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Abstract 

           In this study, silica was extracted from rice husk by washing rice husk many 

times with distilled water, and then treated with 1.0 M of Nitric acid; finally, it was 

burned in an oven at 800 oC. Using method Sol-gel the resulting silica was converted 

into sodium silicate after dissolving it with a solution (1.0M) of sodium hydroxide, 

then it was reacted with CPTES to produce a silica with the functional group CH2-Cl 

and the symbol RHACCl.  

        Loading pyridine sulfonic acid on the surface of silica in two ways: the direct 

method, where pyridine sulfonic acid, CPTES, and sodium silicate were added to the 

aqueous solution, then the mixture was titrated against HNO3 (3.0N), and the reflux 

method, where RHACCl and pyridine sulfonic acid were added to the toluene solvent 

and at a temperature of 120°C for 48 hours to form a heterogeneous catalyst symbol, 

RHAPSA@Dir and RHAPSA@Ref, respectively.  

           The prepared catalyst was identified by several techniques, including 

elemental analysis (CHNS), where the percentages of nitrogen and sulphur appeared, 

and thermal decomposition (TGA/DSC), where the thermal stability of both catalysts 

was proven up to 250 oC. According to the nitrogen adsorption analysis, the surface 

area of the catalyst was found to be 50,416 m2/gm for both the direct and reflux 

methods, respectively. FT-IR spectroscopy showed that the SO2 and CH aromatics 

and aliphatic were clearly shown in FT-IR. As well as the scanning electron 

microscope (SEM) and the transmission electron microscope (TEM), which show the 

topography, size, and arrangement of the particles of the catalyst. The X-ray 

diffraction results for both catalysts showed the appearance of a wide band at an 

angle of 22o, which proves that the surface is amorphous.  

Ⅹ 



  Abstract 

XI 

 

         Cellulose and glucose decomposition were carried out over the prepared 

catalyst. Pyridine sulfonic acid homogeneous catalyst needed only 6 h to decompose 

98% of cellulose to glucose. RHAPSA@Dir needs 9 hours to decompose 55% of 

cellulose. About 86% of glucose was decomposed in 4 h over RHAPSA@Dir. 

RHAPSA@Ref needs 10 h to decompose 41% of cellulose and 4 h to decompose 

80% of glucose. According to our results the catalytic activity of the catalysts used in 

the decomposition of cellulose and glucose was followed the sequence below:             

      Pyridine sulfonic acid >   RHAPSA@Dir   > RHAPSA@Ref 
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 1.0 Introduction          

1.1 Biofuel                                                                                                                                                                     

          In light of the rapid increase in demand for resources and the subsequent 

depletion of fossil fuels, there has been a worldwide push to develop and employ 

renewable energy sources[1], [2]. There are promising future prospects for the use of 

biomass as an alternative energy source [3], [4]. As a result of its ability to both 

replace fossil fuels and fix inorganic carbon through photosynthesis, solar power has 

the potential to significantly reduce carbon dioxide emissions [5]. Lignocellulose, 

one type of biomass resource, has attracted a lot of interest because of its potential to 

alleviate global food shortages and its ease of production. Most lignocellulose is 

made up of cellulose, a major natural polymer and an important renewable material 

source for the chemical industry [6]. Nanocellulose has been isolated in a number of 

distinct forms from cellulosic feedstock [7]. Nanocellulose materials have several 

potential applications in various areas of human life [8].This discovery opens up a 

new avenue for addressing a wide range of water pollution challenges. Glucose, 5-

hydroxymethylfurfural (HMF), and levulinic acid (LA) are only a few of the energy 

molecules and platform chemicals that can be extracted from cellulose hydrolysis 

[9], [10]. Bioethanol production benefits greatly from the use of glucose, and HMF 

can be converted to low-oxygen diesel fuel from carbon 9 to carbon 11 [11]. LA has 

emerged as a promising feedstock for the production of liquid fuels [12] due to its 

ability to serve as a chemical bridge between the processing of biomass and 

petroleum. In addition, LA was recognized in 2004[13] as one of the most productive 

compounds derived from biomass that adds value. The synthesis of LA from 

cellulose is a topic of active research in the field of highly valued biomass 

conversion [14]. In recent years, there has been a meteoric rise in the manufacturing 
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and use of biofuels. Fuel ethanol output has more than doubled in the last four years, 

from 31.3 billion littres in 2005 to over 72.8 billion litters (estimated) in 2009 [15] 

.With Brazil and the United States at the forefront of this trend. The generation of 

renewable fuels in the United States is evidenced by the ongoing success of the fuel 

ethanol business. The Biofuels Digest [16] reports that in 2007, the United States was 

able to produce 7.5 billion litters of ethanol, an increase of 40% from 2006. In 2008, 

the country's ethanol production capacity grew to 13.3 billion littres. According to 

the study by Kim and Dale (2004), 40% of all crop leftovers can be used for biofuel 

generation[17]. All residues except rice straw and sugarcane bagasse can be 

eliminated. natural material that can be replenished and uses the sun's rays to produce 

energy [18]. Because it can be grown in vast quantities for far less money than crops 

that produce starch (like corn) or sucrose (like sugarcane), it holds considerable 

promise as a source for cheap fuel ethanol. Carbohydrate polymers comprising finite 

carbon (SC) and six carbon (6C) sugar units make up the majority (50–80%) of 

lignocellulosic biomass on a dry basis. Biofuels can be produced through the 

chemical or biological processing of most carbohydrates. Obtaining a fermentable 

hydrolysate rich in glucose from the cellulose content of the feedstock is essential to 

the use of lignocellulose for ethanol production. Enzyme use in lignocellulose 

hydrolysis is seen as the most promising approach since it has the potential to 

outperform other chemical conversion routes in terms of yield, by-product 

generation, energy consumption, mildness of operating conditions, and 

environmental friendliness [19].    

1.2 Cellulose    

       Engineering, scaffolding, pharmaceuticals, fibre media, nano sensors, and glue 

are just a few of the many uses for cellulose [20]. Fig.1.1 depict the cellulose 
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molecule's composition. Agriculture residue, water plant grasses, straws, and other 

plant substances all contain cellulose because the polysaccharide is thought to be the 

primary constituent of the wall of the cell of the plant [21]. Wood, hemp, cotton, and 

linen all come from trees, which are the natural source of cellulose [22]. The 

molecular formula for cellulose is (C6H10O5) n, where n is the number of repeating 

glucose units [23].  

 

Figure 1.1: Structure of cellulose [24]. 

Cellulose, which makes up roughly 40–50% of the lignocellulose biomass cell wall, 

is a linear and homopolymer made up of D-glucose units connected by β-(1-4) 

glycoside bonds [24]. Glucose is swapped out for cellobiose in the repetitive 

stereochemical units of other glycan polymers [25]. Cellulose fibres are held together 

by hydrogen bonds, covalent bonds, Van der Waal forces, and each fibre contains 

anywhere from 20 to 300 microfibrils [18]. Linearity of homopolymer chains is 

determined by hydrogen bonds inside microfibrils, while amorphous/crystallinity of 

cellulose is determined by hydrogen bonds between strands [26]. Enzymes 

biosynthesize cellulose chains, which are deposited constantly and eventually 

aggregate into microfibrils. On a larger scale, the microfibrils join together to create 

fibres [27]. All plants are not created equal when it comes to their cellulose 

composition. Cotton has the highest cellulose concentration (90–99%), followed by 

wood (40–50%), jute (60–70%), and flax fibres (80%) [28].Most of the time, 

repeating units of as few as 20 can cover the full range of cellulose properties. The 
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initial C4-OH at one end of a cellulose chain is known as the non-reducing 

end. Chemical treatments, such as bleaching compounds, can add carbonyl and 

carboxyl groups to cellulose. The molecule structure is responsible for many of the 

material's distinctive characteristics, such as its hydrophobicity and degradability, 

relative thermostabilizing, high sorption capacity, and modifiable optical appearance 

[29]. Organic water-free fluid systems typically consist of one, but can have up to 

three individual components. The most probable crucial step is the pre-activation of 

cellulose to a soluble state. N,N-dimethylacetamide/lithium chloride (DMA/LiCl) 

and 1,3-dimethyl-2-imidazolidinone/lithium chloride (DMI/LiCl) are examples of 

popular two-component liquid systems [30]. Hello et al. (2014) recently introduced a 

new solvent system to dissolve cellulose. DMF/LiCl and cyclohexanol/LiCl are two 

systems that have shown great promise for dissolving cellulose [31].                            

