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Chitin is the second most available polysaccharide after cellulose. Chitin 

and N-acetyl-D-glucosamine polysaccharide, can be converted to valuable 
products by using homogeneous catalysis, most of the chitin generated by food 
processing is treated as industrial waste.  For chitin conversion to useful chemicals 
has been investigated less than cellulose conversion. Therefore, in this 
research,  chitin conversion was investigated. The result was divided into four part. 
The first part, the result showed that ball milled pretreatment could increase the 
conversion of chitin, which indicated that the crystallinity of the chitin had been 
reduced by the ball milled pretreatment. In the second part, hot compressed 
water for chitin conversion without catalyst could be converted to other 
chemicals, but the product not selective with lactic acid.  Moreover, the effect of 
metal oxides was studied on chitin conversion into lactic acid. The result showed 
that MgO gave the high yield of lactic acid. 10.8 % yield of lactic acid was 
obtained by using MgO. The optimal condition for chitin conversion was  533 K 
reaction temperature 6 h reaction time and amount of MgO 1%wt. In the final part, 
the reaction mechanism was investigated. The base site of the catalyst played an 
important role in chitin conversion. The MgO catalyst could be recovered after the 
reaction and reused twice with no decrease in the lactic acid yield. 
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CHAPTER I  

GENERAL BACKGROUND 

 

1.1 Introduction 

 Biomass comes from plants and animals that is important option for replacing 

fossil fuels. Most of the food is biomass such as rice, wheat, and also meat. It is 

abundant cheap and widely available in the world. Biomass could be used to 

produce electricity, heat, and valuable chemicals. However, biomass is one of the 

food. It is important to allow using of edible biomass for production of energy or 

valuable chemicals. Cellulose is most polysaccharide in the world that has been 

reported considerably to be converted to valuable products and fuel has been 

extensively studied [1-9].  Polysaccharide is monomer is found in chitin in second 

https://www.sciencedirect.com/topics/food-science/polysaccharides
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most after cellulose, and it is the main component of crustacean shells, such as 

fungi, algae cell walls, insects' exoskeletons, and crustaceans’ shells.[10, 11] 

 “Shell biorefinery” is the idea that has been suggested in transformation of 

chitin biomass into valuable chemicals. [12, 13] Nitrogen-containing chemicals were 

produced from chitin and derivatives such as N-acetyl-D-glucosamine and D-

Glucosamine.by many methods which, was developed by researchers [14-17]. In 

addition, cellulose was used to produce non-nitrogen valuable chemicals such as 5-

hydroxymethylfurfural (5-HMF) and levulinic acid which, it was also produced from 

chitin. Specifically, 5- HMF and levulinic acid could produce from chitosan by using 

microwaving in an aqueous solution [17]. Coversion of chitin-derived to 5-HMF was 

studied to increase 5-HMF yield by using iron chloride [18], and ionic liquid [19]. 

Moreover, Zirconium oxychloride and ionic liquid were used in the conversion of 

chitin to produce levulinic acid by using sulfuric acid catalyst [20-22]. Homogeneous 

catalysts are needed to use in the processes. Although, the problem of 

homogeneous catalysts were recyclability and separation of catalyst from all 

product, so the research of heterogeneous catalysts requires more studying.  

 Lactic acid is an important valuable chemicals from biomass because it is 

wildly used in many industries such as food, chemical industries, cosmetic, 

pharmaceutical, polylactic acid production. [23] Moreover, the conversion of 

chemicals such as acrylic acid and propylene glycol was produced from lactic acid 

[24, 25]. Normally, saccharification-fermentation process is used to produce lactic 
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acid from polysaccharides in biomass such as starch and cellulose. [26] In present, 

the demand of lactic acid is increasing. [27] The requirement of purification and 

neutralization of product in pH around 5 – 7 need to use in this process, and starting 

material in this process is edible carbohydrates, and also production rate is low 

which is some disadvantage of the fermentation process. [27] 

 On the other hand, homogeneous catalysts were used for the conversion of 

chitin such as H2SO4 and HCl [28]. The problem of homogeneous catalysts is 

difficulties to separation from product and also hard to recycle. Heterogeneous 

catalysts are highly to choose for conversion of chitin by reason of easy to separate 

from product. Although, heterogeneous catalysts are still a little attention from 

researchers. In this research, I studied the conversion of chitin into lactic acid by 

using metal oxides. Chitin conversion into lactic acid in this research used metal 

oxide to increase chitin conversion. In my hypothesis chitin could be converted to 

lactic acid which this chemicals is importance starting material especially for 

polylactic acid production [29]. In addition, other chemicals could be converted from 

chitin such as propylene glycol and acrylic acid [30]. Previously lactic acid production 

was reported that ZrO2- show good activity for cellulose conversion [31]. However, 

lactic acid from chitin conversion never been reported. In this work, conversion of 

chitin into lactic acid and simple metal oxides catalysis using were investigated. The 

result showed that the best performance of metal oxide is MgO. This metal oxide 
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able to produce high yield lactic acid and also reused the catalyst two times by 

activity was not change [32]. 

1.2 Scope of this work  

 In this work, chitin conversion was investigated to produce lactic acid. The 

effect of reaction temperature, reaction time amount of catalyst, and type of metal 

oxide were investigated. Many metal oxides were used in reaction to increase chitin 

conversion into lactic acid. This research work was scope as follows: 

 1) To study the effect of the difference of metal oxides on chitin conversion  

 2) To study reaction parameters of conversion of chitin to lactic acid.  

 3) To study the effect of the difference of metal oxides. 

 4) To study catalytic performance of the difference of the grades of 

magnesium oxide. 

 5) To understand the properties of magnesium oxide into chitin conversion to 

lactic acid yield. 

 6) To understand the reaction pathway of chitin conversion into lactic acid. 

 7) To understand the role of acid and base to chitin conversion. 

1.3 Objectives 

 1) To find the optimal condition for chitin conversion into lactic acid using hot 

compressed water  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 8 

 2) To find simple metal oxides to obtain the high yield of lactic acid from 

chitin conversion. 

 3) To understand the effect of metal oxides properties on conversion of chitin 

using hot compressed water. 

 4) To propose the reaction mechanism of chitin conversion to lactic acid 

 

 

 

 

CHAPTER II  

THEORY AND LITERATORE REVIEWS 

 

2.1 Renewable energy 

 Renewable energy is energy that can be produce from plants, sunlight, and 

wind, etc. Nevertheless, whether and time are factor to their ability. New technology 

is produced in order to using renewable energy, for example, heating, lighting, and 

etc. Researchers try to develop renewable energy to sustainable energy and replaced 

dirty energy sources such as fracked gas and coal. However, biomass investigation for 

using to be renewable energy must be carefully established because of some 

material is edible biomass [33-35]. 
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2.2 Biomass  

 Organic material is the main component in biomass that find in waste wood 

plants, animals, crops, and trees. The heat from burning biomass is released from the 

chemical energy and could be generated to electricity by using the steam turbine. 

This material from plants or animals such as wood chips and agricultural waste could 

be used to produce electricity [36-38]. This includes sources such as crops, wood, 

and other biodegradable leftovers found in all communities. Moreover, Biomass can 

be converted to biofuel by many methods such as thermal, chemical, and 

biochemical methods [39, 40]. The burning of biomass also generates such as carbon 

dioxide and carbon monoxide to the atmosphere [41]. The pollution from biomass 

combustion has higher than burning coal. However, biomass is a new energy source 

in the world because biomass is abundant, cheap and it has widespread worldwide 

availability. Chemical products. Lignocellulose is one of the plant fibers these 

materials have been widely investigated [42]. However, chitin is animal fiber cloud be 

found in second biopolymer still less attention in the present research.  The 

structure of chitin in shrimp shell was shown in Figure 2.1  
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Figure 2.1 The composition and structure of chitin in shrimp shell  [43]. 

 

  

2.1.1. The processing for biomass conversion  

 Pathway for biomass conversion to produce renewable energy sources has 

many routes such as biochemical processing, hydrothermal processing, aqueous 

phase processing and thermal processing. Thermal processing is process for 

production of fuels while aqueous phase processing is effective to produce high 

valuable chemical products. Moreover, both processing chemical and biochemical 

processing is also a route for the conversion of biomass. The intermediate substances 

can be subsequently upgraded to high value-added chemicals and fuels for the 

transportation sector. Overview of biomass conversion showed in Figure 2.2 
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Figure 2.2 Overview of biomass conversion [44] 

 

2.1.1. Thermochemical conversion 

 Three pathways (combustion, gasification, and pyrolysis) are thermochemical 

conversion of biomass [45-47].  

1. Pyrolysis 

 Thermal and chemical decomposition of biomass is called pyrolysis which, No 

addition of oxygen gas to produce bio oil. Fuels such as charcoal, bio-oil, diesel, 

methane, and hydrogen are produced from the pyrolysis of biomass. Various lengths 

hydrocarbons are produced from pyrolysis, but the product give more oxygenated 

compound than the product from petroleum. Bio-oil from pyrolysis has to upgrade 

quality before use to be fuel [48].  The bio-oil from pyrolysis comes from organic 

material is heated in a non-oxygen atmosphere condition. The reaction temperature 

ie used to decompose the biomass in the range of 400 - 800 °C in the absence of 

https://www.eia.gov/energyexplained/biofuels/biodiesel-in-depth.php
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oxygen [49, 50]. Smaller molecules in the gas products, vapors, and solid charcoal all 

of product are broken down from the hydrogen, organic carbon, and oxygen 

compounds [51]. Product and rate of decomposition depend on many factors 

including type of reactor, heating rate, pressure, feedstock etc [52]. Biochar is main 

product when using low temperatures less than 450 0C. When using slow heating 

rate, the main product is gases. At rapid heating rates and a high temperature more 

than 800 0C, the main product is bio-oil [49]. 

