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ABSTRACT

This study investigated the isotherms, kinetics, and mechanisms of three types
of bio-wastes derived from agro-wastes including corn cob, bagasse, and coconut fibre,
These three types of agro-wastes \:vere collected at the northern of Thailand and
synthesized as the potential adsorbents for diazinon subtraction from the aqueous
solution. The adsorption capacity differentiates of each bio-wastes were illustrated. Bio-
wastes were synthesized for 4 h al temperature 600 °C and were modified by
hydrofluoric acid (HE) to enhance the specific area and porosity. The SEM, BET, FT-
IR, and pHpzc were used to analyse the characteristic of bio-wastes. Experimental
results showed the different BET specific surface area were ranged from 67.42 to 402.42
m2.g"! of each bio-waste, Meanwhile, SEM showed that bio-wastes possessed intricate
pore network comprising micropores and narrow mesopores. The pore volume
disseminations in pore size of micropores (<2 nm) and narrow mesopores (2-20 nm) of
bio-wastes in the range 16.88-21.24 % and 56.57-69.22 %, respectively. Solution pH at
4 carried out the highest removal efficiency of diazinon. Pseudo-second-order kinetic
model and Langmuir isotherm model showed the best fit to the experimental adsorption
data. The maximum adsorption capacities of bio-wastes were in ranged 8.60-15.83
mg.g'. The pore filling and chemical adsorption participated in the adsorption

mechanisms of diazinon and bio-wastes,
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CHAPTER I

INTRODUCTION

Background and Research Motivation

Pesticides are organic chemicals purposely intended for increasing agricultural
yield, soil productivity, product quality (1-4). Moreover, It is internationally used to
prevent or control pests, diseases, weeds, and other plant pathogens in an effort to reduce
or eliminate yield losses in the agricultural field (1-3, 5). Pesticides range from
insecticides (i.e. insects,), rodents (i.e., rodenticides) and weeds (herbicides) to
microorganisms (i.e., algicides, fungicides or bactericides)” (6). Because pesticides have
many advantages such as large availability, low cost, and increased food production, the
amount of pesticide consumption is increasing more and more in the agriculture sector.
However, many pesticides used in, agriculture are highly toxic both to the environment
and to living organisms, especially when their application is uncontrolled (7).

Recently, the contamination of surface and ground water by pesticides has
become a serious envirommental problem due to the extensive application of these
agrochemicals in crop farms, orchards, fields and forest lands (8). As a result of storm
runoff, leaching events can cause pesticides to be mobilized from fields to water bodies
(7). The surface runoff, wind erosion, deposition from aerial applications, industrial
discharges are also the source of pesticide contamination (8). According to (9) found
organic pesticide residues have been reported in drinking water, agricultural water, and
groundwater, In addition, pesticides are able to release into water, soil, and air through
runoff, leaching and spray drift (5). Exposure to pesticides occurs primarily through
eating food and drinking water that is contaminated with pesticide residues, whereas
substantial exposure can also occur in or around the home (5, 6). Due to their highly

. persistent properties, pesticides bioaccumulate in food, and water, and can present a risk
to animal and human health (7). Moreover, pesticides are indeed toxic to humans not only
at high doses, responsible for acute poisonings but even in low doses, as are mixtures of

pesticides (10). However, long-term exposure may lead to an array of health effects



including cancer, neurodegenerative diseases, reproductive, and developmental toxicity,
and respiratory effects {(10).

Almost 40% of worldwide pesticides are organophosphorus compounds, which
were utilized in huge quantities due to its inexpensive and high efficiency in pest
removal (11). Organophosphorus pesticides, such as azinphos-methyl, diazinon,
dichlorvos, malathion, and parathion, are extensively used in agricultural activities (12).
However, organophosphate pesticides are extremely toxic and, like some nerve agents,
inhibit neuromuscular enzymes that are essential for normal function in insects, humans
and many other animals (7, 12).

Diazinon is a common insecticide used for insects such as cutworms,
wireworms, and maggots. It was also used to counteract the pests that live in some fruit
tree and vegetables, tobacco, forage and field crops. Furthermore, diazinon is used to
control indoor pests such as cockroaches, ants, scorpions, and other insects (13, 14).
This pesticide is capable to damage human health, as well as animals, and plants due to

| water consumption, Therefore, pesticides entering Watér sources would be considered a
serious issue.

At present, there are various means of pesticide removal from water. These
include physical (adsorption), chemical (03/UV, hydrolysis, Fenton, and photocatalyst),
and enzymatic approaches (1, 15). Among these methods, adsorption is a popular
method and widely used for the removal of pesticides, heavy metals, and dyes fromn
water and soil (9, 16). The adsorption method is a simple design and incurs lower costs
and therefore needs a lower cash outlay (17).

Bio-wastes are popular absorbent materials, utilized in the removal of
pesticides from the aqueous environment, With high porosity and large surface area, ash
contents, a mineral component, many functional groups and aromatic structure, bio-
wastes can be effective absorbents of toxic contaminants (17-19). Many studies reported
that bio-wastes are effective absorbents but with different efficiency regarding
conditions such as pyrolysis conditions, synthesis conditions, porous structure,
functional groups, mechanisms, etc. (20).

In this study, bio-waste material obtained from three types of agro-waste,
including corn cob, bagasse, and coconut fibre. The bio-wastes were synthesized by a

slow pyrolysis method under oxygen-limited conditions to become potential adsorbents



for diazinon removal in the aqueous solutions and compare the adsorption capacity of
each bio-waste. Moreover, the adsorption was investigated in the batch adsorption

system, including isotherm, kinetics, and mechanisms.

Research Objectives

Main objective:

To investigate bio-waste material obtained from three types of agro-waste,
synthesized as potential adsorbents for diazinon removal in the aqueous solutions and
compare the adsorption capacity of each bio-waste
Sub-objectives: ‘

1. To examine adsorption isotherms and kinetics

2. To observe adsorption capacity and make a comparison

3, To define and examine mechanisms between bio-wastes and diazinon

Research Significance
The result of this study will show methods of bio-waste synthesis, the optimum
pH, concentration, and contact time for diazinon removal. The adsorption isotherms,

kinetics, and mechanisms are also illustrated in this study.

Research Scope

1. Bio-wastes were obtained from synthesizing corncob, coconut fibre, and
bagasse collected in Thailand.

2. Bio-wastes were subject to pyrolysis at the same temperature and contact
times under oxygen-limited conditions.

3. Bio-wastes were washed with HF acid

4. The surface morphology of bio-waste was checked by SEM, while BET was
used to analyse the specific surface area, and the functional groups were analysed by
FT-IR.

5. Adsorption method: mechanisms, isotherms, and kinetics

6. The pesticide used in this adsorption study is diazinon



CHAPTER II

LITERATURE REVIEW

Properties of Diazinon

The pesticide under investigation in this study, diazinon, has been used in
agriculture as a nematicide and insecticide against soil insects and pests of fruit,
vegetables, tobacco, forage, field crops, rangelands, and pasture. It is also used to keep
greenhouses and mushroom houses free of flies. Diazinon is an organophosphorus
pesticide, of moderate mammalian toxicity, which is active against a variety of
agricultural and public health pests (3). It is readily absorbed by the gastrointestinal
tract, through intact skin, and by inhalation. It is converted in vivo to the oxygen
analogue diazixon, which then inhibits cholinesterase (3). The LDsg is 300-400 mg kg’
for technical grade diazinon in rats (3). ADI is 0.002 mg.kg!.day! (3).

1. Chemical and physical properties of Diazinon

Chemical structure of diazinon is shown in Figure 1. Characteristics of

diazinon is presented in Table 1.

Figure 1 Chemical structure of diazinon



Table 1 The characteristics of diazinon (14)

Empirical formula

C12H21N203PS

Molecular weight

304.35 g.mol’!

Chemical name

0,0-diethylO-(6-methyl-2-{1-methylethyl)-
4-pyrimidinyl) phosphorothioate

Trade Names

Basudin, Ceckuzinon, Dianon, Diazol,
Dragon, Kayazinon, Knox Out, Neocidol,

Spectracide, Terminator

Octanol/water partition ceefficient

log Kow = 3.81

Volatility: Yapour pressure

9.01 % 107 mm Hg (25 °C)

Solubility

40 mg. L (20°C)

pKa (ionization constant)

2.0

2. Use

Diazinon isused widely to kill insects via contact, stomach, and respiratory

action. It is used fo kill insects and their near relatives such as flying insects, crawling

insects, mites, ticks, and spiders. It has been applied since 1950 to control sucking and

chewing insects, and mites on fruit, vegetables, as well as forage and field crops.

