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ABSTRACT 

Activated carbon prepared from coconut coir was investigated in terms of its efficiency 

to adsorb textile dyes from aqueous solution and compared with that of a commercial 

charcoal activated carbon. The adsorbates used in this study were acid dyes, Acid Red 

and Acid Orange 7, which are commonly used in textile dyeing. The characteristics of 

the prepared coconut coir activated carbon such as pll and ash content were analyzed. 
Parameters such as initial dye concentration and contact time. pll and carbon dose that 

affect adsorptive removal of dye was studied in batch adsorption study. From the batch 

studies conducted, higher adsorption was seen for lower concentration of dyes and 

percentage removal increased with increasing contact time for both the coconut coir 

carbon and a commercial activated carbon. Maximum color removal was observed at plf 
3. As the carbon dose increased, the percentage of dye removal also increased. 

Adsorption isotherm data fitted well to Freundlich and l. angmuir isotherm models. 
According to the Freundlich isotherm, coconut coir activated carbon has higher 

adsorption capacity and lower adsorption intensity for the acid dyes compared to the 

charcoal activated carbon. According to l. angmuir isotherm, the coconut coir activated 

carbon has appreciable adsorption capacity but lower adsorption energy for the acid dyes 

compared to the charcoal activated carbon. 
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('IIAP"I'M: IZ I 

INTRODUCTION 

1.1. Background Studies 

I)yc can be generally described as the coloring agent that is widely used in 

industries for colored substance such as textiles, f(x)d, paper, and carpet, rubber, 

cosmetic and plastic (Iioda et al., 2(X)5). There are many types of dye used in the 
industry such as reactive dyes, vat dyes, direct dyes, acid dyes, basic dyes and pigment 
dyes. The widespread used of these dyes has lead to concern over human health and 

environment as of their characteristics which are carcinogenic and mutagenic 
(Ihinakaran er at. 2(X)8). The color removal from the effluent water is becoming an 
important objective of wastewater treatment processes. This goal is pursued not only 
because the legislation requirement has become more stringent but also if the water 

quality for recycle purposes is taken into account fir the discharge of industrial waste 
into wastewater. Various chemical and physical methods have been proposed for the 

removal of dye from the effluent water. These techniques are nanofiltration, 

clectrokinetics coagulation, liquid-liquid extraction, oronation, biological process and 

adsorption (lioxda el al., 2(X)5; Xuc et at. 2008). Among these, adsorption has been 

found out to be the superior compared to the others techniques. It is due to its capability 
for efficiently adsorbing a broad range of adsorbates and its simplicity of design. The 

use of activated carbon as the adsorbent, however, is still considered expensive. 
'Therefore, a study on the activated carbon prepared from agricultural waste, which is the 

coconut coir, is appropriate because it is available in large quantities (Santhy and 
Selvapathy, 2006; Yamin et a!., 2007). 
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1.2. Problem Statement 

As a result of the dye production and also as a consequence of the dye usage in 

the textile industries, the issue of effluents discharge arises. The released dye into the 

effluent water or direct discharge of dyes into the municipal wastewater treatment plant 

and the environment will cause many problems to human being due health issues caused 

by the formation of toxic carcinogenic breakdown products (Thinakaran er a!., 2008). In 

the wastewater treatment, especially dye coloring industries need to include the process 

of color removal from the effluent water. This process requires chemical and physical 

methods such as liquid-liquid extraction, biological process and so on, which are 

uneconomical because of high operational cost and complicated design. For a long time 

treatment of effluents have concentrated mainly on two aspects which are regeneration 

of concentrated effluent with regards to saving of chemicals and lowering of chemical 

costs and treatment of effluent with high toxicity. Adsorption method has been 

implemented to remove dyes from effluent water (Thinakaran et al., 2008; Saiful Azhar 

et al., 2005). Commercial activated carbon has been successfully competitive and 

cfl'cctivc for adsorption process for removal of textile dye. However, the use of 

commercial activated carbon is not suitable due to high costs associated with production 

and regeneration of spent carbon (Erdcm er al., 2004). 'Thus, economical, effective and 

viable alternative adsorbent will be studied to replace the commercial activated carbon 

and be more applicable for low cost adsorption process (Saiful Azhar et al., 2005). 

1.3. Objectives and Scopc of Study 

'lhc main ohjcctivcs of the study were to remove the textile dyes. Acid Red and 
Acid Orange 7 from aqueous solution by a sorbcnt preparod from agricultural waste 

which is coconut coir in form of powdered activated carbon (PAC) and also to 
investigate the adsorption capacities and the effectiveness of the coconut coir activated 

carbon compared to a commercial activated carbon, charcoal activated carton. 
fhc uim of the present work was to investigate the removal of two dyes from 

acid class which is Acid ()range 7 and Acid Red from aqueous solution by adsorption 



onto coconut coir carbon. Two tests of batch studies and adsorption isotherm studies 
were conducted. In hatch studies, effect of adsorbent dosage, initial dye concentration, 
contact time and dye solution pll on adsorption by the activated carbon prepared from 

coconut coir were investigated. In the adsorption isotherm studies, isotherm data were 
treated according to Freundlich and l. angmuir models. The fits of experimental data to 
these equations were examined. 

1.4. Relevancy of the Project 

Adsorbent obtained from agricultural waste, known as natural sorbent will be 

used instead of being throwing away and increase the waste in country. The recycling 

opportunitics of this waste can be develop. furthermore, as adsorbent for adsorption, 

coconut coir can replace the expensive commercial activated carbon in the market as the 

adsorbent is easily available and not bulky to handle. Low in density and high volatile 

content in coconut coir made it suitable to produce reasonably high quality and low 

density activated carbon. 

1.5. Feasibility of the Project 

'h is fcacihility study of the project within the scope and time frame is conducted 

to get the best way of how to manage the entire task in completing the research project. 
For this first part of the research project, understanding of research previous done will be 

made. All relevant information will be gathered to be the guide in completing this study. 

Preparation of adsorbent is the most crucial parr to produce high quality of 

activated carbon. Preparation of activated coir carbon and preparation of dyes solution 
will also be preceded depending on the availability of equipment and workstation. 
Proper planning and procedures are developed to ensure a smooth project flow as well as 
to accomplish the project's objectives within the time period. The timeline of the study 
is shown in the Figure 3.11, (iantt chart. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Adsorption 

2.1.1. Adsorption Theory 

Adsorption is the assimilation of a gas, liquid or dissolved substance by the surface of a 

solid and is a physicochemical treatment process of wastewater that is gaining 

prominence as it means of producing high quality effluent that is low in dissolved 

organic compounds. Conventional methods for the removal of dyes from wastewater 

include adsorption onto solid substrates, chemical coagulation, disinfection, and 

filtration and UV treatment. Adsorption has become a well-established separation 

technique to remove dilute pollutants as well as offering the potential for regeneration, 

recovery and recycling of the adsorbed materials (Norcxozi el at, 2008). The adsorption 

process is different from absorption process. Adsorption is the process by which 

molecules of a substance, such as a gas or a liquid, collect on the surface of another 

substance, such as a solid. Meanwhile, absorption is the processes by which the 

molecules arc attracted to the surface but do not enter the solid's minute spaces (Atkins, 

1994). 

2.1.2. Adsorption Principles 

Adsorption tcchniqucs Sr iwastewater treatment have become more popular in recent 

years owing to their efficiency in the removal of pollutants too stable for biological 

methcxds. Adsorption can produce high quality water while also being a process that is 

economically feasible (Choy et al., 2004). 

Ruthven (1984) reported the chemical adsorption and physical adsorption. Chemical 

adsorption occurs when strong interparticle bonds are present between the adsorbate and 

adsorbent due to an exchange of electrons. Examples of such bonds are covalent and 
ionic bonds. ('hemis option is deemed to be irreversible in the majority of cases. 
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Physical adsorption occurs when weak interparticle bonds exist between the adsorbate 

and adsorbent. Examples of such bonds are van der Waals, Hydrogen and dipolc-dipole. 

Physical adsorption, or van der Waals adsorption, usually occurs between the adsorbed 

molecules and the solid internal pore surface and is readily reversible (Christie, 2003). 

Meanwhile, Suzuki (1990) covered the role of adsorption in water environmental 

processes and also covered the development of ncwcr adsorbents to modernize the 

treatment systems and the role modeling of the findings plays in their development. 

Most adsorbents are highly porous materials. As the pores are generally very small, the 
internal surfäcc area is orders of magnitude greater than the external area. 

2.1.3. Adsorption Process 

Adsorption is recognized as a significant phenomenon in most natural physical. 

biological and chemical processes. Sorption on solids, particularly active carbon, has 

become a widely used option for purification of water and wastewaters. It plays an 

important role in many other process of water treatment (Weber. 1972). 

Metcalf and l . ddy (20(4) also mentioned the four definable steps of adsorption process: 

"Bulk solution transport involves the movement of the organic material to be adsorbed 

through the bulk liquid to the boundary layer of fixed film of liquid surrounding the 

adsorbent. Film diffusion transport involves the transport by diffusion of the organic 

material through the stagnant liquid film to the entrance of the pores of the adsorbent. 
Pore transport involves the transport of the material to be adsorbed through the pores by 

a combination of molecular diffusion through the pore liquid and/or by diffusion along 
the surface of the adsorbent. Adsorption involves the attachment of the material to be 

adsorbed to adsorbent at an available adsorption site. 

'Me overall adsorption process consists of a series of steps in series. When the fluid is 

flowing past the particle in a fixed bed, the salute first diffuses from the bulk fluid to the 

gross exterior surface of the particle. Then the solute diffuses inside the pore to the 

surface of the port. Finally, the solute is adsorbed on the surface. I fence, the overall 
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adsorption process is a series of stcps (Christic, 2003). Table 2.1 bclow shows scvcral 

reported method for dyc removal. Each technology has its own advantages and 
drawback (I. asilo, 1994). 

Tahlc 2.1: Tcchnologics use in dyc removal 
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Adsorption is a separation prcx: ess where one or more components of a gas or liquid 

stream adsorbed on the surface of a solid adsorbent. The fluid is passed through the 

adsorbent and the solid particles adsorb the components from the fluid. Adsorption 

method has been used to remove dyes from effluent water (Allen and Koumanova, 

2005; Christie, 2(M). 4). 

