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REMOVALOF DYES FROM TEXTILE EFFLUENTS

BY COAGULATION USING LOCALLY PRODUCED ALUM

By KIFLE YEHEYES

Advisors: Dr. Feleke Zewge

and

Professor Chandravanish

ABSTRACT

Huge consumption of water and low biodegradability of textile dye wastes calls for a

combination of biological and physico – chemical processes along with a complementary

treatment option to remove more of the dyes. Persistent aromatic structure and recalcitrant

nature of various dyes and textile chemicals makes the biological treatment not always

successful in the treatment of cotton textile waste water. Physico – chemical methods also

have limitations. No universally accepted and efficient method is yet developed for dye

removal.

In this study the dye removal capacity of locally available alum was investigated. The study

involved series of batch coagulation experiments using simulated solution containing textile

dyes to assess the effects of various process parameters including contact time, pH, coagulant

dosage, dye’s initial concentration, and reaction kinetics of coagulation.

The result of the study showed that an increase in both coagulant dosage and initial

concentration increases the percentage of dye removal. In all cases the optimized percentage

of dye removal is nearly or above 90 %. Most of the reactions are completed in less than 20

minutes. The effect of pH of the studied dyes demonstrated that the highest percentage of the

dye removal was observed at pH =7.45 for I.B, 7.65 for S.O and 9.05 for I.O. The reaction

kinetics of I.B and I.O was observed to obey pseudo first order kinetics, with rate constants

K1 = 0.11131s—1 for I. B and K2= 0.12264 s-1 for I.O respectively.
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1 Introduction

1.1 Back ground

Textile industries, particularly those involved in dyeing and finishing processes are major

water consumers and are source of considerable pollution. Conventional treatment processes

and discharge into municipal systems will no longer be tolerable at various levels. Therefore it

is of paramount importance to minimize pollution and to know its exact nature, in order to

implement an appropriate treatment process. [1 - 3]

A dye is a substance that consists of chromogen- chromophore together with auxochrome to

impart color to materials of which it becomes an integral part [4, 5]. One of the most

important contributions of science and technology in the textile dyeing industry is its ability to

synthesize dyes and pigments, which are fast to washing, change in pH, and light. Because of

inefficiency of dyeing technologies it is estimated that 10-15% of the dye and pigment is lost

to the effluent during the dyeing process, thus, residual colors are due to these substances [6].

Color is the most noticeable contaminant even at very low concentrations and has to be

removed or decolorized before the wastewater can be discharged. Textile industries engaged

in dyeing and finishing are known to have greater potential to discharge vast amount of

synthetic colorants to the environment.

The average water consumption in textile processes is 160 kg per kg of finished product [7].

Because it is a chemical intensive industry, textile finishing generates effluents containing

significant amounts of a wide range of residues. Thus, they can be considered as major

sources of considerable pollutants. Due to persistent aromatic structure and recalcitrant nature

of various dyes, the disposal of colored wastewater creates both aesthetic and other serious

environmental problems. Colored wastewaters are not only aesthetically displeasing, but also

impede light penetration in the treatment plants, thus upsetting the biological treatment

processes within the treatment plant. Residual color is also known to increase the BOD that

causes depletion of dissolved oxygen in water. [8] In addition to this, many dyes are toxic to

some microorganisms, and may cause direct inhibition of their activities. Dyes may also be
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problematic if they are broken-down anaerobically in sediment, as toxic amines are often

produced due to incomplete degradation by microorganisms, where lethal dose may be

reached affecting aquatic systems and the associated fauna and flora [9]. Moreover, there are

considerable evidences that those metabolites of dyes and pigments are the actual

carcinogenic agents. [10] Thus, interest in environmental behavior of dyes and pigments is

promoted primarily by concern over their possible toxicity, carcinogenicity, and effect on

photosynthesis, aesthetic problems, and non- biodegradability. All these points converge to

indicate the need of reducing the concentration of coloring materials from wastewater.

In water reuse technology, various techniques have been employed in the past for the removal

of dyes from wastewater. In general, two major techniques are available for the removal of

dissolved materials from solutions [11]. They are biological decompositions and physico-

chemical processes. Biological decomposition can be used to remove dissolved organics from

wastewaters, but since microorganisms rely on organic matter for energy and growth, removal

of low level of contaminants may not be significant. Moreover the organic contaminant may

not be biodegradable, a property of most dyes too [6].

On the other hand, physico- chemical methods involve both physical and chemical processes

for the removal of organics. Among the physico-chemical processes in use are chemical

oxidation (Using either ozone or acidified potassium dichromate or hydrogen peroxide),

activated carbon sorption, precipitation, gas stripping, reverse osmosis, and ion exchange

[12,13]. But most of the physico–chemical alternatives entail high cost, advanced technology,

high reagent consumption or substantial sludge production [14 - 16]. No universally accepted

and efficient method is yet developed for dye removal.

Regarding biological process, the COD/BOD5 ratio of a textile industry effluent ranges from 3

to 4, meaning that the effluent is moderately biodegradable. From conventional treatments 40

up to 50% dye removal can be anticipated. But physico - chemical processes alone may not

provide satisfactory results. Color removal of insoluble dyes is inefficient, and COD removal

is only moderately efficient (about 50%). This fact calls for a combination of biological and

physico – chemical processes that will remove more of the dyes and COD. Ideally, a
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complementary treatment process is also needed to remove the dyes and, if possible, the

residual COD [1]. Discharge standards will undoubtedly restrict color to a maximum value of

100 mg /L. [1]. But the results of the conventional treatments are far from being in

compliance with this level. The Provisional Environmental Standard for Ethiopia, proposed

by the Environmental Protection Authority (EPA) sets emission limits of 5mg/L of adsorbable

organic halogenated compounds [3]. It is therefore indispensable to become more familiar

with the behavior of organic dyes in order to determine the dye removal technology that best

meets the needs and economy of each user company. One complementary treatment option is

coagulation- flocculation process.

1.2 Coagulants and their properties

Coagulation is a method applied for the removal of suspended or colloidal particles having a

size range of 10-8cm up to 10-7cm from the solution [11]. The process by which a colloidal

suspension becomes unstable and undergoes gravitational settling is called coagulation.

Sometimes the term flocculation is used to describe aggregation of colloids by bridging

polymers [9]. For operational distinction colloids are viewed as dynamic particles and are

usually defined on the bases of size.