Diazinon was also used for general intention gardening and indoor pests to control

cockroaches, silverfish, ants, and scorpions (14). Several investigators have found that

levels of DDVP and diazinon residues were reduced by the pre-harvest intervals and/ or

culinary applications, such as washing, peeling, and storage (3).

According to the solubility of diazinon is 40 mg.L! at 20 °C, (4), it is found

that water solubility of pesticides does not effluence to the quantity of pesticide

reducing. The majority of pesticide residue appears to reside on the surface of produce

where it is removed by the mechanical action of rinsing (4).



3. Transformation of Diazinon
3.1 Fate of Diazinon in the aquatic environment
Diazinon has stable properties in the water environment. The half-life
of diazinon is around 6 months under neutral pH conditions at a temperature of 20 °C
in the water, However, diazinon’s haif-life is 31 days at pH 5.0 and 136 days at pH 9.0.
Diazinon has metabolism rapidly in acidic condition lead to diazinon is an exception
herbicide, when it compares with other organophosphate pesticides (21).
3.2 Fate of Diazinon in the air environment
Diazinon is emitted into the atmosphere by the spraying of plants and
using aerosols on animals, Moreover, diazinon readily enters the environment through
water sources and the soil. It is a volatile substance which means that it readily
evaporates into the air, In the air, the vapour and fine powder form of diazinon has a
half-life of 4 hours. In addition, in the air, diazinon is converted quickly by UV rays.
These reactions are enhanced under conditions of high temperature and humidity (21).
3.3 Fate of diazinon in the soil |
In the soil, diazinon decomposed slowly where the half-life was around
6-12 weeks under neutral and sterile conditions. The half-life of the pesticide was around
2-7 weeks with bacteria. These figures can differ according to the properties of the soil
including soil type and moisture content. The pesticide’s metabolism is rapid in acidic
pH and at high temperatures in the soil. Up to 50 % of diazinon or metabolites can be
bond by soil components containing humic acids or other stable organic and mineral
compounds (21).
4, Toxicity of diazinon
. Diazinon can influence the body as it is absorbed through respiration, the
eyes, the skin, or is swallowed. Diazinon is metabolized readily by mammals and is
usually excreted through the urine. It is metabolized in vivo by four enzyme systems,
which include mixed functions oxidases, hydrolases or phosphatases, glutathione
dependent transferees, and non-specific exterases. In vivo animal studies have indicated
that the production of diazoxon dydroxydiazinon, isohydroxydiazinon, and a
propylenediazinon metabolite occurs in the body on exposure to diazinon. Diazinon
does not bicaccumulate in tissues or organs. The mode of action of diazinon is the

inhibition of the enzyme cholinesterase.



Diazinon is highly toxic to birds. The acute oral LDso (mgKg?!) for
technical diazinon is 6.81 for turkeys; 40.7 for chickens; [4.7 for geese; 2.75 for
goslings. The sub-acute dietary LCso (ppm) for technical diazinon is 191 for mallard

ducks; 245 for bobwhite quail; 244 for ring-necked pheasants and 47 for Japanese quail.

Properties of bio-waste
1. Bio-waste characterization

Bio-waste is a by-product of pyrolysis, gasification, torrefaction, and
hydrothermal carbonization, which is made from biomasses such as agricultural crop
residues, wood or waste at high temperature (300-900 °C) and under limited oxygen
conditions {22). With high porosity, large surface areas, ash contents, a mineral
component, many functional groups, and an aromatic structure, bio-wastes are treated as
an effective absorbent in the removal of pollutants from aqueous solutions (17-19).
Previous studies have demonstrated that bio-waste has a high specific surface area,
heterogéneous surface properties, a microporous structure, thé presence of different
functional group compositions and resistance to decomposition and mineralization
(19, 23).

The formation process of bio-waste requires less energy than in the
production of activated carbon, but the porous structures are similar. Moreover, the cost
of bio-waste processing is affordability compared to activated carbon due to the source
material of bio-waste that comes from agricultural waste, which has low economic
value. This is the main reason why bio-wastes have become popular as efficient
absorbents. This suggests that bio-waste has economic value, can decrease the quantity
of solid waste in the environment such as aggressive plants, impracticable growth
reduction, and animal faecal matter, (24). Hence, the transformation of uscless wastes
to bio-wastes, (effective absorbents) helps in both waste management and
envirommental preservation as shown in Figure 2.

Previous studies have indicated that the properties and surface area of bio-
wastes are very important in their ability to remove pollutants from the environment.
The function of those properties enables bio-wastes to remove contaminants such as
heavy metals, organic pollutants, and other pollutants like chemical waste from the

environment, Of the studies of bio-wastes, 46 % focused on heavy metal extraction,



39 % examined organic pollutants, 15 % ammonium/nitrate and phosphate (NP), and

2 % for general pollutants (24). The adsorption characteristics of pollutants with bio-

waste are shown in Table 2,

Table 2 Adsorption characteristics of pollutants with bio-waste (24)

Source Pyrolytic  Contact Pollutants Qmax Isotherm Kinefic
Tem. (°C) time (mg/g) madel model
Cattle manure 100 6h Al - Langmuir -
Corn straw 600 2h Zn (1D 110 Langmuir PSO
Hardwood 450 <5s Cu{Il) 6.79 Langmuir PSO
Eucalyptus 400 30 min Methylene blue dye 2.06 Langmuir PSO
Maize straw 300 1.5h Oxytetracycline - Freundlich  PSO
Palm bark 400 30 min Methylene blue dye 2.66 Langmuir PSO
Peanut shells 300 3h Trichloroethylene 12.12 Langmuir -
Peanut shells 700 - 3h Trichlorocthylene 32.02 Langmuir -
Soybean stover 300 3k Trichloroethylene 12.48 Langmuir -
Soybean stover 700 3h Trichloroethylene 3174 Langmuir -
Swine manure 400 Lh Atrazine 14.79 - PSO

Note:

PSO: Pseudo-second-order model
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Adsorption |

Biomass

Figure 2 Benefits of bio~waste applied as an effective adsorbent for

. wastewater treatment (24) .

For evaluating the removal efficiency of the contaminants by bio-wastes,
the identification of the wnderlying mechanisms of the adsorption process is needed.
According to (24), bio-waste adsorbs organic pollutants by means of various
interactions. The adsorption mechanisms of organic pollutants by bio bio-waste is
proposed in Figure 3. It is includes electrostatic interaction, hydrophobic effect,

hydrogen bonding interaction, and a pore-filling mechanism.
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Figure 3 Adsorption mechanisms of organic pollutants (24)

A positive correlation between micropore volume and surface area suggests
that pore size distribution is a key factor responsible for the increase in surface area in
bio-waste. Bio-wastes produced from animal litter and solid waste feedstock exhibit
lower surface areas compared to bio-wastes produced from crop residue and wood
biomass, or even at higher pyrolysis temperatures (23). Major bio-waste characteristics

relevant to specific environmental and agricultural applications are shown in Figure 4.

.
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Figure 4 The specific environmental and agricultural applications of bio-waste (22)

2. Bio-waste synthesis

The pyrolysis  conditions, gasification, torrefaction, and hydrothermal
carbonization are the main thermochemical technologies for bio-waste production (22).
Moreover, the pyrolysis conditions played an important role in bio-waste yield
determination, There are two main pyrolysis conditions including slow pyrolysis and
fast pyrolysis. The bio-waste yields synthesized from slow pyrolysis are higher than fast
pyrolysis or gasification. The yields of 30 %, 12 %, and 10 %, of the bio-waste obtained
from slow pyrolysis, fast pyrolysis, and gasification, respectively, performed at a longer
residence time and at a moderate temperature (350-550 °C) in the absence of Oz (20).

