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The objective of this research is to investigate clofibric acid (CFA) adsorption
mechanism in high and low concentrations (mg/L and pg/L) and effects of hydrophobic
and hydrophilic natural organic matter (NOM) fraction in real swine farm wastewater on
functionalized superparamegnetic hexagonal mesoporous silicates (HMS-SPs). Three
surface functional groups of synthesized HMS-SPs were applied in this study which is
silanol, (ethoxysilylpropyl) diehtylenetriamine and 3-mercaptopropyltriethoxysilane
group (HMS-SP, 3N-HMS-SP, and M-HMS-SP, respectively). Furthermore, separation
efficiency of adsorbent by modified hydrophobicity surface of High Gradient Magnetic
Separation filter (HGMS filter) at various flow rate and particle concentration was also

investigated.

The CFA adsorption reached the equilibrium at 6 hrs and adsorption kinetic
and isotherms were well fitted with pseudo-second-order model and Freundlich
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functional groups was strongly related to hydrogen bonding between CFA and surface
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capacity on this research was conducted in flow rate higher than 5 m/hr and 1 ¢/L of

particle concentration.
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CHAPTER |
INTRODUCTION

1.1 State of Problems

Pharmaceutical and personal care products (PPCPs), pharmaceutical active
compounds (PhACs) are widely used for treatment, livestock and agriculture due to
pharmaceutical compounds can use in humans, animals and plants (Zuccato, 2000).
Whereas, many pharmaceutical compounds cannot eliminated completely by
metabolism of humans and animals, hence their residue compounds can disperse to
environment via excreta and can contaminate in soil, groundwater, and surface
water. Therefore, pharmaceutical residue compounds have become the important
problem of environment. Several researches reported that the concentration of
pharmaceutical residue compounds can be detected in surface water and

groundwater up to pg/L (Kummerer, 2009; Reddersen, 2002; Skadsen, 2004).

Recently, pharmaceutical residues can be treated by several methods for
example; using nanofiltration/reverse osmosis (NF/RO) membranes (UTC-60 and LF10)
to remove six pharmaceutical residues compound (Clofibric acid, Diclofenac,
Ketoprofen, Mefenamic acid, Carbamazepine, and Primidone). Those (NF/RO)
membranes process was used as the supplementary process of conventional
activated sludge process followed by media filtration (i.e., tertiary treatment).
Moreover, treatment with a membrane bioreactor (MBR)) was investigated and
reported the percent of rejection in six pharmaceutical residues at approximately >
95% depend on the type of wastewater treatment (Kimura, 2009). Ozonation was

studied as a pre-treatment process for eliminated of anti-inflammatory residuals; that



reported the conversion percentage at 90% for Diclofenac-Na (DCF) and just only
26% and 46% of mineralization by hybrid ozonation which is  Os/UV/US and
O3/US/Fe2+, respectively (Ziylan, 2013). Modified chitosan adsorbents that cross-
linked with glutaraldehyde and grafted with sulfonate (CsSLF) or N-(2-carboxybenzyl)
groups (CsNCB) were investigated the removal efficiencies of pharmaceutical
contaminants (pramipexole dihydrochloride) from wastewaters. It was found that
removal efficiency by using CsSLF and CsNCB was 95% and 94%, respectively (Kyzas,

2013).

Consequently, Adsorption process, as a simple and low cost method, is widely
used in the removal of persistent organic micro-pollutants. Many researchers studied
the adsorption process for removal pharmaceutical residues from wastewater. For
example, effects of drug concentration on adsorption of Levofloxacin by
polyacrylonitrile (PAN) haemofilters were studied and suggested that adsorption by
haemofilters in vitro was unlikely to affect Levofloxacin pharmacokinetics significantly
in vivo (G. Tian, Gomersall, C. D., Wong, A, Leung, P., Choi, G., Joynt, G. M., Tan, P.
and Lipmana, J. , 2006). Using modified sugarcane bagasse (SB) as an adsorbent can
remove Levofloxacin around 37% from acidic solution (in vitro); adsorption capacity
was 0.152 mg/g at 2 ppm, which increased up to 0.42 mg/g at 10 ppm (Khan, 2011).
Hence, adsorption process with modified adsorbents would be the interesting

process for removal of pharmaceutical residue compounds from wastewater.

The pharmaceutical active compounds (PhACs) and their metabolites in aquatic
systems has become a concern in the recent years due to their generally persistent
and omnipresence in the environment. Clofibric acid (CFA) is one of the most reports

to eco-toxicological impact in wastewater due to this compound effect to microbial



communities and animal. For instance, CFA can effect to a reproductive toxicity on
daphnia with a LOEC (lowest observed effect concentration) of 10 pg/L (Ferrari,
2003). This CFA can metabolite in water resource and the pathway is shown in Figure

1.1.

/ 1-Chioro-4-isopropoxybenzene 4-Chlorophenol

o

Clofibric acid

wﬁm—m -

o~ hydroxyiso-
(2)-4-Chioro-5-oxohex-2-enedicic acid butyric acid

|

o

HO.
OH

Lactic acid

2-(4-Chloro-2,3-dihydr

Figure 1. 1 Parent and metabolites compounds of Clofibric acid (Salgado, 2012)

One metabolite compound of CFA is Lactic acid that can cause many effects to
human and animal in acute and chronic toxicity such as system of dermal, inhalation,
oral routes, and endocrine (US.EPA, 2009). Moreover, another one metabolites
compound is 4d-chlorophenol or p-chlorophenol is a toxic compound and can be
used as an intermediate for the synthesis of insecticides, herbicides, and preservative
that effect to oral routes. Hence, this study will focus on removal of Clofibric acid
from synthetic wastewater which has the co-existing compound as same as in real

wastewater.



Mesoporous silicas are widely used to adsorb micro-pollutant due to their large
surface area and uniform pore size that can improve adsorption capacity and
selectivity for target pollutants by functionalization of oganosilane functional group.
Moreover, efficiency of adsorbent separation from wastewater can be enhanced by
adding the superparamagnetic property into the adsorbent particles. Hexagonal
mesoporous silicates (HMSs) are suitable mesoporous silica for using in this research
because it has pore size between 2 nm and 50 nm which might enhance the
intraparticle diffusion of CFA, which has molecule size at 0.94 nm (Nie, 2013).
Furthermore, HMS can be improved the ability of separation by modifying with the
magnetite nanoparticle (Fe;04) which made from Iron (II) and Iron (lll). The magnetite
nanoparticle (Fe;O,) is coated with HMS porous structure which can be called as
superparamagnetic hexagonal mesoporous silicates (HMS-SP). Hence, the HMS-SP s
supposed to be the pristine adsorbent which can be functionalized but also can be

separated effectively by low energy magnetic field unit operation.

High Gradient Magnetic Separation Filter (HGMS filter) is generally used to
separate magnetic materials from non-magnetic solution by using magnetic filtration
to hold the magnetic particles in magnetic filter media, for instance, wire stainless
which influenced on the magnetic field from permanent magnet and modification of
wire stainless to increase hydrophobicity in surface in order to enhance the capacity
of adsorbent separation. Hence, in this study, HGMS filter are selected to be the unit
separation model for removal synthesized HMS-SPs after adsorption process is

finished.



The aims of this research are to investigate the effect of surface functional group

on Clofibric acid (CFA) adsorption capacity by using HMS-SPs as the adsorbents and

to determine the flow rate and particle concentration condition that suitable for

separating HMS-SP by HGMS filter.

1.2 Objectives

1.2.1 To investigate adsorption efficiencies for Clofibric acid (CFA) removal by

1.2.2

using surface functionalized superparamagnetic mesoporous silicates.

1.2.1.1 To determine the effect of pH on CFA adsorption capacities
and adsorption mechanisms of hydrophobic and hydrophilic
surface functional groups at high concentration.

1.2.1.2 To investicate the CFA adsorption capacity at low
concentration.

1.2.1.3 To identify the effects of hydrophobic and hydrophilic natural
organic matters (NOMs) in real wastewater on CFA adsorption
capacities.

To investigate the effect of flow rate and particle concentration on

separation of superparamagnetic mesoporous silicates from synthetic

wastewater by hydrophobic modified High Gradient Magnetic

Separation Filter (HGMS filter)

1.3 Hypotheses

1.3.1

1.3.2

Modification of hydrophilic functional group on adsorbent surface
might enhance the CFA adsorption capacity.
The adsorption mechanism depends on hydrogen bonding,

hydrophobic interaction, and electrostatic interaction.



1.3.3  Hydrophobic and hydrophilic natural organic matters (NOM) in real
wastewater might effect to CFA adsorption capacities due to active
site competition.

1.3.4  Hydrophobic wire stainless of High Gradient Magnetic Separation Filter
(HGMS filter) can enhance separation of the superparamagnetic
particle.

1.3.5 Lower flow rate in High Gradient Magnetic Separation Filter (HGMS

filter) should has higher separation efficiency.

1.4 Scopes of the Study

This research was conducted at Department of Environmental Engineering,
Faculty of Engineering and NCE-EHWM laboratory, Chulalongkorn University. There
are six parts of this study which consist of;

1.4.1 Synthesis of adsorbents

Adsorbents which were used in this study are superparamagnetic
mesoporous silicates, functionalized superparamagnetic mesoporous silicates consist
of 3-aminopropyltriethoxysiliane and 3-mercaptopropyltriethoxysilane. Adsorption
information was compared with commercial powdered activated carbon (PAC).

1.4.2 Characterization of adsorbents

Characterization of physiochemical properties of synthesized
adsorbents were analyzed, such as surface charge, elemental analysis, BET surface

area, crystal structure (XRD pattern), particle size, and FTIR pattern.



1.4.3 Adsorption study of Clofibric acid (CFA) on adsorbents at high
concentration
Clofibric acid (CFA) adsorptions were conducted at high concentration
(0-15 me/L) of synthesis wastewater to determine the adsorption kinetic, adsorption
mechanism, adsorption capacity, and effect of pH (5, 7, 9) on adsorption capacity.

1.4.4  Adsorption study of Clofibric acid (CFA) on adsorbents at low

concentration

Clofibric acid (CFA) adsorption isotherm of the most appropriate
adsorbent from 1.4.3 at low concentration (50-200 pg/L) was determined by using
synthesis wastewater.

1.4.5 Adsorption study of Clofibric acid (CFA) on adsorbent with real

wastewater

Clofibric acid (CFA) adsorptions were conducted under high
concentration (0-15 mg/L) by using real wastewater from swine farm in northern part
of Thailand. NOMs in collected wastewater were separated to be hydrophobic and

hydrophilic NOM and were studied the effect on adsorption capacity.

1.4.6  Separation of adsorbents
High Gradient Magnetic Separation Filtration (HGMS filter) was used to
separate adsorbents from synthesis wastewater by varying the concentration of
adsorbents (0.3, 0.6, 1 ¢/L), flow rate of filtration (3, 5, 7 m/hr). Moreover, surface of
stainless wire in HGMS filter was modified by dripping silica sol-gel solution in order

to coat hydrophobic functional group.



The scopes of this study are as followed in 6 parts and the experimental

framework shows in Figure 1.2;

Sythesis and characterization of adsorbents

Synthesis of adsorbents

Characterization of phisicochemical
properties

Adsorption studies

Adsorption kinetic and Isoterms

Adsorption mechanisms

Infiuence of various factor on adsorption capacity; pH,

surface functional group at high and low concentration (mg/L and pg/L)

Using high adsorption capacity condition

with real wastewater at high concentration (mg/L)

Separation of adsorbents

Influence of various factor; flow rate, particle concentration

on column to separate adsorbent from wastewater

Figure 1. 2 Experimental framework of this study



CHAPTER Il
THEORETICAL BACKGROUNDS AND LITERATURE REVIEWS

2.1 Pharmaceuticals in the environment

Pharmaceutical and personal care products (PPCPs), pharmaceutical active
compounds (PhACs) are widely used for treatment, livestock and agriculture due to
pharmaceutical compounds can use in humans, animals and plants (Zuccato, 2000).
Whereas, many pharmaceutical compounds are not eliminated completely in
humans and animals, their residue compounds disperse to environment that shows

in Figure 2.1 (Mompelat, 2009).

