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Abstract

In this study the silica which extracted from rice husk ash (RHA) was
immobilized with 3-chloroprpyltriethoxysilane (CPTES) to produce
RHACCI. A Schiff bases which were prepared from the reaction of
salisyaldehyde with phenylhydrazine (PHMP), also with 24-
dinitrophenylhydrazine (DNPHMP),were functionalized with RHACCI
to give new heterogeneous catalysts labeled as RHPHMP and RHDNPH.
Many techniques have been used to prove the successfully functionalized
silica with PHMP and DNPHMP such as FT-IR ,CHN, X-ray Diffraction,
Scanning Electron Microscopy (SEM) / Energy Dispersive X-Ray
(EDX), and Thermal Gravimetric Analysis (TGA) / Differential Thermal
Analysis (DTA). The FT-IR of the prepared catalysts shows the
disappearance of —NH2 absorption band and appearance of C=N and
C=C absorption bands at the expected position The elemental analysis
and EDX results show an increase in the carbon percentage and presence
of nitrogen which is not found in RHACCI. Thermal analysis TGA/DTA
shows different stages of mass loss attributed to the removal of the
organic moiety in the catalysts structure. The catalytic activity of
RHPHMP, RHDNPH and RHA-Blank (as control) as well as
homogenous PHMP and homogenous DNPHMP were used as catalysts in
the hydrolysis of cellulose . The catalytic activity of the catalysts toward

the respective glucose was found to follow the sequence below.
PHMP > RHPHMP> RHDNPH > DNPHM > RHA.

The catalysts were easily regenerated and could be reused several times

without loss of catalytic activity.
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CHAPTER ONE

Introduction

1.1 Catalysis

Catalysis is a term coined by Berzelius in 1835 to describe the
property of substances that expedite chemical reactions without being
consumed in them. A broad definition of catalysis also allows for
materials that slow the rate of a reaction. Whereas catalysts can greatly
affect the rate of a reaction, the equilibrium composition of reactants and
products is still determined solely by thermodynamics. [1, 2].

Two types of catalyst can be distinguished, natural and unnatural.
Enzymes are Nature’s catalysts. They are large proteins, the structure of
which results in a very shape and reactant specific active site [3]. The
second type of catalysts is divided into two types homogeneous and
heterogeneous. In homogeneous catalysis both the catalyst and the
reactants are in the same phase. The heterogeneous catalysts involves the
catalyst and reactants in different phases and, most frequently, the
reactants and products are in the gas or liquid phase with a solid catalyst.
Heterogeneous catalysts are preferred in industry because of the ease

separation of the products from the catalyst [4].

1.2 Heterogeneous catalysts

Heterogeneous catalysts are distinguished from homogeneous
catalysts by the different phases present during reaction. Homogeneous
catalysts are present in the same phase as reactants and products, usually
liquid, while heterogeneous catalysts are present in a different phase,
usually solid [5] e.g. when the reactants chemisorb on a solid surface, the

weakening of the internal bonds makes the formation of new bonds with

1



other molecules easier. The product must have a lower affinity with the

catalyst in order to be released into the liquid phase (desorption) [6].

The main advantage of using a heterogeneous catalyst is the
relative ease of catalyst separation from the product stream that aids in
the creation of continuous chemical processes. Additionally,
heterogeneous catalysts are typically more tolerant of extreme operating
conditions than their homogeneous analogues, heterogeneous catalysis
has never held a more pivotal role. Not only do a great many industrial
processes rely on heterogeneous catalysts today, but as the global
concerns of energy production and conversion, alternative energy
sources, and climate change garner attention, the importance of
heterogeneous catalysis is again paramount [1]. Although many reactions
can be promoted with either homogeneous or heterogeneous catalysis, the
latter generally allows for less waste, fewer toxic reagents, and easier

retrieval and recycling of the catalyst [7].

1.3 Rice Husk Ash (RHA)

Rice milling generates a byproduct known as husk Figl.1. This
surrounds the paddy grain. It is reported that approximately 0.23 ton of
rice husk (rice hull) is formed from every ton of rice produced. The use of
any material including wastes (RH) depends on its structure, properties

and mainly on chemical composition [8].



Figl.1l: Rice husk is a byproduct of rice [9].

During milling of paddy about 78% of weight is received as rice,
broken rice and bran. The rest 22% of the weight of paddy is received as
husk. This husk is used as fuel in the rice mills for steam generation
process. It contains about 75% organic volatile matter and the balance
25% of the weight of this husk is converted into ash during the firing
process, which is known as rice husk ash (RHA). This RHA in turn
contains around 85-90% amorphous silica [10,11].

Amorphous silica is well known and commonly used as a support
material due to its high surface area, which will provide sufficient surface
area for any metal to disperse. There are very limited publications on the
use of RHA as a matrix for preparing metal supported heterogeneous
catalyst. In all reported cases, the incipient-wet method and ion exchange
methods were used to physically incorporate the metal into the RH silica
matrix [12].



1.3.1. Components of Rice Husk

Chemical compositions of rice husk are different from sample to
sample. This variation is due to differences in climatic and geographical
conditions, type of paddy etc. The chemical analysis of rice husk is
shown in Table 1.1. The silica SiO; is found to be 22.12%, the organic
material and water content is 74% and (Al,Oz;+Fe;03+CaO+ MgO)
constitute about 4% [13].

Table 1.1: Chemical analysis of raw RH [13].

Constituent Content (wt %)
Organic  material and 73.87
moisture

Al,O3 1.23

Fe20s3 1.28

CaO 1.24

MgO 0.21

SiO; 22.12
MnO, 0.074

Sharma et al. [14] analyzed all the reported data on organic
constituents of rice husk after excluding silica and gave an average
composition as given in the Table 1.2. The organic part is composed of
cellulose, lignin and hemicellulose; the latter is a mixture of D-xylose, L-
arabinose, methylglucoronic acid and D-galactos. The fibrous nature and
the small grains in RH did not seem to be disturbed by burning as shown
in SEM of RHA Figl.2.



Tablel.2: Organic constituents of RH excluding silica[14].

Constituent Amount present in RH
(wt %)
a-cellulose 43.30
Lignin 22.00
D-xylose 17.52
L-arabinose 6.53
Methylglucuronic acid 3.27
D-galactose 2.35

Fig.1.2: SEM of white ash of RH [11].
5



1.3.2 Structure of RHA

The silica is the main component in RHA. Silica has been
investigated by many workers to determine its properties. The structure
terminates at the surface in either a siloxane group (Si—O-Si) with the
oxygen on the surface, or one of several forms of silanol groups (Si—-OH).
The silanols can be divided into isolated groups (or free silanols), where
the surface silicon atom has three bonds in the bulk structure and the
fourth bond is attached to a single —OH group, and vicinal silanols (or
bridged silanols), where two single silanol groups, attached to different
silicon atoms, are close enough to the hydrogen bond. The third type of
silanols, geminal silanols, consists of two hydroxyl groups that are
attached to one silicon atom and that are too close to form hydrogen bond
between each other Fig 1.3 [15].

" H
H P
H
~o oM o N 4
s | | |

a AN SN AN

Geminal Silanol Isolated Silanol Vicinal Silanol

Fig. 1.3: Different types of silanol group in surface of silica [15].

The surface of silica can show strong hydrogen-bonding effects.
Because of this, silica with hydroxyl surface is extremely hygroscopic.
Dry silica will absorb water directly from moist air, with mass increases

of up to 20% [16]. The enhanced acidity of silica surface gives it a high



degree of chemical reactivity, so it can react with many coupling agents

to immobilize organo-functionalized silanes Scheme 1.1 [17].

There are two strategies for the immobilized polysiloxane ligand
systems into silica. The first strategy is to prepare the silane with the
complexing group and then to immobilized the complexing ligand by
hydrolytic condensation reaction with tetra ethoxy silane. The second
strategy is post treatment of the polysiloxane with the complexing ligand.
The first strategy frequently results in a high amount of complexing
ligand than the post-treatment of the polysiloxane, provided that the
ligand is stable in the hydrolytic-condensation step. Therefore, the
immobilized polysiloxane ligand systems can be prepared by two

different methods, which are briefly surveyed by other researchers [16].

Silane coupling agents have the general formula RSiX3, Scheme
1.1 where X is a hydrolysable group and R represents an organo
functional group [18]. The organo functional groups are chosen for
reactivity with the polymer, while the hydrolysable groups X (Cl or OR)
are just intermediates in the formation of silanol groups for bonding to
mineral surface. Ordinarily, trialkoxysilane is used because it is easier to
handle than the trichlorosilane and the corrosive HCI formed as a

byproduct of hydrolysis is undesirable [16].

OH 0]
OH  +(RO),SiR > 0——Si—R~ +3ROH
OH 0]

Scheme 1.1: Immobilization of silica with ethoxy or methoxy silane.

R = Me or Et, R/= Organo functionalized ligand.
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1.3.3 Functionalization of silica with organic compounds

There are several studies that have benefited from the nature of the

structure of amorphous silica to carry organic and inorganic compounds

to synthesis heterogeneous catalyst. The main method of immobilization

of the organic and inorganic moieties was via the reaction of a particular

molecule with the silanol groups on the silica surface.
Yang and Chao [19] have been reported that a three method to

functionalization of silica: namely grafting, coating, and co-condensation

(Scheme 1.2). The products have been used to produce inorganic-organic

hybrid networks and it may used in preparing of different catalysts.