However, the surface areas and pore volumes of bio-waste commonly
increase parallel with the temperatures and contact time (20). The result of (25) studied
showed that the BET N3 specific surface area of oak bio-waste increased from 2-225
m?.g”! when increasing temperatures from 450 to 650 °C at 3 h. The specific surface
area of pig manure bio-waste was also increased from 24 to 33 m?.g”! when temperatures

were increased from 350 to 700 °C at a contact time of 12 h (26). On the other hand, in
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sitnilar conditions, temperature and holding time, plant bio-wastes might have specific
surface area higher than animal bio-waste (27). This is because of the quantity of
inorganic and ash components in animal bio-waste is higher than plant bio-waste.
Pyrolysis and gasification are thermochemical processes that produce bio-waste as a

solid product, in addition to bio-oils and synthesis gas as shown in Figure 5.
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conditions (20)
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Under the slow pyrolysis conditions lower than 600 °C, the chemistry parent
feedstock of bio-waste did not change. Nevertheless, when the temperature increases
above 600 °C, it caused the aliphatic groups to change. For an instant, phenols and
carboxylic acids can transform to neutral or fused basic aromatic groups. Pig manure
bio-waste was produced at 620 °C for 12 hours, the NCH and N-C=0 group were not
found in raw manure. The polycyclic aromatic compounds that were formed include
dioxins and furans in slow pyrolysis at 350 - 500 °C and the holding time was less than
1 hour (20).

Mechanism of bio-waste adsorption

Mechanisms of pesticide sorption on bio-waste are complicated, which consists
of pore filling, hydrogen bonding, hydrophobic, clectrostatic attraction, n-m electron
donotr-acceptor (n-m EDA) and partitioning into non-carbonized fraction (22). These
mechanisms are shown in Figure 6. The sorption capacity of pesticide on bio-waste

depends on both bic-waste properties and the functional group of the pesticide (23).

catfon-x

Electrosfatic
lateraction
4

Hydrophoblc
adsorption
r-XEDA —
lateractions

Hydrophobic sites

Aromalic graphene sheets
Biochar pores

Carbonized fraction

H-bondlng Non-carbonized

fraction
Mineral-rich surfaces

Figure 6 Characteristics of the mechanism of bio-waste adsorption (23)
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1. Pore-filling

The pore network of bio-waste is similar to porous carbon, which was
separated into three sizes. These types including micropores (<2 nm), mesopores (2-50
nm) and macropores (>50 nm). However, micropores and small mesopores {2-20 nmn)
are typically suggested to be present on the majority of bio-waste surfaces and plays the
main role in the uptake of organic compounds. According to (20), the total micropore
and mesopore volumes of bio-waste are the main functions in the pore-filling
mechanism of organic adsorption. This mechanism was also reported by (26), where a
lack of micropores in bio-waste produced at 350 °C, made the sorption capacity of
atrazine and carbaryl lower, The pore-filling mechanism is dominant in the adsorption
process where there are low pollutant concentrations in the selution or where there is a
low volatile matter content of bio-waste.

The organic compound including both polar and non-polar can be adsorbed

by pore filling depends on the bio-waste type (20).

Boundary
layer

Bio-waste particle
Figure 7 Pore-filling (28)

2. Hydrogen bonding
Hydrogen bonding (H-bonding) is a credible mechanism for the sorption of
polar organic conmpounds on bio-wastes. Bio-wastes have plenty of polar groups on the
surface such as —-COOH, -OH, -CHO, -CO, which enhances the sorption capacity of

polar pesticides on bio-wastes via H-bonding, The abundant polar groups on bio-wastes
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facilitate water sorption and promote H-bonding between bio-wastes and organic
adsorbates containing electronegative elements (29). For example, the sorption of
dibutyl phthalate (DBT) by rice straw and swine manure bio-wastes was attributed to
H-bonding between H-donor groups or water molecules on the bio-wastes and O-atoms
on DBT’s ester group (20). H-bonding of AN-O groups of NDMA with AC-O moieties
in bamboo bio-waste was suggested to promote the removal of NDMA from aqueous
solution onto bio-waste. Following (30), suggested that the sorption of glyphosate by
rice husk-derived bio-wastes was attributed to H-bonding between surface phenolic and
carboxylic groups of bio-wastes and H-atom or O-atoms on glyphosate’s phosphates
group. The polar organic groups on the surface of the bio-waste can participate in H-
bonding. Many polar groups on bio-waste facilitate water sorption and impellent H-
bonding between bio-waste and organic pollutants. The property of hydrogen bonding

is shown in Figure 8,

H‘x
P

Hydrogen bonding— O

@m,w.u.ﬁaﬂ\ (/ =~

Hydrogen bonding

S H-®

4

O—H

Figure 8 Hydrogen bonding

3. Hydrophobic interaction
Both partitioning and liydrophobic are the main factor in the hydrophobic
interaction mechanism of organic compounds extraction by using bio-waste (20).
Hydrophobic bio-waste with low surface oxidation is able to absorb hydrophobic
organic compounds or neutral, and ionogenic organic. For example, the hydrophobic

interaction mechanism occurred between hydrophobic C-F chain of Perfluorooctane
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sulfonate and hydrophobic sites on maize straw and willow derived bio-wastes (20). The
requirement of hydration energy of hydrophobic adsorption is lower than the
partitioning adsorption.

The bio-waste becomes more hydrophobic when its surface contains the
aliphatic and aromatic functional groups (31, 32). Consequently, it can adsorb

hydrophobic pesticides by the hydrophobic adsorption mechanism which is shown in

Figure 9.
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Figure 9 Hydrophobic interaction

4, n-w electron-donor-aceeptor (n-n EDA)

n-n EDA is an adsorption mechanism by bio-waste and the organic
compounds. For example, the strong non-covalent p-electron donor-acceptor (EDA)
interaction occurs between the graphene, which is similar to the bio-waste surface, and
planar aromatic compound adsorption. The bio-waste surface can distribute charges of
aromatic rings at a high temperature >1100 °C, but rough charge distribution at the
temperature >500 °C. Moreover, the charge distribution of bio-waste with aromatic
rings can increase or reduce its electron density, creating w-clectron-rich or deficient
systems (33). Aromatic-7t systems in low-treatment temperature bio-wastes <500 °C
containing electron-withdrawing entities may setve as clectron-acceptors. Whereas,
poly-condensed aromatic rings or electron-rich graphene sheets in high-treatment
temperature bio-wastes could serve as m-donors that bind electron withdrawing

molecules. The sorption affinity of atrazine to bio-waste was attributed to z-n EDA
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interactions between the electron-withdrawing chlorine substituent in atrazine and the
aromatic carbon on the surface of bio-waste (26). Also, at low pH, n* n~ EDA interaction
between the protonated aniline ring in sulfamethoxazole (SMX) and mn-electron rich
graphene surface of bio-waste was implicated in the sorption of SMX on giant-reed bio-
waste. Furthermore, the adsorption of carbofuran by rice husk-derived bio-waste
showed the n electron-rich bio-waste functional groups can be bonded with a protonated

amino group of the carbofuran molecule forming strong n-n EDA interactions (34)

(Figure 10).

pi-pi Electron- (Ionm -acceptor
interaction

Figure 10 n-xn EDA
Note: Adapted from S. S. Mayakaduwa et al. (34)

5. Cation-w interaction
Bio-waste including wastewater solids, animal-derived bio-wastes which
have high Fe, Mg, Si, K or Ca as the cation-n can interact with the polycyclic aromatic
hydrocarbons (PAH) of bio-waste (20). However, the hydrophobic or dispersive forces

may be required to support such bonding,
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6. Electrostatic interaction

Electrostatic interactions are the mechanism between ionic of pollutant and
cationic of adsorbent, or vice versa. For example, if the organic compound is a cationic
compound, which carried the positive charges will attract the negative charge of the
adsorbents. In contrast, if the bio-waste is a cationic adsorbent, which carried the
positive charge, will attach with the ionic absorbate (23). Moreover, pH can affect the
adsorption process of bio-waste and adsorbates, because the suface of the bio-waste
was controlled by the pH of the solution. If the solution pH is lower than the pH of point
zero charges (pHpzc) of the bio-waste, then the surface of the bio-waste will be
positively charged. If the solution pH is higher than the pHpzc of the bio-waste, the
surface of the bio-waste will be negatively charged (20).

Additionally, when the electrostatic inferaction between bio-waste and
ionic, organic adsorbates are repulsive, increasing the ionic strength of adsorbate
solutions will increase adsorption. But, increasing the ionic strength of adsorbate
solutions when flle electrostatic interaction is attractive, will reduce adsorption of the
adsorbate. The adsorption of methylene blue (MB) decreased from 4.5 to 3 mg.g! on
CNT-modified bagasse bio-waste as ionic strength increased from 0.01 to 0.1 M NaCl,
is likely due to competition between the Na™ and MB™ for negatively charged bio-waste
sites (35).

