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ABSTRACT

This research was carried out to investagate the removal of heavy metals in
synthetic wastewater by adsorption on bentonite. The effect of operating
parameters, such as contact time, amount of bentonite, initial pH and co-metal ions
competition on heavy metals adsorption capacity and removal efficiency in batch
experiments were investigated. The characteristics and chemical composition of
bentonite were also investigated, and experimental samples were analyzed using
AAS for heavy metals and then statistically processed using ANOVA and DMRT.

The results of this work revealed that bentonite could remove nickel, zinc
and manganese in synthetic wastewater. The adsorption capacity was affected by
contact time, amount of bentonite, initial pH, types of heavy metals and co-metal
ions competition of mixed heavy metals solution. The contact time of adsorbent
reached equilibrium within 1 hour and the optimum of amount of bentonite used in
each reaction was 2 gram. The maximum adsorption capacity of nickel occurred at
pH 4, and pH 5 for zinc and manganese including mixed heavy metals solution. In
case of the removal efficiency of heavy metal, it was > 99%, and the adsorption
efficiency of nickel, zinc and manganese from the single heavy metal solution was
higher than the mixed heavy metals solution because the adsorption capacity was
affected by the co-metal ions competition among the presence of other heavy
metals. Equilibrium modeling of the adsorption isotherm showed that adsorption of
those three heavy metals on bentonite was able to be described by the Freundlich
model. Finally, the result of the adsorption isotherm demonstrated that the ability
for heavy metal was in the order of nickel > zinc > manganese.
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CHAPTER I
INTRODUCTION

1.1 Statement of the problems.

At present, water pollution becomes a significant proplem because water is an
essential natural resource in human life and a basic factor in developing economics
and society in terms of agriculture, industry and various facilities. Several years ago,
Thailand has considerably developed and affected by a wide range of industrial
developments. Using chemical substance and heavy metal as raw material is increased
in specified businesses. For this reason, the by-products of the production processes
such as industrial waste and wastewater contained heavy metal. Base on 1970-1999’s
information, the respective numbers of patient and death who have received heavy
metal excluding lead are 273 and 2, whereas 267 and 1 are the lead receiver (1)

As discussed above, the reasons is the poor wastewater management that cause a
number of environmental problem. These problems are widespread, and also
cumulatively impact many of global environmental problems that human are currently
facing. Hence, the comprehensive wastewater management is significantly needed.
Especially, decreasing amount of toxin, heavy metals, free radical, and pesticides in
water sources by treatment and removal suspend items from the wastewater

Traditionally, there are a variety of treatments and removals technology including
physical treatment and biological treatment. Suitable treatment process depends on the
conditions that adjusted to the materials that are in wastewater. In case of the
biological treatment technique, it involves the use of naturally occurring micro-
organisms to improve water quality. This process also reduces colors and turbidity as
well as concentrations of dissolved organic carbon, which can cause health problems
in chlorinated water. The following case is the wastewater that contains a mixture of
suspended or colloidal solids, dissolved metal, heavy metal, and organic contaminants,

particularly oil and grease. In this case, the physical treatment has been firstly used
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for precipitation. By this way the contaminants in wastewater are separated into two
parts , either ones that floats to the surface in which they have been taken by
skimming, or ones that settles to the bottom of the tank and was taken by decantation
or filtration.(2,3) However, not only this technique is absolutely applicable in
removing metal wastes. The physical treatment using the adsorption substance is
another appropriate technique for wastewater with low metal intensity. Therefore, this
technique can be applied for the secondary chemical treatment without using any
advanced technology. That might be cause of reducing both energy and cost.

Numerous studies has been work on using adsorption technology to wastewater
treatment. (4,5,6,7) Among these works many kinds of adsorbent have been applied
such as activated carbon (8), diatomaceous earth (9), soils (10), fly ash (11), chitosan
(12) etc.. Bentonite is a type of clay minerals which gains good adsorption and
negative ion structure (13) in which a number of works have been carried out on
bentonite adsorption. (14) Although, there are a sign of being good adsorbent in
bentonite but different degree of adsorption might be occurred due to source of
bentonite that are usually different in its composition. As bentonite are abundant and
also cheap in Thailand, they have been used for many purposes in food industry,
drilling mud, refractories, and foundry sand etc. However, in term of usage of
bentonite in adsorption technology, previous works were still limited with only some
heavy metal. But nickel, zinc and manganese which usually present in wastewater
from various industries are interested for bentonite adsorption in this work.

Therefore it is reasonable to investigate in order to see if bentonite is suitable in
removing heavy metal of nickel, zinc and manganese and applicable to wastewater

treatment.

1.2 Objectives

The objectives of this work are as follows:

1.2.1 To study the optimum condition of using bentonite in heavy metals
adsorption such as effect of contact time, amount of bentonite, and initial pH on
adsorption capacity.

1.2.2 To study the adsorption isotherm of single heavy metal solution on

bentonite.
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1.2.3 To study the efficiency of bentonite in removal heavy metals from

synthetic wastewater.

1.3 Scope of the study

1.3.1 This experimental work has been performed in batch experiments and in
the laboratory scales.

1.3.2 The wastewater used in this experiments was synthetic wastewater.

1.3.3 The heavy metals used in this experiments were nickel, zinc and
manganese.

1.3.4 All experiments were operated at a room temperature.

1.3.5 The initial pH used in this experiments were 4 to 6.

1.3.6 The fixed speed of rotary shaker at 150 rpm was used throughout the
experiments.

1.3.7 The residual of heavy metals in synthetic wastewater will be detected

using Atomic Absorption Spectrometer(AAS).

1.4 Research definitions

1.4.1 Synthetic wastewater : A solution containing heavy metals and distilled
water prepared by mixing together.

1.4.2 Contact time : The time that synthetic heavy metals solution is in contact
with treated by bentonite continuously.

1.4.3 Batch Operation : The technique involves placing the adsorbent and the
heavy metals solution in to tank or vessel and mixing the samples for a prescribed time
period.

1.4.4 Removal efficiencies : The capacity of heavy metals removal by

bentonite in wastewater, their unit were percent of removal.
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1.5 Conceptual framework

Optimum condition

Independent Variables

Introduction / 4

Contact time, pH and amount of bentonite

A 4

Dependent Variables

Heavy metals removal efficiency (%)

Adsorption isotherm

Independent Variables
- Heavy metal solution concentration

A

Controlled Variables
- Temperature
- A Heavy metal solution concentration

Controlled Variables
- Temperature
- Speed of rotary shaker

A 4

Dependent Variables
Heavy metals removal efficiency (%)

A

- Contact time
- pH
- amount of bentonite

Figure 1-1 Conceptual framework

1.6 Expected results

1.6.1 Learned the efficiency of bentonite in removing heavy metals from

synthetic wastewater by adsorption.

1.6.2 Learned the optimum contact time, amount of bentonite, and pH on

heavy metals adsorption capacity.

1.6.3 Learned the adsorption isotherm in single heavy metal solution on

bentonite.
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CHAPTER II
LITERATURE REVIEW

This research aim to removal of heavy metals using bentonite adsorption. The
involved reviews are as follows :

2.1 Heavy metals

2.2 Bentonite

2.3 Wastewater treatment technology

2.4 Adsorption

2.1 Heavy metals

2.1.1 Nickel (Ni)

Nickel is a silver-white, its physical properties are hard, malleable, ductile,
ferromagnetic metal that maintains a high luster and is relatively resistant to corrosion.

Nickel is a constituent of more than 3000 metal alloys, an example of the
following alloys are of nickel with zinc, manganese, cobalt, titanium, and/or
molybdenum are used for special industrial purposes, and alloys of nickel with
precious metals are used for jewelry. Nickel is also widely used in electroplating, in
the manufacture of Ni-Cd batteries, in rods for arc welding, in pigments for paints and
ceramics in molds for ceramic and glass container. There are health hazard that can
cause hyperglycemia, depression of the central nervous system, myocardial weakness,
and kidney damage. Nickel dusts can rapidly damage the respiratory system and can

cause occupation cancers, including lung cancer.(15,16)

2.1.2 Zinc (Zn)

Zinc is a bluish white, its physical properties are rather soft metal, which
solidifies in hexagonal crystals and belongs to the group Il B elements of the Teriodic
Table. It mainly used as a protective coating for iron and steel for the production of
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brass and other zinc alloys of rolled zinc, zinc dust of zinc oxide, and other zinc
compounds. The most important zinc compound is Zinc oxide (ZnO) as judged by the
amount used and its economic value. It is used in rather large amounts in the
production of photocopy paper, of chemicals and paints. It is also used in floor
coverings, for glasses, enamels, plastics, lubricants and in rayon manufacture.

Toxic effects from inhalation of its fumes include weakness, dryness of throat,
chills, aching, fever, nausea, and vomiting. Many zinc salts, such as zinc chloride and

zinc oxide, can produce metal fume fever when the fumes are inhaled. (4,16)

2.1.3 Manganese (Mn)

Manganese is a very brittle, hard heavy metal of white gray color. The
predominant portion (approximately 90% ) of manganese is processed into ferro-
manganese in blast furnaces and is used for alloying. The metal is necessary for
binding oxygen and sulfur during the steel process to a large extent. Furthermore, it is
used for the production of alloys together with aluminum, magnesium and copper.
Recycling does not play a role. The toxicity of manganese causes effect in the human.
The acute effect is respiratory necrosis and chronic effect is central nervous system
toxicity. Moreover, it seems that a general risk to the environment by manganese
exposure does not exist at present. Maximal immission concentrations have not been
established so far. The limitation of 0.05 ppm in drinking water refers more to esthetic
and technical than to toxicological reasons. The maximal allowable concentration at
workplaces for an 8 hr/day is up to 5 mg/m® in the USA, the FRG and in the majoriy
of the western countries. Because of the lower particle size and the higher content of

Mn30,4, manganese smoke may be more dangerous than dust. (5,16)

2.2 Bentonite

2.2.1 Characteristic of bentonite

Bentonite is a fine gray clay mainly composed of 70-80% of montmorillonite
which is a 2:1 type aluminosilicate, that is, its crystalline structure presents an
alumina octahedral layer between two tetrahedral layers of silica which, by

isomorphous substitutions, require cations, denominated exchange cations, to
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compensate the negative charges of their laminar edges. The arrangment of atom in the
two-layer (1:1) and three-layer (2:1) mineral as shown in Figure 2-1. The formula of
bentonite is Aly SigO2 (OH2)4 NH,O (Hydrous aluminium silicate). Bentonite has the
high capacity to adsorb molecule because most structure is negative ion which has
heavy metal adsorption capacity. The major constituents of bentonite are SiO, and
Al,O3; with a variety of oxides that make clays of different types and consisting
essentially of smectite mineral of the montmorillonite group. Bentonite is mainly
composed of montmorillonites with traces of silica, quartz and other clay materials.
(17,18,19,20) The structure of montmorillonite is shown in Figure 2-2.

PLANES OF IONS SHEETS, LAYERS

basal O's ~-»=
tetrahedral cations S
Oh's & apical O's —»
octahedral cations —=
OH's —»

tetrahedral cations 4>
OH's & apical O's —>»
octahedral catons —»=
OM's & apical O's ~»=

tetrahedral
sheet

octahedral 2
sheet f layar

tetrahedral calions .