Grafting o)
. . N
—Si——OH R-Si(OR); —Si—O—Ssi—R
—Si = —éi —°
condensation o ~
Si(OR"), ion - _J— _o—°
—o0
—Si——OH _éi__—o/)Si—R
—Si——OH — Si— \
$O—si—r
s
or |
| | -o
- —Si—O—Si—R
T,l R \ i
—Si—OH . o
. _ Coating —Si %>Si-R
RSi(OR")3 Co-condensation _Si R - - o—si—R
+ - _Ti R R-Si(OR)3 —si— -3
Si(OR), . —O
—Si—oOH — &i—O0—Si—R
o
—SI\O\\Sl—R
P
Reagent formula R R’
CPTMS (OCH;);Si (CH,)5Cl1 CH;
3)3Si(CH,)5Cl1 2)3
. CH
PTMS (OCH;);Si(CgHy) (CHs) ?
APTMS (OCH3);Si(CH,);NH, (CH3)3NH, CH;
. CH;
MPTMS (OCH;3)3Si(CH3)3SH (CH3);SH i

Scheme 1.2: Different types of silylating agents which have been used to

functionalization of silica.




Bae et al. [20] were reported that the silica can also be
functionalized with  3-(chloropropyl)trimethoxysilane (CPTES) by
refluxing in toluene for 24 h. This was followed by soxhlet extraction
with different organic solvents. Paul et al. [21] showed that 3-
(chloropropyltrimethoxysilane (CPTMS) can also be used to
functionalize silica to produce the same product. However, the reaction
needs to be refluxed for 96 h at 160 °C. The same reaction was carried out
by Soundiressane et al. [22] by refluxing CPTMS with silica for 24 h,
followed by soxhlet extraction with dichloromethane (DCM) for 12 h.

Hello [23] was the first mention that the silica could immobilize
with CPTES via sol-gel technique (Scheme 1.3). His method is simple
and does not require toxic reagents and within a reasonable time of 2 h
without having to resort to high refluxing temperatures. This method
involves a one-pot synthesis of silica—CPTES complex from sodium
silicate obtained from RHA. The technique results in high yield of the
surface modified silica from a cheap waste product of the rice milling
industry. Many studies have follow this method to produce RHACCI [24,
25].



RT /60 min.
RHA + NaOH »  Sodium silicate
(0]
N
o/
HNO;
Sodium silicate + (CH;CH,0);CH,CH,CH,Cl > a
pH =3 /75 min.
(6]
N
O7SI Cl
HO
b

Scheme 1.3: Functionalized of silica with CPTES to produce RHACCI.

Chew et al. [26] were used the RHACCI to synthesized a
heterogeneous catalyst by reaction of RHACCI with imidazole Scheme
1.4. The synthesis of silica—imidazole composite was carried out by
adding imidazole to a suspension of RHACCI in dry toluene and

triethylamine. The reaction mixture was refluxed at 110 °C in an oil bath

for 48 h.

o
AN o
i AN aS

O;SI/\/\Cl A 0—5j"~—N N

o H~N\J\‘ o \—/

o 48h./110°C dry toluene

O\S'/\/\CI O\ S
HO HO \—/

+ HC1

Scheme 1.4: The reaction of RHACCI with imidazole.

Adam et. al. [27] were used RHACCI to prepared a heterogeneous
catalyst by its reaction with butyl imidazole Scheme 1.5. The catalyst was

showed high activity in the cyclization of glycerol to cyclic acetals.
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o ET;N / Toluene o C_
Ref. 18 h /\/\
e S NN,
3
HO' HO' \—/

0.5M H,SO,

_ —
° HSO, stirrer 24 h / RT
@ S

RHABulm (IL)

Scheme 1.5: Synthesis of ionic heterogeneous catalyst from RHACCI and
BIM.
The sulfanilic acid was grafted onto the RHACCI to prepared

heterogeneous acidic catalyst Scheme 1.6. The catalyst was used in the
alkylation of phenol, The catalyst can be reused several times without

significant loss of catalytic activity [28].

0
(0] ~ /\/\
——O>Si/\/\ -0 Si HN SOsH
z c 0
0 HoN SO4H

> +ENH'Cl

ET;N/ Toluene

(0]
0 Ref 48h /110 °C N
O>Si/\/\o| @ O7SIMHNOSO3H
HO/ HO

Scheme 1.6: The immobilization of RHACCI with sulfanilic acid.
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Al-Hmedawi [29] was used RHACCI for the preparation of an
heterogeneous catalyst. The dithiooaxamide (DTO) and P-
phenylendiamine (P-PDA) were treated with RHACCI in dry toluene and
EtzsN (Scheme 1.7). The catalyst was tested in the esterification of ethyl

alcohol with acetic acid.

o
PN
<> -
HoN NH, o
—————
__o\
OSi/\/\HN NH,
/
H-O

RHAC-,PDA

—oO
O\—Si/\/\CI
/

o Reflux

110 °C / 24h.

—o0
e O\—Si/\/\CI
/

H-O

—O
NH; o\_Si/\/\N s
RHACCI - N
HoN ©

RHAC-DTO

Scheme 1.7: The reaction of DTO and P-PDA onto RHACCI to form
RHAC-DTO and RHAC-P-PDA.

1.4 Schiff base

Schiff bases are bimolecular condensation products of primary
amines with aldehydes or ketone. It was represented valuable
intermediates in organic synthesis due to the various applications [30].
The general reaction for the synthesis of shiff base was represented as in
Scheme 1.8.

0 R
R—NH, * )J\ - >:N—R +  H0
R R .

Scheme 1.8: General reaction of Schiff base preparation.
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Where R an alkyl or aryl group. Schiff bases that contain aryl
substituent are substantially more stable and more readily synthesized
while those which contain alkyl substituent are relatively un stable and
readily polymerizable [31]. Scheme 1.9 describes the general mechanism

of the Schiff base reaction:

OH
Q /
R
R/ R N
)J\ + RI—NH, =——> - = /C:N—R” +H,0
R/ R
R
N
H/ \R//

R’= alkyl group or H

Scheme 1.9: General mechanism of Schiff base.

1.5 Hydrazones

Hydrazones are a class of organic compounds with the structure
R,C=NNH,. They are related to ketones and aldehydes by the
replacement of the oxygen atom of carbonyl group, with the =NNH;
functional group. They are formed by the reaction of hydrazine

derivatives with ketones or aldehydes [32].

Hydrazones have been studied as a group of the most useful
spectrophotometric reagents. Combining appropriate starting materials
(carbonyl compounds and hydrazine), the sensitivity as an analytical
reagent and/or solubility of the hydrazones could be improved and the
donating environment could be changed. The shortcoming of hydrazones
was their lack of selectivity for metal ions. Much effort has been devoted

to developing masking agents for use with hydrazones [33, 34].
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1.6 Cellulose

Cellulose and hemicellulose are produced by plants during the
photosynthesis process using sunlight energy, water and carbon dioxide
[35]. Cellulosic materials have played an important role in everyday of
life as constituent of wood, paper, cloth, rayon film, plastic rope and
fillers. The biological decomposition of cellulose is the most important
process in nature. It constitutes the major necessary steps in maintaining
the balance between the synthetic and degradative phenomenon in carbon
cycle [36, 37]. Cellulose is a polymer of glucose units with a molecular
formula (C¢H10Os)n Scheme 1.10.

OH OH
OH OH
HO S HO o O HO OH
HO O HO @]
OH OH
OH OH
n

Scheme 1.10: The cellulose structure.

1.6.1 Structure of cellulose

Cellulose has a linkage of glucose with 1,4-B-glycosidic bonds
(Scheme 1.11). Cellulose forms crystalline, insoluble micro fibrils in

plant cell walls which are recalcitrant to enzymatic hydrolysis [35].
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Scheme 1.11: The linkage of 1,4-B-glycosidic bonds and hydrogen

bonding in cellulose.

The existence of the hierarchic networks of intra- and inter-
molecular hydrogen bonds results in cellulose having stronger chemical
recalcitrance in water and common organic solvents such as ethanol and
acetone. Concentrated acid solutions, concentrated aqueous solutions of
zinc chloride, ammoniacal copper hydroxide, and ionic liquids are
exceptions, however. Cellulose exists in several crystal polymorphs,
differing in unit cell dimensions and possibly in chain polarity [38, 39].
The natural cellulose (I) has two different structures, Ia and If. Cellulose
produced by bacteria and algae is rich in Ia while cellulose from higher
plants consists mainly of Ip. Besides cellulose I, cellulose II is another
important crystalline form of cellulose. The process of the transformation
of cellulose I to cellulose Il is generally considered to be irreversible

suggesting that cellulose 11 is more stable than cellulose | [40].

1.6.2 Hydrolysis of cellulose

Hydrolysis of cellulose is a hydrolytic cleavage of the B-1,4-

glycosidic bonds between the glucose units in cellulose fibers is of
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fundamental interest and plays an essential role in cellulose processing.
As this degradation step paves the way for other catalytic transformations.
Furthermore, whereas cellulose is inert to water under mild conditions it
can hydrolyze at elevated temperatures for cellulose conversion have
been carried out including hydrolysis with solid acid catalysts and
hydrogenation or hydrogenolysis with supported metal catalysts.
Therefore, it is imperative to first highlight the area of cellulose
hydrolysis [41].

Hydrolysis of cellulose to fermentable sugars is virtually an
essential step in any practical cellulosic biofuel production via a
biological route. Furthermore, more chemical processes are seen to
convert mono saccharides into fuels and value-added chemicals. Two
methods including acid hydrolysis and enzymatic hydrolysis are currently
known for biomass hydrolysis. To make cellulosic materials more
susceptible to hydrolysis, a pretreatment process is needed to reduce the
crystallinity and increase the porosity. Traditional pretreatment
technologies using oxidants, organic solvents, lime, or mineral acids,
remain imperfect in terms of process greenness and environmental
friendliness. Therefore, the development of advanced pretreatment
technologies is one of the main issues in bio-refinery. The inherent of
dissolution of cellulose in ionic liquids provided a new pretreatment
technology and an inert homogeneous platform for the hydrolysis of
cellulose [42].

