppm shows that is peak of octrahedrally as coordinated aluminium in 
the framework. 
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 2.7.4 Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS) 

 Inductively coupled plasma mass spectrometry (ICP-MS) is a type 
of mass spectrometry which is able to detect metals in compound at concentrations 
as low as one part in 1015 (part per quadrillion, ppq) . 
 The inductively coupled plasma (ICP) for spectrometry is maintained in 
a torch which composes of three concentric tubes, usually made of quartz. Even 
though, the inner tube (injector) can be sapphire if hydrofluoric acid is being used. 
The end of this torch is placed inside an induction coil supplied with a radio-
frequency electric current. Flowing of argon gas is approached into the two 
outermost tubes of the torch and an electric spark that is applied for a short time to 
introduce free electrons into the gas stream. These electrons interact with the radio-
frequency magnetic field of the induction coil and are accelerated first in one 
direction. When the field changes at high frequency, the accelerated electrons 
collide with argon atoms and sometimes a collision causes an argon atom to part 
with one of its electrons. The released electron is in turn accelerated by the rapidly 
changing magnetic field. The process continues until the rate of release of new 
electrons in collisions is balanced by the rate of recombination of electrons with 
argon ions.  

 For mass spectrometry, the ions from the plasma are extracted through 
a series of cones into a mass spectrometer. The ions are isolated on the basis of their 
mass-to-charge ratio and a detector receives an ion signal proportional to the 
concentration. The concentration of a sample can be defined through calibration 
with certified reference material such as single or multi-element reference standards. 
ICP-MS also lends itself to quantitative determinations through isotope dilution. The 
single point method based on an isotopically enriched standard. Other mass 
analyzers coupled to ICP systems include double focusing magnetic-electrostatic 
sector systems with both single and multiple collector. The processes of ICP-MS are 
demonstrated in Figure 2.22 [67]. 

https://en.wikipedia.org/wiki/Mass_spectrometry
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https://en.wikipedia.org/wiki/Electric_spark
https://en.wikipedia.org/wiki/Mass_spectrometry
https://en.wikipedia.org/wiki/Proportionality_(mathematics)
https://en.wikipedia.org/wiki/Certified_reference_material
https://en.wikipedia.org/wiki/Isotopic_dilution
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Figure 2.22 The processes of ICP-MS [68]. 

2.8 Characterization of lignin 

 2.8.1 Fourier transform infrared spectroscopy (FTIR) 

 FTIR is a spectroscopy technique used for studying the functional 
group in sample. FTIR is an intuitive way to obtain the same information. Rather than 
shining a monochromatic beam of light at the sample that shines a beam containing 
many frequencies of light at once and measures how much of that beam is absorbed 
by the sample. Next, the beam is modified to contain a different combination of 
frequencies, giving a second data point. This process is repeated many times. 
Afterwards, a computer takes all these data and works backwards to infer what the 
absorption is at each wavelength. Finally the intensity of the IR beam is detected by 
a detector. The main processes of FTIR are demonstrated in Figure 2.23. 

 

Figure 2.23 The main processes of FTIR [69]. 

 

https://en.wikipedia.org/wiki/Monochromatic
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 2.8.2 Scanning electron microscope (SEM)  

 The scanning electron microscope (SEM) is a technique used for 
analyzing surfaces and morphology of sample. The electron microscope produces 
images of a sample by scanning it with a focused beam of electrons. The electrons 
interact with atoms in the sample, producing various signals that can be detected 
and obtain information about the sample's surface and morphology. The electron 
beam is generally scanned in a raster scan pattern, and the beam's position is 
combined with the detected signal to produce an image. SEM can achieve resolution 
better than 1 nanometer. Specimens can be observed in high vacuum, in low 
vacuum, in wet conditions and at a wide range of cryogenic or elevated 
temperatures. The most common SEM mode is detection of secondary electrons 
emitted by atoms excited by the electron beam. The number of secondary electrons 
depends on the angle at which beam meets surface of specimen. By scanning the 
sample and collecting the secondary electrons with a special detector, an image 
displaying the topography of the surface is created. The main processes of SEM are 
exhibited in Figure 2.24. 

 

Figure 2.24 The main processes of SEM [70]. 

https://en.wikipedia.org/wiki/Electron_microscope
https://en.wikipedia.org/wiki/Electron
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 2.8.3 Proton Nuclear Magnetic Resonance Spectroscopy (1H NMR) 
 1H NMR is a powerful method used in the determination of hydrogen-
1 nuclei within the molecules of sample in order to determine the structure of its 
molecules. In samples where natural hydrogen (H) is used, practically all the 
hydrogen consists of the isotope 1H (hydrogen-1; i.e. having a proton for a nucleus). A 
full 1H atom is called protium. 

 Simple NMR spectra are recorded in solution, and solvent protons must 
not be allowed to interfere. The solvents for use in NMR are deuterated water (D2O), 
deuterated acetone, (CD3)2CO, deuterated methanol (CD3OD), deuterated dimethyl 
sulfoxide (CD3)2SO, and deuterated chloroform (CDCl3). On the other hand, a solvent 
without hydrogen, such as carbon tetrachloride (CCl4) or carbon disulphide (CS2) may 
also be used. 

 TMS is a tetrahedral molecule with all protons being chemically 
equivalent giving one single signal that used to deuterated solvents permit the use of 
deuterium frequency-field lock  to offset the effect of the natural drift of the NMR's 
magnetic field fine a chemical shift = 0 ppm.  It is volatile and making sample 
recovery easy as well. In order to provide deuterium lock, the NMR constantly 
monitors the deuterium signal resonance frequency from the solvent and makes 
changes to the NMR's magnetic field to keep the resonance frequency constant. 
Moreover, the deuterium signal may be used to accurately define 0 ppm as the 
resonant frequency of the lock solvent and the difference between the lock solvent 
and 0 ppm (TMS) are well known. Proton NMR spectra of most organic compounds 
are characterized by chemical shifts in the range +14 to -4 ppm and by spin-spin 
coupling between protons. The integration curve for each proton reflects the 
abundance of the individual protons. 

 The chemical shift is not the only indicator used to assign a molecule. 
Because nuclei themselves possess a small magnetic field, they influence each 
other, changing the energy and hence frequency of nearby nuclei as they resonate 
that is known as spin-spin coupling. The most important type in basic NMR is scalar 

https://en.wikipedia.org/wiki/Hydrogen-1
https://en.wikipedia.org/wiki/Hydrogen-1
https://en.wikipedia.org/wiki/Atomic_nucleus
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https://en.wikipedia.org/wiki/Hydrogen
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coupling. This interaction between two nuclei occurs through chemical bonds, and 
can typically be seen up to three bonds away. The effect of scalar coupling can be 
understood by examination of a proton which has a signal at 1 ppm. This proton is in 
a hypothetical molecule where three bonds away exists another proton (in a CH-CH 
group for instance), the neighbouring group (a magnetic field) causes the signal at 1 
ppm to split into two, with one peak being a few hertz higher than 1 ppm and the 
other peak being the same number of hertz lower than 1 ppm. These peaks each 
have half the area of the former singlet peak. The magnitude of this splitting 
(difference in frequency between peaks) is known as the coupling constant. The 
lignin of spectrum is illustrated in Figure 2.25. 

 

Figure 2.25 An example of 1H NMR spectrum of a poplar mill-wood lignin using 
DMSO as solvent [71]. 

 2.8.4 Proton Nuclear Magnetic Resonance Spectroscopy (13C NMR) [87] 
 The carbon-13 nuclear magnetic resonance the most commonly known 
as 13C NMR. It is analogous to proton NMR (1H NMR) and allows the identification of 
carbon atoms in sample just as proton NMR identifies hydrogen atoms. As such 13C 
NMR is an important tool in chemical structure elucidation in organic chemistry. 13C 
NMR detects only the 13C isotope of carbon. The 13C NMR is generated in the same 
fundamental was as proton NMR spectrum. Only 1.1 % of naturally occurring carbon 
is 13C and actually an advantage because of less coupling. The chemical shift in 13C 
NMR spectrum is in range 0-250 ppm. 
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https://en.wikipedia.org/wiki/Isotope


 
 

 

37 

  Each carbon nucleus has its own electronic environment, different from 
the environment of other, non-equivalent nuclei; it feels a different magnetic field, 
and absorbs at different applied fields strength. Proton-coupled spectrum shows 
splitting of the carbon signal only by protons attached to that carbon itself. The 
sample of 13C NMR spectrum compares to 1H NMR spectrum is showed in Figure 2.26. 

 

Figure 2.26 13C NMR spectrum of a milled wood lignin isolated from a hardwood 
Buddleja davidii [71].  

 2.8.5 Thermogravimetric analysis (TGA)  

 The thermogravimetric analysis (TGA) is one of the techniques used to 
determine the thermal properties of wood. The TGA technique composes to record 
the lost weight during the increase in temperature from 20°C until 600°C with a 
10°C/min heating rate. The thermogram presented a departure phase of free water 
(from room temperature to 100°C) before the degradation process of the wood 
constituents. The experimental protocols depend on the quality of the material and 
the ordinary physical characteristic. 
 
 2.8.6 Elemental analysis (C, H, O and N)  

 The elemental analysis always refers to carbon, hydrogen, nitrogen, 

and oxygen of a sample as biomass. This information is important to help determine 

the structure of an unknown compound, as well as to help ascertain the structure 

https://en.wikipedia.org/wiki/Carbon
https://en.wikipedia.org/wiki/Hydrogen
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and purity of a synthesized compound. Elemental analysis provides the information 

that is percentage of each element in biomass. 
 