 

2. Hydrothermal Liquefaction 

 One of the decomposition process is hydrothermal Liquefaction that 

undergoes a wet feedstock. Conditions are used slurry under temperature 300-400 °C 

and pressure around 10-25 MPa. The produce from this process is liquefaction bio-oil. 

Starting material is treated by water before use in this process. Some the water was 

used to treat starting material before used in the reaction and non-water solvents 

may also be entering to reactor [53].  The main composition of  hydrothermal 

liquefaction is bio-oil and, gaseous, aqueous, and solid phase are by-products [54].  

3. Gasification  

 Gasification is the thermal decomposition process at high temperature in air 

or an oxygen and sometimes steam [55].  Syngas is generated from gasification but 
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not only syngas also other valuable chemicals such as fatty acids, methane, ethylene 

and detergents. [56-59]. Gasification process show in Figure 2.3 

 Synthesis gas consisting of CO, H2 and CH4 is valuable gas could be produced 

from gasification process which is the partial oxidation of biomass [60]. To increase 

amount of H2, steam gasification is developed. Co-reactive agent is added to increase 

char [61, 62]. Particle size, moisture content, heating value, carbon content and ash 

content are parameter effect to gasification process.[63]. 

 

 

 
Figure 2.3 Overview of gasification process [64]  

 

4. Combustion 

 Combustion process is one method for biomass conversion. Burning wood 

and agricultural residues are method for combustion process in order to obtain heat 

and light.  Normally, conversion of lignin is used combustion method [65, 66]. 

Comparing combustion process with other process, the combustion is low selectivity 
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process. The main composition of combustion process is water and CO2 which 

amount of product and by-product depend on starting material and process 

parameter. Inorganic in biomass is one importance factor to design the system. 

Amount of volatile matter are found in the combustion process more than fossil 

which, volatile in the process influence to decomposition of biomass effect to 

occurring of char in the process [67]. 

2.1.2  Biochemical conversion 

 Biocatalysts, such as enzymes is used in biochemical conversion to convert 

the carbohydrate such as hemicellulose and cellulose into sugar. This sugar occur 

from biochemical conversion is importance starting material to synthesis some 

valuable chemicals and also to be catalyst for production of biofuels. However target 

of this process is produce other chemicals to replaced petroleum product which, this 

technology clean when compare with other conversion method [68, 69]. 

2.1.3  Chemical processing 

 Chemical processing is technology for produce energy or chemicals from 

biomass. One of chemical process is Fischer-Tropsh which the technology to produce 

olefin and methanol.[70]. In one process each part of the process has difference 

reaction. Oxidation reaction, acid-base reaction, reduction reaction are chemical 

reaction. Several chemical reaction could be used to combine in chemical process in 

order to receive the target product and increase product yield. 
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2.3 Pretreatment 

 Preparation of feedstock are called pretreatment which, pretreatment could 

be mechanical and chemical processing and separation of starting material. Physical 

structure of plant are changed by using this process which, effect to conversion of 

sugar polymers and other components [ 7 1 -7 3 ] .  For the long time, advantage of 

pretreatment are investigated [71]. The target of the pretreatment method is to 

destroy hemicellulose and lignin, enhance the porosity of the lignocellulose, and 

decrease the crystallinity.  

 Mechanical comminution of materials is chipping, grinding, and milling could 

be used to decrease cellulose crystallinity. Normally, 10-30 mm after chipping and 

0.2-2 mm after milling or grinding this is the size of the materials [74]. The final 

particle size depend on the power of mechanical comminution.  β-1,4-glycosidic 

bonds were cleavage, this reason effect to a high surface area and a low crystallinity 

[75]. Pretreatment in the conversion of biomass show in Figure 2.4 
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Figure 2.4 Pretreatment in the conversion of biomass [61]. 

 

2.4 Hydrolysis 

 Hydrolysis is the breakdown process of organic compound by using 

enzymatically or chemically into other molecules suitable for use as fuels or 

building-block chemicals [6]. The process is remarkable to produce high value-added 

chemicals by using water as a solvent. The system of this process is operated under 

high pressure in order to maintain condition of liquid phase. Biomass is treated and is 

converted to products under liquid phase. The advantage of this process is the 

catalysts can be used to increase the yield of products without the problem and 

using the catalyst can be decreased reaction temperature. The disadvantage of this 

process is needed to use under high pressure. Mechanism hydrolysis cellulose show 

in Figure 2.5  
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Figure 2.5 Reaction mechanism of acid hydrolysis of cellulose [76] 
 

2.3. Chitin biomass 

 Chitin is polysaccharide, Second most polysaccharide in the world after 

cellulose is chitin, which, was found in the cell walls of fungi and exoskeletons of 

crustaceans and insects. Normally, chitin is waste stream. Amount of chitin around 

the world is 1011 tones. Chitin is found in seafood industries around 106  tones, In 

recently, chitin waste have to change to low value material such as fertilizers, pet 

foods and fishmeal [77].  
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 Chitin biomass has monomers N-acetyl-glucosamine (GlcNAc) and D- 

Glucosamine (GlcNH2). The structure show in Figure 2.6. Although, chitin is defined to 

a polymer of N-acetyl-D-glucosamine monomer [78]. Chitin is insoluble in aqueous 

because many of hydrogen bonds between acetamido groups in polymer chains. 

More advantage of chitin it could be used as a material for the purification of 

enzymes [79, 80]. Chitin have in three forms- α, β and γ chitin (Fig.2.6). Only α-chitin 

could extractable, and was found in crustaceans and cell wall of fungi which, this 

form have most abundance in the world. Conversion of chitin to chitosan could be 

by remove acetyl groups from chitin. The main source of chitosan is chitin which 

chitin is a waste from the seafood industry [81].  
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Figure 2.6 Structure of chitin form [82] 
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2.4. Chitosan 

 Chitin convert to chitosan from by deacetylation reaction. Fig. 2.7 show the 

difference structure of chitin and chitosan. Chitosan could soluble in dilute acids. 

Chitosan is decomposition by lysozyme and degree of crystallinity increase 

decomposition of chitosan decrease. Decomposition of chitosan can be given lower 

N-acetyl-D-glucosamine, molecular weight, and chitooligomers [83].  

 The degree of deacetylation of chitin higher 50%, this material can be soluble 

in acidic solution and is called chitosan which, effect to protonation of the –

NH2 function of the D–glucosamine this reason of chitosan soluble. Ability soluble of 

chitosan in aqueous solutions in result of we can used different applications of 

chitosan such as solutions, films,  and fibers [83].  
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Figure 2.7 chemical structure of chitin and chitosan [84]. 
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4. Shell biorefinery 

 Conversion of chitin into many valuable chemicals was called ‘shell 

biorefinery’. Insects and crustaceans have high chitin content and also have protein 

or calcium carbonate. For concept of shell biorefinery, is upgraded chitin and 

derivative into valuable chemicals which could be used to apply in biorefinery. 

Crustacean shells usually have calcium carbonate around 2 0 –5 0 %  and protein 

around 20–40% and higher to 15–40% in chitin (Fig. 2.9).  

 

 

 
Figure 2.8 Chemical structures of cellulose, chitin and deacetylated chitosan. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 23 

 

 
Figure 2.9 Components of shell biomass [43]. 

 

2.5 Chitin conversion into chemicals 

 Conversion of chitin has been few investigated [85-87].  Figure.2.10 show that 

chitin covert to oxygen and nitrogen contain compound and chitosan. However, the 

nitrogen compounds cloud easier convert to nitrogen-containing chemicals but, 

oxygen-containing chemicals is used into existing biorefinery.  

 From literature review conversion of chitin to valuable chemicals have 

been investigated. Lactic acid or formic acid cloud be obtain in high yield when using 

cellulose to be starting material [88, 89]. In NaOH solvent, conversion of shrimp shell 

waste using copper oxide in oxidation reaction show high acetic acid yield [86].  
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Levulinic acid was produce from microwave method by using sulfuric acid this result 

show that chitin cloud be produced levulinic acid around 37% [21]. 5-

Hydroxymethylfurfural (5-HMF) was produce from sugar by using some acid catalysts 

(as zinc or iron chloride) in polar solvent.[90]. N-acetylmonoethanolamine and 

polyols were converted from chitin with high yield at reaction temperature lower 

than 180°C [91]. Moreover, N-acetylglucosamine was converted from chitin by co-

solvent[17]. Chitin conversion can be produced ethylene glycol and 

several monomeric sugar show high conversion at reaction temperature 165 °C and 

reaction time 90 min [92]. Overall of product can convert from chitin or chitosan 

show in Figure 2.10. 

 

 
Figure 2.10 Nitrogen and oxygen contain compounds convert from chitin or 
chitosan[43] 

https://www.sciencedirect.com/topics/engineering/ethylene-glycol


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 25 

2.6. Hot-compressed water 

 Hot-compressed water has many advantage and could be used in various 

reaction. Conditions of temperature and pressure were parameter influence with hot-

compress water process. Difference of Hot-compressed water properties has 

influence to chemical reaction. However, ability of water in each reactions is difficult 

to indicate. Water at sub- and super-critical temperature condition was investigated 

in order to use the advantage of ionic product [93-95]. Temperature and density are 

parameter influence with properties of . hot-compressed this means that when 

improving temperature properties in hot-compressed water changed. At lower 

temperature critical point and at high pressures water in hot-compressed water is an 

acid/base catalyst precursor. Many synthesis reactions used this point. However, 

biomass liquefaction which is degradation reactions in hot-compressed show 

properties of a non-polar solvent. At not too high temperature C–C bond formation 

occur which this reaction can be performed in organic solvent. In addition, structure 

and polarity of water still not change. This is compressibility of hot-compressed 

water which is influence of solute which effect with chemical reaction.  [96]. 
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2.7. Metal oxides 

 Metal oxides is one type of heterogeneous catalyst. In recently, metal oxides 

are used in many chemicals industries. This material are very importance because 

metal oxide can be used to be catalysts and also used in role of support. Many 

functions were made from the properties of metal oxide. Many reactions for 

synthesis used metal oxide for example, gas synthesis or conversion of chemicals. 