According to (34) the electrostatic interaction between protonated
carbofuran molecules and the negatively charged bio-waste surface may enhance the

carbofuran adsorption.
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Anion inferaction (pl < plly; ) Cation interaction (pH = pHp,e)

Figure 11 Electrostatic interaction

7. Diffusion and partitioning

There are many approaches of diffusion between pollutant and bio-waste
such as diffusion of adsorbates into pores during pore filling interaction, or into the
organic matter (OM) matrix of bio-waste non-carbonized fractions. According to (36),
indicated that the organic pollntant has a tendency to partitioning into the non-
carbonized organic matter and adsorption onto the carbonized matter. At the high solute
concentration or in bio-waste which contain high volatile matter, the partition
mechanism can occur in the last process. This condition can enhance the adsorption
capacity due to the absorbed organic compound solute within the OM matrix. The
partitioning on bio-waste can occur at the temperature <400 °C, which.holds the small
aromatic and aliphatic compounds such as pyrroles, phenols, ketones, and sugar. The
porous nature of bio-waste can be the obstacle of organic pollutants diffusion. However,
it does not have the difficulty in absorption of organic pollutants which contain

hydrophobic molecules (20).
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Adsorption isotherm
The process which explains the ions of molecules of a phase that has a trend to
reduce the concentration on the surface of another phase was called adsorption.
Adsorption is also the progress by which solid phase molecules stick to molecules of a
gas or a liquid (37). The adsorbate is the fluid molecule attached to the surface of the
adsorbent. Most of the adsorbents are the porous solid (38). The adsorption isotherm is
vital in enhancing the adsorbents utilizing due to it describing how adsorbates interact
with adsorbents (24).
1. Type of adsorption
Adsorption is used in all the natural systems including physical, biological,
and chemical. It 1s also used in industries, for example, the activated carbon, bio-waste,
synthetic resins. This method is appropriate for wastewater treatment as it is a simple
and affordable process (29). The adsorption is controlled by two forces: physical forces
called physical adsorption (physisorption) and chemical forces, i.e. chemical adsorption
(chemisorption) (37). |
1.1 Physical adsorption
The forces operation of physical adsorption is nof strong. The molecules
which adsorbed by the adsorbents are not stable on the surface of the adsorbents, they
may move from one place to another. The power of energy which is used in physical
adsorption is not more than 80 kJmole!, However, physical adsorption is easy to
reverse (40).
1.2 Chemical adsorption
The forces of chemical adsorption are stronger that than a physical force
due to the energy used in the adsorption of C-N bonds is 600 kJ.mole. The chemical
bonding is strong and hard to reverse. This is because of the chemical bond on the
surface of adsorbate and the adsorbent are sharing of electrons. Sometimes on the same
surface, both physisorption and chemisorption can occur at the same time, but the layer
of the molecules is adsorbed by physisorption is on the upper and the chemisorbed layer
is below (40).
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2. Langmuir and Freundlich adsorption isotherm
The relationship between pollutants loading on the adsorbent and
concentration of pollutants at equilibrium is determined using the Langmuir and the
Freundlich isotherm models (22). A number of empirical models have been employed
to analyse experimental data and define the equilibrium of pollutant adsorption onto the
bio-wastes. The results are usually relevant to the properties of the bio-waste and the
target pollutants. The parameters Op and K; of the Langmuir isotherm and the
parameters Ky and n of the Freundlich isotherm were determined from the adsorption
equilibrium data from the various samples (41).
2.1 Langmuir adsorption isetherm
The Langmuir isothernt model is used to assume the quantitatively of
the monolayer adsorption without interaction between the adsorbed molecules. The
Langmuir isotherm shows the accuracy of the monolayer adsorption on the surface of
the adsorbent (41). The model assumes equal energy of the adsorption onto the surface.

The Langmuir adsorption isotherm is shown below,

T e )
I+ XK,0,

The linear form of the Langmuir adsorption isotherm is presented below

i=i+ 1 (2)
4. G OK,C,

Where:

C. (mg.L") is the equilibrium concentration of pesticides

g. (mg.g™') is the amount of the pesticide as adsorbed per gram of the
bio-waste at equilibrium

Qs (mg.g’') is the maximum monolayer coverage capacity

K (L.mg) is the Langmuir isotherm constant

From the slope and interception of the Langmuir isotherm plot of //g.

versus //Ce., the Qp and K7 are calculated (41),
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2.2 Freundlich adsorption isetherm
The Freundlich isotherm model is used to demonstrate the
chemisorption process on the heterogeneous adsorption on the surface of the bio-wastes.

The Freundlich equation is expressed below.
qe :KIC:’H (3)

Where:
Ky (mg.g’) (mg )™ is a Freundlich isotherm constant
n is the intensity of adsorption

The linear form of the Freundlich adsorption isotherm is as below:
1
logg, =log K, +—logC, (4)
i

From the slope and intercept of the Freundlich isotherm plot of the /og g. versus log C.,

Krand n were calculated (41).

Adsorption kinetie

Adsorption kinetics are used to study the relationship between the physical
and/or chemical characteristics of the bio-wastes and display the strength of the
relationship. The result of the adsorption kinetics can cause effects to the adsorption
mechanism including mass transport and chemical reaction processes. The two most
popular kinetic models used to study pollutant elimination by bio-wastes are the pseudo-
first-order kinetic model and the pseudo-second-order kinetic model. These kinetic
models provide valuable information which controlled the adsorption processes

involving adsorbent surface chemical reactions.



23

1. Kinetic study
1.1 Kinetic study of pseudo-first-order and pseudo-second-order
models
The amount of the bio-waste adsorption at time  and at equilibrium was

evaluated by the equations below:

_ V( Co— Cr)
Qr - I’V (5)
= V(CU — CE)
e (6)

Where:

g & ge (mg.g'y were the amounts of the bio-waste that is adsorbed at
time ¢ and at equilibrium

V(L) is the volume of pesticide solution

Co, C,, Ce(mg. L") are the pesticide concentrations in the solutions at ¢
=0, t = ¢, and ¢ = equilibrium, respectively

W (g) is the amount of bio-waste that was used (42, 43).

Two Kkinetic models including the pseudo-first—order (Eq.7) and
pseudo—second—order (Eq.8) weie applied fo analyze the adsorption kinetics of
pesticides and bio-waste. Both kinetic models described the kinetics of a solid—solution
system, the pseudo-first-order showed mononuclear adsorption, whereas the pseudo-

second-order illustrated binuclear adsorption (43). The equations are displayed below:

k.t
Log(qe“q,)=10gqe—ﬁo3 (7)

LA

g K., 4.

Where: k7 (h!) and k2 (g.mg'L.h) are the adsorption rate constants of the

pseudo-first-order and the pseudo-second-order models.
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Effects of adsorption
The factors which can cause the effect of the adsorption efficiency by bio-waste
consist of the properties of bio-waste, bio-waste residence time, pH, competitive anions,

dosage of the adsorbent, temperature, bio-waste application rate, and pollutants species.



CHAPTER III

RESEARCH METHODOLOGY

Bio-wastes preparation

The three types of bio-waste including coconut fibre bio-waste (CF-BW), corn
cob bio-waste (CC-BW), and bagasse bio-waste (BG-BW) were collected in Northern
Thailand. Corn cob and bagasse are wet materials, thus they were left in the sun for a
few days to extract the water before the synthesis process.

Bio-wastes were sliced into the approximate size (em™) of 1 x | and dried in
the oven at 105 °C for a few hours until getting the constant weight (Figure 12). The
bio-wastes were butned in a furnace (Nabertherm, Germany) with the temperature
slowly increased by 3 °C per minute. The pyrolysis process was conducted under

oxygen-limited conditions at 600 °C for 4 hours as shown in Figore 13.