Households

/ Non domestic points
Industries, Hospitals, s i
Services N

Drinking Water Sewer  Direct
&/ discharge

\ Septic tank
Diffuse pollution

Aquaculture Animal farming

Effiuent

Bank filtration

Biosolids |

;
n Spread
Leaching

Landfills
Figure 2. 1 Origin of pharmaceutical residue compounds

The contaminate in soil from many researches can be analyzed in 23% of soil
sample found that can detected chlortetracycline (CTC) in soil samples (Marti'nez-
Carballo, 2007), residual concentrations of antibiotics were estimated for agricultural

soil, ranging for tetracyclines (TCs) from 450 to 900 pg/kg, for macrolides from 13 to
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67 pg/kg and for fluoroquinolones (FQs) from 6 to 52 pg/kg. While, the
pharmaceutical residual contaminant in groundwater and surface water such as
Guanylurea was detected in sewage treatment plants (STP) effluents and surface
waters at concentrations of 39-56 pg/L and 1.8-3.9 pg/L, respectively (Oosterhuis,
2013). Codeine was detected in groundwater sites from the united states of America
at concentration of 0.24 pg/L (Barnes, 2008). Those pollutants have many effects to
ecosystem such as decreasing of fish reproduction, change embryo of cattle

(Brandhof, 2010).

2.2 Clofibric acid (CFA)

Clofibric acid is the main active derivative substance of Clofibrate and several
other fibrates, evolved to enhance lipid metabolism in human (lipid lowering agent)
that used widespread. It can distribute to environment and persist for long periods,
since it is non-biodegradable (Nunes, 2008). Table 2.1 demonstrates general

properties of Clofibric acid and Figure 2.2 shows the structure of Clofibric acid.
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Table 2. 1 General properties of Clofibric acid (CFA)

Parameters Descriptions
Molecular weight 214.6 ¢/mol :
Melting point 118-123 °C °
Solubility in water 582.5 mg/L :
oK, 381"
Log Ky, 2.57°
Formula CioH1;ClO5"

a: http://en.wikipedia.org/wiki/Clofibric_acid (accessed on 3 Nov 2013) b: Loffler et al.,2005 c: Tixier et al.,2003

O%J\OH

Figure 2. 2 The structure of Clofibric acid

Cl

2.3 Occurrence of CFA in environment

The aquatic environment receives inputs of many compounds from
agricultural, livestock, industrial, and other activities of human. Pesticides are the
main contamination for water resources because they are always used directly to soil
and can be leached into groundwater and surface water. Therefore, pesticides have
been detected in aquatic environment especially the group of phenoxyalkanoic acid.
Clofibric acid (CFA, a pharmaceutical drug) is also one of phenoxyalkanoic acid group
and a structure isomer of CFA is propionic acid (a herbicide). CFA has high volume

production because it is mainly used in form of clofibrate in personal medical care as


http://en.wikipedia.org/wiki/Clofibric_acid
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a blood lipid regulator by using in patients for long time. CFA appears in metabolize
form and more stable than the other related compounds (Buser, 1998). In the recent
years, CFA has been found in variety of concentrations and places; 1.6 pg/L in the
majority of sewage treatment plants (Ternes, 1998), 0.55 pg/L in surface waters of
Swiss lakes (Buser, 1998), 270 ng/L in tap water (Heberer, 2002), and 103 ng/L in
Detroit River water (Boyd, 2003). It has eco-toxicity such as effect to microbial
communities and animal especially daphnia in lowest concentration at 10 pg/L.
Hence, the source of CFA contamination is not just only the agricultural activities but

also the residue of used pharmaceutical products and their pathway metabolites.

2.4 Current treatment technology for CFA

Previous studies reported several CFA treatment methods. For example,
biodegradation method by using Sequential Batch Reactor (SBR) was studied by
adding CFA and propanil to facilitate biomass growth and potentially co-metabolism.
The process was operated for long cycle until 12 months, and CFA removal can be
estimated at 51% of initial CFA concentration at 6 mg/L (Salgado, 2012). Ozonation
method was compared by using catalytic and non-catalytic ozonation to degrade the
aqueous solution of CFA. The ozonation with the presence of TiO, as catalyst can
enhance the CFA degradation and CFA can be removed completely afterl5 min at
pH5 (Rosal, 2009). Biosorption method by using agricultural waste rice straw to
adsorbed CFA in aqueous solution was also reported. The highest CFA adsorption at
42.5% was obtained at rice straw biosorbent (RSB) dosage of 30 g¢/L, while the pH

was about 3.1 (Liu, 2013).
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2.5 Adsorption

Adsorption process involves separation of a substance or adsorbate from one
phase, followed by its accumulation onto the surface of the adsorbing phase or
adsorbent (Gokmen, 2002). The sorption ability of different sorbents is strongly
dependent on the available surface area, polarity, contact time, pH and the degree
of hydrophobic nature of the adsorbent and adsorbate (Nadeema, 2006).

Fundamental

Adsorption mechanism consists of three steps (Yousef, 2011). The first
step is adsorbate transports to external surface of adsorbent that call film diffusion
process. The second step is adsorbate moves to inter part of adsorbent that call
pore diffusion process. Finally, the third step is adsorbate adsorbs to internal surface
of adsorbent pore that call adsorption process. Normally, the third step is assumed
to be faster than others and the slowest step is rate limiting step of adsorption
process.

Theory of adsorption

Capacity
The adsorption capacity of adsorbent can be determined from mass balance

equation as shown in equation (2.1);

~ (Co—Ce)

v XV (2.1)

Where Cy and C. is the initial and the equilibrium concentration of the adsorbate
(mg/L) respectively, q is the adsorption capacity (mg/g), M is the mass of adsorbent

(¢) and V is the volume of solution (L).
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Kinetic

The adsorption kinetic is used to predict and design adsorption systems.
While chemical kinetics describes the rate of chemical reaction and the affecting of
factors from the reaction rate. Measurement of sorption rate constants can be done
by evaluating the basic quantities of sorbent such as the time required for a sorbent
to remove particular compounds (Mall, 2006).

- The pseudo-first order kinetic model can be determined from equation

(2.2);

1/ /Jki ) 1
Z L) e — (2.2)
q det Qe

Where q; is the amount of adsorbed (mg/g) at time t (min), g is the
amount of adsorbed (mg/g) at equilibrium and k; is the pseudo-first order
rate (mg/g). The values of k; and g. are calculated from slope and
intercept of the plots between 1/qg and 1/t.

- The pseudo-second order kinetic model can be determined from

equation (2.3);

t 1 t
3 Th7 he (2.3)
dr k2q%  qe

Where k; is the pseudo-second order rate constant is calculated from the
plots between t/g; and t (Abdullah, 2009). According to the pseudo-
second-order model, the initial adsorption rate (h) (mg/g. h) can be
determined according to Equation (2.4);

h= que2 (2.4)
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Isotherm

Adsorption isotherm shows the relationship between adsorption capacity of

the adsorbent and equilibrium concentration of adsorbate, which is the critical

importance information for optimizing the use of the adsorbents (Ho, 2005). The

isotherms which will be applied in this research consist of three mathematic

isotherm models;

Langmuir isotherm
The Langmuir isotherm of linear form is calculated according to the

following equation (2.5);

1 1 1
¥ =" (2.5)
Je dm KLgmCe

Where k_is the Langmuir constant (L.mg_l) and g, is the maximum
adsorption capacity (mg/g). The dimensionless separation factor R, is use
to predict desirability of adsorption according to the following equation

(2.6);

1

R =—
1+K;Cy

(2.6)

Where Cyis the initial concentration of pharmaceuticals (ug/L).
Freundlich isotherm
The Freundlich isotherm in linear form is shown in following equation

2.7);
1
In ge=n ke + - In C, (2.7)

Where kg is the Freundlich constant and n is the adsorption intensity

(dimensionless).
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- Linear isotherm
The linear isotherm calculated according to the following equation (2.8);
G = KCe (2.8)

Where Ky is the linear constant (L/g) (Samuel, 1987).

2.6 Mesoporous Silicate

The first discovery of ordered mesoporous silicates since 1992 by Mobil
scientists (Tanev, 1994), these materials are interested attention due to high surface
areas, large pore volumes, uniform pore size in the range of 2-30 nm, and tunable
surface functional groups. The particularity features of mesoporous materials that
suitable for many applications such as catalysis, separation, and adsorption (H. Tian,
Li, J., Shen, Q., Wang, H., Hao, Z., Zou, L. and Hu, Q., 2009; Wang, 2008).

There are three kinds of the mesoporous material synthesis procedures
consist of; Firstly, M41S feature of silica and aluminosilicates (such as hexagonal
MCM-41, cubic MCM-48 and lamellar MCM-50) synthesized by charge matching
between ionic surfactants and ionic inorganic reagents. Secondly, the mesoporous
materials synthesized by using two neutral routes based on self-assembly and
hydrogen bonding, which one is hexagonal material (HMS and MSU) and the
advantage is it can remove the organic phase by solvent extraction (Tanev, 1994).
Finally, the group of mesoporous materials is involving amphiphilic di- and tri-block
copolymers as the organic structure directing agents (SBA15). The advantages of this
material are large monodispersed mesoporous (up to 50 nm) and thicker walls (Zhao

D., 1998).
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Synthesis of Hexagonal Mesoporous Silicates (HMS)

The neutral template route (S0I0) was used to synthesis HMS by
based on hydrogen bonding and self-assembly between neutral primary amine
micelles (S0) and neutral inorganic precursors (10). Further, removal of HMS template
method was completed by solvent extraction or calcination in air (Lin, 2005;
Pinnavaia, 1995).

Adsorbent surface modification

There are two fundamental approaches consist of the post synthetic
functionalization of silica or post grafting method and the co-condensation method,
for the synthesis of the functionalized silica process.

- Post synthetic functionalization of silicas or post grafting method

Post grafting method, the functional groups were attached onto pore
surface of mesoporous silicate. The advantage of grafting is it could maintain the
mesostructure after modifying. Moreover, this method is hard to control the
dissemination and concentration of functional group that shown in Figure 2.3 (Stein,
2000). Then, silylation is commonly functionalized surface with organic groups as

following procedure:

= Si-OH + Cl-SiR, — = Si-OSiR, + HCL
100 °C

= Si-OH + R'O-SiR, —> = Si-OSiRs + HOR'
25°C

2= Si-OH + HN SRy, — > 2= Si-OSiR, + NH;
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CI-SIR,
or
R'O-SiRy
or

Figure 2. 3 Functioanlization of mesoporous silicates by post grafting

- Co-condensation method
Co-condensation method, the functional groups were condensation with
tetraethoxysilane or terminal trialkoxyorganosilanes (TEOS or TMOS) while
synthesized template. The advantage of this method is higher loading functional
groups. However, it could loss original structure after modifying that shown in Figure
2.4 (Hoffmann, 2006). The comparison between grafting and co-condensation

methods is summarized in Table 2.2 (Maria, 2004).

'* Extraction/Calcination

TEOS + R-Si(RO)3 R _ g

Figure 2. 4 Co-condensation method for the organic modification of

L J

mesoporous pure silica phases, R= organic functional group
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Table 2. 2 Advantage and disadvantage of two surface modification methods

Post grafting method Co-condensation method
® Good preservation of the mesostructure ® Higher and more uniform surface coverage
Advantage
after post-grafting of functionality

® (Capable control in surface properties

. ® Reduce pore size and pore volume ® | 0ss in original structure ordering such as
Disadvantage
® Limited loading level of the functional aminopropyltriethoxysilane (APTES)
groups can be grafted because of the functionalization
limited density of the reactive surface ® Poor control of functional group on the
silanols surface

® Time consuming

® |neffective due to partial cross-linking of
the functional groups with the silica-
surface silanol groups

® Obtain low density and non-uniformity of

functionality

Mesoporous silicas are widely use in adsorption field and suitable for modify the
separation property by adding superparamagnetic characteristic into the core of
mesoporous particle. Therefore, this study will select the superparamagnetic
mesoporous silicates to study their application for CFA adsorption and related unit

operation process.

2.7 High Gradient Magnetic Separation Filter
Recently, High Gradient Magnetic Separation Filter (HGMS filter) is normally to

use in magnetic filtration that separate magnetic materials from non-magnetic
solution. The methods to generate external magnetic field consist of three ways;

permanent magnet (Sato, 2004), electromagnetic solenoid (Ditsch, 2005), and
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superconducting magnet (Baik, 2010; Misuhashi, 2003). The mechanism of magnetic
filtration is to enhance the attachment between magnetic particles and the magnetic
filter media that set by stainless steel. This separation process is low cost and easy
to operate.

Due to the HGMS filter has competency to separate magnetic material from
non-material solution. Therefore, the HGMS might be suitable for removal HMS-SPs
particles, which has magnetic property. This research plans to investigate the
operation condition of HGMS filtration by varying concentration of adsorbents and

flow rate of filtration.

