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This research was aims to synthesis pig bone char and apply to adsorb dissolved organic
carbon (DOC) and trihalomethane formation potential (THMs) from Ping river water, Chiang Mai on
October 2016. In addition, the magnetically-separable porous bone char was synthesized by adding
ferrous nitrate at ratio 1:1. Pig bone char was pyrolysis at 650 and 900 degree Celsius for 2 hour.
The synthesized bone char including magnetically-separable porous bone char (FPBC) and porous
bone char (PBC) was investigated their physical and chemical characteristics including Point of Zero
Charge (PZC), Surface charge density, Surface area (BET), Scanning electron microscope (SEM), Fe
mapping and Energy-dispersive X-ray spectroscopy (EDXThe result showed that pig bone char that
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CHAPTER 1

INTRODUCTION

1.1 Background

The Ping River is an important water resource in Chiang Mai province that use

for agriculture and water supply for a long time. Moreover it also uses for fishery, traffic
and tourism purposes. Nowadays, the Ping River is faced with various problems that
affect to the quality of water such as refuse, discharge induction community,
construction and wastewater from factory in several areas where locate near the Ping
River. If the problem still continues, Chiang Mai province will risk for water shortage for
water supply plant in the future. In general, water supply plant uses several
technologies for drinking water processes treatment including coasulation, flocculation
and filtration that can reduce flavor, smell and turbidity. However it has a limit of

reducing natural organic matter.

Natural Organic Matter (NOM) is precursor for disinfection by-products (DBPs)
(Cowman, 1994) and presents in several waters source such as surface, reservoir, lake,
soil and ground waters. The NOM can cause many problems in drinking water processes
treatment such as oxidation, coagulation, disinfection and adsorption (Owen et al,,
1995). NOM can be characterized into 3 groups including Colloidal Organic Matter

(COM), Particulate Organic Matter (POM) and Dissolved Organic Matter (DOM). In drinking



water processes treatment generally use chlorine to prevent the potential transmission
of pathogenic microorganisms in reclaimed water (USEPA, 2004). DOM is the major
problems in water supply and drinking water production due to it very difficult to
remove from water sources. Then the reactions between DOM and chlorine create
disinfection by-products (DBPs) such as trihalomethanes (THMs) and haloacetic acids
(HAAs) (S. Chellam, 2001) that genotoxic and cytotoxic (M.J. Plewa et al., 2010). THMs
including Chloroform, Bromodichloromethane, Dibromochlromethane and Bromoform
were classified as possible carcinogens to humans (USEPA, 2004). In general chloroform
is present in surface water more than others. Thus, developed countries published
regulation to control disinfection by-products(DBPs) in drinking water for preventing
consumer exposure to the potential hazardous chemicals (S.D.Richardson, Plewa,

Wagner, Schoeny, & DeMarini, 2007) .

Several methods were used to remove DOM from water sources such as
coagulation, ion exchange, advanced oxidation processes, membranes filtration,
electrochemical methods and adsorption. All of the methods have different
advantages and disadvantages. However, adsorption is one of methods that widely
used in many countries for various applications. Adsorption process using activated
carbon is a one of the best adsorbents for removing natural organic matter (Bond et
al,, 2011) due to it has efficient and convenient. Although, the cost for using activated

carbon is still high for developing countries.



In Thailand, animals are slaughtered for meeting people demands of eating
meat. Amounts of animal bone become to bone wastes that affecting the
environment. Hence cattle farms used animal bone to feed their animals but animal
bone is still more than demands of feeding. In addition, animal bone has properties to
adsorb substances which it has their own surface area and pore volumes. Accordingly,
many researches utilized to adsorb many substances including, fluoride (Sawangjang,
2016), arsenic (Yun-Nen Chen, 2007) and chromium (A.H.M.G. Hyder et.al, 2014).
Nevertheless, there are a few research on DOM removal by bone char. Various
researchers used granular activate carbon (Velten, 2015) and PAC (Fabris, 2008) for
removing natural organic matter. Thus, the removal of natural organic matter in surface
water by bone char is not well investigated. Consequently, the utilized of bone char

for organic matter removal should be investigate.

However, the removal of absorbent after treatment process is challenging.
Bone char is small adsorbent that required filtration process to separate from treated
water which it more cost and time consumed. Many researches study the method to
separate absorbents from treated water including using the peanut shell with doping
Fe-Ti bimetallic oxide to eliminate fluoride (Zhang et al., 2014) and making oak with
doping a soluble ferric Ferrous (Fe?) for the removal of cadmium and lead in water
(Mohan, 2014). So the magnetically-separable porous bone char by adding-iron (lil)

nitrate to bone char is an interesting method for separating adsorbents from treated



water. However, the effect and efficiency of magnetically-separable porous bone char

on DOM removal should be clarify.

1.2 Objectives:

1. To synthesize and characterize porous bone char and magnetically-separable porous
bone char
2. To determine the efficiency of synthesized bone char for disinfection by-products

(DBPs) precursor removal from surface water

1.3 Hypothesis:

1. Synthesis bone char at higher temperature can provide higher surface areas and
pore volume.
2. The magnetically-separable porous bone char can provide higher disinfection by-

products (DBPs) precursor removal efficiency.