In adsorption processes one or morn components of a liquid stream are adsorbed on the 

surtaec of a solid adsorbent and a separation process is accomplished. In commercial 

processes. the adsorbent is usually in the form of small particles in a fixed bed. The fluid 

is passed through the bed and the solid particles adsorb components from the fluid. 
Whcn the bed is almost saturated, the flow in this bed is stopped and the bed is 

regenerated thermally or by other methods so that desorption occurs. 'The adsorbed 
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material (adsorbate) is thereby recovered and the solid adsorbent is ready for another 

cycle of adsorption (Christie, 2(X)3). 

Positive adsorption in a solid-liquid system results in the removal of solutes from 

solution and their concentration at the surface of the solid, to such time as the 

concentration of the solute remaining in solution is in a dynamic equilibrium with that at 

the surface. At this position of equilibrium, there is a defined distribution of solute 
between the liquid and solid phases (Weber, 1972). 

2.1.5. Adsorption by Activated ('artxra 

Adsorption is the process of accumulating substances that arc in solution on a suitable 
interface. It also can be defined as a mass transfer operation in that a constituent in the 

liquid phase is transferred to the solid phase. The adsorption process has not been 

previously used extensively in wastewater treatment, but demands for a better quality of 

treated wastewater effluent, including toxicity reduction, have led to an extensive 

examination on use of the process of adsorption on activated carbon (Metcalf and Eddy, 

2004 ). 

The simplest way to conceptualize carbon adsorption is to think of the carbon particle as 

a porous ball. The water to be purified flows over the surface of, and between the balls. 

Solutes diffuse from the water stream into the pores of the ball and subsequently become 

adsorbed, or attached, to the surface of the pore. 

Consequently, the rate of solute adsorption depends on how quickly a contaminant 

molecule can move from the bulk water flow to an unoccupied site within the halls' 

porous structures. The rate of adsorption is influenced by the number and size of the 

pores and temperature, but not the velocity with which the water flows over and between 

the bulls. 

'lac ideal particle would be small with many pores in order to minimize the distance the 

%olutc has to travel from the bulk fluid to an adsorption site. However, very small 
7 



particles are difficult to contain and cause large pressure drops across the carbon bed. 

Solutes move more slowly at low temperatures, so that the rate of adsorption decreases 

as the temperature of the water decreases. 

As the water enters a fresh carbon bed, contaminating solutes are swept to the surface of 

the initial layer of porous balls. Some of the solutes find their way into the porous 

structure and are adsorbed. The partially purified water flows to succeeding layers, 

where the process is repeated, and on through the bed. 

As the porous halls at the inlet of the bed become saturated with solute, the incoming 

water will not he purified until it encounters a subsequent layer, where the porous halls 

still have adsorptive capacity. With the flow rates normally used through carbon beds, 

solutes are delivered to the surface of the halls much more quickly than they can be 

adsorbed. 

As a result, some solutes may appear in the product stream, although at reduced 

concentrations, even though the porous balls may still have capacity to adsorb more 

Solute. 

Activated carbon is the most popular adsorbent used in wastewater treatment and in the 

removal of dyes. Several equilibrium studies on the adsorption of dyes using activated 

carbon and its derivatives have been carried out. Some authors have investigated multi- 

comiu+nent dye systems based on activated carbon and peat. Over the last decade, the 

low cost and commercial availability of hiosorbents have stimulated great attention into 

the passibility of using various low cost adsorbents (Noroozi et at, 2008). 

2.1.6. Adsorption Isotherm 

Fyuilihrium adsorption isotherms play an important role in the predictive modeling that 

is used for the analysis and design of adsorption systems. As such models can be used to 

predict the perh)rmancc of an adsorption process under a range of operating conditions, 
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adsorption isotherms arc invaluable tools for theoretical evaluation. however, no single 

model has been found to be generally applicable because although one isotherm 

equation may fit experimental data accurately under one set of conditions, it may fail 

entirely under another. Although considerable information has been collected for the 

adsorption of single component dyes by various adsorbents, many industrial situations 

involve the discharge of effluents that contain a mixture of several dyes; limited data is 

available on multi-component dye adsorption. however, an efTicient, accurate and cost 

effective design should account for multi-component adsorption. Prediction of the 

equilibrium adsorption of mixtures from pure-component isotherms is important for 

practical application (Noroozi ei at, 2(l0K). 

Two most common isotherms which are used to describe experimental isotherm data are 

Freundlich and Langmuir isotherm. Freundlich isotherm is the most commonly used 
isotherm to describe the adsorption characteristic of activated carbon used in water and 

wastewater treatment (Tchobanoglous et at, 20(4). The Freundlich isotherm model 

takes the multilaycr and heterogeneous adsorption into account (Iloda ef al., 2005). The 

Freundlich equation has the general form (Weber. 1972): 

x 

m 
ý'` 

ýw 
KI 

The t rcundlich equation is basically empirical but is often useful as a means for data 

description. Data are usually fitted to the logarithmic form of the equation (Weber, 

1972): 

Icýým I= log K, +n log(', 

where: x- 
amount of the adsothatc adsorbed per unit weight of adsorbent, mg 

m 

adsorbent pcr g of activated carbon (mg/g) 

K, - adsorption capacity of activated carbon, (mg adsorbate/g activated carbon) 

(I. water/ mg adsorbate) " 

C, - concentration of the dye solution at cyuilihrium, mg/1. 

! /m- adsorption intensity of activated carbon 
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When log (x/m) is plotted against log c, and the data are treated by linear regression 

analysis, I/n and K constants are determined from the slope and intercept (llo da et a/., 
2(X)5). 

The Langmuir adsorption model is valid for single-layer adsorption. The Langmuir 

equation can be used for providing parameters (a and h) with which to quantitatively 

compare adsorption behavior in different adsorbate-adsorbent systems, or for varied 

conditions within any given system (Weber, 1972). 'i he monolaycr capacity can be 

represented by the expression: 

x uh( ', 

mý1+(' . 
'Ilic lincar form of* the atx)vc equation is rcprcscntai as: 

c: 
n) 

i. +1 -( ab a, 

where: a the maximum adsorption capacity 
h -- the constant related to the free energy of adsorption 

The values of a and h are calculated from the slope and intercept of the linear plot of 
('Y(x/m) versus ('o (Thinakaran rt a!., 2008). 'Mc l. angmuir isotherm is based on the 

assumption that adsorption takes place at specific homogeneous sites within the 

adsorbent and once a dye molecule occupies a site, no further adsorption takes place at 
the site (l. angmuir, 1918). 

2.2. Adsorbent (Activated Carbon) 

2.2.1. I)rflnitlon 

'lac adsorbent is the solid, liquid, or gas phase onto which the adsorbate accumulatcs. 
The principal types of adsorbents include activated cartxm, synthetic polymeric and 

silica-based adsorbent, although these adsorbents are seldom used for wastewater 
adsorption because of their high cost. 'The nature of activated cartxon, the use of granular 
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carbon and powdered carbon has bccn discussed (Metcalf and l 
. 
ddy, 2004). Adsorbents 

are materials with capability of adsorption and having the tendency to adsorb. Somc of 

the test known and classic adsorbents are silica, alumina, and activated charcoal. 

2.2.2. Activated ('artwn Principles 

Activated carton is prepared by the pyrolysis of a variety of organic materials (for 

example, coconut shells, b)nes, coal, lignite, peat, petroleum, and wood) in closely 

regulated atmospheres. The porosity of activated carbon and, thus, its internal surface 

area, varies with the type of material used and the conditions of pyrolysis. The presence 

of oxygen alters the surface of the carton inside the porous structure, changing its 

adsorptive properties. 

Depending on the material from which the carbon is prepared, various amounts and 

types of residual metallic contaminants, including aluminum, may be left in the activated 

carbon. These contaminants have the potential to leach into water as it flows through the 

cartxm. 

Adsorbents combine chemical and physical processes to remove organic contaminants 

and the compounds that impart color, taste, and odor to water. The most commonly-used 

adsorbent is activated carbon a substance which is quite similar to common charcoal. 
Activated carbon, however, is treated by heat and oxidation so that it becomes porous 

and able to readily adsorb, or capture, the impurities found in water. 

Activated carbon also attracts not only known contaminants, but also naturally dissolved 

organic matter (much of which is harmless). ihcrcfore, monitoring is needed to ensure 

that carbon doses are high enough to adsorb all contaminants. There are two different 

firms of activated carbon in common use, granular activated carbon (GAC) and 

powdered activated carbon (PAC). Physically, the two differ as their names suggest -by 
particle site and diameter. Overall, activated carbon is better than ion exchange for 

removing organic substances. 
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2.2.3. Application in Industrie 

Activated carbon is used in gas purification, gold purification, metal extraction, water 

purification, medicine, sewage treatment, air filters in gas masks and filter masks, filters 

in compressed air and many other applications. ('arum adsorption is used in drinking 

water to remove a wide variety of organic contaminants. It is not practical to attempt to 

list the wide mngc of organic chemicals versus the effectiveness of various types of 

carton filter materials/products due to the wide variation in testing scenarios, 

concentrations of challenge materials, "contact time", flow rates and other else. 

Suflicc it to say that carbon possesses a variety of efTcctivcncss while exposed to these 

organic compounds. A wide variety of industrial applications use coal-based carbon. 

Since it is not used for drinking water in this application, the levels of arsenic and other 

minerals in the carton do not pone a health hazard. 

Even coconut carbon f ilter% will exhibit low levels of arsenic, probably through 

absorption of contaminated ground water. Rinsing or thoroughly flushing the carton 

filter prior to use tier drinking water purpose will substantially reduce the level of arsenic 

which may reside in loose carbon "fines" and thus be released in the drinking water 

during normal flow conditions. There are convenient ('oir Bricks already packages as 

shown in figure 2.1 below. 

ý 

ýýý 
ý 

ý 
dk 

F: igur+c 2.1: Coconut coir bricks 

Irtrc grow coir is a natural fiber mask from coconut husks. Sometimes the coir is called 

('cc: o Peat. llowcvcr, the coconut coir is already known as a medium for hydroponics, 

container plant growing or outdoor gardening because it provides an excellent growing 

medium. 'llierctirrc, this experiment will be recovering other benefit of coconut coir as 

activated carbon for dye removal. 
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2.2.4. Physical Properties 

Many adsorhents have been devclopcd for a wide range of separations. Typically, the 

udsorbcnts are in the firm of small pcllcts, heads, or granules ranging from about 0.1 

inm to 12 nim in sire, with the larger particles being used in packed beds. A particle of 

adsorbent has a very porous structure, with many fine pores and pore volumes up to 50% 

of total particle volumc. The adsorption often occurs as a monolayer on the surface of 

the fine pores, although several layers sometimes occur (Christie. 2003). 