 

 

CHAPTER III  
EXPERIMENTS 

 

3.1 Chemicals, Gases and Materials 

1. EDTA, C16H14N2Na2O8·2H2O (Merck) 

2. Sodium tetraborate decahydrate, Na2B4O7·10H2O (Sigma-Aldrich) 

3. Sodium dodecyl sulfate, CH3(CH2)11SO4Na (Ommipur) 

4. 2-Ethoxyethanol, C2H5OCH2OH (Sigma-Aldrich) 

5. Cethyltrimethyl ammonium bromide, CTAB (Aldrich) 

6. Potassium permanganate, KMnO4 (BDH) 

7. Silver nitrate, AgNO3 (Merck) 

8. Silver sulfate, Ag2SO4 (Merck) 

9. Iron (III) nitrate nanohydrate,Fe(NO3)3 9H2O (Merck) 

10. Potassium acetate, C2H3KO2 (Fluka) 

11. Tertiary butyl alcohol, C4H10O (Fluka) 

12. Oxalic acid dihydrate (Merck) 

13. Hydrochloric acid, HCl (Merck, 37%) 

14. Acetic acid glacial, CH3COOH (Merck, 100%) 

15. Sulfuric acid, H2SO4 (Merck, 95-97%) 
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16. Nitric acid, HNO3 (Merck, 65%) 

17. Deionized water 

18. Tetraethyl orthosilicate, TEOS (Fluka, 98%) 

19. Triblock copolymer pluronic P123, PEO20-PPO70-PEO20, average molecular 

weight = 5800 (Aldrich) 

20. Sodium aluminate, NaAlO2 (Riedel-deHaën) 

21. Ammonium chloride, NH4Cl (Riedel-deHaën) 

22. Chloroform-D1, CDCl3 (Merck) 

23. Dimethyl sulfoxide-D6, d6-DMSO (Merck, 99.8%) 

24. 2-Chloro-4,4,5,5-tetramethyl-1,3,2-dioxaphospholane, (Sigma-Aldrich) 

25. Pyridine, C5H5N (Merck) 

26. Cyclohexanol, C6H12O (Merck) 

27. Chromium(III)-acetylacetonate, C15H4CrO6 (Merck) 

28. Ethanol, C2H5OH (Merck, 99.9%) 

29. Amberlyst-15 in dry (Rohm & Hass, France) 

30. ZSM-5 Si/Al = 14.1 (ZEOCHEM) 

31. Zeolite-HBEA Si/Al = 15 (ZEOCHEM) 

32. Diethyl ether, (C2H5)2O (Merck)) 

33. Liguid nitrogen, N2 (Linde, highly pure grade) 
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34. Nitrogen gas, N2 (Thai Industrial Gases (TIG), highly pure grade) 

35. Giant sensitive plant from Hunka district, Chainat province 

36. Corncob from Nakhon Sawan Field Crop Research Center in Thailand 

37. Rice straw from Nong saeng district, Saraburi province 

38. Sugarcane bagasse from Nong saeng district Saraburi province 

3.2 Instruments and Apparatus 

3.2.1 Oven 

  Crystallization of SBA-15 during synthesis was carried out at 

temperature of 100◦C in static condition using UM-500 oven as heater. 

 3.2.2 Furnace 

Calcination of SBA-15 at elevated temperature was achieved in a 

Carbonite RHF 1600 muffle furnace in air with programmable heating rate of 1◦C/min. 

Calcination method was conducted to remove template, moisture and some 

impurities from SBA-15. The temperature program used for the calcination of SBA-15 

sample was shown in Figure 3.1. 

 

 

 

 

 

Figure 3.1 The temperature program for the calcination of SBA-15 catalyst. 
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3.2.3 X-ray powder diffraction (XRD) 

The structure of prepared sample was characterized using a Rigaku 

D/MAX-2200 Ultima+ X-ray diffractometer (XRD) equipped with Cu K radiation (40 kV, 

30 mA) and a monochromator at 2 theta angle between 0.5 to 3.0 degree for SBA15 

and Al-SBA-15. The scattering slit, divergent slit and receiving were fixed at 0.5 

degree, 0.5 degree and 0.15 mm, respectively. 

3.2.4 Surface area analysis 

Characterization of catalyst porosity in terms of nitrogen adsorption-

desorption isotherm, BET specific surface area, and pore size distribution of the 

catalyst was carried out using a BET Japan, BELSORP-mini instrument. Before analysis, 

the calcined sample was weighed about 40 mg that was pretreated at 400◦C for 2-3 

h under vacuum. Adsorption isotherms were measured at 77 K (liquid N2) using highly 

pure nitrogen as an adsorbate.  

 3.2.5 Aluminium-27 Nuclear Magnetic Resonance (27Al-NMR) 

The spectra of aluminum tetrahedral in catalyst was analyzed by 27Al- 

magnetic angle spinning nuclear magnetic resonance using 27Al-MAS-NMR, Bruker 

advance DPX-300 spectroscopy operating at 78 MHz. 

 3.2.6 Inductively Coupled Plasma-Mass Spectroscopy (ICP-MS) 

Aluminium content in Al-SBA-15 was analyzed by using the Thermo 

Scientific iCAPTM Q inductively coupled plasma-quadruples mass spectrometer (ICP-

QMS). 

 3.2.7 PARR reactor 

The lignin separation was performed in 100 mL of PARR reactor. The 

temperatures for the reaction are 180-300◦C. 
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 3.2.8 Fourier transform infrared spectroscopy (FTIR) 

The functional groups of isolated lignin from biomass were analyzed by 
FTIR, NICOLET 6700 mode ATR. 
 
 3.2.9 Nuclear Magnetic Resonance Spectroscopy (1H and 13C NMR ) 

1H and 13C NMR spectra of lignin were obtained in hexadeuterated 

dimethylsulfoxide (d6-DMSO) on Varian Mercury NMR spectrometer (Varian, USA) at 

400 MHz   

 3.2.10 Scanning electron microscope (SEM)  

The morphology of lignin was analyzed by JSM-5410 LV scanning 

electron microscope with 15 kV of acceleration voltage. All samples were coated 

with sputtering gold under vacuum for conductivity.  

 3.2.11 Thermogravimetric analysis (TGA) 

The thermogravimetric analysis (TGA) of lignin sample was performed by 

Netzsch-TG 209 F3 Tarsus thermogravimetric analyzer. The sample was heated to 

800oC in air at 10oC/min heating rate. 

 3.2.12 Elemental analyzer (C, H, O and N) 

The element analysis of biomass sample was analyzed the elemental 
carbon (C), hydrogen (H), oxygen (O) and nitrogen (N) composition using C, H, O and N 
analyzer; Perkin Elmer–PE2400 Series II at Scientific and Technological Research 
Equipment Centre of Chulalongkorn University. 

 3.2.13 Centrifuge 

The separation and collection of prepared solid sample after lignin 

pyrolysis were processed by a Sanyo Centaur 2 centrifuge at speed of 4,000 rpm for 

10 min. 
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 3.2.14 Gas chromatograph-mass spectrometer (GC-MS) 

The components of liquid products were analyzed by a gas 

chromatography-mass spectrometry (GC-MS) using an Agilent 7890B GC interfaced 

with an Agilent 7000C triple quadruples mass spectrometer, equipped with an Agilent 

HP-5ms capillary column (30 m x 0.25 mm x 0.25 µm). The 0.5 µL sample was 

injected by the Agilent 7633 ALS autosampler with the split ratio of 120:1 and helium 

was used as a carrier gas at a constant flow of 1.0 ml/min. Mass spectrometer was 

operated in the electron impact ionization mode at 70 eV. The interface and source 

temperatures were 300oC and 230°C, respectively. Mass spectra were collected 

by automatic scanning in the mass range m/z 35 - 750 and the compound 

identification was achieved by matching the unknown mass spectra with a NIST.11. 

3.3 Determine component of giant sensitive plant [20]. 

3.3.1 Neutral detergent fiber (NDF) method 

The neutral detergent fiber (NDF) procedure method is the most 
common measurement for the structural components in plant cells such as lignin, 
cellulose and hemicellulose. Other components in plant cells such as proteins, 
sugars and lipids are dissolved by a neutral detergent solution. Firstly, giant sensitive 

plant was milled and sieved to particle size of 0.5 mm, followed by drying at 100◦C 
for 24 h. Then, 1.0 g giant sensitive plant was refluxed with mixture solution (100 mL 
of neutral detergent solution, 0.5 g of sodium sulfite and 2 mL of 

decahydronapthalene) in the round bottom flask at 100◦C for 1 h. The residue was 
filtered through glass crucible No.1 and washed with 3-4 times of hot water. Finally, 

the residue was dried at 80◦C for 24 h to use as substrate in further step. The 
calculation of neutral detergent is shown in appendix as equation A-1. The NDF 
method was shown in Scheme 3.1. 
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Scheme 3.1 The process of neutral detergent fiber. 

 3.3.2 Acid detergent fiber (ADF) method 

The residue as through extraction with neutral detergent method was 

continuously refluxed with mixture solution (100 mL acid detergent solution and 2 

mL decahydronapthalene) at 100 ◦C for 1 h. Next, the residue was filtered through 

glass crucible No.1 and washed with 3-4 times of hot water and 2 times of 80% 

ethanol. Lastly, the residue was dried at 80◦C for 24 h to use as substrate in further 

step. The calculation of acid detergent and percentage of hemicellulose are shown 

in appendices as equation A-2 and A-3. The ADF method was shown in Scheme 3.2. 

 

 

 

1 g of giant sensitive plant 

-100 mL of Neutral detergent solution 
- 0.5 g of Sodium sulfite 
- 2 mL of Decahydronapthalene 

- Reflux at 100◦C for 1 h. 
- Filtered with glass crucible No.1 

Protein, Fat, soluble ash Cellulose, Hemicellulose,Lignin and ash  

Filtrate Residue 

Dried sample  

- Washed with 3-4 times 
of hot water  

- Dried at 100◦C for 24 h 
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Scheme 3.2 The process of acid detergent fiber. 

 3.3.3 Permanganate detergent (PML) method 

The glass crucible containing the residue as through extraction with ADF 

was placed in pan with 2-3 cm cold water and sequentially extracted with 25 mL of 

combined KMnO4 solution and a demineralizing solution. After that, the residue the 

residue was vacuum filtered and washed with 2 times 80% ethanol and acetone. 