Dilute sulfuric acid based process for the hydrolysis of cellulose to
glucose was first industrialized during first world war because of
scarcity of fuels. In this process, glucose is formed via cellulose-acid
complex with swollen cellulose. However, now handful of industries run

this process due to difficulty in inhibiting further reactions of glucose,
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corrosion hazards, handling of dangerous acids and generation of large
amount of neutralization waste[43].

Another way to convert cellulose is based on applying high
temperature, thermochemical treatment. The process is divided into two
categories: gasification and pyrolysis. In the former process, cellulose is
decomposed in the presence of small amount of oxygen to give syngas
(CO+H;) mixture. Conversely, in the Ilatter process cellulose
decomposition is accomplished in the absence of oxygen to yield a blend
of products such as oils, tar and char. The major disadvantage of these

processes is lack of selective formation of any compound [35].

The generation of fuels from cellulosic biomass is a promising way
in renewable energy research [44]. The major challenges are linked to
reducing the costs associated with production, harvest, transportation, and
up-front processing in order to make cellulosic ethanol competitive with
grain-based fuel ethanol and gasoline. The major processing challenges
are linked to the biology and chemistry of the processing steps. Advances
in biotechnology and engineering will likely make significant impacts
toward achieving the goals of improving efficiency and yields in
processing plant material to ethanol [45]. Table 1.3 shows the hydrolysis

of cellulose over some different catalysts.
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Table 1-3: The hydrolysis of cellulose over different catalysts.

: Glucose
Catalyst Method Tlhme T%rgp. Solvent | yield ¢, Ref
Ru/AC-SO3H Acidic 24 | 165 | Water | 71.3 [43]
hydrolysis
Pt/Al,O5 Supported 24 | 150 | Water 31 [35]
metal
Glucose
_ Enzyme 24 37 Water 32 [46]
oxidase hydrolysis
H,SO0, Acidic 12 | 40 | H,SO, 80 [47]
hydrolysis
1-ethyl-3-
methylimidazol FRTIT
I lonicliquid |y 5| 55 | \water | 36 [48]
ium chloride hydrolysis
H,SO0, Acidic 1 | 135 | Water 67 [49]
hydrolysis
1- butyl-3-
methylimidazol | lonic liquid 9 100 | Water 43 [50]
_ _ hydrolysis
ium chloride
AU/SiO, Supported 3 145 | Water 67 [51]
metal
Tungstated .
alumina: AW Solid acid 24 190 Water 47 [52]
Tungstated .
Sirconia: Zr\W Solid acid 24 190 Water 42 [52]
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Heterogeneous

Cis H.PW Poly acids 8 170 Water 76 [53]
H3PW 1,049 Heteropoly acid 8 170 Water 80 [54]
Acidic
HsPO, hydrolysis 6 120 Water 65 [55]
RUNbOPO, | SUPPorted 1 op 1 470 | water | 64 [56]
metal
sulphated ZrO, Solid acid 7 190 Water 49 [57]
S0sH on Solid acid 2 | 120 | water 85 [58]
biochar
HsPO- Activated acid 4 200 Water 78 [59]
Carbgn—bgsed Heterog_eneous 12 150 Water 40 [60]
solid acid acid
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1.7 The equipments used in this study

1.7.1 Nitrogen adsorption analysis

Adsorption occurs whenever a solid surface is exposed to a gas or
liquid. Adsorption is of great technological importance thus, some
adsorbents are used on a large scale as desiccants, catalysts or catalyst
supports; others are used for the separation of gases, the purification of
liquids, pollution control or for respiratory protection. In addition,
adsorption phenomena play a vital role in many solid state reactions and
biological mechanisms. Another reason for the widespread use of
adsorption techniques is the importance now attached to the

characterization of the surface properties [61].

Adsorption phenomenon first studied and explained by Langmuir
(1930), since He put many assumptions to express this phenomenon,
These assumptions were able to explain monolayer adsorption but did not
explain multilayer adsorption until discovering the BET (1938) theory
which can explain the higher layer adsorption[62]. BET based on the
method of using Nitrogen and Mercury to assign adsorption isotherm and

to calculation the properties of porosity and surface area of material.

Porosity refers to the pore space in a material. Internal surface of
the material comprises the pores and cracks that are deeper than they are
wide. An open pore is a cavity or channel that communicates with the
surface of the particle. Closed pores are inside the material. These open
and closed pores are called intra-particular porosity of the material [63].
Pores are classified according to size into three categories; micro pores
(pore diameter smaller than 2 nm), meso pores (pore diameter 2 - 50 nm)
and macro pores (pore diameter larger than 50 nm). With nitrogen gas
adsorption, depending on the equipment used, pore diameter range of 3 -
300 nm, i.e. meso pores and macro pores, are determined. Low-pressure
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mercury porosimetry determines micro pores (pore diameter 14 - 200
Kum), and high-pressure porosimetrymesopores and macropores (pore

diameter 3 nm - 14 pum), depending on the equipment [64].

Brunauer, Emmett and Teller (BET), most common method used to

describe specific surface area,[65] the BET equation:

1 1 c-1 (i) 1
W((Q)_l) — Wm C Wm C PO "EE mEE EEE EEE oA ow

W= weight of gas adsorbed.

P/P, =relative pressure.

Wm = weight of adsorb.ate as monolayer
C = BET constant.

1.7.2 X-ray diffraction (XRD)

Diffraction effects are observed when electromagnetic radiation
Impinges on periodic structures with geometrical variations on the length
scale of the wavelength of the radiation. The interatomic distances in
crystals and molecules amount to 0.15-0.4 nm which correspond in the
electromagnetic spectrum with the wavelength of X-rays having photon
energies between 3 and 8 keV. Accordingly, phenomena like constructive
and destructive interference should become observable when crystalline
and molecular structures are exposed to X-rays [66].

X-ray interference are derived the interactions between X-rays and
matter have to be considered. There are three different types of
interaction in the relevant energy range. In the first, electrons may be
liberated from their bound atomic states in the process of photoionization.
Since energy and momentum are transferred from the incoming radiation

to the excited electron, photoionization falls into the group of inelastic
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scattering processes. In addition, there exists a second kind of inelastic
scattering that the incoming x-ray beams may undergo, which is termed
Compton scattering. Also in this process energy is transferred to an
electron, which proce EDX analysis, however, without releasing the
electron from the atom. Finally, x-rays may be scattered elastically by
electrons, which is named Thomson scattering. In this latter process the
electron oscillates like a Hertz dipole at the frequency of the incoming
beam and becomes a source of dipole radiation [67].

The wavelength A of x-rays is conserved for Thomson scattering in
contrast to the two inelastic scattering processes mentioned above. It is
the Thomson component in the scattering of x-rays that is made use of in
structural investigations by x-ray diffraction [68].

XRD technique can deduce the nature of inspected sample;
whether amorphous or crystalline structure as well as structural
information can therefore be deduced from the knowledge of scattering
intensity and angle For example, approximated as the repeating distance
in the porous materials, the sum of a pore diameter and a pore wall
thickness can be estimated base on the d spacing calculated from the
Bragg equation [29].

NnA=2dsin0 ............... 2
Where n is an integer, 4 is the wavelength, d is the separation between

planes and @ is the diffraction angle.

1.7.3 Thermal analysis

The term thermal analysis (TA) is frequently used to describe
analytical experimental techniques which investigate the behavior of a
sample as a function of temperature. The advantages of TA over other
analytical methods can be summarized as follows: (i) the sample can be
studied over a wide temperature range using various temperature

22



programs; (ii) almost any physical form of sample (solid, liquid or gel)
can be accommodated using a variety of sample vessels or attachments;
(iii) a small amount of sample (0.1 pg-10 mg) is required; (iv) the
atmosphere in the vicinity of the sample can be standardized; (v) the time
required to complete an experiment ranges from several minutes to
several hours; and (vi) TA instruments are reasonably priced. In polymer
science, preliminary investigation of the sample transition temperatures
and decomposition characteristics is routinely performed using TA before
spectroscopic analysis is begun [69].

Thermogravimetric analysis (TGA) is an analytical technique used
to determine a material’s thermal stability and its fraction of volatile
components by monitoring the weight change that occurs as a specimen is
heated. The measurement is normally carried out in air or in an inert
atmosphere, such as Helium or Argon, and the weight is recorded as a
function of increasing temperature. Sometimes, the measurement is
performed in a lean oxygen atmosphere (1 to 5% O, in N, or He) to slow
down oxidation. In addition to weight changes, some instruments also
record the temperature difference between the specimen and one or more
reference pans (differential thermal analysis, or DTA) or the heat flow
into the specimen pan compared to that of the reference pan (differential
scanning calorimetry, or DSC). The latter can be used to monitor the
energy released or absorbed via chemical reactions during the heating
process [70].

In DTA technique is measure the difference in temperature
between a sample and a reference material (reference sample is made by
placing a similar quantity of inert material (such as Al,O3)) when they are
subjected to a controlled temperature program, both sample and reference
material must be heated under carefully controlled conditions. If the

sample undergoes a physical change or a chemical reaction, its
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temperature will change while the temperature of the reference material
remains the same. That is because physical changes in a material such as
phase changes and chemical reactions usually involve changes in
enthalpy, the heat content of the material. There is a constant temperature
difference AT between sample and reference since they have different
heat capacities. But when the sample undergoes an thermic change AT

becomes different[71].

1.7.4 Scanning electron microscopy — energy dispersive X-
ray (SEM-EDX)

The operation of the SEM consists of applying a voltage between a
conductive sample and filament, resulting in electron emission from the
filament to the sample. This occurs in a vacuum environment ranging
from 10-4 to 10-10Torr. The electrons are guided to the sample by a
series of electromagnetic lenses in the electron column [72].