From related research works different coagulants, like ferric chloride, ferrous sulfates, alum,

lime and their combinations were tried to select the suitable ones that provides higher removal

efficiency. It was observed that the coagulation with alum was better than that of ferrous

sulfate. [17]. the flocs obtained with alum seemed to be more bulky and had high settling

velocity than those obtained with ferrous sulfate. Within 60 minutes, about 90% of suspended

solids were settled down in alum runs, besides removal of significant associated BOD & COD

ranging from 20-50 % [18. 19]. On the other hand coagulant aids are chemicals that will

enhance coagulation by promoting the growth of large, rapid-settlings flocs. The common

coagulant aids are activated silica and polyelectrolyte polymers (i.e. cationic, anionic and non

ionic).
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While chemical coagulation has been widely used, in water treatment, for control over

colloidal and suspended particles, there is virtually no sufficient information regarding the

removal of dyes [1]. Since coagulation is successfully applied for the removal of colloidal

particles that are characterized by an extreme complexity and diversity including organic

macromolecules; it seems possible to apply coagulation for dye removal. This possibility

might be justified from the fact that most dyes are high molecular weight organic substances

and are soluble in water. So they are expected to be polar and be able to coagulate by the

addition of stabilizing ions.[9,11] Although the use of coagulant for dye removal is applicable,

huge amounts of chemical sludge might be generated by treatment plants. However an alum

sludge recycling system consisting of sludge separation, alum solubilization, impurity

screening, and alum reuse was reported feasible and cost-effective [16]. Thus, from the above

observation, one can expect the possibility of applying coagulation for dye removal. There

fore one can fell such an approach deserves attention in view of clarifying some issues about

the predominant pattern of dye removal by coagulation using Aluminum Sulfate.

To determine the over all rate law of coagulation, the identities of dyes must be known so that

balanced equations can be written and stoichiometric calculation can be carried out. The rate

of coagulation can be determined using either integrated or differential rate laws; the selection

of the methods depends only on the type of data that can be collected conveniently and

accurately. Kinetics of complicated reactions with more than one reactant can be simplified in

many ways. One is isolation method. When a reaction involves many reactants, as in the case

of dye coagulation, it is often possible to add excess quantities of all except one of the

reactants. The amount of those reactants presents in large concentration will not change

significantly and can be regarded as constant [20, 21]. In such cases the reaction will depend

solely on the single scarce reactant. The values of the rate constant and the order can be

determined from appropriate linearized graphs of the kinetic model or integrated law. The

dependence of the rate on the concentration of each of the other reactants may be found by

isolating them in turn, and so constructing a picture of the over all rate law [20, 21]. Because

the true rate law has been forced in to the order of only one component, it is called

pseudo’’X’’order rate law. This technique allows us to determine the rate law for complex

reaction with more than one reactant.
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1.2.1 Chemistry of Aluminum Compounds

Aluminum Sulfate (Alum) is a white crystalline product which is almost insoluble in

anhydrous alcohol, but readily soluble in water. It can exist with a variable number of

water molecules (n close to 18), the form being Al2 (SO4)3. nH2o. Alum is produced in

Ethiopia in industrial scale at Awash Melkassa aluminum sulfate and sulfuric acid factory.

It is widely applied as a coagulant for water treatment. It hydrolyzes in aqueous

solution to form aluminum hydroxide, which is insoluble and the reaction is,
Al2 (SO4)3.18H2O  2Al (OH) 3(s) + 6H+ (aq) + 3SO42+ (aq) + 12H2O

The most popular coagulants used in water treatments is Aluminum sulfate or Alum [Al2
(So4)3. 18H2o]. When alum is added to water in the presence of alkalinity the reaction is:

Al2 (So4)3 .18H2O + Ca (OH)2  3CaSO4 + 2Al (OH) 3 + 18H2O

The aluminum hydroxide is actually of the chemical form Al2O3 x H2o and is amphoteric. The

formation of aluminum hydroxide is not straight forward as written above. Owing to the high

ratio of Al3+ in aqueous solutions the aluminum , which is highly hydrated in water forming

[Al(H2O)6]3+, rapidly and reversibly protolysis part of the water envelope and forms hydroxo-

complexes such as [Al(OH)(H2O)5]2+, [Al(OH)2(H2O)4]+, [Al(OH)3(H2O)3] and

[Al(OH)4(H2O)2]- [22]. It can also be complexed with electron-rich species such as fluoride,

chloride, colloids, dyes etc if it exists in the water. The hydrolysis of aluminum forming

monomeric species and the corresponding hydrolysis constant, Kh, are shown below [23 - 25].

[Al (H2O)6]3+ + H2O  [Al (OH) (H2O)5]2++ H3O+ Kh = 10-5.3 (1)

[Al (OH) (H2O)5]2+ + H2O  [Al (OH)2(H2O)4]+ + H3O+ Kh = 10-9.9 (2)

[Al (OH)2(H2O)4]+ + H2O  [Al (OH)3(H2O)3] + H3O+ Kh = 10-15.6 (3)

[Al (OH)3(H2O)3] + H2O  [Al (OH)4(H2O)2]- + H3O+ Kh = 10-23.0 (4)
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The monomeric forms of aluminum species in solution depends on the pH. One can see the

effect of pH on the distribution of aluminum species in water solution in figure 1 below. The

figure show the pH range over which the various aluminum complexes could exist.

Fig.1. Relationship Between pH and Solubility Various Aluminum Coagulants.

[22]

These monomers begin to polymerize when the pH of an acidic solution increases notably

over pH 4.5. Polymerization implies two hydroxyls shared by two aluminum atoms in the first

step.

For example:

2Al (OH) (H2O) 52+ Al2 (OH)2 (H2O) 84+ + 2H2O.
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Polymerization gradually proceeds to large structures, eventually leading to the formation of

the Al13 (polycation). As polymers coalesce they increase in relative molecular mass,

eventually becoming large enough to precipitate aluminum hydroxide from solution. This is

the property of alum that we are trying to exploit for dye removal experiment in textile waste

water treatment. For aluminum-based coagulants the best coagulation performance is

generally seen at pH values that are as close as possible to the pH of minimum solubility of

the coagulant. This controls dissolved – Al- residuals, as well as maximizing the presence of

floc particles for adsorption. At pH 6.3, near the pH of minimum solubility for alum the

charge of the contaminant may be neutralized at a relatively low coagulant dose, and a floc of

neutral to positive charge results. At higher pH, much higher coagulant doses are required to

react with the contaminant. [14] The pH at which coagulation occurs is the most important

parameter or factor for proper coagulation performance, as it affects the Surface charge of

colloids, Charge of the functional group, dissolved matter, Charge of the dissolved-phase

coagulant species, Surface charge of floc particles and Coagulant solubility.

1.3 Dyes and their properties

The color of a compound depends on the wavelength of light which it absorbs. If a compound

does not absorb any visible light it will be colorless. If a compound absorbs light we will

perceive the complementary color, because the light which reaches our eyes is missing the

wavelengths which have been absorbed. The ability of a dye to absorb light depends on the

presence of certain kinds of structural features called chromophores. "Chromophore" is one of

those useful but sloppy words whose meaning depends somewhat on the context. If we are

talking about color, then a chromophore will be an extended conjugated system, particularly
the one’s in which different resonance contributing forms differing in charge distribution are

there to give a colored system. Many natural pigments are based on the quinone chromophore;

the parent quinone, benzoquinone, is yellow; with larger conjugated systems, and especially

with hydroxyl groups to modify the chromophore, they can be bright red [26].