Theory of Magnetic Separation
- Magnetic strength field (H)

The magnetic strength field is the quantity of magnetizing force that

created to magnetic material by magnetic current.
- Magnetic flux density (B)

The magnetic flux density is the amount of internal of magnetizing
force that magnetic materials for instant permanent magnet give the
magnetic force. Magnetic flux density depends on the magnetic
permeability of material and magnetic strength field can be determined
from equation (2.9);

B= p,H (2.9)
Where H is magnetic strength field (A.Mfl), B is magnetic flux density (T or

Whb/m), and ., is magnetic permeability of material (Wb/(A.m)).



21

Magnetic force
The magnetic force is the force of moving charge that determines in
the Lorentz Law; according to following in equation (2.10);
Frn=q(vxB) (2.10)
Where F, is magnetic force (N), g is the electric charge of the particle (O),
v is the instantaneous velocity of the particle (m.s-l), and B is the
magnetic field (T).
Then, magnetic force of particle when applies the magnetic field is
shown in equation (2.11);
Frn = VM, « VH (2.11)
Where F,, is magnetic force of particle, po is magnetic permeability of
vacuum (Wb/(Am)), V, is particle volume (m3), M, is the particle
magnetization (A/m), and VH is the gradient of magnetic strength field at
the position of the particle.
There are three forces that involved in magnetic filtration process
consist of;
Gravitational force
The gravitational force is the force that drags the particles to fall down in
the fluid by their own weight due to gravity; it can be determined from

equation (2.12);

Fo=(0p — Pg)Vp (2.12)

Where F, is gravitation force (N), Pyp s density of particle (kg/m), Pg is

density of fluid (kg/m), and Vp is gravitational acceleration (m/s).
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- Centrifugal force
The centrifugal force is the movement force that occurs when the
particle is agitated, according to following in equation (2.13);
Fe=(Pp — Pg)wVpr  (213)
Where F. is centrifugal force (N), @ is the angular velocity (rad/s), and r is
the radial of the particle (m).
- Drag force
The drag force is the frictional force of particle reaction to gravity
force, now known as Stoke’s law. Fg is drag force, which is calculated by
equation (2.14);
Fg = 3mndy (Vy — vp) (219)
Where 1 is the dynamic viscosity of fluid (N.s/mz), and dp is the

diameter of the particle (m).

2.8 Natural Organic Matters (NOMs)

Natural Organic Matters (NOMs) are a complex mixture with various chemical
compositions and molecular size that occurs in natural water and originates from
living and dead of plants, animals, and microorganisms. NOMs consist of hydrophilic
and hydrophobic components (Matilainen, 2011). Moreover, NOMs can cause various
problems in adsorption process in real wastewater treatment, since it may interact
with target compounds or adsorbate that means decreasing of adsorption capacity of
target compound. Moreover, competition between NOMs and target adsorbate to be
adsorbed by adsorbent surface have to be considered, in case of NOMs can hold
with adsorbent surface, it mean that selectivity of adsorbent might be changed and

caused the reduction of target adsorption capacity.
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2.9 Literature reviews

2.9.1 Removal of pharmaceutical

(Bui, 2009) investigated that mesoporous silicate SBA-15 can remove the
pharmaceutical such as carbamazepine, clofibric acid, diclofenac, ibuprofen, and
ketoprofen from synthetic wastewater by adsorption capacity of all pharmaceuticals
were high except clofibric acid. All adsorption kinetics and isotherms were fitted with
pseudo second order model and Freundlich model. The interaction of mechanisms
were controlled by hydrophilic interaction.

(Cabrera-Lafaurie, 2012) studied the adsorption of salicylic acid, clofibric acid,
carbamazepine, and caffeine from synthetic wastewater by modified inorganic-
organic pillared clays (I0Cs) with Coz+, Cu2+, and Ni**. This research suggested that
complexation between adsorbents and adsorbates were depended on ambient
condition and it may be reversible interaction force at low concentration. According
to the results, Ni”* 10Cs had the highest adsorption with salicylic acid and clofibric
acid, while Co’" 10Cs had the greatest caffeine adsorption at low concentration. On
the other side, all of modified I0OCs had low adsorption capacity of carbamazepine
due to the lack of surface functional groups to interact with adsorbate.

(Punyapalakul, 2004) investigated adsorption mechanism of pharmaceuticals;
diclofenac and carbamazepine on functionalized hexagonal mesoporous silicates
(HMS) instance amino and mercapto groups were performed by co-condensation
method compare with SBA-15 and MCM-41 plus powdered activated carbon. The
adsorption kinetics and isotherms were match with pseudo second order and linear

models, respectively. The mercapto group on HMS had highest adsorption capacity in
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order to enhancing of hydrogen bonding and hydrophobic interaction and the
adsorption capacity of each adsorbent related to molecule size and effect of pH.

(Punyapalakul, 2004) investigated effect of functional groups of HMS on
dichloroacetic acid (DCAA) adsorption comparison of three surface functional groups;
amino, mercapto, and akyl groups. This research indicated that the amino group
adsorbed DCAA by hydrophobicity interaction and adsorption capacity of mercapto
and amino groups can increase due to active surface size were high.

(Bui, 2010) reported that effect of pharmaceutical adsorption; carbamazepine,
diclofenac, ketoprofen, and ibuprofen by varied ionic strengths, different anions,
divalent cations (Ca~" and Mg2+), trivalent (AU and Fe3+), and natural organic matter
(NOM) on porous silica. This experiments were controlled high ionic strength by the
ketoprofen adsorption capacity was increased while carbamazepine adsorption was
decreased. Trivalent metal cations were increased in three acidic pharmaceuticals
adsorption due to inner-sphere complex with surface and aqueous metal species.
Divalent cations were enhanced the ibuprofen and ketoprofen adsorption at low
concentration. Whereas, all pharmaceutical adsorptions were reduced by NOM,
except for diclofenac adsorption. Therefore, the ionic strength, divalent and trivalent

cations, and NOM are important factors to study in effect of adsorption.
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2.9.2 Application of high gradient magnetic separation filter

Several researches which studies new technique to separation mesoporous
silicate by coated magnetic material, that has magnetic properties and apply to use
with high gradient magnetic separation (HGMS) filtration.

(Hua, 2003) studies application of high gradient magnetic separation by
synthesized hexagonal mesoporous silicate (HMS) and encapsulated HMS with
magnetic material, which called HMS-SP that used to adsorb DDT in water and
separation from aqueous phase by magnet force. This research reported that DDT
adsorption capacity was high on HMS-SP and significant effective with magnetic
separation.

(Ruangtrakul, 2010) investigated that modified surface functional groups of HMS-
SP had high adsorption of Naproxen (NAX) and applied magnetics separation to use
in this experiments by HGMS filter. As the results of this study, the functionalized of
HMS-SPs were selective to adsorb the NAX and removal of NAX from synthetic
wastewater. Moreover, HGMS filter had efficiency of the HMS-SP separation from
synthetic wastewater that using permanent magnets.

(Lortragool, 2009) studied the treatment of oily wastewater by using fibrous
stainless steel as a coalescing medium to improve the treatment efficiency by
modification of hydrophobicity on stainless steel surface. This study indicated that
the efficiency to treatment oil from wastewater was enhanced for modified stainless
steel surface.

Therefore, this research was investigated CFA adsorption both high
concentration and low concentration and effect of natural organic matter (NOM) to

efficiency of CFA adsorption. Moreover, this research was conducted the separation
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of adsorbent by high gradient magnetic separation filter which modification

hydrophobic surface of wire stainless filter.
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CHAPTER Il
MATERIALS AND METHODS

3.1 Materials

3.1.1 Pharmaceutical residue
- Clofibric acid 97% was purchased from Aldrich.
3.1.2 Synthesis of adsorbents
® Superparamagnetic iron oxide particles (SP)

= Ammonium hydroxide 25% from J. T. Baker.

Iron (II) chloridetetrahydratewas purchased from Fluka.

Iron (lll) chloridehexahydratewaspurchasedfromAjax Finechem.

Oleic acid was purchased from CrloErba.
® Superparamagnetic hexagonal mesoporous silicate (HMS-SP)

- Acetone was purchased from Lab Scan.

Dodecylamine 98% was purchased from Acros organics

Hydrochloric 37% was purchased from CrloErba.

Tetraethoxysilan reagent grade 98% was purchased from Aldrich.
3.1.3 Organic functional groups
- 3-aminopropyltriethoxysilane >98% was purchased from Fluka.
- 3-mercaptopropyltrimethoxysilane >98% was purchased from
Fluka.
- Toluene 98% was purchased from Lab Scan.
- Membrane filter, Qualitative circles 90 mm. diameter was

purchased from Whatman.
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3.1.4 High performance liquid chromatography (HPLC) condition
® Chemical reagents
- Acetonitrile was purchased fromLAB SCAN.
- Methanol was purchased fromLAB SCAN.

® Materials

ColumnC18 (ZORBAX Eclipse XDB-C18 2.1 x 100 mm (3.5um),
Agilent, USA)

- SPE (Solid Phase Extraction)

- (18 Cartridge(500 mg/3 ml, Cleanert ODS-SPE)

- Membrane filter GF/C (25 mm, 0.12 um, Whatman)

- Membrane filter Nylon (0.45 um, National Scientific)

Syringe filter )Nylon, Filtrex)

High performance liquid chromatography (HPLC) equipped with a
photodiode array detector (230 nm). The C18 column 2.1 x 100 mm (3.5 um) was
used in this study. The elution gradient was conducted by using water (A) and
acetonitrile (B), which initial condition of mobile phase B 100% v.v' reach to 70% in
5 min, flow rate was 1 mL/min.

3.1.5 Modified High Gradient Magnetic Separation Filtration
® Chemical reagents
- Ethanol (Absolute) AR. grade was purchased from RCl Labscan.
- Hexamethyldisilazane 98% was purchased from Acros Organics.

- Tetraethoxysilan reagent grade 98% was purchased from Aldrich.
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3.2 Methods
3.2.1 Synthesis of adsorbents

® Synthesis of superparamagnetic hexagonal mesoporous silicates

(HMS-SP)

Superparamagnetic iron oxide particles (SP) was synthesized as the
core-shell of the adsorbent via co-precipitation from aqueous alkaline solutions as
described by (Hongsawat, 2013) with some modification. In a typical synthesis,
FeCl;.6H,0 (0.046 mol) and FeSO,.7H,O (0.023 mol) were dissolved in 150 ml de-
ionized water. Then, 20 ml ammonium hydroxides (25%) was added quickly into the
mixture solution at 80°C. The SP (Fe;0,) was collected through magnetic separation
and washed with de-ionized water five times. A solution of 10% ammonium salt of
oleic acid (pH 10) was prepared by mixing 30 ml de-ionized water, 3 ml oleic acid,
and 30-40 drops NH4OH (30%w/w). This solution is added to the slurry drop wise
under constant stirring at 60°C until the slurry changes into a stable suspension.

Pristine superparamagnetic hexagonal mesoporous silica (HMS-SP) was
prepared following the previous method (H. Tian et al., 2009). A 0.50 g of SP was
dispersed in 250 ml of 0.1 M HCl aqueous solution by ultrasonication for 10 min and
this obtained material were separated and washed with de-ionized water by
magnetic separation. The as-treated SP was added into the mixture solution of a
dodecylaminde (0.35 g), ethanol (3.94 ¢) and water (27.36 ¢). The mixture were stirred
at room temperature for 0.5 hr. Then, a 2.0 g of tetraethoxysilane (TEOS) was added
drop wise to the mixture under vigorous stirring at room temperature for 24 hr. After
that the material was collected with an external magnetic and washed with de-

ionized water and ethanol to remove nonmagnetic by-products. Subsequence, the
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obtained powders were extracted by refluxing with ethanol (200 ml) at 80 °C for 12

hr twice times to remove the surfactant templates.

® Functionalized  superparamagnetic  hexagonal  mesoporous

silicates (HMS-SP): post-grafting method
The grafting method was synthesized following process. 0.5 ¢ of HMS-
SP was dehydrated in oven at 105°C 24hr. Then HMS-SP stirred with 30 ml of toluene
and 1 g of each organosilane at room temperature for 24 hr. The products were
filtrated and washed with toluene. Lastly, the products were dried in oven at 85°C 2

hr. The applied organosilanes in this study is 3aminopropyltriethoxysiliane and

3mercaptopropyltriethoxysilane) that show in Table 3.1.

Table 3. 1 Surface functional

groups structure of adsorbents

Adsorbents Chemical structures Functional groups

— 0
HMS-SP m — 0-Si-OH Silanol (SIOH)

-0
=0, /v\ NNHE Amino (N3H;)

3N-HMS-SP m = 0-Si MNHs V\NHa
- Silanol (SiOH)
— O~ Mercapto (SH)

M-HMS-SP m e 0-/5i

Silanol (SIOH)
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3.2.2 Characterization of adsorbents
To determine the physicochemical characteristic properties of

adsorbents, the adsorbents were analyzed following the procedure in Table 3.2.

