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COLOR AND TOTAL SUSPENDED SOLID REMOVAL FROM TEXTILE
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TAMARIND-KERNEL OR LITCHI-KERNEL BY COAGULATION AND
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USSAWARUJIKULCHAL, Ph.D. (Environmental Engineering

ABSTRACT

The research objective was to study and compare color removal efficiency from textile
wastewater using chemical coagulation-flocculation by the jar test method which used alum
sludge treated with acid, alum sludge treated with acid with tamarind-kernel powder
suspension and alum sludge treated with acid with litchi-kernel powder suspension
(polyelectrolyte). The experiment used synthetic wastewater that was synthesized from mixed

textile wastewater. the dyes were: Dystar Indigo Gvan; Sulphur Black BR 200; Direct
Kayarus Blue BRL 200 and Reactive Cibacorn Blue CR) The experiment was divided into two
parts. In the first part, the pH was studied to ascertain the level at which color and Total
Suspended Solid (TSS) residues could be most efficiently coagulated using alum sludge treated
with acid only. In the second part, removal efficiency was studied by using alum sludge
treated with acid with tamarind-kernel powder suspension and alum sludge treated with acid
with litchi-kernel powder suspension to coagulate color and TSS residues.

With regard to the first part, residues from synthetic wastewater were most efficiently
coagulated at pH 7.0. Color and TSS were reduced by 21.68% and 25.09% respectively.
Residues from synthetic wastewater were most efficiently coagulated at 300 mg. Color and
TSS were reduced by 87.85% and 86.96% respectively.

The optimum conditions for increased color and TSS removal efficiency were when
using alum sludge treated with acid with tamarind-kernel powder suspension of > 5 mg/L and
litchi-kernel powder suspension of > 3 mg/L. Optimum concentrations of tamarind-kernel
powder suspension and litchi-kernel powder suspension for color and TSS removal were 11
mg and 7 mg respectively. The best color and TSS removal efficiency of tamarind-kernel
powder suspension and litchi-kernel powder suspension were 87.88% and 96.74%, 100% and
100% respectively. But the Chemical Oxygen Demand (COD) value was increased.

Results from this study shows that > 5 mg/L and > 3 mg/L of tamarind-kernel powder
suspension and litchi-kernel powder suspension increased color and TSS removal efficiency.

KEY WORDS : COLOR AND TOTAL SUSPENDED SOLID REMOVAL /
TEXTILE WASTEWATER / COAGULATION /
FLOCCULATION / NATURAL POLYMER
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CHAPTER I
INTRODUCTION

1.1 State of problem

Nowadays, pollution seems to be a crucial problem. One can see that most of
the big cities or factory areas have a problem on eliminating toxic waste from their
production process. It is easy to dispose of waste by dumping it into a river or lake. In
large or small amounts, dumped intentionally or accidentally, it may be carried away
by the current, but will never disappear. It will reappear downstream, sometimes in
changed form, or just diluted. Freshwater bodies have a great ability to break down
some waste materials, but not in the quantities discarded by today’s society. This

overload that results, called pollution, eventually puts the ecosystem out of balance
(D).

In Thailand, many natural water resources are seriously contaminated by toxic
chemicals from dyestuff industries. As one can see from the overall assessment
identified a number of pollution problems at the facility; which are, excessive hot
effluent, excessive use of water and softener in the washing process, poor color
fastness in some heavy shades showing less color exhaustion, excessive consumption
of auxiliary chemicals in dyeing process resulting discharging excessive pollution
load (BOD, COD, suspended solid, ammonia, acid, base, phenol an colorants) heavy

loss of chemicals by improper handling.

Removal of color seems to be a crucial problem of textile industries. There are
many different methods for removal of color. Such as adsorption, ozonation,
electrochemical, coagulation and flocculation with chemical reagents and
Biodegradation (2). Coagulation and flocculation seems to be an effective method for
color removal that is appropriate for undissolvable color; such as azo dye, disperse

dye, vat dye, pigment dye, sulfur dye and metalcomplex dye.



Panitta Hiranyaporn Introduction / 2

Alum is the most effective coagulant for coagulation and flocculation
treatment process. This is because alum has a high rate of eliminating undissolvable
color and mechanism of colloid removal by alum in coagulation and flocculation is
widespread so that to apply. Alum sludge in water treatment plant process has a
partial of alum that is not react with sediment give alum residuals that can reuse it for
coagulant it is interesting method and decreasing operation cost to get rid of sediment
from water treatment plant process (3). However, using massive alum can cause
sludge in drain water, which will be harmful to environment. In order to solve this
problem, Polyelectrolyte has brought into coagulation and flocculation method.
Powder from sour tamarind seed and litchi seed are compost of carbohydrate and
protein. This natural polyelectrolyte works well with alum because of the non-charge
of the powder can change to negative charge after dissolve with water that gives high
efficiency because floc of alum has positive charge, further more use coagulant aid

can reduce alum dose too (4) (5).

In Thailand, by product of tamarind seed and litchi seed is 20 tons by weight
per year (4) and 70 tons by weight per year, respectively (6). Utilization of tamarind
seed and litchi seed for wastewater treatment in textile factory is value-added of by
product. Therefore, this research will focus on removal of color and TSS using alum
sludge from water treatment plant process with tamarind kernel powder and litchi
kernel powder as a reactant in coagulation and flocculation so the result of this study
will be the guideline of alternative technique that can apply to treat wastewater from

textile factory.

1.2 Objectives

To study the efficiency of color and TSS removal by coagulation and
flocculation using only alum sludge treated with acid and using alum sludge treated
with acid with tamarind-kernel powder suspension an litchi-kernel powder suspension

in different ratio.
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1.3 Hypotheses

1. Alum sludge treated with acid could be used to remove color and TSS.

2. Alum sludge treated with acid with tamarind-kernel powder suspension
could be used to increase the removal efficiency color and TSS.

3. Alum sludge treated with acid with litchi-kernel powder suspension could

be used to increase the removal efficiency color and TSS.

1.4 Scope of study

A laboratory-scale jar test was prepared and fed with synthetic wastewater
Under ambient temperature at the Chemistry Laboratory of the Faculty of
Environmental and Resources, Mahidol University. The pH values were varied as 6.0,
7.0, 8.0, 9.0, 10.0 and 11.0. The concentrations of alum sludge treated with acid were
varies as 100, 150, 200, 250 and 300 mg. The concentrations of coagulant aids varied
as 3,5, 7, 9 and 11 mg/L corresponding to rapid mixing of 100 rpm at 3 minutes, slow
mixing of 30 rpm at 30 minutes and setting time at 30 minutes. The parameters of
color, TSS and COD were determined according to the Standard Methods (8). The
concentrations of aluminum was determined by using AA (Flame Atomic Absorption

Spectrophotometer).
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1.5 Conceptual framework

Independent variables
pH values as 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0
Concentrations of alum sludge treated with acid as
100, 150, 200, 250 and 300 mg

Concentrations of tamarind-kernel powder

suspension and litchi-kernel powder suspension as
3,5,7,9and 11 mg/L

©O O O o

Control variables

Synthetic wastewater

Rapid mixing 100 rpm at 3 minutes
Slow mixing 30 rpm at 30 minutes

Setting time at 30 minutes

\4

A\ 4
Dependent variables

o Color
o TSS
o COD

A4

(0]

Efficiency of color, TSS and COD removal

using alum sludge treated with acid with coagulant aids
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1.6 Outcomes

1. Utilization of alum sludge, tamarind seed and litchi seed and decrease waste
in the environment.
2. The efficiency of color and TSS removal by using only alum sludge treated

with acid and by using alum sludge treated with acid with coagulant aids.
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CHAPTER II
LITERATURE REVIEW

2.1 The textile dyeing industry

Textile dyeing industry is an intermediate industry among the whole textile
industries. Since it runs by transforming cotton yarn to be instant textile products
which can directly sell to customers or even being raw products for the secondary
producing. The production process of textile dyeing industry is mainly done through
chemical process on changing fiber characteristic by chemical substances and dye
color and using water as a reagent. Thus, textile dyeing industry needs a huge amount

of water. There are 3 steps as processing steps in textile dyeing industry. (7)
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Textile dyeing
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Y
Finishing

\ 4

Finishing

Figure 2-1 Process in textile dyeing industry
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2.1.1 Dyeing

Dyeing is a process on coloring for textile products since quality of fiber is
important for absorbing its color. For example, natural fiber such as cotton fiber can
be colored by dyeing easier than synthetic fiber such as polyester fiber. It is because
natural fiber can absorb water well and whenever it wets, fiber would swell until dye
color can attach. But synthetic fiber cannot absorb water well due to the structure of
fiber is quite dense so that quality of dyeing can be done by using appropriate dye
color. Control for heat, temperature, pH and chemical dyed substance such as acid,
alkaline salt, salt and organic matter etc. are very important for dyeing process.

2.1.2 Type of dyes

Dyes are classified of 2 types, natural dyes and synthetic dyes. The most
textile dyeing industries are use synthetic dyes in dyeing process. The classification of

dyes is

1. The classification of chemical structure

1.1 Azo dyes have —N=N- groups are major structure in molecular.

1.2 Anthraquinone dyes have anthraquinone groups are major structure
in molecular.

1.3 Triphenymethane dyes have triphenymethane groups are major
structure in molecular.

1.4 Sulfur dyes have —D-S-S-D- groups are major structure in molecular.

1.5 Indigoids dyes have indigotin groups are major structure in

molecular.
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2. The classification of dyeing process

2.1 Acid dyes are sodium salts, usually of sulfonic acids or carboxylic
acids, and the main class of dyes are used for wool and nylon dyeing. The soluble

molecule dyes are anion.

2.2 Basic dyes are usually hydrochlorides or salts of bases.
The pigment is found in the cation and the dyes are often referred to as cationic dyes.

They are mainly used on wool and acrylic fibers.

2.3 Direct dyes resemble acids dyes in that they are sodium salts of
sulfonic acids are often azo compound. They are primarily used for the dyeing of
cellulose fibers. The soluble, molecule dyes are cation.

2.4 Reactive dyes are use on natural and some synthetic
fibers. Most reactive dyes are used to dye cellulose. The dyes are water soluble
compounds that contain reactive groups capable of combining with the hydroxyl
groups of cellulose under alkaline condition, establishing a covalent link between the

dyes and the fiber. The soluble, molecule dyes are anion.

2.5 Disperse dyes are suspensions of finely divided organic compounds
with very slight aqueous solubility. These dyes are developed to dye hydrophobic
fibers such as cellulose acetate and the synthetic fibers. There are 2 groups of disperse

are azo dyes and insoluble aminoantraquinone color.

2.6 Vat dyes are mainly used on cotton, linen and rayon.
They are made from indigo, anthraquinone and carbazol. They are insoluble in water,
but when treated with reducing agent, they are converted into soluble compounds in
the presence of alkali. The soluble compounds have an affinity for cellulose and re-

oxidize to the insoluble pigment within the fibers when exposed to air.

2.7 Sulfur dyes are complex organic compounds that contain sulfur
linkages within the molecules. They are usually insoluble in water, but will form
soluble components in the presence of a reducing agent such as sodium sulfide. The
soluble components that have an affinity for cellulose (cotton). Once on the fibers are

oxidize back to the original insoluble form.
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These dyes have good resistance to washing and moderate resistance to sunlight, and
are not very bright.

2.8 Mordant dyes are used mainly in wool dyeing. In

general, mordant dyes have fair to good fastness properties. These dyes usually
contain a lig and functionality capable of reacting strongly with salts of aluminum,
chromium, cobalt, copper, nickel or iron to give differently colored metal complexes.