Z
bR (P OO

tetrahedral
sheet

Figure 2-1 Atom arrangment in the two-layer (1:1) and three-layer (2:1) mineral. (21)
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LU

D Duygens @ Hydroayls . Alumémum, rBa, magheiium
) and @@ Silcon, cocasienally gluminsm

Figure 2-2 Diagrammatic sketch of the structure of montmorillonite (22)

2.2.2 Type of bentonite

1.) Bentonite is a clay composed of sodium montmorillonite or swelling type
has high adsorption capacity because 70-80% of clay have size less than 0.5 um in
solution and used in industrial process, i.e., ceramics, foundry, dirlling muds and
bleaching earth, paint, etc.

2.) Bentonite is a clay composed of calcium montmorillonite or non-swelling
type has adsorption capacity less than sodium montmorillonite. It used for adsorbent in

filtration mechine such as oil filtration. (23,24,25)
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2.2.3 Properties of bentonite

1.) Swelling properties (26)

One way to classify bentonite is based on its swelling capacity when wet or
added to water. Bentonite having sodium (Na) as either the dominant or as an
abundant exchangeable ion typically has very high swelling capacity and forms gel-
like masses when added to water. Bentonite in which exchangeable calcium (Ca®") is
more abundant than other ions has much lower swelling capacity than sodium
varieties. Some calcium types swell little more than common clay, and most crumble
into granular masses in water. Intermediate calcium-sodium bentonites, the so-called
mixed types, tend to swell moderately and to form gel of lesser volume than equal
masses of the sodium type. Bentonite, because of the general relationship of swelling
and exchangeable characteristic, is commonly divided into the high swelling or
sodium, low swelling or calcium, and the moderate swelling or intermediate types.

2.) Cation Exchangeability

The montmorillonite clays, like many other clay mineral, have the properties of
carrying cations that may be exchanged stoichiometrically for other cations by
treatment with a water solution containing the second cation. Cation exchange does
not alter the basic structure of the clay but is a very important factor in influencing its
properties, including its hydration ability.

Cation which are exchangeable with bentonite include sodium, calcium,
potassium, magnesium, lithium and hydrogen. The exchange capacity of most
bentonite is within the range of 60 to 150 milliequivalents per 100 grams. Not all
cations have the same degree of affinity for the clay particles; in fact, there is a
definite order of preferencr. The following sequence has been compiled: Ca** > Mg?®*
>K" > H" > Na* > Li". Calcium dominants and will replace any of the other bases
below it in the list.

3.) Acid-Base Value

Bentonite is chiefly a silicate containing sodium as the primary exchangeable

ion. Using sodium silicate the reaction in water may be illustrated as

Na,SiO; + 2H,O ——» H,SiO3; + 2NaOH
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Silicic acid (H,SiO3) is non-ionized thus allowing the highly ionized sodium
hydroxide to maintain an alkaline medium.

There are numerous works have been done on the adsorption of heavy metals
using bentonite and other soils (9,10,24,25,27). Aransri N. (24) has studied the
efficiency of bentonite in removing chromium and zinc from wastewater in the metal
plating industry, and the results shown that the optimum condition for chromium and
zinc removal is 0.8 g/l of bentonite at pH 10, obtaining removal efficiency of 99.84 %
and 99.72 % for chromium and zinc. As well as the studied of Chieychaiyaphum P.
(25) has also reported on the efficiency of bentonite in removing arsenic zinc lead
cadmium and mercury from calcine industry wastewater, resulting the bentonite
concentration are positively correlated with the efficiencies of heavy metals removal.
At pH 5 (15 g/l of bentonite) the efficiencies of arsenic zinc cadmium and mercury
removing are maximum at 25.38, 90.31, 82.84 and 5.13 % respectively, while at pH
12 the maximum efficiency of lead removal is 52.26 %. It can be seen that bentonite
is quite good in heavy metal adsorption behaviour.

Working use diatomaceous earth as an adsorbent has been done by Ketkoom S.
(27) it is appeared that the adsorption efficiency of cyanide ion concentration between
0.1-0.5 ppm was >99 % by using 1.0 g of diatomaceous earth at pH 9. This work was
supported by Boontae C. (9) who has studied the adsorption ability of cadmium (1),
chromium (I11), and arsenic (V) from synthetic wastewater by diatomaceous earth,
resulting the concentration of heavy metal, amount of diatomaceous earth, pH and
contact time affected the heavy metal removal efficiency.

Moreover, work done using different soil series with cadmium, nickel, and zinc
has been reported by Jujun K. (10), it is shown that the heavy metal ions associated
with organic surfaces and cation exchange capacity were significantly difference in
metal ion affinity. Furthermore, heavy metals expressed the maximum adsorbability

on montmorillonite component of soil series.
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2.3 Wastewater treatment technology

2.3.1 lon exchange

lon exchange is a type of process to remove ions that is most often used for
water treatment rather than wastewater treatment. Moreover, lon exchange is explain
by the reversible interchange of ions between a liquid and solid phase, which employs
for the removal or exchange of dissolved organic and inorganic substance in the water
or wastewater. (5,28)

In practice the water being treated is passed through a filter bed of ion
exchange material that releases the substiute ions for the ions adsorbed from the water.
When the capacity for exchanging ions has been depleted, a regenerating solution with
a high concentration of regeneration process displaces the contaminant ions and
rejuvenates the exchange resin. (29)

The equation used to described exchange reaction is shown below:

B + R)A"«————3% A" + (R)B’

where; A* = initially counteraction of resin
B = initially counteraction in solution
R™ = the negatively charged functional group of the resin (30)

This was supported by Chayapiwat J. (31) who studied an adsorption
efficiency of palm pressed fibers for chromium removal from synthetic wastewater,
using five levels of initial chromium concentration in wastewater, such as 1, 5, 10, 20
and 50 mg/l then adjusted pH to 2.5 to 3.5. And the results indicated an average
efficiency at chromium concentration of 1, 5, 10, 20 and 50 mg/l with flow rate of 5
ml/min were 38.41, 43.61, 46.26, 33.97 and 43.36 % respectively; at flow rate 10
ml/min, percent removals were 52.25, 19.89, 41.79, 29.39 and 35.27 % respectively.
And the average removal efficiencies at flow rate 5 and 10 ml/min were of 40.63 and
35.73 %.
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2.3.2 Chemical precipitation

Chemical Precipitation in wastewater treatment involves the addition of
chemicals to alter the physical state of dissolved and suspended solids and to facilitate
their removal by sedimentation. In some cases the alteration is slight, and removal is
effected by entrapment within a voluminous precipitate consisting primarily of the
coagulant itself. Another result of chemical addition is a net increase in the dissolved
constituents in the wastewater. Chemical processes, in conjunction with various
physical operations, have been developed for the complete secondary treatment of
untreated wastewater, including the removal, of heavy metals will be precipitated at
varying pH levels, which depends on the solubility of metal ions. The choice of
reactant is the first consideration in the precipitation process, such as hydroxide,
carbonate, silicate and sulfide can precipitate with heavy metals. The second
consideration is the solubility of heavy metals and the finally factor is the liquid or
solid state of waste. (5,32)

Many studies on the chemical precipitation of heavy metals have been carried
out (33,34). Moolthongnoi C. (33) who studied on the possibility of employing
chemical precipitation for instance Na,CO3, Ca(OH), and Na,SiO3 for treatment of
wastewater from an environmental laboratory, resulting at pH 9.0 the most of heavy
metals removal of the water sample could be maximized up to 99 % except for
Mercury, while the other metals fell below standard levels for effluent water. Work
done by Pradit J. (34) also supported the precipitation and coagulation process.
Sodium hydroxide was used to precipitate heavy metals from the laboratory
wastewater, indicating the optimum pH were 7 and 11. And the efficiency of

precipitation of heavy metal ions were above 95 % averagely.

2.3.3 Coagulation

Coagulation is a process for combination small particles into larger
aggregates. This very small particle called “colloidal particles” that causes the
problems in waterworks can not rapidly precipitate by itself.

The process that makes these colloidal particles to aggregate and is easy to
precipitate, which is called “floc”, names coagulation process. Actually, there are 2

steps in coagulation process, they are rapid mixing and slow mixing. Coagulation is
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the addition of chemicals to water in order to induce suspended solid agglomeration.
The most widely used coagulants are aluminum salts, iron salts and organic polymers.

The coagulant which is widely used, nowadays, are alum which occurs in
aluminium compound named aluminium sulfate and ferric compound name ferric
chloride. At the same time, the coagulant aid widely used are polymer or
polyelectrolyte which is a high molecular weight organic compound.

Coagulant aids may be used to enhance the process of flocculation. For
example, organic polymers provide bridging between particles by attaching
themselves to the absorbent surfaces of colloids, building larger flocculated masses.

Removal of turbidity by coagulation depends on the type of colloids in
suspension, the temperature, pH and chemical composition of the water, the type and
dosage of coagulants and coagulants aids; and the degree and time of mixing provided
for chemical dispersion and floc formation.

The disadvantage of the coagulation process is the generation of a large
amount of the chemical sludge which increases in the treatment cost. (6,12,29)

This was supported by Kochakijjarak S. (35) who studied the effect of ferric
chloride or anionic polymers, i.e., Qmafloc 985, FA 40, Kurita C-3310 and Kurita C-
0320S as a coagulant an coagulant aids to remove heavy metals (copper, lead and
nickel) from the integrated circuit industrial wastewater. The results indicated that
Kurita C-0320S was found to be the suitable anionic polymer in treating equalizing
wastewater. The optimal condition was at the pH 10 and polymer dose 0.1 mg/l. After
coagulation, heavy metals concentration in treating wastewater were less than the

standard limits.

2.3.4 Adsorption

Adsorption, in general, is the process of collecting soluble substances that are
in solution on a suitable interface. The interface can be between two phases. In any
solid or liquid, atoms at the surface are subjected to unbalanced forces of attraction
normal to the surface plane. The molecule that is accumulated or adsorbed at the
interface, is called adsorbate and the solid phase is called adsorbent.

There are various kind of adsorbents that commonly used in wastewater

treatment for instance activated carbon, ion exchange resins, adsorbent resins, metal
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oxides, metal hydroxides, activated alumina and clays. The major advantages of the
adsorption process are low capital cost, simple design, ease of operation, no toxic by
product generation and excellent effectiveness. The activated carbon and polymer
resins are the best adsorbents for organic removal from wastewater, but are expensive
and difficult to regenerate. (6,32,36)

2.3.5 Reverse 0smosis

Reverse osmosis is a solvent flows through a semipermeable membrane from a
less concentrated to a more concentrated solution by osmotic pressure. The pressure
applied exceeds osmotic pressure of the salt solution against a semipermeable
membrane, thereby forcing pure water through membrane and leaving salts behind. (5)

However, these traditional technologies are often in effective as mentioned
above. Thus, new technologies are required to decreased metal ion concentrations to
environmentally acceptable levels and also at affordable costs.

Adsorption using bentonite offers certain advantages when compares with the
existing technologies for the removal of heavy metals in wastewater and from
properties of the adsorbent make the adsorption a practical and an economically

feasible precess. (37)
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Table 2-1 Advantages and disadvantages of heavy metal removal technologies.

