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ABSTRACT 

Treatment of w astewater is  o ne o f th e m ajor p roblems f aced by te xtile 

manufacturers because of involvement of many complicated process and chemicals 

used t hroughout t he pr oduction. T he pos sible ut ilization of  D ate s eeds a ctivated 

carbon as an adsorbent for the removal of color and COD from aqueous solution has 

been investigated. In this study, activated carbon prepared from Date seeds has been 

activated using zinc chloride solution. Systematic batch mode studies of removal of 

color an d C OD o n D ate s eeds act ivated carbon were carried out  a s a  f unction of  

process parameters including initial concentration, dose of  adsorbent, contact t ime, 

agitation speed, temperature, particle size and pH.  

Freundlich and Langmuir adsorption isotherm models were used to explain obtained 

data. Both the isotherms were found to be fitted well; but Freundlich isotherm fitted 

better. T he l inear regression co efficient R2 was used t o r eveal t he best fitting o f 

Freundlich isotherm mo del ( R2≈ 0.999).The monolayer (maximum) a dsorption 

capacity (qm) for color was found 500 Pt-Co (per gram of adsorbent per litre) and for 

Date s eeds act ivated ca rbon. T he d imensionless s eparation f actor ( RL) i ndicating 

favorability of  adsorption t hat l ies be tween 0.2 84 to 0.581 denotes a  favorable 

adsorption for Date seeds activated carbon. 

Langergen ps eudo f irst order a nd second or der model were us ed t o explain t he 

kinetics of  a dsorption. L angergen ps eudo s econd or der m odel f itted better the 

kinetics of adsorption (R2 = 0.999, qe(theoretical) ≈ qe (exprimental)). Intra particle diffusion 

model showed both external film and intra-particle pore diffusion mechanism were 

involved in the adsorption of  color onto Date seeds activated carbon; e ither of the 

two (i.e., film diffusion or pore diffusion) or both might be the rate controlling. 

Adsorption w as f ound t o be  i ncreased w ith i ncreasing t emperature, contact time , 

dosage of  adsorbent, a gitation s peed, pH an d d ecreasing p article s izes. 

Thermodynamic an alysis s howed n egative v alue o f ∆G i ndicating f avorable a nd 

spontaneous a dsorption, pos itive va lue of  ∆H i ndicating e ndothermic ph ysical 

adsorption and positive value of ∆S indicating increased disorder as randomness at 

the solid-liquid interface of adsorbate with Date seeds activated carbon adsorbent. 
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CHAPTER 1 

INTRODUCTION 

1.1 General 

Though Bangladesh is an agricultural country, rapid growth in the industrial sector at 

present i s pl aying a  vi tal r ole i n t he d evelopment of  country. T o e nsure r apid 

development of  t he nation, obvi ously t here i s no a lternative t o m assive 

industrialization. I n B angladesh, seventy ei ght p ercent of  t he t otal e xport e arning 

comes from textile and textile related goods.  The textile and clothing industry is the 

major sector for economic growth of  Bangladesh. The number of  t extile industry in 

1983 w as onl y 24  (BTMA, 2004) . Within ne xt 10 year t his num ber r eached 700 

showing s harp growth of t his i ndustry. T his s ector p rovides 4.5 m illion j obs a nd 

contributes 13% to GDP (BTMA, 2007).  

The textile industry is one of the most complicated among manufacturing industries. 

Wastewater treatment is one of the major problems faced by textile manufacturers. A 

detailed s tudy of th e te xtile p rocesses will r eveal th at th ere a re ma ny complicated 

process and chemicals used throughout the production. In the case of manufacturing 

of woven polyester and cotton blended fabric, the textile main processes starts from 

fiber pr oduction i n t he c ase of  s ynthetic f iber f ollowed b y s pinning t o convert t he 

fiber t o yarns. Y arns are t hen s trengthened w ith s izing ch emicals like s tarch, 

polyvinyl alcohol and wax so that they can withstand vigorous movement when the 

yarns a re w eaved i nto f abric i n hi gh s peed weaving l ooms. A fter w eaving, w eaved 

fabric m ust be  p retreated be fore t hey c an be  d yed, pr inted a nd finished. D uring 

pretreatment t here a re v arious ch emicals b eing used. F abric i s d esized ei ther w ith 

enzyme o r oxidative c hemicals a nd s coured us ing s odium h ydroxide a nd de tergent. 