1.4 Scope of the Study:

1. Pig bone was selected and utilized as synthesis bone char. The synthesis condition
was varied with burning temperature at 650 and 900 °C for 2 hour without oxygen for
porous bone char and magnetically-separable porous bone char. The magnetically-
separable porous bone char was synthesized by adding iron (lll) nitrate 20.2 ¢ per 500
mL with 20 ¢ of bone char. After that the characteristics of both porous bone chars

were investigated by measured Point of Zero Charge (PZC), Surface Charge Density,



Scanning Electron Microscope (SEM), Surface area (BET) and Energy-Dispersive X-ray

spectroscopy (EDX)

2. The adsorption experiments was conducted under a batch condition at temperature
25 °C. The adsorption kinetics and isotherm were determined and fitted with Langmuir
and Fruendlich models. The rate and mechanisms of adsorption were determined by

fitting with pseudo-first-order and pseudo-second-order.

3. Amount 60 L of raw water was collected from the Ping River in rainy season and
used for the whole research. The quantity and characteristics of organic matter in raw
water were investigated by measured Dissolved organic carbon (DOC), Trihalomethanes
formation potential (THMFP), UV Absorbance at wavelength 254 nm (UV,s,) and

Fluorescence excitation-emission matrices (FEEM)

4. The efficiency of synthesis magnetically-separable porous bone char for DOM
removal was investigated by conduct a batch adsorption experiment based on the
adsorption kinetics and isotherm. The removal of DOM and THMFP from both synthesis

bone char was determined and compared.



CHAPTER 2

THEORETICAL BACKGROUND AND LITERATURE REVIEW

2.1. Dissolved Organic Matter (DOM)

Dissolved Organic Matter (DOM) can be characterized into 2 substance as humic
and non-humic substance. Humic substance is hydrophobic including humic and fulvic
acid. Meanwhile, non-humic substance is hydrophilic including hydrophilic acids,
proteins, amino acids, carbohydrate and carboxylic acids (Thurman, 1985; Amy, 1993).
In general, DOM normally found in natural water. The presence of DOM can caused
serious problems including negative effect on the water quality, increased coagulant
and disinfectant dose requirements and increased the potential harmful disinfection
by-products (Jacangelo et al., 1995). DOM react with chlorine during chlorination
process to forming disinfection by-products (DBPs) such as trihalomethane (THMs) and
Haloacetic acid (HAA) which classified as potential carcinogenic substance pose a
cancer risk to humans. DOM is recognized as precursors for disinfection by-product
formation during water treatment disinfection operation (Meyn et al., 2012; Marhaba

and Washington 1998).



2.1.1. Dissolved Organic Matter Surrogate Parameters

1. Dissolved Organic Carbon (DOC)

Dissolved organic carbon (DOQ) is defined as the fraction of TOC that dissolved
in water and is able to pass through a filter which range of filter size between 0.7 and
0.22 m. The term of dissolved are defined as the compound which size lower than
0.45 micrometers. DOC is used to represent the presence of dissolved organic matter

such as humic substance and non-humic substance (Julie and Robert, 2004)

2. UV Absorbance at wavelength 254 nm

UV-254 is used to provide an indication of the aggregate concentration of UV-
absorbing organic constituents, such as humic substances and various aromatic
compounds (APHA, AWWA, WEF, 1995). The first surrogate parameter that utilizes to
determine the organic matter in raw water is UV absorbance at a wavelength of 254
nm. Organic matter including humic aromatic compounds and molecules with
conjugated double bonds can absorb UV light whereas the simple aliphatic acids,
alcohol, and sugars do not absorb (Edzwald et al,, 1985). Hence, the UV-254
absorbance can be used to indicate the presence of aromatic compounds of organic
matter in natural water. Eaton (1995) found that the UV absorbance of organic matter
in water is very useful to indicate the concentration of DOC and THMs in water because

the humic substrates strongly absorb ultraviolet radiation.



3. Fluorescence Excitation-Emission Matrices (FEEM)

Fluorescence Spectroscopy is an optical technique used to characterize in DOM
(Roccaro et al,, 2009). This procedure entails the absorption of light by a molecule
which excites an electron and promotes it to an unoccupied orbital. As the molecule
relaxes, it returns to the lowest sublevel via relaxation and internal conversion. The
emission wavelength is then determined by the difference in energy between the
singlet state and the ground state (Stedmon et al., 2003).