 1.3 Hydrolysis of cellulose              

         The process of hydrolyzing cellulose with an acid, enzyme, or other catalyst, 

which may be attenuated or highly concentrated. Cellulose hydrolysis has emerged as 

a major technology for the active use of lignocelluloses. This is due to the fact that 

glucose may be easily condensed into a variety of chemical biofuels, meals, and 

medications [32]. As the first step in many biorefinery processes, cellulose 

hydrolysis is crucial to sugar-based chemical and biochemical industries like the 

ethanol fuel industry. Cellulose is a renewable carbon source, but its recalcitrant 

structural which account a difficulties recyclable source for scientists.The breakdown 

of cellulose by enzymes, acids, and supercritical water has been the subject of 

extensive research [33].Changes and zangabao [34] , have been studied as acid-

catalyzed hydrolysis through breaking hydrogen bonding and the -1,4 glycosidic 

bond Ionic liquids have been employed to form homogenous solutions through 
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+ 

hydrolysis of cellulose prior to hydrolysis. Scheme 1.1 shows the hydrolysis of 

cellulose by solid acid.                                                                                                     

 

Scheme 1.1: Solid acid- catalyst hydrolysis of cellulose to form glucose [34] . 

Acid hydrolysis is the most common method for converting cellulose to glucose 

ions penetrate cellulose molecules, initiating breaking of the glycosidic  +because H

bond (β-1,4). The success of the hydrolysis reaction was highly dependent on the 

parameters under which the reaction took place (i.e., the type of acid used, the 

amount of acid used, the length of hydrolysis time, and temperature[35]. Native 

cellulose strands are hydrolyzed by sulfuric acid, resulting in the fragmentation of the 

fibre into rodlike shapes. Sulphate groups are introduced during hydrolysis by 

esterifying surface hydroxyl groups, resulting in a stable water suspension of these 

highly crystalline cellulose needles [36]. In Table 1.1, a number of different cellulose 

decomposition techniques used by another researcher.                                                   

            

 

                                                                   

 

∆ 

 
₊ ₊ 
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Table 1.1. Hydrolysis of cellulose to glucose by different catalyst. 

Ref.                                                                            Solvent Glucose 

yield% 

 

Method Time 

h 

Tem. 
oC 

Catalyst 

[37] Water 90.8 Liquid acid hydrolysis 

 

12 285 H2SO4 

[38] Water 50 Liquid acid hydrolysis 

 

5 245 Ru/AC-SO3H 

[39] Water 64 Liquid acid hydrolysis 

 

3 100 AC-SO3H 

[40] Water 63 Liquid acid hydrolysis 

 

4 110 PrSO3H-SiO2 

[41] Water 55 Solid acid hydrolysis 

 

24 120 SUCR-SO3H 

[42] Water 7 Solid acid hydrolysis 

 

3 150 CoFe-SiO2-SO3H 

[43] Ionic 

liquid 

48 Liquid acid hydrolysis 

 

8 190 SPS-DVP-SO3H 

[44] Water 65 Liquid acid hydrolysis 

 

6 190 H3PO4 

[45] Water 42 Liquid acid hydrolysis 

 

24 190 Tungsted 

Aluminum 

 

[46] Water 93 Liquid acid hydrolysis 

 

10 110 CP-SO3H 

[47] Water 30.3 Liquid acid hydrolysis 

 

3 160 P-toluene 

Sulfonic acid 

[48] Water 50 Liquid acid hydrolysis 

 

2 130 Fe2O3-SBA-SO3H 

[49] Water 50 Novel silica 

Catalyst thermal 

Condition and ball 

milling 

 

12 160 Silica with 

Zr, TiO2Al2O3 

[50] Water 50 Liquid acid hydrolysis 

 

9 75 Fe-GO-SO3H 

 

Some examples of the kinds of chemicals that might result from the chemo catalytic 

hydrolysis of cellulose using different chemical techniques are shown in Scheme 1.2 

[51]. Fuels that come to mind, among many others, include ethanol, hydrogen, 

methane, and compounds. By catalysing the change of lignocellulose biomass, 

substances like levulinic acid, glucose, sorbitol, fructose, and lactic acid could be 

manufactured. Syngas can be made from lignocellulose biomass, and the by-products 

of this process (carbon monoxide and hydrogen gas) can be used to make an array of 

useful compounds and fuels.                                                                                              
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Scheme 1.2:  Employing several catalysts to convert cellulose into glucose [51]. 

   1.4 Homogeneous and heterogeneous Catalysts 

          Homogeneous catalysis refers to catalysis performed in a solution with a 

soluble catalyst. To be precise, a homogeneous catalyst is one that occurs in the same 

phase as the reactants during the catalytic process. Gas phase and liquid phase 

reactions are both suitable for homogeneous catalysis. In contrast to heterogeneous 

catalysis, heterogeneous catalysis involves catalysis that occurs in various stages of a 

reaction at the same time, such as the solid-liquid, solid-gas, and liquid-gas phases. 

The presence of distinct phases in the process distinguishes heterogeneous catalysts 

from homogeneous catalysts. When reactants chemisorb on a solid surface, for 

example, the weakening of internal bonds allows new bonds to be formed with other 

molecules; this sort of catalyst is heterogeneous and happens in a distinct phase from 
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the reactants and products  [52]. Desorption, or release into the liquid phase, 

necessitates a decrease in the product's affinity with the catalyst [53]. Heterogeneous 

catalysts are highly sought after because of their ability to facilitate the creation of 

continuous chemical processes by allowing for simple isolation of the catalyst from 

the final product. Since heterogeneous catalysts may work under more extreme 

conditions than their homogeneous counterparts, the field of heterogeneous catalysis 

has never been more relevant. Not only is heterogeneous catalysis important because 

it is employed in so many industrial processes, but it is also garnering renewed 

interest as a result of widespread worries about energy generation and conversion, 

alternate energy sources, and climate change [54] .While both homogeneous and 

heterogeneous catalysis can be used to speed up various reactions, heterogeneous 

catalysis typically results in less waste, uses fewer toxic reagents, and makes the 

catalyst more easily retrievable and recyclable[55] .  

1.5 Rice husk 

         Rice is the second most consumed food product in the world. With a growing 

population comes a need for more rice. Rice paddy production is dominated by 

China and India, which together account for around 48% of the world's total 

production. Around 20% of a bag of rice's total weight is made up of the rice husk 

RH, which is a by-product of industrial rice processing. Since it has a high calorific 

value (16,720 kJ/kg), most of it may be burned in boilers to generate energy. Rice 

husk ash (RHA) is a by-product of RH burning that contributes to pollution and 

disposal problems and accounts for around 20% of the weight of the husk itself 

Fig.1.2. About 200 kilograms (20%) of RH are produced from every thousand 

kilograms (1000 kg) of paddy grain, and when this grain is burned to provide energy, 

another 200 kilograms (20%) of RHA are produced, with a volume containing 
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approximately (85-95%) amorphous silica [56]. Both the environmental conditions 

and the technique used to burn the husk have an impact on the final product, which in 

turn affects the RHA qualities. Since it contains a lot of silica in its amorphous state, 

it can be used in many different kinds of manufacturing, including ceramics, 

construction, chemicals, and electronics. Due to the potential benefits of this area of 

RHA applications, many research have been done[57] .                                                 

               

Figure 1.2: (a) Rice plant, (b) Rice husk after removing of the rice. 

1.5.1 Rice Husk components  

       Figure 1.1, RH is a by-product of the rice mill that accounts for roughly 20% of 

rice's total mass but is otherwise a waste product. Seventy-four percent of RH is 

made up of organic compounds such as cellulose, lignin, and hemicelluloses. Xylose, 

L-arabinose, methyl glucuronic acid, and D-galactose all combine to form 

+ CaO + MgO) can be  3O2+ Fe 3O24% of the elements (AlAbout hemicellulose. 

found in rice husk. It has tremendous potentials as a bio-sourced for industrial-scale 

 

a b 
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processing, making it a viable alternative to more conventional materials. Silica 

content in rice husk (RHA) is 95% when it is calcined at 600-700°C for 1 hour to 4 

hours in a controlled environment (air or oxygen) [58].                                                  

Table1.2: RH chemical analysis [59]  .                                        

Content (Wt.%) Constituent 

                       

73.87 Organic material and 

moisture 

                         

1.23 3O2Al 

 

1.28 3O2Fe 

 

1.24 CaO 

 

0.21 MgO 

 

22.12 2SiO 

 

0.074 2MnO 

 

 

1.5.2 Rice husk ash 

          Burning rice husks at a controlled temperature (500–800 °C) yields rice husk 

ash (RHA). Since RHA is produced as a by-product of RH biomass power plants, 

and landfills have limited capacity, disposal of RHA could pose serious 

environmental risks (as depicted in Fig.1.3). Amorphous silica, carbon, and a few 

other minerals make up the bulk of RHA. Many commercial and research uses for 

amorphous silica and carbon have been proposed [60]. Because of this, RHA can be 

employed as a low-cost replacement for amorphous silica in the manufacture of 

silicon-based products with technical relevance  [61] .                                                   
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Figure 1.3: (a)Burned rice husk as waste material, (b) Rice husk [62] . 