Table 3. 2 Instruments and parameters of the physicochemical characteristics of

adsorbents

Instruments Parameters

® X-ray Diffractometer (XRD) ® Silica structure

® Fourier Transform Infrared Spectroscopy (FT-IR) ® Surface functional group

® Nitrogen adsorption-desorption isotherm ® Surface area and pore size

using BET theory

® Zeta potential analyzer ® Surface charge
® Elemental analyzer ® Quantity of total Nitrogen (N) and Sulfur (S)
® | aser particle analyzer ® Particle size

3.2.2.1 Silica structure

Crystal structure and crystal size were measured by Low-angle Powder
X-ray diffraction (XRD), (Bruker AXS, D8 Discover) with Cu KO X-ray type at scanning
rate 1,000 deg mirf1 between 0.5° — 6.0° (29). Before analysis, the sample was
heated at 105°C in oven for 24 hr, and kept in desiccators.

3.2.2.2 Surface functional group

Surface functional groups were measured by Fourier Transform
Infrared spectrometer (FTIR) and the spectra in the transmittance mode during 400-
4000 cm . Preparation of sample by mixed the adsorbent with KBr and then the

sample was heated at 105°C in oven for 24 hr, and kept in desiccators.


http://www.ppc.chula.ac.th/service_center/level3/spectro_gr/3XRD.htm
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3.2.2.3 Surface area and pore size

Surface area and pore size was calculated from nitrogen adsorption
isotherms measured at 77 K by using an Autosorb-1 Quantachrome automatic
volumetric sorption analyzer. Before analysis, the adsorbents were heated at 105°C
in oven for 24 hr, and kept in desiccators. Whereas the specific surface area, pore
diameter and pore volume was calculated by using the Brunauer-Emmett-Teller
(BET) theory. Pore size distribution was calculated by using the Barrett-Joyner-
Halenda (BJH) equation.

3.2.2.4 Surface charge

Surface charge was measured by acid-base titration. Preparation of
sodium hydroxide solution (NaOH), 0.025 M of hydrochloric solution (HCl), and 0.1 M
of sodium chloride solution (NaCl) and then preparation of mixed solution from
adsorbent and mixed solution in ratio 1 g¢/L (adsorbent 0.02 ¢/ mixed solution 20
mL). Each mixed solution have difference pH value (range 3 to 10) and adjusted by
NaOH solution or HCL solution in 25 mL of volumetric flask and controlled in 0.01 M
of ionic strength. The sample was diluted by de-ionized water until 25 mL after that
shaken 200 rpm, 12 hr, and 25°C. Surface charge in unit (C/mz) was calculated from

pH value at equilibrium state in equation (4.1).

Surface charge (C m?) = {[HCI]_ [NaOH ] - [H +]+ [OHi]}
M x Sger

x 96,500  (4.1)

Where [HCl] Concentration of HCl to add (mol/L)

[NaOH] Concentration of NaOH to add (mol/L)

[H'] = Concentration of photon ion (mol/L)
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Calculation from pH = -log [H']

[OH] = Concentration of hydroxide ion (mol/L)
Calculation from pOH = -log [OH ] and
pOH= 14-pH

96500 = Faraday’s constant (C/mol)

M = Weight of adsorbent (g/L)

SeeT = Surface of adsorbent (mz/g)

3.2.2.5 Nitrogen and sulfur content
Nitrogen and sulfur content from amino and mercapto

functional groups respectively were measured by CHNSO and LECO SC132 sulfur
analyzer at Analytical and Testing Service Center, Petroleum and Petrochemical
College, Chulalongkorn University. For analysis, the sample 0.3 g. was heated at 1,350
°C under static condition and calculated the content of total nitrogen and sulfur in
percentage of weight by weight (%wt/wt) by compare with standard of nitrogen and
sulfur.

3.2.2.6 Particle size

Particle size was measured by laser particle size distribution analyzer
(MALVERN, Mastersizer S).

3.2.3 Adsorption experiment

3.2.3.1 Removal of Clofibric acid at high concentration

® Adsorption kinetic study
Adsorption kinetics were set by varying the contact time and initial

CFA concentration at 10 mg/L and 1 ¢/L of adsorbent in 0.002 M phosphate buffer
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pH 7.0. The samples were shaken at 200 rpm at room temperature, and then the
solutions were filtrated through a nylon syringe filter (pore size 0.45 nm). Then, the
remaining CFA concentration was analyzed by high performance liquid

chromatography (HPLC) equipped with a photodiode array detector (230 nm).

® Adsorption isotherm study

Adsorption isotherms were conducted with an initial CFA
concentration range between 6-15 mg/L and 1 ¢/L of adsorbent. The ionic strength of
the solutions were fixed using 0.002 M phosphate buffer at either pH 5, 7 or 9. The
samples were shaken at 200 rpm at room temperature until the equilibrium are
reached, and then the solutions were filtrated through a nylon syringe filter (pore
size 0.45 nm). The remaining CFA concentration in equilibrium solutions were
analyzed by high performance liquid chromatography (HPLC) equipped with a

photodiode array detector (230 nm).

3.2.3.2 Removal of Clofibric acid at low concentration

® Adsorption isotherm study
Adsorption isotherms were conducted with an initial CFA
concentration range between 50-200 pg/L and 1 g/Lof adsorbent. The ionic strength
of the solutions were fixed using 0.002 M phosphate buffer at only one pH from
removal of Clofibric acid at the same condition in environment. The samples were
shaken at 200 rpm at room temperature until the equilibrium are reached, and then
the solutions were filtrated through a nylon syringe filter (pore size 0.45 nm). The

remaining CFA concentration in equilibrium solutions were analyzed by a solid phase
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extraction (SPE) and high performance liquid chromatography (HPLC) equipped with a
photodiode array detector (230 nm).

® Solid phase extraction (SPE)

The C18 cartridges (500mg/3mL) were used in solid phase extraction (SPE).
The cartridge was equilibrated with 5 mL of methanol and 10 mL of de-ionized
water. Then the sample was collected, washed with 10 mL of de-ionized water and
eluted with 10 mL of methanol. Finally, the sample was evaporated and adjusted to

0.5 mL of methanol that shows as Figure 3.1.

Methanol 5 mL | Collected DI water Methanol
DI water 10 mL Sample 10 mL 10 mL

= — -

=

1 EE T
O & & &
conining [ ovig Jl wesvg Jll e

Figure 3. 1 Condition of solid phase extraction (SPE)

— Samples
evaporate with
hitrogen gas.
The volume of
- samples adjust
to 0.5 mL of
methanol.

® High Performance Liquid Chromatography (HPLC)

The sample was measured by high performance liquid chromatography
(HPLQ) equipped with a photodiode array detector (230 nm). The C18 column 2.1 x
100 mm (3.5 lm) was used in this study. The elution gradient was conducted by
using water (A) and acetonitrile (B), which initial condition of mobile phase B 100%
v.v_1 reach to 70% in 5 min, flow rate was 1 mL/min. The detection limit of

concentrated sample was 50 pg/L with SPE. The recovery percentage was
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approximately 95% without NOM, and the recovery standard deviation percentage

(%RSD) was 2.62%. Chromatogram of CFA was shown in Figure 3.2.

Figure 3. 2 Chromatogram of Clofibric acid at 8 mg/L, pH7

3.2.3.3 Removal of Clofibric acid from real wastewater

® Fractionation of natural organic matter (NOM)

The background NOMs in real wastewater sample was fractionated

from one swine farm in northern part of Thailand. Before separation of natural

organic matter (NOM) by fractionation, collected sample was filtered through a glass

filter (GC/F, pore size 0.75um) and adjusted with H,SO, to pH 2. Then, collected

sample was fed through resin (DAX-8), flow rate 20 mL/min. Water sample that was

released from column in the first time, is hydrophilic NOM component. Eluting of

hydrophobic NOM component by 0.1 N of NaOH 25 mL and 0.01 N of NaOH 125 mL,

flow rate 200 mL/min. Clofibric acid (CFA) was prepared by de-ionized water at

concentration 100 mg/L. After that it was diluted by fractionated wastewater as stock

solution. Finally, there are two components to separation such as hydrophobic and

hydrophilic NOM and using in this section.



Table 3. 3 The properties of natural organic matter (NOM)
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Parameter Hydrophobic fraction Hydrophilic fraction Non-fraction
pH 7.35 6.17 7.00
Conductivity (S/cm) 0.009 0.009 0.018
TOC (mg/L) 0.7189 0.7826 -

® Adsorption isotherm study in the presence of NOMs

Adsorption isotherm was conducted with an initial CFA concentration

range between 6-15 mg/L and 1 ¢/L of adsorbent by using fractionate real

wastewater. The sample was shaken at 200 rpm at room temperature, and then the

solution was filtrated through a nylon syringe filter (pore size 0.45nm). The remaining

CFA concentration in equilibrium solution was analyzed by high performance liquid

chromatography (HPLC) equipped with a photodiode array detector (230 nm). The

elution gradient was conducted by using water (A) and acetonitrile (B), which initial

condition of mobile phase B 100% vV reach to 0% in 10 min, flow rate was 1

mL/min. Figure 3.3 shows the chromatogram of CFA and NOM in hydrophobic (HPO)

and hydrophilic (HPI) fractions compare with the peak of CFA.
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Figure 3. 3 Chromatogram of CFA in hydrophobic (HPO) and
hydrophilic (HPI) fractions

3.2.2 High Gradient Magnetic Separation Filtration

The magnetic filtration column consist of wire stainless filter, acrylic
pipe diameter 1.9 cm, and high 7 cm, stainless fiber, and hydraulic pump that shows

as Figure 3.4 and Figure 3.5 (Ruangtrakul, 2010).

Figure 3. 4 The filtration system: |-Stirrer, II-Pump, Ill-Magnetic filtration
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Figure 3. 5 Column of high gradient magnetic separation filter

Hydrophobic stainless fiber surface modified filter

Hydrophobic surface modified filter was conducted by coating wire
stainless with silica sol solution as described by (Bhagat, 2006; Lortragool, 2009) with
some modification due to increasing the retention efficiency to trap the adsorbent
particle which hydrophilic adsorbent in hydro phase (water). Silica sol solution was
prepared by tetraethoxysilane, hexamethyldisilazane, ethanol, and de-ionized water
in ratio of molar; 1:1:36.4:6.6. The mixture was stirred 5 min. After 45 min, the wire
stainless was coated with silica sol solution and dried at room temperature. Then,
wire stainless was fixed in magnetic filtration column. The modified wire stainless was

shown in Figure 3.6.

Before After

Figure 3. 6 Comparison between before and after modified wire stainless
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Measurement method of suspended solid

First, collecting 25 mL of each sample from filtration column until the
particle removal efficiency of HGMS filter is finished as in Figure 3.7. Then, collected
samples were filtered by GC/F membrane filter. And filter paper was dried in oven at
105 °C. Finally, The different weight of filter paper before and after filtration was

used to calculate the removal efficiency of HGMS filter, as shown in Figure 3.8.

Figure 3. 8 After dried filter paper in oven
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3.2.4.1 Effect of modified hydrophobic surface filter

To study effect of modified hydrophobic surface filter on separation

process, the following step was conducted.

1.

Mix synthesized adsorbent with de-ionized water in ratio 0.6 ¢ of
adsorbent per 1 Liter of de-ionized water.

Pump the mixed solution into the non-modified stainless fiber column
under varying flow rate 5m/hr.

Collect the sample and measure the concentration of adsorbent by
measuring suspended solids concentrate and the experiment will be
conducted as same as previous study again with modified
hydrophobic surface filter. This condition was summarized in Table

3.3.

Table 3. 4 The conditions of High Gradient Magnetic Filtration for studying the

effect modified hydrophobic surface filter

Parameters Values

Varied parameter

® Surface filter Modified hydrophobic surface filter/
Controlled parameters non-modified hydrophobic surface filter
® Adsorbent concentration
0.6 ¢/L
® Flow rate 5 mihr
® Depth filter 7 em

® Surface area filter 222.22 cm’ (1.5 g of wire stainless)
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3.2.4.2 Effect of flow rates

To study effect of flow rate on separation process, the following step

will be conducted.

1.

Mix synthesized adsorbent with de-ionized water in ratio 0.6 g of
adsorbent per 1 Liter of de-ionized water.

Pump the mixed solution into the column under varying flow rate 3,
5, and 7 m/hr respectively.