The peaks of Fluorescent excitation-emission wavelengths (Ex/Em) were
classified according to the summary data from literatures as shown in Table 1 and
shown the location on wavelengths in Figure 1. It reported major pyrolysis fragments
of fluorescent organic matter including tyrosine-like, tryptophan-like, fulvic acid-like

and humic acid-like substances had been proposed by many researchers.
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Figure 1 Location of fluorescent peak position



Table 1 Fluorescent peak positions and major pyrolysis fragments of major fluorescent

components from literature data

Fluorescent | Excitation (nmg)/Emission (nmg,,,) Majors pyrolysis fragments

organic

matter

Tyrosine- 220-275/300-305 (Wolfbeis, 1985), [A]", [B] Phenol and p-cresol (phenol,

like and | 275/310 (Coble, 1996), [B] 4 methyl), (Bruchet et al

protein-like | 270-280/300-320 (Leenheer et al., 2003), [B] | 1990)

substances | 270-275/300-302 (Yamashita et al., 2003), [B] | Pyridines, pyrroles, indoles,
nitriles, phenol and p-cresol
(equal  quantities  from
tyrosine), (AWWA, 2000)

Tryptophan- | 220-275/340-350 (Wolfbeis, 1985), [C], [D] Indole (AWWA, 2000),

like and | 275/340 (Coble, 1996), [D] acetronitrile, benzonitrile,

protein-like | 270-280/320-350 (Leenheer et al., 2003), [D] | phenylacetonitrile, pyridine,

substances | 280/342-346 (Yamashita et al., 2003) [D] methylpyridine, pyrrole,
indole and methylindole
(Leenheer and Croues, 2003)

Fulvic acids | 330-350/420-480 (Coble, 1996), [H] Humic substances consist

and fulvic- | 290-340/395-430 (Baker and Genty 1999), [E], | of humic and fulvic acids

like [G] Humic acids;

substances | 320-340/410-430 (Baker, 2001), [H] Bruchet (1986) and Gadel

315/437-441 (Yamashita et al., 2003) and Bruchet (1987): highly
260/460, 310/440 (Sierra 2005) [F], [H] aliphatic.

Humic acids | 250-260/380-460, 330-350/420-480 (Coble, | Faure et al.2006: (1) n-alk-1-

and humic- | 1996) [E], [F], [G], [H], ene/n-alkane  with  8-29

like 235-255/435-465(Nakajima et al., 2002) [E] carbon presenting the limited

substances | 250-260/380-480, 330-350/420-480(Leenheer | odd over predominance in

et al., 2003)

[E], [F1 [G], [H]

350-365/446-465 (Yamashita et al., 2003)
265/525, 360/520 (Sierra, 2005)

the C,-Cpy range (2) alkyl-
benzenes, naphthalene,
alkyl-naphthalene (3) phenol.

Fulvic acids;




10

Bruchet (1986) and  Gadel
and Bruchet (1987):highly
peaks of butenal, acetic acid,
2-fufural, methyl furfural,
levoglucosenone, 5-
(Hydroxymethyl) 2 fufaral.
Croue et al. (1993): large
peaks of phenol and cresol
Humic substances:

Lu et al. 2006: (1) Nitrogen
containing compounds (such
as pyrrole and pyridine),
aliphatic products (such as n-
alk-1-ene/n-alkane with 5-29
carbon) (2) aromatic products
(such as alkyl-benzenes,
naphthalene and  alkyl-
naphthalene , (4) lignin
products (such as o-cresol, m
cresol, catechol,
dimethylphenol) (5)
carbohydrate product (such
as furan, 2-methyl proppenal,
dimethyfuran, vinyfuran, 2-

fufaraldehyde.

In the Tablel, the eight major fluorescent peaks at 230nme,/295nme,,, (peak A),
275nmg,/300nme,,, (peak B), 240nmg,/355nmg,, (peak C), 280nme,/350nme,, (peak D),
275nmg,/380 nmeg, (peak E), 255nmg,/410nmg., (peak F), 275nmg,/410nmg,, (peak G),

and 330nmg,/410nmg,, (peak H), were detected. It presented that the peaks A and B,



11

Cand D, E, F, G and H were tyrosine-like, tryptophan-like, and humic and fulvic acid-
like substances, respectively.

4. Trihalomethanes Formation Potentials (THMFPs)

THMFPO or THMFP is the difference between the final TTHMT concentration
and the initial TTHMO concentration. For samples that do not contain chlorine at the
time of sampling, TTHMO will be close to zero. Therefore the term THMFP may be
used. For samples that contain chlorine at the time of sampling, a TTHMO value will
be detected. Therefore the term ATHMFP may be used when reporting the difference
between the TTHM concentrations (Standard method, 1995). Total trihalomethanes
(TTHMT) is the sum of all four compound concentrations, chloroform,
dichlorobromomethane, dibromochloromethane and bromoform, produced at any
time T (usually measured in days). TTHMO is the total THMs concentration at the time
of sampling. It can range between non-detectable to several hundred micrograms per
liter if the samples have been chlorinated. TTHM1 is the total concentration of all four
THMs compounds produced during the reactions of the sample precursors with excess
free chlorine over a day reaction time at the standard reaction conditions, which were
as follows: free chlorine residual at least 3 mg/L and not more than 5 mg/L at the end
of a day reaction (incubation) period with sample incubation temperature of 25+2°C,

and pH controlled at 7+0.2°C with phosphate buffer.
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2.2 Disinfection By-Products (DBPs)

Disinfection by-products (DBPs) arise on the reaction of disinfection chemicals
such as chlorine with Dissolved Organic Matter. It forms Trihalomethanes (THMs) which
is carcinogen for human (National Cancer Institute, 1976).