 2.7.1 Magnesium oxide 

 Magnesium oxide (MgO) is important metal oxides for catalyst. MgO is usually 

basic support and also can be increased performance of dehydrogenation of short-

chain alkanes [97]. The interesting feature of MgO is electropositive cation property   

(Mg2 + ) , and the anion of oxygen. Structure of MgO is a rock salt structure, A Mg2 + 

atom is surrounded by five O2 −  ions. Structure of MgO show in Figure 2.11.  MgO 

forms in the water (MgO + H2O → Mg(OH)2) can be change to Magnesium hydroxide 

(Mg(OH)2), but it can be reversed by heating it to remove moisture. 
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Figure 2.11 MgO structure [98] 
 

 2.7.2 Aluminium oxide  

 Nature of alumina or aluminum oxide (Al2O3) is white or colorless crystalline 

this material is used as catalyst and starting material for the production of aluminum 

metal. In addition, alumina is used in ceramic industrial and as reagent in chemical 

process. Moreover, alumina is used as adsorbent and catalyst  as well as the 

adsorption of catalysts in polyethylene production [99], as a adsorbent for many 

chemicals such as  arsenic, fluoride, in sulfur removal [100-102]. 

 

 

 

 

https://en.wikipedia.org/wiki/Arsenic
https://en.wikipedia.org/wiki/Fluoride
https://en.wikipedia.org/wiki/Sulfur
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2.8 Literature reviews 

 

 Kobayashi et al. [5] studied cellulose hydrolysis. Supported metal catalysts 

were used to increase cellulose conversion. This method has been improved 

hemicellulose conversion and bio-oils yield. These methods have achieved in higher 

yields of sugar and alkanes. Sugar is used for produce bio-plastics. 

 Zhang et al. [90] evaluated conversion of N-acetyl-D-glucosamine to 5 -

hydroxymethylfurfural. Ionic liquid catalysts and water mixed with dimethyl sulfoxide 

solvent were used in this reaction.  Many reaction foctor, (temperature, time, solvent 

ratios and amount of catalyst) were studied. The main product was changed from N-

acetyl-D-glucosamine to D-glucosamine and monosaccharides but, amount of 5 -

hydroxymethylfurfural still lower than N-acetyl-D-glucosamine. Sulfate 

([Hmim][HSO4]) show highest effective. 

 Shen et al. [18] investigated method for production of lactic acid from 

chitosan. Acidic ionic liquids catalysis was used in the reaction. The result show that 

dilution effect was influenced. The correlation between ionic liquid and lactic acid 

yield was investigated. The result show that acidity of ionic liquid influenced with 

production of chitosan to lactic acid. Moreover, SEM and IR were used to investigate 

morphology and structure of solid residues. The mechanism were start with chitosan 

first quaternizes and decomposition to D-glucosammonium salt, and NH3 elimination 

effect to the material convert to lactic acid. 
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 Zhang et al. [103] demonstrated a role of magnesium hydroxide on Pt/SiO2 to 

produce 1,2-propylene, including increasing of isomerization of glucose into fructose, 

and reduce convertion hexitol into 1 ,2 -propylene glycol which is by-product. The 

Pt/SiO2 @Mg(OH)2  prepared to be core-shell structure by hydrothermal process.The 

result shoe showed good performance and stability of Pt/SiO2 @Mg(OH)2  and 

magnesium hydroxide on Pt/SiO2. 

 Yamaguchi et al. [104] studied gasification of cellulose and recycled paper. 

Cellulose powder was used to be starting material at 523 K in water by using many 

metal catalysts. The most activity catalyst in gasification process of paper and 

cellulose is charcoal-supported ruthenium catalyst. The optimal condition of 

gasification was reaction temperature 573 K reaction time 10 minute charcoal-

supported ruthenium catalyst and paper was starting material. Ball milling treatment 

was used increased yield. The result indicated that decreasing crystallinity and 

particles sizes provided high gas yields. From this research found the new route for 

produce fuel gas. 

 Abdullah et al. [105] studied kinetic behaviors and effects of crystalline 

celluloses on hydrothermal decomposition by using semi hot-compressed water. 

Decomposition of various crystalline celluloses was indicated by rate and Ea are; 

however, the Ea were calculated by empirical relationships of Arrhenius equation. 
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 Wattanapaphawong et al. [88]  studied many metal oxides catalyst (ZrO2 , 

Al2O3 , TiO2 , Fe3O4 , V2O5 , CeO2 , Y2O3 , Tm2O3 , HfO2 , Ga2O3 , MgO, La2O3 , Nb2O5 , and 

Ta2O5) for conversion of cellulose to lactic acid. Lactic acid production from cellulose 

was obtained by ZrO2 at reaction condition 473 K reaction time 6 h. Moreover types 

of ZrO2  were investigated. The result show that acid and base sites on the ZrO2 

influence to lactic acid yields.  

  Dumesic et al. [106] investigated production of 5-Hydroxymethylfurfural from 

glucose by using a mixed of Amb-70 and Sn-β as solid acid catalysts. Moreover, this 

research used homogeneous catalysts and salts. The result show high yield of 5 -

Hydroxymethylfurfural. Distillation for THF can be as the solvent can be achieved to 

separation and purification of 5-Hydroxymethylfurfural.  

 Xiaoyun et al. [86] investigated conversion of chitin to acetic acid. Non-noble 

metal catalysts were used in conversion reaction which, from the reaction provide 

high yield acetic acid yield. In addition, untreated shrimp shell powder also provided 

high yield. Oxygen was used to be oxidant in catalytic reaction. Conversion of chitin 

was achievable to provide a new route for produce acetic acid from renewable 

resources. 
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 Yabushita et al. [87] studied a fast conversion of chitin to monomers. 

Homogeneous catalysts were used in this reaction with remaining of N‐acetyl groups 

by mixing between mechanochemistry and homogeneous catalysis. 

Mechanochemistry was also used combine with homogeneous catalyst which, H2SO4 

show soluble short‐chain oligomers product. The result show that hydrolysis of the 

ball milled chitin given yield of N‐acetyl-D-glucosamine (53  % ), and methanolysis 

provied yield of 1 ‐ O‐methyl‐N‐acetylglucosamine (7 0  % ).  Amount of acid was 

decreased by methanolysis (99.8%) when compared with conventional process. 
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CHAPTER III 

EXPERIMENTAL 

 

3.1 Materials and reagents 

Materials and reagents are used in this study are listed in Table 3.1 

Table 1 List of chemicals and catalyst 

Chemicals Source 
Aluminium oxide Sumitomo Chemical Co. 

Zirconium oxide Daichi kigenso kagako kotyo co.,ltd 

Titanium oxide Ishihara Sangyo Kaisha Ltd. 
Magnesium oxide Ube Industries 

Cerium oxide Daiichi Kigenso Kagaku Kogyo Co. 
Calcium hydroxide FUJIFILM Wako Pure Chemical Corporation 

Sodium carbonate FUJIFILM Wako Pure Chemical Corporation 

Zinc oxide FUJIFILM Wako Pure Chemical Corporation 
Hydrotalcite FUJIFILM Wako Pure Chemical Corporation 

Calcium carbonate FUJIFILM Wako Pure Chemical Corporation 

Magnesium hydroxide FUJIFILM Wako Pure Chemical Corporation 
Magnesium carbonate FUJIFILM Wako Pure Chemical Corporation 

Silicon dioxide FUJIFILM Wako Pure Chemical Corporation 

Chitin unbleached MP Biomedicals 
Chitin Practical Grade Toronto Research Chemicals 

Chitin 1st Grade FUJIFILM Wako Pure Chemical Corporation 
N-Acetyl-D Glucosamine FUJIFILM Wako Pure Chemical Corporation 

D-Glucosamine Hydrochloride FUJIFILM Wako Pure Chemical Corporation 
D-Glucose Kanto Chemical Co. 

Chitosan Sigma-Aldrich Co. 
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3.2 Ball milling pretreatment 

 In this research, Effect of ball milling pretreatment was investigate. Chitin was 

entered into ball milling pot and then zirconium oxide ball was also added into ball 

milling pot. In final step ball milling was set ball milling time and roll.  

3.3 Reaction test 

3.3.1 Ball milling pretreatment 

 In this research, Ball milling is used for pretreatment chitin before used as a 

starting material. Chitin (Chitin 1st Grade, Chitin unbleached, Chitin Practical Grade) 

10g was added into ball milled pot. Zirconium balls were added into ball milling pot. 

Then ball milling pot was set time and start milling roll. Finally, ball milled chitin was 

obtained.   

3.3.2 Effects of reaction conditions chitin conversion in the hot-compress water 

 Batch reactor (OM Lab-Tech, MMJ-100) from stainless steel the volume inside 

of 100 cm3 was used in conversion of chitin. In a generally experiment, 0.5 g of chitin, 

and 50 g of water were entered to the reactor. In next step, Nitrogen was carried on 

inside the reactor. The reactor was heated and also used screw stirring at one 

temperature which, temperature in range 473 – 553 K and reaction time 1 - 24 h 

were study. After reaction, combination of liquid and solid was recovered. 

Combination of product were filtered which, solid residue and liquid fraction were 

obtained. The solid residue was heated to make dry solid overnight at 373 K, and the 
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weight of the dry solid residue and liquid fraction were recorded. The investigated 

parameters are as follows: 

  - Three types of chitin will be used as starting material in order to study 

differences between chitin sources. (‘chitin, practical grade’ from Toronto research 

chemicals Inc., as well as ‘chitin reagent’ and ‘chitin unbleached’ from Wako Co. 