Two different approaches are used to classify dyes, the first one is based on the nature of the

chromophore (the aromatic group absorbing visible light to impart colour) while the second
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follows the mode of application. According to the former criteria, twelve dye classes are

usually defined among which the most important group are azo dyes, because of the great

extent in number and tonnage of their application. Azo dyes can be used on natural fibers

(cotton, silk, wool) and synthetic fibers (polyesters, polyacrylic, rayon, etc.); their molecules

include one or more azo groups (–N=N–). The latter classification of dyes includes seven

classes: acid, basic, direct, disperse, reactive, sulphur and vat. Overlaps of the two

classifications are possible e.g. azo dyes may belong to one of the above classes. Significant

differences in the degree of fixation are reported for the various dye classes. It is therefore

obvious that the lower the fixation, the higher the residual colour and COD discharged.

Dyeing is an operation used to add colour to textiles by applying a wide range of dyestuffs

which are largely synthetic, typically derived from coal tar and petroleum-based intermediates.

Dyes are always used in combination with other chemicals (acids, alkali, salts, fixing agents,

carriers, dispersing agents, surfactants, etc.) that are partly or almost completely discharged in

the effluents together with the numerous additives and impurities present in the commercial

dye products.

1.4 Objectives of the study

In this study, laboratory investigation will be carried out to evaluate dye removal

capacity of locally available alum using chemical coagulation. Thus the objective of

this study is to provide quantitative feasibility study of coagulation for removal of

most commonly used textile dyes from simulated waste water and to explain the dye

removal pattern.

Specific Objectives are:-

 To study the removal efficiency of coagulant for different dyes.

 To investigate the basic chemical and physical parameters that influences the

coagulation process.

 To study the applicability of the selected method and parameters to treat the actual

textile effluent with typical characteristics.
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2 Materials and Methods

2.1 Dyes and coagulants

Upon an official request, different types of dyes were collected and most frequently used

dyes are selected from Akaki Textile Sc. The aluminum sulfate used in this study is

purchased from Awash Melkassa aluminum Sulfate and sulfuric acid factory. The Alum is

17% Al2 O3 (about 54% aluminum sulfate). Other materials such as CaO, Ca (OH) 2,

equipments and reagents were supplied from chemistry department.

Table1: General Characteristic of the Selected Dyes

DYES RTB IB DFRS SO CR IO SY HB

-R-S

Type

/class

Reactive Vat Azo Sulfur Reactive Pigment Direct Sulfur

Form Powder Powder Power Powder Powder Liquid Powder Powder

Color Blue Brown yellow Yellow Pinkish Orange Yellow Blue

black

Mol.wt.

(g/mol)

NA NA NA NA NA NA NA NA

NA: Not Available RTB: Remazol Turquoise Blue G

SO: Solfasol Orange CR: Cibacron Red

IO: Imperon Orange SY: Solar Yellow BG

IY; Indanthrene Brown BR DFRS: Diazo Fast Red salt

HB-R-S: Hydron Blue R-Stabisol
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Table 2: General Description for Some Classes of Dyes

Class General description Mode of application Applied on

Direct They are always azo dyes &

sodium salts.

Do not require any form of fixing. They

are applied from water solution.

Cotton-

wool or

cotton-silk

Vat They often contain multi-ring

systems and carbonyl groups.

They are sparingly insoluble in

water. The solvent used is NaSO3

They are impregnated into the fiber

under reducing condition which then air

oxidized on the fabric to an insoluble

color.

Cotton.

Reactive They are capable of forming

covalent bond with the

appropriate textile functionalities.

Functional group is Cl, fixed by

urea dissolving agent, developed

by soda Ash (Na2 Co3 ) (fixing

agent)

Once attached to the fiber they are very

difficult to remove from the fiber.

Cotton,

silk,&

wool

Sulfur They contain sulfur or are

precipitated from sodium sulfide

bath, furnish dull shades with

good fastness to light, washing

and acids, but susceptible to

chlorine.

Applied to fibers from aqueous sodium

sulfide solutions because they are

insoluble in water.

Cotton

Azo Contain -N=N- group which links

two sp2 hybridized carbon atoms

that are often part of an aromatic

moiety

Fabric is first soaked in a solution of

coupling component followed by

soaking in a solution of azo dye.

Cotton,

wool, silk,
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2.2 Analytical methods and instrumentation

Uv-vis spectrophotometery is selected as an analytical tool to determine the concentration

of dye solutions. This selection is made based on the fact that most dyes absorb

electromagnetic radiation in the UV-Vis region. The Beckman Uv-Vis spectrophotometer

model Du-65, that operates in the UV-Vis range was used to record the absorbance at the

wavelength of maximum absorbance (  max) corresponding to the dye. Concentration of

dye solution was calculated from the absorbance measurements using the absorbance-

concentration relationship.

A = ε0 C l…………………………………………. (1)

Where: A is absorbance,

ε0 is the molar absorptivity,

C is the concentration, and

l is the path length.

2.3 Dye removal experiment

2.3.1 Coagulant selection

From the above discussion, it was clear that alum in combination with lime is the most

suitable coagulant for the treatment of textile effluent. In addition to this Alum is cheaper

and easily available in Ethiopia than other coagulants and therefore, its application seems

attractive.
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2.3.2 Wavelength of Maximum Absorbance (λmax) and Calibration Curve

The primary step for the study was the determination of wavelength of maximum

absorbance. Thus different concentrations of dye solutions from each type were

prepared depending on the characteristic intensities of the dye colors and sensitivities

of the instrument for each dye type. The wavelength of maximum absorbance (λ max)

of the solutions was determined for each dye. Then Calibration curves are constructed

to determine the initial and final concentrations. To this end calibration curves were

prepared by dissolving 5, 10, 20, 40, 50, 100, 150, 200, up to 500 mg of each dye in a

500 mL volumetric flask using distilled water and measuring their absorbances at their

respective λ max. The concentration and measured absorbance data for each standard

were used to construct the calibration curves.

2.3.3 Effect of coagulant Dosage

Depending on the concentration range of the calibration curve for each dye, fixed

concentration of experimental solution was mixed with series of coagulant dosages and stirred

until no more of a dye was removed to study the effect of coagulant dose. The optimum data

from this study was used to determine the effect of other parameters of dye removal

experiments.