Lastly, the residue was dried at 80◦C for 24 h to use as substrate in further step. The 

percentage of hemicellulose was calculated by using equation that is shown in 

appendix as equation A-4. 

 

 

Residue through extraction with acid detergent fiber 

-100 mL of Acid detergent solution 
- 2 mL of Decahydronapthalene 

- Reflux at 100◦C for 1 h. 
- Filtered with glass crucible No.1 

Hemicellulos
e 

Cellulose, Lignin, Insoluble ash 

Filtrate Residue 

Dried sample  

- Washed with 3-4 
times of hot water  
- Washed with 2 times 
of 80% ethanol 
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 3.3.4 Analysis of cellulose with calcination 

The glass crucible containing the residue as through extraction with PML 

was calcined at 500◦C for 3 h. The percentage of cellulose was calculated by using 

equation that is shown in appendix as equation A-5. 

3.4 Biomass pretreatment 

 3.4.1 Hardwood 

Firstly, the giant sensitive plant was milled and sieved to particle size of 

0.5 mm and pretreated with ratio 20:1 (w/v) of 0.25, 0.75, 0.5, 1.0 and 2.0 %wt H2SO4. 

Then, the mixture solution was pretreated by reflux at 100◦C for 8 h. The pretreated 

giant sensitive plant was filtered and washed with deionized water until neutral pH. 

Lastly, the pretreated giant sensitive plant was dried at 80◦C for 24 h. 

 3.4.2 Agricultural residue 

The agricultural residue such as corncob, rice straw and sugarcane 

bagasse was milled and sieved to particle size of 0.5 mm and dried at 100◦C for 8 h 

to use as substrate in further lignin separation. 

3.5 Synthesis of SBA-15 

SBA-15 synthesis was performed by hydrothermal method reported by [72]. 

The gel mole composition of 1.0 TEOS: 0.0165P123: 5.88HCl: 192H2O was prepared 

by dissolving 4.0 g phuronic P123 as template that was dissolved with stirring in 30 g 

of deionized water and 120 g of 2.0 M of HCl solution at room temperature. Then, 

8.5 g of tetraethyl orthosilicate (TEOS) was added and stirred for 60 min. The mixture 

solution illustrates as white. The solution was aged at 40◦C for 8 h under stirring. The 

white gel solution was transferred into a Teflon-PARR autoclave for crystallization at 

100◦C for 48 h without stirring. Finally, the obtained white solid was filtered and 

washed with deionized water to neutral pH value. The template in SBA-15 was 
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removed by calcination at 550◦C for 5h. The synthesis of SBA-15 was shown in 

Scheme 3.3. 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.3 Diagram of SBA-15 synthesis. 

 3.5.1 Synthesis of Al-SBA-15 

The Al-containing SBA-15 material consist of SiO2/Al2O3 mole ratio in gel 

of 14 which were prepared by post-synthesis method [73]. The alumination of 

calcined SBA-15 was conducted by stirring 50 mL of dionized water and sodium 

aluminate at room temperature for 12 h. The solid material was isolated by filtration, 

washed with deionized water and dried at 40◦C. Next, the obtained solid material is 

called as-synthesized Al-SBA-15 that existed Na ion form. The Na ion form was 

Phuronic P123 (4g) + 2 M HCl (120g) 

- Stirred for 60 min 
- Added H2O (30 g) 
- Stirred for 30 min 
- Added 8.5 g tetraethyl orthosilicate (TEOS) 
- Stirred for 60 min 

White solution 

As-synthesized SBA-15 

Calcined SBA-15  

- Aging with stirred at 40◦C for 24 h 

- Crystallization at 100◦C for 48 h 
- Filtered and washed with deionized water 

- Dried at 100◦C for 24 h 
 

- Calcine at 550◦C for 5 h 
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removed by ion exchange with 0.01 M NH4Cl that was filtered and repeatedly 

washed with deionized water. In the end, this material was calcined at 550◦C for      

5 h. The synthesis of Al-SBA-15 was shown in Scheme 3.4. 

 

 

 

 

 

 

 

 

 

 

Scheme 3.4 Diagram of Al-SBA-15 by post-synthesis method. 

3.6 Acid-base titration 

The acid amount of catalyst was measured by using 2 M NaCl solution that was 

the ion-exchange agent. Approximately 0.05 g of the catalyst was added into 15 ml 

of NaCl solution to equilibrate for 30 min under stirred at room temperature. After 

that, it was titrated by using 0.01 M NaOH as titrant and phenolphthalein as indicator. 

Finally, The end point of solution was light pink [74]. 

0.5 g of calcine SBA-15 + 0.0485 g of NaAlO2 (dissolve in 50 Ml DI water) 

- Stirred at room temp. for 12 h 
- Filtered and washed with DI water  

- Dried 40◦C 

Al-SBA-15 (Na+ form) 

Al-SBA-15 (H+ form) 

Al-SBA-15 (H+ form) 

- Refluxed with 50 mL 0.01 M NH4Cl 
solution for 24 h 
 

- Filtered and washed with DI water  

- Dried at 40◦C 

- Calcine at 550◦C for 5 h 
 



 
 

 

50 

3.7 Lignin separation from biomass 

In each experiment, 3 grams of dry pretreated hardwood (giant sensitive plant) 

and agricultural residue (corncob, rice straw and sugarcane bagasse), 0.63 g of 

catalyst and EtOH:H2O (80:20 v/v, 50 mL) were carried out in 100 mL pressure Parr 

reactor equipment. The reaction was heated to desired reaction temperature and 

kept constant for a period of time. After completion of the reaction, the reaction 

mixture was cooled down. The residue was filtered with filter paper Whatman No.2 

and washed with deionized water three times (20 mL  3). Then, the filtrate was 

added 200 mL of deionized water in order to precipitate lignin and set for 24 h. 

Finally, the lignin was filtered through a filter paper and dried at 80◦C for 24 h. The 

obtained lignin was purified with Klason lignin method and confirmed using FTIR, 1H 

NMR, 13C NMR and 31P NMR. The %yield of isolated crude lignin was calculated based 

on equation that was shown in appendices as equation B-1. The process of lignin 

separation was shown in Scheme 3.5. 
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Scheme 3.5 Diagram of lignin separation. 

3.8 Parameters affecting biomass pretreatment 

 3.8.1 Acid pretreatment of giant sensitive plant 

 3.8.1.1 Effect of amount of H2SO4  

The reaction was studied at different amount of H2SO4 of 0.25, 

0.75, 0.5, 1.0 and %wt. The giant sensitive plant was pretreated by reflux at 100◦C. 

 

Biomass  Catalyst  Solvent 

- Heated and stirred to desired temperature  
  and time with deionized water 
- Cooled down  
- Washed with deionized water 3 times (20 mL  3) 
- Filtered 
 

Filtrate Residue 

- Added 200 ml deionized 
water 
- Standing for 24 h 
- Fittered 

Filtrate Isolated lignin 

- Dried at 80◦C for 24 h 
 

- Klason lignin method 
 

Pure lignin 
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 3.8.1.2 Effect of temperature 

The pretreated giant sensitive plant temperature was varied to 

1-8◦C. 

3.8.2 Parameters affecting lignin separation 

 3.8.2.1 Effect of EtOH/H2O ratio  

The EtOH/H2O ratio as solvent in lignin separation was varied to 

50:50, 60:40, 70:30, 80:20, 90:10 and 100:0 (v/v). 

 3.8.2.2 Effect of reaction temperature 

The reaction temperature was varied to 180, 200, 220 and 

240◦C 

 3.8.2.3 Effect of reaction time 

The reaction time was varied to 15, 30, 45 and 60 min. 

 3.8.2.4 Effect of catalyst type 

The effect of catalytic lignin separation from hardwood and agricultural 

residue was performed by using catalysts that were included two microporous 

materials (e.g. ZSM-5 and Zeolite-), mesoporous material (e.g. Al-SBA-15) and resin 

material (e.g. Amberlyst-15). 

3.9 Determine pure isolated lignin with Klason method 

The isolated lignin was purified by using Klason lignin fromTAPPI test method 

T222 om-88. 1 g of dried biomass sample was weighed in a 50 mL breaker. 10 mL of 

72% H2SO4 were added carefully with a pipetted and the mixture was stirred with a 

small glass lod. During this process, the mixture was frequently stirred and 

maintained in a water bath at 20 ± 1◦C for 2 h. After that, the mixture solution was 

transferred into a autoclave and added 560 mL of deionized water. The mixture 
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solution was heated at 121◦C for 1 h. After completion of the reaction, the reaction 

mixture was cooled down. The lignin was filtered through a glass crucible No.3 and 

washed with 250 mL of hot water. The pure lignin-containing crucible was dried at 

100◦C for 24 h. The Klason lignin content was calculated as using equation that is 

shown in appendix as equation C-1. 

3.10 Lignin transformation to fine chemicals with optimal condition 

 Klason lignin and crude lignin from hardwood (giant sensitive plant) and 

agricultural residue (corncob, rice straw and sugarcane bagasse) were carried out in 

100 mL stainless steel autoclave bath reactor equipment with an electromagnetic 

driven stirrer. In reaction, one gram of lignin (Klason lignin or crude lignin) was load 

into the autoclave. The reactor was purged with N2 gas and heated up to desired 

pyrolysis temperature at 300◦C for 30 min. After pyrolysis, the products such as gas, 

liquid and solid were collected for determination of the conversion, yield and 

selectivity. The percentage of gaseous product was calculated by subtraction of the 

weight of liquid products and residues from the starting material. The amount of 

solid residue in the reactor was measured by direct weight. The components of 

liquid products were analyzed by gas chromatrography-mass spectrometer (GC-MS). 



 

 

CHAPTER IV  
RESULTS AND DISSCUSSIONS 

 

4.1 The component of biomass 

 Table 4.1 was shown the composition of biomass using in experiment. Giant 

sensitive plant was investigated using Forage fiber analysis. The components of 

another biomass (e.g. rice straw, sugarcane bagasse and corncob) were obtained by 

several references ( He, Y. et al. [17]; Han, Y.W. et al [18]; and Funda, A. [19]) 

Table 4.1 The component of biomass. 