Ltd.) 

 - Reaction temperatures within the range of 473-553 K was studied in order to 

find suitable reaction conditions. 

 - Reaction time within the range of 1-16 h was studied in order to find 

suitable reaction conditions. 

3.3.3. Effects of catalysts on chitin conversion reaction  

 Batch reactor (OM Lab-Tech, MMJ-100) from stainless steel the volume inside 

of 100 cm3 was used in conversion of chitin. In a generally experiment, 0.5 g of chitin, 

catalyst 0.2 – 1 and 50 g of water were entered to the reactor. In next step, Nitrogen 

was carried on inside the reactor. The reactor was heated and also used screw 

stirring at one temperature which, temperature in range 473 – 553 K and reaction 

time 1 - 24 h were study. After reaction, combination of liquid and solid was 

recovered. Combination of product were filtered which, solid residue and liquid 

fraction were obtained. The solid residue was heated to make dry solid overnight at 

373 K, and the weight of the dry solid residue and liquid fraction were recorded. 
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The investigated parameters are as follows: 

  - MgO, Al2O3, ZrO2, TiO2, SiO2, ZnO, CeO2, Hydrotalcite, CaCO3, 

Mg(OH)2, MgCO3, NaCO3, Ca(OH)2 were used in conversion of chitin. 

  - The catalyst that show highest yield were used to test effect of 

catalyst weight in range 0.2-1.0 g. 

  - Recycle of catalyst (1-3 times) were studied to test stability of the 

catalyst.  

 

 
Figure 3.1 Reactor system for chitin conversion 
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3.3.4. Effects of catalysts on chitin conversion reaction  

 Batch reactor (OM Lab-Tech, MMJ-100) from stainless steel the volume inside 

of 100 cm3 was used in conversion of chitin, chitosan, D-glucose, D-Glucosamine or 

N-Acetyl-D Glucosamine.In a generally experiment, 0.5 g of chitin, catalyst 0.2 – 1 and 

50 g of water were entered to the reactor. In next step, Nitrogen was carried on 

inside the reactor. The reactor was heated and also used screw stirring at one 

temperature which, temperature in range 473 – 553 K and reaction time 1 - 24 h 

were study. After reaction, combination of liquid and solid was recovered. 

Combination of product were filtered which, solid residue and liquid fraction were 

obtained. The solid residue was heated to make dry solid overnight at 373 K, and the 

weight of the dry solid residue and liquid fraction were recorded. 
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Quantitative composition of liquid product such as lactic acid, acetic acid, 

levulinic acid, 5-hydroxyfurfural (5-HMF), D-glucosamine, and N-acetyl-D-glucosamine 

were analyzed by high-performance liquid chromatography (HPLC). Total organic 

carbon (TOC) in the liquid product was analyzed with a TOC analyzer. The TOC (%) 

was calculated number of carbon mole in starting matherial. The conversion, TOC 

and product yields (%) were calculated based on the dry weight and mole of carbon 

by equation (1, (2) and (3) :  

Product yield (%) = (
moles of C in product

moles of C in initial reactant
) ×  100    (1) 

 

TOC (%) = (Mole of total organic carbon in product

moles of C in initial reactant
) ×  100 

 

Conversion (%) = (1 −
(Weight of solid residue)−(weight of solid catalyst)

Weight of initial substrate
) × 100 (2) 

 
  

3.4 Product analysis and Characterization 

3.4.1 High-performance liquid chromatography (HPLC) 

 High-performance liquid chromatography (Shimadzu) equipped with a 

refractive index detector (Shimadzu, RID-10A), a UV–vis detector (Shimadzu, SPD- 

20AV), and an ICSep COREGEL-107H column. The equipment were used to identify 

chemicals such as N-acetyl-D-glucosamine, D-glucosamine, 5-

Hydroxymethylfurfural, Levulinic acid and Lactic acid. 
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3.4.2 Elemental Analyzer 

 Quantitative of carbon in various chitin was analyzed by an elemental 

analyzer (PerkinElmer 2400 II). 

3.4.3 X-ray diffraction (XRD) 

The catalysts and the reactants were analyzed by X-ray diffraction (Rigaku 

SmartLab). X-ray diffraction system is Cu Kα radiation (λ= 0.15406 nm) in the 2θ range 

of 5–90°.with a 2θ step size of 0.02° in condition current 30 mA  and voltage 40 kV. 

3.4.4 Thermogravimetry–differential thermal analysis (TG-DTA) 

Thermogravimetry–differential thermal analysis (TG-DTA) was used to analyze 

of the catalysts and solid residue. After the reaction the solid residue or catalysts was 

entered into a Thermo plus EVO2 TG-DTA8122 (Rigaku) in flowing dry air and heating 

rate of 10 K min–1. Optional direct monitoring system recorded images in real time of 

the samples. 

3.4.5 Atomic emission spectrometry 

In the liquid fraction, amount of oxide metal in the liquid phase was analyzed 

by inductively coupled plasma atomic emission spectrometry (SPS4000, SII 

NanoTechnology). 
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3.4.6 Total organic carbon analyzer (TOC) 

Total organic carbon analyzer (Shimadzu, TOC-VCSN) were used to calculate 

the amount of organic carbon in solution. 

 

 
Figure 3.2 Picture of total organic carbon analyzer (Shimazu) 
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CHAPTER IV 

RESULT AND DISCUSSION 

  

 The study in this chapter is divided into four parts. The first part is the 

investigation for pretreatment of chitin.  In second, chitin conversion without catalyst 

was investigated. In addition, Reaction condition for chitin conversion were studied in 

this part. In third part is investigation of catalytic performance as well as reaction 

using catalyst was compared with non-catalyst in the reaction. Moreover, the effect 

of reaction temperature, reaction time, amount of catalyst, chitin type and reusability 

of catalyst were studied. Final part, the reaction path way was investigated.   
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4.1 The effect of mall milled pre-treatment 

 First, the effect of ball milled pretreatment was studies. Chitin was ball milled 

at 24 h and 48 h. Ball milled pretreatment of chitin at 24 h and 48 h obtain higher 

conversion than chitin without ball milled pretreatment (55.0 and 56.6 %) 

respectively The result of product yields, conversion of chitin and TOC show in the 

Table 4.1 and Figure 4.1.  

 
Table 4.1 The effect of ball milled pretreatment on chitin conversion without 

catalyst 

 
Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 473 K reaction temperature, and 16 h reaction time.  

 
 
 
 
 

 
 
 

Ball milled 
time (hr) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 

5-HMF  Acetic acid  Lactic acid  

0 14.9 10.4 0.9 2.1 0.8 

24 55.0 30 0.9 3.6 1.1 

48 56.6 36.9 1.6 8.7 1.3 
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Figure 4.1 The effect of ball milled pretreatment on chitin conversion without 

catalyst Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. 

Ltd), 50 g water, 473 K reaction temperature, and 16 h reaction time.  
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Figure 4.2 XRD patterns of chitin (orange) and (b) ball milled chitin (black) for 48 h.  
 

 Ball milled pretreatment was used for preparing of chitin before entering to 

reactor. Chitin and ball milled chitin (FUJIFILM Wako Pure Chemical Corporation) was 

investigated by using X-ray diffraction to analyze morphology of chitin, In Figure 4.2, 

chitin (orange line) showed importance peak at 2θ 9.6, 19.4 and 26.4 degrees, which 

related with the crystalline planes of (110), (130) and (013) this suggested that α-

chitin [107]. From the result could identify structure of chitin [108, 109]. However, 

XRD pattern of chitin (Black line) showed board peak, which indicated that ball 

milling pretreatment decreased crystallinity of chitin. From the result, ball milling 

pretreatment led to cleavage of hydrogen bonding in chitin, which affect to 

crystallinity of chitin.        
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 Composition of product in liquid fraction was determined by HPLC. 5- 

Hydroxymethylfurfural (5-HMF), acetic acid and lactic acid were detected in liquid 

solution. Other product (Levulinic acid, D-Glucose, glyceraldehyde hexose sugar and 

etc.) could be intermediary chemicals for produce acetic acid and lactic acid [32]. A 

decreasing of chitin crystallinity was related with the increasing TOC yield and 

conversion of chitin (Table 4.1). This finding is consistent with previous literature 

review which reducing of crystallinity by ball milling pretreatment can be enhanced 

conversion reaction in water solvent [110, 111]. 

 

4.2 Chitin conversion into lactic acid by hot compresses water without catalyst. 

 In this part, hot compressed water without solid catalyst were investigated. 

4.2.1 Reaction condition of chitin conversion without catalyst 

 Table 4.2 show conversion of chitin and ball milled chitin at reaction 

temperature 473 K. The product from chitin conversion were acetic acid (2.1%), lactic 

acid (0.8%), and 5-HMF (0.9%). From the result N-acetyl-D-glucosamine and D-

glucosamine could not detect in liquid product after the chitin conversion reaction. 

Table 4.3 show conversion of chitin and ball milled chitin at reaction temperature 

533 K. The product from chitin conversion were acetic acid (2.1%), lactic acid (0.8%), 

5-HMF (0.9%). The product from chitin conversion were acetic acid (10.1%), lactic 

acid (1.8%), 5-HMF (0.5%). The product from ball milled chitin conversion were acetic 
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acid (14.6%), lactic acid (1.5%). From the result show that when increased 

temperature from 473 K to 533 K acetic acid yield also increased. From literature 

review strongly base catalyst such as sodium hydroxide was used for deacetylation 

reaction to convert chitin to chitosan. These reaction could be obtained acetic acid 

[112]. Moreover, acid catalysts were used in chitin conversion reaction, N-acetyl-D-

glucosamine was converted to D-glucosamine by deacetylation to obtain acetic acid 

[113, 114].  