The resolution and depth of field of the image are determined by
the beam current and the final spot size, which are adjusted with one or
more condenser lenses and the final, probe-forming objective lenses. The
lenses are also used to shape the beam to minimize the effects of spherical
aberration, chromatic aberration, diffraction, and astigmatism. The
electrons interact with the sample within a few nanometers to several
microns of the surface, depending on beam parameters and sample type.
Electrons are emitted from the sample primarily as either backscattered
electrons or secondary electrons. Secondary electrons are the most
common chemical shift used for investigations of surface morphology.
They are produced as a result of interactions between the beam electrons
and weakly bound electrons in the conduction band of the sample. Some
energy from the beam electrons is transferred to the conduction band
electrons in the sample, providing enough energy for their escape from
the sample surface as secondary electrons. Secondary electrons are low
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energy electrons (<50eV), so only those formed within the first few
nanometers of the sample surface have enough energy to escape and be
detected. High energy beam electrons which are scattered back out of the
sample (backscattered electrons) can also form secondary electrons when
they leave the surface. Since these electrons travel farther into the sample
than the secondary electrons, they can emerge from the sample at a much
larger distance away from the impact of the incident beam which makes
their spatial distribution larger. Once these electrons escape from the
sample surface, they are typically detected by an Everhart-Thornley
scintillator photo multiplier detector. The SEM image formed is the result
of the intensity of the secondary electron emission from the sample at
each x,y data point during the rastering of the electron beam across the
surface [73, 74, 75].

EDX analysis depended on the Moseley’s Law ( the energy of the
characteristic radiation within a given series of lines varies monotonically
with atomic number). Moseley’s Law can be represented in the following
equation:

E=C1(Z-Co)? errerernrennneens 3
where:
E = energy of the emission line for a given X-ray series (e.g. Ka)
Z = atomic number of the emitter
C; and C, are constants

Moseley’s Law is the basis for elemental analysis with EDX
analysis. If the energy of a given K, L or M line is measured, then the
atomic number of the element producing that line can be determined. The
K, L and M series X-rays increase in energy with increasing atomic
number [76].
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1.8 Objectives of the present investigation

Cellulose is an important raw material. Due to the unfavorable
conditions of the using homogeneous methods in the hydrolysis of
cellulose, therefore this study is to improve on these conditions. The main

objectives of this work are:

1. Modified of the silica extracted from RHA with two different
Schiff bases.

2. Characterized of the catalysts by using various spectroscopic and
microscopic techniques such as Powder X-ray, FT-IR, Scanning
electron microscopy SEM / EDX, Thermal analysis and N,-
adsorption-desorption.

3. Studied the hydrolysis of cellulose to mono saccharide over
prepared heterogeneous catalysts.

4. Optimized of the catalytic activity of the catalysts.
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CHAPTER TWO
Experimental part
2.1 Instruments

Most of the analyses in this thesis were done outside of Irag. The

equipment's used in this thesis were listed in Table 2.1.

Table 2.1: The equipment's used in this thesis. All companies and places

of the analysis were shown.

_ Place of
Technique Type of apparatus

measurement

University of
_ EuroEA Elemental
Elemental analysis Esfahan, Iran.
Analyzer, Turkey

Shimadzu-8400s, Karbala University-

FT-IR
Japan Iraq
: : University of
Nitrogen adsorption nova2000,
Tehran Iran.
analyses quantachrome, USA
Bruker (400MHz), University of
'H and *C NMR _ ( _ ) Y
United Kingdom kashan-Iran
. University of
: Philips
SEM-EDX analysis Tehran Iran.
XL30 Netherlands
Thermal analyses University of
STA1500, Germany
TGA/DTA Tehran Iran.
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X-ray diffraction stoe, stidy-mp University of
(XRD). Germany Kashan Iran

2.2 Materials

All chemicals are of AR grade, were used directly without
further purification. The (RH) was collected from a rice mill in Najaf,

Irag. The chemicals used in this thesis were listed in Table 2.2.

Table 2.2: The suppler and purity of all used chemicals.

Item Suppler Purity %
2,4-dinitro phenyl hydrazine BDH, England 99
3-chloropropyltriethoxysilane Sigma, Germany 98
Acetone Sigma, Germany 99
Benzene Merck, Germany 98
Butanol Fluka, Germany 98
Cellulose BDH, England 98
Chloroform Sigma, Germany 98
Cyclohexanol Riedel-de haen, 99
England
Cyclopentanon Riedel-de haen, 99
Dimethylformamide Riedel-de haen 99
Dimethylsulfoxide GCC, England 98
Dioxin Hi-media, India 98
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Ethanol GCC, England 100
Ethyl acetate Hi-media, India 98
Lithiumchloride BDH, England

Methanol GCC, England 98
Nitric acid Systerm Spain 65
Phenyl hydrazine BDH, England 98
Salicylaldehyde Hi-media, India 98
Sodium hydroxide Systerm, Spain 99
Toluene GCC, England 98
Triethylamine Merck, Germany 98

2.3 The preparation

2.3.1 Preparation RHA

The preparation of RHA was done according to the method
reported [77]. In general the rice husk 30 g was first washed with distilled
water to remove adhering materials and dried at about 25 °C. It was
leached with 750 mL of 1.0 M nitric acid at room temperature for about
24 h. The digested husk was then washed with distilled water and dried in
a drying oven at 110 °C for 24 h. The amorphous white silica (RHA) was

obtained by burning this rice husk at 800 °C in a muffle furnace for 6 h

[78] .The white ash was labeled RHA.
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2.3.2 Functionalization of RHA with CPTES

The functionalization of RHA with CPTES was done according to
the method reported [23]. In general, about 3.0 g of the silica (obtained
from RHA) was stirred in 200 mL of 1.0 M NaOH in a plastic container
at temperature 60 °C for about 30 min. The sodium silicate formed was
filtered to remove undissolved particles. A 6.0 mL of CPTES was added
to this sodium silicate solution. The solution was then titrated slowly (1.0
mLmin ") with 3.0 M nitric acid with constant stirring. The change in pH
was monitored by using a pH meter. A white gel started to form when the
pH decreased to less than 11.0. The titration was continued until the pH
of the solution reached 3.0. The gel obtained was aged for 2 days in a
covered plastic container.

After 2 days of aging the gel was separated by centrifuge at 4000 rpm
for 8 min The separation process was repeated 6 times with copious
amount of distilled water. The final washing was done with acetone. The
sample was then dried at room temperature. Finally, it was ground to

produce a fine powder. This sample was labeled as RHACCI [79].

2.3.3 Preparation of 2-((2-phenylhydrazono)methyl)phenol
PHMP

A 0.02 mol (2.4 mL) of salicylaldehyde was stirred with 10 mL of
ethanol for about 20 min. and then a 0.02 mol (2 mL) of ethanolic
solution of phenyl hydrazine was added gradually to solution .The
mixture was refluxed at 60 °C for 3 h. The reaction was monitoring by

TLC using ethyl acetate as an eluent which shows one spot of the
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product. The yellow product was dried in an oven at 50 °C for 5 h. The
product is labeled as PHMP. The yield was 78.0%, mp: 145.8 °C [80].

2.3.4 Preparation of 2-((2-(2,4-dinitrophenyl)hydrazono)
methyl)phenol (DNPHMP)

A 0.01mol (1.98 g) of 2,4-dinitrophenylhydrazine was dissolved in
15mL of absolute ethanol and was added gradually to ethanolic solution
of salicylaldehyde 0.01mol (1.06 mL). The mixture was refluxed at 60 °C
for 4 h. The reaction was monitoring by TLC using a mixture of
chloroform : benzene (2:1) as an eluent. A red precipitate was separated
out and washed with acetone. The product was dried in an oven 50 °C for
5 h . The product is labeled as DNPHMP. The yield was 80.0 %, mp:
259.3 °C [81].

2.3.5 Synthesis of RHPHMP

RHPHMP was prepared by adding Schiff base PHMP 0.01mol (2.0
g) to the RHACCI (1.0 g) in a mixture of dry toluene (30 mL) and
triethylamine (EtsN) 0.01mol (2.0 mL), [EtsN was used to remove the
produced HCI as HEt;N*CI7] . The reaction mixture was refluxed at 110
°C in an oil bath for 44 h. The solid was filtered, and washed with 75 mL
with three deferent solvents benzene, ethylacetate and ethanol. The solid
was dried at 110 °C for 24 h. Finally, it was grind to produce a fine
powder which was labeled as RHPHMP. About 0.9 g from RHPHMP

was collected.
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2.3.6 Synthesis of RHDNPH

RHDNPH was prepared by adding Schiff base (DNPHMP)
0.01mol (2.0 g) to a mixture of RHACCI (1.0 g) in dry toluene (30 mL)
and EtsN 0.01mol (2.0 mL), [EtsN was used to remove the produced HCI
as HEt;N"CI].The reaction mixture was refluxed at 110 °C in an oil bath
for 44 h. The solid was filtered, washed with (50 mL) methanol and (50
mL) DMSO and then dried at 100 °C for 24 h. Finally, it was grind to
produce a fine powder which was labeled as RHDNPH. About 0.75 g
from RHDNPH was collected.

2.4 Catalytic reactions

2.4.1 Cellulose hydrolysis

The cellulose hydrolysis was carried out in a liquid-phase reaction
ina 250 mL round bottom flask equipped with magnetic stirrer and water
condenser. 20 mL of DMF, 0.2 g of LiCl and cellulose (0.18 g) were
separately transferred to the round bottom flask containing of the catalyst
(pre-dried at 110 °C for 24 h and cooled in a desiccator to minimize
moisture content). The reaction temperature fixed at 140 °C. The reaction

mixture was refluxed for 14 h.