Bleaching is done normally by using hydrogen peroxide to remove the natural color 

of the f abric white. F abric i s t hen m ercerized us ing hi gh concentration s odium 

hydroxide to stabilize the fabric. During dyeing and printing, many types of dyes are 

used e. g. d isperse, r eactive, v at et c. t ogether w ith d yeing au xiliaries and chemicals. 

Fabric is finally finished to give the last touch and intended properties by using resins, 

softeners and other finishing agents. 
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The c ombination of  t he pr ocesses and pr oducts m ake t he wastewater from te xtile 

plant contain many type of  pol lutants. The dyeing and finishing operations are such 

that the dyestuffs, chemicals and textile auxiliaries used can vary from day to day and 

sometimes even within several times a day (Lin and Chen, 1997). It contains various 

waste chemical pollutants such as sizing, agents, wetting agents, complexing agents, 

dyes, pigments, softening agents, fluorocarbon, surfactants, oils, wax and many other 

additives w hich a re us ed t hroughout t he pr ocesses. T hese pol lutants c ontributes t o 

high s uspended s olids (SS), c hemical ox ygen d emand ( COD), bi ochemical ox ygen 

demand (BOD), heat, color, acidity, basicity and other soluble substances (Gonçalves 

et al., 2000). 

1.2 Statement of the problem 

Dyes a re extensively us ed i n m any i ndustries i ncluding pr inting pr ocesses, t extile, 

plastics, cosmetics, etc. to add color for their final products. Most of the unspent dyes 

generate undesirable effluents and usually will be discharged to the environment with 

or without treatment. There are over 100,000 available dyes with more than 7 x  105 

tones of  d yestuff produced annually (Ping et a l., 2008) . Approximately 2% of  d yes 

produced are di scharged i n e ffluent f rom manufacturing ope rations w hile 10%  are 

discharged in effluent from textile and associated industries (Ping et al., 2008).  

Textile dyeing process is an environmentally unfriendly process because they produce 

colored wastewater that is heavily polluted with dyes, textile auxiliaries and chemicals 

(Roussy et a l., 2005 ). Color of  t extile e ffluents e scalates e nvironmental pr oblem 

mainly because of its non-biodegradable characteristics. Color in the effluent is one of 

the m ost i mportant i ndicators of  w ater pol lution a nd di scharge of  e ffluents hi ghly 

colored a re a esthetically d ispleasing an d can d amage t he r eceiving w ater b odies b y 

impending pe netration of l ight ( Khehra et a l., 2005 ). The tr eatment o f te xtile 

wastewater is complicated because o f s ignificant BOD, COD and TDS content plus 

non-biodegradable nature of organic dyestuffs (Quader, 2010).  

There have been a number of treatment options available for the treatment of textile 

wastewater. However most of them are expensive and therefore the industry owners 

are reluctant to install any of the treatment options. It is expected that, by developing 

a c omparatively c ost e ffective tr eatment me thod it is  p ossible to  e ncourage th e 
2 

 



industry owners t o t reat t he e ffluent of  t heir i ndustries and thus he lp improving the 

quality of water bodies in Bangladesh.  

Various m ethods of  d ye/color r emoval, s uch a s a erobic a nd a naerobic m icrobial 

degradation, c oagulation, a nd c hemical oxidation, m embrane f iltration, 

electrochemical have been proposed f rom time to  time (Churchley, 1994). However 

all of  these methods suffered with one or another l imitation and none of  these were 

successful in removing color from the wastewater completely. Treatment technologies 

can generally b e di vided i nto ph ysico-chemical ( coagulation, el ectrochemical, 

filtration, i on e xchange, a dsorption, m embrane a nd phot olysis) a nd bi ological 

methods. A lthough bi ological t reatment pr ocesses r emove bi ochemical ox ygen 

demand, c hemical ox ygen de mand, a nd s uspended s olids t o s ome e xtent, t hey are 

largely ineffective in removing color from wastewater because most of them are toxic 

to the organisms used in the process. The coagulation process effectively decolorizes 

insoluble dyes but fails to work well with soluble dyes.   

Adsorption i s a n e fficient a nd e conomically feasible p rocess f or t reatment o f 

wastewater containing chemically stable pollutants (Guendy, 2006 and El-Nemr et al., 

2009). It pr oves s uperior t o t he ot her pr ocesses b y be ing s ludge f ree a nd c an 

completely remove even very minute amounts of  dyes in wastewater (Nigarn e t al., 

1996).  