Advantages

Disadvantages

Chemical precipitation
- Low cost for high volume
- Often improve by high ionic strength

Chemical precipitation
- Reliable process well suited to osmotic control
- Stoichiometric chemical additions required
- High-water-content sludge must be disposed off
- Part per billion effluent contaminant levels may
require two- stage precipitation
- Not readily applied to small and intermittent flows
- Coprecipitation efficiency depends on initial
contaminant concentration and surface area
of primary floc

lon exchange
- Operates on demand
- Relatively insensitive to flow variation
- Essentially zero level of effluent
contamination possible
- Large variety of specific resin available

lon exchange

- Spent regenerant must be disposed of

- Variable effluent quality with respect to background
ions

- Usually not feasible at high levels of total dissolved
solid

- Beneficial selectivity reversal commonly occurs
upon regeneration

- Potential for chromatographic effluent peaking

Adsorption
- Operates on demand

- Insensitive to flow and total dissolved solids

background

- Low effluent contaminant level possible

Adsorption
- Both acid and base are required for regeneration
- Slow adsorption kinetics
- Spent regenerant must be disposed of

Reverse osmosis

- All contaminant ions and most dissolved

non-ion are removed

- Relatively insensitive to flow and total
dissolved solids level

- Low effluent concentration possible

- Bacteria and particles are removed as well

Reverse 0smosis
- High capital and operating costs
- High level of pretreatment required
- Membranes are prone to fouling
- Reject stream is 20-90% of feed flow

Source: Clifford et. al., 1986 (38).
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2.4 Adsorption

The use of solids for removing substances from either gaseous or liquid solutions
has been widely used since biblical times. This process, known as adsorption, involves
nothing more than the preferential partitioning of substances from the gaseous or
liquid phase onto the surface of a solid substrate. From the early days of using bone
char for decolorization of sugar solutions and other foods, to the later implementation
of activated carbon for removing nerve gases from the battlefield, to today's thousands
of applications, the adsorption phenomenon has become a useful tool for purification
and separation. (39)

Adsorption phenomena are operative in most natural physical, biological, and
chemical systems, and adsorption operations employing solids such as activated
carbon and synthetic resins are used widely in industrial applications and for

purification of waters and wastewaters.

2.4.1 Adsorptive process

The process of adsorption involves separation of a substance from one phase
accompanied by its accumulation or concentration at the surface of another. The
adsorbing phase is the adsorbent, and the material concentrated or adsorbed at the
surface of that phase is the adsorbate (40). Adsorption is thus different from
absorption, a process in which material transferred from one phase to another (e.g.
liquid) interpenetrates the second phase to form a "solution™. The term sorption is a
general expression encompassing both processes. (41)

1.) Physical adsorption is caused mainly by van der Waals forces and
electrostatic forces between adsorbate molecules and the atoms which compose the
adsorbent surface. Thus adsorbents are characterized first by surface properties such as
surface area and polarity.

2.) A large specific surface area is preferable for providing large adsorption
capacity, but the creation of a large internal surface area in a limited volume inevitably
gives rise to large numbers of small sized pores between adsorption surfaces. The size
of the micropores determines the accessibility of adsorbate molecules to the internal
adsorption surface, so the pore size distribution of micropores is another important

property for characterizing adsorptivity of adsorbents. Especially materials such as
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zeolite and carbon molecular sieves can be specifically engineered with precise pore
size distributions and hence tuned for a particular separation.

3.) Surface polarity corresponds to affinity with polar substances such as water
or alcohols. Polar adsorbents are thus called "hydrophillic" and aluminosilicates such
as zeolites, porous alumina, silica gel or silica-alumina are examples of adsorbents of
this type. On the other hand, nopolar adsorbents are generally "hydrophobic”.
Carbonaceous adsorbents, polymer adsorbents and silicalite are typical nonpolar

adsorbents. These adsorbents have more affinity with oil or hydrocarbons than water.

2.4.2 Adsorptive mechanism

The removal of heavy metal using adsorptive process involves a number of
steps, each of which can affect the rate of removal :

1.) Bulk solution transport: Adsorbates must be transported from bulk solution
to the boundary layer of water surrounding the adsorbent particle. The transport occurs
by diffusion if the adsorbent is suspended in quiescent water, such as in a
sedimentation basin, or by turbulent mixing, such as during turbulent flow through a
packed bed of GAC, or when PAC is being mixed in a rapid mix or flocculator.

2.) Film diffusion transport: Adsorbates must be transported by molecular
diffusion through the layer of water, which surrounds the adsorbent particles when
water is flowing past them.

3.) Pore diffusion transport: The adsorbent has many pores in the particles.
After passing through the film of water, the adsorbates are transported through the
adsorbent’s pore to available adsorptive sites.

4.) Adsorptive Process: The adsorptive bond is formed between the adsorbate
and adsorbent, after transport to available site. This reaction is occurred by physical
adsorption, which is very rapid. However, it can be occurred by chemical reaction,
which is slower than the diffusion reaction. (5,42)

The primary driving force between the adsorbate and the adsorbent is the
electrostatic attraction and repulsion which can be either physical or chemical. The
adsorption processes may be classified as physical or chemical, depending on the

nature of the forces involved. (6)
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Figure 2-3 The step of adsorptive process by adsorbent (43)
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2.4.2.1 Physical adsorption

Physical adsorption is the intermolecular forces that interact between
the adsorbate and the adsorbent. These forces include the van der waals force and
hydrogen bonding. In liquid phase, the van der waals force is the primary physical
driving force. Physical adsorption is a reversible reaction and includes mono and
multilayer coverage because it dose not involve the sharing of electrons. Generally,

this force has a low energy of adsorption and is not site specific.

2.4.2.2 Chemical adsorption

Chemical adsorption is based on the electrostatic force and has the
mechanism similar to physical adsorption. Chemical adsorption involves the transfer
of electrons and the formation of chemical bonds between the adsorbate and the
adsorbent. It is irreversible reaction and has high energy of adsorption. Chemical

adsorption involves monolayer coverage and the reaction occurs at specific sites.

2.4.3 Factors affecting adsorption

The efficiency of the adsorptive process depends on these factors. In this work
is considerable the effect of pH, particle size, and contact time, as following below:
(5,36)

1.) Solubility of adsorbate

The formation of material substance influence to the solubility of adsorbate.

Solubility is one of the most important factor affecting the adsorptive capacity. In
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general, a higher solubility indicates low adsorptive capacity because the bond
between the solute and the solvent breaks before the adsorption can occur.

The polarity of adsorbent has a similar effect on adsorption as solubility;
higher polarity results in less adsorption ability. For example, the polar substances
(soluble or ionized), such as cadmium (Cd), chromium (Cr), iron (Fe), manganese
(Mn), silver (Ag), and mercury (Hg), etc., are expected to increase solubility higher
than non-polar substance.

2.) pH of solution

The adsorption of weak electrolytes, both acids and bases, by clay from
aqueous system is affected by the solution pH. This is because it changes in the

characteristics of the adsorbent and the solute molecules. The pH of solution related to

the molecular as shown in Figure 2-4.

Ce
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|
i \
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Figure 2-4 The Relation between Solubility of Heavy Metal and pH of solution (5)
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At pH values greater than the pKa of a weak organic acid, the adsorptive
capacity is greatly reduced. If increases with a decrease in pH and a maximum

adsorption capacity occurs when the pH is equal to pKa. At pH values lower than the

pKa, the adsorptive capacity usually decreases with decreasing pH. (6)

Work done by Ricou P, Lecuyer | and Le Cloirec P (45) showed that the
adsorption capacity appeared to be pH independent and results supported the influence
of pH for removal of copper, nickel, zinc, cadmium, lead, and chromium by fly ash in
aqueous solution. And Msaky and Calvet (46) have also studied on the removal of
copper and zinc by adsorption using three different soil. They reported that the amount
of pH depended strongly on the natures of the metallic cation of the soil and pH
greatly influenced the characteristics of adsorption isotherms.

3.) Surface area and particle size

In fact, it has generally been known that the adsorptive efficiency of adsorbent
is proportional to the surface area and particle size. The surface area is one of the
factors affecting the adsorptive capacity of an adsorbent. The adsorption of solutes
increases with increasing surface area. In term of the particle size, the surface area of
nonporous adsorbents increases with decreasing particle size and so does the
adsorptive capacity. For highly porous adsorbents such as activated carbon, most of
the surface area is in the internal pore structure. As a result, the adsorptive capacity is
independent of the particle size. There are numerous work reported on the effect of
surface area and particle size on adsorption capacity. (6,8) Boonpanaid C. (8) who
studied the effect of particle size in removal of metal ions from aqueous solution by
activated carbons and coal fly ash, reported that the activated carbon of smaller size
have greater surface area than larger particles. Hence for both types of activated
carbons, smaller particles thus contain more available sites for Pb(ll) ions to be
adsorbed than larger particles.

4.) Molecular weight and size of adsorbate molecule.

It is clearly to say that the molecular weight and size of adsorbate molecule
affect the adsorptive capacity. Higher molecular weights are usually associated with

large molecular sizes (longer lengths of molecular chain) and low solubility.
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Therefore, absorbates with higher molecular weights and larger molecular sizes tend to
have more adsorptive capacity (7,9).

5.) Mixing of solution

It has been known that the efficiency of heavy metal adsorption relates to the
film diffusion and pore diffusion. The column experiment that uses low mixing, so the
film diffusion determines the adsorptive efficiency. On the other hand, high mixing is
used for the batch experiment, so the adsorptive efficiency is determined by pore
diffusion (43,47).

6.) Temperature

There are also the influence of the temperature to the adsorption efficiency. An
increasing of temperature effects to the increasing efficiency of heavy metal
adsorption, until it will be in an equilibrium adsorptive capacity because the
adsorption process is always exothermic (43). Many previous works have been
reported on the influence of temperature to adsorption capacity (7,10,47,48). Kumpom
P. (49) had studied the suitable temperature for chromium ion removal from tannery
wastewater at those suitable amounts of fly ashes and pH condition, and reported that
those temperatures do not have any significant effects on chromium removal. Work
done by Yavada (50) has also supported the influence of temperature to adsorption
capacity.

7.) Contact time

There are various documents have mentioned about the effect of contact time
to adsorption capacity. (5,6,8,51) Increasing contact time effects to the increasing
efficiency of heavy metal adsorption until it will be in an equilibrium. Many studies
found that the effects of contact time to removal heavy metals by adsorption, such as
Lopez et al. (52) who studied the feasibility of using red mud (RM), a residue from
bauxite refining, for phosphorus (P) adsorption wastewater treatment, using contact
times of 3, 6, 24, and 48 hr and the results indicated that adsorption occurred by both
fast and slow reaction. The RM aggregates had maximum adsorption capacities
(evaluated from fits of the Langmuir isotherm to batch adsorption data or contact time
48 hr) for Cu*, zn?*, Ni**and Cd*'of 19.72, 12.59, 10.95 and 10.57 mg/g,
respectively. As well as the study of Viraraghavan (11) on the removal of chromium

from wastewater by ash, has indicated that the optimum contact time was 3 hr and
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removal efficiency was 44 %. Work done by Agdi (53) has also supported the
influence of contact time to nitrite removal by PAC, GAC, activated alumina,

diatomite, and sawdust, indicating the equilibrium time were 3, 3, 6, 6, and 4 hr.

2.4.4 Adsorption equilibrium

Adsorption from aqueous solutions involves concentration of the solute on the
solid surface. As the adsorption process proceeds, the sorbed solute tends to desorb
into the solution. Equal amounts of solute eventually are being adsorbed and desorbed
simultaneously. Consequently, the rates of adsorption and desorption will attain an
equilibrium state, called adsorption equilibrium. At equilibrium, no change can be
observed in the concentration of the solute on the solid surface or in the bulk solution.
The position of equilibrium is characteristic of the entire system, the solute, adsorbent,
solvent, temperature, pH, and so on. Adsorbed quantities at equilibrium usually
increase with an increase in the solute concentration. The presentation of the amount
of solute adsorbed per unit of adsorbent as a function of the equilibrium concentration

in bulk solution, at constant temperature, is termed the adsorption isotherm. (54)

2.4.5 Adsorption isotherms

The adsorption of a solute from the soil solution can be described by
adsorption isotherms. The term implies that temperature is the only variable affecting
adsorption, an assumption which is often questionable. (16)

The amounts in solution are plotted against the adsorbed amount in the state of
equilibrium. Usually reversibility of the processes is assumed as is a constant capacity
of the exchanger although the activity is dependent on ionic strength and pH. The two
isotherms which are widely used to describe the adsorption behavior, the equations by
Langmuir and by Freundlish, belong to the equilibrium models and are used in this

work.