Corn cob Coconut fibre Bagasse

Figure 12 Bio-waste materials
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water before synthesis process
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Figure 13 Bio~waste synthesized diagram

Bio-wastes modified by HF acid

N
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After pyrolysis, bio-wastes were ground by pestle and mortar. Then sieved

through a 0.8 mm mesh. To remove excess ash, the bio-wastes were washed with 0.1 M

HF acid by following the method of the Minori Uchimiya group (44). After that, bio-

wastes were washed with the deionized water until achieving the neutral pH. Finally,

bio-wastes were dried in the oven at 80 °C overnight. The appearance of the final bio-

waste material was a mixture of ash and charcoal. The processes of HF modified on bio-

waste are shown in Figure 14.
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Ground the bio- Sieved the.: bio- Washing with
wastes by mortar waste with a HF acid 0.1 M
and pestle steve 0.8 mm
Keep bio-wastes Filter the bio- Clean with DI
in the oven at 80 waste out of the 7 water until get a
°C overnight water neutral pH
The final bio-

waste product

- Figure 14 Processes of acid modification on bio-wastes

Bio-wastes characterization

The surface morphology and specific surface area of bio-wastes were analyzed
by the Scanning Electron Microscope (SEM) model LEOQ 1455 VP (Carl Zeiss
Microscopy GmbH, England} and the Brunaucr-Emmett—Teller method (BET),
respectively. The FT-IR (Frontier, PerkinElmer, Germany) method was applied to

define the functional groups of the adsorbents.

Adsorption experiment

All the adsorption experiment will be performed by Erlenmeyer flask 250 ml
and a shaker machine (MS Orbital Shaker, MS-NOR-30/MS-NOR-3001) in dark
condition. Add the volume of poltutants into Erlenmeyer 250 ml and add an amount of
bio-wastes into Erlenmeyer 250 ml, After that, the Erlenmeyer flask was placed on the
shaker to perform the adsorption process. During the adsorption experiment, samples
are taken to measure residual pollutants by UV—-Vis spectrometer (Genesys 108 UV-Vis
spectrophotometer, Thermo Scientific). A diagram of the adsorption experiment is

shown in Figure 15 below.
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The key parameter will study in the adsorption test:
1. Effect of pH to the adsorption experiment.
2. Effect of the initial concentration (7 concentrations) of pollutant fo the

adsorption experiment.

Add 150 ml of the pollutant solution into
the Erlenmeyer 250 ml flask

Get an amount of bio-waste and add
them
into the Erlenmeyer 250 m! flask

the solution concentration wiil
equilibrium

The samples will take to measure the
residual concentration during the test

The solution will pass through
Whatman filter paper 0.45 pm

Put the Erlenmeyer 250 ml flask on the
shaker and shake it at 120 r.min™" until

Measure the concentration residual of
the pollutant by UV — Vis spectrometer

Figure 15 Flow diagram of the adsorption experiments of diazinon and bio-waste
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1. Adsorption isotherm
There are two models of adsorption isotherm including the Langmuir
isotherm model and Freundlich isotherm model. In this study, both models were
investigated between three kinds of bio-waste consisting of corn cob, coconut fibre, and
bagasse in diazinon removal. Adsorption isotherm results will show which bio-waste
can be remove the pesticides with the greatest efficiency.
2. Adsorption kinetic
The adsorption kinetic models consist of the pseudo-first-order and pseudo-
second-order model was discovered in this adsorption. Regarding the adsorption kinetic
results, the best bio-waste mechanisms will appear in this study.
3. The adsorption mechanism of bio-wastes and diazinon
The adsorption mechanism of bio-waste and diazinon investigated in detail
by using the theory of the adsorption mechanism of bio-waste and the evidence results.
Furthermore, the infrarcd spectra of the bio-waste were recorded using the KBr press
disk technique and a Féurier Transform-Infrared spectroscopy (FTIR, Perkianlmer
Spectrum, Germany), which recorded the 4000-400 cm! range at room temperature.
The explanation of the mechanism results between bio-wastes and diazinon was

supported by the FT-IR, SEM, and BET result.
Chemicals

Table 3 List of chemical used in this study

No Name of chemical Concentration (%) Source
1 HF 48 Loba Chemie Pvt. Ltd, India
2 H>S04 96 ACI Labscan, Thailand
Ajax Finechem Pty. Ltd,
3 NaOH 97 .
Australia
SIMS AGROW CHEME CO.,
4 Diazinon 60

LTD, Thailand
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Standard curve preparation

Pour 200 ml DI water into the 250 ml beaker. Add the diazinon according to
the amounts stated in Table 4 to the water and stir with a glass rod until completely
dissolved. Transfer the solution to a 1000 ml volumetric flask. Add DI water until the
volumetric in the flask is 1000 ml (stock 1: primary standard).

Stock 2 of the diazinon in Table 4 were diluted from stock 1, to get 25 ml of
stock 1 solution into a 50 ml volumetric flask and the volume was marked in 50 ml by
DI water, Stock 1 and stock 2 were poured into brown glass bottles and kept in the
refrigerator at 4 °C,

Preparing the working standard of the pesticide concentrations for the
experiments are shown in Table 5. All these concentrations were diluted from stock 2
pesticide solutions and DI water and were performed in 150 ml volumetric flasks. The

concentration of the diazinon calibration curve presented in Table 5.

Table 4 The standard calibration curve preparation of diazinon

Pesticide name Diazinon

Amount of diazinon (60 w/v) in 1000 mi of solution 1.66 ml
Stock 1 : 1 000 mg. L
Stock 2 100 mg. L

The number of points 7
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Table 5 The concentrations of diazinen for the calibration curve

Working Stock 2 (ml)
The number of
standard Concentration DI water (ml)
points

(mg. L) (100 mg. L)
0 0 0 150
1 2.0 3 147
2 5.0 7.5 142.5
3 10 15 145
4 15 22.5 127.5
5 20 30 120
6 40 60 90
7 60 90 60




CHAPTER IV

RESULTS AND DISCUSSION

Characterization of bio-wastes SEM
1. Characterization of bio-wastes with non-acid-modified
The raw SEM of bio-wastes with non-acid-modified is shown in Figure 16.
As the figures indicated that the pores of each bio-waste were blocked by minerals that
the reason to make the pore size tiny. Morcover; it can reduce adsorption capacity. On

the other hand, the amount of CF-BW’ pores have more than other two bio-wastes pore.
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Figure 16 SEM pictures of bio-wastes with non-acid-medified (A, B, C):
CC-BW, BG-BW, CF-BW non-acid-medified, respectively
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2, Characterization of bio-wastes after acid-modified
The surface morphology and pore size of the bio-wastes were changed after
being acid-modified. The pores size of each bio-waste were clear with less or without
blocked by the minerals as shown in Figure 17. As the results, it showed that acid
treatment was the key factor to increase the specific surface area of bio-wastes which
allowing higher adsorption capacities. Hence, the size of the surface morphology of the

bio-wastes is the crucial element in the adsorption process.

e Va8 s : WEE s e
oo Favi el W shes 4 § il Yy 3 Lo 3 2 ] iy Pued Tate o 1B i s 2 L RO 1AM,

(a) (b)

Hagr WEA (IR T4 A hu 2% FE1 S L
Tomsfigeird MOy L Frch T+ 200 Swesk g+ TE0 1 EESTAL T
. SR - :

(©)

Figure 17 SEM pictures of bio-wastes with acid-modified (a, b, ¢):
CC-BW, BG-BW, CF-BW by HF modified, respectively
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Specific surface area and total pore volume of bio-wastes

Three types of bio-waste were conducted by following the same condition to
An Binh Quach method (45). Therefore, the value of specific surface area (BET), total
pore volume (TPV), and pore volume dissemination was taking out by following his
results. The results show that the specific surface area of CF-BW is higher than CC-BW
and BG-BW in the ordering value 402.43 m?g!, 292,92 m?.g’, and 67.42 m?.g”,
respectively. Noticeably, the BET is the main criteria to determine the adsorption
capacity of bio-wastes. If the bio-waste has a large specific area on the surface, it has
more interfaces for pollution adsorption (43). Likewise, the total pore volume of CF-
BW (0.151 em®.g?) is also higher than CC-BW (0.117 cm®g™) and BG-BW (0.029
em®.g"). The result of pore distribution into four sizes including, micropores (<2 nm),
narrow mesopores (2-20 nm), mesopores (21-50 nmy), and macropores (>50 nm). The
micropores (<2 nm} of CF-BW, CC-BW, and BG-BW were 17.40%, 21.24%, 16.88%,
1'espectively. The narrow mesopores (2-20 nm) of CF-BW, CC-BW, and BG-BW were
69.22%, 56.57%, 59.29%, respectrively. The mesopores (21-50 nm) of CF-BW, CC-BW,
and BG-BW were 6.10%, 10.39%, 15.75%, respectively. The macropores (>50 nm) of
CF-BW, CC-BW, and BG-BW were 7.28%, 11.81%, 8.07%, respectively. The majority
of pore volumes of bio-wastes were narrow mesopores and micropores. Additionally,
the specific surface area has a positive correlation with micropore volume because the
pore size distribution is a key factor responsible for the increase in surface area in bio-
waste (23).