2.2.1 Trihalomethanes (THMs)

Trihalomethanes (THMs) normally are found in water supply and water
treatment plant when chlorine reacted with natural organic matter such as humic or
fulvic substances. Rook (1974) and Bellar et al. (1974) reported that the disinfection
by-products (DBPs) such as THMs are generated from reaction between DOM and
chlorine. Trihalomethanes (THMs) have different chemical formulas including
Chloroform, Bromodichloromethane, Dibromochloromethane and Bromoform.

The standard of THMs in water supply plant for control disinfection by-products (DBPs)

in drinking water shown in Table 2.
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Table 2 Standard of THMs

Maximun
Departments | Substances | contaminant levels References
(MCLs, pg/L)
WHO Total THMs 100
USEPA Total THMs 80 Manlika and Phongsri,
HAAs 60 2007
EU Total THMs 10
THAILAND CHCI,Br 60
CHCIBr, 100 Metropolitan
CHBr3 100 Waterworks Authority
CHCl, 300 (Thailand),2011
Total THMs 560

1.Factors Influencing THM Formation
Variations in THMs formation reactions include the concentration of the

precursor material, chlorine concentration, contact time, temperature, pH and turbidity

2.Toxicity of THMs

THMs induce toxicity in the liver and kidneys of the rodents exposed to doses
of about 0.5 mmol/kg of body weight. The THMs have little reproductive and
development toxicity, but bromodichloromethane has been shown to reduce sperm
motility in rats consuming 39 me/kg of body weight per day in drinking water. Like
chloroform, bromodichloromethane, when administered in corn oil, induces cancer in

the liver and kidneys after lifetime exposures to high doses. Unlike chloroform,
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bromodichloromethane, dibromochloromethane and bromoform induce tumors of
the large intestine in rats exposed by corn oil gavage. Bromodichloromethane induces

tumors at all three target sites and at lower doses than the other THMs (ICPS, 2000).

2.2.2. Technique for Disinfection by-products (DBPs) precursor removal

Various technologies used to disinfection by-products (DBPs) precursor
removal, the most common and economically feasible method is coagulation and
flocculation followed by sedimentation and filtration (Sillanpaa et al, 2010). The
coagulation process was able to remove organic matter from water that contained
more than 2 mg/L-m of Specific UV Absorbance (SUVA) (USEPA, 1999). Many researches
used various types of coagulants for NOM removal such as using aluminium-based
coagulant has been alum (Al(SOy)s), polyaluminium chloride (PACL), metal salt
coagulants (FeCl; and AlCl;) and polyaluminium chloride[Mingquan Yan et al (2009)].
Another research is in-line coagulation [PACL] with ceramic membrane filtration. It has
more efficiency to reduce DOM from this water source than using only coagulation
process (Rakruam, 2013).

2.3. Adsorption process

The adsorption process is a widely used treatment process because it is a
convenient and simple method. The method seems to be more attractive because it
presents satisfactory results for removing. In addition, it is an inexpensive method (for

design and operation).
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2.3.1. Theoretical of adsorption

Adsorption kinetic models

Using mass balance for calculating the amount of dissolved organic carbon of

bone chars (mg/g)(C.K. Rojas-M., 2013).

dp = (DO_Df)V —— Eq()

m

Where D is the initial dissolved organic carbon concentration [mg/L)], Dis the
final dissolved organic carbon concentration in the adsorption experiment [mg/L], m is
the mass of bone char of each type (mg), T is time (min) and V' is the volume of the
water sample solution [L].

The pseudo-first-order and pseudo-second-order kinetics used to describing the
adsorption rate of the reaction in this study.

Pseudo-first-order kinetics

The pseudo-first-order model is represented by the following equation:

d
= kp1(qe — qr) £q (2)

where g, is the adsorption capacity at time t (mg/¢), g, is the adsorption capacity
at equilibrium (mg/g), t is time (min), and k,; is the pseudo-first-order rate constant for
the kinetic model (min"1)(Hui Q, 2009).

The pseudo-first-order equation can be rearranged by integrating with the

boundary conditions of g, = 0 att = 0 and g; = g; at t = t, and expressed as:
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In (=) = kepat £q (3)

which can be rearranged into a logarithmic form as follows:

kp1
2.303

log(q. — q¢) = logq, — t —— Eq@

Alinear plot of log (ge - g4 versus t provides the value of k,;, which is the slope
of the line.

Pseudo-second-order kinetics.

The pseudo-second-order kinetic model is based on an assumption related to
the process of chemisorption. It consists of valence forces though sharing or exchange
of electron between the sorbent and sorbate. The pseudo-second-order kinetic model
is the best fit for adsorption since this model is generally applied to describe the
chemical reactions of heterogeneous materials (Jimenez et al., 2010). This model is

represented by the following equation:

d
= kpp(qe — Gr)° £q (5)

where q; is the adsorption capacities at time t, (mg/g), g.is the adsorption capacities
at equilibrium (mg/g), tis time (min), and ky, is the pseudo-second-order rate constant

for the kinetic model (g/mg*min); which can be rearranged as follows:

dCIt _ k

—_— = dt Eq (6
(@e-qr)? = P? a(6)

Integrating the preceding equation at conditions of gy =0 att =0 and g = grat t = t,

results in:

11
(de—qt) Qe
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which can be rearranged in a linear form as follows:

t 1 t
= + — Eq (8)
qt kpzqg de .