2.4.5.1 Langmuir model
Langmuir proposed theory to describe the adsorption of gas molecules
onto metal surfaces. The Langmuir adsorption isotherm has been successfully applied

to many sorption processes including the adsorption of aqueous on solid phase. (4)
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The basic assumption of this model are based on ideal monolayer adsorption. The
molecules are adsorbed on the surface of the adsorbent at definite sites. Each site can
accommodate only one molecule (monolayer). The area of each site is a fixed quantity
determined solely by the geometry of the surface. The adsorption energy is the same at
all sites. (6,42)

In addition, the adsorbed molecules cannot migrate across the surface or

interact with neighboring molecule. The Langmuir model is represented by :

oY s QR — 1

Where, C. is the equilibrium concentration (mg/l) and Q. is x/m, the amount of
solute adsorbed per unit weight of adsorbent (mg/g). Xn (mg/g) is the maximum
amount of adsorbate adsorbed per gram of adsorbent or the adsorption capacity. b
(mg/l) is a constant related to the energy of adsorption. (55)

The equation can be transformed in to a linear from equation 1.

WAANR Jo /Il  SS— 2
Qe xmb Xm

The values of X, and b can be determined from a plot of Co/ Q. versus Ce,
having a slope of 1/ Xy, and an intercept of 1/ Xnb.

2.4.5.2 Freundlich model
The Freundlich expression is an empirical equation based on sorption
on a heterogeneous surface. The empirically derived. Freundlich model is defined as
follows :
Qe = KCM™ e 3

Where K is the Freundlich constant and n is the Freundlich exponent. A linear
from of the Freundlich expression is

logQe = logK+1/nlogCe ~  —mmmmmmmmmmmmee- 4
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Plotting log Qe versus log C. , a straight line is obtained with a slope of 1/n and
intercept of log K. For irreversibly adsorbed chemicals, 1/n (the slope of the line) is
zero. For favorably adsorbed chemicals, 1/n is between 0 and 1. For unfavorably
adsorbed chemicals, 1/n is greater than 1. For chemicals that are not adsorbed, 1/n
approaches infinity (or is very large). (6)

Both models were developed for a single layer adsorption. However, the
Langmuir model has assumption that equilibrium is attained when a monolayer of the
adsorbate molecules saturates the adsorbent. While Freundlich model assumes
heterogeneous surface energies, in which the energy term in the Langmuir equation
varies as a function of the surface coverage. Both models fit the data set reasonably
well for the experimental data over moderate ranges of concentration (37,42)

Adsorption isotherms are convenient for representing the effects of adsorptive
concentration on the surface excess, especially if other variables such as pH and ionic
strength are controlled along with temperature and pressure. Figure 2-5 shows four
categories of adsorption isotherm observed commonly in studies with soils. (7,56,57)

The S-curve isotherm is characterized by an initially small slope that increases
with adsorptive concentration. This behavior suggests that the affinity of the soil
particles for the adsorbate is less than that of the aqueous solution for the adsorptive.

The L —curve isotherm is characterized by an initial slope that does not
increase with the concentration of adsorptive in the soil solution. This type of isotherm
is the resultant effect of a high relative affinity of the soil particles for the adsorbate at
low surface coverage coupled with a decreasing amount of adsorbing surface
remaining as the surface excess of the adsorbate increases.

The H-curve isotherm is an extreme version of the L- curve isotherm. Its
characteristic large initial slope (in comparison with L-curve isotherm) suggests a very
high relative affinity of the soil for an adsorbate. This condition is usually produced
either by inner-sphere surface complexation or by significant van der Waals
interactions in the adsorption process.

The C-curve isotherm is characterized by an initial slope that remains
independent of adsorptive concentration until the maximum possible adsorption is
achieved. This kind of isotherm can be produced either by a constant partitioning of an

adsorptive between the interfacial region and the soil solution, or by a proportionate
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increase in the amount of adsorbing surface as the surface excess of an adsorbate
increases.
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Figure 2-5 The four general categories of adsorption isotherm (57)

Many studies found that the adsorption of heavy metals in wastewater, such as
Tejavanija S. (4) who studied about removal efficiencies of chromium, nickel, copper,
and zinc from metal finishing wastewater and found that fly ash exhibited up to 99 %
of removal efficiencies. Boonpanaid C. (8) has also reported that fly ash has greater

capacity for metal removal than the activated carbons for removing lead and zinc ions

from aqueous solution. As well as the study of Chattrakul N. (51) has reported about

zinc sorption by fly ash that the reaction reached the equilibrium within 24 hr and the
removal mechanism was proved to be ion exchange adsorption rather than hydroxide
precipitation. The effectiveness of less expensive adsorbents such as peat, fly ash, and
bentonite to removing phenol from wastewater by adsorption has also been studied by
Viraraghavan T. (14) and the results indicated that peat, fly ash, and bentonite can

adsorb phenol to the extent of 40-45 % when it was contacted for a period of 16, 5,
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and 16 hr respectively in the pH range of 4 to 5 and the results adsorption of phenol on
peat and bentonite was well described by the Freundlich isotherm whereas the

Langmuir isotherm described the adsorption of phenol on fly ash.
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CHAPTER IlI
RESEARCH METHODOLOGY

This work has been carried out in the laboratory at The Faculty of Environment

and Resource Studies, and Post-graduate education training and research program in

environmental science, technology and management (ESTM) at Science Faculty,

Mahidol University.

3.1 Framework of the study
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Figure 3-1 Framework of the study
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3.2 Research design
This study were an experimental research. Objective of experiments to removal
of heavy metals from synthetic wastewater using bentonite was carried out a batch

experiment technique.

3.3 Materials and Equipments

3.3.1 Materials
1) Heavy metal standard solution nickel (Ni), zinc (Zn) and manganese.
(Mn)
2) Sodium hydroxide (NaOH)
3) Nitric acid (HNO,)
4) Hydrochloric acid (HCI)
5) Sulfuric acid (H2SO.)
6) Hydrogen peroxide (H,0,)
7) Nickel Sulfate (NiSO,)
8) Zinc Sulfate (ZnSOy)
9) Manganese Sulfate (MnSO,)

3.3.2 Equipments

1) Shaker (Gyromax TM737R)

2) Hot Air Oven (Contherm CAT 260M)

3) Microwave digestion (Milestone microwave and CEM Mars X)
4) Atomic Absorption Spectrometer (Spectr AA 220 FS)

5) Desiccator (Nikko Japan super dry SD-504)

6) Weighting balance (Gec avery WA 250 and Libror EB-4000 H)
7) Filter paper No.42 (Whatman)

8) pH Meter (Orion EA 940)

9) B.E.T. Surface area and pore (Autosorb 1)

10) X-ray Diffraction (JEOL, JDX 3530)

11) X-ray Fluorescence Spectrometer (PW-2404)

12) Scanning Electron Microscope (JSM — 5410 LV)
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13) Particle size lazer analyzer (Mastersizer S.)
14) Glassware

e Beaker

e Volumetric flask

e Erlenmeyer flask

e Cylinder
e Pipette
e Dropper
e Funnel

15) Hood

16) Deionized water

3.4 Experimental preparation

3.4.1 Characteristic of bentonite

Bentonite was taken from, then it was characterized both physical and
chemical characteristic such as partical size distribution, pH, cation exchange capacity,
chemical compositions, mineral phases, surface area, pore volume, pore size and
morphology. The method use were as follows:

Partical size distribution of bentonite by using laser analyzer.

The value of pH was determined in 1:1 bentonite and distilled deionized water
mixture and measured by pH meter.

The cation exchange capacity (CEC) was determined by using sodium
saturated method.

The chemical compositions was analyzed by X-Ray Fluorescence
Spectrometer.

The mineral phases present in bentonite were qualitatively identified by X-Ray
Diffraction.

Surface area, Pore volume, and Pore size of bentonite were analyzed by B.E.T.
Surface area and pore.

Examined the morphology of bentonite was analyzed by Scanning Electron

Microscope.
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3.4.2 Preparation of stock solution of heavy metals.
Stock solution of nickel (I1), zinc (I1) and manganese (Il) were prepared by
using NiSO4, ZnSO4 and MnSQO,4. The heavy metal solutions were prepared with

distilled water.

3.4.3 Preparation of glassware
The glassware used for these experiments must be clean properly and rinse
with 1:1 nitric acid, then distilled water and deionized water are the following order

for reducing interference and prevent heavy metals contamination.

3.5 Experiments

All experiments were set in the laboratory scale, many parameters were also
operated at a room temperature and then analyzed by using procedures prescribed in
Standard Methods for Examination of Water and Wastewater 19" ed, 1995. (58)

The concentration of heavy metals of nickel, zinc, and manganese were
examined by Atomic Absorption Spectrometer and digestion using microwave
digestion. All experiments were conducted using deionized distilled water.

The experiments were divided into 2 parts namely optimum condition
experiments and adsorption isotherm experiments. In part | to studied the optimum
condition experiments, the heavy metals adsorption capacity were carried out to
determine the effect of bentonite, initial pH, contact time and amount of bentonite in
single heavy metal solution and including co-metal ions competition on mixed heavy

metals solution. And part 11 to studied the adsorption isotherm experiments.

3.5.1 Effect of contact time on heavy metals adsorption.

This experiment was studied the effect of contact time on the equilibrium
adsorption of heavy metal using bentonite. The contact time was varied from 1,2,3,4
hr and conducted by the addition of 1 g adsorbent to 100 ml of 40 mg/l of each heavy
metal solution concentration (single solution of nickel, zinc, and manganese) in 250 ml
Erlenmeyer flask and subsequently put in a rotary shaker with 150 rpm agitation at
room temperature. The adsorbent was separated by filter paper No.42 and the filtrate

were collected and then analyzed for final heavy metals concentration by AAS.
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3.5.2 Effect of amount of bentonite on heavy metals adsorption.

This experiment was studied the effect of the amount of bentonite to heavy
metal adsorption and performed in 250 ml Erlenmeyer flasks with 200 ml and 40 mg/I
of each concentration of heavy metal solution. Adjusted the pH value to 3.5 using 0.1
N HNO;3 or 0.1 N NaOH and varied amount of bentonite from 0.5, 1, 2, and 3 g. The
reaction flasks were agitated at 150 rpm in a rotary shaker for the optimum contact
time value as is the resulting time from section 3.4.1. The adsorbent was separated by
filter paper No.42 and the filtrate were collected and then analyzed for final heavy

metals concentration by AAS.

3.5.3 Effect of pH on heavy metals adsorption.

This experiment was studied the effect of pH of heavy metal and performed in
250 ml Erlenmeyer flasks with 100 ml and 40 mg/l of each concentration heavy metal
solution. The initial pH was varied from 4 to 6 using 0.1 N HNO3 or 0.1 N NaOH.
And the amount of bentonite value as is the result from section 3.4.2 were added and
agitated at 150 rpm in a rotary shaker for the optimum contact time as is finding in
section 3.4.1. The adsorbent was separated by filter paper No.42 and the filtrate were
collected and then subsequently analyzed for final heavy metals concentration by
AAS.