 In Table 4.2 and Table 4.3 I try to increase reaction temperature from 473 to 

533 K and also reduce reaction time from 16 to 6 h. From the result show that at 

473 K, 16 h reaction time, ball milled chitin was starting material, showed the high 

TOC yield increase from 10.4 to 37% and conversion of chitin increased from 14.9 to 

55 %. Moreover at 533 K, 6 h reaction time was also obtained high TOC yield 

increase from 43.7 to 49.5 %. In both condition could be ball milled pretreatment 

influenced to conversion of chitin. However, amount of lactic acid yield was not 

significantly changed. Chitin conversion into lactic acid requires a catalyst to increase 

selectivity. 
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Table 4.2  The effect of ball milled pretreatment on chitin conversion without 

catalyst at 473 K [99]. 

 

 

 

 

Reaction conditions:.0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 473 K reaction temperature, and 16 h reaction time 

 

Table 4.3 The effect of ball milled pretreatment on chitin conversion without 

catalyst at 533 K [99]. 

  

 

 

 

Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 473 K reaction temperature, and 6 h reaction time.  

 

 

 

Reaction time 
(h) 

Chitin 
pretreatment 

 
Conversion TOC 

(%) 

Yield (%) 

(%) Acetic 
acid 

Lactic 
acid 

5-HMF 

16 None 14.9 10.4 2.1 0.8 0.9 
16 Ball milling 55 37.0 8.7 1.3 1.6 

Reaction time 
(h) 

Chitin 
pretreatment 

 
Conversion TOC 

(%) 

Yield (%) 

(%) Acetic 
acid 

Lactic 
acid 

5-HMF 

6 None 88.2 43.7 10.1 1.8 0.5 
6 Ball milling 89.8 49.5 14.6 1.5 0.0 
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 In the next step I will try to find optimal condition for conversion of chitin 

conversion without catalyst. The first parameter was reaction temperature. Reaction 

temperature in range 473-553 K was studied. 533 K showed high TOC yield (49.5 %) 

and high chitin conversion (84.8%), the result showed in Table 4.4. and Figure.4.3. 

TOC yield increased from 37 to 49.5 % with increasing of reaction temperature 473 to 

533 K this attributed with conversion of chitin increased from 55 to 84.8 %. However, 

when increased temperature to 553 K TOC yield and conversion of chitin decreased 

(84.5 and 45.9 %) probably because of decomposition of organic carbon compound 

at the higher reaction temperature. 
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Table 4.4  The effect of reaction temperature on chitin conversion without catalyst 

 

Reaction conditions: 0.5 g ball milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, and 16 h reaction time.  

 

 

 

 

 

 

 

Temperature 
(K) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 

5-HMF  Acetic acid  Lactic acid  

473 55 37.0 0.9 2.1 0.8 

483 48.6 28.1 0.9 10.2 3.0 

493 60.6 43.1 0.8 10.2 2.4 

503 74.7 36.5 0.7 13.6 3.1 

513 79.8 44.1 0.7 13.9 3.3 

533 84.8 49.5 0 14.6 1.5 

553 84.6 45.9 0 14.4 0.9 
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Figure 4.3 Conversion of chitin and TOC in the liquid solution obtained by various 

reaction temperature reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from 

Wako Co. Ltd), 50 g water, and 16 h reaction time.  
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Table 4.5 The effect of chitin type from three company on chitin conversion without 
catalyst 
 

 
Reaction conditions: 0.5 g chitin, 50 g water, 473 K reaction temperature, and 16 h 

reaction time.  

Type 1 = Chitin reagent from Wako Co. Ltd. 

Type 2 = Chitin unbleached from MP Biomedicals 

Type 3 = Chitin Practical Grade Toronto research chemicals inc. 

 The result from CHN analyzer Chitin reagent from Wako Co. Ltd. (C=41.3 %, 

H=6.9%, N=6.1%) Chitin unbleached from MP Biomedicals (C=41.2 %, H=6.9%, 

N=6.2%) Chitin Practical Grade Toronto research chemicals inc. (C=41.1 %, H=6.9%, 

N=6.0%) showed almost similar. Moreover, chitin reagent from Wako Co. Ltd ., Chitin 

unbleached from MP Biomedicals, and Chitin practical grade from Toronto research 

chemicals inc. were investigated in conversion of chitin at 473 K for 16 h (Table 4.5). 

The conversion of chitin reagent from Wako Co. Ltd. was a lower than the conversion 

from chitin unbleached from MP Biomedicals and chitin practical grade from Toronto 

Ball milled time 
(hr) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 

5-HMF Acetic acid Lactic acid 

Type 1 14.9 10.4 0.9 2.1 0.8 

Type 2 19.8 9.6 0.7 0.9 0.6 

Type 3 17.1 9.8 0.5 0.7 0.6 
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research chemicals inc. However, chitin conversion and TOC yield from 3 type 

showed a little difference which related with the result from CHN analyzer.  

 
Table 4.6 The effect of reaction time on chitin conversion without catalyst 

 

 

 

 
 

Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 533 K reaction temperature.  

 The reaction time in range 2-24 h was investigated to find the optimal 

reaction condition. At reaction time 6 h showed high TOC yield (53.3 %) and chitin 

conversion (67.0%), the result showed in Table 4.6 . and Figure.4.4 . TOC yield 

increased from 30.2 to 55.3% with increasing of reaction time 2 to 6 h attributed with 

conversion of chitin increased from 20.3 to 67.0 %. However, when increased 

reaction time to 24 h, TOC yield decreased to 39.44 % which, organic carbon 

compound such as acetic acid and lactic acid might decompose at longer reaction 

time. 

 

Reaction 
time (h) 

Conversion 
(%) 

TOC (%) 
Product yield (%) 

5-HMF  Acetic acid  Lactic acid  

2 20.3 30.2 0.4 0.2 0.4 

4 30.6 36.5 0.2 0.5 0.5 

6 67.1 55.3 1 9.3 3.1 

16 84.8 49.5 0 14.6 1.5 

24 81.6 39.4 0 13.8 3.2 
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Figure 4.4 Conversion of chitin and TOC in the liquid product obtained by various 

reaction time Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako 

Co. Ltd), 50 g water, 533 K reaction temperature, and 6 h reaction time 
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4.3. Chitin conversion into lactic acid by hot compressed water with catalysts 

 In this part, hot compressed water with solid catalyst were investigated. 

4.3.1 Catalyst screening and reaction condition with catalyst 

 Next step, chitin conversion was demonstrated by using metal oxides ( Al2O3, 

ZrO2, ZnO, CeO2, TiO2, SiO2 and MgO) at 533 K for 6 h. Chitin conversion without 

catalyst was used to be control condition. Table 4.7 showed result from catalyst 

screening. Acetic acid yield changed when using metal oxide (Al2O3 (14.5%), ZrO2 

(14.3%), ZnO (13.9%), CeO2 (14.1%), TiO2 (13.1%), SiO2 (13.1%) and MgO (13.5%)) when 

compared with non-using metal oxide (9.3%) , but the yield of lactic acid higher 

when using Al2O3 (6.2%), and MgO (10.8%) than without catalyst condition (3.1%). In 

addition, I also detected pH in liquid solution before chitin conversion reaction and 

liquid product after the reaction. I found that MgO catalyst obtained highest pH of 

liquid solution before and after the reaction, which indicated that high pH of catalyst 

in conversion of chitin attribute with production of lactic acid. Generally, from 

literature review MgO show very weak acid character both in site density and 

strength (base site = 2.59 μmol m−2 acid site = 0.07 μmol m−2) [115]. In the result 

indicated that the basicity property of the catalyst was most important property. 

MgO catalyst have basicity property, but the other catalyst was acid or weak base 

catalyst, which might indicated that activity of catalyst in chitin conversion depended 

on basicity.   
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Table 4.7  The effect of metal oxides on chitin conversion  

 

 

 

 

 

 

 

 

Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 533 K reaction temperature, 6 h reaction time,  and 0.5 g catalyst weight. 

 

 

 

 

 

 

 

Catalyst Conversion TOC 
(%) 

Yield (%) pH  

(%) Acetic acid Lactic acid Before After 
None  67.1 55.3 9.3 3.1 9.0 6.1 
Al2O3 53.1 51.9 14.5 6.2 9.2 6.2 
ZrO2 98 53.1 14.3 3.9 9.1 6.7 
ZnO 99 50.5 13.9 3.4 9.0 6.2 
CeO2 99 53.2 14.1 0.7 9.2 6.2 
TiO2 99 46.4 13.1 0.4 9.0 5.7 
SiO2 99 47.6 13.1 1.4 9.1 5.2 

MgO-1 70.3 57.4 13.5 10.8 11.0 9.3 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 55 

Table 4.8 The effect of various type of chitin on chitin conversion  

 

 

 

Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 533 K reaction temperature, 6 h reaction time,  and 0.5 g catalyst weight.  

 In Table 4.8 showed the effect of various type of chitin on chitin conversion. 

MgO-1 obtained highest chitin conversion (70.3%) and TOC yield (57.4%), but amount 

of acetic acid (13.5%) and lactic acid (10.8%) was not different with MgO-2 and MgO-

5. When compared physical property of each chitin such as specific surface area, 

MgO-1 (13–19 m2/g), MgO-2 (7–8 m2/g) and MgO-5 (28–38 m2/g). From the result 

could indicate that specific surface area of MgO catalyst was not attributed with 

lactic acid production.   

 

 

 

 

 

Catalyst Conversion TOC 
(%) 

Yield (%) 

(%) Acetic acid Lactic acid 5-HMF 

MgO-1  70.3 57.4 13.5 10.8 0.0 
MgO-2 63.4 56.0 14.1 9.4 0.0 
MgO-5 65.6 52.8 12.8 9.3 0.0 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 56 

 Table 4.9 The effect of other catalyst on chitin conversion  

 

 

 

 

 

 

 

Reaction conditions: 0.5 g ball-milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 533 K reaction temperature, 6 h reaction time,  and 0.5 g catalyst weight. 