In t his l ight, a ctivated c arbon ha s l ong b een considered t he b est a dsorbent f or t he 

removal of  or ganic m atter i n wastewater (Kadirvel e t al., 2003) . T hey contain 

extended s urface a rea, a  l ot of  internal voi ds, hi gh a dsorption c apacity and a  hi gh 

degree of  s urface a ctivity ( Malik, 2003) . R eduction of  C OD b y a dsorption on 

activated carbon h as b een r eported ( Das a nd P atnaik, 2001 ; Rao a nd Bhole, 2001 ). 

Commercially pr oduced a ctivated c arbons, z eolites a re how ever, ve ry expensive. 

Despite the pr olific us e of  a ctivated c arbon f or t he wastewater treatment, car bon 

adsorption r emains a n e xpensive pr ocess, a nd i n t his f act ove r r ecent years ha s 

prompted a  growing research i nterest i n the pr oduction o f l ow c ost, e fficient 

indigenous t echnology capable of  removing va rious d yes/coloring m aterials f rom 

industrials effluents. Present study is an attempt for removal of color and COD from 

textile wastewater using activated carbon prepared from Date seeds.  
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1.3 Objectives of the study 

The main objective of this study is to reduce color and COD from the selected textile 

wastewater using D ate s eeds activated car bon. Specific o bjectives o f th is s tudy 

include: 

a) To evaluate the efficiency of Date seeds activated carbon as an adsorbent for 

the removal of color and COD from the textile effluent. 

b) To determine the equilibrium contact time and optimum dosage for maximum 

color and COD reduction. 

c) To d etermine t he r emoval p erformance at  d ifferent ex perimental co nditions 

i.e. effect of adsorbent dosage, temperature, particle size, agitation speed, pH 

and initial concentration. 

d) To establish the adsorption isotherm, kinetic models and thermodynamic data 

to understand the process of adsorption. 

1.4 Approach and methodology 

The a pproach a nd m ethodology followed a nd major s pecific a ctivities c arried out  

under the study are summarized below: 

1.4.1 Literature review 

For t his s tudy va rious relevant M .Sc. E ngg. thesis papers o n t extile wastewater 

treatment f rom th e lib rary of D epartment o f C ivil E ngineering, B UET ha ve been 

studied. A  l ot of  publ ished j ournals on t extile wastewater treatment b y a dsorption 

process using activated carbon were reviewed. Efforts have been made to collect and 

compile available information. 

1.4.2 Laboratory scale activated carbon preparation from Date seeds 

Activated carbon prepared from Date seeds was used as adsorbent in this adsorption 

process. Collected Date s eeds w ere burned, prepared carbon w ere a ctivated us ing 

ZnCl2 in a  standard procedure. Details of  carbon preparation and activation process 

are given in Chapter 3.  The physical properties of Date seeds activated carbon were 
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calculated i n E nvironmental E ngg., G eotechnical E ngg a nd C oncrete l aboratory of  

Department of Civil Engg, BUET. 

1.4.3 Laboratory experiment of collected sample 

The textile wastewater sample was collected from a textile industry located at Gazipur 

and di fferent required laboratory s cale e xperiment w as done  f or t his s tudy. B atch 

adsorption pr ocess us ing a s haker w as don e i n t he l aboratory. D etail l aboratory 

experimental process has been discussed in Chapter 3. 

1.4.4 Data analysis and interpretation 

The primary data generated under the study were analyzed with a v iew to assess the 

adsorption cap acity o f D ate s eeds act ivated c arbon f or t he t reatment of  c olor a nd 

COD.  

1.5 Organization of the thesis 

This thesis has been presented in five chapters. Chapter 1 describes the introduction of 

the study, present status of the problem and the major objectives of the study. Chapter 

2 describes t he l iterature r eview of  t he s tudy. Chapter 3 pr esents t he methodology 

followed to c arry out i n l aboratory. C hapter 4 describes t he r esults obt ained f rom 

laboratory and summarizes the major findings drawn from the study. Finally chapter 5 

presents the major conclusions of the study and recommendations for future studies. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1  Introduction 

Untreated an d p oorly t reated t extile l iquid w aste i s a t hreat t o the eco system an d 

livelihood s ystems due  to di scharge into t he w ater co urses an d d egrade t he w ater 

resources. Thus the treatment of textile effluents is of interest because of their toxic 

and aesthetic impacts on receiving water bodies and surrounding lands. Human health 

and environmental pollution concerns have become punctual the government to set a 

hardly achievable discharge quality standard for textile effluent. 