Biomass Composition (wt%) 
Cellulose Hemicellulose Lignin Ash Others 

Rice straw 33.40 28.20 7.40 12.80 18.20 

Sugarcane bagasse 50.40 28.50 14.90 2.00 4.20 
Corncob 52.90 32.10 13.10 1.20 0.70 

Giant sensitive plant [20]  36.87 15.51 20.68 0.58 26.35 

 

4.2 Giant sensitive pretreatment with dilute acid 

 The giant sensitive pretreatment was important process that affected to the 

structure of biomass such as reduced the crystallinity of structure and increased the 

porosity of the biomass. This part was investigated influence of concentration of 

dilute acid (0.25, 0.5, 0.75, 1.0 and 2.0 wt%) and reflux temperature (1, 4 and 8 h).  It 

is apparent that both different acid concentration and temperature were playing a 

key role of giant sensitive pretreatment. Table 4.2 and Figure 4.1 showed result of 

isolated lignin that was pretreated without dilute acid solution. Table 4.3 and Figure 
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4.2 shown result of isolated lignin that was pretreated with various concentration of 

dilute acid solution.  

The results indicated isolated lignin from giant sensitive plant that was 

pretreated only refluxed with water (giant sensitive plant : water = 1 : 15 w/v) for 1, 4 

and 8 h, the yield of separated lignin was increased from only 6.89% to 7.78%.  On 

the other hand, the separated lignin was pretreated in range of 0.25-1 wt% H2SO4 at 

100◦C for 8 h, gave the highest isolated lignin 15.67% yield under pretreatment with 

1wt% of H2SO4. 

Table 4.2 Effect of time on giant sensitive plant pretreatment without dilute acid  

 solution at 100◦C. 

Biomass Time (h) 
Yield (wt%) 

Isolated lignin Residue 

Giant sensitive plant 1 6.89  57.33  
4 7.22  53.33  

8 7.78  52.45  
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Figure 4.1 %Yield of isolated crude lignin from giant sensitive plant pretreatment 

without dilute acid solution at 100◦C for 1-8 h. 
 

Table 4.3 Effect of various concentration of dilute acid on giant sensitive plant 

pretreatment at 100◦C for 8 h. 

Biomass H2SO4 (wt%) 
Yield (wt%) 

Isolated lignin Residue 

Giant sensitive plant 0.25 12.50  59.00  

0.5 12.00  44.84  
0.75 14.65  40.93  

1 15.67  30.00  

2 11.31  45.83  
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Figure 4.2 %Yield of isolated crude lignin from giant sensitive plant pretreatment 

with 0.25-2% H2SO4 at 100◦C for 8 h. 

4.3 Characterization of catalysts 

 4.3.1 Pure SBA-15 and Al-SBA-15 

 4.3.1.1 X-ray powder differaction (XRD) 

  The pure SBA-15 was prepared using hydrothermal method 

whereas Al was added by alumination of SBA-15 using post synthesis. The Si/Al ratio 

was 14. The low angle XRD pattern of SBA-15 showed peaks index to (100), (110) and 

(200). These peaks reveal the characteristic pattern of hexagonal mesoporous 

material. After Al loading, the 3 characteristic peaks still showed hexagonal 

mesoporous structure. However, the peak intensity at (100) plane of Al-SBA-15 was 

decreased because the hexagonal structure was destroyed by Al insertion or 

recalcination process.  
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Figure 4.3 XRD patterns of (a) pure SBA-15 and (b) Al-SBA-15. 

 4.3.1.2 Nitrogen adsorption-desorption 

  The N2 adsorption/desorption isotherm of SBA-15 and Al-SBA-

15 was shown in Figure 4.4. The sample illustrated the type IV isotherm of 

mesoporous material that involve to SBA-15 materials. In addition, textural properties 

of SBA-15 and Al-SBA-15, with Si/Al ratio as 14, was indicated in Table 4.4. Aluminium 

was loaded in SBA-15 framework that decreased the amount of nitrogen up take in 

SBA-15 owing to the decreasing of pore volume [75] as 0.98 cm3g-1. In addition, the 

loading Al into SBA-15 framework affected to decrease the BET surface area                

(515 m2g-1) and internal surface area (450 m2g-1). 
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Figure 4.4 Nitrogen adsorption-desorption isotherms of (a) pure SBA-15 and (b) Al-
SBA-15.  

Table 4.4 Properties of pure SBA-15 and Al-SBA-15. 

Catalyst N2 Adsorption/desorption 

BET surface area 

(m2g-1)a 

Internal 
surface area 

(m2g-1)b 

 Total pore 
volume 

(cm3g-1)c 

Averagrage  
pore diameter 

(nm)c 

 

SBA-15 675 478 1.09 9.36 

Al-SBA-15 515 450 0.98 9.36 
aReported by BET method, 
bReported by t-plot, 
cReported by BJH-plot method 
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 4.3.2 27Al-MAS-NMR spectra of Al-SBA-15 

 The 27Al-MAS-NMR spectum of Al-SBA-15 was shown in Figure 4.5. The 
27Al-MAS-NMR spectrum could allow the information of the aluminium atoms which 

they were located at framework or non-framework site. The result showed that Al-

SBA-15 illustrated only one strong peak at about 56 ppm. This peak was indicated to 

tetrahedral (Td) coordination framework aluminium formed in the mesoporous 

material [76].  However, the peak at 0 ppm of octahedral (Oh) characteristic was 

octahedral (Oh) was not observed, showing the absence of octahedrally coordination 

non-framework aluminum.  

 

Figure 4.5 27Al-MAS-NMR spectra of Al-SBA-15. 

 4.3.3 Elemental analysis of Al-SBA-15 

The number of aluminium atoms in catalysts was determined by ICP-

MS. The Si was calculated by deduction of Al from the total number of tetrahedral 

atoms. It was found that Al contents in the catalyst that was not significant difference 

between Si/Al mol ratio in Al-SBA-15, ZSM-5 and Zeolite- which are in a range of 

14.1-15.0 as shown in Table 4.5. However, the data from ICP-MS technique cannot 

illustrate the structure of aluminium atom, whether it located in framework or extra-

framework. Thus, data from 27Al-NMR was needed for this identification. 

 
 



 
 

 

61 

Table 4.5 Si/Al mole ratio of Al-SBA-15. 

Catalyst Si/Al mole ratio in catalyst 

Al-SBA-15a 14.1 

ZSM-5a 14.6 

Zeolite-b 15.0 
aCalculated from ICP-QMS. 
bSi/Al mole ratio in catalyst provide by the ZEOCHEM supplier. 

 4.3.4 Physical properties of Amberlyst-15, ZSM-5 and Zeolite- 

 The physical properties of the catalysts were characterized by N2 

adsorption/desorption as shown in Table 4.6. The BET specific surface area and 

internal surface area of ZSM-5 were higher than Zeolite-. Moreover, the ZSM-5 

provided the highest pore volume as 0.28 cm3g-1. The Zeolite- exhibited higher pore 

diameter than ZSM-5 and Amberlyst-15 
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Table 4.6 Properties of Amberlyst-15, ZSM-5 and Zeolite-. 

Catalyst N2 Adsorption/desorption 

BET surface 
area 

(m2g-1)a 

Internal 
surface area 

(m2g-1)b 

 Total pore 
volume 

(cm3g-1)c 

Average             
pore diameter 

(nm)c 

 

Amberlyst-15 37 12 0.06 2.40 

ZSM-5 435 445 0.28 2.59 

Zeolite- 210 212 0.18 3.36 
aReported by BET method, 
bReported by t-plot, 
cReported by BJH-plot method 

 

4.3.5 Acid-base titration  
 The acid value quantities of all catalysts were determined by acid-base 
titration using sodium chloride as ion-exchange reagent. The acid value of all 
catalysts was shown in Table 4.7.  The acid amount of catalysts followed in the 
order: Amberyst-15 > Al-SBA-15 > ZSM-5> Zeolite-β. Particularly, Amberyst-15 
showed the highest acid amount because the structure consisted of strongly acidic 
sulfonic group. Thus, it illustrated as high acid content. 
Table 4.7 Acid amount of catalysts. 

Catalyst H+ Content (mmol/g) 

Amberyst-15 4.72 

ZSM-5 0.69 

Zeolite- 0.56 

Al-SBA-15 0.78 
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4.4  Lignin separation from hardwood and agricultural residue 

 The results of lignin separation were presented in Table 4.8. The lignin 

isolation of biomass followed in the order: giant sensitive plant > corncob > 

sugarcane bagasse > rice straw. The pretreated giant sensitive plant gave the highest 

lignin separation because it was hardwood. So, the pretreated giant sensitive plant 

was chosen for studying parameters such as solvent ratio, reaction temperature, 

reaction time and type of catalyst. 

Table 4.8 Lignin separation from hardwood and agricultural residue. 

Biomass Yield (wt%) %Separation 

Lignin component Lignin separation 

Rice straw 7.4 6.7 90.6 

Sugarcane bagasse 14.9 11.2 75.2 

Corncob 13.1 11.6 88.6 

Pretreated giant 
sensitive plant 

20.7 16.8 81.2 

 

4.5 Lignin Separation from pretreated giant sensitive plant 

 The lignin from pretreated giant sensitive plant was separated by organosolv 

method by varying various reaction parameters, i.e. solvent ratio, reaction 

temperature, reaction time and type of catalyst, as the following study.  

 4.5.1 Effect of solvent ratio 

  The effect of solvent ratio was studied following the method explained 

in part 3.8.2.1. The Amberlyst-15 as catalyst, temperature and time were fixed at          

0.63 g, 200◦C and 30 min, respectively. The results were shown that using EtOH:H2O 
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ratios as 80:20 was an optimum solvent mixture that the isolated lignin from 

pretreated giant sensitive plant obtained the highest of Klason lignin yield (95.80%) 

as shown in Table 4.9.  

Table 4.9 Effect of solvent ratio on isolated lignin from pretreated giant sensitive 
plant. 