The ash contains mostly silica (94%) and other inorganic impurities (6%) [63]. The 

rice husk chemicals are listed in Tables 1.3. The term "RH ash" (RHA) is used to 

refer to any and all types of ash that can be made from RH. In actuality, the form of 

RHA obtained is considerably temperature dependent. At temperatures between 500 and 

800 °C, amorphous silica is formed, while crystalline silica forms could be formed at 

higher temperatures [64] .                                                                                                

Table1.3: organic constituent of RH excluding silica [65]  . 

 

 

1.5.3 Extraction of silica from rice husk  

      There are a number of techniques for silica extraction from RH. In Fig. 1.4, the 

many processes that can be following to convert RH into silica. Impurities are 

Amount present in RH (Wt.%) 

 

Constituent 

43.30                        -cellulose α 

 

22.00                        Lignin 

 

6.53                          arabinose-L 

 

3.27                          Methyl glucuronic acid 

 

17.52                        D-xylose 

 

2.35                          D-galactose 

 

b a 
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eliminated before and after the heat phase in these procedures. The chemical 

approach, which comprises straightforward acid leaching, is among the most well-

nanoparticles from RH,  2from RH. To create SiO 2liked methods for obtaining SiO

post-annealing is widely regarded as one of the easiest and most effective methods of 

synthesis [66] .                                                                                                                 

 

Figure 1.4: Different methods for silica extraction from RH [66] .   
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1.5.4 Structure of RHA    

        In order to learn more about silica, numerous researchers have examined it. A 

siloxane group (Si-O-Si) with oxygen on the surface, or one of several other forms of 

silanol groups, marks the surface termination of the structure (Si-OH). Silanol forms 

when an OH group is covalently bonded to a single silicon atom on the surface; 

vicinal silanol forms when two free silanol groups connected to different silicon 

atoms are close enough to the hydrogen bond to form a bridge. To establish a 

hydrogen bond, the two hydroxyl groups attached to the silicon atom in the third type 

of silanol, geminal silanol, are too near together[67] see Fig.1.5 (a, b, and c). 

Amorphous silica highly disordered surface structure makes it unlikely that hydroxyl 

groups will be arranged in a predictable fashion. As a result, the surface of 

amorphous silica can be covered in both free and bonded hydroxyl groups. Full 

coverage can be obtained if the surface is totally hydroxylated [68], whether the 

surface already has both forms or merely isolated hydroxyl groups (as in crystalline 

silica). When exposed to water, it can also physically absorb water through hydrogen 

bonding. When the partial pressure is raised, a multilayer of adsorbed water forms on 

the surface of a totally hydroxylated, nonporous silica species. Subsequent capillary 

condensation then occurs on the adsorbed multilayer, and the pore volume gradually 

fills with liquid water. Hydration refers to the process of consuming water through 

physical absorption [69]  .                                                                    
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Figure 1.5: Different types of silanol group in surface of silica  [70]. 

According to the NMR data, there are three distinct siloxane groups (=Si-O-Si=), 

each of which can be written as Q=Si (OSi)n (OH)4-n, where n = 2-4 to denote the 

number of bridging bonds (O-Si) linked to the central Si atom (e.g., Q2, two siloxane 

linked to the central Si atom). Q3 has three silicon bonds for each core silicon atom. 

Q4, having four siloxane linkages connecting each centre silicon atom. As Fig. 1.6 

demonstrates, in addition Three distinct types of silanol groups have been observed 

on the surface of silica during experiments: the isolated silanol group, in which each 

silicon atom is linked to a single hydroxyl; the vicinal silanol group, in which one 

silanol group forms an intermolecular hydrogen bond with another silanol group; and 

the geminal silanol group, in which two hydroxyls are bonded to a single silicon 

atom, yielding the formula Si By reacting the silanol functional group with an 

organic nucleophile, the silica surface can be activated to form new bonds (≡Si-O-C 

=, ≡Si-O-C ≡) [71] .    
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Figure1.6: Various type of silanol and siloxanes group on the matrix of silica [71]. 

1.6 Surface modification of silica  

            The addition of superficial functional groups via various modification 

techniques has a significant impact on the use of silica materials [72].There has been 

a lot of focus on surface modification of silica since it allows scientists to change the 

composite material's chemical properties and technological qualities. The surface of 

silica must be modified in order to create crucial materials with numerous specialized 

qualities, such as liquid crystals, nanostructured silica materials, and selective 

heterogeneous catalysts [73].When alkyl silanes are used for surface modification, 

the role of the surface silanol group is crucial [74]. The silanol groups on the surface 

of silica are dehydrated as the temperature rises, and the dehydration of these groups 

eventually leads to the creation of a siloxane bond [75]. According to the diverse 

approaches to incorporating the silica component into the silica-based hybrid 

nanostructures, the production of silica-based nanomaterials with well-defined 

topologies can be broadly divided into two categories [67]. The First method 

involves a heterogeneous reaction between the silylating agents and the ligand 

complex, as shown in Scheme 1.3. Followed by immobilization of the resultant 

ligand with the pre-formed silica. The second method, depicted in Scheme 1.3 entails 

introducing a complicated group after the post-polysiloxane.                                          
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 Certain organic processes can lengthen the organic chain that forms when a 

particular    alkoxysilane is bound to an inorganic support, leading to an increase in 

the number of additional basic centers on the surface [76] .                                           

 

Scheme 1-3:  The resulting ligand can be immobilized on silica following the 

reaction between the ligand complex and the silylating agent. Prior to immobilizing 

the ligand complex, the silylating agent is first applied to silica.                                    

Several researchers have studied both of these methods thoroughly  [31], [77]. The 

main drawbacks of these processes are the use of potentially harmful solvents and 

chemicals and the lengthy reaction times. This approach may lead to a nonuniform 

spread of these groups because they are primarily bound to the pore interior [78]. 

Moreover, these processes necessitated the use of toxic organic solvents, prolonged 

periods of reflux, and high temperatures [79]. Recently it was discovered that silica 

was capable to immobilized with CPTES via sodium silicate. High yields of silica 
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surface were modified in low-cost by-product of the rice grinding process. This 

procedure has been used to develop RHACCl in numerous experiments[80], [81] .                         

 

Scheme 1.4: Functionalized of silica with CPTES to produce RHACCl [80]. 

1.6.1 Silica – chloride end groups 

        The uses of organic amines and ammonium salts as heterogeneous catalysts 

have been proven to be extremely useful for many processes. It is a nucleophilic 

substitution reaction when a C-X (X= halogen) functional group reacts with a base 

organic molecule or ligand (such as an amine group) [82].Saccharine, also known by 

its chemical symbol Sac, is a common manufactured sweetener that functions as a 

secondary amine. The structure contains two types of hetero atoms—S and N. 

Because of the strained structure of the Sac molecule and the presence of lone pair 

electrons on these atoms, they may serve as catalytic sites that confer some 

selectivity. Coordination interactions with transition metals formed by these 

heteroatoms can be used in subsequent catalytic reactions and their catalytic activity 

in esterification reaction (Scheme 1.5)[83] .                                                                    
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Scheme 1.5: The immobilization of saccharine on RHACCl. The preparation of 

(a)and (b) had been reported  [83] .                                                                                 

 Heterogeneous reactions were used to immobilize2-((2-phenylhydrazono) methyl) 

phenol (PHMP) on RHACCl. A heterogeneous reaction is one in which at least one 

of the reactants is in a non-equilibrium condition. To produce the final catalyst was 

shown in the scheme1.6. Dry toluene was used as the solvent, and the reaction 

combination was placed in a reflux oven for 44 hours to give the final goods depicted 

used hydrolysis cellulose in (Scheme1-6) [22].                                                               

 

Scheme 1.6: The immobilization of PHMP on RHACCl. 
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Using silica-trapped N-heterocyclic carbenes (Scheme 1.7) [84] glycerol cyclization 

has been accomplished using the prepared catalyst. Condensation with aldehydes and 

ketones to produce cyclic acetals is one of the most noteworthy applications of 

glycerol. The cosmetic [85] pharmaceutical [86] and food and beverage sectors all 

find applications for these acetals, so they are considered valuable chemicals[87]  .                                                                                                                                                   

 

Scheme 1.7: A reaction between N-heterocyclic carbenes and Carbon – halogen silica 

functional group of preparation heterogeneous for glycerol cyclization reaction.  

Scheme 1.8 showed the process of preparing a heterogeneous acidic catalyst by 

grafting sulfanilic acid onto RHACCl. In the process of alkylation, the catalyst was 

utilized, and it was discovered that it could be recycled numerous times without 

suffering any reduction in its capacity to catalyze the reaction [88].                              