Collect the sample and measure the concentration of adsorbent by
measuring suspended solids concentrate. This condition was

summarized in Table 3.4.

Table 3. 5 The conditions of High Gradient Magnetic Separation Filtration for studying

the effect of flow rates

Parameters Values

Varied parameter

® Flow rate 3,5, and 7 m/hr

Controlled parameters

® Adsorbent concentration 0.6 ¢/L
® Depth filter 7 cm
® Surface area filter 22222 cm’ (1.5 g of wire stainless)

® Stainless fiber Non-modified stainless
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3.2.4.3 Effect of concentration of adsorbent

To study effect of concentration of adsorbent on separation process,

the following step will be conducted.

1. Mix synthesized adsorbent in de-ionized water by varying ratio of
adsorbent from 0.3, 0.6, and 1 ¢ per 1 Liter of de-ionized water,
respectively.

2. Pump the mixed solution into the column at flow rate 5 m/hr.

3. Collect the sample and measure the concentration of adsorbent by
measuring suspended solids concentrate. This condition was

summarized in Table 3.5.

Table 3. 6 The conditions of High Gradient Magnetic Separation Filtration for

studying the effect of concentration of adsorbent

Parameters Values

Varied parameter

® Adsorbent concentration 0.3,0.6,and 1 ¢/L

Controlled parameters

® Flow rate 5 m/hr

® Depth filter 7 em

® Surface area filter 222.22 cm’(1.5 g of wire stainless)
® Stainless fiber Non-modified stainless fiber

3.2.5 Iron release
The iron (Fe) concentration in the solutions at equilibrium state from
adsorption study of each adsorbent was measured by Atomic Absorption
Spectrometer (AAS). Each experiment was conducted under the same adsorption

condition in 0.002 M. of phosphate buffer pH 7 and 25 °C.
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CHAPTER IV
RESULTS AND DISCUSSION

4.1 Characterization of physico-chemical properties of adsorbents

All adsorbents were characterized physio-chemical properties such as X-ray
diffraction (XRD), Fourier Transform Infrared Spectrometer (FTIR), Nitrogen adsorption-
desorption isotherms, pH at point of zero charge (pH,,.), CHONS Elemental analyzer,
and particle size. These parameters were used to analyzed the adsorption

mechanism of CFA on HMS-SPs.

4.1.1 X-ray diffraction (XRD)

X-ray diffraction was used to determine crystalline structure of mesoporous
structure at 20 angel of 0.5°-10.0° as shown in Figure 4.1. As a result, the XRD
diffraction pattern of HMS-SP showed only one reflection corresponding at 20 =
1.43° that referred to the hexagonal mesoporous silica structure of HMS-SP. However,
the obtained peak has low intensity and board shape, which mean that the
hexagonal mesoporous structure might be non-uniformity structure. The collapsed
structure of HMS-SP might be cause by adding of superparamagnetic particle into
mixture before adding silica precursor to form porous structure during synthesis

process.
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Figure 4. 1 XRD pattern of HMS-SP

4.1.2 Fourier Transform Infrared Spectrometer (FTIR)

Surface functional groups of synthesized adsorbents (HMS-SP and
functionalized HMS-SPs) on the adsorbents surface can be confirmed by using FTIR

spectroscopy that showed in Figure 4.2.

All of adsorbents spectra performed the O-H stretching of free silanol group
at 3742 cm ' and the peak at 3435 cm’ indicated the hydrogen boned hydroxyl
group (O-H stretching). C-H stretching on the surfaces can be confirmed by the peak
at 2950 cm . The asymmetric Si-O-Si at 1000-1200 cm ', the symmetric Si-O-Si at 804-
814 cmfl, and the O-Si-O stretching at 460 cm’ indicated that all adsorbents have
silanol and ring structure of Si-O4 on surface. In the case of 3N-HMS-SP amino group
can be indicated by the peak at 1580-1680 e’ of N-H bending. For M-HMS-SP,
mercapto group should have the peak of S-H stretching at 2490-2580 cm
Unfortunately, the board peak of hydrogen boned hydroxyl group (O-H stretching) at
3435 cm ' could interfere the peak of S-H stretching. Therefore, the presence of
mercapto group has to be confirmed by total sulfur content that can be measured

by CHONS elemental analyzer.
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Figure 4. 2 FTIR spectra of HMS-SP and

functionalized HMS-SPs

4.1.3 Nitrogen adsorption-desorption isotherms

Nitrogen adsorption-desorption isotherms were used to determine pore size,
pore volume, and surface area of all adsorbents. The surface area of all adsorbents
was calculated from Brunauer-Emmett-Teller (BET) isotherm and the pore size
distribution and the pore volume were calculated from Barrett-Joyner-Halenda (BJH)
method. The nitrogen adsorption-desorption isotherms and pore size distribution of
HMS-SP and functionalized HMS-SP are shown in Figure 4.3, Figure 4.4, and Table
4.1. The isotherms of HMS-SP and functionalized HMS-SPs were type IV isotherm
(Sing, 1982) and showed that the BET surface area and the pore volume of the
adsorbents followed the order: M-HMS-SP>HMS-SP>3N-HMS-SP. Surface area and
pore volume of 3N-HMS-SP was decreased due to the grafting of functional group
inside the pore. However, surface area of M-HMS-SP was not changed significantly,
but pore diameter together with pore volume of M-HMS-SP was decreased by
grafting mercapto functional group. It can be indicated that mercapto functional
group was grafted at the surface both internal and external surface. The calculated

pore sizes of HMS-SP, M-HMS-SP, and 3N-HMS-SP were 93.54, 79.35, and 128.2,



a7

respectively. The highest pore size is 3N-HMS-SP that might be caused by the
destruction of the silica structure during the grafting with functional group. Comparing
between the pore size of synthesized adsorbents and molecular size of CFA, it was

found that CFA can access and interact with surface functional groups both inside

and outside of adsorbent porous structures.
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Figure 4. 3 Nitrogen adsorption-desorption isotherms of HMS-SP and
functionalized HMS-SPs
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Figure 4. 4 Pore size distribution of HMS-SP and functionalized HMS-SPs

Table 4. 1 Parameters from the N, adsorption-desorption isotherms

Adsorbents Surface functional Pore diameter | Pore volume BET surface
groups (nm) (cc/9) area (mz/g)

HMS-SP Silanol 9.4 1.429 611
M-HMS-SP Silanol and mercapto 7.9 1.226 618
3N-HMS-SP Silanol and amino 12.8 0.5006 156

abonyl, phenyl and 1.90 276 980
PAC

oxygen containing groups




a9

4.1.4 pH at point of zero charge (pH,,)

pH at point of zero charge of synthesized adsorbents were determined by
acid-base titration method. The pH,,. of each adsorbent are shown in Figure 4.5,
Table 4.2. According to the result, the pH,,. of all adsorbents were depended on
the surface functional group of each adsorbent; HMS-SP, M-HMS-SP, and 3N-HMS-SP
were 5.9, 6.1, and 9.5, respectively.
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Figure 4. 5 Surface charge density of HMS-SP and functionalized HMS-SPs

Table 4. 2 The pH,,. of HMS-SP and functionalized HMS-SPs

Adsorbents PHpc
HMS-SP 5.7
M-HMS-SP 6.6
3N-HMS-SP 9.2

4.1.5 CHONS Elemental analyzer

The CHONS elemental analyzer was used to measure the total nitrogen and
sulfur content on surface in adsorbents. The total nitrogen content on 3N-HMS-SP

surface was 75.19 umoLN.m2 and total sulfur content on M-HMS-SP surface was
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1.9460 pmots.m2 that shown in Figure 4.6 and it can confirm the presence of grafted

functional group on surface of 3N-HMS-SP and M-HMS-SP, respectively.
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Figure 4. 6 Content of total nitrogen and sulfur of functionalized HMS-SPs

4.1.6 Particle analyzer

The particle size of synthesized adsorbents was determined by laser particle
analyzer. The particle size of each adsorbent is shown in Table 4.3. According to the
results, the particle size of all adsorbents were depended on the modification of
surface adsorbent due to the functionalization was destroys adsorbent structures;
HMS-SP, M-HMS-SP, and 3N-HMS-SP particle diameters were 133.52, 28.80, and 44.70

pm, respectively.

Table 4. 3 The particle size of HMS-SP and functionalized HMS-SPs

Adsorbents Particle diameter (um)
HMS-SP 133.52
M-HMS-SP 28.80
3N-HMS-SP 44.70

4.2 Adsorption experiments

4.2.1 Adsorption at high concentration
4.2.1.1 Adsorption kinetic

Adsorption kinetic of CFA was conducted at initial concentration of 10 mg.L’1
and pH 7 controlled by phosphate buffer 2mM, 25°C. The ratio of adsorbent to

adsorbate was fixed at 1 g.L_l. The samples were collected during 0-24 hr. According
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to Figure 4.7, CFA adsorption capacities (mg/g unit) were rapidly increased in 1 hr

and approached to equilibrium within 6 hr for HMS-SP, 3N-HMS-SP, and M-HMS-SP,
while 2 hr for PAC.

——PAC
——-HMS-5P

—8—3N-HM 5-5P
—+—M-HM 5-5P

o (mg/g)

[=TRN - I O R [ U 7 I =

0 60 120 130 240 3200 360 420 430
Time (min)
Figure 4. 7 Adsorption kinetics of CFA by HMS-SP, functionalized HMS-SPs, and
PAC at initial concentration 10 mg/L, pH 7, and IS 2 mM

The adsorption rate of PAC was clearly faster than synthesized adsorbents,
which might be caused by the surface functional group complexity and higher pore
accessibility due to very board pore size distribution of PAC. Although, the mean
pore size of PAC was smallest comparing with the synthesized adsorbents, the ratio
of large pore (mega pore) of PAC was extremely high comparing with HMS-SPs. M-
HMS-SP had lowest adsorption capacity comparing with HMS-SP and 3N-HMS-SP and

also supposed to have lowest adsorption rate.

Two types of adsorption kinetic models were used for modeling the
adsorption kinetic of CFA adsorptions which are pseudo-first-order and pseudo-
second-order kinetic models. The pseudo-first order kinetic model can be

determined from equation (4.1);

1 k1 | 1
-= —+— (4.1)
q det Qe
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Where g is the amount of adsorbed (mg.gfl) at time t (min), g. is the amount of
adsorbed (mg/g) at equilibrium and k; is the pseudo-first order rate (mg.g_l). The
values of k; and g, are calculated from slope and intercept of the plots between 1/q

and 1/t.

The pseudo-second order kinetic model can be determined from equation (4.2);

1 t

k2q% e

(4.2)

t
a
Where k; is the pseudo-second order rate constant (g.mg_l. h-1) is calculated from the
plots between t/qg; and t. According to the pseudo-second-order model, the initial

adsorption rate (h) (mg. g&. h") can be determined according to Equation (4.3);
2
h = Ky,ge (4.3)

Table 4. 4 Kinetic parameters of CFA adsorption on HMS-SP, functionalized
HMS-SPs, and PAC

Pseudo-first-order Pseudo-second-order
qe,exp
Adsorbents Qe,cal Kl 2 Qe,cal K2 h 2
(mg/g) R R
(mg/g) | (¢/mg. h) (mg/g) |(g/mg. h) |(mg/g. h)
HMS-SP 6.72 3.12 0.532 0.959 | 6.75 0.732 33.35 0.998
3N-HMS-SP 7.45 1.77 0.448 0.829 | 7.46 1.497 83.31 0.999
M-HMS-SP 0.43 0.32 0.435 0.952 | 0.43 4.481 0.83 0.985
PAC 9.44 0.88 1.337 0.913 | 9.52 11.034 1000.02 | 1.000

Obtained kinetic data were fitted by pseudo-first-order and pseudo-second-order
models that shown in Table 4.4. All kinetic experiments are matched with pseudo-
second-order model and rate of adsorption followed in order of affinity adsorption;
PAC>3N-HMS-SP>HMS-SP>M-HMS-SP. The adsorption phenomena of CFA on all
adsorbents were investigated by intraparticle diffusion model of Weber and Morris

theory that can be expressed as equation (4.4);

Qc = k\Pi-tO'S +G (4.49)
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Where g, kp;, and C; are the amount adsorbed at time t (mg/g), the intraparticle rate

constant of stage i (mg/g.h_o's), and the intercept of stage i, respectively.
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Figure 4. 8 Weber and Morris equation plots of CFA adsorbed onto HMS-SP,
functionalized HMS-SPs, and PAC

Figure 4.8 indicated the plot of Weber and Morris equation (equation 4.4) of
all adsorbents. From obtained results (Figure 4.8), this suggests that CFA adsorption
phenomena are consist of three steps for all adsorbents. The first step represents
film diffusion process that CFA from solution diffuse into external surface of the
adsorption. The second step represents intraparticle diffusion process that CFA
diffuse into pore of adsorbent. The third step represents the equilibrium of
adsorption. According to the straight lines did not pass through the origin that means
all applied adsorbents are favorable to CFA.
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4.2.1.2 Adsorption isotherm
4.2.1.2.1 Adsorption isotherm models

The adsorption isotherms were used to investigate the adsorption mechanism
and predominant factors controlling the adsorption. The adsorption isotherm of CFA
was conducted at initial concentration during 6-15 mg/L controlled by phosphate
buffer 2 mM at pH 5, 7, and 9 (25°C). The adsorption isotherm models consist of
Linear, Langmuir, and Freundlich isotherm were used to determine the CFA

adsorption on adsorbent. The linear isotherm is given by equation (4.5);
9e = K,.Cp (4.5)

Qe is the amount of adsorbate adsorbed at equilibrium (mg.L_l) and Kg is the linear

constant (L.mg—l). C. is the concentration of adsorbate at equilibrium (mg.L—l)

The Langmuir isotherm of linear form is calculated according to the following

equation (4.6);

1 1 1
=—+ (4.6)
e dm KLgmCe

Where k_is the Langmuir constant (L.mg_l) and g, is the maximum adsorption

. -1
capacity (mg.g ).