As t he qua lity a nd composition of  t extile i ndustry e ffluent va ries w ith t he t ype o f 

fiber, the involved operated processes and the classification of textile industries will 

help understanding the variations. Various techniques can help to reduce the strength 

and a mount o f wastewater but en d p ipe t reatment i s n ecessary t o a chieve t he 

discharge s tandard s et b y t he government. There are a n umber o f t reatment 

technologies a vailable t o t reat t extile e ffluent but  no s ingle s olution ha s be en 

satisfactory for remediation the broad diversified textile wastes. 

2.2 Previous works on treatment of wastewater using activated carbon 

The most important parameters in wastewater from textile industry are COD, BOD5, 

TDS, TSS and color (Tufekci et al., 1998). Adsorption process has been reported as  

an ef fective t reatment option f or r emoving c hemically s table co lor an d C OD 

constituents from wastewater.  

Farhan et al ., (2013) pr epared activated c arbon f rom s aw dus t o f Dalbergia sissoo, 

Cedrus deodara and Eucalyptus ssp., us ing H 3PO4, H 2SO4 and BaCl2 as activating 

agents. The activated carbons were evaluated for reduction in color and COD of a real 

paper i ndustry e ffluents using ba tch mode method. Cedrus deodara based act ivated 

carbon was most efficient; showed 93% COD reduction with 100% color removal and 

brought ot her ph ysico-chemical p arameters o f w aste w ater w ithin t he p ermissible 

limit o f d ischarge. T he ma ximum p ercentage reduction of  C OD and c olor w ith 

Dalbergia sissoo activated ca rbon w as 8 0% and 9 1% r espectively, whereas w ith 

Eucalyptus spp. A ctivated c arbon w as 74%  and 85%  r espectively. E ffects of  
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operating p arameters ( contact t ime, am ount o f act ivated c arbon, w aste w ater 

concentration, solution pH etc.) were evaluated for the reduction of color and COD. 

Alam e t a l., ( 2012) pr epared a ctivated c arbon f rom Rice Husk activated b y s ulfuric 

acid an d z inc ch loride f or r emoval o f M ethylene b lue f rom w astewater. T he 

maximum uptake o f m ethylene b lue b y Rice Husk activated c arbon a t opt imum 

conditions was found 97%. 

Velmurugan e t al., ( 2011) i nvestigated t he pot entiality f or us e of  c hief a nd eco-

friendly adsorbents from Orange peel, Banana peel and Neem leaves for removal of 

Methylene bl ue f rom a queous s olution, a nd c ompared t he r emoval e fficiency w ith 

commercially available p owder act ivated car bon. R emoval ef ficiency o f al l t he 

adsorbents was quite effective, but orange peel found to be very effective compared to 

other low cost adsorbent within the short period of t ime. Although activated carbon 

was the most effective adsorbent. The maximum color removal efficiency of orange 

peel at dosage 1.0g for time duration of 45 minutes was found to be 99% of the dye 

from aqueous solution. 

Yakubu et al., (2008) in his study used Date seeds activated carbon for the reduction 

zinc, nickel, COD and color from tannery and textile effluents. Carbon obtained from 

Date seeds was activated with only zinc chloride and zinc chloride/steam. The carbon 

activated b y z inc ch loride/steam r ecorded b etter w aste r emoval t han o nly z inc 

chloride a ctivated carbon. T he onl y z inc c hloride a ctivated c arbon r emoved z inc 

(90%), ni ckel ( 88%) and C OD ( 91%) w here a s t he z inc c hloride/steam a ctivated 

carbon r emoved z inc (99%), ni ckel ( 91%) a nd C OD ( 99%). D ecolorization o f 

between 8 5-97% w as r ecorded for t he t extile e ffluent, a nd 75 -90% f or the t annery 

effluent, i n al l cas es d ecreasing w ith t emperature i ncrease. T he z inc ch oride/steam 

activated carbon t reatment w as b etter for t he t extile e ffluent and t he z inc c hloride 

activation was better for the tannery effluent. 