2.9 Azoic dyes are used on cellulose fibers, applied especially on cotton.
Azoic dyes are made up of 2 chemically reactive compounds, which are applied to the
fabric in two — stage process. The reaction of the 2 compounds in the fibers produces

the colored azo chromophore. During dyeing, the azoic dyes form inside the fibers.

2.10 Metallic dyes are inorganic compounds that insoluble in water.
They are a variation on mordant dyes with the metallic oxide, again usually chrome
and already included in the formulation. They are used on cellulose fibers and there

are various colors.

2.1.3 Wastewater from textile industry

The average of dyeing process needs 20 gallons of water per 1 pound of
production or 1 kg of dyed cloth consuming 167 liters of water (9). The process
generates pollution due to huge number of water used to polluted water form
compounded substances such as dye color solution, substance for dyeing, dirty

contaminated substances in fiber such as wax, metal compound and fiber waste.

1. Sources of wastewater
The sources of textile wastewater are :

1.1 Process water that is remain from dyeing process and wash wate from
preparation and continuous dyeing process.

1.2 Water from steam tank in dyeing process is necessary to use steam to heat
water. If steam is sent to heat water directly, the steam will increase amount of water

in dyeing process.
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1.3 Cleaning water when the plant or factory is cleaned to cause wastewater
that impurity with detergent, waste and oil from machine.
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Wastewater characteristics

High BOD, TS and neutral pH

High BOD, TS, alkali and temperature

High BOD, TS and alkali

High BOD, TS and alkali

High BOD, pH is neutral or alkali,

dark color

BOD depend on chemical reagent,

neutral pH

Figure 2-2 Wastewater characteristics in stage of textile process
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2.1.4 Characteristic of wastewater and environmental impact

1. Organic matter is high in quantity due to the high rate of BOD and COD.
Organic matters gained from bleaching process are composed of power, dyeing color,
fiber, cotton yarn, fat and dissolving substances which can decrease the oxygen
dissolved in natural water source. This brings about dying of living things in the water
sources owing to lack of oxygen. Also, due to the natural water source could not have
self-purification, thus bad smell from such water sources has gradually happen until
the water forces cannot be beneficial in economic aspect. Moreover some organic
matters may be poisonous to living things as well as they can generate
bioaccumulation if they are hard to be composed. Moreover, poisonous matters can be

harmful to human if men drink poisonous aquatics direct or indirect way.

2. Having high level in alkali salt from high volume of sodium hydroxide and

sodium carbonate can generate harmful effects to living things in water source.

3. Having high temperature can harm living things in water source. It can
decrease the volume of oxygen dissolved while increase the growth rate among

bacteria in water source.

4. Having high volume of solid dissolved in water owing to sodium chloride
and any acid. This can generate illnesses among living things in water source due to
colors from dyeing were contaminated in water. Dark color of water obstructs
sunlight until the light is not enough for water plants in photosynthesis. Finally

oxygen dissolved in the water has been gradually decreased.

5. Having diluted heavy metals owing to colors from dyeing. These metals are

such as copper, chromium, lead and zinc.

6. Having high volume of suspended solids can directly generate the organic
matter in water source which could silt into water source and making water source

narrowed. Finally good view of water source would be disappeared.

2.1.5 Wastewater treatment from textile factory

Wastewater from textile industry is a lot in volume and in many types owing

to processing stages. There are many methods to purify wastewater in order to
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generate wastewater without organic matter, dye color and any solid matter.

Purification methods are composed of (10)
1. Chemical process method

1.1 Coagulation and flocculation, this method is started from adding some
matters for generating silt such as aluminum sulfate, polyaluminumchloride etc. these
matters would destroy the stability of colloid particles dissolved in water. The next
step is done through a low speed stirring and adding some matters for generating silt.
This process is done until silt flocculation has happened and silt obtained is big

enough to settle.

1.2 Chemical Oxidation, this method relates to reaction for losing electron
of water atom. Chemical substances normally used by thi method are oxygen, ozone,

aluminium sulfate and chlorine etc.

1.3 Chemical reduction, this method relates to action for increasing
electron of water atom by using some chemical substances such as ferrous sulfate,

sulfur dioxide, sodium hydrosulfide etc.
2. Bio-process method

2.1 Bio-purification by air, this method is done by adding air for bacteria
and let them to degrade organic matters to be carbon dioxide gas.

2.2 Bio-purification without air, this method is done in fermented tank
using bacteria. These bacteria do not need air in their degradation process. This

method can save energy and provides output as methane gas.
3. Bio-chemical process method

This method is the highest efficient process and costly since it needs imported
technology. The popular way is absorbed process. The process is done firstly by
identifying needed compositions from dissolved matter, fluid and gas by letting
dissolved matter or gas flowing and mixing with absorbed substance. The absorbed

substance usually used is carbon in both type of ball carbon and powder carbon.
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2.1.6 Measurement of color

There are 2 types of color in wastewater that are true color and apparent color.
In textile wastewater, suspended materials cause apparent color while soluble
substances create true color. There are several techniques for measuring color such as
CIE color unit, The American Dye Manufacturers Institute (ADMI color unit) and SU
color unit. Selecting techniques for measuring color have to consider from the
appropriate of equipment that is used in process. This study, measuring color use
spectrophotometer find wavelength that gives highest absorbance. There is the
principle that is dark color will absorb light for much or light can hardly pass.

Measurement of color will show in percent of color reducing that is

Percent of color reducing = (Ap— A1) / Ao x 100

Ao, = absorbance before coagulation

A; = absorbance after coagulation
2.2 The water treatment plant process

Water treatment plant process for surface water (11)

1. Pre-sedimentation, this system is the first step for improving the quality of
natural water by separating big size of silt from natural water and adding some
chemical substances such as chlorine, ammonia etc. In order to degrade organic
matter preventing the process of natural degradation. This process would bring about

silts which could be pulled out from water and let them on ground.

2. Coagulation and flocculation, this system focused on reduce water turbidity
by collecting all silt into a floc by adding potassium permanganate and polymer for
making floc happened easily as well as eliminating color from organic matters. The
silt or floc from this process would be landfill or even dehydrated and dried in the

sun.

3. Filtration, this system is aimed to eliminate some small size of silts or water

turbidity which is still left in water by adding chlorine to eliminate bacteria and
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seaweeds attached with gravels and sand. This process finally brings about floc
obtained from reversed cleaning filter in filter tank.

4. Adsorption, in case that water has dissolved organic matters, adsorption is
needed. Activated carbons in both forms of cylinder and powder would be employed
to use in the system. This process finally brings about vapor generated from system
cleansing.

5. Disinfection, this system is aimed to destroy all bacteria and germs by

adding chlorine and keeping chlorine being stable in water supply system.

6. Storage, this process is done for eliminating bacteria that have left. Then

storing water to serve need of community.

Alum sludge in the test is employed from silts in tank by using alum sludge
making silts in water supply system. The volume per unit of alum sludge would be
increased through intensive sulfuric acid. The intensive sulfuric acid should add into
water since silted water had been already adjusted its pH. as equal to 3.0 and left it for
30 minutes. The transparent water composed of alum sludge is employed to use. The
silt of alum sludge is reported as big gelatinous and non newtonian matters composing
of nitrous aluminum oxide and organic matters of clay, sand, carbon, colored colloid,
substances from wastewater and bacteria. The total volume of silt can be changed
significantly but normally being between 1,000-20,000 mg/L or about 75-90% of it is
suspended silt while 20-35% is vapor silt and pH level of 7.0.

Water treatment process of Metropolitan Waterworks Authority (13) as

follows:
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Raw water * Pre-check raw water

- Analyze rate of chemical reagents

* Improve water quality before produce
- Aerator, chemical reagents

A 4
Raw water pumping station

* Add alums

A 4
Clarifier tank (Pulsator system)

A 4
Filter tank * Decrease turbidity, colloid particle size < 1

* Decrease micro-organism, bacteria, protozoa
> 90%

* Add chlorine and lime

A\ 4
Clear water tank

* Decrease turbidity < 2 NTU
* Residual chlorine < 1.0 - 1.5 mg/L

A 4
Distribution pumping station

* Residual chlorine < 0.2-0.5mg/L

A 4
Network pipe

Figure 2-3 Water treatment process of Metropolitan Waterworks Authority
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2.3 Coagulation and Flocculation
2.3.1 Principle of coagulation

By coagulation method, dye colors left from dyeing process would be drained
into water source with other types of wastewater without any separation. So water
drained is dark color and it becomes the main problem of textile industry. Treatment
for dark colored water by chemical method is quite popular by the process of
coagulation since this method can treat non dissolved-in-water colors combined in
wastewater in form suspended matters or colloids such as sulfur, azoic, and metallic
etc. These suspended matters can be separated from wastewater by letting them to silt
but the separation process is taking time that is impossible in reality. Thus coagulation
method is employed for solving such an above problem. The reason why colloid
particles dye color in wastewater cannot silt swiftly because the colloids have stability
or their Zeta Potentiality are higher than Van Der Waals Force. With this, colloid
particles are small and light until they have to take very long time to be silts. Thus the
way to make particles being easily to be silts is by eliminating the stability of such

colloid particles until they can gather to be a big size floc. The process is composed of:

1. The process on stability reduction for colloid particles

The process on stability reduction for colloid particles. There are 4 methods

for reducing or eliminating colloid particle s’ stability.

a) method for reducing the thick
b) method for attracting to surface and eliminating colloid particle’s charge
c) method for generating a crystal to cover colloid particle

d) method for using organic polymer to be a connection to connect colloid

charge

The way to generate crystal for covering colloid particles can be done through
process on dye color elimination by putting chemical substances, which can generate
big size of silt into wastewater. For example aluminum sulfate is poured into the

water as it is able to use colloid particle to be a core for generating silt by generating
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bigger and heavier size of colloid particle. The process to generate silt covering
colloid particles mainly depends on pH value after adding chemical substances. For
example aluminum sulfate is appropriate for using in pH balance value between 6.0-
7.0 It means that every time when aluminum sulfate is added into the process, alkaline

salt should be added together in order to adjust the substance on pH value.
2. The process for generating floc

The process for generating floc can be done by moving as much as possible of
colloid particles, which were eliminated their stability to meet each other. The way
would bring all particles attaching themselves more and being bigger. In this process,
substances for collecting silts are needed, such as organic polymer substance. Since
this substance can directly reduce the stability of particles and connect all particles to
be a big one. The polymer organic substances have many various types such as a
positive charge, negative charge and non charge. Selection for proper charge is
depended on the process it is and the type of floc charge. For example floc of alum is

positive charge so polymer substance appropriate should be the negative charge.
2.3.2 Coagulation with alum
1. Chemical reaction of alum

Chemical reaction of alum used for silt generation is normally in form of
aluminum sulfate, which can be dissolved well in water (a solvent). Alum may be in
forms of solid or solvent which is able to criminate suspended matters and makes
them to be silt. When alum is dissolved in water, it would break away in both positive

and negative ions to be aluminum and sulfate ions shown in equation (1.1)
Aly(SO4)s + 18H,0  ——>  2AI"™ + 350,72 + 18H,0 (1.1)

From equation (1.1) aluminum ion cannot be in free form of ion but it has to
hydrolyze with water by attaching with 6 of water molecules and finally generating a
compound of A1(H,0) ¢ under normal condition of pH. Since Al(H.0) ¢" is
inconstant acid so it is always ready to hydrolyze to be various types of ions of
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aluminum suddenly. When hydrolysis happened, all ligand in water especially OH
would replace water molecules and generates a complex compound between one atom
of aluminum and hydroxide ion, namely “Monomeric Hydroxo Complex” as shown

in equation

OH
Al(H,0)6" »  Al(H,0)s0H" (1.2)

From equation (1.2) this is the first step of hydrolysis reaction since 1 of water
molecule of A1(H.0) ¢ is replaced by a group of hydroxyl. Hydrolysis reaction
could be happened again by providing water molecule being easier for replacement.
Along with this process, positive change would totally change to negative charge as

shown in equation (1.3)

OH OH OH
Al(H,0)s0H——Al(H,0)4(0H);"* ——» Al(H,0)3(0H)s

OH OH
Al(OH)s®  «—— AI(H0)(OH)5? «——_ Al(H20)2(OH) s «— (1.3)

This complex compound of 1 aluminum atom can do polymerization until it
change to a complex compound of aluminum atom being more than one called
“Polymeric Hydroxo Complex.” The positive charge of complex compounds could
combine with negative charge colloid particles generating destabilization among
charges of colloid particles. Thus agglomeration among colloid particles has
happened until it is bigger. Moreover even A1*? can combine with colloid particles, it
also react with hydroxyl ion in water and transforming into a small crystal of

aluminum hydroxide as shown in equation (1.4)

Al + (3H,0) » AI(OH);) + 3H* (1.4)

This equation has happened in case that aluminum sulfate has more intensive
than being in a saturation point. The hydrolysis would go on until the final result of
A1(OH); is available.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 21

2. Silt generation by using alum

Alum can destroy the colloid’s stability until the silt can occur. The silt
generation can be done through 2 methods depended on the volume of alum and pH

of water after the silt has been generated.