A 0.5 mL portion of the clear hydrolyte solution from the reaction
mixture was transferred into a vial and 2.0 mL of NaOH (2M) and 2.0 mL
of DNS reagent were added and the mixture was incubated in a water
bath maintained at 90 °C for 5 min. The reagent blank sample was
prepared with 2.50 mL of deionized water and 0.50 mL of DNS reagent

and heated similar to the samples. Then the absorbance was measured at
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540 nm, against the reagent blank (the color of solution was yellow at
start and would be red with increasing of cellulose hydrolysis) , and
glucose concentrations in solutions were calculated by employing a

standard curve prepared using glucose.
2.4.2 The optimization of the catalyst mass

The catalytic activity with different mass of catalyst (50, 100, 150,
and 200 mg) was studied by using the same procedure as in section 2.4.1.
The reaction was carried out at 140 °C for 14 h for RHPHMP and for 11
h. for RHDNPH as hydrolysis time.

2.4.3 The optimization of reaction temperature

The catalytic activity at different temperatures (120, 130 and 140
°C) were studied by following same procedure as in section 2.4.1. The
reaction was carried out using 200 mg of the catalyst RHPHMP for 14 h.
and using 150 mg of the catalyst RHDNPH for 11 h.

2.4.4 The solvent effect

The catalytic activity with different solvents (cyclopentanon, n-
butanol and cyclohexanol) was studied by using the same procedure as in
section 2.4.1. The reaction was carried out at 140 °C, 200 mg for 14 h as
hydrolysis time of the catalyst RHPHMP, and was carried out at 140 °C,
150 mg for 11 h as hydrolysis time of the catalyst RHDNPH.

2.4.5 The reusability of the catalysts

Reusability experiment was conducted by running the hydrolysis

successively with the same catalyst under the same hydrolysis condition.
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The hydrolysis was first run with the fresh catalyst to complete
conversion and then the catalyst was filtered and washed with hot mixture
of DMF and LiCl and dried at 110 °C. After regeneration, the catalysts

were reused under the optimized reaction conditions.
2.4.6 Hydrolysis procedure using homogenous catalysts

The hydrolysis of cellulose using homogenous catalyst was studied
with PHMP and DNPHMP. Typically, a 150 mL capacity three necked
round-bottom flask, equipped with a magnetic stirrer and water
condenser was used. 15 mL of DMF was added to into the round bottom
flask containing 0.18 g of cellulose, 0.5 g of lithium chloride and
0.001mol [0.25 g] from PHMP or 0.001mol [0.31 g] from DNPHMP. The
mixture was refluxed at 140 °C and the glucose was monitoring according

to the general procedure in section 2.4.1.

2.4.7 Hydrolysis procedure using RHA catalysts

The hydrolysis of cellulose by using RHA catalyst was studied by
following the procedure as in section 2.4.1. The hydrolysis was carried
out at 140 °C for 14 h as hydrolysis time using 200 mg of RHA.

2.4.8 Hydrolysis procedure without catalysts

The hydrolysis of cellulose without using any catalyst was studied
by following the procedure as in section 2.4.1. The hydrolysis was carried
out at 140 °C for 14 h as hydrolysis time using 20 mL of DMF and 0.2 g
of LiCl. No catalyst was added at this step.
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CHAPTER THREE
The Characterization of RHPHMP

In this respect, 3-chloropropyltriethoxysailine (CPTES) was
immobilized onto silica extracted from RHA within a short time (45 min).
These hybrid organic—inorganic material with an organic end group, —
CH,—Cl as part of the solid network has important and unique properties
and many application possibilities. The organic end group —CH,—CI was
replaced with PHMP to form new catalyst labeled as RHPHMP. The
following subtitles are described the characterization of the new catalyst
RHPHMP.

3.1 Characterization of PHMP

This compound was prepared by the condensation reaction of
amine group with the carbonyl group Scheme 3.1 shows the synthesis of
PHMP.

OH HO
flux at 60 °C 3h. N
Orom Gron 22 O o0
N H
H
phenylhydrazine  salicylaldehyde 2-((2-phenylhydrazono)methyl)phenol

Scheme 3.1: The synthesis of PHMP.
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3.1.1 Fourier transformed infrared spectroscopic analysis

(FT-IR)

The FT-IR spectrum of PHMP is shown in Fig 3.1. The absorption

band at 3450 cm™ attributed to the stretching vibration of —OH group[82].

The band around 3290 cm™ attributed to the stretching vibration of N-

H[83]. The stretching vibration of C-H (aromatic) was observed around
3047 cm™[84]. The band at 1599 cm™ attributed to stretching vibration of
imine C=N bond[85].The band at 1535 cm™ attributed to stretching
vibration of aromatic C=C bond[86]. The presence of N-H and C=N

bands clearly indicated to the successfully formation of PHMP.
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Fig 3.1: FT-IR spectrum for compound PHMP.
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3.1.2 Proton nuclear magnetic resonance *HNMR of PHMP

The 'HNMR spectrum of the PHMP is shown in Fig.3.2. The
spectrum showed different chemical shifts at different positions. The
chemical shift at 2.4 ppm attributed to the C-H proton of the solvent
(DMSO) [85,86]. The chemical shift at 3.3 ppm with an integration value
=1 is due to the hydrazonic N-H proton [88]. The chemical shifts between
6.6-7.5 ppm are assigned to the aromatic rings protons [89]. The chemical
shift at 8.12 ppm is due to the benzylic protone C-H [90]. The doublet
signal at 10.3-10.5 ppm is attributed to the hydroxyl proton (O-H) [91].
The 'HNMR spectrum of the PHMP is clearly shown that the suggested

structure is in agreement well with observed result.
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Fig 3.2: The 'HNMR spectrum of PHMP in d®-DMSO.

3.1.3 The **C Nuclear magnetic resonance of PHMP

Fig. 3.3 shows the *CNMR spectrum for PHMP ( dissolved in
DMSO — d°). The analysis of this spectrum shows a chemical shift at &
=113.35 ppm attributed to the C9 (2xC9) aromatic carbon which is
chemically equivalent. The chemical shifts at 6 =11.52, 120.60, 120.99,
122.06, 139.0 ppm was assigned to the aromatic carbon C2, C4, C11, C5,
C3 respectively. The chemical shift at 6 =128.99 ppm attributed to the
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C10 (2xC10) aromatic carbon which is chemically equivalent. The
chemical shift at 6 =130.85 ppm attributed to the C6 aromatic carbon
which is directly bonded with imine group[92]. The chemical shift at
=146.35 ppm attributed to the C8 aromatic carbon which is directly
bonded with the secondary amine (N-H)[93]. This chemical shift is
combined with the C7 carbon atom [94]. The C1 aromatic carbon which
is directly bonded with the hydroxyl group —OH is observed at chemical
shift § =157.31 ppm [30]. The *CNMR spectrum of the PHMP is clearly

shown that the experimental result is in agreement well with suggested

structure.
BRRNAY, ,/
\‘\ | \ ,",“/
I AN
4 5 9 10
" 7 {
6 H
3 Q’Cr\\ / N_SQH
2 1
OH N S W
\ o A
’ | | ¥2 - Procesain
| J | ; 1.00 Hz
T T o ey | T e e — 1.40
220 200 180 160 140 120 100 80 60 40 20 ppm

Fig 3.3: The ®*CNMR spectrum for compound PHMP.
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3.2 The characterization of RHPHMP

The immobilization of PHMP onto RHACCI was carried out in a
heterogeneous reaction. In the heterogeneous reaction one or more than
one of the reactant could be in different state. In this reaction the dry
toluene was used as solvent and the reaction mixture was reflux for 44 h,

yielding the products as shown in Scheme 3.1.

80 °C / 60 min. L
RHA -+ NaOH > Sodium silicate
o
HNO ~.
Sodium silicate + (CHyCH,0),SiCH,CH,CH,C1 ——————= —o/—s|/\/\CI
pH=3 /70 min. lo)
HN
N
© HS”
o Y Toluene / Ei;N @OH
oxsi” N\ 110 °C / 48h.
o~ N —
HC
S

Scheme 3.2: The reaction sequence and the possible structures for

RHPHMP. The reaction time and temperature were shown.

3.2.1 The FT-IR analysis of RHPHMP

The FT-IR spectrum of RHPHMP is shown in Fig. 3.4. The strong and

broad band in the range 3319 cm™ region corresponds to the hydroxyl
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groups—OH in Si-O-H and free —OH phenolic group [82,95]. The stretching
vibration of C—H aromatic ring was observed at 3047cm™ [84]. The stretching
vibration of C—H aliphatic was observed at 2939 cm™ [96]. The band appear at
1625 cm™ was due to the stretching vibration of C=N bond [85]. The band
appear at 1600 cm™ was due to the stretching vibration of C=C bond in
aromatic rings [86]. The symmetrical and asymmetrical bending vibration of
aliphatic CH, bonds was appeared at 1489 cm™ [27]. The band appear at
1267.27 cm™ was due to the stretching vibration of C-N bond. The doublet
and strong band at 1066 cm™, 1143 cm™ attributed to Si-O-Si stretching
vibration [23]. The FT-IR clearly show the appearance of newly C-H
aromatic and C=N bands onto the spectrum. The appearances of these bands
[C-H aromatic, and C=N] and disappearance of N-H band indicate the
presence of PHMP in RHACCI, and also confirms the successful replacement

of chloride by the PHMP.
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Fig 3.4: The FT-IR spectrum for RHPHMP compound.

3.2.2 Elemental analysis

Table 3.1 shows the elemental analyses of RHA, RHACCI and
RHPHMP. The percentage of carbon and hydrogen in RHPHMP were
higher than that of RHA and RHACCI [29]. The elemental analysis of
RHPHMP shows the presence of nitrogen 2.88 %, while both RHA and
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RHACCI do not show this element. These results clearly indicate that the
PHMP was successfully immobilized onto RHACCI.