2.3.4 Effect of Initial Concentration

The effect of initial concentration on the percentage of dye removal was investigated by

preparing experimental solutions, using 2.5, 5.0, 10.0, 15.0 etc mL of stock solutions (2 g / L)

and diluted with distilled water to make it 500 mL. Then each of the experimental solution

was mixed with the fixed quantity of coagulant, and stirred until equilibrium. The final dye

concentration was analyzed from the absorbances of the supernatant. In addition to that of

coagulant dose, the optimum data from this study was used to determine the effect of other

parameters of dye removal experiments.
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2.3.5 Effect of pH

Each experimental solution at fixed concentration and coagulant dosage was tested over a

range of pH values at 23 ± 2 0C until equilibration time. HCl and CaO were used to adjust the

dye solutions to the required pH values. Here CaO is used as both coagulant aid and pH

adjustment.

2.3.6 Kinetics of Coagulation

To determine the integrated rate law for a coagulation reaction, we measure the concentration

of the dye at various values of time as the reaction proceeds. The kinetics of two dyes was

examined. The experiment was done by mixing 100 mg/L of each dye with 400 and 150 mg/L

of coagulant respectively in 1000 mL solution and measuring the absorbance of 5 mL

supernatant at each time interval. The selected dye concentrations were made in the range of

calibration curve values so that its absorbance can be accurately measured just after the

reaction begins.

2.3.8 Data treatment and presentation

The replicated data obtained from the experiment were analyzed by means of

descriptive statistic and inference was made using correlation factors. Finally

numerical values of different parameters are summarized using graphs.

For all process parameter investigations batch coagulation experiments were carried out by

preparing experimental solution along with coagulant in conical flasks at 23  2 0C. The dye

solution will be separated from permeate by settling for absorbance measurements.

Disposable cuvatte cells of 1 cm path length were used for this purpose. All experiments were

conducted in triplicates and controls were run simultaneously.

The dye removal capacity of the coagulant is expressed as follows:

Amount of dye coagulated = mass of the dye

m Coagulant

= (Ci- Ce) V solution

m Coagulant ……………….(2)
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Where, Ci is the initial dye concentration in the liquid phase

Ce is the final dye conc. in the liquid phase

m is the mass of coagulant, and

V is the volume of experimental solution.

The percentage of dye removal was calculated using:

%Dye removal = [Ci –Ce] X 100……...………………(3)

Ci

3 RESULTS AND DISCUSSIONS
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3.1 Calibration Curves

The wavelengths of maximum absorbance and absorbance verses concentration relationship

along with some other supportive data, studied for seven dyes, are given below.

Table 3: Supportive Data Used to Develop the Calibration Curves of the
Studied Dyes.

Type of the dye
λ max of the dye

(nm)

Effective conc.

range (mg/L)

SO
407 40 ≤ X ≤ 400

S Y BG 399 20 ≤ X ≤ 100

R T B G 625 20 ≤ X ≤ 150

C R
540 20 ≤ X ≤ 80

I O
502 20 ≤ X ≤ 100

HB RS 600 40 ≤ X ≤ 200

I B 322 20 ≤ X ≤ 125

From table 4, it is clearly seen that the effective concentration ranges for different dyes are

different. The absorbances of the dye solutions were determined by subtracting the blank at

the respective  max of each dye.
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Fig. 2: Calibration Curve for SO, SY, RTB, CR, IB, HBR-S and IO at their
Respective  Max

The absorbances of different standard solutions were measured to construct the above

calibration curves. The correlation coefficients of all the dyes show strong linear relationship

between the concentration of the dye solutions and the absorbance at the dye’s wavelength of

maximum absorbance. For all dyes studied in this experiment, the data on the effect of

parameters was calculated using equations developed from dyes’ respective calibration curves.

3.2 Determination of Alum / Lime ratio

Dye removal capacity of alum depends on the extent of coagulation and floc formation; this in

turn depends on the pH of the solution. The pH has significant influence on the reaction of

coagulants with waste water. As coagulation is dependent on wastewater pH, it needs to be

optimized prior to selection of optimum coagulant dose. For maximum effectiveness of alum

as a coagulant, the pH range is quite narrow i.e. 7.0 ± 1.0. On the other hand the necessary

coagulant dose is directly related to the amount of color to be removed. Therefore, we need to

determine the optimum ratio of alum to CaO and the corresponding value of pH for textile

waste water treatment.

To attain maximum dye removal at a given dose of alum, a high yield of alum floc need to be

formed, but this is a function of pH of the solution. So we need to determine the pH value at

which a maximum coagulation of the alum will be formed by adding a series of CaO to a

fixed alum dose, in the absence of the dye. The optimum ratio of alum: CaO was determined

by preparing 100 mL of 5 g/L solution of Al2 (SO4)3 and varying the dosage of CaO. The

results are presented in Table 4.
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Table 4: Effect of Alum on pH at Varying Concentrations of Lime.

(Experimental condition: mass of alum = 0.5 g, volume of the solution =100mL,

Reaction time=60 min, Settling time =180 min, temperature of the reaction 200.80C)

No
CaO added

(g)

Final pH of the

solution.

1 0.05 4.02

2 0.10 4.22

3 0.15 6.10

4 0.165 7.50

5 0.20 8.83

6 0.25 9.29

From table4 it was concluded that maximum coagulation was observed at an alum lime ratio

of 0.5g to 0.165 g at pH =7.5. So in the actual dye removal experiment the pH was adjusted to

the corresponding Alum: Lime ratio. In other research works similar results were also

obtained [22].

3.3 Effect of Contact Time

Coagulation will take place until a point is reached where no more of the dye is removed by

the coagulant. The percentage of the dye removal increases with increase in contact time, at

some point in time, reached a constant value where no more of the dye will be removed from

the solution. The time required to attain this state of equilibrium is the equilibration time and

the amount of dye coagulated at the equilibrium time reflects the maximum dye removal

capacity of the coagulant under that particular condition.
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The equilibrium time of each dye was determined from mixing of single component dye

solution with fixed amount of coagulant at constant temperature. The concentration of each

dye was made to be the maximum of the concentration determined at calibration curve. It was

taken as a reference concentration for each dye. The concentration of the coagulant was fixed

at 500mg/L, the dye-coagulant solution was prepared in 500mL beaker, stirred for 30 minutes

and allowed to settle up to 180 minutes by taking 5mL of the supernatant to measure its

absorbance at time intervals to determine the concentration change. The results of the

experiments are shown in Fig 3.

More comprehensive approach to determine the reaction and the settling time was made at

the end of this paper under the title “kinetics of selected dyes”. It was observed that the dye

removal was rapid at the initial stages of contact time and gradually decreases with lapse of

time until equilibrium. In other words, the rate of coagulation decreases with time. The results

of the experiment, for most of the dyes showed that large percentages of dye removal were

accomplished in the first ten- twenty minutes of the process.
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Fig. 3: Effect of Contact Time on the Removal of Dyes

3.4 Effect of coagulant dosage

The percentage of dye removal, for a fixed dye concentration as determined above in section

3.3, increases with coagulant dosage. The point at which the percentage of dye removal starts

leveling off reflects the optimal dose of the coagulant under that particular condition. The

following graph generally show how the percentage of dye removal increases, though it has

some irregularities, as a result of increase in coagulant dosage until it starts to level off at

some point of dosage. The results of the experiment are given in the following graphs, Fig 4.