('oir is a natural fiber derived from the husk of the coconut. Thc husk contains fiber and 

fine materials that constitute coco peat. ('oir fiber is a homogenous material comprised 

of millions of capillary micro-sponges resulting in high water absorption and retention 

capacity. The fiber surface is covered with protrusions and small voids. 

The important characteristics of an adsorbent are described in terms of both adsorptive 

capacity and physical properties (Noroozi er at, 2008). The two differently processed 

coconut coir dusts from Mexico and Sri Lanka did not significantly differ in the 

microstructural parameters studied, whereas they differed remarkably in their particle 

size and thcrcfbrc in their physical properties. Pithy tissue was the major constituent of 

coir dust. Coarse pithy tissue particles (larger than I mm) were highly porous, with an 

internal porosity of 41.0% by volume. These particles exhibited round-shaped external 

pores which ranged in diameter from 30 to 80 pm, with an average of 44.3 pm, and 

which accounted for a relative surface porosity of about 40.9%. The retting process 

(soaking in water) applied to the coconut husks in Sri Lanka partially degraded the pithy 

tissue and coir fibres. ('oir dust from Mexico showed lower water-holding capacity and 

higher aeration than peat, whereas air water relationships in coir dust from Sri Lanka 

were similar to those in peat. Although differences observed in microstructure and 

porosity characteristics could explain the differential physical properties, the major 

reason was the different sire distribution of their constituent particles (Formes er a!., 
2(X)2). 
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2.2.5. Classification 

Adsorbent like activated carton can be classified into two difTerent type; powdered 

activated carbon (I'A('), which has a diameter of less than 0.074mm, and granular 

activated carbon ((; A('), which has a diameter greater than 0.1 mm. The powdered 

activated carbon can he prepared by acid process. 'Me powdered coconut coir activated 

carbon (('A(') which obtained is treated with emulsion of readily available synthetic 

pxolymcr-polyvinyl acetate. Three parts by weight of powdered ('AC is mixed with one 

part by weight of polyvinyl acetate to firm a semisolid mass. Table 2.2 below shows the 

comparison of granular and powdered activated carbon. Ilowcver, the source of the 

material used for the production of adsorbent will be affected on the every parameter 

mentioned in the table. 

Tuhlc 2.2: Comparison of granular and powdered activated carbon 
Parameter 1 IJnit 1 Type of activated carbon' 

Total surface area 
Bulk density 

Particle density, wetted in water 
Particle size range 

I: flrctive Size 

I Iniformity coefficient 

Mean parc rudius 

Iodine number 

Abrasion number 

Ash 

Moisture as packed 

,- -- m'/g 

(iAC I PAC 

.. _-1ýým 360-740 

700-1300 

400-500 

800-1800 

Kg/l, 1.0-1.5 1.3-1.4 

mm (µm) 0.1-2.36 (5-50) 

mrn 0.6-0.9 

11C -1.9 

na 

na 
Aý 16-30 20-40 

w)- 11 ()() 800-1200 

Minimum 1 75-85 1 70-80 

9ý0 <g <_6 

2-8 

(Source: 'I'chobanoglcws et al., 2004) 

3-10 
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2.2.6. Manufacturing of Activated ('artmn 

Absorbent obtained from agricultural waste, known as natural sorbent will be used 

instead of throwing away and increase the waste in country. 'Mc recycling opportunities 

of this waste can be dcvclop. Furthermore, the other alternative as absorbent for 

adsorption such as coconut coir can replace the expensive commercial activated carbon 

in the market, bocausc the absorbent is easily available and not bulky to handle. 

Nowadays, the color removal from the cfllucnt water, especially from textile industries 

has been one of the concerns during the wastewater treatment process. To overcome the 

advcrsc effect caused from the releasing of the dye waste, activated carton prepared 

from coconut wir is studied by investigating its efficiency to adsorb textile dyes from 

aqueous solution. 

'ilicrc are many efficient rorbent from agricultural waste and natural sorbent such as 

shell (Yamin cf at, 2(X)7), treated sugarcane baggassc (Saiful Arhar c/ at, 2005), 

sunflower seed hull ('lirinakaran cf at, 2008), seed shells (Minakaran et al., 2008) and 

coir pith (Santhy and Sclvapathy, 2006) have been used. Still, colored wastewater 

treatment nods new adsorbents that are economical, easily available and effective. 

Retort using to remove the dye from aqueous solution, activated carbon must be 

prepared. Figure 2.2 shows the coconut coir that used in the study. 

I 

hgurc '. ': Coconut coir 
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2.2.7. Commercial Activated ('artx)n 

Activated charcoal is a form of carbon that has been processed to make it extremely 

porous and thus have a very large surface area available for adsorption and chemical 

reactions. Due to its high degree of micro-porosity, just one gram of activated carbon 
has a surface area of approximately 5(X) m'. Sufficiently activation for useful 

applications may come solely from the high surface area, though further chemical 
treatment often enhances the adsorbing properties of the material. 

2.3. Adsorbate (Dve) 

2.3.1. I)cflnitiun 

Adsorbatc is a substnncc that is adsorbcd. Adsorbatc is a matcrial that has been or is 

capable of being adsorbed. 'Ehe adsorbate is the substance that is being removed from 

the liquid phase at the interface (Metcalf and Eddy, 2004). Dyes are chemicals which on 
binding with a material will give color to the material. Dyes are ionic, aromatic organic 

compounds with structures including aryl rings which have dclocalizcd electron systems. 
The color of a dye was provided by the presence of a chromophore group (Allen and 
Koumanova, 2005). There are many types of dyes used in the industry such as reactive 
dyes, vat dyes, direct dyes, acid dyes, basic dyes and pigment dyes, which are 

carcinogenic and mutagcnic. 

2.3.2. Arid Dye 

Acid dye is a member of a class of dye that is applied from an acidic solution. In textiles, 

acid dyes are cfl'cctivc on protein fibers, i. e. animal hair fibers like wool, alpaca and 

mohair. 'iiicy are also cfTcctive on silk and cotton as well as to synthetics like polyesters, 

acrylic and rayon. But they are not substantive to cellulosic fibers. They are also used in 

paints, inks, plastics and leather. Acid dyes are generally divided into three classes 

which depend on fastness requirements, level dyeing properties and economy. The 
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classes overlap and generally depend on type of fiber to be coloured and also the process 

used. Acid dyes arc thought to fix to fibers by hydrogen bonding, Van der Waals forces 

and ionic bonding. The strength (fastness) of this bond is related to the desire/ chemistry 

of the dye to remain dissolved in water over fixation to the fiber. hie chemistry of acid 
dyes is quite complex. Dyes arc normally very large aromatic molecules consisting of 

many linked rings. Acid dyes usually have a sulphonyl or amino group on the molecule 

making them soluble in water. Water is the medium in which dyeing takes place. 

I Icxla et ul. (2006) covers the acid dyes that related in basic structure of Anthraquinone 

type, Azo dye and 'i'riphenylmethane. Many acid dyes are synthesized from chemical 
intermcdiatcs which farm anthraquinone-likc structures as their final state as shown in 

the Figure 2.3(a). Many blue dyes have this structure as their basic shape. The structure 

predominates in the leveling class of acid dye. 

Acid dyes having structures related to triphenylmcthane predominate in the milling class 

of dye. 'I'herc arc many yellow and green dyes commercially applied to fibers that are 

related to triphcnylmcthane. he structure is shown in Figure 2.3(h). 

Figure 2.3(a): Anthrayuinonc Structures Figurc 2.3(b): Triphenylmethanc Structure 

Mcanwhilc. the structure of alo dyes is based on arobenzcnc, Ph-N -N-Ph. Although 
Ato ayes are a separate class of dycsutl mainly used in the dyeing of cotton (cellulose) 
fibers many acid dyes have a similar structure, most are red in color. 
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2.3.3. I)ye in the Environment 

Waste aqueous effluent containing color compounds causes serious environmental 

problems. It has been estimated that about 9% of the total amount (450 000 tons) of 

dycstufl*s produced in the world are discharged in textile wastewater. The greatest 

environmental concern with dyes is their absorption and reflection of sunlight entering 

the water which interferes with the growth of bacteria to levels insufficient to 

biologically degrade impurities in the water. Color in effluents can cause problems in 

scvcral ways: dyes can have acute and/or chronic effects on exposed organisms 

depending on the exposure time and dye concentration: dyes arc inherently highly 

visible meaning that concentrations as low as 0.005ppm capture the attention of both 

public and the authorities: the absorb and reflect sunlight entering water and so can 

interfere with the growth of bacteria and hinder photosynthesis in aquatic plants (Allen 

and Koumanova, 2(X)5). 

'lac effluent discharged from textile industries is highly colored and disposal of this 

colored water into receiving water body not only causes damage to aquatic life, but also 

to human beings, by producing carcinogenic and mutagcnic effects (Thinakaran el at. 

2(0K). After the carcinogen enters the body, the body makes an attempt to eliminate it 

through a process called biotransformation. But these reactions can also convert a less 

toxic carcinogen into a more toxic one. Carcinogens may increase the risk of getting 

cancer by altering cellular metabolism damaging DNA directly in cells. Mutagen is a 

physical or chemical agent that changes the genetic material, usually DNA of an 

organism and thus increases the frequency of mutations above the natural background 

level. 

Growing concern about environmental issues has prompted the textile industry to 

investigate appropriate and environmentally friendly treatment technologies. 
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2.3.4. Uye in Industries 

Dyeing is the process of imparting colours to a textile material in Ikx)se fibre, yarn, cloth 

or garment by treatment with a dye. For most of the thousand years in which dyeing has 

been used by humans to decorate clothing and fabrics. The primary source of dye has 

been nature, with the dyes being extracted from animals or plants. In the last 150 years, 

man has produced artificial dyes to achieve a broader range of colors, and to render the 

dyes more stable to resist washing and general used. Differential classes of dye are used 

for different types of fiber and at different stages of the textile production process from 

lox se fibers through yarn and cloth to made garments (Bhardway and Jain, 1996). 