The plot of t/g; versus t will have a linear tendency, after that the 1/g, value
can be obtained from the slope of the line. Thus, k, can be calculated from the linear
equation of the pseudo-second-order.

Adsorption isotherm models

Adsorption process isotherm will depend on some factors are pressure or
concentration of absorbent, temperature, type of absorbents. So the adsorption
process will concern all of factors by monitoring temperature and investigate the

relationship between volumes of absorbent with pressure or concentration.

Langmuir model

The Langmuir isotherm is the most widely applied with sorption isotherms. This
model suits a sorption process where the sorption energy of each molecule is the
same, and independent of the surface of the material. In addition, the sorption occurs
only on some sites. There are no interactions between the molecules. The model is

as follows (M. Jimenez et al., 2010):

__ oK Ce
€ 1+K.C,

Eq(9)
where qq is the amount of dissolved organic carbon sorbed per unit weight of bone
char in forming a complete monolayer on the surface (mg/g), g, is the total amount

of dissolved organic carbon sorbed per unit weight of bone char at equilibrium (mg/g),
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C, is the concentration of dissolved organic carbon in the solution at equilibrium
(mg/L), and K, is the constant related to the energy of sorption (L/mg)

The equation of Langmuir model can be rearranged into a linear form:

C 1 C
== + = Eq(10)
de qoKL qo

1 1 1 1
—=——+— Eq (11)
de KrqoCe Qo .

The plot of 1/g, versus 1/C, has a linear tendency, 1/K,g,) is obtained from
the slope and the intersection of the vertical axis is 1/q.

When the Langmuir model is applied in the adsorption process, the equilibrium
parameter (R;) should be calculated. It indicates whether the characteristic of the
model is consistent or inconsistent with adsorption. R, can be calculated by the

following equation: (Kowit P., 2008):

LY g
T 1+KL.Co

Cois the initial concentration of dissolved organic carbon (mg/L)

Table 3 The type of isotherm based on the equilibrium parameter factor of the

Langmuir model (Kowit P., 2008):

R, value Type of isotherm

R >1 Unfavorable conditions for sorption
R =1 Linear

O0<R <1 Favorable conditions for sorption
R =0 Irreversible
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Freundlich model
The Freundlich isotherm can be applied with non-ideal sorption on
heterogeneous surfaces and multilayer sorption. The model is expressed by the

following equation (M. Jimenez et al., 2010):

1
qe = KpC,/ £ (13)

Where g, is the total amount of dissolved organic carbon sorbed per unit weight of
bone charat equilibrium (mg/g), Ce is the concentration of the dissolved organic carbon
in the solution at equilibrium (mg/L), K- is the Freundlich constant which can express
the capacity of the adsorption process (L/g), and n is the Freundlich constant, which
explains the concentration of adsorption (dimensionless).

The Freundlich equation can be rearranged into a linear form by taking the
logarithm as follows:

logq, = %logCe + logKy ————— Eq (14)

The plot of log g, versus log C, has a linear tendency; the slope of the plot is

1/n, which shows the strength between the bone char and concentration of absorbed,

and the intersection of vertical axis is log K. (Laura R. B., 2009).
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Table 4 Characteristic of the Freundlich model based on 1/n value (Kowit P., 2008):

1/n value Characteristic of Freundlich model

/n<1 The adsorbent has limitation of surface area for
adsorption process.

In=1 The adsorption isotherm is linear.

/n>1 The adsorbent has high amount of surface area for
adsorption process.

2.4. Adsorbents for removing Natural Organic Matter (NOM)

Various adsorbents can be used for removing Natural Organic Matter (NOM) in

surface water. For example granular activated carbon (Capar, 2001; Velten, 2015), Poly

Aluminium Chloride (PAC) (Fabris et al,, 2004; Kanlayanee, 2015) and synthesis

adsorbent (Lu and Su, 2007; Wang et al., 2015). It was found that various adsorbents

was utilized however, a major point of concern in the adsorption process is the cost

of the absorbent.