(The data for the observed results are given at annex-1-.The data refers to an aqueous solution
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of the dye whose total volume is 500 mL and having a reaction and settling time of 30 and 60

min. respectively). Useful parameters of the studied dyes are indicated in Table 1. For all the

dyes studied in this experiment, the data on the effect of each parameter was calculated by

using equations developed from dyes’ respective calibration curves. The coagulant dosage,

from each dye, with higher percentage of dye removal, is taken as an optimum coagulant dose

for the next experiment.
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Fig. 4: The Relationship between Coagulant Dose Verses Percentage of Dye

Removal and Coagulant Dose Verses Removal Capacity at Fixed Dye

Concentration.

Fig. 4 shows that the percentage of dye removal increased with increasing coagulant dose.

However at some points a major drop in the dye removal rate was observed as the coagulant

concentration is increased. From related research works it is observed that this result might be

due to the restabilization of dye particles [16]. Upon coagulation, at suitable doses,

agglomeration occurs and dye particles are destabilized and can be removed by gravity

settling. However, if there is an overdose of alum a repulsive force is established between the

dye-alum particles due to the accumulation of positive charges on the particle surface, and this

cause restabilization. During the restabilization stage, the agglomerated particles (i.e. dye–

alum particles) that are suspended in solution can not be removed by gravity settling.

However, the agglomerated and restabilized dye-alum particles can still be removed by
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particle sizes than the original parent dyes. That is why they are filterable. This observation

supports the concept that the lowered removal rate of the dye at increased concentration of

alum might be mainly due to restabilization since the coagulated particles are filterable but not

settlable.

3.5 Effect of initial concentration

The effect of initial concentration of the synthetic dye solution on the percentage of dye

removal was studied. For this experiment, a fixed quantity of the coagulant as determined in

the above section was applied for each dye type. Then a series of initial dye concentrations

was added to that fixed quantity of the coagulant to determine the percentage dye removal and

the removal capacity. The results of the experiment are given in the following graphs, Fig.5

and Fig.6. (The data for the observed results are given at annex--1-- )
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Fig.5: The Relationship between Initial Concentration and Percentage

of Dye Removal
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Fig.6: The Relationship between Initial Dye Concentration and Removal
Capacity at Fixed Coagulant Dosage.

Form figure 6 it was observed that the percentage of dye removal increases, for a fixed

coagulant dose, until it levels off at a given dye concentration. An increase in initial

concentration is followed by an increasing in dye removal percentage. This is the expected

result because higher concentration gradients of the dye molecules might compete for the

available active sites of the coagulant. The above figures show this trend. In the figures we

also see that the percentage of dye removal starts to cease at some initial concentration; this

was observed because the coagulant dose was fixed. Even though, the initial concentration

was increased the removal percentage of the dye levels off at some point of initial

concentration. A given dosage of coagulant has a fixed capacity, because it has fixed active
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sites to be occupied by the dye molecules; thus it cannot remove after those sites are occupied.

The initial concentration where the sites for coagulation were all occupied was considered as

the optimal concentration for the next investigation of effect of pH. Accordingly the optimal

initial concentration for the studied dyes was, I.B =200, S.O = 400, S.Y = 200 and I.O = 200

mg/L respectively. From figure 6 it was also observed that increasing the initial dye

concentration, at a fixed coagulant dose, increases the removal capacity of the coagulant. The

correlation coefficients of the experiments show that there is a strong linear relationship

between the initial concentration of the dye solutions and the removal capacity of the

coagulant.

3.6 Effect of pH

From related literature for aluminum-based coagulants the best coagulation performance is

generally seen at pH values that are as close as possible to the pH of minimum solubility of

the coagulant. This controls dissolved –Al- residuals as well as maximizing the presence of

floc particles for adsorption of dyes. [10, 13] For this purpose experimental solutions were

prepared based on the results of effect of coagulant dose and initial concentration made in the

above sections, 3.4 and 3.5. The results of the experiment are given in the following graphs,

Fig 7. (The data for the observed results are given in annex--I-- ). The figures show the

percentage removal of dyes at 23±2 0C taking the pH as a parameter.
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Fig. 7: Effect of pH on Fixed Coagulant dose and Dye Concentration

Highest percentages of dye removal were recorded when the initial pHs of the experimental
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Unfortunately these removals were occurred at an elevated pH. From related literatures [22]

the possible explanation for the observed result might be approached using the chemical

properties of alum at different conditions of pH. The dominant species at the observed pH is

the formation of amorphous AL (OH) 3 having positive surface charge. So we may say that

the dye removal is either due to adsorption or enmeshment on the surface of alum floc. We

may also say that at neutral pH, deprotonation of the dye might have also occurred to facilitate

adsorption. Highest percentages of dye removal for I.O.; however, occurred at pH = 9.05, the

dominant species might have been Al (OH)-4 leading to a mechanism of complex formation.

3.7 Kinetics of Coagulation on Selected Dyes

For our specific purpose, since we are interested on the dye removal we focused only on the

kinetics of the dye, assuming alum and CaO as constant and excess. [20, 21] Then we see

which integrated law (model) correctly fits the measured data. Typically this is done by

ascertaining which type of plot gives a straight line. Once the correct straight line plot is

found the correct integrated rate model can be chosen and the values of the rate constant ‘’k’’

will be obtained from the slope. Also the differential rate law for the coagulation reaction can

then be written. The results of the experiment are given in the following graphs Fig 8. (The

data for the observed results are given at annex--1--). From the possible alternatives of the

kinetics models the result of the experiment show that the reaction of the studied dyes follow

pseudo first order kinetics.



42

Fig.8: Concentration Verses Time Relationship of Indantrene Brown and
Imperone Orange
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So the equation for their integrated rate law can be written from the slope of ln concentration

verses time graphs.

The rate constant k = - Slope

and ln Con = ln Con0 -kt
Where k2 = 0.12264 s-1 for I.O

k1 = 0.11131 s—1 for I.B

ln Con = 96 97 - 0.12264 ( t ) ----------------------------- for I.O

ln Con = 99.48 - 0.11131 ( t ) ---------------------------------------- for I.B
-

We can also write the differential rate law as:

Rate = -d [ I.O ] = 0.12264 [ I.O ]1-------------- for I.O

dt

Rate = -d [ I.B ] = 0.11131 [ I.B ]1-------------- for I.B

dt

Here k1 = k1 [Coagulant]x and k 2 = k12 [Coagulant]y respectively for the two dyes.