2.1 Adsorption and charge neutralization

The first method is “Adsorption and charge neutralization”, which is
happened from complex compound of alum of positive charge. This alum can attach
with the surface of colloid particles and gradually destroys the colloid particle s’
charges until they lost their stability. Whenever they lose their stability, they would
combine together to be a floc. This process can happen only due to the volume of
alum is less than the result of [A1**] multiplied by [OH]® being lower than Ksp and
pH is in moderate level. This method is good since it uses less number of alum but the
output is good in its characteristics as it is easily to pull out water from the silt
(density). However, design and silt generation control for this method is quite hard
since the process of the method must happen and end within 10 to one second.
Complex ions of positive charge must attach the colloid particle’s surface within this
limited time otherwise complex ion would hydrolyze continually until the crystal of

A1(OH); has happened and brings about to the second method.
2.2 Sweep coagulation

The second method is called “sweep coagulation” happened from the
process of the A1(OH)3’s crystallization in form of fluffy. Whenever colloid particles
have contacted with the crystal of AI(OH)s, they would combine together with such a
crystal. When the process is going on, the big floc, which is easily to silt would
happen. The volume of aluminum sulfate appropriate used should be high enough
until the result of [A1™] multiplied by [OH]? Ksp. Besides the best result would
happen when water pH is between 6.0-7.5. However, this second method is easier
than the first method but it also has a weak point as it consumes a huge number of
aluminum sulfate and provides low quality silt as output. The silt from this process is
loosen and hard to pull water out since its pH coming from wastewater is the

determined factor for setting intensity and type of complex ion of aluminum sulfate.
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Thus for silt generation by using alum sludge, appropriate water pH should be
emphasized firstly. A study of steel revealed that the appropriate level of pH for silt
generation by alum sludge is 4.0-7.0 while American Water Works Association
(AWWA) reported that appropriate pH level of silt generation by alum sludge should
be 5.5-8.5. Thus in this, test pH adjustment for wastewater is done to be 6.0-11.0
since this level is appropriate for generating the silt from alum sludge.

2.3.3 Controlling of coagulation by jar test

The efficiency of coagulation depend on many factors for example, pH, a kind
and quantity of coagulants, a kind and quantity of coagulant aids, the order of
chemical adding and condition controlling. The laboratory procedure that is used to
control coagulation process is jar test. It consists of a series of 6 stirring paddle, which
can be rotated at a variable controlled speed to mix contents of liter beaker, rapid
mixing 100 rpm at 1 minute and slow mixing 30 rpm at 30 minutes and then setting
time at 30 minutes. This permits the simultaneous treatment and observation of 6
sample under identical mixing condition in order to determine the relative merits of
various chemical treatments or to determine the optimum dosage of a particular

chemical.
2.3.4 Coagulant aids

Silt combined substance. This substance can help the process of silt generation
being more effectively since silt for being easier to silt. Normally the silt combined
substances are polyelectrolytes or polymers with high weigh molecule. The
substances could be divided into three groups as negative charge for example,
Polyacrylic acid (PAA), positive charge for example, Polydiallydimethylammonium
(PDADMA,Cat-Floc) and non charge for example, Polyacrylamide (PAM) also could
be divided into their origins as synthesized substance and natural substance. The
natural substances are mainly from aquatic production and parts of plants etc. in the
process of silt generation, poly electrolyte or polymer is used in less volume by 1-5
mg/L (4).
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Thus, in this test, suspended substance powder of sour tamarind’s seed
(Tamarinndus indica) and suspended substance powder of litchi seed are used to be

silt combined substance at 3, 5, 7, 9 and 11 mg/L.

1. The coagulation by polyelectrolyte

Mostly natural coagulants are organic polymers that use destabilization of
colloidal particle in coagulation. The mechanism can explain by the model that is
called polymer bridging. First step, the molecule of polymer will cling to many end-
side of surface of colloidal particle (reaction 1). The next step, the colloidal particle
that cling to polymer and have free end-side to cling to another colloidal particle
(destabilization particle), they will be linked by polymer to cling to another particle
(particle-polymer-particle-complex). The products are floc that is larger and easy to
separate from water (reaction 2). The linking by polymer is occurred when the
particle is cling to polymer and has free end-side to cling to another particle. If the
free end-side of polymer dose not has a side of another particle to cling to, it will
cling to itself that is called restabilized particle (reaction 3). If polymers are too much,
many polymers will cling to one particle that makes the particle dose not has free end-

side to cling to another polymer that cling to another particle (reaction 4).

The product in this step is called stable particle. Not only that strength and long
of stirring will make the floc break up (reaction 5) and make the free end-side of
polymer cling to identical particle (reaction 6) that means the colloidal particle is
restabilized. The important thing in this mechanism is the size of polymer must be big
and high molecular weight for wide radius of linking. The polymer bridging must be

strong and is able to resist pressure between particle and turmoil from stirring.
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At present there are employment of natural polyelectrolytes for coagulant aids,
for example, seed for planting that are protein and carbohydrate. They have big
molecule and high molecular weight. Proteins are combined with monomer of several
amino groups that are linked as same as carbohydrates are combined with small sugar
molecule. Tamarind kernel powder and litchi kernel powder are non charge polymer,
but in term solution are negative charge. It is efficiency characteristic when use
coagulant alum sludge because floc of alum trends to positive charge. Tamarind seed
and litchi seed are natural polyelectrolyte. That is possible to be coagulant aids with

alum sludge for color removal of textile wastewater coagulation.

2.4 Tamarind

Tamarind (Tamarindus indica Linn.) is a large spreading tree and evergreen.
The trunk high about 6-20 m, the branch is sprawl. The leaf is compound leaf, long
about 7-15 cm, consist from 10-20 pair of sub-leaf that is opposite. The fruit is the
pod that high about 7.5-20 cm, wide about 2.5 cm, thick about 1 cm. One pod has 3-12

brown or black seed. The fruits ripen at the winter about December to February.
The species of tamarind can be divided into 2 types

1. Sour tamarind, the sour tamarind can be divided into 2 breeds as sickle-
shaped tamarind pod and small-pod tamarind. Flesh seed vessel of tamarind in sickle-
shaped tamarind pod is small, round and short with less in number of internodes and
having, flesh by 27.0% of its total weigh. About 51.0% are weighing of seed while
22.0% are weight of skin. For small-pod tamarind, its seed vessel is quite big, flat,
long and a slight curve with 41.0% of flesh by weight. Analysis on chemical
composition of tamarind done by Hooper is found that raw tamarind fruit composes of
water by 63.3-68.6% and flesh by 31.3-33.6% with protein as nutrient by 1.6-3.1%,
fat by 0.27-0.69%, sugar by 22.0-30.4%, cellulose by 2.0-3.4% and ash by 1.2-1.6%.
In mature tamarind fruit, it composes of flesh by 55.0%, seed by 33.9%, and peel and
fiber by 11.1% (18). Lewis et al. found that flesh mature tamarind has moisture by
20.0-30.0%, tartaric acid by 8.0-18.0%, reducing sugar by 25.0-41.0%, protein by 2.0-
3.0% and pectin by 2.0-3.5%. Furthermore, Science and Technology Institute had
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studied on chemical composition of wet flesh of tamarind fruit and found that there
was 57.36% of flesh, 28.88% of moisture, 13.65% of tartaric acid and 34.73% of

sugar.

2. Sweet tamarind, at present these are a lot of breeds the types of sweet
tamarind since it is popular fruit. The popular breeds are Golden, Srichompoo,
Khantiand and etc. Analyzing on chemical composition of Golden and Srichompoo
breeds by Horticultural Research Institute, Department of Agriculture found that there
are 50.0% and 48.0% of flesh respectively, being seed by 28.0% in both and 24.0 %
of peel and fiber in both breeds either. Also, tartaric acid is found by 1.65 % and
sugar is found also by 44.0% and 45.0% respectively. In part of flesh, Nutrition
Division, Department of Public Health, Ministry of Public Health found that it
composes of moisture by 12.4%, fiber by 4.95%, carbohydrate by 79.60%, protein by
3.05% and others left are calcium, phosphorus, zinc, vitamin A, vitamin B, vitamin C

and niacin.

2.4.1 Tamarind-kernel powder

Analysis on chemical composition of seed powder from sour tamarind by
Association of Official Analytical Chemists (21) found that seed powder from sour
tamarind composed of carbohydrate by 67.2-68.5%, protein by 14.0-16.5% and fat by
4.8-6.7% Singh and Faroggi (22) found that seed powder from sour tamarind
composed of carbohydrate by 65.14-72.17%, protein by 16.95-20.12%, and fat by
6.03-7.39%. Thanong (23) also found that it composed of carbohydrate by 76.85%,
protein by 16.11% and fat by 7.04%. Moreover, Jiraporn (24) found that seed powder
from sour tamarind composed of carbohydrate by 68.5%, protein by 14.6%, fat by
7.1%. By conclusion seed powder from sour tamarind composed of high proportion of
carbohydrate by 65.14-76.85%, protein by 14.0-20.12% and fat by 4.8-7.39%.
Agricultural Chemistry Division, Department of Agriculture analyzed the chemical
composition of seed powder from sweet tamarind, Srichompoo breed, and found that
it composes of carbohydrate by 69.98%, protein by 16.75% and fat by 5.58%.
Carbohydrate in tamarind seed is composed of power and poly saccharide. The

polysaccharide in tamarind seed is called jellose since it is the main ingredient of the
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tamarind kernel powder. When the tamarind tamarind powder is transformed into
solvent, it would appear in transparent sticky substance and being negative charge.
Chinuwat (25) studied on the suspended substance powder extracted from sweet and
sour tamarinds to be silt combined substance with aluminum sulfate in order to reduce
wastewater turbidity by jar test method. The result showed that the suspended
substance powder extracted from sour tamarind was capacity on reducing turbidity in
wastewater higher than the powder from sweet tamarind. Moreover Vatinee and
Siriratn (26) also found that the suspended substance powder extracted from sour
tamarind can eliminate dye color metal in wastewater from textile industry better than

using only aluminum sulfate.

Thus, seed powder from sour tamarind is selected to be a silt combined
substance due to it composes of carbohydrate and protein higher in number than seed
powder from sweet tamarind due to carbohydrate and protein are important as matters
for silt combination. The seed powder from sour tamarind can be found in places of
producing a non dried ripe tamarind, and this test using it for eliminating color in

wastewater from textile industry.