3.5.4 Adsorption isotherm.

This experiment has studied the adsorption isotherm and to determine the
effects of initial heavy metal concentration for heavy metal adsorption. The initial
heavy metal solution of nickel, zinc, and manganese concentration ranging at 20-90
mg/l. were adjusted to the optimum pH value (as mention in section 3.4.3) of each
heavy metal. And the amount of bentonite value (as mention in section 3.4.2) were
added and agitated at 150 rpm in a rotary shaker for the optimum contact time (section
3.5.1). The adsorbent was separated by filter paper No.42 and the filtrate were
collected and then subsequently analyzed for final heavy metals concentration by
AAS. The results obtained were then calculated for adsorption isotherm using

Langmuir and Freundlich equation.
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3.5.5 The removal of mixed heavy metals solution (synthetic wastewater)

This experiments were studied the co-metal ions competition on mixed heavy
metals solution. The effect of mixed heavy metals on heavy metals adsorption was
investigated by preparation of heavy metal solution consisted of 40 mg/l of nickel, 40
mg/l of zinc, and 40 mg/l of manganese. Then all solution will be well-mixed and take
100 ml of the mixture to varied pH at 4, 5, and 6 using 0.1 N HNO3 or 0.1 N NaOH.
Each specific pH value will be addition amount of bentonite in section 3.5.2 and
agitated at 150 rpm in a rotary shaker for the optimum contact time value in section
3.5.1. The adsorbent was separated by filter paper No.42 and the filtrate were collected

and then analyzed for final heavy metals concentration by AAS.

3.6. Data analysis

The adsorption efficiency of heavy metals was determined using this equation.

Adsorption efficiency (%) = [initial concentration — final concentration ] *100

initial concentration

Statistically processed using SPSS for windows program has been performed
for the Analysis of Variance (ANOVA) and Duncan’s Multiple Range Tests (DMRT)

at a 95 % confidence level used to test for statistically significant.
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CHAPTER IV
RESULTS AND DISCUSSION

This chapter presents the results and discussion obtain from the experiments in
laboratory scale for the removal of heavy metals in synthetic wastewater using
bentonite adsorption. The details are described as follows:

4.1 Chemical and Physical Properties of bentonite

The analysis of bentonite in this work was kindly offered by Volclaysiam Co.,
Ltd, Rayong Province. The characteristics of bentonite used in this work were grey
color powder, the pH value was 9.34 and cation exchange capacity (CEC) was 40
cmolc/kg. The phases present in bentonite was detected by X-ray diffractrometer. As
the results shown in Figure 4-1, the bentonite sample comprised the mineral phases of
quartz, albite and montmorillonite. Montmorillonite is 2:1 layer silicate type that it has
interlayer space causes montmorillonite to take on shrink swell properties. This causes
to encourage the capacity of bentonite to adsorb the heavy metal ions.(47)

The chemical composition of bentonite using X-ray fluorescence spectrometer
were shown in Table 4-1, it is demonstrated that silica (SiO,), alumina (Al,O5) are the
main oxides, and a significant percentage of Fe,O3, CaO, MgO and Na,O in some
samples. According to the typical chemical analysis result in Table 4-1, it is showed
that the most components of bentonite were silica (SiOz) and alumina (Al,O3) , in
which its surface classified as silanol group, and plenty of adsorbing the polar ions.(9)
As well as Kashi et al.(59) research who reported that the silica components in

adsorbent were accepted as the adsorptive properties.
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Figure 4-1 X-ray diffraction pattern of bentonite

Table 4-1 Chemical composition of bentonite
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Sio, 62.05
Al,O4 20.50
Fe,03 5.72
CaO 4.16
MgO 3.86
Na,O 2.38
K,0 0.71
TiO, 0.20
P20s 0.08
BaO 0.05
ZrO, 0.03
Total 99.72
LOI at 1,025 °C 9.29

Remark: * Dry ash free basis.
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The surface structure of bentonite was observed by Scanning Electron
Microscope (SEM) as shown in Figure 4-2 and Figure 4-3, they are indicated that
bentonite particles consists mainly of irregular shape with a board particle size
distribution are observed throughout this sample. The diameters of bentonite particle
are found to be between 0.31-103.58 um and the most of particle sizes are between 1-
30 um. The results of particle size distribution of bentonite are shown in Figure 4-4

and Appendix B.

Figure 4-3 Morphology of bentonite with magnification of x 10,000
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Numerous studies have reported that the particle size of adsorbent is
particularly affected to the adsorption capacity, the smaller size could give higher
capacity than the larger size (6). The increase of adsorption capacity for smaller
particles is perhaps due to the increase in external surface area for non-porous
material. Smaller particles of bentonite contain larger area of surface having active
sites than the larger particle. (60)

The characteristics of bentonite such as specific surface area, pore volume and
pore size average of bentonite were analyzed by B.E.T. Surface area and pore.
According to the results shown in Figure 4-4, it is the result of particle size distribution
of bentonite, which its size are ranging from 0.31 — 76.32 um. The average surface
area, pore volume and pore size were 42.08 m%g, 0.06712 cm®g and 51.13 A°,
respectively. The surface area of bentonite is significant parameter to heavy metal
removal efficiency or adsorption capacity. This surface area would increases with
decreasing of particle size, because the smaller bentonite particles the more available
sites for metal ion adsorption than the larger particles. Another reason of increasing
adsorption capacity of bentonite to the heavy metal is the high cation exchange
capacity (40 cmol, kg™) so that the CEC is a quantitative measure of all the cations

adsorbed on the surface of the soil colloids. (7)
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Figure 4-4 Particle size distribution of bentonite
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4.2 Optimum conditions of bentonite adsorption

This experiments has been carried out using single heavy metal solution, and
they are classified into three parts depending on the studied parameter, namely effect
of contact time, amount of bentonite and pH. The results obtained are described as

follows:

4.2.1 Effect of contact time

The experiment on the effect of contact time on the equilibrium adsorption of
heavy metal using bentonite was investigated. The behavior of contact time on heavy
metal (nickel, zinc and manganese) adsorption were measured by varying the
equilibrium contact time between the adsorbate and adsorbent in the range of 1, 2, 3
and 4 hr. They were conducted by the addition of 1 g adsorbent to 100 ml of 40 mg/I
of heavy metal solution concentration in 250 ml Erlenmeyer flask, then place on a

rotary shaker with 150 rpm agitation until reach the assigned contact time.

Table 4-2 Effect of contact time to heavy metal removal by bentonite adsorption

Contact time Nickel Zinc Manganese
(hr) Residual | Adsorption | Residual | Adsorption | Residual | Adsorption
conc. efficiency conc. efficiency conc. efficiency

(mg/l) (%) (mg/l) (%) (mg/l) (%)
1 0.284 99.29 a 1.472 96.32 a 0.464 98.84 a
2 0.300 99.25 b 1.508 96.23 b 0.476 98.81 b
3 0.288 99.28 a 1.480 96.30 ¢ 0.488 98.78 ¢
4 0280 | 99.30 a 1480 | 96.30 ¢ 0.464 98.84 a

Remark: The difference of alphabets -in each column statistically show the significant difference with the
confidencial limit of 95% by DMRT.
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Figure 4-5 Effect of contact time to heavy metal removal by bentonite adsorption.

As the results shown in Table 4-2 and Figure 4-5, the results of nickel
adsorption efficiencies at contact time of 1, 2, 3 and 4 hr were 99.30%, 99.25%,
99.28% and 99.30%, respectively. The highest adsorption is appeared at 4 hr, and the
contact time of 1, 3 and 2 hr are orderly the following. Regarding statistical analysis,
it is found that there were not significantly differences (p>0.05) between the results of
the contact time at 1, 3 and 4 hr, but they are significantly differences with 2 hr
(p<0.05). Therefore, the optimum contact time for nickel using bentonite should be at
1 hr.

The results of zinc adsorption efficiencies at contact time of 1, 2, 3 and 4 hr
were 96.32%, 96.23%, 96.30% and 96.30% respectively. The highest adsorption is
appeared at 1 hr but slightly differences with the others. Regarding statistical analysis,
it can be seen that there were significantly differences at contact time of 1 hr with 2, 3,
4 hr. (p<0.05). However, there were not significantly differences (p>0.05) in
adsorption efficiency at the contact time of 3 hr and 4 hr. Therefore, the optimum
contact time for zinc using bentonite should be at 1 hr.

The results of manganese adsorption efficiencies at the contact time of 1, 2, 3
and 4 hr were 98.84%, 98.81%, 98.78% and 98.81%, respectively. The highest result

is appeared at 1 hr, while 2, 4 and 3 are orderly the following. By statistical analysis,
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it is confirmed that the appropriate contact time is 1 hour as there was significantly
difference (p>0.05) between the results of 1 hr with 2, 3, and 4, hr.

Regarding, the residual concentration of nickel, zinc and manganese after
adsorption by bentonite at various contact time, they were reached the equilibrium
within 1 hr. Therefore, contact time of 1 hr was found to be appropriate for the
maximum adsorption efficiency. And the results obtained from section 4.2.1 have
shown the influence of contact time to removing heavy metal by bentonite, because at
the beginning state, adsorption rate of bentonite is dramatically increased and then
reached the constant rate within 1-2 hr causing higher adsorption rate than desorption
rate. This is due to the active site of surface area of bentonite is decreased during the
process. The mechnism can be explained that active site is caught by heavy metal ion,
when the time passing, active site for adsorbing ion is reduced affecting the decreasing
of adsorption rate. (61) This results was supported by work done by Sriketphet S. (47)
who reported that the equilibrium time to adsorb lead, zinc, cadmium and chromium
by clay could be reached at about 1-2 hr. As well as the study of Koumanova B. and
Peeva Antova P. (62) who studied on the equilibrium time to removal p-chlorophenol
from aqueous solutions by bentonite, and the results showed that the necessary contact

time to be reached equilibrium was about 30 min.

4.2.2 Effect of amount of bentonite

The experiment on the effect of amount of bentonite to adsorption in single
heavy metal solution (nickel, zinc and manganese) were conducted. The concentration
of single heavy metal, pH and the contact time were fixed at 40 mg/l, 3.5 and 1 hr,
respectively. Various amount of 0.5, 1, 2 and 3 g of bentonite was added then
subsequently agitated at 150 rpm. The results of these reaction are shown in Table 4-3

and Figure 4-6.
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Table 4-3 Effect of amount of bentonite to removal heavy metal removal by bentonite
adsorption.

Amount of Nickel Zinc Manganese
bentonite Residual | Adsorption | Residual @ Adsorption | Residual : Adsorption
Q) conc. efficiency conc. efficiency conc. efficiency
(mg/l) (%) (mg/l) (%) (mg/l) (%)
0.5 1.396 96.51 a 1.376 96.56 a 1.728 95.68 a
1 0.104 99.74 b 0.196 99.51 b 0.456 98.86 b
2 0.044 99.89 ¢ 0.048 99.88 ¢ 0.156 99.61 c
3 0.020 99.95 ¢ 0.024 99.94 ¢ 0.144 99.64 c

Remark: The difference of alphabets in each column statistically show the significant difference with
the confidencial limit of 95% by DMRT.
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Figure 4-6 Effect of amount of bentonite to removal heavy metal removal by
bentonite adsorption.

In term of nickel adsorption efficiencies, the results of using amount of
bentonite of 0.5, 1, 2 and 3 g were 96.51%, 99.74%, 99.89% and 99.95%, respectively.
The highest adsorption capacity is appeared at using amount of bentonite 2 g.
However, the statistical analysis have shown that the results of nickel adsorption
efficiency using the amount of bentonite of 0.5, 1 and 2 g. are significantly difference
(p<0.05). But the adsorption efficiency using the amount of bentonite 2 g and 3 g.
were not significantly difference. Therefore, an appropriate amount of bentonite used
in the reaction should be 2 g.

