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KANLAYANEE KAJSANTHIA : ADSORPTION OF ACID RED 1 ON
SILICA- AND POLYMER-BASED ADSORBENTS. THESIS ADVISOR :

ASST. PROF. SANCHAI PRAYOONPOKARACH, Ph.D. 129 PP.

ACID DYES/ ADSORPTION/ MESOPOROUS SILICA/NYLON-SILICA

COMPOSITE/SELECTIVE RECOGNITION

In this research, the main goal was to study the adsorption of acid red 1 to
various adsorbents. The adsorbents were amino-functionalized mesoporous silica,
molecularly imprinted silica-based particles, and nylon/silica composite. The prepared
adsorbents were characterized by transmission electron microscopy (TEM), scanning
electron microscopy (SEM), X-ray diffraction (XRD), nitrogen adsorption-desorption
analysis, and Fourier transform infrared (FTIR) spectroscopy. Adsorption experiments
were performed with 0.035 g adsorbent. The dye concentration, pH of dye solutions,
adsorption time and temperature were varied.

Amino-functionalized mesoporous silica was synthesized by a sol-gel process.
Tetraethylorthosilicate = (TEOS)  was used ~as a silica source and
cetyltrimethylammonium bromide was used as a mesoporous template. The particles
were functionalized with 3-aminopropyltriethoxysilane (APTES). The size of the
particles was ~1 um in diameter. The adsorption of acid red 1 reached equilibrium in 1
h. The optimum pH for the adsorption was 2.0 and the maximum adsorption capacity
was 139.6 mg/g. Adsorption isotherms followed the Freundlich model in the low dye
concentration range and followed a Langmuir model in the high concentration range.

The adsorption processes were spontaneous and endothermic.
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After the equilibrium adsorption, the systems were in a higher state of randomness.
Adsorption kinetics followed a pseudo-second order model.

To enhance selectivity of the adsorbents, the molecularly imprinted adsorbent
was synthesized by the sol-gel method. The adsorbent surface was functionalized with
APTES before its use in the imprinting process. Acid red 1 was used as a template, A
nonimprinted adsorbent was synthesized with the same procedure without adding
template. The sizes of the adsorbents were ~100 nm and well distributed. The
adsorption of the imprinted adsorbent followed the Langmuir isotherm model. The
adsorption processes were spontaneous and exothermic. After the equilibrium
adsorption, the systems were in a lower state of randomness. Adsorption kinetics
followed a pseudo-second order model. The adsorption capacities of the imprinted and
nonimprinted adsorbent were 36.9 and 28.3 mg/g, respectively. Values of a separation
factor of the imprinted adsorbent for acid red 1 compared to tartrazine, zincon, and
sulfasalazine were 30.5, 2.22, énd 1.78, respectively. The results demonstrate that the
imprinted adsorbent can selectively bind the target dye.

Nylon/silica composite was prepared using nylon 6 and nanosilica. Acid red 1
was also used as the template in the synthesis to investigate the imprinting effect. The
optimum hydrolysis time and mixing time were 2 and 16 h, respectively. The obtained
particles were coated with nylon but were not totally separated from each other. The
adsorption capacity of the nylon/silica composite synthesized with the template was
23.4 mg/g and without was 16.0 mg/g. Values of imprinting factors were less than 1,

indicating that the imprinting process did not succeed.
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CHAPTERI

INTRODUCTION

1.1 Significance of the study

Dyeing is an important process in making fabric products. This process could
eventually lead to a wastewater containing dyes with intense color. If the wastewater
is released into the environment water, it could cause problems to aquatic lives and
human health. Dyes are important pollutant and difficult to treat because of their high
water solubility and complex molecular structures (Gonzalez-Vargas et al., 2014).

Nowadays, various existing treatment processes for removing dye from
wastewater have been investigated. Several techniques, such as adsorption (Shan et
al., 2015), degradation by bacteria (Sheng et al., 2017), electrocoagulation (EI-Hosiny
et al., 2018), and catalytic degradation by using H20> (Kayan et al., 2017) have been
used. However, the efficiency of these methods is relatively moderate. Among these
methods, adsorption has been found to be superior to other techniques in terms of low
cost of operation and simplicity of adsorbents preparation.

In this work, acid red 1 was used as a model dye. A molecular structure of the
dye is shown in Figure 1.1. This dye was listed by the U.S. Environmental Protection
Agency (EPA) as one of the non-biodegradable azo dyes (Thomas et al., 2014). In
2007, acid red 1 was used as a baby food coloring and in foodstuffs such as breakfast

sausages and burger meats (European Food Safety Authority (EFSA), 2007).
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Figure 1.1 A structure of acid red 1.