 To proof assumption about basicity affected to production of lactic acid, 

Ca(OH)2, Na2CO3, Hydrotalcite, CaCO3, and Mg(OH)2 were investigated to be catalyst in 

chitin conversion, the result showed in Table 4.9. Ca(OH)2  showed highest lactic acid 

yield (18.0 %), which is strongly basic chemicals and low solubility in water. This 

result could confirm that basicity related with chitin conversion into lactic acid. 

However, Ca(OH)2 obtained the highest yield of lactic acid, but Ca(OH)2 catalyst was 

not friendly with environmental to recycle because pH of Ca(OH)2 is high. In the next 

step still focused on MgO catalyst for chitin conversion.  

 

 

Catalyst TOC (%) Product yield (%) 

Acetic acid yield Lactic acid 

MgO 57.4 13.4 10.8 

Ca(OH)2 73.3 13.2 18.0 

Na2CO3 80.9 14.6 16.0 

Hydrotalcite 55.2 12.9 6.7 

CaCO3 63.8 13.1 15.5 

Mg(OH)2 57.2 13.8 8.2 
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 Moreover, I also tested Mg(OH)2 to be catalyst in chitin conversion, the result 

showed in Table 4.9. Mg(OH)2 obtained TOC yield and amount of lactic acid in yield 

of 57.2 and 8.2 % respectively. However, when compared with MgO which, amount 

of lactic acid was 10.8 %, Mg(OH)2 showed similar with lactic acid yield  in MgO. This 

result indicated that Mg(OH)2 and MgO could be increased amount of lactic acid. 
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Figure 4.5 XRD patterns of (a) MgO catalyst (b) solid residue from chitin conversion 

reaction (condition : 0.5 g ball milled chitin (Chitin reagent from Wako Co. Ltd), 50 g 

water, 533 K reaction temperature, and 6 h reaction time 0.5 g MgO) ,and (c) Mg(OH)2 

[32].  
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 Figure 4.5 showed XRD patterns of MgO catalyst, solid residue from chitin 

conversion reaction (0.5 g ball milled chitin, 50 g water, 533 K reaction temperature 

0.5 g catalyst weight), and Mg(OH)2. Xrd pattern of MgO showed important peak at 2θ 

of 43.2 and 62.6 degrees, which related with the crystalline planes of (002) and (022) 

respectively [116]. In addition, XRD pattern of the dry solid residue from chitin 

conversion showed similarity with XRD pattern of Mg(OH)2 reference, which indicated 

that MgO was converted to Mg(OH)2 by hydrolysis reaction on conversion of chitin. 
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Figure 4.6  Characterization of TG-DTA (a) TG-DTA curves of solid residue (condition : 

0.5 g ball milled chitin (Chitin reagent from Wako Co. Ltd), 50 g water, 533 K reaction 

temperature, and 6 h reaction time, and 0.5 g MgO)  (b) picture of samples from TG-

DTA analysis. [32] 
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 Figure 4 .6 showed TG-DTA curves of solid residue and picture of samples 

from TG-DTA analysis. TG-DTA in dry air was used to analyze property of solid residue 

from chitin conversion, and picture of sample were reported in real time during the 

analysis.  After chitin conversion reaction, color of solid residue was brown.  At 

temperature around 600 to 680 K, weight of sample was lost, which related with 

MgO was hydrolyzed to Mg(OH)2 [116, 117]. These result related with characterization 

of solid residue by using XRD. However, at 680 K picture of sample showed sample 

color was still brown (Figure 4.5(b)-d). The solid residue was more heated the color 

became to white solid at 1000 K. This result suggested that carbonaceous substance 

or coke on surface was decomposed by heating at temperature more than 680 K. 

This result found that solid residue after conversion of chitin was Mg(OH)2 and coke 

on Mg(OH)2 surface.  
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4.3.1 Reaction condition of chitin conversion with catalyst 

 To produce high lactic acid yield, reaction time, reaction temperature, and 

amount of catalyst were investigated to find optimal condition.  

 Reaction time for chitin conversion by using MgO catalyst were investigated to 

find the optimal reaction condition. Reaction time in range 1-10 h was studied. At 

reaction time 6 h showed high TOC yield (10.8 %) and chitin conversion (71.6%), the 

result showed in Table 4.7. TOC yield improved from 8.6 to 10.8% with increasing of 

reaction time 1 to 6 h attributed with conversion of chitin increased from 20.3 to 67.0 

%. However, when increased reaction time to 10 h, lactic acid yield decreased to 8.4 

% because organic carbon compound such as acetic acid and lactic acid might 

decompose at longer reaction time. 
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Figure 4.7 The effect of reaction time and product chitin conversion product: lactic 

acid yield (red circle) acetic acid (black triangle) at condition: 0.5 g ball milled chitin 

(Chitin reagent from Wako Co. Ltd), 50 g water, 533 K reaction temperature 0.5 g MgO 

[32].  
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Table 4.10 The effect of reaction temperature on chitin conversion without catalyst 
 

 

 

 

 
 
 
 
 

Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin 

(Chitin reagent from Wako Co. Ltd), 50 g water, 6 h reaction time, 0.5 g MgO 

 In the next step I tried to find optimal condition for conversion of chitin 

conversion without catalyst. The parameter was reaction temperature. Reaction 

temperature in range 473-553 K was studied. 533 K showed high lactic acid yield 

(10.8%), the result showed in Table 4.10. lactic acid yield improved from 2.7 to 

10.8% with increasing of reaction temperature 473 to 533 K attributed with 

conversion of chitin increased from 15.4 to 70.3 %. However, when increased 

temperature to 553 K lactic acid yield decreased (6.7 %) probably because of 

decomposition organic carbon compound at the high reaction temperature 

 
 
 

Reaction 
temperature 

(h) 

Conversion 
(%) 

TOC (%) 
Product yield (%) 

5-HMF  Acetic acid  Lactic acid  

473 15.4 24 0.23 5.9 2.7 

513 44.5 44.5 0 11.4 10.4 

533 70.3 57.4 0 13.5 10.8 

553 78.8 68.3 0 14.4 6.7 
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Table 4.11 The effect of MgO weight on chitin conversion  
 

 

 

 

 

Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin, 50 g 

water, 6 h reaction time, and 533 K reaction temperature 

 Table 4.11 showed investigation of amount of MgO in range 0 .5 -2  %wt. on 

chitin conversion, 1 %wt of MgO showed highest TOC yield and lactic acid yield (57.4 

and 10.8 %), although the effect of catalyst weight on lactic acid production from 

chitin was small. 

 

 
 

  

 

 

 

 

 

 

Weight of 
catalyst (%wt.) TOC (%) 

Yield / % 

Acetic acid Lactic acid 

1 57.4 13.5 10.8 
0.5 57.1 12.9 9.1 
2 57.8 12.9 10.5 
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Table 4.12  The effect of chitin type from several companies on chitin conversion  
 [99] 

 

Reaction conditions:. 0.5 g starting material, 50 g water, 533 K reaction temperature 

6 h reaction time, 0.5 g MgO. 

 Various types of chitin was investigated, which were got from several 

companies. In addition, chitosan was tested as a control condition, the result showed 

in Table 4.12. Practical-grade chitin from Toronto Research Chemicals obtained 

lowest lactic acid yield, but the difference was not large. 

 

 

 

 

 

Reactant TOC (%) Yield (%) 

Acetic acid Lactic acid  5-HMF 

1st grade (FUJIFILM Wako 
Pure Chemical) 

57.4 13.5 10.8 0.0 

Practical grade (Toronto 
Research Chemicals) 

56.0 12.7 8.4 0.0 

Unbleached grade (MP 
Biomedicals) 

56.1 13.2 10.5 0.0 

Chitosan (Sigma-Aldrich) 51.1 5.5 9.5 0.0 
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4.4 Reaction mechanism of chitin conversion by using hot compressed water 
 

 Figure 4.8 showed proposed reaction mechanism of chitin conversion 

reaction to produce lactic acid. N-acetyl-D-glucosamine obtained from chitin by 

hydrolysis reaction, and N-acetyl-D-glucosamine was converted to D-glucosamine by 

deacetylation reaction. However, chitosan can obtain from chitin by deacetylation 

reaction, and then the chitosan is converted to D-glucosamine by hydrolysis reaction. 

D-glucose is obtained from D-glucosamine (previous step) by deamination reaction, 

and D-glucose could be convert to fructose and ammonia gas. 

 

 
Figure 4.8 Proposed reaction mechanism for chitin conversion to lactic acid. [32] 
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 Tube for detect nitrogen species was used to analyzed gas product. Before 

using the tube showed yellow color, and after used to identify the gas product, tube 

color became to pink. This result showed that ammonia gas was composition of gas 

product. However, NOx was not found in gas product. (Figure 4.9). Ammonia gas was 

found in gas product, confirm deamination step in reaction mechanism. From 

previous research indicated that D-glucosamine was converted to imine by 

isomerization reaction, and then the imine was converted to D-glucose by 

deamination reaction  [118].  However, we cannot detected imine in our product 

because imine may not stable in our system. 

 

 

 
 
 

Figure 4.9 Tubes for detect nitrogen species (a) NH3 and (b) NOx [32] 
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 In addition, N-acetyl-D-glucosamine, D-glucosamine, and D-glucose were 

investigated in conversion reaction by using MgO catalyst. (Table 4.13) Lactic acid 

yield of chitin and N-acetyl-D-glucosamine showed almost similar, but D-glucosamine 

and D-glucose showed higher lactic acid yield. From the result indicated that chitin 

conversion reaction to lactic acid produce D-glucosamine and D-glucose in reaction 

pathway.  