Table 3.1.Elemental analysis data for RHA, RHACCI and RHPHMP

Elemental analysis %
Sample
C H N
RHA 1.60 0.84 -
RHACCI 9.98 1.61 -
RHPHMP 18.74 3.37 2.88

3.2.3 The Nitrogen adsorption analysis

The Brunauer-Emmett-Teller (BET) gas adsorption method has
become the most widely used standard procedure for the determination of
the surface area of finely-divided and porous materials therefore; the
specific surface area of the prepared compounds were calculated using
the BET model. The pore diameter and pore size distribution of the
materials were obtained from the adsorption isotherms, using the Barrett—
Joyner—Halenda (BJH) method [29].

The nitrogen adsorption isotherm obtained for RHPHMP is shown
in Fig. 3.5. Inset is the pore size distribution graph. The hysteresis loop

observed in the range of 0.4 < P/Po< 0.8 this is associated with capillary
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condensation according to IUPAC classification. The isotherm shown is

of type 1V and exhibited an H2 hysteresis loop.

Materials that give rise to H2 hysteresis contain a more complex
pore structure in which network effects (e.g., pore blocking/percolation)

are important [97].

The specific surface area of RHPHMP was 137.68 m?g™, this was
decreased compared with the specific surface area of RHACCI (633 m*g’
1, this reduce could be due to the reduction of the surface sites due to the
immobilization of PHMP on it, causing the surface to be over crowded
with the compound network on the surface and thus blocking the pores.
The average pore diameter of RHPHMP was obtained 1.41 nm, which is
in the microporous range, while for RHACCI it was reported to be 6.07
nm. It can be seen that RHPHMP had a narrower pore size compared to
RHACCI. This was probably due to the presence of PHMP inside the
silica matrix. RHPHMP showed a distinct pore size distributions between
2 and 4 nm. These fall within the mesooporous region. The results
obtained by the nitrogen adsorption—desorption analysis for RHPHMP is

summarized in Table 3.2.
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Fig 3.5: The nitrogen adsorption—desorption isotherms of

RHPHMP. Inset the pore size distribution graph.

Table 3.2: The result of BET analysis for RHA [adapted from
Ahmed and Adam [76] ], RHACCI and RHPHMP.

Sample Specific  surface | Average  pore | Average pore
area (m°g™) volume (cc g*) | diameter(nm)
RHA 347 0.87 10.4
RHACCI 633 0.70 6.07
RHPHMP 137.68 0.16 1.41
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3.2.4 X-Ray diffraction pattern (XRD)

The X-ray diffraction pattern spectrum of RHPHMP is shown in
Fig.3.6. A broad band at 20 angle of ca. 22.5° was observed which was
typical for amorphous silica. A few sharp peaks in different pattern are
observed this could be as a result of immobilizing PHMP onto silica

which shows some crystallinity on the catalyst.
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Fig 3.6: The X-ray diffraction pattern for RHPHMP.

3.25 Thermogravimetric analysis (TGA)/Differential
thermal analysis (DTA)

Thermogravimetric analysis is commonly employed to determine
the moisture content, the level of inorganic and organic components, the
stability of organic groups, decomposition point, etc. Absorbed moisture
content of materials gives an indication on the hydrophobicity of the

materials studied. A derivative weight loss curve (DTA) can be used to
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tell the point at which weight loss is most apparent. The TGA/DTA of
RHA and RHACCI were published by Hello, [23]. The Fig. 3.7(a, and b)
shows the TGA/DTA of both RHA and RHACCI. The TGA/DTA of
RHA and RHACCI was given for the comparison with the prepared

catalyst.
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Fig. 3.7: Thermogravimetric analysis (TGA)/differential thermal analysis
(DTA) of (a) RHA, (b) RHACCI (adapted from Hello [23])

Fig. 3.8 the TGA result for compound RHPHMP catalyst is shown

in Fig 3.8. The graph shows three characteristic decomposition stages.
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The first started at 30 to 208 °C, due to the loss of adsorbed water (ca.
0.24 %), and the second mass loss (ca. 12.15 %) occurred between 215 —
380 °C due to the decomposition of the PHMP and propyl groups
anchored onto the silica. The continuous weight loss (ca. 15.55 %)
between 380 — 700 °C was due to decomposition of the remaining organic
PHMP and propyl anchored on the silica surface and also due to the

condensation of silanol groups at higher temperatures.

In the DTA curve Fig.3.8 it was observed four exothermic
transformations the first is a peak which occurs between 40 °C and 208
°C, with a maximum at 100 °C and the second occurs between 215 °C
and 380 °C, with a maximum at 290 °C, while the third occurs between
380 °C and 700 °C with a maximum at 480 °C. The first exothermic
change due to the loss of adsorbed water, while the second, and third
attribute to the arrangement of the structure of the polymer [98]. The
TGA/DTA provided further evidence for the successful immobilisation of

PHMP onto rice husk silica.
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Fig. 3.8 : The TGA for compound of RHPHMP.
3.2.6 Scanning electron microscopy SEM

The scanning electron micrographs (SEM) for the RHPHMP are
shown in Fig. 3.9. The SEM shows that the sample is granular. The

granular particles of different sizes are arranged randomly on the surface.
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Fig 3.9: The SEM micrograph of RHPHMP.

3.2.7 Energy dispersive X-ray (EDX)

Fig. 3.10 show the EDX results of RHPHMP. The EDX result
show the presence of C, Si, O, and N. These entire elements were found
into RHACCI. The only nitrogen is not found in the formula of RHACCI.
The presence of the nitrogen give very good indication for the
successfully immobilization of PHMP onto RHACCI.

Table 3.3 shows the percentage of the elements components of
RHPHMP. It was observed the presence of Cl in the analysis, this
indicates that not all chlorine onto RHACCI was replaced by the PHMP.
The reason behind this phenomenon was due to the fact that it follows a
heterogeneous bath during the synthesis of RHPHMP. On the
heterogeneous method one or more than one of the reaction components
could not be soluble on the reaction solvent which may lead to the not all

the functional group could replaced.
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Fig 3.10: The EDX result of RHPHMP.,

Table 3.3: The percentage of elements obtained from

EDX analysis.
Elem. Elements %
C 26.5
N 1.6
O 28.9
Si 25.7
Cl 6.7
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CHAPTER FOUR
The Characterization of RHDNPH

The DNPHMP was immobilized onto silica via RHACCI to form
new catalyst labeled as RHDNPH. The following subtitles are shown the
characterization of DNPHMP and the new catalyst RHDNPH.

4.1 The characterization of DNPHMP

This compound was prepared by the condensation reaction of
amine group with the carbonyl group. Scheme 4.1 shows the synthesis of
DNPHMP.

NO, OH NO, HO
reflux at 60 °C 4h. N\\ + H.0
ON NHNH,  + CHO > ON N/ c 2
H
2,4-dinitrophenyDhydrazine salicylaldehyde 2-((2-(2,4-dinitrophenyl)hydrazono)methyl)phenol

Scheme 4.1: The synthesis of DNPHMP.

4.1.1 FT-IR analysis of DNPHMP

Fig. 4.1 shows the FT-IR of DNPHMP. The bands at 3410 cm™
was attributed to the stretching vibration of —OH group [82]. The
stretching vibration of N-H group was shown at 3271 cm™ [83]. The
sharp peak at 3105 cm™ was attributed to the stretching vibration of C-H
aromatic bond [84]. The band at 1616 cm™ was attributed to the
stretching vibration of imine C=N bond [99]. The band at 1587 cm™ was
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attributed to the stretching vibration of aromatic C=C bond [86]. The
presence of N-H and C=N bands clearly indicated to the successfully
formation of DNPHMP.
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Fig 4.1: FT-IR spectrum of DNPHMP.

4.1.2 Proton nuclear magnetic resonance *‘HNMR of DNPHMP

The 'HNMR spectrum of DNPHMP is shown in Fig.4.2. The
spectrum showed different chemical shifts at different positions. The
chemical shift at 2.7 ppm attributed to the C-H proton in DMSO [85].
The chemical shift at 3.3 ppm is due to the hydrazonic N-H proton [88].
The chemical shifts between 6.6-8.2 ppm are assigned to the aromatic
rings protons [100]. The chemical shift at 10.1 ppm is attributed to the
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hydroxyl proton (O-H) [90]. The benzylic proton (C-H) was observed at
chemical shift 11.7 ppm [91]. The *HNMR spectrum of the DNPHMP is
clearly shown that the suggested structure was in agreement well with

observed result.
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Fig 4.2 'THNMR spectrum of DNPHMP.
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Fig. 4.3: Expansion of "HNMR spectrum of compound DNPHMP.

4.1.3 *C Nuclear magnetic resonance of DNPHMP

Fig. 4.4 shows the *CNMR spectrum for DNPHMP (dissolved in
DMSO-d®). The analysis of this spectrum shows a chemical shift at &
=117.9 ppm attributed to the C9 aromatic carbon and probably for C2
carbon atom as they have similar environment. The chemical shifts at &
=118.2, 121.09, 121.6 ppm were assigned to the aromatic carbon C12,
C4, C13 respectively. The C5 and C10 aromatic carbon atoms may
combines together with the same chemical shift at 124.61ppm. The signal
at 128.03 ppm attributed to the C3 aromatic carbon combined with the C6
carbon atom [92]. The chemical shift at 131.29 ppm attributed to the
aromatic carbon C11 which is directly bonded with the nitro group[81].
The chemical shift at 133.50 ppm attributed to the C7 carbon atom
(benzylic) [94]. The chemical shift at 145.95 ppm attributed to the C8
atom which is directly bonded with hydrazone group [101]. The C1
aromatic carbon which is directly bonded with the phenolic —OH group is
observed at 148.10 ppm [30]. The *CNMR spectrum of the DNPHMP is
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clearly shown that the

suggested structure.

experimental result is in

agreement well with
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Fig 4.4: The *CNMR of DNPHMP.