The TPV is the main factor for the high adsorption of bio-wastes. The pore size
of bio-wastes is very important in achieving the uptake of adsorbate (46). Noticeably,

the pores size of bio-waste acted as a potential factor in the pore-filling mechanisn.

FT-IR of the bio-wastes

The results of the surface functional groups of adsorbents were demonstrated
by FT-IR analysis. The FT-IR spectras of the bio-waste are exhibited in Figure 18, There
are eight main functional groups in a different spectrum which appeared on the surfaces
of the bio-wastes. Moreover, among of the eight main functional groups, there is three
main interaction including H-bonding, hydrophobic, and n-m EDA interaction that

caused by those functional groups.
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1. H-bonding functional groups

The band 3000-3600 cm™ and peak at 3789 em! were hydroxyl groups (O-
H) stretching vibrations of earboxylic acid, alcohol, and phenol (47).

The bands at 1216 cm™ and 1217 cm!, represented the aromatic C-O
stretching of phenolic hydroxyl (48). The bands at 1045 cm, 1070 cm™!, and 1099 cny”
!'of CC-BW, CF-BW, and CC-BW, respectively, were recognized to the aromatic C-O
stretching of alcohol (49).

The peaks around 1736 cm'l, 1734 em™, and 1715 em™ of bio-wastes were
assigned to the carbonyl group C=0 and eould show ketone, carboxylic acid, and ester,
These groups can cause I-bonding interaction (50). The bands at 2298-2383 cm™! were
ascribed to the ketone group C=0O (51). Moreover, the hydroxyl groups (O-H) are
presented with significant H-bonding interaction,

2, Hydrophobic functional groups

The resulté indicated that the functional groups which can‘ -cause
hydrophobic interaction had two types such as aromatic C-H and Aliphatic group.
Aromatic C-H bands were around 744-878 cm™ and Aliphatic C-H bands were 2845-
2915 em™,

3. n-n EDA functional groups

There s one functional group that can be generated the n-rn EDA interaction

is aromatic C=C. The bands of aromatic C=C is shown about 1563-1571 cm™' (49, 51).

In brief, all the functional groups were summary in Table 6. The major
functional groups of the adsorbents including ketone, carbonyl, and aromatic organic
molecules which are unsaturated hydrocarbons. The hydroxyl group is also the main
molecule on the bio-wastes. All these functional groups can cause H-bonding interaction
between bio-wastes and diazinon (50). Furthermore, the aromatic group of the bio-
wastes has the m-m EDA interaction with the diazinon (50) when the alkyl group has
hydrophobic p‘roperties (52). ‘

Furthermore, the transmittance of CF-BW is lowest if compare to another two
transmittances of CC-BW and BG-BW. This is showed that the surface of CF-BW has

many functional groups more than another two bio-wastes.



36

Corn cob
Bagasse C-0 strefching of phenolic hydraxyl
Coconul fibre 1216
i
Aliphatic C-H L ,
20159646 Carbonyl group C=0 EC ?Ogtsrelchmg of alcohol
— 17}—{34 : :
OH o s Ketone group C=0 : : : A fic C-H
b 2383- 2298 : , o PATOmAle b
39 seo0g000 . Aromatio e 87144
i —_— Doy : - oo
e P P

Transmittance (%)

4000 3500 3000 2500, 2000 1500 1000 500
Wavenumber (cm™)

Figure 18 FT-IR spectrum analysis of bio-wastes

Table 6 FT-IR spectra results of the optimumn bio-wastes

The functional groups of CC-BW BG-BW CF-BW Ref.
bio-wastes Wavenumber (cm™)

Aromatic C-H 871-744 847-748 878-750 (47)
C-0 stretching of alcohol 1045 1099 1070 (49)
C-O stretching of :

phenolic hydroxyl 1216 1216 1247 48)
Aromatic C=C 1568 1563 - 1571 (49, 51)
Carbonyl group C=0 1734 1736 1715 (50)
Ketone group C=0 2383-2299 2382-2298  2354-2299 (51)
Aliphatic C-H 2915-2846 2911-2845 2915-2845 (52)

OH group 3600-3000 3600-3000  3600-3000 (47)
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The adsorption mechanism of bio-wastes and diazinon

Chemical adsorption was generated by the interactions between the functional
groups of bio-wastes and the diazinon. The proposed chemical interaction of diazinon
and bio-wastes adsorption contain H-bonding, hydrophobic, and n-n EDA interactions
regarding the results of FT-IR in Figure 20.

The pore-filling, hydrogen bonding, electrostatic, hydrophobic, and n-t EDA
interactions were the adsorption mechanism between bio-wastes and diazinon (24) as
shown in Figure 21.

1. Pore-filling

In this study, the SSA and the TPV results of bio-wastes before and after
diazinon adsorption were different. This validated that the pore-filling mechanism and
chemical interaction accurred between adsorbents and diazinon adsorption. According
to the pore size data from section 4.2, the CC-BW, BG-BW, and CF-BW had a high
distribution of micropores (<2 nm) and narrow mesopores (2-20 nm), in the range
between 21.24 and 56.57 %, 16.88 and 59.29%, and 17.40 énd 69.22%, respectively.
The sorption of organic sorbates onto adsorbents by pore-filling mechanisms is a
function of its total micropore and mesopore voiumes (20). Furthermore, the dimension
of the molecular structure of diazinon was 1.08 x 0.58 x 1.04 nm (0.65 nm®) analysed
by using the ChemBio3D software as shown in Figurc 19. The data of the bio-wastes
pore size were quite close to the structural size of diazinen. Hence, the diazinon can be
adsorbed into micropores and narrow mesopores of the bio-wastes. Additionally, the
pore-filling mechanism happened when the potre size of adsorbent is close to the
molecular structure size of adsorbate (53).

The reduction of SSA and TPV determined the occupied diazinon in the
pores of bio-wastes. This revealed that the pore-filling mechanism occurred between the

bio-wastes and diazinon.
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Figure 19 Dimension of diazinon analysed by ChemBio3D software
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Table 7 FT-IR of bio-wastes before and after diazinon adsorption

Ascribed to
Wavenumber The functional Proposed
the type of Ref.
(emh) group interactions
vibration
C-O stretching of _
1045-1099 C-O H-bonding (54)
alcohol
C-O stretching of )
1216 C-0 . H-bonding (54)
phenoli¢ hydroxyl .
Aromatic
1563-1571 C=C n-m EDA (55)
hydrocarbon
1715-1736 C=0 Carbonyl group H-bonding (54)
2299-2383 C=0 Ketone group H-bonding (54)
2845-2915 C-H ) Aliphatic C-H  Hydrophobic (52)

Alcohol, phenol, )
3600-3000 O-H N H-bonding (56)
carboxylic acid

2. H-bonding

Figure 20 displays the formation of H-bonding and the shift of FT-IR results
after diazinon adsorption. The peak and peak arca were assigned to the C-O stretching of
alcohol (1045 em™) and phenolic hydroxy! (1216 em™), C=0 of carbonyl group (1734
cm'h), C=0 of ketone group (2383-2299 cm!), O-H of alcohol, phenol, and carboxyl
(3600-3000 cm!) which were changed as shown in Figure 20, All of the peaks suggest
that O and H atoms in these functional groups were involved in H-bonding interactions
(54). According to (56), carboxylic acid and the phenolic groups of bio-wastes could act
as hydrogen donors. Therefore, an H atom from alcoho!, phenol, and carboxyl groups of
the diazinon engendered the H-bonding interaction with O atom from bio-wastes by
harmonizing to the prev.ious research (56). This type of interaction is shown in Fiéure 21,

At pH 4, the proton (H*) was added to the N atom which caused the N atom
has a negative charge due to protonation of N atom of the pyrimidine ring which
generated more electrons. Moreover, the electronegativity of C atom was lower than N

atom in the pyrimidine ring, this led to a positive charge on the nucleus and a negative
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charge on the N atom. The N atom of the pyrimidine ring of diazinon can form an H-
bonding interaction with H from the functional groups including hydroxyl and
carboxylic of bio-waste as depicted in Figure 21.