Biomass EtOH:H2O 
ratio (50 mL) 

Yield (wt%) %Klason 
lignin Crude 

lignin 
Pure lignin others 

Pretreated 
giant sensitive 
plant 

50:50 6.50 5.54 0.96 85.30 
60:40 10.67 9.21 1.46 86.35 

70:30 13.83 12.71 1.12 91.91 

80:20 16.83 16.12 0.71 95.80 
90:10 10.67 9.02 1.65 84.55 

100:0 6.83 6.04 0.79 88.35 

Data were shown as the mean ± 0.23SD, derived from 3 independent repeats. 

 4.5.2 Effect of reaction temperature 

 The effect of temperature was studied following the method explained 

in part 3.8.2.2. The Amberlyst-15 as catalyst, EtOH:H2O and time were fixed at 0.63 g, 

80:20 (50 ml) and 30 min, respectively. The temperature at 240◦C gave the highest 

crude lignin (17.17%). However, this temperature gave only 90.13% of Klason lignin 

that compared with the same condition using temperature at 200◦C (95.77%) as 

shown in Table 4.10. 
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Table 4.10 Effect of temperature on isolated lignin from pretreated giant sensitive 
plant. 

Biomass Temperature 

(◦C) 

Yield (wt%) %Klason 
lignin Isolated 

lignin 
Pure 
lignin 

others 

Pretreated giant 
sensitive plant 

180 5.17 4.91 0.26 95.01 
200 16.83 16.12 0.71 95.77 

220 16.50 14.59 1.91 88.41 

240 17.17 15.47 1.70 90.13 
Data were shown as the mean ± 0.24SD, derived from 3 independent repeats. 

 4.5.3 Effect of reaction time  

 The effect of reaction time was studied following the method explained 

in part 3.8.2.3The Amberlyst-15 as catalyst, EtOH:H2O and temperature were fixed at 

0.63 g, 80:20 (50 ml) and 200◦C, respectively. The reaction time 30 min gave high 

crude lignin as 16.83%. In addition, this temperature also exhibited the highest 

95.77% of Klason lignin when compare with other reaction times as shown in Table 

4.11.  

Table 4.11 Effect of time on isolated lignin from pretreated giant sensitive plant. 
Biomass Time (min) Yield (wt%) %Klason 

lignin Isolated 
lignin 

Pure 
lignin 

others 

Pretreated giant 
sensitive plant 

15 14.83 13.75 1.08 92.70 

30 16.83 16.12 0.71 95.77 
45 14.67 13.65 1.02 93.05 

60 14.17 12.83 1.34 90.55 

Data were shown as the mean ± 0.23SD, derived from 3 independent repeats. 
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 4.5.4 Effect of catalyst 

 The lignin from pretreated giant sensitive plant and corncob was 

separated over various catalysts which distributed as two groups that composed of 

heterogeneous (i.e. Amberlyst-15, ZSM-15, Zeolite-, Al-SBA-15) and homogeneous 

(i.e. H2SO4, HCl, HNO3) catalysts to compare their  efficiency of lignin separation. The 

results displayed that the lignin separation without a catalyst using C2H2OH:H2O 

(80:20 v/v, 50 ml) at 200C for 30 min obtained a yield of only 4.17 %  of lignin, 

whereas using Amberlyst-15 under the same condition gave a yield 16.84% of lignin. 

In addition, this condition gave 95.80% of the highest Klason lignin as the lignin purity 

as shown in Table 4.12. Sulfuric acid as homogeneous catalyst gave the highest yield 

of lignin. However, this homogeneous catalyst gave a yield 87.90% of Klason lignin.  

Table 4.12 Effect of various catalysts on isolated lignin from pretreated giant 
sensitive plant. 

Biomass Catalyst Yield (wt%) %Klason 
lignin Isolated 

lignin 
Pure 
lignin 

others 

Pretreated giant 
sensitive plant 

None 4.17 3.52 0.65 84.36 

Amberlyst-15 16.83 16.12 0.71 95.80 

ZSM-5 5.83 5.02 0.81 86.10 
Zeolite- 5.50 5.22 0.28 94.89 

Al-SBA-15 4.50 3.41 1.09 85.20 

H2SO4 20.67 18.17 2.50 87.90 
HCl 3.83 3.48 0.35 90.86 

HNO3 4.33 3.20 1.13 73.73 

Data were shown as the mean ± 0.24SD, derived from 3 independent repeats. 

Isolated lignin condition: 3.0 g of sample, 0.63 g of catalyst, EtOH:H2O (v/v) at 200C 

for 30 min. 
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4.6 Lignin separation from corncob 

 The comparison of isolated lignin both pretreated giant sensitive plant and 

corncob under the same condition (3.0 g of biomass, 0.63 g of Amberlyst-15, 

EtOH:H2O = 80:20 v/v at 200C for 30 min.) was illustrated in Table 4.13. The isolated 

lignin from corncob gave isolated lignin and Klason lignin only 11.60 and 72.49%, 

recpctively. While, pretreated giant sensitive plant gave isolated lignin and Klason 

lignin as 16.80 and 95.80%, respectively 

Table 4.13 The comparison of isolated lignin from pretreated giant sensitive plant 
and corncob. 

Biomass Yield (wt%) %Klason 
lignin Isolated lignin Pure lignin others 

Pretreated giant 
sensitive plant 

16.83 16.12 0.71 95.80 

Corncoba 11.60 9.79 3.71 72.49 
a Data were shown as the mean ± 0.28SD, derived from 3 independent repeats. 

 

4.7 Characterization of isolated lignin 

 4.7.1 Fourier transform infrared spectroscopy (FTIR) 

 4.7.1.1 Isolated lignin from giant sensitive plant 

 The functional groups of all samples were determined by 

NICOLET 6700 Fourier transform infrared spectroscopy in ATR mode. FTIR spectra in 

Figure 4.6 showed the peak pattern of residue, isolated crude lignin, Klason lignin and 

raw material of giant sensitive plant. The spectra of four samples illustrated the 

similar peak patterns in range 3645-2837 cm-1 that were stretching vibration of C-H 

and OH groups. These are peaks could be commonly found in residue, isolated 

crude lignin, Klason lignin and raw material of giant sensitive plant. 
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 The raw giant sensitive plant exhibited the characteristic peak 

of hemicellulose at 1725 cm-1 [77] as the characteristic stretching vibration of the 

carbonyl. Moreover, the bands at 1395 cm-1, 1364 cm-1  and 896 cm-1 as characteristic 

bands of cellulose [78]. After raw giant sensitive plant was pretreated with 1% H2SO4, 

the characteristic peaks of hemicellulose and cellulose demonstrated the decreased 

in intensity of peaks. 

 After the crude isolated lignin from giant sensitive plant was 

purified with Klason method under optimum condition, the characteristic peaks of 

hemicellulose  was disappeared as shown the shoulder at 1698 and 1669 cm-1 

originated from conjugated carbonyl stretches [79]. Aromatic skeletal vibrations gave 

three strong peaks at 1591, 1590 and 1491 cm-1. A band at 1460 cm-1 was indicated 

to C-H deformations and aromatic ring vibration [80]. In addition, the band at 1265 

cm-1 was assigned to guaiacyl ring mixing with C=O stretching [81]. Moreover, the 

band for aromatic in plane bending, and out of-plane C-H bending were observed at 

1210 and 1149 cm-1 for syringyl unit, and at 1027 and 847 cm-1 for guaiacyl unit, 

respectively. Although, the familiar peak pattern of Klason lignin were similar with 

isolated crude lignin. The peaks of Klason lignin gave the decreased intensity at in 

range 3631-3038 cm-1 due to the removal of cellulose and hemicellulose in both the 

structure. 
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Figure 4.6 FTIR spectra of (a) raw giant sensitive plant, (b) pretreated giant sensitive 

plant with  1% H2SO4 at 100◦C for 8 h, (c) isolated crude lignin, (d) Klason lignin and 
(e) residue. Separation condition: 3.0 g of pretreated giant sensitive plant, 0.63 g of 

Amberlyst-15, C2H5OH:H2O = 80:20 (v/v) at 200C for 30 min. 

 4.7.1.2 Isolated lignin from corncob 

 FTIR spectra of raw corncob, isolated crude lignin, Klason lignin 

and residue after lignin separation were presented in Figure 4.7. The raw corncob 

illustrated the peak of hemicellulose was shifted from  1725 to  1716 due to the lack 

of pretreatment step [77]. Besides, the bands at 1364 cm-1, 1236 cm-1, 1155 and 890 

cm-1 as characteristic bands of cellulose [78]. The band at 1236 cm-1 was appeared in 

isolated crude lignin that demonstrated isolated crude lignin as non-pure lignin due 

to the contaminated from cellulose. This result was confirmed by Klason method 

that the percentage of Klason lignin of corncob was illustrated only 72.49%. 



 
 

 

70 

 The isolated lignin from corncob was purified with Klason 

method under the similar optimum condition. The characteristic peaks of lignin were 

shown in Figure 4.7 (c). The band at 1652 cm-1 was attributed to conjugated carbonyl 

stretching in lignin. The aromatic skeleton in the lignin as assigned at 1594, 1590 and 

1422 cm-1 [79]. The band at 1459 cm-1 related to C-H deformation and aromatic ring 

vibration. The aliphatic C-H stretching in CH3 gave a small band at 1352 cm-1. 

Moreover, the band at 1249 and 1210 cm-1 was indicated as benzene ring hmixing 

with C-O stretching in lignin structure. The band 1120 and 1024 cm-1 raised from the 

aromatic C-H in plane deformation for S type and G type, respectively [80]. The 

aromatic C-H out of plane demonstrated at 835 cm-1 [81]. 