 

Scheme 1.8: The immobilization of sulfanilic acid with RHACCl.                        
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RHACCl was used to treat dithiooxamide (DTO) and p-phenylenediamine (P-PDA) 

). It was discovered that the catalyst functioned 9(Scheme 1. N3Etin dry toluene and 

best when ethyl alcohol and acetic acid were esterified[89] .                                          

 

A 

 

 

B 

Scheme 1.9: The interaction of dithiooxamide and p-phenylenediamine onto 

RHACCl shown by (A, B) [89]. 

A nucleophilic substitution process between the chloride groups and urea took place. 

After adding urea (which contained amine end groups) to silica, sulphating it with 
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dilute sulfuric acid yielded a new solid-state catalyst for converting cellulose to 

glucose, designated RHAUR- SO4H [90] .                                                                     

 

 

Scheme 1.10: The reaction between RHACCl and urea and sulphating with dilute 

sulfuric acid of preparation catalyst for hydrolysis cellulose.                                         
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1.7 The aims of the study 

      It has been known since 1640 that RHA contains silica, and that this silica can be 

removed by burring rice husk at 550-800 °C for 6 hours, after which a heterogeneous 

catalyst can be synthesised for different purposes. The target of this work are.                                            

1- Extraction of the silica from rice husk.                                                                                                                                   

2- Preparation of the heterogenous catalyst by simple direct modification of the silica 

with pyridine sulfonic acid and CPTES.  

3- Preparation of the heterogenous catalyst by modification of the silica extracted from 

RHA with pyridine sulfonic acid by post modification in reflux methods. 

4-Characterization of the prepared catalysts from the two methods by different 

spectroscopic and microscopic techniques, such as XRD, TGA, CHNS analysis, N2 

adsorption-desorption, FT-IR, SEM, and TEM. 

5- A comparison between both catalyst by their characterizations and applications. 

6- The catalysts using in the hydrolysis of cellulose to mono saccharide and in-situ 

hydrolysis of mono saccharide to other products.                                                                                                                                        

7-To compare the hydrolysis of homogenous pyridine sulfonic acid with the 

heterogenous catalyst. 
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2.0 Materials and methods 

2.1 Chemicals and instrumentals  

       All Items used in this thesis were not purified. It was used as in its form. Table 

2.1 shows the items a long with their supplier and purity. Table 2.2 shows the 

equipment and its model with the place of analysis used in this study.  

 

 

 

Purity% Suppler Item 

99 GCC-England  Acetone 

98 Fluka, Germany Butanol   

98 BDH,England Cellulose 

99 Riedel-dehaen 

England 
Cyclohexanol 

95 Sigma- Aldrich 3-Chloropropyltriethoxysilane 

99 Alpha Chemika Dimethylformamide 

99 Riedel-dehaen Dinitrosalycilic acid 

99 BDH,England Glucose 

98 BDH, England Lithium chloride 

69 System, Spain Nitric acid 

99 System, Spain Sodium hydroxide 

98 GCC,England Toluene 

98 Sigma Aldrich 3-pyridinesulfonic acid 

Table 2.1: Chemicals used in this study. 
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Table2.2: The equipment's and its model with the place of analysis used in this study. 

 

  2.2 Catalyst preparation    

2.2.1 Extraction of silica from rice husk         

         The technique mentioned in the reference [91] was followed to extracted silica 

form RH. Distilled water was used to clean RH from dust. For 24 hours the RH was 

dried at room temperature. Nitric acid (1.0M) 250 mL was mixed with 30 gm of 

clean rice husk for 24 hours at room temperature under a continuous stirrering. After 

being dried at 110 °C for 24 hours, the husk was finally ready for use. To achieve 

Place of analysis Model Item 

Tehran University, College 

of 

Science 

STA1500.Germany (TGA)/ (DSC) 

Tehran University, College 

of 

Science 

GmbH-vario EL, German Elemental analysis (C.H.N) 

AL-Muthanna University, 

College of 

Science, Chemistry 

Department 

 

Shimadzu-8400s, Japan FT-IR 

University of Kashan, 

College of 

Science 

TriStarII plus Version 

2.03 

N2 adsorption – desorption  

analysis 

AL-Muthanna University, 

College of 

Science, Chemistry 

Department 

 

HNA 211 Ph Meter C-AI pH Meter 

Tehran University, College 

of 

Science 

Fesem Tescan Mira3 

France 

SEM analysis 

Tehran university, College 

of 

Science 

100KV Model: EM10C TEM analysis 

AL-Muthanna University, 

College of 

Science, Chemistry 

Department 

 

Lambda 35, Japan UV-Visible 

 Spectrophotometer 

University of Kashan, 

College of 

Science 

Xpert High Score 

HAOYUAN 

X-ray diffraction (XRD) 
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complete combustion, it was calcined in a muffle furnace at 800 ℃ for 6 hours. A 

total of 8.2 gm of ash was collected. The ash was crushed up so that it could be used 

as a source of silica.                               

2.2.2 Functionalization of SiO2 with CPTES 

        A solution of 1.0 M NaOH (100 mL) was heated with 3.0gm of SiO2 for 60 

minutes at 80 °C. Filtration was used to purify the sodium silicate by removing any 

impurities. The sodium silicate solution was mixed with 6.0 mL of CPTES. After 

that, 3.0 M nitric acid (1 mL/min) was slowly added to the solution while stirring 

was maintained at a constant speed. Below a pH of 11, white gel became visible. 

After the pH of the solution was determined to be 3, the container was covered and 

left out overnight at room temperature. A separation for six times per sample, 

distilled water was used in a centrifuge for 16 minutes, and acetone was utilized in 

the final wash. The material was then dried for 24 hours at 110 °C. A 4.8 gm of 

powder identified as RHACCl was collated [92] . 

2.3 Preparation of silica – pyridine sulfonic acid in one pot synthesis 

RHAPSA@Dir 

        The sodium silicate was mixed with 6.0 mL of CPTES and 2.0 gm of pyridine 

sulfonic acid. A titration of the mixture agents (3.0 M) HNO3 acid was done while 

the change in pH was monitoring to the end of reaction.  The white gel had begun to 

form at pH 9. At pH 3 the titration was stopped and the gel was left aside and 

covered until the next day at room temperature. The separation was accomplished 

using a centrifuge for seven times at 4000 rpm for 15 min using distilled water for 

washing the sample. Acetone was used in the last wash. After that, the product was 

dried at 110°C for 24 h. The total weighted of catalyst was 5.0 gm.  
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2.4 Preparation of RHAPSA@Ref (reflux method)                          

         The RHAPSA@Ref was prepared by adding 1.5 gm of pyridine sulfonic acid to 

a suspension of 1.5 gm of RHACCl in 30 mL of dry toluene. The reaction mixture 

was refluxed at 120 °C for 48 hours. The solid phase was than filtered and rinsed 

with distilled water. The solid sample 1.4 gm has been dried at 110°C for 24 hours.     

2.5 Hydrolysis procedure 

2.5.1 Cellulose hydrolysis   

        To the mixture of DMF\LiCl (20 mL\0.5 gm) and cellulose (0.18 gm) were 

added to 0.15 gm of catalyst maintaining a constant hydrolysis temperature of 140 ℃ 

for 13 hours. A bout 0.5 mL at the reaction mixture was taken each hour. It was 

poured 2.0 mL of deionized water along with 2.0 mL of both (2.0 N) NaOH and 

DNS. The solution was boiled for five minutes in a water bath. The DNS reagent was 

produced using a method described in an IUPAC protocol [93]. The same conditions 

were used to prepare and incubate a blank solution. The blank reagent's absorbance 

was deducted at 540 nm. To determine the concentration of glucose in the hydrolysis 

solution, a standard curve of glucose was used. 

2.5.2 Glucose degradation over the catalyst      

        The catalyst and glucose (0.1 gm) were added to the DMF mixture (20 mL) The 

degradation temperature was fixed at 140oC. Approximately 0.5 mL of the reaction 

mixture was with drawing each hour. 2.0 mL of both (2.0 N) NaOH and DNS, as 

well as 2.0 mL of deionized water, were added to the mixture. The solution was 

boiled for five minutes in a water bath. The blank solution was prepared and 

incubated using the same techniques. The absorbance of samble and blank was fixed 
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at 540 nm. The color was red for the first three hours, then start to turn orange at four 

and five hours, and finally turn yellow after six hours. This indicates a reduction in 

the glucose concentration with increase of the hydrolysis time.          