In consideration to the results of zinc and manganese adsorption efficiencies, it

can be seen that they have the same trend, as nickel namely adsorption efficiency of
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using amount of bentonite 0.5 g (96.56%), 1 g (99.51%) and 2 g (99.88%). are
significantly difference (p<0.05), while the adsorption efficiency of using the amount
of bentonite 2 g (99.88%) and 3 g (99.94%). were also not significantly difference and
an highest amount of bentonite is 2 g.

In case of the manganese adsorption efficiencies, the results seem to be the
same trend but slightly lower than nickel and zinc. The adsorption capacity of using
amount of bentonite 0.5, 1, 2 and 3 g were 95.68%, 98.86%, 99.61% and 99.64%,
respectively, with highest capacity at 3 g. of bentonite. Regarding statistical analysis,
there were not significantly differences (p<0.05) of using of 2 g. and 3 g, while using
amount of bentonite of 0.5, 1 and 2 g. were significantly differences (p>0.05).
Consequencely, amount of bentonite at 2 g. is considerately appropriate for maximum
adsorption efficiency

As aboved mention, the percentage of adsorption increase with increasing the
amount of bentonite. However, amount of bentonite of 2 g were found to be
appropriate for maximum adsorption for nickel, zinc and manganese and were used in
all subsequent measurements. And the results in section 4.2.2 showed that the amount
of bentonite affected the adsorption of heavy metal, because the adsorption efficiency
of solutes increases with increasing amount of bentonite. The adsorption efficiency
increases its level according to the amount increased for bentonite at an appropriate
level. Through there is an increase for bentonite, the adsorption efficiency remains the
same as a result of the limited space. The dispersal of bentonite particle does not go
well. The outter film of dissolvent that shielded the soil becomes thinner (9) which

may cause less adsorption efficiency.

4.2.3 Effect of pH

The experiment on the effect of pH on bentonite adsorption in single heavy
metal solution (nickel, zinc and manganese) has been performed, using 250 ml
Erlenmeyer flasks. The 100 ml of each heavy metal solution with 40 mg/l
concentration were used, then they were varied the pH at 4, 5, 6 single and the amount

of bentonite 2 g were added and agitated at 150 rpm in a rotary shaker at 1 hr.
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Table 4-4 Effect of pH to heavy metal removal by bentonite adsorption.

Nickel Zinc Manganese
pH Residual | Adsorption | Residual | Adsorption | Residual | Adsorption
conc. efficiency conc. efficiency conc. efficiency

(mg/l) (%) (mg/l) (%) (mg/l) (%)
4 0.024 99.94 a 0.036 99.91 a 0.152 99.62 a
5 0.032 99.92 a 0.024 99.94 b 0.108 99.73 b
6 0.032 99.92 a 0.032 99.92 ¢ 0.136 99.66 c

Remark: The difference of alphabets in each column statistically show the significant difference with
the confidencial limit of 95% by DMRT.
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Figure 4-7 Effect of pH to heavy metal removal by bentonite adsorption.

As the results shown in Table 4-4 and Figure 4-7,

the results showed that the

nickel adsorption efficiency at pH 4, 5 and 6 were of 99.94%, 99.92% and 99.92%,

respectively, with the highest adsorption capacity at pH 4. However, by statistical

analysis, there were not significantly different (p>0.05) of the nickel adsorption

efficiency at the pH 4, 5 and 6. Therefore, pH 4 was found to be appropriate for

maximum adsorption efficiency.

The zinc adsorption efficiencies at pH 4, 5 and 6 were 99.91%, 99.94% and

99.92%, respectively. It can be seen that they are slightly difference. But regarding

statistical analysis there were not significantly differences (p<0.05) at the pH 4, 5 and

6. The adsorption efficiency at pH 4 were not significant at pH 6 and pH 5 were not

significant at pH 6. Therefore, pH 5 was found to be appropriate for maximum

adsorption efficiency.
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The manganese adsorption efficiencies at pH 4, 5 and 6 were 99.62%, 99.73%
and 99.66%, respectively, with highest capacity at pH 5. However, it is statistically
appeared that there were significantly differences in manganese adsorption efficiency
at pH 4, 5 and 6. (p<0.05). Therefore, pH 5 is probably appropriate for maximum
adsorption efficiency.

In fact the effect of pH on heavy metal adsorption capacity of soil are
depending on several mechanisms in soil. In addition, the pH is also affected by
cation adsorption site of soil particle, metal species and type of charge at soil surface.
The importance of pH to adsorption capacity has also mentioned by Orumwense F.
(63), who work to removal of lead by adsorption on kaolinite and stated that the pH of
the synthetic solution is an important variable which controls adsorption of the metal
at the clay-water interfaces. In case of decreasing of the heavy metal adsorption, it is
probably duing to a reduction of negative surface charges on the clay. As the pH level
very much affected to the hydrogen ion (H") on the surface of bentonite. Whenever,
the low pH has been applied in the adsorption process, the large amount of hydrogen
ion (H") will be released and presented in the solution, Therefore, it is unable to adsorb
the heavy metal as good as the solvent with high pH level, duing to competition with
ion of heavy metal to acheive areas of the adsorption. (48)

As we can see from the results of this work that the bentonite has high
adsorption efficiency for heavy metal. Moreover, we also found that after the
dissolvent contacts with bentonite, the pH level will be rising up until it becomes
precipitated. Since bentonite is an alkaline that cause to dispersion of the hydroxyl
group (OH™ ) on the surface of bentonite. The dispersed hydroxyl group (OH" )
combined with heavy metal ion in the solvent which cause heavy metal precipitation.
Otherwise, it is as a result of positive ion of which is interchanged on the surface of
clay with high pH level. The interchange of positive ion and hydrogen ion (H") which
dispersed from H,O ,cause the hydroxyl group (OH™ ) occured in the solvent. This
hydroxyl group (OH" ) will then combine with ion of heavy metal which also cause
precipitation in heavy metal. Thus the adsorption efficiency of heavy metal in
synthetic wastewater occured by bentonite. (47)  Generally, Adsorption and
precipitation process are occured at the same time when heavy metal solution and
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bentonite are combined at particular pH level. However, the obtainable pH level that
suitable for adsorption of nickel, zinc and manganese are 4, 5 and 5 respectively.

These results are in agreement with the result conducted by Chieychaiyaphum
P. (25), who indicated the efficiency of bentonite in removing arsenic zinc lead
cadmium and mercury, and also the maximum efficiency to heavy metals removal at
pH 5. This work is also consistent to work done by Alfaro (64) who reported that the
maximum efficiency of bentonite in removing phenol is at pH 4-5. while at the pH 3.5
in removing lead is also reported by Naseem R. (65). Moreover, work done by
Aualiitia and Pickering (66) have also reported on the adsorption efficiencies of
copper, lead and cadmium by montmorillonite clay, showing that the adsorption
efficiency of solutes would be increased with increasing of pH level.

In addition, it can be also seen that after adsorption reaction the pH would be
increased from initial pH of 4 and 5 to the final of 8 — 9 in which it is the level that
lower than the standard of wastewater discharge. In case of the adsorption reaction of
bentonite at the initial pH of 6, it is appeared that the final pH level become to be 9
which is higher than the standard of wastewater discharge. For the heavy metal
concentration in the reaction became lower than 0.2 mg./l and the wastewater standard
which has spacified the discharged level of Ni <1 mg./l and Zn and Mn < 5 mg./I
with the pH level of Ni not less than 5.5 and not more than 9 for Zn and Mn.(see in
appendix) These results have demonstrated the suitable initial pH for the adsorption
reaction of bentonite, which should not be started at the higher level of 5, as it is

potentially become an unqualified wastewater discharge.

4.3 Effect of pH to mixed heavy metal adsorption

The experiment has been conducted in order to findout an optimal condition of
mixed heavy metal adsorption by using bentonite. In this case various kind of metal,
nickel, zinc, and manganese, have been used to prepare mixed solution as a
representative of wastewater. Each single solution at the concentration of 40 mg/I.
has been prepared. Then 100 ml of each metal has taken and throughtly well-mixed
and adjust pH to various level of pH of at 4, 5, and 6. Differently, A 100 ml of mixed
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solution at each pH level has been taken as a sample then addition of bentonite 2 g has

been applied and agitated at 150 rpm in a rotary shaker with 1 hr.

Table 4-5 Effect of pH to mixed metals solution removal by bentonite adsorption.

Nickel Zinc Manganese
pH Residual | Adsorption | Residual | Adsorption | Residual | Adsorption
conc. efficiency conc. efficiency conc. efficiency

(mg/l) (%) (mg/l) (%) (mg/l) (%)
4 0.016 99.88 a 0.016 99.88 a 0.051 99.62 a
5 0.012 9991 a 0.011 99.92 a 0.041 99.69 b
6 0.017 99.87 a 0.015 99.89 a 0.048 99.64 a

Remark: The difference of alphabets in each column statistically show the significant difference with
the confidencial limit of 95% by DMRT.
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Figure 4-8 Effect of pH to mixed metals solution removal by bentonite adsorption.

As the results shown in Table 4-5 and Figure 4-8, it can be explained that
nickel adsorption efficiencies in mixed heavy metals solution at pH 4, 5 and 6 were
99.88%, 99.91%, and 99.87%, respectively. It can be seen that the efficiency does not
increase more than 1% when pH is developed from 4 to 5 and the most effective pH
value was 5 where the adsorption efficiency decreases thereafter. In addition, there
was not significantly difference in adsorption efficiency between nickel in single
heavy metal solution and mixed heavy metals solution. The nickel adsorption

efficiency in single heavy metal solution at pH 4, 5, and 6 were 99.94%, 99.92%, and
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99.92% respectively. It also can be observed that at pH 4 can give rise to the
maximum adsorption efficiency for single heavy metal solution.

The zinc adsorption efficiencies in mixed heavy metals solution at pH 4, 5, 6
were 99.88%, 99.92%, and 99.89%, respectively. Although, the maximum adsorption
efficiency can be obtained when pH 5 was carried out. But by statistic analysis, it can
be seen that there were not significantly difference in adsorption efficiency among
those three pH levels. Therefore, the suitable pH should be at 4. In comparison to
single heavy metal solution, it was no difference of zinc adsorption efficiency between
single heavy metal solution and mixed heavy metals solution. The zinc adsorption
efficiency in single heavy metal solution at pH 4, 5, and 6 were 99.91%, 99.94%, and
99.92% ,respectively. It can be noted that pH 5 can affect the maximum adsorption
efficiency for single heavy metal solution.

The efficiency of manganese adsorption in mixed heavy metals solution at pH
4, 5, and 6 were 99.62%, 99.69%, and 99.64%, respectively. The highest result is
appeared at the pH level of 5, while at the pH 4 and 6 are not statistically difference.
Therefore, the most effective pH value is of 5 which is the same as the manganese
adsorption in single heavy metal solution (99.62%, 99.73%, and 99.66%) respectively.

The result shown that the adsorption of the heavy metals was inhibited due to
the existing metals consisted in the same solution. This decreasing of adsorption
capacity affected by the presence of other metals. (37) This also agreed with the
results of Julita et.al. (67) who reported that the adsorption from the single metal
solution was more effective than adsorption under mixed metals solution condition,
due to competitive effects. The heavy metal, such as cadmium, copper, lead and zinc
were removal from the solution and adsorbed on the difference soil were not
significant difference in the metal removal from single and mixed heavy metals
solution was observed.