 

Figure 4.7 FTIR spectra of (a) raw corncob, (b) isolated crude lignin, (c) Klason lignin 
and (d) residue. Separation condition: 3.0 g of corncob, 0.63 g of Amberlyst-15, 

C2H5OH:H2O = 80:20 (v/v) at 200C for 30 min.     
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 4.7.2 Proton-1 Nuclear Magnetic Resonance Spectroscopy (1H NMR) 

 Figure 4.8 compared 1H NMR spectra of crude lignin from commercial 

(Figure D-1), pretreated giant sensitive plant (Figure D-2) and corncob (Figure D-3). The 
1H NMR spectra of three samples gave signals in the range 7.6-6.2 ppm that were 

assigned to the aromatic proton in G and S units. The methoxy proton gave signals in 

range 4.3-3.6 ppm. The intense signal at 3.3 ppm was due to proton in water in d6-

DMSO. The signal at 2.5 ppm was indicative of proton in d6-DMSO. Moreover, the 

protons in aliphatic group such as in the side chains of crude lignins were identified 

by signals at 1.8-0.5 ppm [82]. 

 After that, crude lignin from three samples was purified with Klason 

lignin method. The 1H NMR spectra of pure lignin from Klason purification of crude 

commercial lignin (Figure D-4), pretreated giant sensitive plant (Figure D-5) and 

corncob (Figure D-6) were illustrated in Figure 4.9. The all signals of three samples 

showed increased sharp peaksat 3.4-5.1 ppm because the cellulose backbone signals 

were removed from crude lignins [83]. Particularly, the strong peak at 3.7 ppm 

showed a signal of methoxyl proton (-OCH3) in lignin structure. 
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Figure 4.8 1H NMR spectrums of crude lignin from commercial, pretreated giant 

sensitive plant and corncob. 
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0.5-1.8 ppm of aliphatic group in 
side chains 

 

3.6-4.3 ppm of methoxy proton 
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6.2-7.6 ppm of aromatic 
proton in guaiacyl and 
syringyl unit 
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Figure 4.9 1H NMR spectra of Klason lignin from crude lignin of pretreated giant 
sensitive plant (Figure D-4) and corncob (Figure D-5). 

 4.7.3 Carbon-13 Nuclear Magnetic Resonance Spectroscopy (13C NMR) 

 From Figure 4.11 showed a comparison of the 13C NMR spectra of crude 

lignin from commercial (Figure D-7), pretreated giant sensitive plant (Figure D-8) and 

corncob (Figure D-9). The 13C NMR spectra of three samples illustrated chemical shift 

assignments for 13C spectra of crude lignin that were difficult to interpret because 

lignin is a very heterogeneous polymer, and many signals were overlapped [84]. 

(a) 

(b) 

 

3.6-4.3 ppm of methoxy 
proton (-OCH3) 
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 The signals in the range of 100-165 ppm were attributed to aromatic 

carbon, while the aliphatic carbons were identified by signals at 15-90 ppm. The 

strong signals at 55-56 ppm corresponded to methoxyl carbon (-OCH3) in syringyl and 

guaiacyl units. In addition, the signals occurred between 14-34 ppm region were 

assigned to saturated hydrocarbon structures in the aliphatic side-chains. Especially, 

the signals at 145-160 ppm were attributed to the major signals of lignin that were  

C-3, C-4 carbon in guaiacyl phenolic units and C-3, C-5 carbon in syringyl units as 

shown Figure 4.10. 

  

 

 

 

 
Figure 4.10 Guaiacyl phenolic unit (a) and syringyl unit (b). 

  

 However, the signals about 60 ppm were identified to all unsubstituted 

the C-6 carbons and methyl groups in cellulose structure [85]. These result 

illustrated that crude lignins from three samples were contaminated with cellulose, 

while Klason lignin of crude lignin from commercial (Figure D-10), giant sensitive plant 

(Figure D-11) and corncob (Figure D-12) had disappeared this signal because it was 

removed from lignin structure as shown in Figure 4.12. 
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Figure 4.11 13C NMR spectrums of crude lignin from commercial (Figure D-6), 

pretreated giant sensitive plant (Figure D-7) and corncob (Figure D-8). 

(a) 

(b) 

(c) 

60 ppm of C-6 carbons and methyl 
groups in cellulose structure 

14-34 ppm of saturated hydrocarbon in 
aliphatic side chain 
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syringyl and guaiacyl unit 
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Figure 4.12  13C NMR spectrums of Klason lignin from crude lignin from giant sensitive 
plant (Figure D-9) and corncob (Figure D-10). 
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 4.7.4 Scanning electron microscope (SEM)  

 The SEM images of raw giant sensitive plant and corncob were shown in 

Figure 4.13 (a) and Figure 4.14 (a), respectively that were exhibited smooth and non-

porous and uniform surfaces. The SEM image of the 1% (w/w) H2SO4 pretreated giant 

sensitive plant displaied hole on its biomass surface due to partly hemicellulose and 

cellulose removal and crystallinity reducing as shown in Figure 4.18 (b). On the other 

hand, the raw corncob was not  necessary to pretreat with 1% (w/w) H2SO4 due to 

weaker plant structure.  

 The similar structure of isolated lignins and Klason lignins from 

pretreated giant sensitive plant and corncob were illustrated in Figure 4.13 (d, e) and 

Figure 4.14 (c, d), respectively. Both isolated lignins and Klason lignins of two samples 

were distributed a rough and loose surface. The cognate structure of lignin were 

reported in lignin separation from bagasse [45]. 
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Figure 4.13 SEM images (1,500 × magnification) of (a) raw giant sensitive plant,                           
(b) pretreatment with 1% (w/w) H2SO4 as 15:2 ratio of raw giant sensitive plant to 
H2SO4 and (c) residue from separated lignin, (10,000 × magnification) of (d) isolated 
lignin and (e) Klason lignin; Separation condition: 3.0 g of pretreated giant sensitive 

plant, 0.63 g of Amberlyst-15, C2H5OH:H2O = 80:20 (v/v) at 200C for 30 min. 

(a) (b) 

(c) (d) 

(e)   
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Figure 4.14 SEM images (1,500 × magnification) of (a) raw corncob and (b) residue 
from separated lignin, of (c) isolated lignin (10,000 × magnification) and  (d) Klason 
lignin; Separation condition: 3.0 g of corncob, 0.63 g of Amberlyst-15, C2H5OH:H2O = 

80:20 (v/v) at 200C for 30 min. 
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 4.7.5 Thermogravimetric analysis (TGA) 

 4.7.5.1 Raw giant sensitive plant and corncob 

 The thermal decomposition of raw giant sensitive plant and 

corncob is commonly investigated by thermogravimetric analysis (TGA) under 

nitrogen atmosphere. TGA thermograms were shown the weight loss of both 

biomasses into the temperature of thermal decomposition, while the first derivative 

of that DTG thermogram was illustrated corresponding rate of weight loss. The 

temperature at 327.4◦C was expressed the highest temperature that raw giant 

sensitive plant withstand decomposition more than the temperature of corncob 

(324.9◦C) as shown in Figure 4.15 (a) and (b).  

 Both TGA thermogram of raw giant sensitive plant and corncob 

were revealed that in the first step were the decomposition of water molecules in 

raw giant sensitive plant and corncob at 70-100◦C as 2.30 wt% and 2.36 wt%, 

respectively. The second step was the disintegration of cellulose, hemicellulose in 

raw giant sensitive plant and corncob in range of 200-360◦C in order to light volatile 

and gases such as H2O, CO and CO2 [86] at about 74.34 wt%, while corncob was 

73.62 wt%. The char product of raw giant sensitive plant and corncob was 25.36 wt% 

and 24.02 wt%, respectively. From the Figure 4.15 (a) and (b) included that the 

temperature of decomposition of raw giant sensitive plant was higher than raw 

corncob.  
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Figure 4.15 TGA and DTG curves of (a) raw giant sensitive plant and (b) corncob. 
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 4.7.5.2 Isolated crude lignin and Klason lignin from pretreated 
giant sensitive plant  

  The thermal properties of the isolated lignin and Klason 

lignin were studied by TGA and DTG. The thermal stabilities of both isolated crude 

lignin and Klason lignin were included two steps that the first step 1.69 wt% and 1.18 

wt%, respectively. This weight loss was shown as moisture evaporation (e.g. H2O) 

occurred at range 40-160◦C. In the second step, 49.93 wt% and 45.78 wt% of both 

samples at range 220-500◦C as weight loss was degradation of inter-unit linkages, 

releasing monomeric phenol into the vapour phase as shown in Figure 4.16 (a) and 

(b) [87]. 

 The DTG thermograms of both isolated lignin and Klason lignin 

in Figure 4.16 (a) and (b) were demonstrated a single weight loss peak at 364.7◦C and 

372.8◦C, respectively. Their temperatures were confirmed the unique composition of 

isolated lignin that were related to FTIR and NMR characterizations. However, The 

DTG thermograms of Klason lignin was illustrated the higher temperature than 

isolated lignin because Klason lignin was measuring only lignin as composition in 

biomass while isolated crude lignin might be degradation other substances.  
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Figure 4.16 TGA and DTG curves of crude lignin and Klason lignin from pretreated 
giant sensitive plant. 
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 4.7.5.3 Isolated crude lignin and Klason lignin from corncob 

 The thermal stability of isolated crude lignin and Klason lignin 

from corncob was determined by TGA and DTG. The TGA thermogram were found 

1.69 wt% and 1.18 wt% of the humidity that was removed in rang 70-160◦C as shown 

in Figure 4.17 (a) and (b).  

 The decomposition process of both isolated crude lignin and 

Klason lignin covered a large temperature range between 210 and 500◦C that weight 

loss was shown as 49.93 wt% and 45.78 wt%, respectively. The results were 

demonstrated that weight loss of both samples  results from the cleavage of the 

inter-unit linkages of lignin and the evaporation of monomer phenol [79]. Thus, the 

isolated crude lignin from distinct biomass gave the different thermal decomposition 

temperature that depended on component in lignin sample. 
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Figure 4.17 TGA and DTG curves of isolated lignin and Klason lignin from corncob. 
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 4.7.6 Elemental analysis (C, H, O and N) 

 The elemental analysis from six samples was shown in Table 4.12.  After 

the Klason lignin process, the results illustrated the decreasing of carbon amount 

due to the removal cellulose and hemicellulose from the isolated crude lignin, while 

the number of oxygen increased as a result of the main structure of lignin that 

mostly consisted of methoxyl group (-OCH3). 