Acrylic fibers arc dyed with basic dyes, nylon and protein fibers such as wool and silk 

arc dyed with acid dyes, polyester yarn is dyed with disperse dyes. Cotton is dyed with a 

nunge of dye types including vat dyes which are similar to the ancient natural dyes and 

modern synthetic reactive and direct dyes (Bhardway and Jain. 1996). Meanwhile. 

'Ihinakaran el a!. (2008) study on the dyes which are acid dyes and identify that acid 

dyes arc used by several industries, such as textile, paper, printing and plastics to color 

their product. Figure 2.4 is shown some of the acid dyes at market in India: 

Figurt 2.4: I'ignncnt lot %alc at it market in Goa, India 
(Sourcc: Ithardway and Jain. 1996) 

'lucre are many textile industries operating in Malaysia such as producing of cotton, 

nylon, and so on. In Perak, there are several places that produce textile such as 
Kamunting Textile Industries Sdn. II<hd and Perak Textile Mill, Kuala Kangsar. Colored 
dye wastewater arises as a direct result of the production of the dye and also 
c nscqucncc of its use in the textile industries. There are more than 100 000 
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commercially available dyes with over 7xI05 tonnes of dyes prcxiuced annually 

(Robinson el u1., 2001). 

2.4.1)yc Removal by Activated Carbon 

Removal of dyes from wastewater before discharging to environment and from raw 

water before oflcring it to public use is essential fix the protection of health and 

environment (I lode el a!., 2006). Textile Industries consume large volumes of water and 

chemicals. Wastewater streams from the textile dyeing operation contain unused dyes 

(about 8 20% of the total pollution load due to incomplete exhaustion of the dye) and 

auxiliary chemicals along with large amounts of water. The presence of dyes in water 

sources is aesthetically unacceptable and may he visible at concentration as low as 

I ppm (Norc)ozi el at, 2008). 

Activated carbon treatment of* wastewater is usually thought of as a polishing process for 

water that has already received normal biological treatment. The carton in this case is 

uscd to remove dye solution in the industry's effluent water (Metcalf and Eddy, 2004). 

Most of the commercial industries use activated carbon as adsorbent to remove color 

loom wastewater (Tunali et ul., 2(06). The reason for their adsorbing characteristics is 

their enormous surface area per unit weight. When the surface of the adsorbent is 

saturated by the adsorbate, a decrease in absorbance will be observed. This is due to the 

limited number of'surface sites available for chemisorptions. 

At the end of the study, the capacity of the dye removal by adsorption process of acid 

tcxtile dyes namely, Acid ()range 7 and Acid Red onto coconut coir activated carbon 

will be investigated on the various experimental parameters such as effect of initial dye 

concentration and contact time, effect of pt 1 solution and effect of carbon dosage. 
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('f1APTF; R 3 

MATERIALS ANI) METHODS 

3.1. Acid Dycn 

'I'hc udsorbatc Acid Red and Acid Orange 7 were obtained from Euro ('hemo-Pharma 

Sdn. lihd. (Penang, Malaysia). 'Me dyes were chosen as an adsorbate because it is 

commonly used in dyeing of textiles and is a dye contaminant in discharged effluents. 

Acid dye is a member of a class of dye that is applied from an acidic solution. Acid dyes 

usually have a sulphonyl or amino group on the molecule making them soluble in water. 
Water is the medium in which dyeing takes place. 

Aio dyes arc a separate class of dyestuff mainly used in the dyeing of cotton (cellulose) 

fibers many acid dyes have a similar structure, most are red in color. Figure 3.1 below 

shows an image of its molecular structure of Acid Red 266. 

CF3 NFi2 

CI-(U}-N=N 

HO 

SOH 

f: igurc 3.1: Molecular Structurc of Acid Red 266 
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Mcanwhilc l ahlc 3.1 shows the characteristics of Acid Orangc. 

Table 3.1: Characteristics of Acid Orangc 

ACID ORANGE 
('1 Name Acid ()range 7 
Other Name Acid Orange II 

Physical State Yellow powder (produce an cringe-pink color) 
Molecular Weight 350.32 
Solubility Water (116 g/I, ) 
Chemical Name 4-(2-Ilydroxy-I-naphthylazo)bcnzenesulf'onic acid 

sodium salt; Sxfium 4-((2-hydroxy-I- 
naphthyl )azoJberuenesulphonatc 

Molecular Structure 
o'. 

dö I NCe 
i ON 

3.2. I)yc Concentration 

I00 mg/l. concentrations of dyes solution (stock solution) were prepared by weighting 
0.1()0() g of dyes powder. A glass funnel was used to add 0.1000 g of dye powder into 

FO(X) ml. of volumetric flask. The distilled water was added into the volumetric flask. 

'17his standard solution of Acid Red and Acid Orange 7 were diluted into specific 
concentration for further experiments. Figure 3.2 below is showing the stock solution of 
Acid Red and Acid Orange 7. 



Figure 3.2: 1)yc Solution (Acid Red and Acid (range 7) 

3.3. Commercial Activoted Carbon 

Charcoal activated carbon hav high degree of micmu or city and supplied by Ncnua 

Sins Sdn. Nhd. for the removal of odour and ratite compounds and dissolved organic 

compounds from water treatment. 't'able 3.2 shows the specifications of the commercial 

charcoal activated carixon. 

1'ablc 3.2: ('haractcristic of charcoal activated carbon 

CHARCOAL A(TIVATF: D CARBON 
Brand Mcrck 

Supplier Iicnua Sains Sdn. I3hd., Puchong. Selangor 
Mutar Mass 12.01 g/mol 
Density 2 g/cm 
l ffectivc Size 2.5 mm 
º11 Value 6 (Sluffy) 
Form Granular (Solid) 
('akw Black 
Odour ()lourlcss 
Bulk Density 400 kg/ m 
Solubility In walcr 
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3.4. Preparation of Coconut ('oir Activated Carbon 

Into small particles 
Grind the coconut coir 

I 

1 
ýI Wash the small particles of 

coconut with distilled water 

24nß 

I i 
50 gram of dried 
coconut coir 

i 

ED 

Dry the coconut coir in the 
oven for 24 hours in HOT 

50 mL of concentrated 
_f 

Dry the coconut car with HISO4 

sulphuric acid in the oven for 24 hours in 110. C 

Wash with distilled 

water (2/3 times) 
IN Wash with 2% of sodium bicarbonate until 

no bubbles come out from the sample 

ov. cn 

V 

i 
Separate the char -110 Wash the char with distilled water 

until free from bicarbonate 

Dried 

Activated In carbon dioxide 
atmosphere, 900'C for 30 minutes 

11 CACTIVATED 
MATERIAL 

1 

m 

S 

24 



Wash repeatedly with 
distilled water 

Acid wash material F 

Soak in 10% of HCI 

Wash repeatedly 
with distilled water 

I4Ar 

Sieve 

II 
UN 

Dry the activated material in 
the oven for 24 hours in 110'C 

Activated carbon with particle size 
" 0.2-O. S mm (400-S00µm) 

" Retained to a max of RS% 

Figure 3.3: Nrcparatiun of* Activatcd ('artxm by Acid Process 

Figure 3.3 shows the procedures of activated carbon preparation by acid process (Santhy 

and Selvapathy, 2(K)6). The coconut coir was collected from local agricultural fields. 

Figure 3.4 shows the furnace used to activate the carbon at 900'(' for 30 minutes while 
Figure 3.5 shows the oven used for drying purpose at 110'(' for 24 hours. By the acid 

process, the dried coconut coir was activated in the furnace and became the coconut coir 

activated carbon as shown in Figure 3.6. The prepared activated carbon was used for 

further studies. 
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I igurc 3.4: Fixed bed activation unit 

ý-- ý 

ligum Sr Z. Oven 

Wklw-& 

ýý 

I-igure i. b: Dried coconut coir become activated carbon through chemical process 

3.5.1'bysicocbemical ('baracteristic of Activated Carbon 

3.5.1. p11 

I. (1 g of coconut cxoir carbon sample was immersed and stirrcxl in IN ml of distilled 

water. After I hour, the p1I of'slurry was measured by p1I motor shown in the Figure 3.7 

and the pf 1 of the carbon was determined (f3hanfway and Jain, 1996). The same 

pnx: cdures were rrpcrUrd 4 murr times to Wct uthcr "1 readings. 

I ihurr 3.7: p1 i mctcr 
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3.5.2. Ash Content 

(he initial weight of the clean porcelain bowl and the initial weight of approximately Ig 

of* coconut coir carbon in clean porcelain txowl were recorded. The powdered carton 

sample in porcelain txowl was burned in muffle furnace at 9(K)"(' tier 12 hours. Figure 3.8 

shows the equipment to investigate the ash content. The final weight of the remaining 

ash in the porcelain bowl was recorded (Saiful Arhar et al., 2005). The percentage of 

ash content wag calculated as the equation below (Santhy and Sclvapathy, 2006): 

% ach cimlcnl Wright of cxch x IIKI°ib 
WeiKht of original . tiunrple 

I igurc 
. 
3.8: Mutllc turnacc 

3.5.3. Scanning Electron Micrograph 

Small amount of the coconut coir, coconut uoir activated carbon and charcoal activated 
carbon werr put on the clean sampic plate. The samples were examined by using Leo 

1410 VI'SI: M. 'l he scanning clcctmn micrograph was obtained and analyzed. 

1-igurc 3.9: (. v) 1430 VI'til": M 
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3.6. Adsorption Study 

3.6.1. Batch Study Using Coconut Coir Cartxºn 

Batch experiments were carried out after the coconut coir activated carton was obtained. 
The effect of various parameters such as initial concentration, contact time and 

adsorbent dose on the adsorption capacity was investigated. 