In a latter-day, the Scientific Panel of the European Food Safety Authority
(EFSA) raised the concern that this dye could be the cause of cancer (Villa and
Conso, 2004). Moreover, this dye can be metabolized to aniline, which interferes with
blood hemoglobin (Gonzalez-Vargas et al., 2014). Nowadays, acid red 1 is one of
many dyes used in the dyeing industry. The dye-containing wastewater released
without treating can affect the environment in term of reducing oxygen on the surface
water as the intense color of the dye could block the sunlight used for photosynthesis
of aquatic plants.

Adsorbents are important components in adsorption processes. Their structures
have strong influence on the adsorption of target compounds. Porous and
functionalized-porous materials are commonly used for the adsorption. Various
adsorbents have been used for acid red 1 removal, for example, coal fly ash (Hsu et
al., 2008), cellulose grafted polymer with acrylic acid and acrylamide as monomers
(Su et al., 2017), chitosan crosslinked with 7-ethyloctadecane diacid diglycidyl
(Shimizu et al., 2003), saccharide-derived spherical biochar (Tran et al., 2017),
activated carbon (Gémez et al., 2007), and organic-inorganic hybrid clay (Thue et al.,
2017). Adsorption capacity and selectivity towards target compounds should be

considered in the development of adsorbents for certain applications; however, it



would be a challenge to achieve both high adsorption capacity and selectivity for an
adsorbent.

In this research, adsorption of acid red 1 was studied using various adsorbents.
Adsorbents based on silica and nylon/silica composite were prepared with simple
methods in order to obtain adsorbents with high adsorption capacity and/or high
selectivity toward acid red 1. In Chapter I1l, mesoporous silica with and without the
modification with aminopropyltriethoxysilane were synthesized, characterized, and
used in the adsorption of acid red 1. Mesoporous silica was synthesized using a sol-
gel  process with tetraethylorthosilicate as a silica  source and
cetyltrimethylammoniumbromide as a template. Mesoporosity incorporated with
amino functional groups were responsible for the high adsorption capacity. For
conventional adsorbents, however, poor-selectivity, low reusability, and low
adsorption capacity are the disadvantages.

Molecularly imprinted adsorbents (MIA) are alternative adsorbents for the
removal of dyes. MIAs have gained some attentions because of several advantages
such as high selectivity to target compounds and reusability (Zhang et al., 2014). In
the synthesis of MIA, a target molecule is used as a template. After finishing the
synthesis, it is extracted from the adsorbent, leaving sites that provide selectivity in
size, shape and functionality to the target molecule (Vasapollo et al., 2011). However,
molecular imprinting alone is insufficient to produce adsorbents with satisfactory
adsorption selectivity and capacity. Functionalization is also required to produce
adsorbents with better adsorption performance.

In Chapter 1V, silica-based molecularly imprinted adsorbent and nonimprinted

adsorbent (NIA) were synthesized, characterized, and used in the adsorption of acid



red 1. Preparation of nanosilica particles was based on the sol-gel process. Nanosilica
particles were modified with aminopropyltriethoxysilane to yield adsorption sites for
the dye. The amino-functionalized silica particles interacted with acid red 1 were
coated with a mesoporous silica layer to form imprinted sites.

In Chapter V, nylon/silica composites were synthesized, characterized, and tested
in the adsorption of acid red 1. Adsorption studies were carried out in solutions
containing acid red 1, acid red 1 mixed with tratarzine, and acid red 1 mixed with

nitroso-R.

1.2 Research objectives

The research objectives were as follows:

1.2.1 To synthesize mesoporous silica, molecularly imprinted silica, and
nylon/silica composites, characterize the obtained adsorbents, and evaluate their
performance in the adsorption of acid red 1.

1.2.2 To study the parameters that affect the adsorption capacity of the
synthesized adsorbents such as pH of solutions, contact time, and temperature.

1.2.3 To explain adsorption behavior of some adsorbents based on

thermodynamic and Kkinetic study.

1.3 Scope and limitations of the study
The scope and limitations of the study are listed:
1.3.1 Tetraethylorthosilicate was used as the only source of silica in the synthesis

of silica-based adsorbents.



1.3.2 Aminopropyltriethoxysilane was the only reagent used to functionalize the
surface of silica particles to provide -NH2 groups.

1.3.3 nylon 6 was used to prepare adsorbents based on nylon/silica composites.

1.3.4 Acid red 1 was used as a dye model.

1.3.5 Performance characteristics of the synthesized adsorbents such as
selectivity, adsorption capacity, and reversibility were studied in a batch system.

1.3.6 The adsorbents were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM), transmission electron microscopy (TEM), Fourier
transform infrared spectroscopy (FT-IR), and nitrogen adsorption-desorption analysis.