2.5 Litchi

Litchi (Litchi chinensis, Sonn) is a fruit available in semi tropical countries.
Its trunk is wide shrub tree and its height is around 10-12 m when it is mature. Litchi
tree has average age by 3 years but good treatment for litchi tree can maintain it
giving product for more than 30 years. The period since the litchi tree blooming to
harvesting is around 4 months by giving average output of 200 kg per each tree. The
size of litchi is around 60-90 fruits per 1 kg. Litchi is quite popular fruit planted a lot
in northern and western parts of Thailand. The popular breeds of litchi are
Honghuang, Kimjeng, Ohea, Jakapat, and Kom. Normally, litchi tree bears it fruits
between April to June. Since litchi is quite popular among people since it has good
taste as well as nice color. Thus litchi fruit is needed from domestic and international
markets in both forms of fresh litchi fruit and litchi in can. Both types of litchi fruit

can provide country as income by at least 300 millions baht a year.
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2.5.1 Litchi-kernel powder

Analysis on chemical composition of litchi kernel powder by Ratikorn (5)
found that the litchi kernel powder is composed of carbohydrate by 70.0%, protein by
4.4%, moisture by 20.5%, fat by 1.0%, fiber by 2.1% and ash by 2.0%. Result from
charge measurement by reverse measurement of titrate colloid found that the litchi
kernel powder solution has negative charge (5) while chemical composition of the
litchi kernel powder is quite beneficial as it can be used as polyelectrolyte due to it
composes of carbohydrate and protein. Normally carbohydrate in fruit seed is powder
and polysaccharide while protein in fruit seed is composed of pectin. Thus the litchi
kernel powder is employed to be silt combined substance due to it has high level in
carbohydrate and protein which are substantial on being as a silt combined substance.

Litchi seed can be found from litchi canned industry.

2.6 Relevant research

1. Wastewater treatment from textile factory using natural polymer

Yuwadee (4) Studied on elimination for dye color contaminated in water by
aluminum sulfate and the tamarind kernel powder by silt combined process found that
this process can reduce the number of aluminum sulfate used by 50%. In dye color
“Dystar Indigo Gvan”, 1 mg/L of suspended substance of the tamarind kernel powder
can make water color being brighter, reducing COD and suspended solid matter by
71.79%, 86.92% and 60.96% respectively. In dye color “Sulphur Black BR2000”, 5
mg/L of suspended substance of the tamarind kernel powder can make water color
being brighter, reducing COD and suspended solid substance by 99.95%, 83.93% and
75.0% respectively. In dye color “Direct Kayarus Blue BRL200”, 1 mg/L of
suspended substance of the tamarind kernel powder can make water color being
brighter, reducing COD and suspended solid substance by 96.91%, 90.43% and
65.0% respectively. In dye color “Reactive Cibacorn Blue CR”, 1 mg/L of suspended
substance of the tamarind kernel powder can make the water color being brighter and
reducing COD by 53.44% and 61.52% respectively but suspended solid substance has

increased in volume. For wastewater from cotton dyeing factory, 3 mg/L of
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suspended substance of the tamarind kernel powder can make the water color being
brighter, reducing COD and suspended solid substance by 73.11%, 91.70% and
92.94% respectively.

Vatinee and Siriratn (26) studied on using the sour tamarind kernel powder on
eliminating the metal dye color contaminated in wastewater from textile industry by
jar test method showed that at real wastewater of pH 8.0, 450 mg/L of aluminum
sulfate had the highest efficiency on silting. In synthetic wastewater, it was found that
250 mg/L of alum has the highest efficiency for generating silt. It also found that both
in real and synthetic wastewater, at 75% of volume of alum which has highest
efficiency on preparation, at the first round and 3 mg/L of suspended substance of the
sour tamarind was appropriate volume for preparation, by brightening the color,
reducing suspended solid and COD. Thus, it can be concluded that suspended
substance of the sour tamarind with alum have higher efficient on eliminating metal

dye color than using only alum.

Chanita (27) studied on efficiency of surface attached process by using
charcoal produced from agricultural waste into eliminating dye color from textile
industry. The agricultural waste composed of a coconut shell charcoal and bagasse
charcoal which their quality on surface attachment were improved by using sodium
chloride. The study found that carbon had durable life as 2-12 days, having efficiency
on brightening color and reducing COD by 84.0%-99.0% and 54.0%-85.0%
respectively. A carbon combined with bagasse charcoal had long last duration by 2-6
days and having efficiency on brightening color and reducing COD by 51.0%-95.0%
and 15.0%-73.0% respectively.

Pitchaya (28) studied on using seed of the red rozelle with alum to be silt
combined substance in wastewater without chemical from paper industry produced
with jar test method, found that at turbidity level more than 150-437 NTU, 200 mg/L
of alum with seed of the red rozelle, had lower capacity on silt generation than using
only alum. Intensity of seed of the red rozelle at 3-5 mg/L had lowest ability to reduce
water turbidity. Using only substance of the red rozelle seed for turbidity reduction on
1 NTU per 100 cubic meters of water could save cost by 0.1-0.2 baht by comparing
with using only alum. At water turbidity less than or equal to 150 NTU, substance
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from the red rozelle seed was workable as it could reduce turbidity of water less than

using only alum.

Boonsri (29) studied on efficient improvement of chitozan and other silt
generated substances on eliminating dye color from wastewater produced from textile
industry. Combination of chitozan with hydro bromine salt, chitozan — poly
aerilamine could eliminate color in wastewater since direct color was eliminated
perfectly. Chitozan used with alum can improve their efficiency on color elimination
and using alum with hydro bromine of chitozan has better in efficiency than using

alum with chitozan — polyaerilamine on artificial color elimination.

Kongkeat (9) studied on structural improvement of natural cellulose by
chemical method in order to eliminate color in wastewater produced from bleaching
and dyeing industry. The study used natural cotton and structural changed cotton to be
cyanoalitate to eliminate dye color from wastewater and found that natural cotton has
moved efficient on absorbing basic colors of Methylene Blue and Auramine O than

Cyanoathylated cotton by eleven and ten times.

2. Wastewater treatment using alum sludge

Yongyut (3) studied on recycling alum silt from water supply factory to
improve the quality of wastewater produced from bleaching and dyeing industries.
The study was done by employing alum silt from silt tank in water supply process and
adding intensive sulfuric acid into. The study found that adding intensive sulfuric acid
aimed to set free of alum, increased the volume of alum into 155-350 mg/L, while
using it for eliminating dye color was not different in result by comparing with using
pure alum. Anyway artificial dye color was appropriate to be eliminated by this

method.

W. Chu (30) studied on dye color elimination produced from bleaching
industry by using alum through coagulation method and found that alum silt could

eliminate negative charge dye color also reducing the volume of pure alum.
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Chen (31) studied on reusing of alum among water supply factories in terms of
its efficiency by comparing with pure alum obtained from silting. The study found
that volume of reused alum was associated with volume of acid added into the

process.

Perales and Susan (32) studied on using alum from silt in water supply factory
to eliminate phosphate obtained from the secondary wastewater management system.
The reason on employing alum to be in process was it could reduce cost on water
supply producing as well as any expenditure related to silt elimination. Study on
reusing alum in forms of acid and alkaline silt found that reaction by sulfuric acid had
to use 1.9:1 of sulfuric acid per aluminum hydroxide for obtaining 2.7 pounds of

alum.
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CHAPTER IlI
MATERIALS AND METHODS

This research studies about color and TSS removal from textile factory by
coagulation and flocculation. Effective of only alum sludge treated with acid with
tamarind-kernel powder suspension and litchi-kernel powder suspension were
compared. Wastewater was prepared from synthetic wastewater that synthesized from

mix dyestuff of Jib Hua Chang Jun Co.Ltd. There are 2 parts of experiment.

Part one; To study the pH values, the concentrations of alum sludge treated

wit acid are appropriate.

Part two; To study the effective removal by alum sludge treated with acid,
coagulant with tamarind-kernel powder suspension and litchi-kernel powder
suspension, coagulant aid in different ratio. The experimental procedure of this

research is shown in Figure 3-1 and Figure 3-2.
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3.1 Experimental procedure

Part one

Synthetic wastewater Alum sludge

Analysis of aluminum concentrations in alum sludge

(Flame Atomic Absorption Spectrophotometer)

A 4

Using 200 mg of alum sludge treated with acid
and control pH as 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0

A 4

Varies the concentrations of alum sludge treated with acid as 100,

150,200, 250 and 300 mg/L

A\ 4

Appropriate pH and the concentration of alum sludge

treated with acid for color, TSS removal

Figure 3-1 Diagram of the experimental procedure (Part one)
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Synthetic wastewater

A

Appropriate pH and the concentration of alum

sludge treated with acid from part one

100% o

ptimum

75% optimum 50% optimum

v

Varies the concentration of tamarind-kernel powder suspension and litchi-

kernel powder suspension as 3, 5, 7,9 and 11 mg/L

l

The concentrations of alum sludge treated with acid, tamarind-kernel

powder suspension and litchi-kernel powder suspension

for highest color and TSS removal

Figure 3-2 Diagram of the experimental procedure (Part two)
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3.2 Laboratory glassware

—

Pipette
Erlenmeyer flask
Beaker

Dropper

Burette

Forceps

Watch glass

Volumetric flask

™ & U kWD

Cylinder

—
=]

. Sterring rod

. Glass funnel

—_ =
N =

. Distill water

—_
(98]

. Evaporating dish

—
AN

. Filter paper no. 4 and 40

>
W

. Filter paper (Whatman GF/C) Glass microfibre filters

—
[©)

. Digestion vessels size 25 x 150 mm

—_
3

. Suction flask and Buchner funnel

3.3 Apparatus

—

Jar test (Phipps and Bird model 7790-902)

Hot air oven (Contherm CAT model 260 M)

pH meter (ORION model EA 940)
Spectrophotometer (Spectro 22)

Desiccators (NIKKO SUPER DYE SD-504)
Hot plate (Thermolyne Cimarec 3)

Sieve size 40 mesh (425 um.)

Analytical balance (GEC Avery model WA 250)
Blender (Freshman model AB-105S)

A e A o
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3.4 Materials

—

Potassium dichromate (K,Cr,07)
Mercury sulfate (HgSO,)
Silver sulfate (Ag,SOy4)
Ferrous sulfate heptahydrate (FeSO4 . 7H,0)
1,10 — phenanthrolinemonohydrate (C,,H;o . H,O)
Ferrous ammonium sulfate [ [Fe (NH4), (SO4), . 6H,OL
Sulfuric acid (H,SO4) Conc.
Sulfuric acid (H,SO4) 6 N
Sulfuric acid (H2SO4) 1 N
. Sodium hydroxide (NaOH) 1 N

g & 0 R »w D

—_ =
—_ O

. Dystar indigo gvan
. Sulfur black BR 200
. Direct kayarus blue BRL 200

—_— =
B~ W DN

. Reactive cibacorn blue CR

—_—
(9]

. Tamarind-kernel powder suspension

—
(o)

. Litchi-kernel powder suspension

—
~

. Alum sludge
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3.5 Variables

1.