2.5.3 Measurement of glucose concentration 

          Miller's DNS method [94] was used to measure glucose formed and glucose 

degraded. Various amounts of glucose were mixed into distilled water to make a 2.0 

mL sample solution. 0.05, 0.1, 0.25, 0.5, 1.0, 2.0, 4.0, 6.0 and 10.0 mg/mL. DNS 

solution and 0.5 mL of 2.0 N NaOH were added to each test tube. The containers 

were then filled with 10 mL of distilled water. After 5 minutes in a hot water bath, 

the absorbance at 540 nm was measured. By graphing absorbance vs glucose 

concentration, a reference curve was created. The unknown signal in this histogram 

reflected the analyte concentration.   

 

Figure 2.1: Standard curve of glucose. 

y = 0.0759x + 0.0516
R² = 0.9974

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 2 4 6 8 10 12

A
b

so
rb

an
ce

 

Concentration (mM) 



Materials and methods  Chapter Two 

28 

 

2.6 The optimization of the catalyst parameters   

2.6.1 Influence of catalyst mass 

        Using the same method outlined in section 2.5.1, the catalytic activity of various 

catalyst masses (0.05, 0.1, and 0.15 gm) was examined. The reaction was run for 13 

hours at 140 °C and for glucose degradation the degradation was run for 10 hours.       

2.6.2 Reaction temperature optimization 

        The method described in section 2.5.1 was utilized once again in order to 

investigate the catalytic activity at three different temperatures (120, 130, and 140 

oC). The other parameters such as time, catalyst mass, and amount of cellulose or 

glucose were kept constant.                                                                                                                                 

2.6.3 solvent effect  

        Investigation into the catalytic activity was carried out with a variety of 

solvents, including n-butanol, cyclohexanol, and toluene, using the same procedures 

as were detailed in section 2.5.1.  

2.6.4. Recyclability of catalysts 

         To test the catalyst's reusability, the catalyst was collected after each run and 

classified as used for first time. After the initial hydrolysis with the new catalyst had 

finished the catalyst was filtered. A hot DMF used to wash, and dried of 110 °C 

drying. Under ideal circumstances, catalysts were reused in accordance with the 

technique described in sections 2.5.1 and 2.5.2 above.  
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2.7 Hydrolysis of Cellulose over homogeneous catalyst 

       In comparison, Cellulose hydrolysis using pyridine sulfonic acid as a 

homogeneous catalyst was performed in a liquid phase using a 100 mL circular 

bottom flask equipped with a magnetic stirrer and a water condenser. 25 mL of DMF, 

0.18 gm Cellulose, and 0.5 gm LiCl were transferred individually to a round bottom 

flask containing 0.1 gm of pyridine sulfonic acid. The hydrolyses were carried out 

using a temperature of 140˚C and a reflux time of 13 hours. To 2.0 mL of deionized 

water, 0.5 mL of the clear hydrolyze solution was added in a vial. 2.0 mL of DNS 

reagent and 2.0 mL of 2.0 N sodium hydroxide were added to the solution before it 

was placed in a water bath heated to 90 oC for five minutes. UV-Visible spectroscopy 

was set to 540 nm to identified the presence of glucose.      

2.8 Method of RHA Catalyzed Hydrolysis                                               

        Cellulose hydrolysis using RHA as a catalyst was studied using the same 

method described in sections 2.5.1 and 2.5.2. Both the hydrolysis and glucose 

degradation were carried out at 140 °C for 13 hours using 0.1 gm of RHA.     

2.9 Method of Hydrolysis Using RHACCl Catalysts                               

        Following the same protocol that was described in sections 2.5.1 and 2.5.2, the 

hydrolysis of cellulose employing a RHACCl catalyst was investigated. The 

Hydrolysis was performed with 0.1gm of RHACCl at 140 °C for 13 hours and for 

glucose degradation 10 hours was used as hydrolysis time.                                                                                                                
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Scheme 2.1: Research diagram for catalysts preparation. 
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  3.0 Results and Discussion 

3.1 Synthesis and characterization of RHAPSA@Dir 

       The sol-gel method was used to quickly and efficiently modify silica with 

CPTES and pyridine sulfonic acid in a single-pot synthesis that took only three 

hours. It was previously thought that silica reacted with CPTES to form silica-Si-

(CH2)2CH2Cl end groups (known as RHACCl), and then the chlorine was replaced 

with PSA through in-situ transformation. Compared to conventional methods, which 

necessitate harsh reaction conditions and environmentally unfriendly solvents in 

addition to long reaction times and multiple steps. This procedure was performed 

under more favorable conditions during the reaction. When compared to this method, 

the yield from conventional techniques is interesting. Nitric acid "reverted" sodium 

hydroxide to a more natural form by exchanging the sodium ion for hydrogen. To 

functionalized silica with a ligand, the procedure was completely homogenous, with 

all reactants occurring on a single face of the material. The sequence of reactions for 

preparing RHAPSA@Dir is depicted in Scheme 3.1.        
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Scheme 3.1: This order reactions to produce a catalyst. After in-situ substitution of 

chloride with pyridine sulfonic, the resulting sodium silicate was transformed into 

propyl pyridine sulfonic-silica.    

3.1.1 FT-IR spectral analysis 

           The FT-IR spectra of RHAPSA@Dir and RHA are shown in Fig.3.1. As 

shown in figure 3.1, the Si-O-Si absorption was determined at 1090 cm-1. 

RHAPSA@Dir had an observed Si-O-Si absorption at 1068 cm-1[95]. Broad band 

observed near 3464 cm-1 is typically attributed to O-H vibrations in SiO-H. At 3085 

cm-1, RHAPSA@Dir detects the aromatic C-H stretching vibration. The stretching 

modes of RHA did not display these bands. At 1453 cm-1, the bending modes of the 

CH2 group were appeared, including both symmetric and asymmetric vibrations. The 

C=C groups were responsible for the shoulder at 1634 cm-1. RHAPSA@Ref spectra 

exhibit a band between 1306 and 1147 cm-1 due to SO2 stretching bands. These 

results show that PSA nucleophilically substituted the -CH2-Cl end group to generate 

RHAPSA@Dir [96].                                                                                                

 

Figure 3.1: The FT-IR spectra of RHAPSA@Dir, and silica. 

T
 %
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3.1.2 Elemental analysis (C.H.N.S)    

          Elemental data for RHA, RHACCl, and RHAPSA@Dir were listed in Table 

3.1. The percentage of carbon in RHA was 0.42 % and 1.76 % of hydrogen [83]. 

RHACCl had 11.9 % of carbon and 1.91% hydrogen. RHAPSA@Dir showed 

12.34% of carbon and 1.90 % sulfur and 0.81% Nitrogen. The presence of Sulfur and 

Nitrogen with the increased Carbon percentage indicated that pyridine sulfonic acid 

was incorporated into the silica structure.                                                                        

Table 3.1: Elemental analysis data of RHA, RHACCl, and RHAPSA@Dir. 

Elemental  %  

 

Sample 
S N H C 

- - 1.76 0.42 RHA [83] 

- - 1.91 11.90 RHACCl [92] 

1.90 0.81 2.01 12.34 RHAPSA@Dir 

  

3.1.3 TGA/DSC of RHAPSA@Dir 

      Fig.3.2 shows the results of TGA and DSC for RHAPSA@Dir. Three different 

decomposition stages were seen in the TGA/DSC graph of RHAPSA@Dir. Adsorbed 

water loss accounts for the initial drop in mass (around 2 %) from 34 oC to 129 oC. 

Decomposition of the pyridine sulfonic acid group bonded to the silica accounts (for 

28%) for the second mass loss. At high-temperature silanol groups were aggregated, 

as seen between 600 and 900 ℃ (about 10%) [97].  

The DSC curve (Fig.3.2) shows two exothermic and endothermic transitions, the first 

peak of which occurs between 50 and 125 ℃, with a maximum at 85℃. Loss of 



Results and Discussion Chapter Three 

34 

 

absorbed water causes the initial exothermic shift. The second type of mass loss 

happens between 150 and 190°C, with a peak cantered at 160 °C. The third phase 

happens between 350 and 540 °C, whereas the other transformations were referring 

to the removal of the organic structure of the catalyst [90]. 

 

Figure 3.2: TGA/DSC of RHAPSA@Dir. 

3.1.4 X-ray Diffraction (XRD)    

      X-ray Diffraction is a crucial method for characterizing materials and 

determining whether they are crystalline or amorphous. By making estimates, this 

method sheds light on the sample's composition  and calculates the scattering angles 

and strength with Bragg's equation. 

nλ = 2d sin θ 

TGA 

DSC 
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An XRD analysis of RHAPSA@Dir showed the presence of a wide diffused band, 

with maximal 2θ at 22.8o. This finding corroborates  the amorphous character of the 

functionalized silica analyzed and agrees with the strong broad band of amorphous 

silica as in Fig. 3.3 [98]. 

 

Figure 3.3: The XRD of RHAPSA@Dir. 