4.2. The characterization of the RHDNPH

The RHDNPH catalyst was synthesis by the reaction of RHACCI

with DNPHMP using toluene as a solvent under reflux condition. Scheme

4.2 shows the reaction bath for the immobilization of DNPHMP onto

RHACCI. The following subtitle show the characterization which have

been used to support the formation of RHDNPH.
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RHA + NaOH » Sodium silicate
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HNO ~.
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Scheme 4.2: The synthesis of RHDNPH via the immobilization of
DNPHMP onto RHACCI. The possible structure of the RHDNPH was

shown.
4.2.1 FT-IR analysis of RHDNPH

The FT-IR spectrum of RHDNPH is shown in Fig. 4.5. The broad
band around 3425 cm™ attributed to the stretching vibration of hydroxyl
groups —OH in Si-O-H and free —OH phenolic group [82, 95]. The
stretching vibration of C—H aromatic ring was observed at 3101cm ™ [85].
The stretching vibration of N-H group was not observed in the FT-IR.
The stretching vibration of aliphatic C—H was observed at 2953cm ™ [96].
The band appear at 1649 cm™ is usually assigned to the H—OH groups of
absorbed water [102]. The band appear at 1620 cm™ is due to stretching
vibration of C=N [99]. The band of symmetrical and asymmetrical

bending vibration of aliphatic CH, bonds is observed at 1512 cm™ [27].
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The band at 1332 cm™ is due to stretching vibration of C-N bond [84].
The doublet and strong band at 1072 cm™, 1136 cm™ attributed to Si-O-Si
stretching vibration [23]. The FT-IR spectrum does not show the N-H and
also show the appearance of C-H aliphatic, Si-OH, and Si-O-Si groups.
These results clearly indicate that the DNPHMP was immobilized
successfully onto RHACCI.
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Fig 4.5 FT-IR spectrum of RHDNPH.

4.2.2 Elemental analysis

Table 4.1 shows the chemical analysis of RHDNPH. Due to the
heterogeneous nature of the silica samples, these values can only be

treated qualitatively. The analysis showed that carbon and nitrogen are
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present in RHDNPH, while both these elements are not present in RHA

as it was expected.

The elemental analysis of RHACCI showed that the percentages of
C and H were 9.98 and 1.61%, respectively. RHDNPH showed a nitrogen
composition of 3.14%. The C content for RHDNPH (16.49%) was
slightly higher than RHACCI, which was expected. From the elemental
analysis results, it can further conclude that the DNPHMP was indeed to

be incorporated on the silica.

Table 4.1.Elemental analysis data of RHA, RHACCI [29]

and RHDNPH.
Elemental analysis %
Samples C H N
RHA 1.60 0.84 -
RHACCI 9.98 1.61 -
RHDNPH 16.49 2.86 3.14

4.2.3 The Nitrogen adsorption analysis

Fig. 4.6 shows the nitrogen adsorption isotherm obtained for
RHDNPH. Inset is the pore size distribution graph. The hysteresis loop
was observed in the range of 0.4 < P/Po < 1.0, which is associated with

capillary condensation according to the IUPAC classification. The
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isotherm shown is of type IV and exhibits an H2 hysteresis loop [97].
Close observation of the program revealed that the hysteresis loop did not
close but it was rather open ended. This indicates the presence of some
degree of microspores retaining the nitrogen and hence failing to close
the hysteresis loop. This is clearly seen in the pore size distribution curve,
where the maxima in the microspore region (< 2 nm) and a major
maximum at ca. 4 nm can be observed. It can therefore be concluded that

RHDNPH consists of microspores with the narrow pore range of 3—4 nm.

BET analysis revealed the specific surface area of RHACCI to be
633 m* g [23] . However, the specific surface area of RHDNPH was
found to be 154.6 m* ¢ . Huge decrease in the surface area was
observed after the modification which indicated that the DNPHMP was
incorporate with the RHACCI and led to decrease in the service area. The
pore size distribution showed a minor narrow pore size range below 2 nm
which is in the microporous range. The average pore diameter of
RHDNPH (BJH model) was obtained 1.47 nm, while for RHACCI it
was reported to be 6.07 nm. It can be seen that RHDNPH had a narrower
pore size compared to RHACCI. This was probably due to the presence
of DNPHMP inside the silica matrix. RHDNPH showed a distinct pore
size distribution between 2 and 8 nm. These fall within the mesoporous
region. The results obtained by the nitrogen adsorption—desorption

analysis for RHPHMP is summarized in Table 4.2.
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Fig 4.6: The nitrogen adsorption—desorption isotherms of RHDNPH.

Inset the pore size distribution graph.

Table 4.2:  The result of BET analysis for RHA [23], RHACCI

and RHDNPH.
Sample | Specific surface | Average pore | Average pore
area (m°g™) volume (cc g*) | diameter(nm)
RHA 347 0.87 10.4
RHACCI 633 0.70 6.07
RHDNPH 154.6 0.17 1.47
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4.2.4 X-Ray Diffraction analyses (XRD)

The X-ray diffraction pattern of RHDNPH is shown in Fig.4.7. A
band at 20 angle of 22.5° was observed which was typical for amorphous
silica. This result is similar to the X-ray of both RHA and RHACCI. This
indicates that there is no change on the face after the immobilization of

DNPHMP.
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Fig. 4.7: The X-ray diffraction pattern of RHDNPH.

425 Thermogravimetric analysis (TGA)/Differential
thermal analysis (DTA)

Fig. 4.8 shows the TGA/DTA of RHDNPH. The graph in Fig. 4.8

shows four characteristic decomposition stages. The first started at 40 to
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185 °C, due to the loss of adsorbed water (ca. 0.90 %), and the second
mass loss (ca. 4.15 %) occurred between 185 — 273 °C due to the
decomposition of the DNPHMP and propyl groups anchored onto the
silica [22]. The continuous weight loss (ca. 23.48 %) between 300 — 440
°C was due to decomposition of the remaining organic DNPHMP and
propyl anchored on the silica surface. Both those mass loss were not
observed on the graph of RHA RHACCI. The forth decomposition stage
between 440 — 680 °C was due to the condensation of silanol groups at

higher temperatures [103].

In the DTA curve Fig. 4.8 it was observed four exothermic
transformations the first is a peak which occurs between 40 °C and 185
°C, with a maximum at 90 °C and the second occurs between 185 °C and
273 °C, with a maximum at 250 °C, while the third occurs between 300
°C and 440 °C with a maximum at 350 °C. The last exothermic
transformations is occurs between 440 °C and 680 °C, with a maximum
at 500 °C. The first exothermic change due to the loss of adsorbed water,
while the second, third and fourth attribute to the arrangement of the
structure of the polymer [98]. The TGA/DTA provided further evidence

for the successful immobilization of DNPHMP onto rice husk silica.
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Fig. 4.8: The TGA/DTA of RHDNPH.

4.2.6 Scanning electron microscopy SEM

Fig. 4.9 shows the SEM of RHDNPH. A large particles were
present onto smooth surface of silica. A randomly distribution of particles

on surface were seen.
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Fig. 4.9: The SEM micrograph of RHDNPH.

4.2.7 Energy dispersive X-ray analysis

Fig. 4.10 and table 4.3 show the EDX results of RHDNPH. The
EDX results show the presence of C, Si, O, and N. These entire elements
were found into RHACCI. The only nitrogen is not found in the formula
of RHACCI. The presence of the nitrogen give very good indication for
the successfully immobilization of DNPHMP onto RHACCI.
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fig 4.10: The EDX result of RHDNPH.

Table 4.3: The percentage of elements obtained from EDX analysis

Elem. %
C 11.2
N 0.9
O 34.73
Si 46.01
Cl 7.16
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CHAPTER FIVE
Hydrolysis of cellulose over RHPHMP and RHDNPH

The activity of the heterogeneous catalysts RHPHMP and
RHDNPH as well as homogenous PHMP and DNPHMP towards

hydrolysis of cellulous to glucose were studied (Scheme 5.1).

CHO

H OH

HO——H

H——OH

o H——OH

HO ﬂo HO  oH OH 7 o o, RHPHMP or RHDNPH
> CH,OH
OH OH O Hydrolysis
n OH or

Cellulose

Scheme 5.1: The hydrolysis of cellulose to glucose.

The hydrolysis parameters such as hydrolysis time, catalyst mass,
temperature, solvents effect and reusability of the catalysts were
investigated to optimize the hydrolysis conditions. The following sections

are shown the activity of the catalysts in details.
5.1 Catalytic study over RHPHMP
5.1.1 Influence of hydrolysis time

The effect of the time on the hydrolysis of cellulous over
RHPHMP, RHA, and homogenous PHMP are shown in Fig. 5.1. The
hydrolysis was carried out with 0.15 g of catalyst at 140 °C. The initial
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hydrolysis of cellulous during the fifth hour was 10 % and it was
increased to a maximum of 84.5 % in 14 h. However, it was observed that
when the hydrolysis time was increased, more than 14h, there was no
change on the hydrolysis of cellulose. Therefore the optimum time of the
hydrolysis of cellulous over RHPHMP is 14 h. The hydrolysis of
cellulose over PHMP as a homogeneous catalyst was found to be higher
than 96.0 % in 14h. The activity of PHMP comparing with RHPHMP
was due to the presence of hydrazon groups as homogenous active sites

which may play a vital role during the hydrolysis.

The hydrolysis of cellulose over the RHA was also studied as
shown in Fig. 5.1. The maximum conversion of cellulose was 20.0 % in
14 h. It is also observed that the hydrolysis of cellulose without catalyst

was found to be less than 20 % in 14h.

96 1 Variable = -
= - PHMP =
84 { —e— RHPHMP "
EH""! - = -

Cellulose Hydrolysis (%)

4 5 [i] 7 8 9 10 11 12 13 14
Time (h)

Fig 5.1: The hydrolysis of cellulose to glucose over heterogeneous
RHPHMP, RHA, and homogenous RHMP as a function of the hydrolysis

time.
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5.1.2 Influence of catalyst’s mass

The hydrolysis of cellulose was carried out by varying the amount
of RHPHMP (ranged 100 and 250 mg) while keeping the other parameter
fixed as 14 h hydrolysis time and temperature at 140 °C. The results are

shown in Fig. 5.2.