The values of x & y and k1 & k12can be found by determining the values of k1and k2
at several different concentration the coagulants respectively. From the results of the

experiment it can be observed that the reaction is relatively fast showing an attractive feature

to apply dye coagulation for continuous processes.

As a summary the following results were obtained at certain experimental conditions.

Dye
type

Dye
con.
(mg/L)

Coagulant
dose
(mg/L)

Removal
Capacity
(mg/mg)

% of dye
removal

S0 600 800 0.649 86.5
SY 200 500 0.383 95.94
RTB-G 200 500 0.395 98.6
CR 100 500 0.137 68
IB 100 800 0.121 96.96
HBR-S 200 750 0.263 98.55
IO 600 500 0.840 98.68
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CONCLUSION AND RECOMMENDATIONS

CONCLUSION

The study investigated the dye removal capacity of alum on most frequently used dyes and the

laboratory results indicated that the qualities of the treated waste water can reach the standard

limits of industrial effluent. The study investigated process parameters that influence the

removal of dyes by coagulation. Under laboratory conditions, the effect of coagulant dosage

study showed that less than 1 g/L of alum is quite sufficient to remove nearly or above 90 %

of the dye. This percentage of dye removal was effective for simulated textile waste water

concentration ranges between 20 and 1000 mg/L. The maximum efficiency of dye

coagulation was observed at nearly neutral pH. This result makes the application of alum

more attractive in that it minimize chemical hazards that would have been expected in

handling extreme corrosive or alkaline media. From the kinetics of the studied dyes it was

observed that the reaction was relatively fast, completed with in 10 up to 15 minutes. This

feature minimizes the time and energy of the treatment process. At certain experimental

conditions the removal capacity of alum was observed to reach up to 0.840 mg of dye / mg

alum. From other related literatures it was also possible to observe that application of alum

had simultaneous advantages in removing odour, turbidity, bacteria and organic

contaminants.[27,28] Coagulation also seems to provide an alternative means for removal of

dyes from textile wastewater, because it is inexpensive, flexible and locally available. Alum is

produced in Ethiopia in industrial scale for different purposes, and the current price of it is

Birr 4.10 / Kg which is much cheaper than the other wise cost of environmental damage.

Lime is also extensively available with much cheaper price than alum. Thus we may conclude

that the research outputs seem attractive, economical and consistent that showed the

possibility of protecting the environment from pollution of dye waste water.
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RECOMMENDATIONS

The results of the study on the dye removal capacity of alum were attractive and promising to

make further research on real samples. Other aspects in connection with the coagulation

process are investigation of the influence of dissolved organic matter; searching methods of

reducing the concentration of certain types of dyes, such as DFSR, to meet the EPA’s limit,

investigation of the performance of dye removal in a continuous process. As it was clearly

discussed in the body of this paper the two major techniques, biological decompositions and

physico- chemical processes, for the removal of dyes were found to be insufficient. Actually

no universally accepted and efficient method is yet developed for dye removal. All these

points indicate the necessity of further research in the area of coagulation. From

environmental aspect, a comprehensive research is required in alum sludge recycling system

consisting of sludge separation, alum solubilization, impurity screening, and alum reuse. In

this respect some preliminary research works indicated that it is feasible and cost-effective [7,

21]. Finally it is necessary to strongly recommend that even though much has been

accomplished in the results of coagulation, some more work is needed to better understand

other parameters of coagulation, especially in its scientific, environmental, economic and

engineering aspects.

.
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Annex- 1

Effect of coagulant on fixed dye concentration

(The following data refers to an aqueous solution of the dye whose total volume is 500 mL

and the reaction time: 5 min fast stirring, 25 min slow, Settling time: 60 min. The conditions

of the experiments use data given at table1.)

Sulfasol Orange Y = -0.00688 + 0.00453x
(Abs.) (Con)

C i= 400 mg/L
Coagulant
con..

Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye

removal
Sd for n=3
(mg/L)

Removal
capacity

40 1.722 381.65 4.59 0.004 0.458
80 1.491 330.66 17.34 0.00557 0.861
120 0.23 52.29 86.93 0.00173 2.064
200 0.647 144.34 63.91 1E-3 1.282
250 0.537 120.06 69.99 0.00115 1.123
300 0.506 113.22 71.7 0.00153 0.961
400 0.461 103.28 74.18 5.7735E-4 0.746
500 0.395 88.71 77.82 0.00153 0.621
750 0.279 63.11 84.22 0.00153 0.448
800 0.290 65.53 83.61 0.00153 0.148

1000 0.250 56.71 85.82 0.00153 0.344

Remark: Dye back diffusion and visible agglomeration are observed at various points. But
the drop in the dye removal can be improved by adding 5mL of the stock alum (2g/L) after
the reaction is completed.
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2) Solar Yellow BG Y = -0.08121 + 0.03058x
(Abs.) (Con)

Ci = 100 mg/L
Coagulant

con.
Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye

removal
Sd for n=3
(mg/L)

Removal
capacity

40 1.751 59.92 40.08 0.00493 1.002
80 1.81 61.85 38.15 0.007 0.477
120 1.691 57.95 42.04 0.00458 0.351
200 0.465 17.86 82.13 0.00451 0.411
250 0.141 7.27 92.73 5.7735E-4 0.370
300 0.335 13.61 86.38 0.00153 0.288
400 0.203 9.3 90.7 0.00153 0.227
500 0.103 6.03 93.97 0.00153 0.188

3) Remasol Terquise Blue G Y = -0.00297 +0.014X
(Abs.) (Con)

Ci= 200 mg/L
Coagulant
Con.
Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye
removal

Sd for n=3
(mg/L)

Removal
capacity

40 2.29 163.78 18.11 0.00289 0.909
60 2.167 154.99 22.50 0.00321 0.752
80 2.161 154.57 22.71 0.00321 0.668
100 1.665 119.14 40.43 0.00208 0.806
120 1.623 116.14 41.93 0.00569 0.699
150 1.012 72.49 63.75 0.00252 0.847
200/ 1.174 84.07 57.96 0.00208 0.680
250 0.733 52.57 73.71 0.00153 0.592
300 0.088 6.49 96.75 0.00346 0.645
400 0.04 3.07 98.46 0.00306 0.493
500 0.036 2.78 98.6 0.00252 0.395
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4) Cibacrone Red Y = -0.07049+0.0281x
(Abs.) (Con)

, Ci= 100 mg/L
Coagulant
Con.

Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye

removal
Sd for n=3
(mg/L)

Removal
capacity

40//13.2 2.292 84.08 15.92 0 0.398
60//19.8 2.264 83.08 16.91 0.00794 0.282
80//26.4 2.079 76.5 23.5 0.00693 0.294
100//33.0 2.259 82.91 17.09 0.00321 0.171
120//39.6 2.298 84.3 15.7 0.00723 0.131
150//49.5 1.818 67.4 32.9 0.00173 0.219
200//66.0 1.638 60.8 39.19 0.00265 0.196
250//82.5 1.486 55.4 44.6 0.00153 0.189
300//99.0 1.072 40.66 59.33 1E-3 0.190
400//132.0 1.706 63.22 36.77 0.00854 0.092
500//165.0 0.806 31.2 68.8 0.00153 0.137

5) Indanthrene Brown: Y = 0.05601+0.01622X,
(Abs.) (Con)

C i= 100 mg/L

Coagulant
con.
Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye
removal

Sd for
n=3
(mg/L) Removal

capacity

40 1.804 107.77 -7.77 0.01418 -0.194
60 1.724 102.83 -2.83 0.00173 -0.049
80 0.47 25.52 74.48 0.01136 0.935
100 0.535 29.53 70.47 0.00115 0.704
120 0.197 8.69 91.31 0.00458 0.763
150 0.434 23.30 76.69 0.00231 0.510
200 0.161 6.47 93.52 0.00854 0.467
250 0.309 15.60 84.40 0.00416 0.338
300 0.286 14.18 85.82 0.00321 0.286
400 0.126 4.32 95.68 0.01076 0.239
500 0.114 3.58 96.42 0.00265 0.193
750 0.104 2.96 97.04 0.00153 0.129
800 0.102 2.84 97.16 0.00115 0.121
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6) Hydrone Blue R –Stabisol Y = 0.001482 + 0.00846x,
(Abs.) (Con)

Ci = 200 mg/L
Coagulant
con.
Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye
removal

Sd for
n=3
(mg/L)

Removal
capacity

20 1.639 193.55 3.22 0 0.332
40 1.627 192.14 3.93 5.77E-4 0.196
60 1.65 194.86 2.57 0.00115 0.086
80 1.909 225.47 -12.73 0.00306 -0.318
100 1.695 200.18 0.0897 0.00231 -0.0018
120 1.891 223.34 -11.6 1E-3 -0.194
150 1.806 213.3 -6.67 0.00757 -0.088
200 1.252 147.81 26.09 0.00709 0.261
250 0.145 17 91.52 0.00153 0.730
300 0.05 5.74 97.13 0 0.650
400 0.107 12.47 93.76 0.00416 0.470

500 0.062 7.15 96.42
5.7735E-
4 0.386

750 0.026 2.9 98.55 5.77E-4 0.263
1000 0.014 1.48 99.26 0.00115 0.198

7) Imperone Orange Y = -0.000258 +0.01313x,
(Abs.) (Con)

Ci= 200mg/L
Coagulant
con.
Alum//CaO
(mg/L)

Abs. of the
supernatant

Final
Con.
(mg/L)

% of
dye
removal

Sd for
n=3
(mg/L)

Removal
capacity

40 1.669 127.13 36.43 1E-3 1.818
80 0.484 36.89 81.56 0.00814 2.040
120 0.264 20.13 89.94 0.00404 1.492
200 0.25 19.06 90.47 0.00252 0.909
250 0.202 15.40 92.30 0.00208 0.741
300 0.144 10.99 94.50 0.00231 0.629
400 0.163 12.43 93.78 5.77E-4 0.469
500 0.129 9.84 95.07 5.77E-4 0.380
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Annex2

Effect of initial concentration on fixed coagulant dose

1) Indantrene Brown
(Coagulant dosage = 800 mg/L alum // 264 mg/L CaO)

Y= 0.05601 + 0.01622x
(Abs.) (Con)

No.
Dye
con.(mg/L)

Abs. of the
supernatant

Final
con.
(mg/L)

% of
dye
removal

Removal
capacity

1 20 0.070 0.86 95.67 0.024
2 40 0.0763 1.25 96.87 0.048
3 60 0.085 1.79 97.03 0.072
4 80 0.086 1.85 97.67 0.098
5 100 0.10533 3.04 96.96 0.121
6 120 0.11733 3.78 96.85 0.145
7 150 0.1913 8.34 94.44 0.177
8 200 0.225 10.41 94.79 0.237
9 300 0.332 17.01 94.38 0.353
10 400 0.445 23.98 94.00 0.469
11 500 0.601 33.60 93.28 0.581
12 600 0.6423 36.15 93.98 0.704
13 700 0.904 52.28 92.52 0.806
14 800 1.2533 73.81 90.77 0.909
15 900 1.3726 81.17 90.99 1.02
16 1000 1.400 82.86 91.71 1.15
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2) Sulfasol Orange
(Coagulant dosage = 800 mg/L alum // 264 mg/L CaO).

No.

Initial Dye
Con.(mg/L)

Absorbance
Of the

supernatant
Final
Con.
(mg/L)

% of
dye
removal

Removal
capacity

1 10 0.0186 5.62 43.75 0.00546
2 20 0.025 7.04 64.81 0.0162
3 50 0.0836 19.97 60.05 0.0375
4 100 0.0903 21.45 78.55 0.0982
5 150 0.146 33.75 77.73 0.146
6 200 0.2063 47.06 76.47 0.191
7 300 0.2843 64.28 78.79 0.296
8 400 0.306 69.07 82.73 0.413
9 500 0.3143 70.90 85.82 0.538
10 600 0.3636 81.78 86.42 0.649
11 700 0.4866 108.93 84.42 0.741
12 800 0.6116 136.53 82.93 0.826
13 900 0.9243 205.55 77.18 0.869
14 1000 0.9866 219.31 78.07 0.890

3) Solar Yellow
(Coagulant dosage = 500 mg/L alum // 165 mg/L CaO)

No.

Dye
con.(mg/L)

Absorbance
of the

supernatant Final
con.
(mg/L)

% of
dye
removal

Removal
capacity

1 10 0.0206 3.33 66.71 0.013
2 20 0.0283 3.58 82.09 0.033
3 40 0.0463 4.17 89.57 0.072
4 60 0.0903 5.61 90.65 0.109
5 80 0.0916 5.65 92.94 0.148
6 100 0.1170 6.48 93.52 0.187
7 120 0.2246 10.00 91.66 0.220
8 150 0.2206 9.87 93.42 0.280
9 200 0.1670 8.11 95.94 0.383
10 300 0.3143 12.93 95.69 0.575
11 400 0.8896 31.75 92.06 0.735
12 500 0.9973 35.27 92.95 0.935
13 600 0.8750 31.27 94.79 1.136
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4) Imperone Orange
(Coagulant dosage = 500 mg/L alum // 165mg/L CaO)

Annex3

Effect of pH on fixed dye concentration and coagulant dose
1. Sulfasol Orange. (Coagulant dosage = 800 mg/L alum. With 83% dye removal, Selected

optimum dye Concentration = 400mg/L)