The Freundlich isotherm of linear form is calculated according to the following

equation (4.7);
1
In ge=n ke + - n C, (a.7)

Where kg is the Freundlich constant and n is the adsorption intensity (dimensionless)
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Table 4. 5 Isotherm parameters of CFA adsorption at high concentration pH 7,

25°C, IS 2 mM
Freundlich Langmuir Linear
Adsorbents > > >
1/n n Kt R KL (L/mg) |gnm (Me/g) R K, (L/mg) R
HMS-SP 1.060 0.943 1.301 0.966 0.003 454.546 0.959 1.592 0.963
M-HMS-SP 0.587 1.704 0.141 0.993 0.084 1.231 0.984 0.126 0.824
3N-HMS-SP 0.966 1.035 2.249 0.997 0.016 140.845 0.997 2.189 0.996
PAC 0.843 1.186 17.86 0.950 0.085 36.765 0.939 22.76 0.961

Adsorption isotherms of all adsorbents were fitted with Linear, Langmuir, and
Freundlich isotherm model that shown in Table 4.5. According Table 4.5, the results
of adsorption isotherms were mostly suitable with the Freundlich model. The
Freundlich isotherm model is used to determine the characteristics adsorption for
heterogeneous surface (Freundlich, 1906). The 1/n value is more than 1 that means a
favorable adsorption process and the K¢value is an indicator of adsorption capacity.
As a results of the CFA on adsorbents followed in order of affinity adsorption (base
on Kg); PAC>3N-HMS-SP>HMS-SP>M-HMS-SP as shown in Table 4.5. The highest of K¢
value in all synthesized adsorbents was 3N-HMS-SP due to adsorbent has hydrophilic
interaction with CFA.

4.2.1.2.2 Effect of surface functional group

CFA adsorption isotherms of all adsorbents were used to determine the
effect of surface functional group on CFA adsorption and functional groups consist of
silanol, amino, and mercapto group. CFA adsorption isotherms of all adsorbents at
pH 7 were shown in Figure 4.9, it is revealed that amino had the highest adsorption
capacity following with silanol group and mercapto sgroup, respectively. However,
adsorption capacity of PAC was higher than all synthesized adsorbents. Van der waals
interaction caused by hydrophobicity and surface functional group complexity are
suggested to play the most important role for CFA adsorption on PAC surface.
According to the results, 3N-HMS-SP and HMS-SP had adsorption capacities higher
than M-HMS-SP which might relate to the hydrophilicity of adsorbents caused by
hydrogen bonding, while M-HMS-SP is hydrophobic adsorbent. Furthermore, the
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interaction between the CFA molecule and the synthesized adsorbents might relate
to the electrostatic interaction. The pK, of CFA is equal 3.81 (Loffler, 2005), hence
CFA molecule should be ionized to be negative charge at pH 7. Hence, HMS-SP and
M-HMS-SP, negative charge surface (at pH 7), should have the repulsive electrostatic
interaction with CFA. This are supposed to decrease the CFA capacities of HMS-SP
and M-HMS-SP to be less than 3N-HMS-SP and PAC, which had positive charge on

surface in Table 4.6.
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Figure 4. 9 Adsorption isotherms of HMS-SP, functionalized HMS-SPs,
and PAC at pH 7, 25°C, IS 2 mM

4.2.1.2.3 Effect of pH

Effect of pH on adsorption capacities of all adsorbents were determined by
varying pH of solution during 5, 7, and 9 at IS 2 mM controlled by phosphate buffer
(Figure 4.10). The experiments were studied the involvement between pH of
solution and pH,,. of adsorbent surface. If pH,,. of adsorbent surface is lower than
pH of solution, adsorbent surface functional groups are negatively charged that
shows in Table 4.6. CFA adsorption isotherms at pH 5-9 were plotted and compared
in Figure 4.10. Surprisingly, it was found that CFA adsorption capacities at pH 5, 7 and
9 of all synthesized HMS-SPs did not changed significantly, except for PAC. Hence,
electrostatic interaction on carbonaceous surface of PAC was suggested to be
stronger than silica structure of synthesized HMS-SPs. All synthesized adsorbents

were positive charge at pH 5, while CFA was negative charge which might cause just
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a little bit increase of CFA adsorption capacity on HMS-SPs by electrostatic

interaction. Moreover, in case of 3N-HMS-SP, the surface was positively charged in

the all pH (5 to 9), hence effect of electrostatic interaction on 3N-HMS-SP still cannot

be concluded from this pH varying range. For PAC, the adsorption capacities were

clearly enhanced by reducing pH due to expending attractive force of electrostatic

interaction.

Table 4. 6 Relationship of charges between adsorbents and CFA

Adsorbents/ pH 5 pH 7 pH 9
CFA Charge | Interaction | Charge | Interaction | Charge | Interaction
CFA - - -
HMS-SP + Attractive - Repulsive - Repulsive
M-HMS-SP + Attractive - Repulsive - Repulsive
3N-HMS-SP + Attractive + Attractive + Attractive
PAC + Attractive + Attractive + Attractive
16 0-9
14 -4 3N-HMS-SP 0.8 | M-HMS-SP b
12 . 0.7 -
B0 = 06 .
E g ® E 0.5 - & -
¥ -" @ pH5 & z:: i ®pHs
4 : pH? 02 - pH7
2 1 pHO 0.1 - pHE
0 ' ' ' 0
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Figure 4. 10 CFA adsorption isotherms of HMS-SP, functionalized HMS-SPs,

and PAC at pH 5, 7, and 9
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4.2.2 Adsorption at low concentration

The adsorption isotherm of CFA in low concentration was conducted at initial
concentration during 50-200 pg/L controlled by phosphate buffer 2 mM at pH 7
(25°C) and the adsorbent was used in this section is 3N-HMS-SP due to the
adsorption capacity of this adsorbent is highest. The results of adsorption isotherms
were mostly suitable with the Freundlich and linear model that shown in Table 4.7
and the percentage of CFA adsorption capacity at low concentration that it is nearly
with CFA adsorption capacity at high concentration in the same condition that shown
in Figure 4.11. Therefore, adsorption mechanism might be the same as the high
concentration.

Table 4. 7 Isotherm parameters of CFA adsorption at low concentration pH 7,

25°C, Is 2 mM

Freundlich Langmuir Linear
Adsorbents 3 2 2
1/n n Ke R K. (L/mg) |gm, (mg/g) R K, (L/mg) R
3N-HMS-SP 0.439 2.278 20.09 0.991 0.847 36.765 0.901 2.011 0.982
180
160 ¢
140 &
- 120
5 100 *
= 20
P *
¥ 60
40 * _
20 3N-HMS-SP
0 30 100
Ce (ug/L)

Figure 4. 11 CFA adsorption isotherm of 3N-HMS-SP at pH 7, 25°C, and IS 2 mM
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4.2.3.1 Effect of hydrophobicity and hydrophilicity in real wastewater

The adsorption isotherms in real discharge wastewater from swine farm were
used to investigate the adsorption mechanism and predominant factors controlling
the adsorption in the real wastewater condition. The adsorption isotherm of CFA was
conducted at initial concentration during 6-15 mg/L controlled by phosphate buffer 2
mM at pH 5, 7, and 9 (25°C) and 3N-HMS-SP was used in this section because of the
highest adsorption capacity in high concentration section.

CFA adsorption isotherms in Figure 4.12 were used to investigate the effect
of hydrophobic and hydrophilic NOM in real wastewater on CFA adsorption capacities
at pH 7. According to the results, synthetic CFA wastewater without NOM had the
highest adsorption capacity following with the presence of hydrophobic and
hydrophilic NOM, respectively. Sine, 3N-HMS-SP is hydrophilic adsorbent which might
interact with the hydrophilic NOM via the hydrogen bonding easier than hydrophobic

NOM.

On the other hand, CFA are supposed to have higher potential to interact
with hydrophilic fraction than hydrophobic fraction of NOM. Hence, the multilayer
adsorption between CFA and hydrophilic NOM on 3N-HMS-SP should be taken in the

account of adsorption mechanism for real wastewater application.
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Figure 4. 12 CFA adsorption isotherms on 3N-HMS-SP of synthetic wastewater

and NOM fraction in real wastewater

4.2.3.2 Effect of natural organic matter (NOM) in real wastewater

The presence of both hydrophilic and hydrophobic fraction of NOM is already
proved the effects on the CFA adsorption efficiencies. In order to investigate the
effect on active site competition between CFA and NOM, the adsorption capacities of
both hydrophilic fraction and hydrophobic fraction of NOM are shown in the figure
4.13. From the obtained results, the adsorption of hydrophobic fraction was higher
than the adsorption of hydrophilic fraction and did not decrease when the
equilibrium concentration of CFA was increased. However, the adsorption of
hydrophilic fraction was higher and continuingly decreases due to the increasing of
CFA equilibrium concentration. Hence, it might be concluded that the presence of
hydrophobic fraction of NOM on CFA adsorption efficiency was not stronger

comparing with the hydrophilic NOM.
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Figure 4. 13 CFA adsorption isotherms on 3N-HMS-SP of hydrophobic and
hydrophilic NOM compare with total organic carbons (TOC)

4.3 High Gradient Magnetic Separation Filtration (HGMS filter)

The filtration column used in these experiments has internal diameter 1.9 cm,
height 7 cm, the magnetic permanent, non-modified/ modified wire stainless 1.5 g.

The adsorbent was selected to use in this section is HMS-SP. The parameters of

stainless filter that shown in Table 4.8.

Table 4. 8 Parameters of stainless filter

Parameters Values

Surface area (cmz/g) 148.14
Density (g/cm’) 7.8

0.9321

Porosity of column

The efficiency of stainless filter was calculated from equation (4.8);

Q= — (4.8)

Where Q is breakthrough capacity (cm/cmz), t is time at 10% of breakthrough

(mins), F is flow rate (cm/min), and S is surface area (cmz).
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4.3.1 Effect of modified wire stainless

This experiment was used the stainless filter that were non-modified and
modified wire stainless and designed breakthrough particle concentration at 10 %
removal. Figure 4.14 shows breakthrough curves of both modified and non-modified
wire stainless filter at flow rate (velocity) 5 m/hr and particle concentration at 0.6 g/L.
It was suggested that breakthrough time at breakthrough concentration (10%) was
increased a little bit from 11 to 12 mins for non-modified and modified wire stainless
filter, respectively. Calculated breakthrough information of both non-modified and
modified wire stainless was concluded in Table 4.9. It can be seen that the
parameter of weight of adsorbent in column/ weight of wire stainless (¢/g) was not
different, significantly. It mean that the retention efficiency of filter might not related
to the hydrophobicity of the filter surface, hence, the hydraulic condition and

concentration of particle should be the limiting factor for retention efficiency.