It is clearly shown from Fig. 5.2 when the catalyst mass were
increasing from 100 to 150 mg, the percentage of cellulose hydrolyzed
increased too from 68 to 84 %. Further increase in the catalyst mass had
no significant effect. The increased conversion with the catalyst mass
could be attributed to the availability of a greater number of catalytically

active sites. Therefore 150 mg was chosen as the optimum mass of the

catalyst.
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Fig 5.2: The relationship between the hydrolysis percentage of

cellulose versus the used amounts of catalyst.
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5.1.3 Influence of hydrolysis temperature

The effect of the temperature on the hydrolysis of cellulose over
RHPHMP is shown in Fig. 5.3. The hydrolysis increased when the
temperature was increased from 120 to 140 °C. The hydrolysis was ca.
84.5 % at 140 °C. There is no doubt that temperature has a great effect on
the hydrolysis of cellulose. A higher hydrolysis temperature can get
higher glucose yield. Taken into account the nature of the RHPHMP
catalyst used (heterogeneous catalyst) in this study. This clearly indicates
that the using of RHPHMP is effective to promote the hydrolysis of

cellulose.

Vanatle
140=C
&0 4 s — 130°C .
—— 120°C

Ce llulose Hydrolysis { %5)

Time (h)

Fig. 5.3: The hydrolysis of cellulose to glucose over RHPHMP, at

different temperatures.
5.1.4 Influence of solvent effect

The effect of the solvent that was used as a media on the hydrolysis

of cellulose over RHPHMP is shown in Table 5.1. The hydrolysis was

71



studied over different solvents i. e. cyclopentanone, cyclohexanol, DMF,
and butanol. It was observed that the hydrolysis of cellulose over

different solvents was followed the flowing order:
DMF > cyclohexanol > 1-butanol > Cyclopentanone

The hydrolysis of cellulose was depending on the solubility of
cellulose in the solvent. It was observed that the cellulose was completely
soluble in the N,N-diethylacetamide containing LiCl [104] . In our study
it is found that the cellulose was highly soluble in DMF and cyclohexanol
containing LiCl. Most dissolution system could form a hydrogen bonding
between layers of cellulose chains and the solvents. The DMF contain
more than one center able to form a hydrogen bonding with the cellulose
and this could lead to increasing the solubility of cellulose. This could

make the hydrolysis much more easily comparing with the insoluble one.

Table 5.1: The hydrolysis of cellulose to glucose over RHPHMP, using
different solvents. The hydrolysis conditions as follows: catalyst 150 mg,
140 "C and 14 h reaction time.

Solvent Cellulose hydrolysis (%)
DMF 84.54
Cyclohexanol 59.03
Butanol 57.12
Cyclopentanon 44.57
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5.1.5 Catalyst’s recycle experiments

The main benefit of using heterogeneous catalyst is the ability to
reuse this catalyst many times. This depends on the stability of the
catalyst and the activity of its active center. Since RHPHMP is a
heterogeneous catalyst, so it was recycled successfully. After the first
hydrolysis was run using the catalyst with the mixture, it was then
washed with hot DMF (80 °C) and LiCl ( this step was repeated three
times) and the catalyst was heated at 110 °C for 24 h. Next, fresh
cellulose and DMF with LiCl were added to the catalyst washed and a
second run was conducted, as was a third, using the same procedure. As
shown in Fig. 5.4 the yields in the second and third runs were very
closely to that in the first run. These results indicated that catalytic

performance was not lost during the course of the catalytic runs.

100

1
=

Cellulose Hy drolysis (24)

fresh 1st Run 2nd Run

Recycle experiments

Fig. 5.4: The hydrolysis of cellulose to glucose over RHPHMP,

after many times recycle.
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5.2 Catalytic study over RHDNPH

5.2.1 Influence of hydrolysis time

The effect of the time on the hydrolysis of cellulous over
RHDNHP, RHA, and homogenous DNHPMP are shown in Fig. 5.5. The
hydrolysis was carried out with 150 mg of catalyst, at 140 °C. The initial
hydrolysis of cellulous during the 5 h was 8.0 % and it was increased to a
maximum of 82.5 % in 11 h. However, it was observed that when the
time was increased, more than 11 h, there was no change on the
hydrolysis of cellulose. Therefore the optimum time of the cellulous
hydrolysis over RHDNPH is 11 h. The hydrolysis of cellulose over
DNPHMP was found to be higher than 81.3 % in 11h. The activity of
DNPHMP was due to the presence of amine groups as homogenous

active sites which may play a vital role during the hydrolysis.

The hydrolysis of cellulose over the RHA was found 20.0 % in
14h. It is also observed that the hydrolysis without catalyst was found to
be less than 20.0 % in 14 h.
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Fig 5.5: The hydrolysis of cellulose to glucose as a function of time
over RHDNPH, DNPHMP, and RHA.

5.2.2 Influence of catalyst's mass

The hydrolysis of cellulose was carried out by varying the amount
of RHDNPH (ranged 50 and 200 mg) while keeping the other parameter
fixed as 11 h hydrolysis time at 140 °C. The results are presented in Fig.
5.6.

It is clearly shown from Fig.5.6 when the catalyst’s mass were
increasing from 50 to 150 mg, the percentage of cellulose hydrolyzed
increased too from 49 to 82 %. Further increase in the catalyst mass had
no significant effect. The increased conversion with the catalyst mass
could be attributed to the availability of a greater number of catalytically
active sites. Therefore 150 mg was chosen as the optimum mass of the

catalyst.

75



a0
a0 -

-

&0 -
50 -
40 -
30 -
2
10 -
50 100 150 200

Mass of Catalyst (mg)

Cellulose Hy drolysis (%)
(= o o

[=]

Fig 5.6: The relationship between the hydrolysis percentage of
cellulose versus the used amounts of catalyst RHDNPH.

5.2.3 Influence of hydrolysis temperature

The effect of the temperature on the hydrolysis of cellulose over
RHDNPH at 11 h and 150 mg of catalyst is shown in Fig. 5.7. The
hydrolysis increased when the temperature was increased too from 120 to

140 °C. The conversion was ca. 82.5 % at 140 °C.
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Fig. 5.7: The conversion of cellulose to glucose over RHDNPH, at

different temperatures.
5.2.4 Influence of solvent effect

The effect of the solvent that was used as a media on the hydrolysis
of cellulose over RHDNPH is shown in Table 5.2. The hydrolysis was
studied over different solvents i. e. cyclopentanone, cyclohexanol, DMF,
and butanol. It was observed that the hydrolysis of cellulose over

different solvents was followed the flowing order:

DMF > Cyclohexanol > Cyclopentanone > 1-Butanol
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Table 5.2: The effect of different solvents on the hydrolysis of
cellulose over RHDNPH.

Solvent Cellulose hydrolysis (%)
DMF 82.50
Cyclohexanol 61.11
Cyclopentanon 52.26
Butanol 8.56

5.2.5 Catalyst's recycle experiments

The catalytic reusability was tested after the catalyst was
regenerated by washing with hot DMF (80 °C) and LiCl, and drying at
110 °C for 24 h before each reuse. Fig 5.8 shows the reusability of the
RHDNPH. It was observed that there is no change on the catalytic
activity after the cures of the reaction. This indicates that the catalyst was

very stable during the hydrolysis running.
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Fig. 5.8: The reusability of RHDNPH on the cellulose hydrolysis.
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Conclusions

Phenylhydrazonomethylphenol (PHMP) was immobilized onto silica
rice husk ash to form a strong catalyst denoted as RHPHMP. The BET
measurements of the catalyst showed that the surface area to be 137.6 m? g ™.
The FT-IR clearly showed the presence of -NH and C=N absorption band at
the expected range. The elemental and EDX analysis of RHPHMP showed the
nitrogen is included into the catalyst structure. The TGA/DTA show the
catalyst is stable. The RHPHMP was efficient for the hydrolysis of cellulose,
with maximum glucose yields over 84 % at 140 °C in 14 h. It was found that
the solubility of cellulose was very important factor to make the hydrolysis
much more easily. The cellulose was hydrolyzed over RHA and the maximum
hydrolysis of cellulose was 20.0 % in 14h. The low hydrolysis of cellulose
over RHA comparing with high hydrolysis of cellulose over RHPHMP
indicates that the activity of RHPHMP is a proportional with the active

centers.

2,4-Dinitrophenylhydrazonomethylphenol (DNPHMP) was
immobilized onto silica rice husk ash to form a heterogeneous catalyst
denoted as RHDNPH in a good yelled. The BET measurements of the catalyst
showed that the surface area to be 154.6 m2 g -1 with pore size distribution
was found between 2 and 8 nm. These fall within the microporous region. The
FT-IR clearly showed the presence of -NH and C=N absorption band at the
expected range. The elemental and EDX analysis of RHDNPH showed the
nitrogen is included into the catalyst structure. X-ray diffraction technique
proved the amorphous nature of catalysts since it showed the broad band at
22.5°. The RHDNPH was efficient for the hydrolysis of cellulose, with
maximum glucose yields 82.5 % at 140 °C in 11 h. The catalysts were simple
in its preparation, stable during the cellulose hydrolysis in addition to

repeatedly without a significant loss of its catalytic activity.
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Recommendations

1- Synthesis new type of catalysts by grafting of silica with different
organic compounds and use it to catalyze the organic synthesis reactions

especially these with slow rate.

2- Preparation a new hybrid organo-silica compounds which are suitable

for industrial field.

3- Employing this catalysts to follow up the hydrolysis of cellulose by
working on the produced glucose and converting it into alcohols as

biofuel.

4- finding other application of extracted silica (RHA) instead of burn it as

west.
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