3.1.5 Nitrogen adsorption –desorption 

          Fig. 3.4 displays the nitrogen adsorption isotherm for RHAPSA@Dir. Fig. 3.5 

shows a graph depicting the pore size distribution. Capillary condensation, as 

classified by the IUPAC, is connected to the hysteresis loop that may be seen 

between the values of 0.4 and 1.0. The isotherm had a type IV shape and an H3 

hysteresis loop[99]. RHAPSA@Dir was found to have a specific surface area of 

approximately 416.3 m2gm-1 and an average pore volume of 0.26 cm3/gm. After the 

immobilization of pyridine sulfonic acid on silica the specific surface area was 

reduced by RHACCl (633 m2 gm-1) [92] .Because the surface was overcrowded with 

pyridine sulfonic acid it closed the pores which reducing in the surface area. The 
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microspores of SiO2 have an average pore diameter of 10.4 nm (Table 3.2), RHACCl 

had an average pore diameter of 6.07 nm, and RHAPSA@Dir showed 3.1 nm. This 

result was showed RHAPSA@Dir has the smallest pore volume compared to both 

RHA and RHACCl.                                                              

 

.desorption isotherms of RHAPSA@Dir-adsorption 2Figure 3.4: The N 

 

Figure 3.5: Graph showing the distribution of pore sizes of of RHAPSA@Dir. 
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Table 3.2: The specific surface area, Average pore volume, and average pore 

diameter of RHA, RHACCl, and RHAPSA@Dir. 

Average pore 

diameter(nm) 

Average pore 

)1-volume (cc g 

Specific surface 

)1-g2area (m 

Sample 

10.4 

 

 

0.87 347 RHA [91] 

6.07 

 

 

0.70 633 RHACCl [92] 

3.1 

 

 

0.26 416 RHAPSA@Dir 

 

3.1.6 Scanning electron microscopy 

       SEM images of RHAPSA@Dir were given in Fig.3.6(a, b, and c). The analyses 

confirmed that the surface was rough, and a slight degree of pores arrangement was 

seen. Shapes were seen with a few micrometres in length and a few nanometres in 

width (Fig. 3.6 (a). No more specific shapes were seen.                                                   

 3.1.7 Transition electron microscopy  

       The TEM micrograph of RHAPSA@Dir is given in Fig.3.7 (a, b). Spherical 

nanoparticles were deducted. Each spherical particle had an approximation diameter 

of 6 nm. The particles were distributed randomly.    
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Figure 3.6: The SEM micrographs of the RHAPSA@Dir (a) 2 um, (b)500 nm,(c) 200 nm.        

                               

                                        

 

 

 

 

a)50nm,(b)50nm.)  Figure 3.7: The TEM micrographs of the RHAPSA@Dir 
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3.2 Immobilizing of pyridine sulfonic acid onto silica by post 

modification method                                                                                               

        CPTES was added to sodium silicate in the direct homogenous method the (Sol-

Gel technique). The resultant product was then used in the post-synthesis procedure 

to produce the catalyst which was labeled as RHAPSA@Ref. A nucleophilic 

substitution of chlorine in silica -CH2 Cl by pyridine sulfonic acid was taking place 

as in Scheme 3.2.   

Scheme 3.2: RHAPSA@Ref catalyst synthesis process. 

3.2.1 FT-IR spectral analysis 

           RHAPSA@Ref and RHA and RHACCl FT-IR spectrum were shown in Figure 

3.8. At 1090 cm-1 in the RHA spectrum Si-O-Si vibrations were observed. For 

RHAPSA@Ref the Si-O-Si vibrations were seen at 1076 cm-1 .O-H vibrations were 

observed in the range of 3457-3443 cm-1 [95]. The band at 3090 cm-1 indicates the 

presence of C-H aromatic which was related to the pyridine ring. At a frequency of 

2940 cm-1, the C-H aliphatic was observed. The band at a frequency of 1230 cm-

1corresponded to the Si-C bond. The -CH2- group was showing at a frequency of 

-Cl 

 

-lC 

+ 
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3CPTES/HNO 
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1443 cm-1. RHAPSA@Ref spectra exhibit a band between 1370 and 1193 cm-1 due 

to SO2 stretching bands. At 3090 cm-1, RHAPSA@Ref detects the aromatic C-H 

stretching vibration. All these absorption bands inducted to the successful laded of 

silica with pyridine sulfonic acid [96].                                                                                                                                                                                           
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Figure 3.8: The FT-IR spectra of RHAPSA@Ref and RHA and RHACCl. 

3.2.2 Elemental analysis (C.H.N.S)  

         Elemental data for RHA, RHACCl, and RHAPSA@Ref were shown in Table 

3.3. The percentage of carbon in RHA was 0.42 % and 1.76 % in hydrogen [83]. 

RHACCl had 11.9 % of carbon and 1.91% hydrogen. RHAPSA@ Ref showed 14.94 

% of carbon and 2.15 % sulfur and 1.11 % of Nitrogen. The presence of Sulfur and 

Nitrogen with the increased Carbon percentage indicated that PSA was incorporated 

into the silica structure.  It was observed that RHAPSA@Ref had a percentage of C, 

S, and N higher than RHAPSA@Dir.   
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Table 3.3: Elemental analysis data of RHA, RHACCl, and RHAPSA@Ref. 

Elemental analysis % Sample 

S N H C  

_ _ 1.76 0.42 RHA[83] 

_ _ 1.90 11.90 RHACCl[92] 

2.15 1.11 2.02 14.94 RHAPSA@Ref 

 

  3.2.3 Nitrogen adsorption –desorption 

        The nitrogen adsorption isotherm of RHAPSA@Ref is show in Fig. 3.9. Figure 

3.10 displayed the graph of pore size distribution. Even when relative pressure 

reached zero, the RHAPSA@ Ref hysteresis loop was not closed. This is not an 

ordinary hysteresis loop the pore like ink-buttle shape. A similar finding was 

observed with another ligand that had sulphonic groups on silica [83] .Pore size 

distribution was observed in the range of 1-15 nm and another pore in the range of 

17-36 nm. These results indicated that RHAPSA@ Ref had two types of pore fall in 

the micropores and mesoporous range. 
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desorption isotherms of RHAPSA@Ref. –adsorption  2Figure 3.9: The N 

 

Figure 3.10: The graph is showing the of pore sizes distribution of RHAPSA@Ref. 
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3.2.4 TGA/DSC of RHAPSA@Ref. 

        Fig.3.11 displays the results of the thermogravimetric graph of RHAPSA@Ref. 

Three different decomposition stages were seen in the TGA/DSC graph. The first 

mass loss of about 4 % was observed in the range of 36-140 oC due to the loss of 

physically absorbed water. About 30 % of mass loss was observed in the range of 

250-400 oC related to the decomposition of organic loaded onto silica (pyridine 

sulfonic acid and CPTES). The mass losses between 600 and 900 ˚C (15%) were 

thought to be due to the silanol aggregates [97]. The DSC curve shows two 

exothermic and endothermic transitions, the first peak of which occurs between 138 

and 180 °C with a maximum of 156.69 °C as a result of losing absorbed water. The 

second mass loss happens between 372 and 527 °C, with a peak centred at 432.41 

°C. The second transformation was referring to the organic material removed from 

the catalyst. The third phase happens between 527 and 900 °C as a result of silanol 

condensation[90].                                                                                                

 

Figure3.11: TGA and DSC of RHAPSA@Ref. 

TGA 

DSC 
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3.2.5 X-ray Diffraction (XRD)    

        Fig. 3.12 shows the X-ray powder diffraction pattern for RHAPSA@Ref.It 

appears that the samples are amorphous because that only broad pattern at a 2 θ angle 

                                                                                           observed.was  oof around 23 

 

Figure 3.12: The XRD of RHAPSA@Ref. 

3.2.6 Electron Microscopy (TEM and SEM) 

        Scanning electron microscopy of RHAPSA@Ref is given in Figure 13(a, b, and 

c). The rough porous surface with large particles was seen. Even those large particles 

were porous too. The TEM micrograph Fig.14(a, b) of RHAPSA@Ref is given. The 

sample had aggregate particles. No specific shape was found. The figure 3-14 (b) 

showed some geometrical particles were closed to each other's. 
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Figure .3.13: The SEM micrographs of the RHAPSA@Ref (a)5um,(b)500nm,(c)200nm. 

 

 

 

 

 

 

Figure .3.14: The TEM micrographs of the RHAPSA@Ref (a)100 nm,(b) 500 nm. 

  

 

c 

b a 

b 

  

a b 



Results and Discussion Chapter Three 

46 

 

 3.3 Determination of glucose concentration                             

          The visual methods are used to determine the glucose concentration changes.  