Table 4.14 Elemental analysis  

Biomass C (%) H (%) O (%) N (%)  

Raw giant sensitive plant 48.70 7.04 43.64 0.62  

Isolated crude lignina 67.77 6.64 25.35 0.24  

Klason ligninb 66.95 6.07 26.71 0.27  

Raw corncob 46.80 6.54 45.87 0.79  

Isolated crude lignina 65.40 6.42 27.24 0.94  

Klason ligninb 64.06 6.13 28.87 0.94  

aFrom reaction using 0.63 of Amberlyst-15, 3.0 g of pretreated giant sensitive plant, 

EtOH:H2O ratio = 80:20 (v/v%) at 30◦C for 30 min.      

bTAPPI Test Method T222 om-88 
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4.8 Lignin transformation to fine chemicals with optimal condition 

 All liquid products after catalytic pyrolysis of isolated lignin and Klason lignin 

with optimum condition were determined by GC-MS analysis 

 4.8.1 Gas chromatograph-mass spectrometer (GC-MS)  

 4.8.1.1 Commercial lignin and Klason commercial lignin  

 The comparison between commercial lignin and Klason lignin 

in catalytic pyrolysis gave many products as shown in Table 4.13 and Table 4.14. 

Table 4.15 Compound identified by GC-MS in catalytic pyrolysis of commercial lignin. 

Peak Retention time (min) Compound name %Selectivity 

1 19.5 Catechol 30.3 
2 22.1 1,2-Benzenediol, 4-methyl- 17.8 

3 16.1 Phenol, 2-methoxy- 16.3 

4 19.3 2-Methoxy-5-methylphenol 6.4 
5 21.3 1,2-Benzenediol, 3-methyl- 6.0 

6 12.5 Phenol 3.3 
7 24.6 1,3-Benzenediol, 4-ethyl- 3.3 

8 21.8 Phenol, 4-ethyl-2-methoxy- 2.9 

9 15.7 p-Cresol 2.5 
10 15.0 Phenol, 2-methyl- 2.3 

11 25.0 Vanillin 2.0 

12 23.8 1,4-Benzenediol, 2,5-dimethyl- 1.8 
13 28.4 2-Propanone, 1-(4-hydroxy-3-

methoxyphenyl)- 1.6 
14 23.5 1,3-Benzenediol, 4-ethyl- 1.2 

15 17.9 Phenol, 3,5-dimethyl- 1.0 

16 27.3 Apocynin 0.9 
17 23.6 1,4-Benzenediol, 2-methyl- 0.7 
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Table 4.16 Compound identified by GC-MS in catalytic pyrolysis of Klason 
commercial lignin. 

Peak Retention time (min) Compound name %Selectivity 

1 12.5 Phenol 19.2 
2 15.0 Phenol, 2-methyl- 14.6 

3 19.5 Catechol 14.3 

4 15.7 p-Cresol 14.0 
5 21.4 Phenol, 2,3,5-trimethyl- 6.3 

6 18.0 Phenol, 3,5-dimethyl- 5.8 

7 21.3 1,2-Benzenediol, 3-methyl- 4.7 
8 22.1 1,2-Benzenediol, 4-methyl- 4.7 

9 28.0 1-Naphthalenol 3.7 
10 2.8 Propanoic acid 2.7 

11 23.8 1,4-Benzenediol, 2,5-dimethyl- 2.2 

12 23.6 1,4-Benzenediol, 2-methyl- 1.8 
13 21.7 3,4-Dimethoxytoluene 1.7 

14 30.4 1-Naphthalenol, 2-methyl- 1.2 

15 16.0 Phenol, 2-methoxy- 1.2 
16 24.6 1,3-Benzenediol, 4-ethyl- 1.1 

17 30.4 1-Naphthalenol, 2-methyl- 1.0 

 Table 4.13 and Table 4.14 showed the seventeen major 

products of commercial lignin and Klason lignin that were mainly phenol derivatives. 

The results of products in distillated liquid were presented in the mean values of 

percentage area. The peak area of catechol gave the highest as 30.29% (retention 

time = 19.5 min in Figure 4.18 (a)) from catalytic pyrolysis of commercial lignin. On 

the other hand, the phenol product gave the highest as 19.2% of Klason lignin 

(retention time = 12.5 min in Figure 4.18 (b)) because commercial lignin obtained 

from various commercial pulp trees.  
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Figure 4.18 Total ion chromatograms of (a) commercial lignin and (b) Klason 
commercial lignin catalytic pyrolysis of lignin at 300oC for 30 min, ZSM-5 to lignin 
ratio of 0.75:1 with 10 g of DI water. Refer to Table 4.13 and Table 4.14 for the 
names of identified compounds. 
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 4.8.1.2 Isolated crude lignin and Klason lignin from pretreated 
giant sensitive plant  

  The catalytic pyrolysis between isolated crude lignin and 

Klason lignin gave many products as shown in Table 4.15 and Table 4.16. 

Table 4.17 Compound identified by GC-MS in catalytic pyrolysis of isolated crude 
lignin from pretreated giant sensitive plant. 

Peak Retention time (min) Compound name %Selectivity 
1 26.3 1,2,4-Trimethoxybenzene 15.4 

2 15.0 Phenol, 2-methyl- 10.5 
3 15.7 p-Cresol 10.2 

4 12.5 Phenol 9.4 

5 19.5 Catechol 8.9 
6 16.1 Phenol, 2-methoxy- 8.4 

7 19.3 Creosol 7.1 

8 18.0 Phenol, 3,5-dimethyl- 5.5 
9 28.3 5-tert-Butylpyrogallol 4.7 

10 23.8 Phenol, 2,6-dimethoxy- 3.9 
11 22.1 1,2-Benzenediol, 3-methyl- 3.0 

12 21.8 Phenol, 4-ethyl-2-methoxy- 2.8 

13 21.5 Phenol, 2,3,5-trimethyl- 2.7 
14 18.6 Phenol, 3-ethyl- 2.1 

15 28.0 1-Naphthalenol 2.0 

16 2.8 Propanoic acid 1.9 
17 24.6 4-Ethylcatechol 1.7 
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Table 4.18 Compound identified by GC-MS in catalytic pyrolysis of Klason lignin from 
pretreated giant sensitive plant. 

Peak Retention time (min) Compound name %Selectivity 

1 26.3 1,2,4-Trimethoxybenzene 14.5 
2 19.5 Catechol 14.2 

3 12.5 Phenol 9.8 

4 15.0 Phenol, 2-methyl- 8.7 
5 21.5 Phenol, 2,3,5-trimethyl- 8.7 

6 28.3 5-tert-Butylpyrogallol 7.8 

7 21.3 1,2-Benzenediol, 3-methyl- 5.9 
8 18.0 Phenol, 3,5-dimethyl- 5.6 

9 23.8 Phenol, 2,6-dimethoxy- 5.2 
10 15.8 p-Cresol 3.9 

11 28.0 Butylated Hydroxytoluene 3.9 

12 23.6 1,4-Benzenediol, 2-methyl- 3.4 
13 21.6 Hydroquinone 2.9 

14 21.8 Phenol, 4-ethyl-2-methoxy- 2.2 

15 30.3 Benzene, 1,1’-
propylidenebis- 1.6 

16 16.1 Phenol, 2-methoxy- 1.0 
17 30.4 1-Naphthalenol, 2-methyl- 1.0 

  The result illustrated the relationship between pretreated giant 

sensitive plant lignin and Klason pretreated giant sensitive plant lignin that also gave 

the various products such as 1,2,4-trimethoxybenzene catechol phenol and other 

products. The highest product of both samples was 1,2,4-trimethoxybenzene about 

14.45-15.37% that were illustrated as retention time at 26.3 min as in Figure 4.19 (a) 

and (b). The application of 1,2,4-trimethoxybenzene can be used as a precursor to 

produce the mellitic anhydride in the manufacture of dyes. The trimethoxybenzene 

might be decomposed mainly from guaiacyl, G unit of lignin. 
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Figure 4.19 Total ion chromatograms of (a) isolated crude lignin and (b) Klason lignin 
from pretreated giant sensitive plant catalytic pyrolysis of lignin at 300oC for 30 min, 
ZSM-5 to lignin ratio of 0.75:1 with 10 g of DI water. Refer to Table 4.15 and Table 
4.16 for the names of identified compounds. 
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 4.8.1.3 Isolated crude lignin and Klason lignin from corncob 

 The catalytic pyrolysis between isolated crude lignin and 

Klason lignin gave many products as shown in Table 4.17 and Table 4.18. 

Table 4.19 Compound identified by GC-MS in catalytic pyrolysis of isolated crude 
lignin from corncob. 

Peak Retention time (min) Compound name %Selectivity 

1 19.5 Catechol 26.6 
2 12.5 Phenol 19.3 

3 22.1 1,2-Benzenediol, 3-methyl- 10.7 

4 15.7 p-Cresol 6.9 
5 26.3 1,2,4-Trimethoxybenzene 5.5 

6 24.6 4-Ethylcatechol 4.9 
7 15.0 Phenol, 2-methyl- 4.6 

8 23.8 Phenol, 2,6-dimethoxy- 3.4 

9 18.6 Phenol, 3-ethyl- 3.4 
10 16.1 Phenol, 2-methoxy- 2.7 

11 28.3 5-tert-Butylpyrogallol 2.2 

12 23.5 1,3-Benzenediol, 4-ethyl- 1.8 
13 23.6 1,4-Benzenediol, 2-methyl- 1.7 

14 19.3 Creosol 1.7 

15 18.6 Phenol, 4-ethyl- 1.7 
16 18.0 Phenol, 3,5-dimethyl- 1.4 

17 24.0 3-Amino-2,6-dimethoxy pyridine 1.4 
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Table 4.20 Compound identified by GC-MS in catalytic pyrolysis of Klason lignin from 
corncob. 