In addition, the H atom from group of carboxylic acid and phenolic of bio-
waste can cause H-bonding with the phosphate O linked to the pyrimidine ring in
organophosphate pesticide which was a possible force for the sorption interaction (57).
This interaction was agreed with Olivella et al. (2015), reported that the H-bonding
between H from the adsorbent and the O atom in pollutant provided a significant
contribution to the uptake of pollutant {(58).

3. Hydrophobic interaction

The peak areas 2845-2911 cm!, which represented the alkyl group were
changed after diazinon adsorption as shown in Figure 20, The intensity change of alkyl
group of bio-wastes after diazinon adsorption was dissimilar. The aliphatic C-H group
of CF-BW was shift greater than BG-BW, while the CC-BW graphs were not almost
changed. However, the éromatic C-H of CC-BW was changed greater than BG—BW and
CF-BW but in the insignificant percentage. This results showed that the CC-BW
contained aromatic ring more than CF-BW and BG-BW. Likewise, the alkyl groups of
bio-wastes also presented hydrophobic properties (52). Hence, the hydrophobic bond
can be formed from alkyl side chains from diazinon, and alkyl groups (aliphatic and
aromatic) from the bio-wastes by depicted in Figure 21,

4. m-m EDA interactions

The changing of the peaks showed that the aromatic C=C which was related
to the m-m EDA interactions. The n-n EDA interactions of the bio-wastes after diazinon
adsorption is shown in Figmre 20. The a-m EDA interactions will be stronger when
increasing the amount of hydroxyl due to, a hydroxyl group can act as an electron
providing group (55). In this adsorption, there are many hydroxyl groups of bio-wastes
which can be providing the electron, this leads to the aromatic rings of bio-wastes to be
high in electron density (n’). Moreover, in the pyrimidine ring where the N atom had
more electronegativity than a C atom, caused the dipole in the pyrimidine ring to create
a negative charge on the N atom and a positive charge on the nucleus (a+). So, n-nr EDA
interactions were formed between diazinon and the aromatic hydrocarbon compound of

the bio-wastes. Besides, the intensity change of CF-BW on aromatic C=C functional
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group was greater than BG-BW and CC-BW. This is indicated that the surface of CF-
BW contained the aromatic C=C functional group more than another two bio-waste.
Previous studies have shown that 7-n EDA interactions are much stronger than Van der
Waals forces (26). Therefore, the high adsorption affinity between the diazinon and the
bio-wastes may have resulted from specific interactions between the diazinon molecules
and the bio-waste surface.

In summary, several functional groups of bio-wastes including, aleohol,
phenol, and carboxylic acid groups, showed the H-bonding interaction. The alkyl group
of bio-waste presented the hydrophobic interaction and the aromatic group of bio-wastes
presented the n-n EDA interaction. There are many functional groups can caused H-
bonding. Moreover, the presence of polar groups such as O-alkyl groups and carboxyl
carbons can decrease the accessibility of aromatic compounds of bio-wastes to
pesticides (26, 50). This may be ascribed to strong H-bonding interactions occurred
between polar groups on the bio-wastes and diazinon. Thus, H-bonding was the primary
and major intéraction that played an important role in chemical adsorption. Lastly, the
adsorption mechanism between the bio-wastes and diazinon consisted of the pore-filling
sorption mechanism and the chemical interaction including H-bonding interaction,

hydrophobic interaction, and w-r EDA interaction as depicted in Figure 20 and 21.
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Figure 22 A depiction of adsorption mechanism between bio-wastes and diazinon

Effect of the pH on diazinon adsorption

pH is one of the factors affecting the quality of groundwater and surface water.
95% of groundwater, pH is in the range of 5.5-9 and in 80% of the water, it is in the
range of 6.5-8.5. Moreover, pH s the main factor that affects adsorption efficiency
between adsorbent and adsorbate (11). Hydrolysis of diazinon in aqueous solutions
depends on the temperature of the aqueous environments so that the pesticide has small
thermal stability and is rapidly degraded by increasing the environmental temperature
(59). 1t should be noted that the effect of diazinon hydrolysis has been considered in the
calculated removal percentage. The hydrolysis percentage of diazinon at various pH
levels was determined with experiments in a condition similar to those of adsorption
tests except no adsorbent was added to the solution«(11). A greater degree of hydrolysis
was observed in pH levels that were acidic (60). Therefore, in this study, the temperature
during all adsorption processes was considered 24+2 °C, Moreover, diazinon hydrolysis

is accelerated in an acidic solution (61).
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In this study, the value pH from 2 to 10 was investigated. The pH of solution
influenced the diazinon removal was indicated in Figure 22. From the result, it can be
observed that the efficiency of diazinon removal increased when pH values increased to
pH 4 but decreased gradually when the pH values are higher than pH 4. However, the
electrostatic interaction was engendered by the surface of bio-wastes and diazinon,
depending on pH changes in the solution. The percentage of the highest removal of
diazinon was succeeded at the pH 4.0, which was not performed by the electrostatic
attraction. As a reason, at pH 4, the diazinon was formed as negatively charged due to
the pH of the solution was higher than the pKa (2.6). Whereas, the surface charges of
the bio-wastes were negatively charged when the pH of the solution was adjusted higher
than the pHpze (0.7) value (45). Hence, the electrostatic of diazinon adsorption by bio-
waste is repulsion reaction. Nevertheless, according to Teixidd et al. (2011) reported
that the electrostatic repulsion between negatively charged anionic organic compounds
and bio-wastes could promote H-bonding and induce adsorption (62). Additionally,
another research found that the protonation of hydroxyl group on the adsorbent and
protonation of nitrogen atoms on the diazinon pyrimidine groups in acidic pH can cause
increasing the diazinon removal efficiency (63). In brief, the electrostatic attraction is
not the primary mechanism for the anionic adsorption of diazinon onto bio-wastes,
which deviates from the fraditional understanding of anion binding, However, the
hydrogen bonding, hydrophobic, pore-filling, and w-r EDA interactions can act as

factors in this adsorption.
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The isotherm adsorption models

The adsorption isotherms including Langmuir and Freundlich models of
diazinon and bio-wastes are shown in Figure 23 and Table 8. The results showed that
the Langmuir model of bio-waste adsorption was more appropriate than the Freundlich
model due to the corresponding correlation coefficient R? of the Langmuir model were
higher than the R? Freundlich model. These factors demonstrated that the monolayer
adsorption of diazinon occurred on the surface of bio-wastes. Regarding Ry values in
the adsorptions were lower than 1, illustrated the form of the isotherm is favourable for

adsorption
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Table 8 The isotherm of the adsorptions

Bio-wastes

Models Parameters
CC-BW BG-BW CIF-BW
Qo (mg.g™h) 18.80 16.50 27.60
K1 (L.mgh 0.050 0.110 0.160
Langmuir
Ry 0.467 0.269 0.205
R? 0.996 0.975 0.997
Kr (img.gh) (mgH™ 1.071 2.178 4.000
Freundlich I/n 0.702 0.642 0.641
R’ 0.970 0.942 0.959

The kinetic adserption models

Study of adsorption kinetics is one of the important parameters because it
provides good information about the mechanism of the adsorption process (64). Besides,
adsorption kinetics displays a strong relationship with the physical and/or chemical
characteristics of the bio-waste. The result of adsorption kinetics influences the
adsorption mechanisiy, which inay involve mass transpoit and chemical reaction
processes (24).

Most of the studies used the pseudo-firsi-order and pseudo-second-order
kinetic models to study the adsorption of water pollutants onto bio-wastes. However, to
clarify the adsorptioﬁ kinetic between diazinon and bio-wastes, the first-order model
(FO) and second-order model (SO} were calculated from the experiment data and plot
the graph as shown in Figure 24. In addition, the pseudo-first-order model (PFQ) and
pseudo-second-order model (PSO) were utilized to determine the experimental results
in this study. Parameters from fittings included the sorption capacity (qe), rate constants
(ki and k) and respective R? values, are shown in Table 9 and Figure 25. The result
showed that the q¢ values calculated from the PFO were significantly divergent to the e
value of the experimental data whereas the qe values calculated from the PSO were
confirmed as fitting to the qe the experimental data. The PSO’ graphs of each bio-waste

adsorption are straight lines if compare to graphs of PFO. Furthermore, the R? values of
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bio-wastes were closed to 1 and higher than the R? values of the PFO. As observed qe
values, plots of data R? values between PSO and PFO, confirming that adsorption of
diazinon onto bio-wastes can be described by the PSO model than the PFO.