In case of changing pH level after adsorption reaction, we can see the same
behaviour of those three heavy metal. As at initial pH of 4 and 5, they become to be
8-9 and lower than the wastewater standard. If the initial pH higher than this level, it
is potentially became an unqualified wastewater that should not be discharged. In part
of heavy metal concentration in the reaction it seem to be lower than the standard.
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However, in case of using bentonite with wastewater from industrial sector
which have varied in both quantity and quality as to the presence of many type of
contaminants. All contaminants may cause decreasing of adsorption efficiency due to
the foreign ions competition and also synergistic effect of the reaction.. Therefore, to
be received a realistic results the experiment using real wastewater from various
industry should be tried. In addition, the influence of various factors that involves the
reaction should be studied. As we can see the involved results from work done by
many workers. Jungtiyanont U. (37) who has studied on adsorption reaction of Cu, Pb
and Ni using pelletised sludge and found that adsorption efficiency of using industrial
wastewater has dscreased when compared with mixed metal synthetic wastewater.

This is duing to the heavy metal competition in the reaction solution.

4.4 Adsorption isotherm

Experiments were conducted for finding the adsorption isotherm of nickel, zinc
and manganese on bentonite by adding 2 g of adsorbent to initial heavy metal
concentration approximately ranging from 20-90 mg/l. The pH of each heavy metal
solution was adjusted to the every heavy metal concentration to equal the highest
concentration (90 mg/l), because since the bentonite has an alkaline property it can
lead to high pH value affecting heavy metal precipitation. Adjusting pH value of the
heavy metal solution to low range is necessary for this experiments.

The resulting data of heavy metal solution were calculated to carried out the
adsorption isotherm using the Langmuir and Freundlich model. In this work, both
models were applied to describe the relationship between the amount of heavy metal
adsorbed and its equilibrium concentration in solution. (68) The Langmuir model has
assumption that the equilibrium is attained when a monolayer of the adsorbate
molecules saturates the adsorbent. While Freundlich model assumes heterogeneous
surface energies, in which the energy term in the Langmuir equation varies as a
function of the surface coverage. (42)

As the results from Table B-2 in Appendix B, all residual concentration (Ce) of
nickel, zinc and manganese after adsorbed by bentonite was plot of Ce/Qe versus Ce
for Langmuir model as shown in Figure 4-9, whereas the Freundlich model was plot of

logCe versus log Qe as shown in Figure 4-10, and values of the constants for each
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heavy metal were determined after linearizing the equations through linear regression

analysis.
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Figure 4-9 Langmuir adsorption isotherm for nickel (a), zinc (b), and manganese (c)

using bentonite as adsorbent.
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Figure 4-10 Freundlich adsorption isotherm for nickel (a), zinc (b), and manganese (c)

using bentonite as adsorbent.
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Table 4-6 Constants and Correlation coefficients by heavy metal adsorption

Heavy metal Langmuir model , Freundlich model ,
Xm b R K 1/n R
Nickel 2.8150 0.0586 0.9071 0.3654 0.4591 0.9415
Zinc 3.3510 0.0410 0.8106 0.2833 0.5346 0.9037
Manganese 2.8113 0.0479 0.8645 0.2760 0.5201 0.9225

According to the results shown in Table 4-6, it can be seen that the Langmuir
equation were fitted to the data with the Least square fit (R? of nickel, zinc and
manganese were 0.9071, 0.8106 and 0.8645, respectively. For the Freundlich equation
the value of R? of nickel, zinc and manganese were 0.9415, 0.9037 and 0.9225,
respectively. The all constant values in Langmuir (Xm,b) and Freundlich (K,1/n)
equations were also presented in Table 4-6.

The experimental data of these three metals on bentonite could be well
described by the Freundlich model, because the regression line obtained from the
Freundlich curve were obviously fit better than the Langmuir curve, the relation
between residual heavy metal concentration and adsorption capacity on bentonite
which were like L shaped type isotherm. The adsorption behavior could be explained
by the high affinity of bentonite for nickel, zinc and manganese at low concentrations.
(69)

The constant value (K) that the Freundlich equation for nickel, zinc and
manganese were 0.3654, 0.2833 and 0.2760, respectively. The value of 1/n from the
Freundlich equation of nickel, zinc and manganese were 0.4591, 0.5346 and 0.5201,
respectively. The value of 1/n is usually between 0.2 to 0.7 and the value of n between
2 to 10 shows good adsorption. (65) The results of n constants for nickel, zinc and
manganese were 2-3 and the maximum of n constant was of nikel.

The calculated n value was qualitatively related to the distribution of site
bonding energies. The n values for all the studied were higher than 1, which may
indicated that the energies of adsorption were decreased with the increase in surface
area of bentonite covered the heavy metal ion. (69) And 1/n values were lower than 1
indicate that the adsorption capacity is on slightly reduced at the lower equilibrium

concentrations. (54)
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4.5 The affinity of selective adsorption for heavy metal on bentonite

From the results in adsorption isotherm experiments, the K values in
Freundlich equation (Table 4-6), the values of which express the selective uptake of
heavy metal and affinity of adsorbent, can be used to compare the adsorptive capacity
of adsorbent for different components (37). It demonstrated the order of heavy metal
removal efficiency on K value of bentonite was nickel (K = 0.3654) > zinc (K =
0.2833) > manganese (K = 0.2760) (Ni > Zn > Mn), the results were in agreement with
work done by Serrano et.al (70) who studied on the comparison of K values by
difference soils for single metal solutions (lead, cadmium) and binary metal solutions
(lead, cadmium), although all soils showed that the greater affinity for lead (Pb) than
for cadmium (Cd) as Kpp > Kcg. As well as the study of Bradl (71) have reported the
affinity of selective adsorption by humic acids and peat were of Cu > Pb > Fe > Ni =
Co =Zn > Mn = Ca. Moreover, Abollino et.al. (72) have also reported that the affinity
of selective adsorption by clay was of Cr > Cu > Ni > Zn > Cd > Pb > Mn.

There have been many work that used The Hard and Soft Acids and Bases
principle (HSAB) for predicting cation selectivity in clays. (73) The HSAB, the cation
ion to call Lewis acid and anion ion Lewis base, stated that hard acids prefer to form
complex or react with hard bases (i.e., bentonite) and soft acids prefer to form
complex or react with soft bases. Morever, the all properties of hard acids, which
heavy metal has high electronegativity, are small ionic size and low polarizability.
Oppositly, all properties of soft acids, which heavy metal has low electronegativity,
are large ionic size and high polarizability. (22, 73)

Therefore, the HSAB principle can only be considered the electronegativity,
and ionic size of nickel, zinc and manganese. The result as determined with HSAB
principle indicated that the observed sequence is correlated neither with the sequence
of their ionic radii ; nickel (0.69 A% < zinc (0.74 A%) < manganese (0.80 A°) nor with
the sequence of their electronegativity ; manganese (1.6) < zinc (1.7) < nickel (1.8).
(74) It was found that the selective adsorption affinities on bentonite for nickel and
zinc were higher than for manganese. (Ni > Zn > Mn)

As mentioned above, these results were in agreement with work done by
Sriketphet S. (47) who stated that the order of heavy metal removal was correlated to

the electronegativity which were 2.33, 1.69 and 1.65 for lead, cadmium and zinc,
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respectively. The order of the adsorption capacity for clays were found to be orderly
for heavy metals of lead > cadmium > zinc (Pb > Cd > Zn). Thus, it can be seen that

those results are consistent to the HSAB principle.
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CHAPTER V
CONCLUSION AND RECOMMENDATION

5.1 Conclusions

From the experimental results it is demonstrated that bentonite is able to be an
alternative raw material for heavy metal adsorption. On the basis of the results
reported in the present investigation, the conclusion can be drawn are as follows:

The characteristics of bentonite used in this work were grey powder, pH 9.34,
CEC 40 cmol./kg, particle size 0.31-103.58 pm, surface area 42.08 m?/g, pore volume
0.06712 cm®/g and pore size average 51.13 A°’. The chemical composition of
bentonite was mainly composed of silica (SiO;) and alumina (Al,O3) and the phases
present in bentonite was comprised of albite, montmorillonite and quartz.

The results from this work showed that the contact time of approximately 1 hr
was required on bentonite to reach the equilibrium to removal nickel, zinc and
manganese in synthetic wastewater. And the amount of bentonite necessary to remove
nickel, zinc and manganese in synthetic wastewater were 2 g for 40 mg/l of each
heavy metal in 100 ml solution. The optimum initial pH for adsorption of nickel, zinc
and manganese were pH values of 4, 5 and 5, respectively and the adsorption
capacities of mixed heavy metals solution was pH value of 4.

In addition, the evaluation of the adsorption capacity on bentonite showed that
this clay was a good sorbent towards all examined heavy metals and the removal
efficiencies of heavy metals on bentonite decrease with increasing the concentration.
Considering both predicting models of this experiments, the adsorption isotherm data
fit well with the Freundlich model indicating that the adsorption followed and the
selective heavy metals adsorption on bentonite was shown as nickel > zinc >
manganese.

The utilization of bentonite to removal heavy metals will help in alternative

method for the treatment of heavy metals in wastewater and health hazard problem.
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5.2 Recommendations

5.2.1 The experiments to removal heavy metals in wastewater by adsorption on
bentonite should be further conducted in experimental column using bentonite on the
pilot scale operation.

5.2.2 The comparative study should be conducted concerning the adsorption
capacity of heavy metals with the other adsorbents.

5.2.3 An investigation of leaching test is recommended for further study.

5.2.4 The regeneration of adsorbent should be further investigated.

5.2.5 The adsorption capacity of bentonite using industrial wastewater should

be further studied.
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Appendix B
Experimental Results

Particle size distribution data of bentonite

Sizerange (um) Vol%  %finer Size range (um) Vol % %finer
0.00-0.31 0 0 5.69-6.63 5.64 64.15
0.31-0.36 0.02 0.02 6.63-7.72 5.03 69.18
0.36-0.42 0.10 0.13 7.72-9.00 4.31 73.48
0.42-0.49 0.22 0.35 9.00-10.48 3.57 77.05
0.49-0.58 0.39 0.73 10.48-12.21 2.89 79.94
0.58-0.67 0.60 1.34 12.21-14.22 2.33 82.27
0.67-0.78 0.90 2.24 14.22-16.57 1.89 84.16
0.78-0.91 1.34 3.58 16.57-19.31 1.58 85.74
0.91-1.06 1.82 5.40 19.31-22.49 2.04 87.77
1.06-1.24 239 71.75 22.49-26.20 2.25 90.02
1.24-1.44 291 10.66 26.20-30.53 2.15 92.17
1.44-1.68 3.49 14.16 30.53-35.56 2.01 94.18
1.68-1.95 4.08 18.24 35.56-41.43 1.79 95.97
1.95-2.28 4.66 22.90 41.43-48.27 1.47 97.44
2.28-2.65 5.20 28.11 48.27-56.23 1.10 98.54
2.65-3.09 5.69 33.79 56.23-65.51 0.72 99.26
3.09-3.60 6.06 39.85 65.51-76.32 0.43 99.69
3.60-4.19 6.28 46.13 76.32-88.91 0.22 99.91
4.19-4.88 6.29 52.43 88.91-103.58 0.09 100
4.88-5.69 6.08 58.51 103.58-120.67 0 100