3.6.1.1. FfTect of initial concentration and contact time 

Acid Red and Acid Orange 7 aqueous solutions were prepared. 100 ml. of different 

initial concentration; 20 mg/l. and 40 mg/l. with p11 6.0 of every acid dye solutions were 
taken in a series of 125 ml. conical flasks containing 0.5 g of powdered coconut coir 

carbon (4(K)-5(K) pm particle sine). The flasks were equilibrated by 150 rpm orbital 

shaker at 25°C for a pre-determined time. The progress of adsorption during the 

experiment was determined by taking the aliquots after desired contact time which is 

every I hour in range of 1 to 5 hours, filtering trough Whatman No. I filter paper. The 

supernatant was analyzed spcctrophotomctrically for every dye concentration which is 

20 mg/I. and 40 mg/l.. At time t'=0 and equilibrium, the dye concentrations were 

measured using UV/Vlti spcctrophotomctcr (l)R2800) where four vials filled with 10 

ml. of every concentration of dye solutions; Acid Red and Acid Orange 7 was taken. 
The absorbance of Acid Red at 505 nm and Acid Orange 7 at 485 nm was read and 

recorded (Scnthilkumar et a/., 2006). The amount of dye adsorbed was calculated. 

3.6.1.2. F: f'frrt of pti 

I. fl'ect of p11 was studies by varying the piI value. Concentrations of 40 mg/I. of Acid 
Red and Acid Orange 7 aqueous solutions were prepared. The pil of the dye solutions 
were adjusted by using 0.02 N NuOII or 0.02 N ll('I and varied from pi13 to pli 11.0.5 

g of coconut coir activated carbon was added into IN ml. of 40 mg/L of dye solutions. 
The flasks were equilibrated by 150 rpm orbital shaker at 25°C for 2 hours. The reading 
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for every solution was taken after contact time 2 hour, filtering trough Whatman No. 1 

filter paper. The dyes with different pll were measured using UV/VIS 

spectrophotometer (1)R2800) where vials filled with 10 ml. of every dye solutions. The 

amount of'dye adsorbed was calculated (Senthilkumar et at, 2000). 

3.6.1.3. Effect of Adsorbent Done 

I : flcct of adsorbent dose was studied by varying amount of powdered coconut coir 

activated carbon weight from 0.2 g to 1.0 gin I(X) ml. of 50 mg/l. dye concentration for 

Acid Red and Acid Orange 7 (Scnthilkumar et ul.. 2006). Concentrations of 50 mg I. of 

Acid Red and Acid ()range 7 aqueous solutions were prepared. 100 ml. of Acid Red and 

Acid Orange 7 at p11 3 was taken in a series of 125 ml. conical flasks and 0.2 g. 0.4 g. 

0.6 g, 0.8 g and 1.0 g of carbon were added into the flasks. The flasks were equilibrated 

by ISO rpm orbital shaker at 25"(' for 2 hours. The aliquots were taken after 2 hours, 

filtering trough Whatmun No. I filter paper. The dyes with different adsorbent dose were 

measured using (1V/VIS spcctr)photometer (I)R28(X)) where vials filled with 10 ml. of 

every dye solutions. The amount of'dye adsorbed was calculated. 

3.6.2. Retch Study lining ('commercial Activated Carbon 

'lair same method was also conducted for the commercial activated carbon; charcoal 
carbon which was obtained from the manufacturer to compare its performance with the 

coconut coir activated carbon. 

3.7. Adsorption Isotherm Study 

Only when the result obtained from the batch study was favorable, the author will 

proceed with the adsorption isotherm studies. The concentration of both Acid Rod and 
Acid Orange 7 were variod by ten diflercnt concentrations, which is from 10 mg/l, to 

I(K) mg/l.. All the solutions were adjusted at p11 3 which is at the optimum condition. It 

was equilibrated for 2 hours after 0.5 g of coconut coin activated cartoon was added 
inside I(K) ml. of the Acid ()range 7 solution and 0.6 g of coconut coir activated carbon 
was added inside IN ml. of the Acid Red solution. The flasks were equilibrated by 150 
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rpm orbital shaker at 25°C. 'c aliquots were taken after 2 hours, filtering trough 

Whatmun No. 1 filter paper. The dyes with different adsorbent done were measured using 

l1V/VIS spectrophotometer (1)122800) where vials filled with 10 ml. of every dye 

solutions. The final concentration of the solutions was measured. The same experiment 

procedures were done using the commercial charcoal activated carbon. 

The experimental data was analyzed. For the Freundlich Isotherm, the value of K (y- 

intercept) and 1/n (slope) which indicated the adsorption capacity and adsorption 

intensity of coconut coir carton was compared to charcoal activated carton. Meanwhile, 

for the Langmuir Isotherm, the value of a and h which indicating the adsorption capacity 

and adsorption energy of coconut coir carton was compared to charcoal activated 

carbon. The calculation for all adsorption isotherms was attached in Appendix I) and 

Appendix F. 
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3.11.1)ala ('olkctk, n and Scheduk 

All the data and information that are related to the project were obtained from 

experimental analysis and many references. Information from journal. website on related 

topic and text bxxoky were gathered to achieve the objective of the research which is to 
investigate the efficiency of coconut coin activated carbon. Meanwhile. the project 

schedule is shown on the Gantt chart. 
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PROJECT PHASE 3 
week 
89M 10 11 12 13 14 1.5 

Weetjy Meeting with Supervisor " " " " " "" "" 
Project Wort 

" Preparation of activated carbon I 

" Adsorption studies by coconut car carbon / Batch study 
a) Effect of initial concentration and contact time 
b) Effect of carbon dose 

" Adsorption studies by existed coal carbon 
a) Effect of initial concentration and contact time a ä 

" Pfrysicochemica1 cfiaracterist; a of the carbon 
a) SEM phot ph 
b) PH measurement 
c) Ash content 

Submission of combined progress report 
Project Wort 

" Adsorption studies by coo~ coir carbon / Batch Study i r E 
a) Effect of PH 

" Adsorption Isotherm 
a) Freundlich Isotherm 
b) La uir Isotherm 

Poster presentation 
Submission of Project Dissertation report 
Oral Presentation 

'Supervisor on Medical leave 

Figure 3.11: Gann chart of the Project Schedule 



3.9. I'ooI% 

" Equipment : Spectrophotomctcr l)R28(x), oven, tube furnace, sieve analysis, 

balance-weight, glassware (Figure 3.12), muffle furnace, Leo 

1430 VPSEEM. pi I meter, fume cupboard and rotary mechanical 

shaker 

" Chemical Sulphuric acid, sodium bicartxonate, I l('l., dyc solutions, Acid 

Red and Acid ()range 7 and NaM I 

" Material : Whatman No. I filter paper 

" 'fowl ('utter, blender and grinder 

" Software : Microsoft Office Excel and Microsoft Word 

S ft 40 !!!! 4m 

I iBurr t. 12: (; luktiwurr 

ý law 

3.10. hazard Analyab 

Iluzard analysis is a systematic process and prtsactivc approach for identifying hazards 

and recommending corrcctivc actions. Ilazard sources can be classified into sources of 

motion, sources of extreme temperatures, types of chemical exposures, sources of 

harmful dust, sources of light radiation, sources of sharp objects and any electrical 

hazards. 
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In this study, chemical laboratory will become a workplace to prepare the adsorbent, 

adsorbate and fir the adsorption process. Working in hot conditions can cause health 

cflccts ranging from discomfort to serious illness. 'Ihterefore, identify the information on 

heat, temperature and pressure hazards at laboratory to overcome the hazards associated 

with the extreme heat, temperature and pressure (I I()°C - 9(K)°('). In this study, hot 

usage of furnace, fixed bed activation unit and oven was identified. To overcome any 

hazard, wear the gloves when taking out the sample from oven can protect the heat from 

human body because of this mechanism of heat exchange can be altered dramatically. 

The operation must be under laboratory technician's supervision. 

Second hazard is mechanical hazard, especially while using cutter, blender or grinder to 

grind the coconut coir. Body parts are in contact with sharp edges. his hazard will 

occur at the point of cutting operation. Safeguards arc essential for the protection 

purposes and prevention from injuries. Gloves must be worn to avoid the sharp blade 

and the operation must be under laboratcxy technologist's supervision. 

Chemical hazard exposures while handling the chemical in the chemical process of 

preparation the activated carbon and pll studies. Concentrated acid or alkali is corrosive 

and must therefore be handled with appropriate care, since it can cause skin burns, 

permanent eye damage and irritation. latex gloves oflcr no protection, so rubber glove. 

should he worn when handling the compound. Certain chemicals am very high in 

concentrated, handle it inside laboratory fume hcxxf and avoid smelling the fume of the 

chemicals. Figure 3.13 shows the symbol of corrosive chemicals. 

Any dyes Including acid dyes have the ability to affect humans due to their complex 

molecular structure and the way in which they are metabolized in the body. This is 

extremely rare nowadays as we have greater understanding through experience and 
knowledge of dyestuffs themselves. Some acid dyes are used to color food. We wear 
ferbrics every day exposing our skin to dyes. The greatest risk of disease or injury due to 
dyes is by ingestion or exposure to dye dust. These scenarios are normally confined to 
textile workers. Whereby the dye itself is normally non toxic, the molecules are 

metabolised (usually in the liver) where they may be broken down to the original 
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Intermediates used in manufacture. Thus many intermediate chemicals used in dye 

manufacture have been identified as toxic and their use restricted. 'there is a growing 

trend among governments to ban the importation of dyes synthesized from restricted 

intermediates. For example: the dye ('I Acid red 128 is banned in l. uropc as it was found 

to metabolize in the body back to ortho-toluidinc, one of its chemical intermediates. 

Many intermediates used in dye manufacture such as o-toluidinc, henzidine etc. were 

found to he carcinogenic. All the major chemical companies have now ceased to market 

these dyes. Some, however, are still produced but they are found to he totally safe when 

on the fiber in its final state. The use of these dyes is declining rapidly as cheap and safer 

alternatives are now easily available. 't'hus, rubber gloves and mask must be worn when 

preparing the acid dye solution and also use spatula to take the chemical powder. 

To prevent any accident happen and to ensure a safe work flow is practiced, student 

must attend the briefing session about laboratory in how to use or handle the tools, 

equipments or chemicals in proper ways. For the safety precaution, student must 

wearing appropriate personal protective equipment, PPE and clothing such as lab coat 

and closed shoe while entering the laboratory area. Prevent human contact with any 

potentially harmful machine part and handle properly the chemicals. 