Independent variables

1.1 pH values as 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0

1.2 Concentrations of alum sludge treated with acid as 100,
150, 200, 250 and 300 mg/L

1.3 Concentrations of tamarind-kernel powder suspension as 3, 5, 7, 9 and
11 mg/L

1.4 Concentrations of litchi-kernel powder suspension as 3, 5, 7,9 and 11

mg/L
Dependent variables

2.1 Color
2.2 Total Suspended Solid (TSS)
2.3 COD

Control variables

3.1 Synthetic wastewater

3.2 Rapid mixing 100 rpm at 3 minutes
3.3 Slow mixing 30 rpm at 30 minutes

3.4 Setting time at 30 minutes
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3.6 Experimental preparation
1. Preparation of synthetic wastewater

Synthetic wastewater was preparated by synthetic mix dyestuff of Jib Hua
Chang Jun Co.Ltd. amount 4 dye types which was used in preparation of synthetic

wastewater such as

1) Vat dye (Dystar Indigo Gvan) = 0.0460 g/L
2) Sulfur dye (Sulfur Black BR 200) = 1.0000 g/L
3) Direct dye (Direct Kayarus Blue BRL 200) = 0.0882 g/L
4) Reactive dye (Reactive Cibacorn Blue CR) = 0.0650 g/L

2. Preparation of alum sludge treated with acid

Alum sludge was brought from clarifier tank of Mahasawat-Thonburi water
treatment plant process. Add 10 mL of 6 N H,SO4 into 500 mL of alum sludge (as
received) for adjust pH as 3.0. Setting time at 30 minutes and take clear part with

alum sludge treated with acid to use.

3. Preparation of tamarind-kernel powder suspension and litchi-kernel powder

suspension

Tamarind seeds (and litchi seeds) were dried in hot air oven at 103 °C for 24
hours that easy to separated skin from seeds. Two type of seeds were grinded to
powder with blender, then they were sieved for 40 mesh (425 um.), size particle and
then dissolved 1 g of tamarind-kernel powder (and litchi kernel powder) in 500 mL of
distill water and spin with blender for 30 minutes, adjusted solution with distill water
in 1,000 mL of volumetric flask so that get 1 mg/L of solution. Finally the product

were the suspension which were transparent and high viscous.
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3.7 Experiment

1. Synthetic wastewater was prepared by synthetic mix dyestuff of Jib Hua
Chang Jun Co.Ltd. Thongchai’s (33) synthetic wastewater preparation were used.

2. Analyzed amount of aluminum in alum sludge in water treatment plant
process and then prepared alum sludge treated with acid.

3. Part one; To study the pH values, the concentrations of alum sludge treated
with acid were appropriate.

3.1 Adjusted pH of synthetic wastewater as 6.0, 7.0, 8.0, 9.0, 10.0 and 11.0
with 1 N H,SO4 and 1 N NaOH then experiment by jar test method.

3.2 Taked 500 mL of syntheti wastewater sample into beaker then rapid
mixing 100 rpm at 3 minutes. Add alum sludge treated with acid as 200 mL in each
beaker and then slow mixing 30 rpm at 30 minutes. Setting time at 30 minutes.

3.3 Analyzed color and TSS (The concentrations of pH was appropriate)

3.4 Adjusted pH to follow part one. This pH was highest efficiency for
coagulation and flocculation. Take 500 mL of synthetic wastewater sample into
beaker then rapid mixing 100 rpm at 3 minutes. Add alum sludge treated with acid as
100, 150, 200, 250 and 300 mg in each beaker and then slow mixing 30 rpm at 30
minutes. Setting time at 30 minutes.

3.5 Analyzed color and TSS (The concentrations of alum sludge
treated with acid was appropriate)

4. Part two; To study the effective removal by alum sludge treated with acid,
coagulant with tamarind-kernel powder suspension and litchi-kernel powder
suspension, coagulant aid in different ratio.

4.1 Adjusted pH to follow part one. This pH was highest efficiency for
coagulation and flocculation.

4.2 Added alum sludge treated with acid as 100%, 75%, and 50% of
concentrated alum sludge treated with acid was highest efficiency for coagulation and
flocculation. (to follow part one.)

4.3 Rapid mixing 100 rpm at 3 minutes added tamarind-kernel powder
suspension as 3, 5, 7, 9 and 11 mg/L then slow mixing 30 rpm at 30 minutes. Setting

time at 30 minutes.
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4.4 Analyzed color, TSS and COD
4.5 Repeated 4.1 to 4.4 using by litchi-kernel powder suspension.

Table 3-1 Parameters and methods

Parameters Methods
Color Spectrophotometric method (UV)
Total Suspended Solid (TSS) Gravimitric method at 103 °C
Chemical Oxygen Demand (COD) Dichromate Closed Reflux method

3.8 Data analysis
1. Percent values

The concentration of color, TSS and COD was expressed in SU unit or mg/L

and the removal efficiency was calculated according to this formula :

The removal efficiency (%) = (A-B)x100
A
where, A = Initial value (mg/L)
B = Final value (mg/L)

2. Relation of the results

Statistical of different in removal efficiency of using only alum sludge treated
with acid and using alum sludge treated with were examined by One-way ANOVA at

95% confidence (a = 0.05)
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CHAPTER IV
RESULTS AND DISCUSSIONS

4.1 Characteristics of wastewater and alum sludge

The wastewater sample was preparated by synthetic mix dyes of Jib Hua
Chang Jun Co.Ltd. amount 4 dye types which was used in preparation of synthetic
wastewater vat dye (Dystar Indigo Gvan) 0.0460 g/L, sulfur dye (Sulfur Black BR

200) 1.0000 g/L, direct dye (Direct Kayarus Blue BRL 200) 0.0882 g/L and reactive
dye (Reactive Cibacorn Blue CR) 0.0650 g/L.

The characteristics of wastewater are presented in table 4-1. The
characteristics of wastewater were analyzed 5 parameters which are pH, the

maximum absorbence, color, TSS and COD as follows:

Table 4-1 Characteristic of wastewater

Parameter Value of each parameter
pH 10.56
Amax (nm) 600
Color (SU) 277.08
Total Suspended Solids (TSS) (mg/L) 30.67
COD (mg/L) 344




Panitta Hiranyaporn Results and Discussions / 42

The alum sludge was brought from clarifier tank of Mahasawat-Thonburi
water treatment plant process. The concentration of aluminum in alum sludge as 332.6

mg/L that was analyzed by Flame Atomic Absorption Spectrophotometer (AA).
4.2 The optimum of pH

Color removal efficiency
Color removal efficiency of wastewater samples by coagulation and
flocculation method with varies pH (6.0, 7.0, 8.0, 9.0, 10.0, 11.0) and the

concentration of alum sludge treated with acid 200 mg. were presented in table 4-2.

Table 4-2 Color removal efficiency at varies pH and the concentration of alum sludge

treated with acid 20 mg.

Color (SU)
Alum pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH11.0
sludge 265.21 217.00 250.82 258.03 265.65 275.02
(mg) Color removal efficiency (%)
200 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH11.0
4.28 21.68 9.48 6.88 4.13 0.74
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Figure 4-1 The removal efficiency of color at varies pH and the concentration of

alum sludge treated with acid 200 mg.

The removal efficiency of color are shown in figure 4-1. There were
significant differences in pH for color removal (p-value<0.05). The maximum
removal efficiency of color at pH 7.0 was 21.68%. The removal efficiency of color at
pH 6.0, 8.0, 9.0, 10.0 and 11.0 was 4.28%, 9.48%, 6.88%, 4.13% and 0.74%
respectively. As a result the removal efficiency of color at pH 7.0 significantly higher

than pH 6.0, 8.0, 9.0, 10.0 and 11.0.

TSS removal efficiency

TSS removal efficiency of wastewater samples by coagulation and
flocculation method with varies pH 6.0, 7.0, 8.0, 9.0, 10.0, 11.0 and the concentration

of alum sludge treated with acid 200 mg. were presented in table 4-3.
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Table 4-3 TSS removal efficiency at varies pH and the concentration of alum sludge

treated with acid 200 mg.
TSS (mg/L)
Alum pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH11.0
sludge 24.00 23.00 DS 23.00 26.00 30.00
(mg) TSS removal efficiency (%)
200 pH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 10.0 pH 11.0
21.75 25.01 23.92 25.01 15.23 2.18
100 -
— 80
S
g 60 -
£
S 40
0
n
A\ ’/M—’\\
O T T T T T 1
0 2 4 6 8 10 12
pH

Figure 4-2 The removal efficiency of TSS at varies pH and the concentration of alum

sludge treated with acid 200 mg.

The removal efficiency of TSS are shown in figure 4-2. There were significant
differences in pH for TSS removal (p-value<0.05). The maximum removal efficiency
of TSS at pH 7.0 and pH 9.0 were 25.01%. The removal efficiency of TSS at pH 8.0,
6.0, 10.0 and 11.0 was 23.92%, 21.75%, 15.23%, and 2.18% respectively.

From this results, optimum pH was at pH 7.0 that use alum sludge treated with
acid 200 mg, the highest color and TSS removal efficiency was 21.68% and 25.01%
respectively. Mechanism of this experiment is sweep coagulation, it forms Al (OH);
crystal. When color and TSS contacts with Al (OH); crystal, color and TSS captures
on this crystal that affect to form big floc. Steel and Terence, 1979 studied the
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optimum pH for coagulation was pH 4.0-7.0 and American Water Works Association,
1999 reported that optimum pH for coagulation with alum was 5.5-8.5. At pH 9.0,
TSS removal efficiency as same as pH 7.0 but color removal efficiency of pH 9.0 was

lower than pH 7.0 so optimum pH was pH 7.0.

4.3 The optimum of concentration of alum sludge treated with acid

Color removal efficiency

Color removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of alum sludge treated with acid 100
mg, 150 mg, 200 mg, 250 mg, 300 mg and optimum pH at pH 7.0 were presented in
table 4-4.

Table 4-4 Color removal efficiency at varies concentrations of alum sludge treated

with acid and pH 7.0.

Color (SU)
100 mg. 150 mg. 200 mg. 250 mg. 300 mg.
pH 258.45 739 217.00 95.17 33.67
7.0 Color removal efficiency (%)
100 mg. 150 mg. 200 mg. 250 mg. 300 mg.
6.72 17.93 21.68 65.65 87.85
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Figure 4-3 The removal efficiency of color at varies concentrations of alum sludge

treated with acid and pH 7.0.

The removal efficiency of color are shown in figure 4-3. There were
significant  differences in alum sludge treated with acid for color removal (p-
value<0.05). The maximum removal efficiency of color at concentrations of alum
sludge treated with acid 300 mg was 87.85%. The removal efficiency of color at
concentrations of alum sludge treated with acid 100 mg, 150 mg, 200 mg and 250 mg
was 6.72%, 17.93%, 21.68% and 65.65% respectively.

As a result the removal efficiency of color concentrations of alum sludge
treated with acid 300 mg significantly higher than concentrations of alum sludge

treated with acid 100 mg, 150 mg, 200 mg and 250 mg.

TSS removal efficiency

TSS removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of alum sludge treated with acid 100
mg, 150 mg, 200 mg, 250 mg, 300 mg and optimum pH at pH 7.0 were presented in
table 4-5.




Fac. of Grad. Studies, Mahidol Univ.

M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 47

Table 4-5 TSS removal efficiency at varies concentrations of alum sludge treated

with acid and pH 7.0.

TSS (mg/L)
100 mg. 150 mg. 200 mg. 250 mg. 300 mg.
pH 29.00 26.00 23.00 11.00 4.00
7.0 TSS removal efficiency (%)
100 mg. 150 mg. 200 mg. 250 mg. 300 mg.
5.45 1523 25.01 64.13 86.96
100 -
80+
S
S 60 |
o
£
S 40+
9]
A
20
0 T T T T T 1
0 50 100 200 250 300 350
Alum sludge (mg.)

Figure 4-4 The removal efficiency of TSS at varies concentrations of alum sludge

treated with acid and pH 7.0.