Peak Retention time (min) Compound name %Selectivity 

1 19.5 Catechol 30.3 
2 12.5 Phenol 26.8 

3 22.1 1,2-Benzenediol, 3-methyl- 6.4 

4 23.8 Phenol, 2,6-dimethoxy- 6.1 
6 16.1 Phenol, 2-methoxy- 4.4 

7 26.3 1,2,4-Trimethoxybenzene 4.0 

8 21.8 Phenol, 4-ethyl-2-methoxy- 3.7 
9 15.0 Phenol, 2-methyl- 3.3 

10 24.6 4-Ethylcatechol 2.5 
11 19.3 Creosol 2.3 

12 18.6 Phenol, 3-ethyl- 2.0 

13 15.7 p-Cresol 1.7 
14 28.3 5-tert-Butylpyrogallol 1.7 

15 28.0 Butylated Hydroxytoluene 1.3 

16 23.6 1,4-Benzenediol, 2-methyl- 1.3 
17 30.3 N-[3,5-Dinitropyridine-2-

yl]phenylalanine 
1.2 

 The results shown that the various products both isolated 

crude lignin and Klason lignin from corncob such as catechol, phenol, 1,2-

Benzenediol, 3-methyl- and other products. The highest product was found in liquid 

of both samples were similar result that was catechol as 26.64 and 30.30% (retention 

time = 19.5 min as shown in Figure 4.20 (a) and (b)). The catechol main product 

might occur from syringyl lignin unit cracking. 
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Figure 4.20 Total ion chromatograms of (a) isolated crude lignin and (b) Klason lignin 
from corncob catalytic pyrolysis of lignin at 300oC for 30 min, ZSM-5 to lignin ratio of 
0.75:1 with 10 g of DI water. Refer to Table 4.17 and Table 4.18 for the names of 
identified compounds. 
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4.9 Catechol selectivity from lignin pyrolysis 

 Catechol is mainly used as an intermediate in pharmaceutical , perfume and 

food industry. Thus, the part of lignin pyrolysis was focused on catechol selectivity. 

The result showed in Figure 4.21. The isolated lignin and pure lignin pyrolysis from 

corncob gave the highest catechol selectivity as 26.6 and 30.3%, respectively. 

Moreover, the lignin and pure lignin pyrolysis from commercial and pretreated giant 

sensitive plant gave catechol selectivity as 30.3, 14.3 and 8.9, 4.2%, respectively. This 

result illustrated that type of lignin affected on catechol selectivity. 

 

 

Figure 4.21 %Selectivity based on peak area of products in liquid obtained by 

pyrolysis from lignina and pure ligninb of corncob, commercial and pretreated giant 

sensitive plant. 
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a1: catechol from isolated lignin pyrolysis of corncob, 

b1: catechol from pure lignin pyrolysis of corncob, 

a2: catechol from lignin pyrolysis of commercial, 

b2: catechol from pure lignin pyrolysis of commercial, 

a3: catechol from isolated lignin pyrolysis of pretreated giant sensitive plant, 

b3: catechol from pure lignin pyrolysis of pretreated giant sensitive plant 

 



 

 

CHAPTER V  
CONCLUSION 

 

 From this research, the giant sensitive plant is a hardwood that should be 

pretreated in order to remove hemicellulose and reduce the crystallinity of 

cellulose, while corncob was not necessary pretreated due to its softwood nature. 

The optimum condition for giant sensitive plant pretreatment was refluxing with 

1wt% H2SO4 at 100◦C for 8 h that gave the highest isolated crude lignin as 15.67 wt%. 

 Moreover, the optimum condition for lignin separation was carried out with 

0.63: 3 by weight ratio of Amberlyst-15: lignin sample, 80: 20 by volume ratio of 

ethanol: H2O at 200◦C for 30 min. It could be concluded that lignin separation from 

pretreated giant sensitive plant and corncob with organosolv method, obtained yield 

of isolated crude lignin as 16.83 wt% and 11.60 wt%, respectively. Then, both 

samples were purified with Klason lignin method that gave yield of pure lignin as 

16.12 wt% and 9.79 wt%, respectively. 

The major parameters affected on isolated crude lignin that were reaction 

temperature, time, solvent ratio and types of catalyst. The catalyst was the most 

influencing parameter for lignin separation because Amberlyst-15 gave the highest 

acidity as 4.72 mmol/g. The increased acidity affected to rising isolated crude lignin 

due to the strong structure of lignin. It was difficult to remove from biomass because 

the most common linkage was   β-O-4 ether bond. When the comparison of isolated 

crude lignin yield between giant sensitive plant and corncob found that pretreated 

giant sensitive plant gave isolated crude lignin yield more than corncob due to giant 
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sensitive plant as hardwood. Generally, the lignin component of hardwood was more 

than agricultural residue.  

 The isolated crude lignin and Klason lignin from pretreated giant sensitive plant 

and corncob were pyrolyzed in a stainless steel autoclave with optimum condition 

as 0.75: 1: 10 by weight ratio of ZSM-5: lignin sample: H2O at 300◦C for 30 min. The 

result could be concluded that the highest product of commercial lignin and Klason 

commercial lignin provided the different product selectivity as catechol (30.3 %) and 

phenol (19.1 %), respectively. On the other hand, isolated crude lignin and Klason 

lignin from pretreated giant sensitive plant shown the highest similar selectivity 

product as 1,2,4-trimethoxybenzene (14.5-15.4%). In addition, isolated crude lignin 

and Klason lignin from corncob gave the highest similar product as selectivity 

catechol (26.6-30.3%). The different products might be due to the inherent variance 

among the various chemical structure of lignin that major component of hardwood is 

syringyl unit, while softwood consisted of p-hydroxyphenyl as a main unit. However, 

commercial lignin was used in this research that was produced from Kraft pulping. It 

was contaminated with hemicellulose, lead to the different products both 

commercial lignin and Klason commercial lignin. 

The suggestions for future work 

The structure of isolated lignin in this research suggested that it can be a 

valuable source of chemicals. Therefore, in future work should be converted isolated 

lignin into high-value chemical with lignin oxidation that might give vanillin product. 

This product is a major flavor constituent of vanilla. It has a wide range of application 

in food industry (e.g. a flavor agent).  In addition, in the future should study the 

optimum condition for lignin oxidation such as types of catalyst, reaction 

temperature, time and solvent that may affect to vanillin yield. 
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A. Determine component of giant sensitive plant with TAPPI test method            
T 222 om-88 

1.1 Neutral detergent fiber (NDF) 

% of NDF             = (Wn-Wt)(100) (A-1) 

 S  

Wn = weight of oven–dry crucible in cluding fiber 

Wt = tared weight of oven-dry crucible 

S   = oven-dry sample weight 

1.2 Acid detergent fiber (ADF) 

%ADF                   = (Wa-Wt)(100) (A-2) 

 S  

 
%hemicellulose     = 

 
(%NDF - %ADF)(100) 

 
 (A-3) 

 S  

Wa = weight of residue through extraction with acid detergent fiber 

Wt = tared weight of oven-dry crucible 

S   = oven-dry sample weight 

1.3 Permanganate detergent (PML) 

%lignin                 = (Wa-Wp)(100)            (A-4) 

 S  

Wa = weight of residue through extraction with acid detergent fiber 

Wp = weight of residue through extraction with permanganate detergent 

S   = oven-dry sample weight 



 
 

 

111 

1.4 Analysis of cellulose 

%cellulose              = (Wp - Wc)(100)  (A-5) 

 S  

Wp = weight of residue through extraction with permanganate detergent 

Wc = weight of crucible through calcination 

S   = oven-dry sample weight 

B. Determine isolated crude lignin  

%isolated crude lignin   = (M - N)(100)      (B-1) 
 X  

M = crude  lignin + filter paper  

N = weight of filter paper  

X = oven-dry raw biomass 

C. Determine pure isolated lignin with Klason method 

%Klason lignin     = (A)(100) (C-1) 

 W  

A = weight of Klason lignin 

W = oven-dried weigh of biomass 
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Figure D-11H NMR spectrums of crude lignin from commercial. 
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Figure D-2 1H NMR spectrums of crude lignin from pretreated giant sensitive plant. 
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Figure D-3 1H NMR spectrums of crude lignin from corncob. 
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Figure D-4 1H NMR spectrums of Klason lignin from pretreated giant sensitive plant. 
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Figure D-5 1H NMR spectrums of Klason lignin from corncob. 
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Figure D-6 13C NMR spectrums of crude lignin from commercial. 
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Figure D-7 13C NMR spectrums of crude lignin from pretreated giant sensitive plant. 

 

 

 

 

 

 

 

 



 
 

 

119 

 

 

Figure D-8 13C NMR spectrums of crude lignin from corncob. 
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Figure D-9 13C NMR spectrums of Klason lignin from pretreated giant sensitive plant. 
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Figure D-10 13C NMR spectrums of Klason lignin from corncob. 
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m/z 110.1 

C6H6O2 

m/z 81.03 

C5H5O 

m/z 64.03 

C5H4 

Figure E-1 Mass spectra of catechol. 
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Catechol 
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   m/z 124.1 

C7H8O2 

m/z 109.1 

C6H5O2 

m/z 80.1 

C5H5O 

Figure E-2 Mass spectra of guaiacol. 
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Phenol, 2-methoxy- 

(Guaiacol) 
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  m/z 168.2 

C9H12O3 

m/z 153.2 

C8H9O3 

m/z 124.2 

C7H9O2 

Figure E-3 Mass spectra of 1,2,4-trimethoxybenzene. 
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1,2,4-Trimethoxybenzene 
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m/z 94 

C6H6O 

m/z 66 

C5H6 

-CO 

Figure E-4 Mass spectra of phenol. 

Phenol 



 
 

 

126 

Table F-1 %Selectivity and conversion from lignin pyrolysis of pretreated giant 
sensitive plant. 

 
a = Isolated crude lignin, b = Pure lignin with Klason method 

 



 

 

Table F-2 %Selectivity and conversion from lignin pyrolysis of corncob. 

 
a = Isolated crude lignin, b = Pure lignin with Klason method 
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