Figure 3.13: Symbol ofcorrcnivc chemical 
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('THAI'"1'F: R 4 

RESULTS ANI) DISCUSSION 

4.1. Standard ('urvc for Arid Red and Acid ()range 7 

For the result, the graphs of absorbance. A versus wavelength, nm for the dyc 

concentration of IM mg/l. for Acid Red was obtained as the graph below. The values of 

absorbance and the wavelength were observed by varying the wavelengths for the dye 

concentration to obtain the maximum absorbance. From Figure 4.1, the standard 

wavelength fir concentration of IM mg/I. of dye solutions can be determined by 

observing the maximurn ahsorbancc which is 505 nm for the Acid Red. 

I 
0.8 

0.7 

0.6 

0G 

0.4 

03 

0.2 

0 ý---ý - f- _-*- - -+--f 
140 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 

Wtwbn4tfi, nm 

o. 1 

Figurr 4.1: Ahu)rhancc vcrsu. Wavelength for Acid Red 

Meanwhilc fiºr the graph% of absorbance, A versus dye concentration, mg/l. were plotted 
to obtain the straight line of graph for Acid Red dye accordance to each standard 

wavelength. 'lic standard curve was obtained by varying the dye solution concentration 
fiºr dye as shown on the graph below, measurement of the absorbance; A on the 

spcetrophotomctrr was done at the standard wavelength (maximum wavelength of 505 

nm fix the Acid Red). At the end, ensure to get a very high value of R' which is 0.997 
for the Acid Red, The graph shows that the absorbance is directly proportional to the dye 

concentration. 
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Figurc 4.2: Standard ('urvc fiºr Acid Rcd (Wavelength 505 nm) 

100 

'libc graph below shows the values of absorbance and the wavelength that were observed 

by varying the wavelengths fir the I(X) mg/l. Acid Orange 7 dye concentration to obtain 

the maximum absorbance. From this graph of absorbance, A versus wavelength. nm for 

the Acid Orange 7 concentration of IN mg/l., the standard wavelength with maximum 

absorbance is 485 nm. 

3. o 

44 
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1.11 

to 
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WavM. ntth, nm 

Figurc 43; Ahuorfiuncc vcrsus WuvclcnKth for Acid Orange 7 
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Meanwhile fir the graphs of absorbance. A versus dye concentration, mg/l. were plotted 

to obtain the straight line of graph for Acid Orange 7 accordance to standard 

wavelength, 485 nrn fir Acid Orange 7 and varying the dye solution concentration. At 

the end, ensure to get a very high value of R2 which is 0.996 for the Acid Orange 7 flor 

timber rcfcrcrtccs. Figure 4.4 shows that the absorbance is directly proportional to the 

dye concentration. 

1 .l 

1.0 

« 0.8 

I0.6 
04 

0.2 

0.0 

0 20 40 60 80 

Dye Concentration, mg/L 

100 120 

l igurc 4.4: Standard ('urvc for Acid ()rangc 7 (Wavclcngth 485 nm) 

4.2. Physicochemical Characteristic of Activated Carbon 

I7hc tests have been conducted to study the physiccxhcmical characteristics of the 

prcparcd coconut coir activated cartxon. The results obtained were compared to the 

coconut coir pith activated carbon by Santhy and Selvapathy (2(x)6). 
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4.2.1. pill 

l'ablc 4.1 below shows the readings of pI I fir different sample of coconut coir carbon. 

Table 4.1: p11 of the carbon 
SAMPLE 

1 

2 

4 

5 
i 

pN 
6.495 

6.504 

6.751 

6.601 

6.455 

6.495 + 6.504 + 6.751 + 6.601 + 6.455 
Average pit =5 

-- 6. Sbl 

'e average pl I of the coconut coir activated carbon was calculated and the value is 

6.561. 

4.2.2. Ash Content 

'fable 4.2 below summarized the ash content of prcparcd coconut coin carbon obtained in 

125 ml. size of porcelain howl aller burning in muflle furnace at 9OO ('. 

I nhlr 4.?: Ash contcnt of the carbon 

PARAMETER MASS, g 
Weight of the porcelain bowl 26.9433 

Initial weight of the porcelain + sample 27.9433 

Final weight of porcelain + sample 26.9752 

'l he calculation to determine the ash content is shown below and the calculated 

percentage of the a. h content is 3.19%: 

20.9752 26.94.1; 
x 1()0% - 3.19% 

27.94.3 26.9433 
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4.2.3. Compari! uºn with Coconut Coir Pith Activated Carton 

'liic comparison of all the characterization tests between the prepared coconut coir 

activated carbon with the coconut coir pith activated carbon by Santhy and Sclvapathy 

(2(K)6) arc presented in fable 4.3. 'Me p11 of both carbons can be observed from the 

table and show almost the same values. I Iowcvcr, the coconut coir activated carbon has 

higher ash content compare to coconut pith activated carton. 

'I'uhic 4.3: ('omparison of coconut coir carbon and coconut coir pith carbon 
Charectetistk 

pH 
Ash content, % 

4.2.4. Scanning Electron Micrograph 

6.56 
3.19 

6.50 
2.93 

Scanning electron rnicrograph (SEM) of co onut coir fiber, coconut c oir activated 

carbon and charcoal activated carbon were observed by Variable Pressure Scanning 

Electron Microsc: opc (VI'Sl": M) with different magnifications. The figures below show 

the SI: M of the samples. 

4.2.4.1. ('u onul ('oir 

I i)urc 4.5: SF M of ctnunut coin with I (X)x and 5(X)x magnification 

Coconut cok AC I Coconut coir pith AC 

W 



('Artxºn 4.2.4.2. Coconut Colr Activated 

FiKurc 4.0: tiI": M of'cox"onut coir activated carbon with IOOx, 5(X)x and I(XK)x 

magnification 

4.2.4.3. Charcoal Activated Carbon 

Figure 4.7: sl": M of 'charcoal activatcd cartx)n with I(X)x and S(K)x magnification 

4.3. Adfu)rpik)n Study 

4.3.1. Hatch Study timing Coconut ('air Carbon 

Dir tulwºrption ratcs of Acid ()rangc 7 and Acid Red dyes onto coconut coir carbon in a 

hutch adsorption system by varying the parameters have been studied in this final year 

project 11. 'lltc influence of experimental variables, such as contact time, solution 

concentration and carbon dose were evaluated. Meanwhile, the percentage of the 

adwºrtate uptake can he calculated by following equation: 
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:IJ. corhulr aq)tuke (%) (( '� Cd / C,, x 100 

where ('� and C, arc the initial and at time (t) of the adsorbent concentration, 

respectively. 

4.3.1.1. Effect of initial Concentration and Contact Time 

The etkct of initial dye concentration and contact time on the removal of Acid Red and 

Acid Orange 7 is shown in the Table 4.4 and Table 4.5 below to investigate the 

ctlicicncy of the coconut coir activated carbon. The contact time was varies every I hour 

time interval from I hour to S hours for both 20 mg/l, and 40 mg/l, solution 

concentration in a orbital shaker. Removal of Acid Red was found to be nearly 100%, at 

2 hr time for 20 mg/I, and 40 mg/l., respectively. Meanwhile, the removal for Acid 

()range 7 was bound to be nearly I00Yo, at 1 hr time for 20 mg/l. and 40 mg/l., 

respectively. 

I able 4.43: I : flirt of initial concentration and contact time on removal of Acid Rcd 
Contact initial concentration- 20mg/L Initial concentration = 40 mg/L 

Time, his I Absorbance (Abs) 1% Removal Absorbance (Abs) 1% Removal 

0 

2 

4 

S 

0.727 

0.058 

0.020 

0.020 

0.018 

0.016 

0.00 

92.02 

97.25 

97.25 

97.52 

97.60 

1.449 

0.289 

0.043 

0.026 

0.024 

0.023 

0.00 
80.06 

97.03 

98.21 

98.34 

98.41 ---1 

Table 4.5: 1? t1'ect of initial concentration and contact time on removal of Acid Orange 7 
Contact initial concentration- 20ms/L Initial concentration   40 ms/L 

Time, hrs Absorbance (Abs) 1% Removal Absorbance (Abs) I% Remove, 

0 2.736 0.00 3.173 0.00 

1 0.043 98.08 0.078 97.54 

2 0.036 98.39.... 0.026 99.18 

S 0.031 98.61 0.016 99.50 

4 0.030 98.66 0.014 99.56 
S 0.026 98.84 0.012 99.62 
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From the Figure 4. K and Figure 4.9 below, the efftrkct of initial dye concentration and 

contact time on the removal of Acid Red and Acid Orange 7 is shown. From the figure, 

the removal of dye increased with decreasing dye concentration for each dyes. The 

percentage removal of acid dye decreases as the concentration of the acid dye increases. 

Meanwhile the adsorption increased with an increase in contact time. The rate uptakes of 

removal for the first two hour is very fast and reach the equilibrium at 2 hr for Acid Red 

and 1 hr for Acid Orange 7. 

-. -20mg/l 

-f-aomg/l 

0 23 1 

Contact Time, hr 

4 S 

I igurc 4.8: Elko of initial conccntration and contact time on removal of Acid Red 

too 

80 
K 

40 

9 

p 

-f- 20mg/l 

t40mg/L 
20 

012345 

Contact Tim*, hr 

figurc 4. '): 1": ffcct of initial concentration and contact timc on rcmoval of Acid ()rangc7 
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a. J. 1.2. Elffcrt of Iºil 

To determine the influence of pH, 1(X) ml. of 40 mg/l. solutions were added with 0.5 g 

of' coconut coir activated cartxn and the contact time used was 2 hours which the 

solution reached equilibrium. The p1l of the solution was varied from p11 3 to p11 11. 

I-rom the observation of the Table 4.6 of the eflcct of p11 on the removal acid dyes, the 
dye uptake decreased with increasing p11 of the dyes solution. The optimum value of dye 

removal four NO dyes is at p11 3, which is at acidic solution. 