2.4.1. Bone char and the process for generating bone char

Bone char contain 30% organic matter and 70% inorganic matter (J.C. Moreno-

Pirajan et al., 2011).However, Bone char can be synthetized by pyrolysis. The

calcination of bones is a method that is conducted in a low-oxygen environment while

the pyrolysis process is conducted in no oxygen environment. The temperature and
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residual time for each process play a major role in producing bone char (C.K. Rojas-M.,
2013).Pyrolysis process is a one of technology from Thermal decomposition with non-
oxygen or very low oxygen (Kohoan and Barkordor, 1979) to produce char from
equation (15)

Bone + heat —® Char + pyrolytic oil (hich and moderate molecular weight organic
liquid) + other condensable in form of oxygenated organics + CO, +CO +H, + CH,
+H,O + other EQ(15)

Leyva-Ramos (2010) investigated at lower temperature (500-600 °C), bone char
still remain of some organic matter. In addition, Sawangjang, B (2016) also remain some
organic matter in bone char. So it leads to burning more than 600 °C for removing
some organic of bone char as well as increasing porosity because the heating at high
temperature will open the small porous which tar blocking occurs (Temyarasilp,
2008).For the reason, this study will burning at 650 and 900 °C with N, in 2 hours and
adding-iron (Ill) nitrate (Fe(NOs);) for separating bone char with treated water. Moreover,
the doping with metal ions of adsorbent can improve their adsorption properties and

performances (C.K. Rojas-Mayorga, 2015).
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2.4.2. Characterization of absorbents

1. Point of zero charge (PZC)

The point of zero charge is a concept relating to the phenomenon of
adsorption. It describes the condition that the electrical charge density on a surface is
zero.

2. Surface charge density

Surface charge density is a measure of electric charge per unit volume of space,
in one, two or three dimensions.

3. Scanning electron microscope (SEM)

Scanning electron microscope (SEM) is a type of electron microscope that
produces images of a sample by scanning it with a focused beam of electrons.

4. Energy-dispersive X-ray spectroscopy (EDX)

Energy-dispersive X-ray spectroscopy (EDX) is an analytical technique used for
the elemental analysis or chemical characterization of a sample.

5. Brunauer-Emmett-Teller (BET)

Brunauer-Emmett-Teller (BET) is an analysis technique for the measurement

of the specific surface area of a material.
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2.5 Literature reviews

2.5.1. Synthesis of bone char

Bone char is the adsorbent that a useful, inexpensive, easily available, and safe
way of disposing the waste of bones. For synthesis of bone char many research used
pyrolysis process (C.K. Rojas-M., 2013; Juan C. Moreno-Pirajan, 2011; R. Leyva-Ramos.,
2010; Sangeeta Patela, 2015; Sawangjang, 2016). Juan C. Moreno-Pirajan (2011)
observed boving bone char (i.e., cow bone) at 600 and 800 °C with pyrolysis process
(nitrogen) and air atmosphere (oxygen). The result showed that present surface areas
and pore volumes were 170 m?/g and 0.07 cm®/g for nitrogen and 130 m?/g and 0.06
cm?/g for oxygen, respectively. In addition, Sangeeta Patela (2015) studied the
mesoporous bone char that obtained by pyrolysis process under 400, 450, 500 and
600 °C with two varied residence time of 1 and 2 h. the result show pyrolyzed at 400
°C with a residence time of 2 h is a very good low-cost alternative adsorbent.

However, Leyva-Ramos (2010) reported that some organic matter still remain
in bone char at temperature ranged from 400 to 600 °C.

Sawangjang (2016) investigated pig bone, chicken bone and cow bone, and the
result showed that pig bone char is the best adsorbent in terms of overall efficiency.
Moreover, adding adding-iron (lll) nitrate could separating adsorbents from treated

water(Mohan, 2014).
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2.5.2 The adsorption mechanism of Bone char
The pig bone char was found that it best fitted with pseudo-second order and
Langmuir isotherm model (André L. Cazetta, 2016; C.K. Rojas-Mayorga, 2015; N.A.

Medellin-Castillo & J.V. Flores-Cano, 2014; Sawangjang, 2016)

2.5.3 Disinfection by-products (DBPs) precursor removal

S. D. LAMBERT and N. J. D. GRAHAM (1995) observed the adsorption behavior
of activated carbon, bone char, activated alumina and activated bauxite for the
removal of non-specific dissolved organic matter. The result show that activated
carbon (69%) provides DOC removal efficiency similar to that of bone char (61%).

Ho and Newcombe Chu (2005) investigated adsorption of PAC for removing
NOM. It found that PAC has good efficiency for removing. The efficiency was about
90% especially PAC could greatly adsorb small molecule more than large molecule.

Zhang, Qu et al 2009 observed the reaction between DOM and DBPs. It found
that the characteristics of DOM had important role of DBPs precursor for total
trihalomethanes (TTHMs). Moreover, the pH value could affected to TTHMs. In
addition, the study of FEEM shown humic acid-like substances was a good reaction
with chlorine.

Hou (2012) observed DBPs on surface water and ground water from Yellow
River for water supply. The study was found THMs including Chloroform,

Bromodichloromethane, Dibromochlromethane and Bromoform. The concentration of
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THMs were higher on surface water more than ground surface water. Similar with
DBPFPs test, surface water had DBPs precursor for reaction more than ground water.

The DBPs precursor were DOC and DON.



26

CHAPTER 3

METHODOLOGY

3.1. Materials

3.1.1 Raw surface water

Surface water from Ping River, Chiang Mai Province, Thailand was selected as
raw surface water. Amount of 60 L of raw water was collected and used for the whole
experiment. The sampling point is situated 10 km upstream far from Chiang Mai
municipal area as shown in Figure 2 and 3. Ping River water is currently the main water
source utilized to produce water supply for Chiang Mai city. In general, turbidity of Ping
River varies due to seasonal changes. However, it typically contains high concentration
of suspended solid measured in term of “Turbidity value” between 50 - 220 NTU and

high as 300 NTU in rainy season.