12
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Figure 4. 14 Breakthrough curves of various modification of wire stainless

at flow rate 5 m/hr, particle concentration 0.6 g/L



Table 4. 9 The capacity of filtration column in various modification of wire
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stainless at porosity 0.9321, flow rate 5 m/hr, and particle concentration 0.6 g/L

Volume at Capacity of Weights of adsorbent
Condition of Breakthrough
breakthrough breakthrough in column/weight of
wire stainless time (mins) 5 )
(cm?) (cm/cm”) wire stainless (g/g)
Non-modification 11 275 0.4125 0.3908
Modification 12 300 0.4500 0.3914

4.3.2 Effect of flow rate

This experiment was designed breakthrough particle concentration at 10 %

removal. The Figure 4.15 shows breakthrough curves of three flow rates at particle

concentration 0.6 ¢/L by using modified wire stainless. It can be seen that

breakthrough time at breakthrough concentration was increased together with the

increase of flow rate. High flow rate has more pressure to push the solution into

separation column and it was decrease the breakthrough time to operate system (in

Table 4.10; 92, 12, and 8 mins for 3, 5, and 7 m/hr, respectively). However, the flow

rate (3m/hr) had the lowest stainless filter usage (weight of adsorbent in column/

weight of wire stainless (g/g)) at 0.3183 ¢/g (in Table4.10) which mean that the

surface area of stainless filter was used less effectively compared with the higher

flow rate.
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Figure 4. 15 Breakthrough curve of various flow rates
at particle concentration 0.6 g/L, modified wire stainless filter

Table 4. 10 The capacity of filtration column in various flow rates at porosity

0.9321, particle concentration 0.6 g/L, and modified wire stainless filter

Weights of
Volume at Capacity of adsorbent in
Flow rate Breakthrough
breakthrough breakthrough column/weight of
(m/hr) time (mins) 5 )

(cm”) (cm/cm”) modified wire
stainless (g/g)

3 92 575 2.0700 0.3183

5 12 300 0.4500 0.3914

7 8 200 0.4200 0.3933

4.3.3 Effect of particle concentration

The effect of particle concentration was determined by various the initial
concentrations of adsorbent between 0.3 to 1 ¢/L at flow rate 5 m/hr and using
modified wire stainless filter. It can be seen that high particle concentration had
shorter time to operate the system; 16, 12, and 8 mins for 0.3, 0.6, and 1 ¢/L,

respectively (Figure 4.16). The retention efficiency of high particle concentration
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(1g/L) base on the weight of adsorbent in column/ weight stainless (g/¢g) (shown in

Table 4.11) indicated the highest efficiency at 0.6622 ¢/s.

04
] ¢'f 0.6 gL
02 7 ¢

0 200 400 600 800 1000 1200

Volume (mL)

Figure 4. 16 Breakthrough curves of various particle concentrations
at flow rate 5 m/hr, modified wire stainless filter

Table 4. 11 The capacity of filtration column in various particle concentrations

at porosity 0.9321, flow rate 5 m/hr, and modified wire stainless filter

Particle Capacity of Weights of adsorbent in
Breakthrough Volume at
concentration s breakthrough column/weight of modified
time (mins) breakthrough (cm’) )
(g/L) (cm/ecm”) wire stainless (g/g)
0.3 16 400 0.6000 0.1811
0.6 12 300 0.4500 0.3914
1 8 200 0.3000 0.6622

4.4 Iron release

After experiment of adsorption study, all of adsorbents were tested iron
release from adsorbents by Atomic Absorption Spectrometer (AAS) to evaluate the
property change during the adsorption experiment. The changes might effect to the

decrease of adsorption capacity and efficiency of magnetic separation. The results in
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Table 4.12 showed that all of adsorbents were released iron (Fe) are less than 0.001
me per ¢ of adsorbent. Hence, it can be that all adsorbent did not change the

content of iron, significantly during the adsorption experiment.

Table 4. 12 The total iron release under adsorption condition at 24 hr at

phosphate buffer pH 7, IS 2 mM, and 25°C

Adsorbent Concentration of Fe (mg/g)
HMS-SP < 0.001
3N-HMS-SP <0.001

M-HMS-SP <0.001
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CHAPTER V
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The aim of this research are to investigate the effect of functional group and
pH on Clofibric acid (CFA) adsorption capacities and adsorption mechanism at high
concentration, low concentration, and the effect of hydrophobic and hydrophilic
NOM in real wastewater on CFA adsorption, including to investigate the effect of flow
rate and particle concentration on separation of superparamagnetic mesoporous
silicates from synthetic wastewater by hydrophobic modified High Gradient Magnetic
Separation Filter (HGMS filter).

The superparamagnetic hexagonal mesoporous silicates were synthesized and
coated by synthesized magnetite. The adsorbents were functionalized by post-

grafting method with two functional groups such as amino and mercapto groups.

The physio-chemical properties were measured by XRD, FTIR, nitrogen
adsorption, zeta potential, particle analyzer, and elemental analyzer. The results
from characterizations were indicated that the functionalized adsorbents had the
functional groups on surface adsorbents, and the synthesized adsorbents had
particle diameter between 40-150 pm and diameter of pore size diameter between
50-150 A, and pHy.c of all adsorbents were used to explain in effect of pH on

adsorption mechanism.

Adsorptions kinetic at high concentration, the experiment was conducted at
initial concentration of 10 mg.L_1 and pH 7 controlled by phosphate buffer 2mM,
25°C. The data were matched with pseudo second order model. The equilibrium
times of synthesized adsorbents are 6 hours while 2 hours for PAC. Adsorption
isotherm were studied at initial concentration during 6-15 me/L controlled by
phosphate buffer 2 mM at pH 5, 7, and 9 (25°C). As the results, adsorption isotherms
were fit with Freundlich model and the highest adsorption capacity follow in order;
PAC>3N-HMS-SP>HMS-SP>M-HMS-SP, respectively. The effect of functional groups on
CFA adsorption might relate to hydrogen bonding.
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CFA adsorption at low concentration had a same trend of adsorption capacity

at high concentration.

It was found that 3N-HMS-SP had higher CFA adsorption capacity in the
presence of hydrophobic NOM than hydrophilic NOM. It might be caused by the
interaction between hydrophilic NOM and hydrophilic amine functional group of 3N-

HMS-SP, which can reduce the available active space for CFA.

The breakthrough times of HGMS filter were enhanced by decreasing of flow
rate, and particle concentration. However, hydrophobic modified stainless could not
enhance the retention of HMS-SP particle, significantly. The highest separation
capacity on this research was conduct in flow rate higher than 5 m/hr of flow rate
and 1 ¢/L of particle concentration. The retention efficiency was enhanced by

increased separation column size and particle of adsorbent concentration.

5.2 Recommendations
5.2.1 Adsorption isotherm of CFA in all adsorbents at low concentration
should be investigated due to it may be compare with other and get

more information to describe the adsorption mechanism.

5.2.2 The stability of adsorbent structure and grafted functional groups on

surface should be investigated and improved.

5.2.3 Adsorption removal process attached with superparamagnetic particle

on HGMS filter should be investigated the over all efficiency.
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Appendix A: Characterization of synthesis adsorbents

14

Table A-1: Data from calculation of surface charge density of HMS-SP and

functionalized HMS-SP

Surface charge density (C/g)
PH HMS-SP 3N-HMS-SP M-HMS-SP
3.02 0.0213 0.0482 0.0391
4.03 0.0110 0.0399 0.0340
4.81 0.0069 0.0337 0.0174
5.96 -0.0044 0.0224 0.0060
7.19 -0.0045 0.0126 -0.0057
7.96 -0.0060 0.0226 -0.0069
9.03 -0.0118 0.0095 -0.0246
9.93 -0.0163 -0.0291 -0.0762
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Appendix B: Adsorption at high concentration

Table B-1: Kinetic data of HMS-SP, functionalized HMS-SP, and PAC at initial
concentration 10 me/L, pH7, and IS 2mM

Concentration (mg/L)
Time (min)

HMS-SP 3N-HMS-SP M-HMS-SP PAC

0.5 - - - 6.73
1 3.24 3.93 0.08 7.10
3 - - - 8.38
5 3.78 4.91 0.12 8.55
7 - - - 8.86
10 4.33 5.38 0.15 8.94
12 - - - 8.97
15 - - - 9.00
20 4.74 6.01 0.18 9.04
25 - - - 9.07
30 5.11 6.60 0.21 9.09
40 - - - 9.15
60 5.41 6.85 0.26 9.27
90 < = - 9.35
120 5.83 7.05 0.28 9.36
150 - = - 9.37
180 - - - 9.42
240 6.01 7.11 0.34 9.43
260 6.16 7.14 0.36 9.44
280 6.36 7.16 0.37 9.44
300 6.43 7.19 0.38 6.73
320 6.52 7.20 0.39 7.10
340 6.59 7.26 0.40 8.38
360 6.61 7.40 0.41 8.55
480 6.65 7.52 0.42 8.86
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Table B-2: Isotherm data of HMS-SP at initial concentration of CFA during 6-15 mg/L

controlled by phosphate buffer 2 mM at pH 5, 7, and 9, 25°C

Initial pH5 pH 7 pH 9
concentration Ce ge Ce ge Ce ge
(mg/L) (mg/L) (mg/g) (mg/L) (mg/g) (mg/L) (mg/g)
6 2.55 3.44 2.28 3.71 2.73 3.26
8 3.44 4.55 3.33 4.66 3.54 4.45
10 3.60 6.39 393 6.06 4.08 591
12 4.19 7.80 4.64 7.35 4.82 717
15 5.10 9.89 5.58 9.41 5.15 9.84

Table B-3: Isotherm data of 3N-HMS-SP at initial concentration of CFA during 6-15
me/L controlled by phosphate buffer 2 mM at pH 5, 7, and 9, 25°C

Initial pH 5 pH 7 pH 9
concentration Ce ge Ce ge Ce ge
(mg/L) (mg/L) (mg/g) (mg/L) (mg/9) (mg/L) (mg/9)
6 2.09 3.90 =85 4.16 2.24 3.75
8 2.57 5.42 2B 5.48 2.69 5.30
10 294 7.05 3.10 6.89 3.15 6.84
12 3.36 8.63 3.82 8.17 4.07 792
15 3.97 11.02 4.68 10.31 5.14 9.85

Table B-4: Isotherm data of M-HMS-SP at initial concentration of CFA during 6-15

mg/L controlled by phosphate buffer 2 mM at pH 5, 7, and 9, 25°C

Initial pH 5 pH 7 pH 9
concentration Ce qe Ce qe Ce ge
(mg/L) (mg/L) (mg/g) (mg/L) (mg/g) (mg/L) (mg/g)
6 5.63 0.36 5.59 0.40 5.69 0.30
8 7.54 0.45 7.53 0.46 7.62 0.37
10 9.48 0.51 9.46 0.53 9.53 0.46
12 11.34 0.65 11.38 0.61 11.38 0.61
15 14.17 0.82 14.31 0.68 14.26 0.73
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Table B-5: Isotherm data of PAC at initial concentration of CFA during 6-15 mg/L

controlled by phosphate buffer 2 mM at pH 5, 7, and 9, 25°C

Initial pH5 pH 7 pH9
concentration Ce ge Ce ge Ce ge
(mg/L) (mg/L) (mg/g) (mg/L) (mg/g) (mg/L) (mg/g)
6 0.09 5.90 0.21 5.78 0.66 5.33
8 0.13 7.86 0.36 7.63 0.96 7.03
10 0.18 9.81 0.42 9.57 1.20 8.79
12 0.22 11.77 0.51 11.48 1.40 10.59
15 0.29 14.70 0.61 14.38 1.62 13.37
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Table B-6: Intraparticle diffusion data of HMS-SP, functionalized HMS-SP, and PAC

HMS-SP 3N-HMS-SP M-HMS-SP PAC

Time Time Time Time
(hl/Z) q (mg/g) (h1/2) q (mg/g) (h1/z) q (mg/g) (h1/2) g (mg/g)
0.12 3.24 0.12 3.93 0.12 0.08 0.09 6.73
0.28 3.78 0.28 4.91 0.28 0.12 0.12 7.10
0.40 4.33 0.40 5.38 0.40 0.15 0.22 8.38
0.57 4.74 0.57 6.01 O:5if. 0.18 0.28 8.55
0.70 5.11 0.70 6.60 0.70 0.21 0.34 8.86
1.00 5.41 1.00 6.85 1.00 0.26 0.40 8.94
1.41 5.83 1.41 7.05 1.41 0.28 0.44 8.97
1.73 5.97 1.73 7.08 1.73 0.31 0.50 9.00
2.00 6.01 2.00 7.11 2.00 0.34 0.57 9.04
2.08 6.16 2.08 7.14 2.08 0.36 0.64 9.07
2.16 6.36 2.16 7.16 2.16 0.37 0.70 9.09
2.23 6.43 2.23 7.19 2.23 0.38 0.81 9.15
2.30 6.52 2.30 7.20 2.30 0.39 1.00 9.27
2.38 6.59 2.38 7.26 2.38 0.40 1.22 9.35
2.44 6.61 2.44 7.40 2.44 0.41 1.41 9.36
2.82 6.65 2.82 7.52 2.82 0.42 1.58 9.37
3.46 6.71 3.46 7.54 3.46 0.43 1.73 9.42