1.3.7 The concentration of dyes in solutions with single dye component was
determined by UV-Vis spectrophotometry.

1.3.8 The concentration of dyes in mixed dye solutions was determined by high

performance liquid chromatography.
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CHAPTER Il

LITERATURE REVIEW

2.1 Dyes

There are many ways to classify dyes based on, for example, their origins,
chemical structures, and industrial applications. According to their charge, dyes can
be classified as anionic (direct, acid, reactive), cationic (basic) and nonionic (disperse)
dyes. Acid dyes are anionic dye commonly used for dyeing wool, animal fibers, and
manufactured fibers. They contain sulfonate group (-SO3z°) and usually are produced
in the form of sodium sulfonate salts, which make them highly soluble in water. A
dyeing process is usually carried out with a mixture of three dyes to produce various
shades (Salaskar and Sahasrabudhe, 2003). As a result, wastewater originating from a
dyeing reactor contains three dyes. In treating of the wastewater, all dyes might not be
required to be removed from the water depending on their toxicity and concentration.

Basic dyes are water-soluble and are mainly used to dye acrylic fibers. They
are mostly used with a mordant. A mordant is a chemical agent which is used to set
dyes on fabrics by forming an insoluble compound with the dye. Basic dyes are used
for cotton, linen, acetate, nylon, polyesters, acrylics, and modacrylics. Other than
acrylic, basic dyes are not very suitable for any other fibers as they are not fast to

light, washing or perspiration.



Nonionic dyes are water-insoluble. These dyes are finely ground and are
available as a paste or a powder that gets dispersed in water. These dyes are used to
dye nylon, cellulose triacetate, and acrylic fibers.

Dyes used in this work were acid red 1, tartrazine, sulfasalazine, and nitroso-

R. Their structures are shown in Figure 2.1.

2.2 Acid dyes removal

Acid dyes contamination in water can be removed by various methods, for
example, degradation by bacteria, electro-coagulation-flotation process, and catalytic
degradation by using H202. Hu et al. (2007) used Bacillus sp. to remove acid red 1
and acid black 172. The results showed that both dyes could be decomposed by the
biocatalyst in wastewater but the toxicity from the decomposition of the dye was not
reduced. El-Hosiny et al. (2017) removed acid red 1 and other dyes using electro-
flotation with aluminum electrodes. This method required a huge batch reactor, high

electricity, and investment cost. Kayan et al. (2017) decolorized acid red 1 and acid
red 114 in H2O2-modified subcritical water. Their degradation products were aniline,

hydroquinone, benzoquinone, etc. These products are toxic to human health and the
environment. Catalytic decomposition of dyes could lead to degraded products that
could be more toxic than the initial dyes. Adsorption is one of the methods used for
the removal of acid dyes. It has some advantages in terms of the low cost of operation,

simplicity of adsorbents preparation, and reusability of adsorbents.
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2.3 Adsorption

Adsorption is a process of accumulation of molecules on the surface of solids.
The solid that accumulates other compounds on its surface is called adsorbent and the
compound adsorbed on the adsorbent surface is called adsorbate. Adsorption can be
classified into two types which are physical adsorption and chemical adsorption.
Physical adsorption or physisorption occurs via weak intermolecular forces. Physical
adsorption takes place with the formation of multilayer of the adsorbate on the
adsorbent. The enthalpy change of the adsorption is lower than 40 kJ/mol (Masel,
1996). This type of adsorption takes place at a low temperature below the boiling
point of the adsorbate and the adsorption decreases with the increase of the
temperature. In chemical adsorption or chemisorption on the other hand, the adsorbate
chemically bonds with the adsorbent. Chemisorption takes place with the formation of
a monolayer of the adsorbate on the adsorbent. The enthalpy change of the adsorption
is in the range of 60-400 kJ/mol (Masel, 1996). This type of adsorption can take place
at all temperature.

2.3.1 Adsorption isotherms

Adsorption isotherms can provide principle information for the
understanding of the adsorption process. There are several theoretical models
developed to explain the adsorption process. The Langmuir and Freundlich adsorption
isotherm models are commonly used to represent the experimental data.

2.3.1.1 Langmuir isotherm

The Langmuir isotherm is used to describe equilibrium adsorption

based on three major assumptions (Do, 1998), which are:
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1. The surface of the adsorbent is homogeneous; therefore, adsorption energy is
constant for all sites,
2. Only one molecule or atom can be adsorbed on any one site and adsorption
cannot occur beyond a monolayer and
3. There is no interaction between any of the adsorbed molecules or atoms.
The Langmuir adsorption equation can be represented as equation

[2.1];

q KACE

e _

q, 1+K,C, [21]
where, ge (Mg/g) is the amount of the adsorbate adsorbed per gram of the adsorbent at
equilibrium; gm (mg/g) is the amount of the adsorbate adsorbed to form a monolayer
coverage per gram of the adsorbents; Ka (L/mg) is the Langmuir adsorption
equilibrium constant; Ce (mg/L) is the concentration of the adsorbate in a solution at

equilibrium. ge is described by equation [2.2];

q 4 V(CO _Ce)
m

[2.2]

where Co