PH Absorbance Final Con.

mg/L

% of dye

removal

2.25 1.228 272.60 31.85

3.45 0.777 173.12 56.72

4.40 0.462 103.50 74.12

5.73 0.380 85.40 78.65

6.41 0.332 74.72 81.32

7.65 0.263 59.58 85.11

8.21 0.277 62.60 84.35

9.65 0.301 67.96 83.01

11.70 0.289 65.31 83.67

No. Dye con
.(mg/L)

Abs. of the
supernatant

Final
con.
(mg/L)

% of
dye
removal

Removal
capacity

1 10 0.0203 1.56 84.34 0.017
2 20 0.0376 2.88 85.58 0.034
3 40 0.0406 3.11 92.22 0.074
4 60 0.0420 3.22 94.63 0.114
5 80 0.0706 5.40 93.25 0.149
6 100 0.0826 6.31 93.68 0.187
7 120 0.0896 6.84 94.30 0.226
8 150 0.0936 7.15 95.23 0.286
9 200 0.1166 8.90 95.55 0.382
10 300 0.1950 14.87 95.04 0.571
11 400 0.2640 20.13 94.97 0.757
12 500 0.1460 11.14 97.77 0.980
13 600 0.1036 7.91 98.68 1.190
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2. Indantrene Brown

(Coagulant dosage = 800 mg/L alum. Selected optimum dye Concentration = 200mg/L)

No
CaO

(mL)

Hcl

(mL)
pH Absorbance

Final con.

(mg/L)

% of dye

removal

1 0 3 2.04 0.867 50.00 75.00

2 0 2 3.61 0.749 42.72 79.00

3 0 1 4.03 0.650 36.62 81.69

4 0 0 4.31 0.505 27.68 86.16

5 10 0 5.34 0.427 22.87 90.56

6 20 0 5.46 0.304 15.29 92.35

7 30 0 6.51 0.270 13.19 93.40

8 60 0 6.90 0.226 10.48 94.76

9 66 0 7.45 0.178 7.52 96.24

10 70 0 8.76 0.267 13.00 95.50

12 90 0 9.06 0.204 9.12 95.44

13 100 0 9.50 0.275 13.50 94.25

14 150 0 10.19 0.360 18.74 90.61

3. Solar yellow
(Coagulant dosage = 500 mg/L alum, with 96% dye removal, Selected optimum dye

Concentration = 200mg/L)

pH Absorbance Final con.
(mg/L)

% of dye
removal

2.35 1.164 40.72 79.69
3.46 0.735 26.70 86.65
4.50 0.423 16.49 91.75
5.72 0.321 13.16 93.42
6.25 0.247 10.74 94.63
7.45 0.196 9.06 95.47
8.36 0.307 12.70 93.65
9.58 0.376 14.94 92.53
10.27 0.366 14.62 92.69
10.65 0.380 15.10 92.45
11.76 0.387 15.32 92.34
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4. Imperone Orange

(Coagulant dosage = 500 mg/L alum, with 96% dye removal Selected optimum dye

Concentration = 200mg/L)

pH Absorbance Final con.

(mg/L)

% of dye

removal

3.20 1.771 134.72 32.64

4.40 1.373 104.59 47.70

5.60 0.879 66.96 66.52

6.34 0.567 43.14 78.43

7.75 0.068 5.20 97.40

8.67 0.072 5.50 97.25

9.05 0.040 3.07 98.46

10.50 0.059 4.32 97.84

11.67 0.098 7.48 96.26

11.75 0.109 8.32 95.84

Annex4
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Kinetics of coagulation
A) Indantrene Brown

Y= 0.05601 + 0.01622x
(Abs.) (Con)

No Time

(min)

Absorbance Con.

(mg/L)

ln con.

1 0.0 1.682 100.24 4.607

2 0.5 1.592 94.70 4.550

3 1.0 1.47736 87.61 4.473

4 1.5 1.430 84.71 4.439

5 2.0 1.335 78.85 4.367

6 2.5 1.294 76.32 4.334

7 3.0 1.283 75.65 4.326

8 4.0 1.271 74.91 4.316

9 5.0 1.215 71.45 4.269

10 6.0 1.193 70.10 4.250

11 8.0 1.175 68.99 4.234

12 10.0 1.118 65.47 4.181

13 12.0 1.070 62.51 4.135

14 15.0 1.066 62.27 4.131

15 18.0 1.055 61.60 4.121

16 21.0 1.033 60.23 4.098

17 24.0 1.002 58.32 4.066

18 30.0 0.980 56.97 4.042

19 40.0 0.980 56.97 4.042

20 60.0 0.980 56.97 4.042

21 120.0 0.980 56.97 4.042

22 180.0 0.980 56.97 4.042
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B) Imperone Orange

Y = -0.03692 + 0.0138x
(Abs.) (Con)

No Time

(min)

Absorbance Con.

(mg/L)

ln con.

1 0.0 1.397 98.62 4.59

2 0.5 1.289 90.75 4.51

3 1.0 1.184 83.16 4.42

4 1.5 1.121 78.58 4.36

5 2.0 1.079 75.53 4.32

6 2.5 1.024 71.54 4.27

7 3.0 0.968 67.49 4.21

8 4.0 0.930 64.74 4.17

9 5.0 0.763 52.60 3.96

10 6.0 0.678 46.47 3.84

11 8.0 0.521 35.05 3.56

12 10.0 0.445 29.61 3.39

13 12.0 0.392 25.72 3.25

14 15.0 0.363 23.66 3.16

15 18.0 0.352 22.81 3.13

16 21.0 0.348 22.54 3.12

17 24.0 0.348 22.52 3.11

18 30.0 0.347 22.50 3.11

19 40.0 0.347 22.50 3.11

20 60.0 0.347 22.50 3.11

21 120.0 0.347 22.50 3.11

22 180.0 0.347 22.50 3.11
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MAIN FUNCTIONAL GROUPS OF SOME COMMONLY USED COMMERCIAL DYES.

Dye Main functional
groups

Acid Blue 142 Triphenylmethane
Acid Blue 113 Azoic
Acid Blue 260 Anthraquinone
Basic Blue 41.1 Azoic
Basic Yellow 13 Methine
Basic Blue 3 Oxazine
Vat blue 4 Anthraquinone
Vat Green 1 Anthraquinone

Direct Blue 199 phtalocyanique
Direct Red 89 Azoic

Disperse Blue 56 Anthraquinone
Disperse Yellow 235 Azoic
Acid Brown 298 Azoic ½
Acid Black 142 Azoic /1
Reactive Blue 204 Oxazine (MFT)
reactive Blue 209 Formazan (FCP)
Reactive Red 184 Azoic (MFT)
Reactive Blue 41 Phtalocyanine (MCT)
Reactive Blue 49 Anthraquinone

sulfur --
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