Unnamed Road
dwa Aulide Swnadiondualmi O

Figure 2 Sampling point in Ping River, Chiang Mai Province
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Figure 3 Ping River, Chiang Mai Province

3.1.2 Bone char

Pig leg bone which defined as high percentage of surface area (Sawangjang,
2016) was selected and synthesized as pig bone char. It was collected from Chiang Mai
local market.

3.2 Methods:

This research experiments were divided into four steps: synthesis bone char,
characteristics bone char, adsorption experiment and DBPs precursor removal
experiment.

3.2.1. Synthesis bone char

A raw pig bone was prepared before synthesis. Any fat remaining inside the
bones were cleaned by boiling at 100 °C until water become which mean that colloid
was released (Mayorga et al., 2014) and rinsing the bone with deionized water. Then,
the clean bones were put in an incubator at 100°C for 24 hours to eliminate moisture.

Next, the dry bones were crushed by a hammer into 1-2 cm and crushed again by a
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mortar. Next, the crushed bone was put into a ball mill for 2 days. After that the
smaller bone was obtained and filtered by sieve (250 um). Filtered bone char was
divided two portion, one portion was used directly as bone char. The remaining portion
was used for synthesis magnetically bone char. The magnetically bone char was
synthesized by soaking bone char with iron (lll) nitrate (Fe(NOs);) solution for 24 hours.
After that it was put in an incubator at 100°C for 24 hours to eliminate moisture. In this
experiment, two types of bone char including raw pig bone char with adding iron (lll)
nitrate (Fe(NOs);) and non- adding iron (lll) nitrate (Fe(NO3);) were obtained.

Finally, two types of bone char were pyrolyzed for 2 hours which the two
temperature condition at 650 and 900 °C without oxygen to produce bone char by

horizontal tube. The diagram of synthesis bone char processes are shown in Figure 4.

Raw pig bone

Crushed into small
size (250-354 um )

horizontal tube

Pig bone char

Figure 4 The diagram of synthesis bone char processes
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3.3.2. Characterizations of the synthesis bone char
Characteristics of synthesis bone char were analyzed by various parameters
including Point of Zero Charge (PZC), Surface Charge Density, surface area (BET),

Scanning electron microscope (SEM) and Energy-dispersive X-ray spectroscopy (EDX).

1. Point of Zero Charge (PZC) and Surface Charge Density determination

A batch equilibrium method was applied for determining the Point of Zero
Charge (PZC) and charge density of bone char by acid-base titration method
(Punyapalakul and Takizawa, 2004). Bone char 0.02 ¢ with miliQ 20 mL was added in
Erlenmeyer flask (250 mL). NaOH (0.025 M) and HCI (0.025 M) were prepared in
deionized water. Then, the pH of samples was varied at 0.1, 0.25, 0.50, 1.0, 2.0 and 4.0
mL. The ionic strength (IS) was fixed at 10 mM by adding 2.5 mL of NaCl solution (0.1
M). All samples were diluted with deionized water to obtain a 25 mL of final volume.
The initial pH of all samples was measured. The sample was shaken at 200 rom for 24
hours and the final pH was measured. A relationship between the initial pH and the
final pH were plotted. Finally, the PZC of bone char was obtained from the common
plateau of the plot (Babic' et al, 1998). The surface charge density calculated as

following equation:

{[HC1]-[NaOH]- [H* ]+ [oH ]}

x 96,500 (16)
M x Sger

Surface charge density(C m?) =




Where [HCl]

[NaOH]

pOH

96500

M

SBET
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Concentration of HCl to add (mol/L)
Concentration of NaOH to add (mol/L)
Concentration of photon ion (mol/L)
Calculation from pH = -log [H]
Concentration of hydroxide ion (mol/L)
Calculation from pOH = -log [OH] and
14-pH

Faraday’s constant (C/mol)

Weight of adsorbent (g/L)

Surface of adsorbent (m?/g)

2. Scanning electron microscope (SEM) and Energy-dispersive X-ray

spectroscopy (EDX)

The images of pig bone char was focused at 500, 10000, 50000 and 100000 of

scanning electron microscope (SEM). The Energy-dispersive X-ray spectroscopy (EDX)

was focused at 10000 for determination of element pig bone char including carbon,

oxygen, phosphorus, calcium and iron.

3. Surface area

The specific surface area was measured by Brunauer-Emmett-Teller (BET).
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3.3.3. Adsorption experiment

1. Adsorption kinetic study

The absorption kinetics of dissolved organic carbon was studied in a batch
condition. The bone char was varied at 30, 60, 90 and 120 mg with 150 mL of water
sample. The water sample with bone char was shaken at 200 rpm and room
temperature. The water sample was collected at various times including 0, 1, 2, 3, 4,
5, 10, 20, 30, 40, 50, 60, 120, 180, 360, 720 and 1440 minutes, respectively and
measured for DOC concentration. After 24 hours, water sample was filtered through a
nylon syringe filter with a pore size of 0.45 um to separate the bone char from

solutions. The solutions were analyzed for their remaining DOC concentration.