Table 4.13 The effect of N-acetyl-D-glucosamine conversion, D-glucosamine 

conversion, and D-glucose conversion (0.5 g in 50 g of water 533 K for 6 h) without 

MgO (0.5 g) and with MgO [99]. 

 
 
 
 
 
 
 
 

 

 

Reaction conditions: 0.5 g ball-milled chitin, 50 g water, 533 K reaction temperature 

0.5 g MgO. 

 

 

Reactant Catalyst 

Yield / % 

Acetic acid Lactic acid 

N-Acetyl-D-glucosamine None 14.6 0.5 

N-Acetyl-D-glucosamine MgO 14.8 7.7 

D-Glucosamine None – 2.0 

D-Glucosamine MgO – 23.3 

D-Glucose No – 7.0 

D-Glucose MgO – 35.6 

Chitin  MgO 13.5 10.8 
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 From literature reported that D-glucose was isomerized to fructose by using 

base catalyst [119-121]. In addition, Mg(OH)2 increased the isomerization reaction 

[103].In chitin conversion system, we used MgO and Mg(OH)2 (MgO is hydrolyzed to 

Mg(OH)2) could be increase isomerization reaction. In next step, glyceraldehyde and 

dihydroxyacetone were obtained from fructose by retro-aldol reaction, which 

enhanced by base catalyst [103, 122]. From previous research lactic acid could be 

converted from dihydroxyacetone and glyceraldehyde in water solvent [31].  

 

 

 

 
 
 

Figure 4.10 Tubes for detect nitrogen species (a) NH3 and (b) NOx [32] 
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Table 4.14 Reuse of the MgO-1 catalyst (0.5 g) for conversion of aqueous chitin (0.5 g 

in 50 g of water) to lactic acid at 533 K for 6 h [99]. 

 

Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin, 50 g 

water, 533 K reaction temperature 0.5 g catalyst weight. 

 Reusability of MgO catalyst was studied. After chitin conversion reaction, 

mixed liquid from the reaction was filtered to separate in two fraction (liquid fraction 

and solid fraction) and then solid fraction or solid residue was dried at 373 K 

overnight and then the solid residue was used to be catalyst for recycle process. 

(Table 4.14). From recycle reaction, lactic acid yield in second and third times was 

not different with first times.  Inductively coupled plasma analysis was used to 

analyze amount of Mg leaching in liquid product. In first reaction (Table 4.14) 

showed amount of Mg 15% was leached from MgO catalyst. In addition, amount of 

Mg was checked in 0.5 g MgO mixed with 50 g water at 533 K for 6 h. The result 

showed amount of Mg only 4.8%. From result indicated that leaching of Mg was not 

affected to product yield (lactic acid or acetic acid) because amount of MgO had 

little effect to lactic acid yield and acetic acid yield.  
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CHAPTER V 

RESULT AND DISCUSSION 

 

5.1 The effect of mall milled pre-treatment 

 In this section, we investigated effect of ball milled pretreatment on 

conversion of chitin by using hot compressed water. I found that ball milling 

pretreatment could increase conversion of chitin. Ball milled chitin at 24 h and 48 h 

obtained conversion of chitin 55.0 and 56.6 % respectably which higher conversion 

than chitin without ball milled pretreatment (49%). From the result indicated that 

the crystallinity of the chitin had been reduced by the ball milling pretreatment. This 

method could destroy the crystallinity by breaking hydrogen bonds in chitin. 

5.2 Chitin conversion into lactic acid by hot compressed water without catalyst 

 In this part, I applied hot compressed water method for chitin conversion. I 

found that this method could directly convert chitin to other chemical such as acetic 

acid, 5-Hydroxymethylfurfural and lactic acid at temperature 533 K for 16h. However, 

the yield of lactic acid from water solvent without catalyst show a low percent yield. 

Thus, the result of this result showed that using only hot compressed water was not 

enough for chitin conversion into lactic acid because the reaction should be used 

catalyst to increase selectivity of lactic acid. 
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5.3 Chitin conversion into lactic acid by hot compressed water by using catalyst 

 I have successfully converted chitin into lactic acid using simple metal oxide 

as a catalyst. MgO had higher catalytic performance for chitin conversion into lactic 

acid than other metal oxide. The optimal condition of chitin conversion into lactic 

acid from MgO was carried out at reaction temperature 533 K, reaction time 6 h, 

amount of catalyst 1 %wt., 50 mL of water solvent, and 0.5 g ball milled chitin. All 

metal oxides were also measure pH before and after reaction. The result show that 

MgO showed highest pH before and after reaction. The correlation of lactic acid yield 

and catalysts depended on basicity of the catalysts. 

5.4 Reaction mechanism of chitin conversion by using hot compressed water 

 In this part, we investigated reaction mechanism of chitin conversion by using 

hot compressed water. Reaction mechanism depend on strongly basic of MgO. Thus, 

conversion of D-glucose to fructose was increased by using MgO or Mg(OH)2. 

Conversion of fructose to glyceraldehyde and dihydroxyacetone was enhanced by 

using MgO or Mg(OH)2. Ammonia gas could be confirmed occurring in the system by 

tube detection. D-glucosamine or D-glucose were produced in chitin conversion 

reaction to obtain lactic acid. MgO catalyst showed good resistibility which high lactic 

acid yield in 3 recycle times. 
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5.5 Suggestion and Recommendation 

 Some aspects of chitin conversion into lactic acid need futher investigated as 

the following: 

5.5.1 The effect of mall milled pre-treatment 

 However, the use of ball milled pretreatment could increase chitin 

conversion but I studied only one method for pretreatment of chitin. Therefore, 

exploration of other method or new method is required for further study.  

5.5.2 Chitin conversion into lactic acid by hot compressed  

 The catalytic process for chitin conversion into lactic acid is very importance 

because the process can directly convert non-edible chitin into lactic acid. The result 

of experimental showed that the yield of lactic acid depended on base sites of 

catalyst. Therefore, the future work should find the new preparation method for 

synthesis MgO or mixed MgO with other catalyst, and method for characterization to 

more understand active site and reaction mechanism. 
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APPENDIX A  

CHITIN CONVERSION 

 

Table 1A.1 The data of experimental 
 

Temperature (K) Weight of 
reactant 

 (g) 

Weight of 
catalyst  

(g) 

Weight solid 
residue  

(g) 
473 0.5049 0.5065 0.7826 
493 0.5018 0.5004 0.7563 
513 0.5054 0.4935 0.7431 
533 0.5057 0.5014 0.6290 
553 0.5037 0.5000 0.5949 

 
The chitin conversion was calculates by using equation (1) 
 

Conversion (%) = (1 −
Weight of solid residue

Weight of initial substrate
) × 100  (1) 

 

Calculation of reaction, temperature 473 K 

Weight solid residue = 0.8900 g 

Weight of solid catalyst = 0.5065 g 

Weight of reactant = 0.5049 g 

Water content = 9.53 % 
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Dry chitin (g) = ((100)−(9.35)

100
) × 0.5049  = 0.4577 

 

Chitin conversion (%) =  (1 −
(0.7826)−(0.5065)

(0.4577)
) × 100  

 
Therefore, 
 
Chitin conversion = 39.68 % 
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APPENDIX B  

CALCULATION OF PRODUCT YIELD 

 

1.1 Example of product yield calculation 

Table 1B.1 The data experimental 

 

Table 1B.1 (Continue) The data experimental  

Temperature 
(K) 

Weight of 
solvent 

(g) 

Flask 
Weight 

(g) 

Recovered 
Flask 

Weight 
(g) 

Liquid for 
recovery 

(g)  

Water in 
TOC (g) 

473 50.46 72.8927 120.7813 47.8886 5.1485 

493 50.32 71.8931 119.944 48.0509 5.155 
513 50.07 72.8884 121.6115 48.7231 5.1325 

533 50.21 62.2003 110.5367 48.3364 5.3815 
553 50.21 66.3225 113.5382 47.2157 5.3815 

Temperature 
(K) 

TC IC TOC  
(mg/L) 

TOC 
(%) 

C total 
(mol) 

473 1723 102.3 1615.852 37.11 0.0064 
493 2233 168.3 2058.845 47.74 0.0082 

513 2459 179 2274.868 53.10 0.0092 

533 2890 297.9 2586.619 59.86 0.0104 
553 2606 410.3 3010.619 68.33 0.0118 
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Table 1B.1 (Continue) The data experimental  

 
The product yield was calculated by using equation (1) 

 

Product yield (%) = (
moles of C in product

moles of C in initial reactant
) ×  100  (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Temperature 
(K) 

5-
HMF 

N-Acetyl-D-
glucosamine 

D-
Glucosamine 

Levulinic 
acid 

Lactic 
acid 

Acetic 
acid 

473 0 0 0 0 120872 201317 

493 2359 0 0 0 174168 306229 

513 0 0 0 0 193441 318117 
533 0 0 0 0 176346 380726 

553 0 0 0 0 125082 414369 
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1) Calculation of product yield from High performance liquid chromatography (HPLC) 
 
 In this case, we calculated the yield of Lactic acid at reaction temperature  
473 K 
 
1.1 Calibration curve of standard sample 

 

 
   Figure 1B.1 Calibration curve of lactic acid 
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Concentration of lactic acid was calculate by equation (2) 

y = 16142000x - 6373.6        (2) 

x = Concentration of lactic acid (mol/L) 

y = Peak area of lactic acid 

The data from experiment 

Peak area of lactic acid at temperature 473 K = 120,872 

120872 = 16142000x - 6373.6 

X = 0.007883 mol/L 

 

1.2 Calculation of mole of carbon atom in product 

Mole of carbon atom in product =  

(
(Concentration of lactic acid) x (Weight of liquid recovery)  