- - - - - - 2.00 9.43

- - - - - - 2.44 9.44

; - - a L - 2.82 9.44




Table B-7: Standard curve data of CFA
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pH 5 pH7 pH 9
Concentration Concentration Concentration
Area Area Area
(mg/L) (mg/L) (mg/L)
0.5 248 0.5 530 0.5 385
1 392 1 661 1 417
8 1579 8 2163 8 1996
10 1899 10 2525 10 2455
y =171.86x + 191.66
p H 5 R2=0.9991
2500 +
2000 /
< 1500
L ]
< 1000 :
500 >
0 : — T — T
0 5 10 15
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Figure B-13 Standard curve of CFA at pH 5
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Appendix C: Adsorption at low concentration
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Table C-1: The recovery percentage and the recovery standard deviation percentage

of solid phase extraction (SPE)

The recovery percentage

%SD

%RSD

95.33

2.49

2.62

Table C-2: Isotherm data of 3N-HMS-SP at initial concentration of CFA during 50-250
ue/L controlled by phosphate buffer 2 mM at pH 7, and 25°C

Initial concentration pH 7
(ug/L) Ce (pg/L) ge (pg/9)
50 15.52 34.47
100 28.86 71.13
150 43.03 106.96
200 65.05 134.94
250 79.78 170.21
Table C-3: Standard curve data of CFA
pH 7
Concentration

(ug/L) Area

50 219

150 352

250 486

300 547




Area

600 ;
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Figure C-1 Standard curve of CFA at pH 7
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Appendix D: Adsorption of real wastewater

Table D-1: Isotherm data of 3N-HMS-SP in hydrophobic and hydrophilic NOM
fractions at initial concentration of CFA during 6-15 meg/L controlled by phosphate
buffer 2 mM at pH 7, 25°C

Initial concentration Hydrophobic NOM Hydrophilic NOM
(mg/L) Ce (mg/L) ge (mg/9) Ce (mg/L) ge (mg/g)

6 4.57 1.42 5.01 0.98

8 6.12 1.87 6.74 1.25

10 7.69 2.30 8.41 1.58

12 9.13 2.86 10.04 1.95

15 11.58 3.41 12.46 2.53

Table D-2: Standard curve data of CFA

Hydrophobic NOM Hydrophilic NOM
Concentration Concentration
Area Area
(mg/L) (mg/L)

1 496 1 359
6 1954 6 2159
8 2474 8 2778
15 4327 15 5148

Hyd rophoblc NOMY =272.62x + 268.11

R2? =0.9992
5000 -

4000

© 3000
L 1
< 2000
1000

3T

Concentration (mg/L)

Figure D-1 Standard curve of CFA at hydrophobic NOM fraction
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Hydrophilic NOM v = 34086 « 54.54
6000 -
5000 -
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3000 -
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0 ]
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Figure D-2 Standard curve of CFA at hydrophilic NOM fraction

Table D-3: TOC data of 3N-HMS-SP in hydrophobic and hydrophilic NOM fractions at
initial concentration of CFA during 6-15 mg/L controlled by phosphate buffer 2 mM
at pH 7, 25°C

Hydrophobic NOM Hydrophilic NOM
C, of CFA C, of CFA
TOC (mg/L) TOC (mg/L)
(mg/L) (mg/L)
6 1.42 6 2.19
8 1.87 8 2.17
10 2.30 10 2.14
12 2.86 12 2.09
15 3.41 15 2.01
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Appendix E: Separation of adsorbent

Table E-1: Breakthrough data of variation non-modified stainless filter and modified

stainless filter at flow rate 5 m/hr, particle concentration 0.6 g/L, porosity = 0.9321

Non-modified stainless filter Modified stainless filter
Volume (mL) C/C, Volume (mL) C/C,
25 0 25 0
50 0 50 0
75 0 75 0
100 0.01 100 0
125 0.01 125 0
150 0.02 150 0.01
175 0.02 175 0.01
200 0.03 200 0.02
225 0.06 225 0.03
250 0.08 250 0.05
275 0.1 275 0.08
300 0.13 300 0.11
325 0.17 325 0.15
350 0.25 350 0.23
375 0.31 375 0.28
400 0.38 400 0.35
425 0.48 425 0.4
450 0.59 450 0.49
475 0.70 475 0.57
500 0.85 500 0.64
525 0.89 525 0.69
550 0.93 550 0.77
575 0.95 575 0.84
600 0.99 600 0.86
625 0.99 625 0.94
650 1.01 650 0.96
675 1.02 675 0.98
Stop 700 1.00
- - 725 1.01
- - 750 1.03
- - 775 1.03
- - 800 1.04
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Table E-2: Breakthrough data of variation flow rate at modified stainless filter,

particle concentration 0.6 g/L, porosity = 0.9321

3 m/hr 5 m/hr 7 m/hr

Time (min) C/Cy Time (min) C/C, Time (min) C/Cy
1 0 1 0 1 0.01
2 0 2 0 2 0.01
3 0 3 0 3 0.02
4 0 4 0 4 0.02
5 0.01 5 0 5 0.02
6 0.01 6 0.01 6 0.04
7 0.01 7 0.01 7 0.04
8 0.01 8 0.02 8 0.08
9 0.01 9 0.03 9 0.15
10 0.01 10 0.05 10 0.28
11 0.01 11 0.08 11 0.36
12 0.01 12 0.11 12 0.48
13 0.01 13 0.15 13 0.58
14 0.01 14 0.23 14 0.70
15 0.01 {5 0.28 15 0.85
16 0.01 16 0.35 16 0.93
17 0.01 17 0.4 17 0.96
18 0.01 18 0.49 18 0.97
19 0.01 19 0.57 19 0.99
20 0.01 20 0.64 20 0.99
21 0.01 21 0.69 21 1.01
22 0.01 22 0.77 22 1.04
23 0.01 23 0.84 23 1.07
24 0.01 24 0.86 24 1.07
25 0.01 25 0.94 25 1.08
26 0.01 26 0.96 Stop
27 0.01 27 0.98 = -
28 0.01 28 1.00 - -
29 0.01 29 1.01 - -
30 0.01 30 1.03 - -
31 0.01 31 1.03 - -
32 0.02 32 1.04 - -
33 0.02 Stop - -
34 0.02 - - - -
35 0.02 - - - -
36 0.02 - - - -
37 0.02 - - - -
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Table E-2 (continued): Breakthrough data of variation flow rate at modified stainless

filter, particle concentration 0.6 ¢/L, porosity = 0.9321

3 m/hr 5 m/hr 7 m/hr
Time (min) C/Cy Time (min) C/C, Time (min) C/Cy
38 0.02 - - - -
39 0.02 - - - -
40 0.02 - - - -
a1 0.02 - - - -
a2 0.02 - - - -
43 0.02 - - - -
a4q 0.03 - - - -
a5 0.03 - - - -
a6 0.03 - - - -
47 0.03 > & - -
a8 0.03 - - - -
a9 0.03 3 N - -
50 0.03 = c - -
51 0.03 - - - -
52 0.03 = - - -
53 0.03 - - - -
54 0.03 > = - -
55 0.03 S = - -
56 0.03 - - - -
57 0.03 - - - -
58 0.03 - - - -
59 0.03 - 2 - -
60 0.03 - - - -
61 0.04 4 3 3 -
62 0.04 - - - -
63 0.04 - - - -
64 0.04 - - - -
65 0.04 - - - -
66 0.04 - - - -
67 0.04 - - - -
68 0.04 - - - -
69 0.04 - - - -
70 0.05 - - - -
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Table E-2 (continued): Breakthrough data of variation flow rate at modified stainless

filter, particle concentration 0.6 ¢/L, porosity = 0.9321

3 m/hr 5 m/hr 7 m/hr
Time (min) C/Cy Time (min) C/C, Time (min) C/Cy
71 0.05 B - - -
72 0.05 - - - -
73 0.05 S - - -
74 0.05 3 3 - -
75 0.05 - < - -
76 0.05 - - - -
7 0.06 ; S - -
78 0.06 7 3 - -
79 0.07 i N - -
80 0.06 3 X - -
81 0.06 - N\ - -
82 0.07 A \ - -
83 0.07 T L - -
84 0.07 X 3 - -
85 0.08 - - - -
86 0.08 3 - - -
87 0.08 - = - -
88 0.08 = = - -
89 0.09 - - - -
90 0.09 - - - -
91 0.09 - ‘ - -
92 0.10 - i - -
93 0.11 - - - -
94 0.12 A 1 i -
95 0.12 - - - -
96 0.13 - - - -
97 0.14 - - - -
98 0.15 B - - -
99 0.17 - - - -
100 0.19 B - - -
101 0.21 - - - -
102 0.21 - - - -
103 0.22 - - - -
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Table E-2 (continued): Breakthrough data of variation flow rate at modified stainless

filter, particle concentration 0.6 ¢/L, porosity = 0.9321

3 m/hr 5 m/hr 7 m/hr
Time (min) C/Cy Time (min) C/C, Time (min) C/Cy
104 0.23 - - - -
105 0.23 - - - -
106 0.24 - - - -
107 0.25 - - - -
108 0.27 - - - -
109 0.27 - - - -
110 0.29 - - - -
111 0.31 - - - -
112 0.33 - - - -
113 0.36 > & - -
114 0.39 - - - -
115 0.43 - 5 - -
116 0.45 = c - -
117 0.48 = - - -
118 0.52 = 5 - -
119 0.53 - - - -
120 0.57 = = - -
121 0.59 = - - -
122 0.64 - - - -
123 0.67 - - - -
124 0.70 - - - -
125 0.75 - 2 - -
126 0.79 - - - -
127 0.79 - 3 2 -
128 0.82 - - - -
129 0.84 - - - -
130 0.87 - - - -
131 0.89 - - - -
132 0.92 B - - -
133 0.93 - - - -
134 0.94 B - - -
135 0.96 - - - -
136 0.97 - - - -
137 0.98 - - - -
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Table E-2 (continued): Breakthrough data of variation flow rate at modified stainless

filter, particle concentration 0.6 g/L, porosity = 0.9321

3 m/hr 5 m/hr 7 m/hr
Time (min) C/Cy Time (min) C/C, Time (min) C/Cy
138 0.98
139 0.99
140 1.00
141 1.01
142 1.01
143 1.02
144 1.03

Stop
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Table E-3: Breakthrough data of variation particle concentration at modified stainless

filter, flow rate 5 m/hr, porosity = 0.9321

0.3 g/L 0.6 g/L 1¢/L

Volume (mL) C/C, Volume (mL) C/C, Volume (mL) C/C,
25 0 25 0 25 0
50 0 50 0 50 0
75 0 75 0 75 0.01
100 0 100 0 100 0.02
125 0 125 0 125 0.03
150 0 150 0.01 150 0.05
175 0 175 0.01 175 0.07
200 0.01 200 0.02 200 0.09
225 0.01 225 0.03 225 0.13
250 0.02 250 0.05 250 0.15
275 0.03 275 0.08 275 0.26
300 0.02 300 0.11 300 0.33
325 0.04 325 0.15 325 0.49
350 0.04 350 0.23 350 0.6
375 0.04 375 0.28 375 0.73
400 0.06 400 0.35 400 0.86
425 0.06 425 0.4 425 0.95
450 0.08 450 0.49 450 1.01
475 0.08 475 0.57 475 1.03
500 0.10 500 0.64 500 1.03
525 0.13 525 0.69 525 1.04
550 0.18 550 0.77 550 1.04
575 0.23 575 0.84 Stop
600 0.28 600 0.86 - -
625 0.35 625 0.94 - -
650 0.42 650 0.96 - -
675 0.47 675 0.98 3 -
700 0.52 700 1.00 - -
725 0.58 725 1.01 - -
750 0.63 750 1.03 - -
775 0.70 775 1.03 - -
800 0.75 800 1.04 - -
825 0.80 Stop - -
850 0.83 - - - -
875 0.87 - - - -
900 0.91 - - - -
925 0.95 - - - -
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Table E-3 (continued): Breakthrough data of variation particle concentration at

modified stainless filter, flow rate 5 m/hr, porosity = 0.9321

0.3 g/L 0.6 g/L 1¢/L
Volume (mL) C/C, Volume (mL) C/C, Volume (mL) C/C,
950 0.98
975 1.00
1000 1.01

Stop
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