2. Adsorption isotherm study

The adsorption isotherm was studied by using the obtained results of the
adsorption kinetic study. The bone char was put in water sample and shaken at 200
rom at room temperature. When reach the equilibrium time of adsorption (based on
the kinetic study results), the samples were filtered through a 0.45 um nylon syringe
filter for separating the bone char from solutions. The solutions were analyzed for their
remaining dissolved organic carbon concentration.

3.3.4. DBPs Precursor Removal Experiment

Raw water was filtered through GF/F followed by 0.45 um nylon and measured

for DOM concentration. The amount of mass of pig bone char used in this experiment
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was based on the obtained results of adsorption kinetic study. Bone char was mixed
with 150 mL of water sample in Erlenmeyer flask and shaken at 200 rpm and 25°C in
room temperature until equilibrium time. The water sample was collected and
measured for DOM concentration. DOM concentration was determined by measured

DOM surrogate parameters including DOC concentration, UV-254, FEEM and THMFP

1. DOC concentration

DOC concentration in water samples was measured in accordance with
Standard Method 5310 Total Organic Carbon (TOCQ), aj-Analyzer multi N/C 3100;
multiWin 4.09. The samples were filtered through a 0.45 micrometers. Milli-Q water
(ELGA) was used on every sample for clean system and blank sample preparation. The

analysis of DOC was conducted with two replications for each sample.

2. UV Absorbance at wavelength 254 nm

UV-254 of water samples was analyzed in accordance with Standard Method
59108 Ultraviolet Absorption Method. The samples were filtered through a 0.45 m filter
prior to measurement. UV-254 of water samples was analyzed by using Perkin-Elmer
Model Lambda 365, UV/VIS spectrophotometer: Lambda365 with matched quartz cells
that provided a path length of 1 mm. The UV-254 analysis was performed with two

replication for each samples.
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3. Fluorescence Excitation-Emission Matrices (FEEM)

AWl water samples including raw water and treated water by magnetically-
separable porous bone char and porous bone char was analyzed the FEEM to obtain
the DOM characteristics of water samples. The excitation wavelength started from 220
nm to 600 nm by increasing frequency per 5 nm. The detail of FEEM analysis is shown
in Table 5.

Table 5 the conditions of Spectroflurometer analysis

Measurement Mode Emission

Band with excitation 5nm

Band with emission 5nm

Response Fast

Sensitivity High

Scanning speed 2000 nm/min
Excitation wavelength Start at 220 nm,

end at 600 nm

Emission wavelength Start at 220 nm,

end at 600 nm

Excitation wavelength interval 5nm

Emission wavelength interval 1 nm




34

4. Trihalomethanes Formation Potential (THMFPs)

The THMFPs had 4 compounds of study including Chloroform (CHCly),
Bromodichloromethane (CHBrCl,), Dibromochlromethane (CHBr,Cl) and Bromoform
(CHBr).

The chlorine doses were followed standard method (Chen and Westerhoff,
2010) as shown in equation 16.

Chlorine dose (mg/L) = 3 x DOC + 8xNH3-N+10 — Eq(16)

THMFP measurements were conducted according to APHA 5710 A-D. The
phosphate solution was used as buffer solution before incubation at 25 + 2 °C in
amber bottles with PTFE liners. At the end of 24 hr reaction period, the remaining free
chlorine in water samples should between 3 to 5 mg/L. The residual chlorine was
measured according to the Standard Method 4500-Cl G. The chlorine concentration
was represented by the light absorbance at 515 nm using a spectrophotometer with
matched quartz cells that provided a path length 10 mm. THMs were extracted with
MTBE in accordance with EPA551. Agilent Gas Chromatography-6890 with an electron
capture detector (ECD) was utilized for measure THMs in water samples under the
operating conditions. THMFP analysis was conducted with two replication for each
samples and Milli-Q water was used for dilutions, chemical preparation and final

glassware cleaning. The conditions of Gas Chromatography are shown in the table 6.



Table 6 conditions of Gas Chromatography

Model

HP 6890 GC

Column

Crossbond6%
cyanopropylphenyl-94%
dimethyl polysiloxane

Length : 30 m and Diameter : 320
pm

Film thickness : 0.25 um

Model : constant flow

Initial flow : 6.50 mL/min

Initial pressure : 0.40 psi

Inlet condition

Model : Split

Initial temp : 200 °C
Pressure : 23.93 psi
Split ratio 50:1

Split flow : 99.8 mL/min
Gas type : Helium

Total flow : 105 mL/min

Detector

condition

Temperature : 250 °C

Mode : constant make up flow
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Makeup flow : 45.0 mL/min

Makeup gas type : nitrogen

Oven

Final

duration

time

Initial : 75 °C initial time 0.00 min

Ramp 1:15 °C/min to 130 °C for 2

min

Post Run 180 °C for 1 min

6.67 mins
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