1000
)  ×  

Amount of carbon atom in product 

 

The data from experiment 

Weight of liquid recovery = 47.8886 g  

Mole of carbon atom in product = (
(0.007883) x (47.8886)  

1000
) × 3  
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Therefore,          

Mole of carbon atom in product = 0.001132502 

1.4) Product yield was calculated in equation (1) 

Mole of carbon atom in chitin = 0.017377 

Therefore, From equation (1) 

Product yield (%) = ((0.001132502)  

0.017377
)  × 100  

Therefore, 

 Product yield of lactic acid = 6.52 % 
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Figure 1B.2 Calibration curve of 5-HMF 
 

 Figure.1B.2 show HPLC calibration curve of 5-HMF. The calibration curve 

show R2 equal to 1. This calibration curve can use to measure amount of 5-HMF. 

y = 3E+09x + 258687
R² = 1

0

10000000

20000000

30000000

40000000

50000000

60000000

70000000

0 0.005 0.01 0.015 0.02 0.025

Pe
ak

 a
re

a

Concentration (M)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 96 

 
 

 
Figure 1B.3 Calibration curve of levulinic acid 

 
 Figure.1B.3 show HPLC calibration curve of levulinic acid. The calibration 

curve show R2 equal to 0.9995. This calibration curve can use to measure amount of 

levulinic acid. 
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Figure 1B.4 Calibration curve of acetic acid 
 
 Figure.1B.4 show HPLC calibration curve of acetic acid. The calibration curve 

show R2 equal to 0.998. This calibration curve can use to measure amount of acetic 

acid 

 

 

 

 

 

 

y = 7E+06x - 1340.7
R² = 0.998

0

20000

40000

60000

80000

100000

120000

0 0.005 0.01 0.015 0.02

Pe
ak

 a
re

Concentration (M)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 98 

 

Figure 1B.5 Calibration curve of N-actyl-D-glucosamine 
 

 Fig.1B.5 show HPLC calibration curve of N-acetylglucosamine. The calibration 

curve show R2 equal to 1. This calibration curve can use to measure amount of N-

acetyl-D-glucosamine. 
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APPENDIX C  

CALCULATION OF PRODUCT YIELD 

 
Table 1C.1 The effect of ball milled pre-treatment  

 
Reaction conditions: 50 g water, 473 K reaction temperature, 16 h reaction time.  

Type 1 = Chitin reagent from Wako Co. Ltd. 

 
 
 
 
 
 
 
 
 
 
 
 

Ball milled 
time (hr) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 
N-acetyl-

glucosamine 
Levulinic 

acid 
5-

HMF  
Acetic 
acid  

Lactic 
acid  

0 14.9 10.4 - - 0.9 2.1 0.8 

24 55.0 30 - - 0.9 3.6 1.1 

48 56.6 36.9 - - 1.6 8.7 1.3 
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Table 1C.2 The effect of chitin type 

 

Reaction conditions: 0.5 g ball-milled chitin, 50 g water, 473 K reaction temperature, 

16 h reaction time. Type 1 = Chitin reagent from Wako Co. Ltd. 

Type 1 = Chitin reagent from Wako Co. Ltd. 

Type 2 = Chitin unbleached  from MP Biomedicals 

Type 3 = Chitin Pratical Grade Toronto research chemicals inc. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ball milled 
time (hr) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 

N-acetyl-
glucosamine 

Levulinic 
acid 

5-
HMF 

Acetic 
acid 

Lactic 
acid 

Type 1 14.89 10.4 - - 0.86 2.06 0.78 

Type 2 19.83 9.62 - - 0.71 0.88 0.63 

Type 3 17.06 9.82 - - 0.49 0.67 0.58 
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Table 1C.3 The effect of reaction temperature 
 

 
Reaction conditions: 0.5 g ball-milled chitin, 50 g water, 16 h reaction time. Type 1 

= Chitin reagent from Wako Co. Ltd. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Temperature 
(K) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 

N-acetyl-
glucosamine 

Levulinic 
acid 

5-
HMF  

Acetic 
acid  

Lactic 
acid  

473 50.18 31.7 - - 1.3 6.4 1.1 

483 48.63 28.1 - - 0.9 10.2 3.0 

493 60.56 43.1 - - 0.8 10.2 2.5 

503 74.68 36.5 - - 0.7 13.6 3.1 

513 79.83 44.1 - - 0.7 13.9 3.3 

533 84.79 49.5 - - 0 14.6 1.5 

553 84.56 45.9 - - 0 14.4 0.9 
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Table 1C.4 The effect of reaction time  

 
Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin, 50 g 

water, 533 K reaction temperature.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reaction 
time (h) 

Conversion 
(%) 

TOC 
(%) 

Product yield (%) 
N-acetyl-

glucosamine 
Levulinic 

acid 
5-

HMF  
Acetic 
acid  

Lactic 
acid  

2 20.3 30.2 - - 0.4 0.2 0.4 

4 30.6 36.5 - - 0.2 0.5 0.5 

6 67.0 55.3 - - 1 9.3 3.1 

16 73.0 54.4 - - 0.5 12.2 3.0 

24 81.6 39.4 - - 0 13.8 3.2 
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Table 1C.5 The effect of oxide catalyst 

 

Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin, 50 g 

water, 533 K reaction temperature, catalyst 0.5 g  

 
 
 
 
 
 
 
 
 
 
 
 
 

Catalyst Conversion 
(%) 

TOC 
(%) 

Yield (%) 

N-acetyl-
glucosamine 

Levulinic 
acid 

5-
HMF 

Acetic 
acid 

Lactic 
acid 

None 89.8 49.5 - - - 14.6 1.5 
Al2O3 53.1 51.9 - - - 14.5 6.2 

ZrO2 98 53.1 - - - 14.3 3.9 

ZnO 99 50.5 - - - 13.9 3.4 
CeO2 99 53.2 - - - 14.1 0.7 

TiO2 99 46.4 - - - 13.1 0.4 
SiO2 99 47.6 - - - 13.1 1.4 

MgO-1 70.3 57.4 - - - 13.5 10.8 
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Table 1C.6 The effect of other catalyst 
 

 

Reaction conditions: Chitin reagent from Wako Co. Ltd. 0.5 g ball-milled chitin, 50 g 

water, 533 K reaction temperature, catalyst 0.5 g  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Catalyst TOC 
(%) 

Yield (%) 

N-acetyl-
glucosamine 

Levulinic 
acid 

5-
HMF 

Acetic 
acid 

Lactic acid 

Ca(OH)2 73.2 - - - 13.2 18.0 

Na2CO3 80.9 - - - 14.6 16.0 
Hydrotalcite 55.1 - - - 12.9 6.7 

CaCO3 63.8 - - - 13.1 15.5 
Mg(OH)2 57.2 - - - 13.8 8.2 
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Table 1C.7 The effect of gardes of chitin and chitosan on conversion of chitin 
 

 
Reaction conditions: 0.5 g ball-milled chitin, 50 g water, 533 K reaction temperature, 

catalyst 0.5 g  

 
 
 
 
 
 
 
 
 
 
 

 
Reactant 

Conversion 
(%) 

 
TOC 
(%) 

Yield (%) 
N-acetyl-

glucosamine 
Levulinic 

acid 
Acetic 
acid 

Lactic 
acid 

5-
HMF 

1st grade 
(FUJIFILM Wako 
Pure Chemical) 

70.3 57.4 - - 13.5 10.8 0.0 

Practical grade 
(Toronto 
Research 
Chemicals) 

71.8 56.0 - - 12.7 8.4 0.0 

Unbleached 
grade (MP 
Biomedicals) 

69.2 56.1 - - 13.2 10.5 0.0 

Chitosan 
(Sigma-Aldrich) 

63.4 51.1 - - 5.5 9.5 0.0 
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Table 1C.8 The effect of type of chitin and chitosan  
 
 
 
 
 
 
 
 
 
 

Reaction conditions: 0.5 g starting material, 50 g water, 533 K reaction temperature, 

catalyst 0.5 g  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reactant Catalyst Conversion (%) TOC (%) 

N-Acetyl-D-glucosamine None 92.4 42.0 

N-Acetyl-D-glucosamine MgO 71.0 55.0 

D-Glucosamine None 94.4 78.3 

D-Glucosamine MgO 98.0 71.6 

D-Glucose No 98.0 72.6 

D-Glucose MgO 74.8 67.2 
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Table 1C.8 The effect of type of chitin and chitosan (continue) 
 

 
 
 
 
 
 
 
 
 
 
 

 
Reaction conditions: 0.5 g starting material, 50 g water, 533 K reaction temperature, 

catalyst 0.5 g  

 
 
 
 
 
 
 
 
 
 
 
 

Reactant Catalyst 

Yield (%) 
N-acetyl-

glucosamine 
Levulinic 

acid 
Acetic 
acid 

Lactic 
acid 

N-Acetyl-D-glucosamine None - - 14.6 0.5 

N-Acetyl-D-glucosamine MgO - - 14.8 7.7 

D-Glucosamine None - - – 2.0 

D-Glucosamine MgO - - – 23.3 

D-Glucose No - - – 7.0 

D-Glucose MgO - - – 35.6 

Chitin  MgO - - 13.5 10.8 
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APPENDIX D  

REACTION MECHANISM 

 

Reaction mechanism of chitin conversion to lactic acid 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1D.1 Reaction mechanism of chitin to D-glucosamine 
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Figure 1D.2 Reaction mechanism of D-glucosamine to fructose 
 

 
 
 
 
 
 

Figure 1D.3 Reaction mechanism of fructose to glucose 
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Figure 1D.4 Reaction mechanism of fructose to dihydroxyacetone and 
glyceraldyhyde 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1D.5 Reaction mechanism of glyceraldehyde to lactic acid 
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