The removal efficiency of TSS are shown in figure 4-4. There were significant

differences in alum sludge treated with acid for TSS removal (p-value<0.05). The

maximum removal efficiency of TSS at concentrations of alum sludge treated with

acid 300 mg was 86.96%. The removal efficiency of TSS at concentrations of alum
sludge treated with acid 100 mg, 150 mg, 200 mg and 250 mg was 5.45%, 15.23%,
25.01% and 64.13% respectively.
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As a result the removal efficiency of TSS at concentrations of alum sludge
treated with acid 300 mg significantly higher than concentrations of alum sludge treated
with acid 100 mg, 150 mg, 200 mg and 250 mg.

From this results, optimum pH was at pH 7.0 that use alum sludge treated with
acid 300 mg. Color and TSS removal efficiency was 87.85% and 86.96%
respectively. Yongyut (3) studied of filling H,SO, into alum sludge from clarifier tank
of water treatment plant process for separate alum from sludge. Using dissolved alum
in clearing solution can increase alum to 155-530 mg/L. Optimum pH was at pH 7.0.
Mechanism at pH 7.0 was sweep coagulation, when many alum sludge treated with
acid were filled in wastewater, many Al (OH); crystal were formed so color and TSS
can contact with Al (OH); crystal that effected to form big floc. Optimum

concentration of alum sludge treated with acid was 300 mg.

4.4 The optimum of concentration of tamarind-kernel powder

suspension

Color removal efficiency

Color removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of tamarind-kernel powder suspension
3 mg/L, 5 mg/L, 7 mg/L, 9 mg/L, 11 mg/L and optimum pH at pH 7.0 and
concentrations of optimum alum sludge treated with acid at 300 mg (100% optimum),

225 mg (75% optimum) and 150 mg (50% optimum) were presented in table 4-6.
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Table 4-6 Color removal efficiency at varies concentrations of tamarind-kernel

powder suspension and pH 7.0.

Alum Color (SU)
Sludge 3mgL | SmgL | 7mgL | 9mgL | 11 mglL
(mg) g mg mg mg
300 98.06 40.78 108.77 38.33 33.57
205 182.32 110.49 116.78 132.30 107.80
pH 150 191.83 174.17 159.65 158.65 164.20
7.0 Alum Color removal efficiency (%0)
g/ SmgL | Smg/l. | 7mgL | 9mgL | 11mg/L
(mg) g mg mg mg
300 64.61 85.28 81.26 86.17 87.88
225 34.20 60.12 57.85 52.25 61.09
150 30.77 37.14 42.38 42.74 40.74
100 -
S 80- ’/'\*/‘/4
é 60 - —e— 100% optimum
£ —=— 75% optimum
s 07 x/a//\:——\i“ —a—50% optimum
S 20-
0 R
o 1 2 3 4 5 6 7 8 9 10 11 12
The concentrations of tamarind-kernel powder
suspension (mg/L)

Figure 4-5 The removal efficiency of color at varies concentrations of tamarind-kernel

powder suspension and pH 7.0.
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The removal efficiency of color are shown in figure 4-5.

At 300 mg (100% optimum), there were significant differences in
concentrations of tamarind-kernel powder suspension for color removal (p-
value<0.05). The maximum removal efficiency of color at concentrations of
tamarind-kernel powder suspension 11 mg/L was 87.88%. The removal efficiency of
color with concentrations of tamarind-kernel powder suspension 9 mg/L, 5 mg/L, 7

mg/L and 3 mg/L was 86.17%, 85.28%, 81.26% and 64.61% respectively.

At 225 mg (75% optimum), there were significant differences in
concentrations of tamarind-kernel powder suspension for color removal (p-
value<0.05). The maximum removal efficiency of color at concentrations of
tamarind-kernel powder suspension 11 mg/L was 61.09%. The removal efficiency of
color with concentrations of tamarind-kernel powder suspension 5 mg/L, 7 mg/L, 9
mg/L and 3 mg/L was 60.12%, 57.85%, 52.25% and 34.20% respectively. The
minimum efficiency of color at concentrations of tamarind-kernel powder suspension

3 mg/L significantly lower than 11 mg/L, 9 mg/L, 7 mg/L and 5 mg/L.

At 150 mg (50% optimum), there were significant differences in concentrations
of tamarind-kernel powder suspension for color removal (p-value<0.05). The maximum
removal efficiency of color at concentrations of tamarind-kernel powder suspension 9
mg/L was 42.74%. The removal efficiency of color with concentrations of tamarind-
kernel powder suspension 7 mg/L, 11 mg/L, 5 mg/L and 3 mg/L was 42.38%, 40.74%,
37.14% and 30.77% respectively. The minimum efficiency of color at concentrations of
tamarind-kernel powder suspension 3 mg/L significantly lower than 11 mg/L, 9 mg/L,

7 mg/L and 5 mg/L.

TSS removal efficiency

TSS removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of tamarind-kernel powder suspension
3 mg/L, 5 mg/L, 7 mg/L, 9 mg/L, 11 mg/L and optimum pH at pH 7.0 and
concentrations of optimum alum sludge treated with acid at 30 mg (100% optimum),

225 mg (75% optimum) and 150 mg (50% optimum) were presented in table 4-7.
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Table 4-7 TSS removal efficiency at varies concentrations of tamarind-kernel powder

suspension and pH 7.0.

Alum TSS (mg/L)
sludge N
m
(mg) g 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 12.00 11.00 27.00 9.00 1.00
225 29.00 12.00 25.00 28.00 29.00
pH 150 28.00 24.00 28.00 24.00 15.00
7.0 Alum TSS removal efficiency (%0)
sludge —
m
(mg) g 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 60.87 64.13 60.97 70.66 96.74
225 545 40.87 18.49 8.71 5.45
188 8.71 21.75 8.71 21.75 51.09
100 +
~ 80 -
S
T 60 | —e— 100% optimum
£ —=— 75% optimum
S 40 - —a— 50% optimum
3
= 20
O T T T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10 11 12
The concentrations of tamarind-kernel powder
suspension (mg/L)

Figure 4-6 The removal efficiency of TSS at varies concentrations of tamarind-kernel

powder suspension and pH 7.0.
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The removal efficiency of TSS are shown in figure 4-6.

At 300 mg (100% optimum), there were significant differences in
concentrations of tamarind-kernel powder suspension for TSS removal (p-value<0.05).
The maximum removal efficiency of TSS at concentrations of tamarind-kernel
powder suspension 11 mg/L. was 96.74%. The removal efficiency of TSS with
concentrations of tamarind-kernel powder suspension 9 mg/L, 5 mg/L, 7 mg/L and 3

mg/L was 70.66%, 64.13%, 60.97% and 60.87% respectively.

At 225 mg (75% optimum), there were significant differences in
concentrations of tamarind-kernel powder suspension for TSS removal (p-value<0.05).
The maximum removal efficiency of TSS at concentrations of tamarind-kernel
powder suspension 5 mg/L was 40.87%. The removal efficiency of TSS with
concentrations of tamarind-kernel powder suspension 7 mg/L, 9 mg/L, 11 mg/L and 3
mg/L was 18.49%, 8.71%, 5.45% and 5.45% respectively, where as the removal
efficiency at concentrations of tamarind-kernel powder suspension 5 mg/L

significantly higher than 3 mg/L, 7 mg/L, 9 mg/L and 11 mg/L.

At 150 mg (50% optimum), there were significant differences in
concentrations of tamarind-kernel powder suspension for TSS removal (p-value<0.05).
The maximum removal efficiency of TSS at concentrations of tamarind-kernel
powder suspension 11 mg/LL was 51.09%. The removal efficiency of TSS with
concentrations of tamarind-kernel powder suspension 9 mg/L, 5 mg/L, 7 mg/L and 3
mg/L was 21.75%, 21.75%, 8.71% and 8.71% respectively, where as the removal
efficiency at concentrations of tamarind-kernel powder suspension 11 mg/L

significantly higher than 3 mg/L, 5 mg/L, 7 mg/L, and 9 mg/L.

From this results, optimum pH was at pH 7.0 that use alum sludge treated with
acid 300 mg as coagulant with > 5 mg/L of tamarind-kernel powder suspension as
coagulant aid can remove color, optimum color removal efficiency as 87.88% with 11
mg/L of tamarind-kernel powder suspension and optimum TSS removal efficiency
was 96.74%. The study of Vatinee and Siriratn (26) showed that using 3 mg/L of
tamarind-kernel powder as coagulant aid that was the optimum concentration of

coagulant aid for removal color and TSS. The study of Jiraporn (24) showed the
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component of tamarind-kernel powder, carbohydrate 68.5%, protein 14.6%, fat 7.1%.
These component can increase mass of sludge that was easy to precipitate so that was
the good property for coagulant aid. Chemical agriculture department education of
agriculture studied to make tamarind-kernel powder in solution form that was clear,
viscous and negative charge so that could capture with positive charge (7) alum
sludge. Solution form of tamarind-kernel powder was organic polymers that could
form polymer bridging (see figure 2-5 “the polymer bridging model”) so stability of
color and TSS decreased that was easy to precipitate. Filling tamarind-kernel powder

suspension as coagulant aid could not decrease using alum sludge.

4.5 The optimum of concentration of litchi-kernel powder suspension

Color removal efficiency

Color removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of litchi-kernel powder suspension 3
mg/L, 5 mg/L, 7 mg/L, 9 mg/L, 11 mg/L and optimum pH at pH 7.0 and
concentrations of optimum alum sludge treated with acid at 300 mg (100% optimum),

225 mg (75% optimum) and 150 mg (50% optimum) were presented in table 4-8.
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Table 4-8 Color removal efficiency at varies concentrations of litchi-kernel powder

suspension and pH 7.0.

Alum Color (SU)
sludge N
m
(mg) g 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 13.43 0.00 0.00 13.17 0.00
225 86.46 182.01 23.63 56.30 36.62
pH 150 163.74 113.83 92.38 110.26 102.71
7.0 Alum Color removal efficiency (%0)
sludge —
m
(mg) g 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 95.15 100.00 100.00 95.25 100.00
225 68.80 83.58 91.47 79.68 86.78
150 40.91 58.92 66.66 60.21 62.93
120
—~ 100 0/—0—0\*/——0
\o\f]
§ 80 ./-/-\'/. —e— 100% optimum
% 60 —=— 75% optimum
g 40 —a—50% optimum
Ie)
© 20
O T T T T T T T T T 1
1 2 4 5 7 8 9 10 11 12
The concentrations of litchi-kernel powder
suspension (mg/L)

Figure 4-7 The removal efficiency of color at varies concentrations of litchi-kernel

powder suspension and pH 7.0.
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The removal efficiency of color are shown in figure 4-7.

At 300 mg (100% optimum), there were significant differences in
concentrations of litchi-kernel powder suspension for color removal (p-value<0.05).
The maximum removal efficiency of color at concentrations of litchi-kernel powder
suspension 5 mg/L, 7 mg/L. and 11 mg/L was 100.00%. The removal efficiency of
color with concentrations of litchi-kernel powder suspension 9 mg/L and 3 mg/L was
95.25% and 95.15% respectively. The removal efficiency at concentrations of litchi-
kernel powder suspension 5 mg/L, 7 mg/L and 11 mg/L significantly higher than 3
mg/L and 9 mg/L (p-value>0.05).

At 225 mg (75% optimum), there were significant differences in
concentrations of litchi-kernel powder suspension for color removal (p-value<0.05).
The maximum removal efficiency of color at concentrations of litchi-kernel powder
suspension 7 mg/L. was 91.47%. The removal efficiency of color with concentrations
of litchi-kernel powder suspension 11 mg/L, 5 mg/L, 9 mg/LL and 3 mg/L was
86.78%, 83.58%, 79.68% and 68.80% respectively. The removal efficiency at
concentrations of litchi-kernel powder suspension 11 mg/L, 7 mg/L, and 5 mg/L were

significantly higher than 3 mg/L and 9 mg/L (p-value>0.05).