3,5-dinitrosalicylic acid (DNS) technique [94] was used for this purpose by 

converting DNS to its reduced form 3-amino-5-nitrosalicylic acid, via oxidizes the 

aldehyde group of glucose Scheme 3-3. 3-Amino-5-nitrosalicylic acid is produced in 

a linear structure as a function of glucose concentration. The amount of light 

absorbed at 540 nm was measured due to the production of 3-amino-5-nitrosalicylic 

acid.                                                                                                                                                 

 

Scheme 3.3. Glucose reduction by DNS reagent [100]. 

3.4 Cellulose hydrolysis and Glucose degradation over pyridine 

sulfonic acid 

             Cellulose and glucose were hydrolyses using a homogenous catalyst pyridine 

sulfonic acid in simple procedures and conditions. Various variables have been 

evaluated to improve hydrolysis conditions, such as time, mass, temperature, and 

solvents below are the details of the parameters evaluated over the pyridine sulfonic 

acid homogenous catalyst.  

3.4.1 Time protocol 

          Fig. 3-15 depicts the influence of time hydrolysis over pyridine sulfonic acid. 

At 130 ℃, 0.1 gm of pyridine sulfonic acid and 0.1gm of glucose and cellulose were 
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dissolved in a DMF\LiCl(25mL/0.5gm) mixture to perform the hydrolysis. Cellulose 

hydrolysis was started after the reaction took place and reached to 98% after 6 hours. 

However, the percentage of glucose produced during in-situ hydrolysis of glucose 

into other products was found to decrease with increasing hydrolysis time (greater 

than 6 hours). In a separate experiment, glucose was tested for hydrolysis over the 

pyridine sulfonic acid catalyst. The results showed that the glucose was fully 

degraded within 3 h into other products. No more change in the degradation of 

glucose was observed after 4 hours of the reaction. Therefore, the optimal hydrolysis 

times for cellulose to glucose and glucose to other products over pyridine sulfonic 

acid were six and three hours, respectively. 

 

 

  

 

 

 

 

 

Figure 3.15: Glucose formed from cellulose hydrolysis and glucose degradation over 

pyridine sulfonic acid as a function to the time. The hydrolysis condition was 0.1 gm 

mass of catalyst, at 130 °C.   
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3.4.2 Mass effect 

        Hydrolysis of cellulose and glucose is performed by adjusting the concentration 

of pyridine sulfonic acid (in the range of 0.05, 0.1, and 0.15 gm) while holding all 

other parameters constant (hydrolysis time of 10 hours, and 130 °C temperature) 

(Fig.3-16). Cellulose hydrolysis increased clearly from 45% to 98% with a rise from 

0.05 to 0.15 gm of catalyst mass. Glucose was degradation very fast over both 0.1 

and 0.15 gm of the catalyst mass. 0.05 gm has good results too for both hydrolysis; 

however, the hydrolysis seems to be slower compared with other masses. The best 

hydrolysis results were obtained during the use of 0.1 gm as a catalyst mass.  

 

Figure 3-16: The hydrolysis of cellulose and glucose degradation over pyridine 

sulfonic acid as function to catalyst mass.  
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3.4.3 Hydrolysis temperature 

          Fig.3-17 showed the results of using three different temperatures for the 

hydrolysis of cellulose and glucose degradation. On the cellulose hydrolysis profile, 

the glucose formed was 49 % at 110 °C during the six hours. This percentage was 

increased to 98 % at 130 °C at the same time. On the glucose degradation profile, the 

glucose degradation was 40 % at 110 °C during the 4 hours. This percentage was 

increased to 90 % at 130 °C during the second hour. It was choosing 130 °C as the 

optimum temperature for both hydrolyses as a result of good hydrolysis observed.         

 

Figure 3.17: Cellulose hydrolysis and glucose degradation over pyridine sulfonic 

acid at different temperatures.  
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3.4.4 Solvents effect   

       Different solvents were used for testing the cellulose hydrolysis and glucose 

degradation. This solvent was included DMF, cyclohexanol, toluene, and 1-butanol 

as in Fig. 3-18. Each hydrolysis was found to have flowed the following pattern.                                                                     

 DMF > cyclohexanol >1-butanol> toluene 

The ability of the solvent to dissolve cellulose was an essential point of the 

hydrolysis process. The DMF including LiCl had the best ability to dissolve 

cellulose. Cyclohexanol and 1-butanol also showed good results compared with other 

solvents. Similar behavior for solvents deducted during the glucose hydrolysis. 

Toluene in each hydrolysis and degradation were not giving good results. The 

hydrogen bonds could be formed in all solvents with the starting material. Toluene 

was not able to form hydrogen bonding with the starting material which led to 

decreased hydrolysis rate.     

 

 

 

 

 

 

 

 Figure 3-18: Cellulose hydrolysis and glucose degradation over pyridine sulfonic 

acid at different solvents.             
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3.5 Cellulose hydrolysis and glucose degradation over 

RHAPSA@Dir 

      Cellulose and glucose were used for hydrolysis to other products over the 

RHAPSA@Dir. Hydrolysis conditions were optimized by investigating the effects of 

mass, temperature, solvents, and other parameters on the final product. When 

conducting the hydrolysis of cellulose to glucose and measuring the concentration of 

the glucose decomposed, it was noticing low rates of up to 8 hours. It contains 55 

percent of glucose. The low concentration of formed glucose could be due to the fact 

that glucose able to hydrolysis. To prove that a separate experiment, used glucose for 

degradation over the RHAPSA@Dir to form other compounds has done. It was 

noticed that after 6 hours, the percentage of glucose was decreased from 100 to 14 %. 

This resat clearly indicated the activity of the catalyst for both cellulose hydrolysis 

and glucose degradation as shown in fig. 3-19. 

 

 

 

 

 

 

 

 

 

Figure.3.19: Hydrolysis cellulose and glucose degradation over RHAPSA@Dir at 

140oC as a function of time.      

 

 

Time (h) 

G
lu

co
se

 c
o
n
ce

n
tr

at
io

n
 

Glucose degradation 

Glucose formed 



Results and Discussion Chapter Three 

52 

 

3.5.1 Mass effect 

     Fig.3.20 showed that 0.1 gm was the best mass used among three different masses 

used for cellulose hydrolysis, while 0.15 gm was the best mass may use for glucose 

degradation. All masses were run at 140 °C for 10 hours in glucose degradation and 

13 hours for hydrolysis cellulose. and 13 hours for cellulos 

 

Figure3.20: Cellulose hydrolysis and glucose degradation over RHAPSA@Dir 

at140oC as a function for catalyst mass. 

3.5.2 Hydrolysis temperature   

       Three different temperatures120, 130, and 140 °C were applied to the 

degradation of glucose and cellulose hydrolysis over RHAPSA@Dir as in Fig. 3.21. 

In general, hydrolysis increased when the temperature was increased over the 

catalyst. 140 °C was selected as the best temperature for both hydrolyses and 

degradation over the RHAPSA@Dir. 
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Figure 3.21: Effect of different temperature on the cellulose hydrolysis e and glucose 

degradation over RHAPSA@Dir.      

 3.5.3 Solvents effect                

        In Fig. 3-22, the effect of 1-butanol, dimethylformamide, and cyclohexanol on 

the degradation of glucose and cellulose hydrolysis is shown. DMF showed that 

cellulose hydrolysis can easily and 1-Butanol glucose degradation can easily. While 

Cyclohexanol was the worst solvent for degradation glucose and hydrolysis 

cellulose.  
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Figure 3.22: degradation glucose and cellulose hydrolysis over heterogeneous 

RHAPSA@dir and 140oC at different solvent.    

3.6 Catalyst regeneration experiments 

        The catalyst was reactivated at 110 °C for 24 hours after being rinsed twice with 

hot DMF following the initial hydrolysis with RHAPSA@Dir. After that, the 

identical procedure was repeated for a second round. The same may be said for the 

third round. It is reasonable to infer that the catalyst retained its effectiveness after 

being employed. Fig.3.23 displays the obtained data.      
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Figure 3.23: Catalyst reusability for the glucose degradation and hydrolysis of 

cellulose over RHAPSA@Dir. 

3.7 Catalytic study over RHAPSA@Dir, RHAPSA@Ref, pyridine 

sulfonic acid 

        RHAPSA@Ref and pyridine sulfonic acid and RHAPSA@Dir were run under 

the optimum conditions. The results were showing in Fig. 3-24. The pyridine 

sulfonic acid was fully hydrolyzed cellulose and glucose degradation homogenously 

within 3h for glucose and 6 h for cellulose. The homogenous pyridine sulfonic acid 

was very active catalyst due to the nature physical of the catalyst as the same phase. 