Source: Tested by Scientific and Technological Research Equipment Center, Chulalongkorn University.
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The final concentration of heavy metal at various concentration and adsorption

capacity for adsorption isotherms

Heavy Initial conc. | Final conc. | Adsorption | Ce/Qe | LogCe | Log Qe
metal (mg/l) (mg/l) capacity
Ci Ce (Qe, x/m)
Nickel 20 5.240 0.738 7.1 0.719 -0.132
30 8.100 1.095 7.397 0.908 0.039
40 15.700 1.215 12.922 1.196 0.085
50 21.5 1.423 15.144 1.333 0.153
60 28.05 1.598 17.553 1.448 0.204
70 32.05 1.898 16.886 | 1.506 0.278
80 42.425 1.879 22.578 1.628 0.274
90 43.575 2 3 18.774 1.639 0.366
Zinc 20 5.45 0.728 7.486 0.736 | -0.138
30 9.2 1.04 8.846 0.964 0.017
40 15.895 iv1 A 13.191 1.201 0.050
50 AN 1.205 14.626 1.325 0.081
60 28.775 1.561 18.434 1.459 0.193
70 34.6 1.77 19.548 1.539 0.248
80 36.275 2.186 16.594 | 1.560 0.340
90 41.325 2.434 16.978 1.616 0.386
Manganese 20 6.475 0.676 9.578 0.811 -0.170
30 10.475 0.976 10.733 1.020 -0.011
40 16.425 1.179 13.931 1.216 0.072
50 19.575 1.521 12.87 1.292 0.182
60 29.35 1.533 19.145 1.468 0.186
70 39.325 1.534 25.636 | 1.595 0.186
80 40.375 1.981 20.381 1.606 0.297
90 46.475 2.176 21.358 1.667 0.338
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Appendix C
Experimental Instrument

Atomic Absorption Spectrometer

Microwave Digestion
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X-ray fluorescence spectrometer Particle size laser analyzer

B.E.T. Surface area and pore
(Autosorbl)
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Appendix D
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Microwave Digestion

Summary
This method provides for the acid digestion of wastewater in a closed vessel
device using temperature control microwave heating for the metal determination by

spectroscopic methods.

Microwave equipment
1. Milestone ETHOS PLUS labstation
2. CEM Mars X

Sample amount

45 ml of wastewater

Reagents
3 ml of HNO; 65% and 2 ml of H,0, 30%.

Procedure

1. Place a TFM vessel on the balance plate.

2. Introduce the TFM vessel into the HTC safety shield.

3. Add the acids; If part of the sample stays on the inner wall of the TFM
vessel, wet it by adding acids drop by drop, then gently swirl the solution to
homogenize the sample with the acids.

4. Close the vessel and introduce it into the rotor segment, then tighten by
using the torque wrench.

5. Insert the segment into the microwave cavity and connect the temperature
sensor.

6. Run the microwave program to completion.

7. Cool the rotor by air or by water until the solution reeches room
temperature.

8. Open the vessel and transfer the solution to a marked flask.
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Microwave program

Step Time Temperature Microwave power
1 10 minutes 180°C up to 1000 Watt
2 15 minutes 180°C up to 1000 Watt

Notes

Use up to 500 Watt for operations with 3 or less vessels simultaneously.

In case of exothermal reaction leave the vessels open for few minutes after
addition of the oxidizing acids mixture, then cap the vessels and close them with the
torque wrench. The sample is intended as dry organic material and may be increased
up on experience.

This procedure is only a guideline and it may need to be modified or changed
to obtain the required results on your sample.

Always use hand, eye and body protection when operating with the microwave

system.
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Sum of Squares df Mean Square F Sig.
Between Groups .003 3 .001 8.244 .008
Within Groups 001 8 .000
Total .004 11
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum [Maximum
Deviation Lower Upper
Bound Bound
timelhr 3 99.2867 | .01528 .00882 | 99.2487 | 99.3246 99.27 99.30
time2hr 3 99.2533 | .01155 .00667 | 99.2246 | 99.2820 99.24 99.26
time3hr 3 99.2800 | .01000 .00577 | 99.2552 | 99.3048 99.27 99.29
time4hr 3 99.2967 | .00577 .00333 | 99.2823 | 99.3110 99.29 99.30
Total 12 99.2792 | .01929 .00557 | 99.2669 | 99.2914 99.24 99.30
Contact time_Zn_Single solution
Sum of Squares df Mean Square F Sig.
Between Groups .013 3 .004 27.702 .000
Within Groups 001 8 .000
Total .014 11
Descriptive statistics
95% Confidence
N Mean Std. Std. Error| Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
timelhr 3 96.3233 | .01528 .00882 | 96.2854 | 96.3613 96.31 96.34
time2hr 3 96.2333 | .01528 .00882 | 96.1954 | 96.2713 96.22 96.25
time3hr 3 96.2967 | .01155 .00667 | 96.2680 | 96.3254 96.29 96.31
time4hr 3 96.2967 | .00577 .00333 | 96.2823 | 96.3110 96.29 96.30
Total 12 96.2875 | .03621 .01045 | 96.2645 | 96.3105 96.22 96.34
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Sum of Squares df Mean Square F Sig.
Between Groups .005 3 .002 11.373 .003
Within Groups .001 8 .000
Total .006 el
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
timelhr 3 98.8400 | .02000 .01155 | 98.7903 | 98.8897 98.82 98.86
time2hr 3 98.8100 | .01000 .00577 | 98.7852 | 98.8348 98.80 98.82
time3hr 3 98.7833 | .00577 .00333 | 98.7690 | 98.7977 98.78 98.79
time4hr 3 98.8133 | .00577 .00333 | 98.7990 | 98.8277 98.81 98.82
Total 12 98.8117 | .02329 .00672 | 98.7969 | 98.8265 98.78 98.86
Amount of bentonite_Ni_Single solution
Sum of Squares df Mean Square F Sig.
Between Groups 25.338 3 8.446 9130.883 .000
Within Groups .007 8 .001
Total 25.346 11
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
ben0.5g 3 96.5067 | .03055 .01764 | 96.4308 | 96.5826 96.48 96.54
benlg 3 99,7367 | .05132 .02963 | 99.6092 | 99.8641 99.68 99.78
ben2g 3 99.8900 | .01000 .00577 | 99.8652 | 99.9148 99.88 99.90
ben3g 3 99.9467 | .00577 .00333 | 99.9323 | 99.9610 99.94 99.95
Total 12 99.0200 | 1.51794 | .43819 | 98.0555 | 99.9845 96.48 99.95
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Amount of bentonite_Zn_Single solution

Sum of Squares df Mean Square F Sig.
Between Groups 23.662 3 7.887 7170.232 .000
Within Groups .009 .001
Total 23.671 e
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
ben0.5g 3 96.5567 | .03512 .02028 | 96.4694 | 96.6439 96.52 96.59
benlg 3 99.5067 | .05508 .03180 | 99.3699 | 99.6435 99.45 99.56
ben2g 3 99.8833 | .00577 .00333 | 99.8690 | 99.8977 99.88 99.89
ben3g 3 99.9400 | .01000 .00577 | 99.9152 | 99.9648 99.93 99.95
Total 12 98.9717 | 1.46693 | .42346 | 98.0396 | 99.9037 96.52 99.95
Amount of bentonite_Mn_Single solution
| Sumof Squares | df | Mean Square | F | Sig.
Between Groups 31.800 3 10.600 23555.901 .000
Within Groups .004 8 .000
Total 31.804 11
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
ben0.5g 3 95.6800 | .01000 .00577 | 95.6552 95.7048 95.67 95.69
benlg 3 98.8567 | .02517 .01453 | 98.7942 98.9192 98.83 98.88
ben2g 3 99.6067 | .02887 .01667 | 99.5350 99.6784 99.59 99.64
ben3g 3 99.6433 | .01528 .00882 | 99.6054 99.6813 99.63 99.66
Total 12 98.4467 | 1.70038 | .49086 | 97.3663 99.5270 95.67 99.66
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| SumofSquares | df [ Mean Square | F | Sig.
Between Groups .001 2 .000 3.111 118
Within Groups .001 6 .000
Total .001 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
pH4 3 99.9367 | .01528 .00882 | 99.8987 | 99.9746 99.92 99.95
pH5 3 99.9233 | .00577 .00333 | 99.9090 | 99.9377 99.92 99.93
pH6 3 99.9167 | .00577 .00333 | 99.9023 | 99.9310 99.91 99.92
Total 9 99.9256 | .01236 .00412 | 99.9161 | 99.9351 99.91 99.95
pH_Zn_Single solution
| SumofSquares | df [ Mean Square | F | Sig.
Between Groups .001 2 .001 4.727 .059
Within Groups .001 6 .000
Total .002 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
pH4 3 99.9100 | .01000 .00577 | 99.8852 | 99.9348 99.90 99.92
pH5 3 99.9367 | .00577 .00333 | 99.9223 | 99.9510 99.93 99.94
pH6 3 99.9167 | .01528 .00882 | 99.8787 | 99.9546 99.90 99.93
Total 9 99.9211 | .01537 .00512 | 99.9093 | 99.9329 99.90 99.94
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| SumofSquares | df [ Mean Square | F | Sig.
Between Groups .019 2 .009 25.364 .001
Within Groups .002 6 .000
Total .021 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation
Lower Upper
Bound Bound
pH4 3 99.6200 | .01000 .00577 | 99.5952 | 99.6448 99.61 99.63
pH5 3 99.7300 | .02646 .01528 | 99.6643 | 99.7957 99.70 99.75
pH6 3 99.6600 | .01732 .01000 | 99.6170 | 99.7030 99.65 99.68
Total 9 99.6700 | .05099 .01700 | 99.6308 | 99.7092 99.61 99.75
pH_Ni_mixed solution
| SumofSquares | df [ Mean Square | F | Sig.
Between Groups .003 2 .001 1.500 .296
Within Groups .005 6 .001
Total .008 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation Lower Upper
Bound Bound
pH4 3 99.8767 | .03055 .01764 | 99.8008 99.9526 99.85 99.91
pH5 3 99.9067 | .03786 .02186 | 99.8126 100.0007 | 99.88 99.95
pH6 3 99.8667 | .01528 .00882 | 99.8287 99.9046 99.85 99.88
Total 9 99.8833 | .03122 .01041 | 99.8593 99.9073 99.85 99.95
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| SumofSquares | df [ Mean Square | F | Sig.
Between Groups .002 2 .001 1.596 278
Within Groups .004 6 .001
Total .006 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |Maximum
Deviation Lower Upper
Bound Bound
pH4 3 99.8833 | .02517 .01453 | 99.8208 99.9458 99.86 99.91
pH5 3 99.9167 | .02082 .01202 | 99.8650 99.9684 99.90 99.94
pH6 3 99.8867 | .02887 .01667 | 99.8150 99.9584 99.87 99.92
Total 9 99.8956 | .02698 .00899 | 99.8748 99.9163 99.86 99.94
pH_Mn_mixed solution
| Sum of Squares | df | Mean Square | F |  Sig.
Between Groups .009 2 .005 18.130 .003
Within Groups .002 6 .000
Total .011 8
Descriptive statistics
95% Confidence
N Mean Std. Std. Error | Interval for Mean | Minimum |[Maximum
Deviation Lower Upper
Bound Bound
pH4 3 99.6167 | .02082 .01202 | 99.5650 | 99.6684 99.60 99.64
pH5 3 99.6933 | .01528 .00882 | 99.6554 | 99.7313 99.68 99.71
pH6 3 99.6400 | .01000 .00577 | 99.6152 | 99.6648 99.63 99.65
Total 9 99.6500 | .03674 .01225 | 99.6218 | 99.6782 99.60 99.71
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