Table 4.6: F. f'I. ct of' pI I on removal of'Acid Red and Acid Orangc 7 

pH Acid Oranp 7 

Absorbance (Abs) % Removal 

0.017 99.46 

0.022 99.31 

0.026 99.18 

Acid Red 
Absorbance (Abs) I% Removal 

3.0 

4.0 

S. 0 

6.0 

7.0 

8.0 

9.0 

10.0 

11.0 

0.101 

0.158 

0.159 

0.163 

0.166 

0.180 

0.201 

0.211 

0.270 

93.03 
89.10 

89.03 

88.75 

88.54 

87.58 

86.13 

85.44 

81.37 

0.028 99.12 

0.031 99.02 

0.035 1 98.90 

0.037 1 98.83 

0.046 1 98.55 

0.048 1 98.49 

the cflcct of p11 on the removal of Acid Red and Acid ()range 7 were summarized in 

Figure 4.10. From the Figure 4.10. it was evident that the adsorption is very high at 

acidic p1 I and increases with do creasing p11. A complete removal of Acid red (93.03%) 

and Acid Orange 7 (99.46%) of40 mg/l. concentration could he achieved with pi 13. 
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Figure 4.10: I: fl'cct of'pl I on rrmoval of Acid Red and Acid Orange 7 

4.3.1.3. Effect of Carbon 1)o%e 

From the observation of'the Tahle 4.7 of'the eft ct of'carb n dosage on the removal acid 
dyes, the dye uptake increased with increasing dose of the carbon. To determine the 
influence of carbon dose, IN ml. of 40 mg/I. solutions at p11 3 were added with 
different amount ofcoconut coir activated carton varies from 0.2 gram to 1.0 gram. The 

contact time used was 2 hours. 

Fable 4.7: l: fl'cct of coconut coir carbon dosage on removal of Acid Red and Acid 

Carbon Dora, 
gram 

0.2 
0.4 
0.5 
0.6 
0.8 
1.0 

Orange 7 
Percentage Removal, % 

Acid Red Acid Oran; e 7 
46.03 55.09 
75.43 
95.17 

98.74 
99.43 

98.27 
99.03 
99.17 

99.50 
99.53 
99.62 

The ctifcct of carbon dosc on the removal of Acid Rod and Acid Orange 7 were 

summurizcd in figure below. From the Figure 4.1 1, it was evident that the removal of 
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dye increased with increasing carbon dose. A complete removal (99.17%) of Acid red of 

40 mg/I. concentration could be achieved with the dose of carbon at 0.6 gram. For Acid 

Orange 7 of 40 mg/l. concentration, the carbon dose required for complete removal 

(99.62%) was 0.5 gram. The contact time For both dyes uptake was at 2 hour. 

100 

80 

1bo 
40 

20 

0 
0.2 0.4 0.5 0.6 0.8 1.0 

Carbon Dose, gram 

-i --Acid Red 

-. Acid Orange 

l: igurc 4.11: f "iThct of cunlum dosage on removal of Acid Red and Acid Orange 7 

4.3.2. Hatch Study Using Commercial Charcoal Activated Carbon 

A small amount of charcoal can clean a lot of waters based on the facts that have been 

studied by other researchers (Drake, 1994). The efficiency of coconut coir activated 

carbon on the adsorption process of color removal was compared to the commercial 

charcoal carbon. The adsorption rates of Acid Orange 7 and Acid Red dyes onto 

charcoal carbon in a hatch adsorption system by investigating the ciTeet of initial 

concentration and contact time on the acid dyes removal. The percentage of the 

adsorbate uptake can be calculated by the same method mention before: 

Acl. vurhulr uplukr (%) - 
(( '� 

( 'd / C, x1 (X) 

where ('� and (', are the initial and at time (t) of the adsorbent concentration. 

respectively. 
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4.3.2.1. Elffect of Initial Concentration and Contact Time 

The effect of initial dye concentration and contact time on the removal of* Acid Orange 7 

and Acid Red by commercial charcoal carbon is shown in the tables and figures below. 

The procedure is about the same but the result obtained is totally different from coconut 

coir activated carbon. 'Iic result of charcoal carbon achieving lower percentage removal 

than coconut coir carbon at contact time of 2 hr. Removal of Acid Red and Acid Orange 

7 were found to be nearly lOO%, at 2 hr time for 20 mg/I, and 40 mg/I., respectively. 

Table 4.8: EfTect of initial concentration and contact time on removal of Acid Red by 

commercial charcoal activated carbon 
Contact Initial concentration- 20mg/L Initial concentration = 40 mg/1 

Time, hr Absorbance (Abs) I% Removal Absorbance (Abs) 1% Removal 

0 
1 

2 

3 

4 

5 

0.727 

0.239 

0.065 

0.064 

0.050 

0.048 

0.00 

67.13 

91.06 

91.20 

93.12 

93.40 

1.449 

0.595 

0.169 

0.112 

0.108 
0.080 

0.00 

58.94 

88.34 

92.27 

92.55 

94.48 

Table 4.9: Effect of initial concentration and contact time on removal of Acid Orange 7 
by commercial charcoal carbon 

Contact initial concentration. 20mg/L Initial concentration - 40 mg/L 
Time, hrs Absorbance (Abs) 1 %I emoval l Absorbance (Abs) I% Removal 

0 
1 

2 

3 

4 

S 

2.236 

0.339 

0.054 

0.054 

0.053 

0.052 

0.00 

84.84 

97.58 

97.58 

97.63 

97.67 

3.173 

0.758 

0.064 

0.064 

0.050 

0.040 

0.00 

76.11 

97.98 

97.98 

98.42 

98.74 

From the Figure 4.12 and Figure 4.13, the rate uptake fir the first two hours is very fast. 

The rate uptake is decreasing when the contact time increase until reached nearly 100% 

removal. 
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I, igurc 4.12: l lIcct o1' initial conccntration and contact timc on removal of Acid Red by 

commercial charcoal carbon 
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I'igurc 4.13: I-11 t of initial conccntration and contact time on removal of Acid Orangc7 

by commcrcial charcoal carbon 

The hatch studies using uyueous solution were conducted after the coconut coir activated 

carbon was obtained. Only when the result obtained from the hatch studies was 
l avorahle, the author will proceed with the Isotherms studies. 
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4.4. Adxorptiun Isotherm Study 

In the next studies. Isotherms will he measured and the isotherm parameters for the 

isotherms will he determined. Adsorption isotherm data of dyes were fitted to well- 

known and widely applied isotherm models of l. angmuir and Freundlich. 

4.4.1. Freundlich Isotherm 

l : xpcrimcntal isothcnn data tier the Acid ()range 7 and Acid Red arc given in Figure 

4.14 and Figure 4.15 where the fitted Freundlich isotherm best straight lint is shown. 
This indicated that the adsorption process for both dyes follow the Freundlich model. 

l. o7 

  Coconut Coir AC 

" Charcoal AC 

1.00 

0.0 0.1 0.2 0.3 0.4 

log CG 

Figurc 4.14: I rcundlich iuothcrrn for Acid Orangc 7 
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lot c. 

Figurc 4.15: Freundlich isotherm for Acid Red 

A Charcoal AC 

The Freundlich isotherm parameters fi)r the adsorption of'dyes studied onto coconut coir 

activated carbon are given in Table 4.10. Thc value of K (y-intcrccpt) and ! /n (slope) 

which indicating the adsorption capacity and adsorption intensity are shown in the table. 

'['able 4.10: Intercept and slope values [irr Freundlich isotherm 

Acid Red 1'. Acid Orange 7 

Carbon 'I'ypc 

('uconut ('oir 

Charcoal 

1/n 

0.2 51 

0.583 

K 

4.246 

2.773 

1/n 

0.170 

0.335 

K 

10.023 

9.954 

Conducting adsorption isotherm studies has shown that the coconut coir activated carbon 

has higher adsorption capacity compared to commercially charcoal activated carbon. 

'ilie adsorption intensity of charcoal activated carbon is higher for both Acid Red and 

Acid Orange 7. This proven that the coconut coir activated carbon prepared which is low 

cost is much better compared to the commercial activated carbon which is very highly in 

production cost. 
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4.4.2. I, bngmuir Isotherm 

The sumc cxpcrimcntal adsorption data was fittcd to l. angmuir Isothcrm. The plotted 

graphs arc shown in Figure 4.16 and Figure 4.17. 
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t igurc 4.16: t. angmuir isothcrm tier Acid Orange 7 

E 
? 
ý ý 

4.5 

4.0 

3.5 

3.0 

2.5 

7.0 

1.5 

1.0 

0 .5 

0.0 

0 10 20 30 40 SO 

Find Concentration, Co (mg/L) 

Figurr 4.17: I. ungmuir isothcmi for Acid Red 
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Adsorption capacities and adsorption energy of both coconut coir activated carbon and 

commercial charcoal activated carbon fi)r the dyes determined by empirical constant u 

and b of l. angmuir model. The Fmpirical constants are summarized in Table 4.11 by 

determining the slope and y-intercept value of'the best-lit line. 

'I'ahlc 4.11: Empirical constant of 'I . angmuir isotherm 

Acid Red 

('arlwn Typt 

('oc nut ('air 

Charcoal 

a 

1 0.999 

1 3.099 

t) 

0.26 1 

0.468 

Acid Orange 7 

a 

13.158 

17.241 

b 

3.167 

1.3R1 

Conducting Lungmuir isotherm has shown that the charcoal activated carton has higher 

adsorption energy compared to coconut coir activated carbon for both Acid Red and 

Acid ()range 7. 

From both of these isotherms, it is shown that the adsorption data fitted well to both 

Freundlich and I. angmuir isotherm for the adsorption of Acid Orange 7 and Acid Red 

onto coconut coir activated carbon. 
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('IIAI''I'ER 5 

CONCLUSION 

l'hc results of this study showed that the activated carbon prepared from coconut coir 
has suitable adsorption capacity for the removal of Acid Orange 7 and Acid Red from 

aqueous solution. Adsorption increased with increase in contact time and carbon dose 

and decreased with increase in dye solution concentration at the optimum p11 3. 