RHAPSA@Ref needs 10 h to hydrolysis only 41 % of cellulose, and 4 h to 

degradation 80 % of glucose, while RHAPSA@Dir needed 9 h to hydrolyze 55 % of 
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cellulose and 4 h to degradation 86 % of glucose. The activity of RHAPSA@Dir was 

seeming to be close to the activity of RHAPSA@Ref with short differences in the 

time of the hydrolysis.                                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.24: Hydrolysis of cellulose to glucose and glucose degradation to other 

compounds over RHAPSA@Dir, RHAPSA@Ref and pyridine sulfonic acid. 

3.8 The physical changes in colour  

          Fig3.25 shows the physical changes in color after the hydrolysis.  After the 

sample was withdrawn from the mixture, the DNS reagent was added.  It was 

observed that the color was red during the first three hours, then it begins to change 

to orange at four and five hours and become yellow after six hours.  These indicate a 

decrease in the glucose concentration while also increasing the hydrolysis time.                                                                                                       
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Figure 3.25: The physical changes in colour of glucose degradation over 

RHAPSA@Dir. 

3.9 GC – Mass investigation  

       To characterize the products of cellulose hydrolysis, a sample after 10 h of 

reaction running was injected in GC-Mass. As shown in Fig. 3.26, the main 

chromatogram showed mullite peaks at different rations. Only CO2 and H2O were 

deducted after matching with GC-Mass library. This result interred that cellulose 

could fully hydrolysis to CO2 over the catalyst. 
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Figure: 3.26. GC – Mass investigation of cellulose hydrolysis over catalyst. 
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3.10 The suggested hydrolysis mechanism 

       Cellulose is glucose chain linked by β-glycosidic bonds. A strong Brönsted acid 

sites in pyridine sulfonic acid may form H-bonding between the Hydroxyl groups of 

pyridine sulfonic acid with of the oxygen of β-glycosidic bonds [1-4]. A cyclic 

carbonium ion could be formed as a result of C–O bond cleavage which yield 

monosaccharides after partial hydrolyses Scheme 3.4.   

However, the glucose formed was also degraded over the pyridine sulfonic acid to 

give CO2 as determined by GC-MAS.  
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Scheme 3.4: The suggested mechanism of cellulose hydrolysis over heterogeneous catalyst. 
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4.0 Conclusions and Recommendation  

4.1 Conclusions 

        In comparing the direct and reflux methods for both catalyst RHAPSA@Dir and 

RHAPSA@Ref, it was found that the catalyst prepared by the direct method is more 

effective in the hydrolysis of cellulose and the degradation of glucose into other 

were  aliphaticand  band and the CH aromatic , and 2Si ,SO-O  –Si products. Both the 

detectable by FT-IR, as expected. According to the data collected by BET 

and RHAPSA@Ref  surface area specificas  1-g 2m had 416catalyst RHAPSA@Dir, 

C has been demonstrated o. Catalyst stability at a temperature of 250 1-g 250 m had

using thermogravimetric analysis (TGA). The catalyst structures of RHAPSA@Dir 

and RHAPSA@Ref, as determined by CHNS analysis, showed the presence   both 

sulfur and nitrogen.                                                                                                            

           Hydrolysis conditions were optimized by investigating the effects of mass, 

temperature, solvents, and other parameters on the final product. Results showed that 

0.1 gm was the best mass used for cellulose hydrolysis, and 0.15 gm was the best mass 

for glucose degradation. All masses were run at 140 °C for 10 hours in glucose 

degradation and 13 hours in cellulose experiments. DMF showed that cellulose 

hydrolysis can easily while 1-Butanol glucose degradation can easily.                             

       RHAPSA@Dir needed 9 h to hydrolyze 55 % of cellulose and 4 h to hydrolyze 

86% of glucose.RHAPSA@Ref  needed 10 h to hydrolyze 41% of cellulose and 4 h to 

hydrolyze 80% of glucose. As a results of any amount of glucose are directly degraded 

into other products, especially in the first six hours, and this shows the high 

effectiveness of the catalyst on glucose degradation more than the hydrolysis of 
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cellulose into glucose. The catalyst has been reused several times and has proven 

effective for cellulose and glucose hydrolysis.                                                                  

4.2 Recommendations 

1-The suggested mechanism needs more study.                        

2-Charactrazation of used catalyst and it's compared with the first one. 

3-The kinetic study is very imported to catalyst the activation energy and reaction order.      
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 الخلاصة

في هذه الدراسة تم استخلاص السليكا من قشور الرز عن طريق غسل قشور الرز مرات عديدة بالماء المقطر،  

درجة مئوية    800( من حامض النتريك، بعد ذلك حرقت في فرن بدرجة حرارة  1.0Mمحلول )ثم عوملت مع  

من هيدروكسيد الصوديوم  ثم    (1.0M)اذابتها بمحلول  ، تم تحويل السليكا الناتجة إلى سيليكات الصوديوم بعد  

ينتج سليكا ذات مجموعة وظيفية    CPTES  يلاينثلاثي ايثوكسي س   (كلورو بروبيل) -3بعد ذلك تم مفاعلتها مع  

lC-2CH-  رمز لها بالرمزRHACCl  . 

بريدين حامض  تم اضافة    طريق الخطوة الواحدةعلى سطح السليكا بطريقتين    بريدين حامض السلفونيكتحميل   

( و طريقة 3N) HNO.03وسليكات الصوديوم في المحلول المائي ثم تسحيح الخليط ضد  STECPو  السلفونيك

مذيب التلوين وبدرجة حرارة    الىبريدين حامض السلفونيك  و  RHACClحيث تم اضافة    الارجاعي  التصعيد

لمدة    120 مئوية  المساعد    نتكوساعة     48  درجة  له  الالعامل  رمز  المتجانس   RHAPSA@Dirغير 

,RHAPSA@Ref . على التوالي 

العناصر )  العامل المساعد المحضر بعدة تقنيات منها تحليل  النتروجين  CHNSتشخيص  ( حيث ظهور نسب 

الحراري    .والكبريت درجة    TGA/DSCالتحلل  حتى  المحفزين  لكلا  الحراري  الاستقرار  اثبت   250حيث 

المساعد  مئويةدرجة   للعامل  السطحيه  المساحة  النيتروجين وجدت  امتزاز  لتحليل   50   الغير متجانس  وطبقا 

gm/2,416 m    الطريقتين الواحدةلكلا  التوالي.    الارجاعي  والتصعيد  الخطوة  الأشعة  اظهرت  على  مطيافية 

الحمراء   لل    IR-FTتحت  الارماتية CHو  2SOحيث ظهور حزمة  تغير   IR-FTلم يظهر فحص    الحلقة  اي 

الماسح   الالكتروني  المجهر  الطريقتين.  كلا  في  المحظر  المساعد  للعامل  الوظيفية  والمجهر   SEMبالمجاميع 

النافذ   الجسيمات  TEM الالكتروني  وترتيب  وحجم  تظاريس  بين  .    للعاملالذي  حيود المساعد  نتائج  اظهرت 

لكلا   السينية  زاوية  ض  المساعدين  العاملينالاشعة  عند  عريضة  حزمة  غير    o22هور  السطح  ان  يثبت  والذي 

 .بلوري

العامل المساعد  وكذلك  متجانس  ال  غير كلوكوز على سطح العامل المساعد  ال  وز وتحلل السليل  المتجانس.احتاج 

وهذا يعود الى    %92وتحلل الكلوكوز بنسبة    %98  يعطي نسبة تحللساعات لتحلل السليلوز    6الى  3المتجانس  

المساعد العامل  المحلله  طبيعة  المادة  بتماس مع جزيئات  التي تجعله  فيزيائية  المساعد  اما    .طبيعة   غير العامل 

وفي التجربة    %55ساعات ليتحلل السليلوز بنسبة  9  احتاج الى    الخطوة الواحدةمتجانس المحضر بالطريقة  ال
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هذ يدل على ان العامل المساعد تأثيرة    %86  ليعطي نسبة تحللساعات    4الاخرى لتحلل الكلوكوز احتاج الى  

المتحلل من  الكلوكوز  الى منتجات اخرى وهذا يبين عدم وجود كميات تراكمية من  الكلوكوز  اكبر على تحلل 

مباشرتا الى منتجات اخرى . اما العامل المحضر بطريقة   يتم تحللهاالسليلوز أي ان أي كمية تتحلل من السليلوز  

وفي التجربة الاخرى لتحلل الكلوكوز %41 ساعات ليتحلل السليلوز بنسبة  10 احتاج الى    الارجاعي  التصعيد

الى   بنسبة  4 احتاج  ليتحلل  تحلل %80 ساعات  في  استخدمت  التي  المساعدة  للعوامل  التحفيزية  الفعالية  .لذلك 

 لكلوكوز الى مركبات اخرى يمكن ان تتبع التسلسل الاتي :ا تحللالسليلوز و

Pyridine sulfonic acid >   RHAPSA@Dir   >  RHAPSA@Ref   
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