At 150 mg (50% optimum), there were significant differences in
concentrations of litchi-kernel powder suspension for color removal (p-value<0.05).
The maximum removal efficiency of color at concentrations of litchi-kernel powder
suspension 7 mg/L was 66.66%. The removal efficiency of color with concentrations
of litchi-kernel powder suspension 11 mg/L, 9 mg/L, 5 mg/L and 3 mg/L was
62.93%, 60.21%, 58.92% and 40.91% respectively. The minimum removal efficiency
of color at concentrations of litchi-kernel powder suspension 3 mg/L significantly

lower than 11 mg/L, 7 mg/L, 9 mg/L and 5 mg/L.
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TSS removal efficiency

TSS removal efficiency of wastewater samples by coagulation and
flocculation method with varies concentrations of litchi-kernel powder suspension 3
mg/L, 5 mg/L, 7 mg/L, 9 mg/L, 11 mg/L and optimum pH at pH 7.0 and
concentrations of optimum alum sludge treated with acid at 300 mg (100% optimum),

225 mg (75% optimum) and 150 mg (50% optimum) were presented in table 4-9.

Table 4-9 TSS removal efficiency at varies concentrations of litchi-kernel powder

suspension and pH 7.0.

Alum TSS (mg/L)
sludge
(ma) 3 mg/L 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 0.00 2.00 0.00 2.00 3.00
225 3.00 0.00 8.00 5.00 3.00
pH 150 20.00 15.00 17.00 14.00 8.38
7.0 Alum TSS removal efficiency (%0)
sludge
(mg) 3 mg/L 5 mg/L 7 mg/L 9 mg/L 11 mg/L
300 100.00 93.48 100.00 93.48 90.22
225 90.22 100.00 73.92 83.70 90.22
150 34.79 51.09 44.57 54.35 60.87
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Figure 4-8 The removal efficiency of TSS at varies concentrations of litchi-kernel

powder suspension and pH 7.0.

The removal efficiency of TSS are shown in figure 4-8.

At 300 mg (100% optimum), there were significant differences in

concentrations of litchi-kernel powder suspension for TSS removal (p-value<0.05).
The maximum removal efficiency of TSS at concentrations of litchi-kernel powder
suspension 3 mg/L and 7 mg/L was 100.00%. The removal efficiency of TSS with
concentrations of Litchi-kernel powder suspension 5 mg/L, 9 mg/L and 11 mg/L was

93.48%, 93.48% and 90.22% respectively.

At 225 mg (75% optimum), there were significant differences in
concentrations of litchi-kernel powder suspension for TSS removal (p-
value<0.05). The maximum removal efficiency of TSS at concentrations of
litchi-kernel powder suspension 5 mg/L was 100.00%. The removal efficiency
of TSS with concentrations of litchi-kernel powder suspension 3 mg/L, 11

mg/L, 9 mg/L and 7 mg/L was 90.22%, 90.22%, 83.70% and 73.92%

respectively.
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At 150 mg (50% optimum). there were significant differences in
concentrations of litchi-kernel powder suspension for TSS removal (p-value<0.05).
The maximum removal efficiency of TSS at concentrations of litchi-kernel powder
suspension 11 mg/L was 60.87%. The removal efficiency of TSS with concentrations
of litchi-kernel powder suspension 9 mg/L, 5 mg/L, 7 mg/L and 3 mg/L was 54.35%,
51.09%, 44.57% and 34.79% respectively.

From this results, optimum pH was at pH 7.0 that use alum sludge treated with
acid 300 mg as coagulant with > 3 mg/L. of litchi-kernel powder suspension as
coagulant aid can remove color and TSS, optimum color and TSS removal efficiency
was 100.00% with 7 mg/L of litchi-kernel powder suspension and optimum TSS
removal efficiency was 100.00%. Ratikorn (5) showed the component of litchi-kernel
powder by Association of Official Analytical Chemists method, carbohydrate 70.0%
protein 4.4% fat 1.0%. These component can increase mass of sludge that was easy to
precipitate so that was the good property for coagulant aid. Result from charge
measurement by reverse measurement of titrate colloid found that the litchi kernel
powder solution has negative charge (5) so that could capture with positive charge (7)

alum sludge. Solution form of litchi-kernel powder was organic polymers that could

form polymer bridging (see figure 2-5 “the polymer bridging model”) so stability of

color and TSS decreased that was easy to precipitate. Filling tamarind-kernel powder

suspension as coagulant aid could not decrease using alum sludge.

4.6 The COD removal

COD removal efficiency

COD removal efficiency of wastewater samples by coagulation and
flocculation method; with concentration of tamarind-kernel powder suspension 5
mg/L, optimum pH at pH 7.0 and with concentration of alum sludge treated, with acid
at 225 mg (75% optimum) and with concentration of litchi-kernel powder suspension
5 mg/L, optimum pH at pH 7.0 and with concentration of alum sludge treated, with

acid at 225 mg (75% optimum) were presented in table 4-10.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Appro. Techn. for Resou. and Env. Dev.) / 59

Table 4-10 The removal efficiency of COD at concentration of tamarind-kernel
powder suspension 5 mg/L. and concentration of litchi-kernel powder
suspension 5 mg/L at pH 7.0 and concentration of alum sludge treated

with acid at 225 mg.

Tamarind-kernel Litchi-kernel
pH Alum sludge mg)
COD (mgOg2/L) COD (mgO2/L)
7.0 225 552 488

At 5 mg/L of tamarind-kernel powder suspension, pH 7.0 and concentrations
of alum sludge treated with acid at 225 mg, the COD value was 552 mgO,/L. At 5
mg/L of litchi-kernel powder suspension, pH 7.0 and concentrations of alum sludge
treated with acid at 225 mg the COD value was 488 mgO,/L.

From this result, filling tamarind-kernel powder suspension and litchi-kernel
powder suspension increased COD value because tamarind kernel and litchi kernel
were the polyelectrolyte from natural material (seed plant). Using many coagulant aid

with alum sludge treated with acid can increased COD value.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

From the experimental results, it is demonstrated that alum sludge with acid
recovery method, tamarind-kernel powder suspension and litchi-kernel powder
suspension are able to be an alternative raw materials for color and TSS removal. The

conclusion are as follows :

1. Alum sludge treated with acid can be used to remove color and TSS.

2. Tamarind-kernel powder suspension can be used to increase removal

efficiency of color.

3. Litchi-kernel powder suspension can be used to increase removal

efficiency of color and TSS.

4. In case study, filling 5 mg/L of tamarind-kernel powder suspension and

litchi-kernel powder suspension effects to the increase of COD.

5.2 Recommendations

1. Efficiency of alum sludge changes depend on time that effects to removal

efficiency.

2. Increasing of tamarind-kernel powder suspension and litchi-kernel powder

suspension effects to increasing of COD.

3. Further study should be conducted using other types of wastewater
containing higher concentrations of color and TSS and comparative with other natural

polymer should be investigated.
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4. The feasibility study of coagulant by alum sludge treated with acid and
coagulant aid by tamarind-kernel powder suspension and litchi-kernel powder

suspension in pilot scale should be recommended.
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APPENDIX A
MATERIALS

Figure A-1 Materials

Tamarind kernel without testae Tamarind-kernel powder suspension

litchi kernel without testae Litchi-kernel powder suspension
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STATISTICAL ANALYSIS

pH N Mean Std.Deviation Minimum Maximum
6.0 2 4.2850 0.60104 3.86 471
7.0 2 21.6850 1.37886 20.71 22.66
8.0 2 9.4750 0.26163 9.29 9.66
9.0 2 6.8750 6.97914 1.94 11.81
100 2 4.1250 1.91626 2.77 5.48
110 2 0.7450 0.57276 0.34 1.15
Test of Homogeneity of Variances
color removal
Levene statistic dfl df2 Sig.
1.08E + 16 5 6 0.000
Robust Tests of Equality Of Means
color removal

Statistic (a) dfl df2 Sig.
Brown-Forsythe 11.863 5 1.268 0.016

a. Asymptotically F distributed
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Homogeneous Subsets

color removal

Duncan®

pH N Subset for alpha = 0.05

1 2 3

Duncan® 11.0 2 0.7450

10.0 2 4.1250 4.1250

6.0 2 4.2850 4.2850

9.0 2 6.8750 6.8750

8.0 2 9.4750

7.0 2 21.6850

Sig. 0.103 0.143 1.000
Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size = 2.000
The optimum of pH (TSS removal efficiency)
Descriptives
pH N Mean Std.Deviation Minimum Maximum
6.0 2 21.7500 0.00000 21.75 21.75
7.0 2 25.0100 4.61034 21.75 28.27
8.0 2 23.9233 3.76432 21.75 28.27
9.0 2 25.0100 4.61034 21.75 28.27
100 2 15.2300 0.00000 15.23 15.23
110 2 2.1800 0.00000 2.18 2.18

Test of Homogeneity of Variances

TSS removal

Levene statistic dfl df2 Sig.

13.946 5 7 0.002
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TSS removal
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Statistic (a) dfl df2

Sig.

Brown-Forsythe 12.636 5 1.259

0.010

a. Asymptotically F distributed

Homogeneous Subsets

TSS removal
Duncan®
pH N Subset for alpha = 0.05
1 2 3
Duncan® 11.0 2 2.1800
10.0 2 15.2300
6.0 2 21.7500 21.7500
8.0 B 23.9233
7.0 2 25.0100
9.0 2 25.0100
Sig. 1.000 0.073 0.350
Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size =2.118
The optimum of alum sludge treated with acid (color removal efficiency)
Descriptives
pH N Mean Std.Deviation Minimum Maximum
100 2 6.7250 1.91626 5.37 8.08
150 2 17.9300 2.50316 16.16 19.70
200 2 21.6850 1.37886 20.71 22.66
250 2 65.6500 0.67882 65.17 66.13
300 2 87.8500 0.69296 87.36 88.34
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Levene statistic dfl df2 Sig.
1.36E + 17 4 5 0.000
Robust Tests of Equality Of Means
color removal
Statistic (a) dfl df2 Sig.
Brown-Forsythe 954.079 4 2.875 0.000

a. Asymptotically F distributed

Homogeneous Subsets

color removal

Duncan?

pH N Subset for alpha = 0.05

1 2 3 4

Duncan® 100 2 6.7250

150 2 17.9300

200 2 21.6850

250 3 65.6500

300 2 87.8500

Sig. 1.000 0.066 1.000 1.000

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000
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The optimum of alum sludge treated with acid (TSS removal efficiency)

Descriptives

pH N Mean Std.Deviation Minimum Maximum
100 2 5.4450 4.61741 2.18 8.71
150 2 15.2300 0.00000 15.23 15.23
200 2 25.0100 4.61034 21.75 28.27
250 2 64.1300 4.61034 60.87 67.39
300 2 86.9600 0.00000 86.96 86.96

Test of Homogeneity of Variances

TSS removal
Levene statistic dfl df2 Sig.
1.84E + 16 4 5 0.000

Robust Tests of Equality Of Means

TSS removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 834.071 4 2.986 0.000
a. Asymptotically F distributed
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Homogeneous Subsets

TSS removal
Duncan®

pH N Subset for alpha = 0.05

1 2 3 4 5

Duncan® 100 2 5.4450

150 2 15.2300

200 2 25.0100

250 2 64.1300

300 2 86.9600

Sig. 1.000 1.000 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size = 2.000
The optimum of tamarind-kernel powder suspension 100% optimum
(color removal efficiency)
Descriptives
Tam N Mean Std.Deviation Minimum Maximum
1003 2 64.6050 12.89056 55.49 73.72
1005 2 85.2800 13.30775 75.87 94.69
1007 2 60.7450 14.21992 50.69 70.80
1009 2 86.1650 11.97132 77.70 94.63
10011 2 87.8850 9.90657 80.88 94.89

Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

7.40E + 14 4 5 0.000
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Statistic(a)

dfl

df2

Sig.