The adsorption had the best fit to the PSO model, exhibited that the adsorption
predominantly describes the chemisorption process and the functional groups on
adsorbents had interaction with the pollutant (35, 64). The functional groups of bio-
wastes consisted of phenol, alcohol, ketone, carbonyl, and aromatic hydrocarbons,
which caused interactions between diazinon and bio-wastes as clarified in the above
section. The chemisorption for the PSO model consists of the exchange of clectrons,
covalent forces, and ion exchange (65). However, the chemisorption of diazinon and

bio-wastes was the H-bonding, hydrophobie, and n-n EDA interactions.



2 .
16 8-
5
3
R2=0.5022
0'4 - i e et e
G
] 1 2 3 94 5 é
Time (hour)
(A)
0.6
0.5
)
R2=0.,6208
04
Clos
=
0.2 8 - G y
0.1
0
0 1 2 3 4 5 6
Time (hour)
(a)

Figure 28 Adsorption kinetics of diazinon adsorption onto bio-wastes:

(A) CC-BW-FO model, (a) CC-BW-S0 model
(B) BG-BW-FO model, (b} BG-BW-50 model
(C) CF-BW-FO model, (¢) CF-BW-S0 model

52



Ln [Clt

R2=0.5729
- m

0.4

Time (hout)

(B)

0.8 .

B
- R2=0.7326

WICk

0 1 2 3 4 5 6
Time (hour)

(b)

Figure 29 Adsorption kinetics of diazinon adsorption onto bio-wastes:
(A) CC-BW-FO maodel, (a) CC-BW-SO model -
(B) BG-BW-FO model, (b) BG-BW-SO model
(C) CF-BW-FO model, (¢) CF-BW-SO model



YR _ .. R2=0.5258
Time (hour)
©)
i.6 -
@
1.2 RI=0.7171
0.4
N
L |
0'4 e =
2
&
0
o 1 2 3 4 5 6
Time (hour)
(c)

Figure 30 Adsorption kinetics of diazinon adsorption onto bio-wastes:

(A) CC-BW-FO model, (a) CC-BW-S0O model
(B) BG-BW-FO model, (b) BG-BW-SO maodel
(C) CF-BW-FO model, (¢) CE-BW-S0O model

54



1 e
953mg/L O10mgL MI5mgL 20 mg/l ¢25me/l A0 meL X35wme/l

R2=0.9891
R*=10.9985
R1=10.967¢
R*=0.9997
R2=0.9813

log (qe~qt)

RI=0.9817

R*=0.9894

1.4 AV ==\ _\ N
Tine (hour)

(A)

0.8

| . Ri=0.0967

&
{228

¢Smgl 910mpd
B15mel, €20mel
X25me/ll. A30mg/lL .
035 mg/lL

o
.

R?=0.9998

/gL (hour.Ke/e)

2=0.9996

02 CRi=1
X R2=()0508

R*=0.9991

0.0 ° E R2=0.9997
0 0.2 04 0.6 0.8 i
Time (hour)

@

Figure 31 Adsorption kinetics of diazinon adsorption onto bio-wastes:
(A) CC-BW-PFO model, (a) CC-BW-PSO model
(B) BG-BW-PFO model, (b) BG-BW-PSO model
(C) CE-BW-PFO model, (¢} CF-BW-PSO model
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Figure 32 Adsorption kinetics of diazinon adsorption onto bio-wastes:

(A) CC-BW-PFO model, (a) CC-BW-PSO model
(B) BG-BW-PFO model, (b) BG-BW-PSO model
(C) CF-BW-PFO model, (¢) CF-BW-PSO model
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Table 9 Kinetic parameters for diazinon adsorption onto bio-wastes

PFO parameters PSO parameters
Initial con, ge €Xp
BWs e, cale. Iy Qe cale. ka
(mgL"}  (mgg?)
mggh) () (mggh)  (gmg'h)
5 1.78 0.77 1.849 1.98 2,70
10 3.44 1.43 0.989 3.83 1.05
15 4.94 2.39 1.091 5.14 1.03
CC-BW 20 6.00 6.66 4.622 9.55 0.81
25 7.83 4.71 1.899 8.17 0.82
30 7.99 3.10 1.708 8.29 1.14
35 8.60 3.78 1.937 8.95 1.01
5 2.33 0.96 1.112 2.45 2.23
10 4.72 2.09 0.647 4.90 0.70
15 6.61 3.34 0.804 6.88 0.50
BG-BW 20 7.00 259 | 1698 7.26 1.23
25 9.16 3.55 0.842 9.27 0.61
30 9.99 3.34 0.595 10.35 0.44
35 11.44 2.95 0.860 11.74 0.68
5 2.83 0.90 1.488 2.99 1.78
10 5.61 .87 0.942 5.52 2.95
15 8.28 1.98 0.810 6.73 1.48
CF-BW 20 10.83 4.79 1.683 10.79 1.08
25 12.61 4.78 1.981 13.13 0.75
30 14.55 - 6.50 2.086 12.26 0.90
35 15.94 6.57 1.944 1627 0.63

Effects of the initial diazinon concentration onto the adsorption process

The initial diazinon concentration had a parallel correlation with the rate of the
adsorption process as shown in Figure 26. The initial diazinon increased from 5 mg,L"!
to 35 mg.L! caused the adsorption capacity of CC-BW, BG-BW, CF-BW increased
from 1.78-8.60 mg.g', 2.33-11.44 mg.g’, and 2.83-15.94 mg.g’!, respectively. The
result showed that increasing the diazinon concentration brought about the increase in

adsorption efficiency. This is assumed that a higher adsorption capacity occurs when
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increasing the initial diazinon concentration. This is because of increasing the initial
diazinon concentration can cause the driving force of the concentration gradient was
strengthened (66). This contrasted with the relationship between the initial diazinon
concentrations and the adsorption rate constant of the PSO model. Table 10
demonstrated the adsorption rate constant k» (PSO) of diazinon at the lowest
concentration was faster than the other concentrations and ratified with the previous
work (66) too. The high initial concentration was the reason that causes a low rate
constant ko (PSO) and vice versa. Moreover, from the data above showed that the

adsorption capacity of CF-BW is higher than another two bio-wastes.

104
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Figure 34 The adsorption capacities of diazinon by bio-wastes (a) CC-BW,
(b) BG-BW, (¢) CF-BW (The dosage of adsorbents = 1.5 g.1"}, pH = 4)
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Figure 35 The adsorption capacities of diazinon by bio-wastes (a) CC-BW,
(b) BG-BW, (¢) CF-BW (The dosage of adsorbents = 1.5 g.L!, pH = 4)



CHAPTER YV

CONCLUSION

This study examined the adsorption mechanism of bio-wastes for diazinon
removal. Three types of bio-waste were derived from agro-waste, synthesized as a
potential absorbent for diazinon removal from the aqueous environment. The
synthesized condition is under the same pyrolysis conditions and modified with HF to
enhance the specific area and porosity. Bio-wastes were synthesized for 4 h at a
temperature of 600 'C,

pH 4 was the optimum pH of the solution that engendered the highest removal
of diazinon, The specific surface area (BET) of CF-BW is higher than CC-BW and BG-
BW in the ordering value 402.43 m%.g*, 292,92 m?.g’!, and 67.42 m?.g’!, respectively.
Likewise, the total pore volpme of CF-BW is also higher than other bio-wastes by
distribution into four sizes including, micropores (<2 nm), narrow mesopores (2-20 nm),
mesopores (21-50 nm), and macropores (>50 nm). The pore volume disseminations in
the size of the micropores (<2 nm) and narrow mesopores (2-20 nm) of bio-wastes in
the range of 16.88-21.24 % and 56.57-69.22 %, respectively.

The adsorption isotherm of diazinon and three types of bio-waste was foltowed
by the Langmuir isotherm model. The adsorption kinetics data of diazinon and the bio-
wastes were fitted into the pseudo-second-order model. The adsorption capacity
depended on the specific surface area and the total pore volume of the bio-waste. When
the initial diazinon concentration was increased, this enhanced the adsorption capacity
of bio-wastes. The pore-filling adsorption and the chemical interaction were the main
factors in the adsorption mechanism. The chemical interaction included H-bonding,
hydrophobie, and the n-n EDA interactions; however, the main contributor was H-
bonding.

Overall, bio-wastes were very useful materials and had a high potential to

contribute to the treatment of environmental pollutants.
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