According to the Freundlich isotherm, coconut coir activated carton has higher 

adsorption capacity and lower adsorption intensity fir the acid dyes compared to the 

charcoal activated carbon. According to Langmuir isotherm, the coconut coir activated 

carbon has appreciable adsorption capacity but lower adsorption energy for the acid dyes 

compared to the charcoal activated carbon. 
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Appcndix A: Data cif'Acid ()rangc 7 

Standard wavclcngth of' niaxinium abuorf7ancc (concentration=20 mg/L): 

Wavelength, nm Absorbance, A 

340 0.295 
360 0.342 
380 0.622 
400 0.890 
420 1.029 

J-_ 440 1.240 
460 1.764 
470 2.037 
475 2.156 

480 2.209 
485 2.210 
490 2.162 
500 1.960 
520 1.277 
540 0.310 
560 0.039 
580 0.003 
600 --- 0.000 
620 0.000 
640 0.000 

Wavelength for Acid Orange 7 
7', 

2.0 

1.5 

1.0 

0.5 

o. o 
0 100 700 300 400 500 

Wavelength, nm 

600 700 

--*-- 20 mg/l 
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Standard Curvc for Acid ()rungs (Wavclcngth 485 nm) 

concentration absorbance 
0 

2.5 
5 

0.000 
0.052 
0.102 

10 0.102 
20 0.203 
40 0.415 
50 
80 

0.506 
0.777 

100 1.026 

Standard curve for Acid Orange (485 nm) 
1.2 

1.0 

0.8 

0. b 

0.4 

0.2 

o. o 
0 20 40 60 80 

Dye Concentration, mi/l 
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Appcndix Ii: Dula of* Acid Rcd 

Standard wavelength of maximum absorbance (concentration: -20 mg/I. ): 

Wavelenph, nm l Absorbance, AJ 
ý 

340 

360 

380 

400 
410 

440 

460 

480 

485 

490 

495 

500 

0.299 

0.135 

0.123 

0.16 

0.2 

0.252 
0.388 
0.583 
0.629 
0.665 
0.693 
0.713 

Wavelength, nm Absorbance, A 

505 0.722 
510 0.717 

520 0.678 
540 0.486 

560 0.211 

580 0.042 
600 0.007 
620 0.001 
640 0.001 
660 0 
680 0 
700 0 

Wavelength for Acid Red 
0.8 

0.7 

0.6 

< 0.5 

0.4 

0.3 

0.2 

Q. 1 

0.0 t- 1 ý-1 

340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 

Wowbngth, nm 
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Standard ('urvc f'r Acid Rcd (Wavclength 505 nm) 

Concentration m 

0 
2.5 

5 

10 
12.5 
20 
25 

50 
80 
100 

4.0 

3.5 

3.0 

t '2.5 

2.0 

1.5 

1. O 

o. s 

o, o 
0 

Absorbance, A 

0 
0.082 
0.175 

0.336 

0.347 

0.722 

0.791 

1.681 

2.717 

3.197 

Standard curve for Acid Red (505 nm) 

10 20 30 40 SO 60 70 80 90 100 

Cnrxentritbn, mg/L 
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Appendix C: Solution Preparation for Acid 

" For 10% 11('I with initial concentration 37% 

MAYA = MM: i'z 

--- 
ý3 7% 

(I co/aXt (XX)Ml) 

V, = 270.270m/ 

270.270 ml of I I('l with initial concentration 37% is needed to be diluted 

with distilled water to produce I(W/o I ICI 

" For 0.02 N 110 with initial concentration 37% 

(; ivcn: 

mw I ICI ý 36.5 g/molc 
Drntiity I 1('I 1.19 g/mI 

Narmalitº' malurity xn 

As n -- I (/i, r I/('/) 
Numalrtv muluritv 

Mulurlh, - j&nsilýC41 Cettlrca/fcýrt x 10 

molecular weight 

I. 19 x_37 x 10 
_ 12.063M 

36. S 

Molarity of 37% 1 1('I is 12.063 M 

'I'hux, to calculate 0.02 M 0.02 N 

(o. 02n-! X1(Xx)m! ) 
ý 12. (63M 

V, - 1. bSxmt 
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Appendix D: Adsorption Isodxrm of Acid Orange 7 

COCONUT GOIR ACTNATW WtSON 

109 C. A. Abs. I C. CrC. 
GV 

v (")v m x/m WWýn) ý C. G Ix/m1 
51 3306 0.060 092559 50.07441 0_98185 0.1 5.00744 03 10.01488 0.09242 1.00065 

0.03358 

52 3308 0.069 1.08464 50.91536 0.97914 0.1 5.09154 0.5 10.18307 0.10651 0.03529 1.00788 

53 3310 0.080 128097 51.71903 0.97583 0.1 5.17190 0.5 10.34381 0.12384 0.10754 1.01468 

54 3.313 0.085 1.38545 52.61455 0.97434 0.1 5.26145 0.5 10.52291 0.13166 0.14159 1.02214 

55 = 3317 0.089 1.47573 53.52427 0.97317 0.1 5.35243 0.5 10.70485 0.13786 0.16901 1.02958 

56 3319 0.093 156915 54.43085 0.97198 0.1 5.44309 0.5 10.88617 0.14414 0.19566 1.03688 

57 3321 0.101 1.73351 55.26649 0.96959 0.1 5.52665 0.5 11.05330 0.15683 0.23893 1.04349 

58 3.324 0.111 1.93682 56.06318 0.96661 0.1 5.60632 0.5 11.21264 0.17274 0.28709 1.04971 

59 s 3.327 0.119 2.11031 56.88969 0.96423 0.1 5.68897 0.5 11.37794 0.18547 0.32435 1.05606 

60 3.330 0.125 2.25225 57.74775 0.96246 0.1 5.77477 0.5 11.54955 0.19501 0.35262 1.06257 
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CHARCOAL ACTIVATED CARBON 

Co Abso Abs. C-/(x/m) b°8 C. log C. C¢C. 
GýC.. 

v (C. ")v m ); /m 
(x/m) 

51 3306 0.062 0.95644 50.04356 0.98125 0.1 5.00436 0_5 10.00871 0.09556 OA1934 1.00038 

52 3306 0.068 1.06892 50.93108 0.97944 = 0.1 5.09311 OS 10.18622 0.10494 0.02895 1.00801 

53 1 3310 0.070 1.12085 51.87915 097885 0.1 5.18792 03 10.37583 
p 

0.10802 0.04955 1.01602 

54 3.313 0.073 1.18986 52.81014 0.97797 0.1 5.28101 0.5 10.56203 0.11265 0.07550 1.02375 

55 3.317 0.075 124359 53.75641 097739 0.1 5.37564 = 0S 10.75128 0.11567 0.09468 1.03146 

56 3.319 0.079 1.33293 54.66707 0.97620 0.1 5.46671 0.5 10.93341 0.12191 0.12481 1.03876 

57 3321 0.081 1.39024 55.60976 0.97561 0.1 5.56098 0.5 11.12195 0.12500 0.14309 1.04618 

58 3.324 0.083 1.44826 56.55174 0.97503 0.1 5.65517 0.5 11.31035 0.12805 0.16085 1.05348 

59 3.327 0.084 1.48963 57.51037 0.97475 0.1 5.75104 0.5 11.50207 0.12951 0.17308 1.06078 

60 3.330 0.085 1.53153 58.46847 0.97447 0.1 5.84685 0.5 11.69369 0.13097 0.18513 1.06795 
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Appendix E: Adsorpilon Isotherm of Acid Red 

COCONiUT CAtii ACTIVATED CAR80N 

C. Abs. Abse co v IG-Gly m x! m W(: /m) 'loi G ý ý 
G ( ) 4 

10 0.373 0.001 0.02681 9.97319 0.99732 0.1 0.99732 0.6 1.66220 0.01613 0.22068 
157171 

20 0.728 0.012 032967 19.67033 0.98352 0.1 1.96703 0.6 3.27839 0.10066 0.48192 0.51566 

30 1_045 0.039 1.11962 28.88038 0.96268 0.1 2.88804 0.6 4.81340 
ý 

0.23260 0.04907 0.68245 

40 1.447 ; 0.144 3.98065 ! 36.01935 0.90048 0.1 3.60194 0.6 , 6.00323 0.66309 0.59995 0.77838 

50 1.776 0.248 6.98198 43.01802 0.86036 0.1 4.30180 0.6 7.16967 0.97382 0.84398 0.85550 

60 2.127 0.422 11.90409 48.09591 ý 0.80160 0.1 4.80959 0.6 8.01598 1.48504 1.07570 0.90396 

70 2.415 0.616 17.85507 52.14493 0.74493 0.1 5.21449 0.6 8.69082 2.05447 1.25176 0.93906 

80 2.774 0.814 23.47513 56.52487 0.70656 0.1 5.65249 0.6 9.42081 2.49184 1.37061 0.97409 

90 3.040 1.014 30.01974 59.98026 0.66645 0.1 5.99803 0.6 9.99671 3.00296 1.47741 0.99986 

100 3.248 1.310 40.33251 59.66749 0.59667 0.1 5.96675 0.6 9.94458 4.05573 1.60566 0.99759 
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CHARCOAL ACTTVATED CARSON 

C. A. A. V (CA-Cary m x/m C. Co-G Gý 109 cQ/Wm) log C. Ce (x/m) 

10 0373 0.034 0.91153 9.08847 0.90885 0.1 0.90885 0.6 1.51475 0.60177 0.18034 
0.0402-3 

20 0.728 0.044 L20879 18.79121 0.93956 0.1 1.87912 0.6 3.13187 0.38596 0.08235 0.49580 

30 1.045 0.061 1.75120 28.24880 0.94163 0.1 2.82488 0.6 4.70813 0.37195 0.24333 0.67285 

40 f 1.447 0.066 1.82446 38.17554 0.95439 0.1 3.81755 0.6 6.36259 0.28675 0.26114 0.80363 

50 1.776 0.234 6.58784 43.41216 0.86824 0.1 4.34122 0.6 7.23536 0.91051 0.81874 0.85946 

60 275 127 0 2 7 75740 52 24260 0 87071 0 1 22426 5 0 6 70710 8 0 89093 88972 0 93987 0 . . . . . . . . . . . . 

70 ( 2.415 0.311 9.01449 60.98551 0.87122 0.1 6.09855 0.6 10.16425 0.88688 0.95494 1.00708 

80 2.774 0,338 9.74766 70.25234 0.87815 0.1 7.02523 0.6 11.70872 O Z3251 0.98890 1.06851 

90 3.040 0.443 13.11513 76.88487 0.85428 0.1 7.68849 0.6 12.81414 1.02349 1.11777 1.10769 

100 3.248 0.863 26.57020 73.42980 0.73430 0.1 7.34298 0.6 12.23830 2.17107 1.42439 1.08772 
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. Appendix I Sampk of c(x'Mxtut coir, c(xonut coir activated cartx+n and charcoal 
activated cartxm used for hatch study and adwrption study 

(i1,, IIILIl 

((x( aU)f 14 )11 
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Coconut coin activated carbon 

Charcoal activated carbon 
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