Brown-Forsythe

2.189

4.762

0.212

a. Asymptotically F distributed

Homogeneous Subsets

color removal

Duncan®
Tam100 N Subset for alpha = 0.05
1
Duncan® 1007 2 60.7450
1003 2 64.6050
1005 2 85.2800
1009 5 86.1650
10011 2 87.8850
Sig. 0.093

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000

The optimum of tamarind-kernel powder suspension 100% optimum

(TSS removal efficiency)

Descriptives

Tam N Mean Std.Deviation Minimum Maximum
1003 2 60.8700 0.00000 60.87 60.87
1005 2 64.1300 4.61034 60.87 67.39
1007 2 60.9700 0.00000 60.97 60.97
1009 2 70.6550 23.05875 54.35 86.96
10011 2 96.7400 4.61034 93.48 100.00
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Test of Homogeneity of Variances

TSS removal
Levene statistic dfl df2 Sig.
6.62E + 15 4 5 0.000

Robust Tests of Equality Of Means

TSS removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 1.078 4 3.651 0.020
a. Asymptotically F distributed

Homogeneous Subsets

TSS removal
Duncan?
Tam100 N Subset for alpha = 0.05
1 2
Duncan® 1003 2 60.8700
1007 2 60.9700
1005 2 64.1300
1009 3 70.6550 70.6550
10011 2 96.7400
Sig. 0.415 0.059

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000
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The optimum of tamarind-kernel powder suspension 75% optimum
(color removal efficiency)

Descriptives

Tam N Mean Std.Deviation Minimum Maximum
753 2 34.2000 8.24487 28.37 40.03
755 2 60.1200 4.96389 56.61 63.63
757 2 57.8500 10.46518 50.45 65.25
759 2 52.2550 2.42538 50.54 53.97
7511 2 61.0950 5.97505 56.87 65.32

Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

6.91E + 15 4 5 0.000

Robust Tests of Equality Of Means

color removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 5.064 4 3.205 0.021
a. Asymptotically F distributed
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Homogeneous Subsets

color removal

Duncan®
Tam75 N Subset for alpha = 0.05
1 2
Duncan? 753 2 34.2000
759 2 52.2550
757 2 57.8500
755 2 60.1200
7511 2 61.0950
Sig. 1.000 0.274

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000

The optimum of tamarind-kernel powder suspension 75% optimum
(TSS removal efficiency)

Descriptives

Tam N Mean Std.Deviation Minimum Maximum
753 2 5.4500 0.00000 5.45 5.45
755 2 40.8700 0.00000 40.87 40.87
757 2 18.4900 0.00000 18.49 18.49
759 2 8.7100 0.00000 8.71 8.71
7511 2 5.4450 4.61741 2.18 40.87



Panitta Hiranyaporn

Test of Homogeneity of Variances

Appendix / 78

TSS removal
Levene statistic dfl df2 Sig.
1.23E + 16 4 5 0.000
Robust Tests of Equality Of Means
TSS removal
Statistic (a) dfl df2 Sig.

Brown-Forsythe 0.067 4 2.540 0.010
a. Asymptotically F distributed
Homogeneous Subsets
TSS removal
Duncan?

Tam75 N Subset for alpha = 0.05

1 2 3

Duncan® 7511 2 5.4450

753 2 5.4500

759 2 8.7100

757 3 18.4900

755 2 40.8700

Sig. 0.185 1.000 1.000

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000
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The optimum of tamarind-kernel powder suspension 50% optimum
(color removal efficiency)

Descriptives

Tam N Mean Std.Deviation Minimum Maximum
503 2 30.7700 0.00000 30.77 30.77
505 2 37.1450 0.34648 36.90 37.39
507 2 42.3800 0.02828 42.36 42.40
509 2 42.7450 3.13248 40.53 44.96
5011 2 40.7350 0.92631 40.08 41.39

Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

1.20E + 16 4 5 0.000

Robust Tests of Equality Of Means

color removal

Statistic () dfl df2 Sig.

Brown-Forsythe 4.053 4 2.104 0.011
a. Asymptotically F distributed
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Homogeneous Subsets

color removal

Duncan®
Tam50 N Subset for alpha = 0.05
1 2 3
Duncan® 503 2 30.7700
505 2 37.1450
5011 2 40.7350 40.7350
507 2 42.3800
509 2 42.7450
Sig. 1.000 0.058 0.240
Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size = 2.000
The optimum of tamarind-kernel powder suspension 50% optimum
(TSS removal efficiency)
Descriptives
Tam N Mean Std.Deviation Minimum Maximum
503 2 8.7050 9.22774 2.18 15.23
505 2 21.7500 9.22067 15.23 28.27
507 2 8.7050 9.22774 2.18 15.23
509 2 21.7500 9.22067 15.23 28.27
5011 2 51.0900 4.61034 47.83 54.35

Robust Tests of Equality Of Means

TSS removal

Statistic ()~ dfl df2 Sig.

Brown-Forsythe 8.290 4 4.446 0.026
a. Asymptotically F distributed
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Homogeneous Subsets

TSS removal
Duncan®
Tam50 N Subset for alpha = 0.05
1 2
Duncan® 503 2 8.7050
507 2 8.7050
505 2 21.7500
509 3 21.7500
5011 2 51.0900
Sig. 0.198 1.000

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000

The optimum of litchi-kernel powder suspension 100% optimum
(color removal efficiency)

Descriptives

Lit N Mean Std.Deviation Minimum Maximum
1003 2 95.1500 1.62635 94.00 96.30
1005 2 100.0000 0.00000 100.00 100.00
1007 2 100.0000 0.00000 100.00 100.00
1009 2 95.2450 3.51432 92.76 97.73
10011 2 100.0000 0.00000 100.00 100.00

Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

1.19E + 16 4 5 0.000
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Statistic (a) dfl df2 Sig.
Brown-Forsythe 1.078 4 3.851 0.010
a. Asymptotically F distributed
Homogeneous Subsets
color removal
Duncan®
Lit100 N Subset for alpha = 0.05
1 2
Duncan® 1003 2 95.1500
1009 2 95.2450
1005 2 100.0000
1007 2 100.0000
10011 2 100.0000
Sig. 0.958 1.000

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000

The optimum of litchi-kernel powder suspension 100% optimum

(TSS removal efficiency)

Descriptives

Lit N Mean Std.Deviation Minimum Maximum
1003 2 100.0000 0.00000 100.00 100.00
1005 2 93.4800 9.22067 86.96 100.00
1007 2 100.0000 0.00000 100.00 100.00
1009 2 93.4800 9.22067 86.96 100.00
10011 2 90.2200 13.83101 80.44 100.00
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TSS removal
Levene statistic dfl df2 Sig.
2.99E + 16 4 5 0.000
Robust Tests of Equality Of Means
TSS removal
Statistic (a) dfl df2 Sig.
Brown-Forsythe 2.156 4 4.674 0.721

a. Asymptotically F distributed

Homogeneous Subsets

TSS removal
Duncan®
Lit100 N Subset for alpha = 0.05
1
Duncan® 10011 2 90.2200
1005 2 93.4800
1009 2 93.4800
1003 2 100.0000
1007 2 100.0000
Sig. 0.313

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000
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The optimum of litchi-kernel powder suspension 75% optimum
(color removal efficiency)

Descriptives

Lit N Mean Std.Deviation Minimum Maximum
753 2 68.8000 4.14365 65.87 71.73
755 2 83.5800 0.00000 83.58 83.58
757 2 91.4700 6.37810 86.96 95.98
759 2 79.6800 0.72125 79.17 80.19
7511 2 86.7850 1.30815 85.86 87.71

Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

1.11E + 16 4 5 0.000

Robust Tests of Equality Of Means

Color removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 0.067 4 2.740 0.033
a. Asymptotically F distributed
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Homogeneous Subsets

color removal

Duncan®
Lit75 N Subset for alpha = 0.05
1 2 3
Duncan® 753 2 68.8000
759 2 79.6800
755 2 83.5800 83.5800
7511 2 86.7850 86.7850
757 2 91.4700
Sig. 1.000 0.103 0.078
Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size = 2.000
The optimum of litchi-kernel powder suspension 75% optimum
(TSS removal efficiency)
Descriptives
Lit N Mean Std.Deviation Minimum Maximum
753 2 90.2200 4.61034 86.96 93.48
755 2 100.0000 0.00000 100.00 100.00
757 2 73.9150 27.66909 54.35 93.48
759 2 83.6950 23.05875 67.39 100.00
7511 2 90.2200 13.83101 80.44 100.00

Test of Homogeneity of Variances

TSS removal

Levene statistic dfl df2 Sig.

1.29E + 16 4 5 0.000
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Statistic (a) dfl

df2

Sig.

Brown-Forsythe 2.278 4

3.667

0.068

a. Asymptotically F distributed

Homogeneous Subsets

TSS removal
Duncan®
Lit75 N Subset for alpha = 0.05
1
Duncan® 757 2 73.9150
759 2 83.6950
753 2 90.2200
7511 2 90.2200
755 2 100.0000
Sig. 0.206

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000

The optimum of litchi-kernel powder suspension 50% optimum

(color removal efficiency)

Descriptives

Lit N Mean Std.Deviation Minimum Maximum
503 2 40.9050 5.70635 36.87 44.94
505 2 58.9150 0.45962 58.59 59.24
507 2 66.6600 5.35987 62.87 70.45
509 2 60.2050 0.43134 59.90 60.51
5011 2 62.9300 0.48083 62.59 63.27
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Test of Homogeneity of Variances

color removal

Levene statistic dfl df2 Sig.

4.55E + 15 4 5 0.000

Robust Tests of Equality Of Means

color removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 16.037 4 2.033 0.058
a. Asymptotically F distributed

Homogeneous Subsets

color removal

Duncan?
Lit50 N Subset for alpha = 0.05
il 2
Duncan? 503 2 40.9050
505 2 58.9150
509 2 60.2050
5011 2 62.9300
507 2 66.6600
Sig. 1.000 0.088

Means for groups in homogeneous subsets are displayed

a. Uses harmonic Mean Sample Size = 2.000
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The optimum of litchi-kernel powder suspension 50% optimum
(TSS removal efficiency)

Descriptives

Lit N Mean Std.Deviation Minimum Maximum
503 2 34.7900 27.66202 15.23 54.35
505 2 51.0900 13.83101 41.31 60.87
507 2 44,5750 41.50010 15.23 73.92
509 2 54.3500 18.44134 41.31 67.39
5011 2 60.8700 0.00000 60.87 60.87

Test of Homogeneity of Variances

TSS removal
Levene statistic dfl df2 Sig.
3.27TE+15 5 4 0.000

Robust Tests of Equality Of Means

TSS removal

Statistic (a) dfl df2 Sig.

Brown-Forsythe 1.138 4 2.845 0.035
a. Asymptotically F distributed
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Homogeneous Subsets

TSS removal
Duncan®
Lit50 N Subset for alpha = 0.05
1 2
Duncan® 503 2 34.7900
507 2 44,5750
505 2 51.0900
509 2 54.3500
5011 2 60.8700
Sig. 0.154

Means for groups in homogeneous subsets are displayed
a. Uses harmonic Mean Sample Size = 2.000
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