Singh e t al., ( 2003) us ed a ctivated c arbon de veloped f rom coconut s hell f ibers for 

removal of  m ethylene b lue a nd m ethyl or ange dyes i n hi s s tudy on color removal 

from wastewater using low-cost activated carbon derived from agricultural waste 

material. The s tudy f indings r evealed that the ad sorption o f t he t wo d yes i ncreased 
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with an increase in t emperature. The removal of  both of  the dyes was 100% at low 

concentration and decreased with increase in concentration.  

Barduzzaman, (1987) u sed f our l ow-cost m aterials t o r emove c olor a nd t urbidity 

along with other impurities present in the textile dyeing waste. Low-cost chosen as the 

filter material were (i) rice husk, (ii) saw dust, (iii) charcoal and (iv) burnt rice husk or 

ashes of rice husk. 

Fixed be d, dow n flow column s tudies w ere c arried out  t o evaluate t he pr actical 

usefulness of  t he l ow-cost ma terials. F ilter c olumn s tudies o f th ese fo ur l ow-cost 

material showed that burnt rice husk and charcoal had the highest adsorption capacity. 

The percentage removal of color and turbidity were 85.61% and 76.58% for charcoal 

filter column and 92.27% and 84.23% were for filter column formed with burnt rice 

husk. Also the removal percentages of different solids were significant for these two 

low-cost materials. 

2.3 Standards for discharge of textile effluents 

The D epartment o f Environment (DOE), Bangladesh as  p er Environmental 

Conservation R ules ( ECR), 1997 set t he f ollowing s tandards f or t he e ffluents t o be  

discharged f rom composite textile mills and l arge processing uni ts, T able 2.1. DOE 

has not yet established methods/procedures for measuring these parameters. 

Table 2.1: Standards for textile effluents as per ECR-1997(Schedule 12-B) 

Parameters Standard 
pH 6.5-9.0 
Suspended Solids (mg/l) 100  
BOD5*, 20oC (mg/l) 150  
Oil and Grease (mg/l) 10  
Total Dissolved Solids (mg/l) 2100  
Wastewater flow (l/kg fabric processed) 100  
Total Chromium as Cr (mg/l) 2 ** 
Sulfide as S(mg/l) 2 ** 
Phenolic C ompounds a s C 6H5OH 
(mg/l) 

5** 
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* BOD limit of 150 mg/l implies only with physico-chemical processing    * * Special 

parameters based on type of dye used 

The t extile wastewater a s al ready m entioned containing suspended solids, di ssolved 

solids, unr eacted d yestuffs a nd ot her c hemicals. The c olor f ixation e fficiency be ing 

sometimes less than 60% a significant amount of dyes along with fixing chemicals are 

lost in the wastewater. The treatment of textile wastewater is complicated because of 

significant B OD ( Biological O xygen D emand), C OD ( Chemical O xygen D emand) 

and TDS (Total Dissolved Solids) content plus non-biodegradable nature of  organic 

dyestuffs. Though the s tandards for the t reated textile wastewater effluents have not 

been set any limit f or c olor, f or aesthetical r easons it is  d esirable th at t he e ffluents 

would be colorless and clear and when discharged to water bodies the colored water 

cannot be used without removing colors in many applications (Quader, 2010). 

2.4 Treatment of textile wastewater 

Generally, it is  rather difficult to  treat textile effluent because the industry produces 

multi-component w astewater. T he d ye contained i n t he e ffluent c an va ry da ily a nd 

even ho urly. T he hot  a nd s trongly colored w astewater contains l arge amount of  

suspended solids, high chemical oxygen demand concentration and greatly fluctuating 

pH which can be difficult to treat. Hundreds of small scale dyeing industries is facing 

closure since they are not treating their effluent as it is not economical (Rao and Rao, 

2006). 

There are m any w ays for t reating t he t extile effluent. T he be st c ombination of  

methods differs from plant to plant depending on the size, type of waste and degree of 

treatment ne eded. Generally t he t reatment opt ions c an be di vided i nto three m ain 

categories namely biological, chemical and physical methods. 

2.4.1 Biological method 

There are many types of biological treatment methods. Among them include trickling 

filters, activated sludge process, anaerobic process, oxidation ponding etc. To date the 

commonest t reatment o f t extile w astewater h as been b ased o n m ainly on aer obic 

biological pr ocess, consisting m ainly conventional a nd e xtended a ctivated s ludge 

system. T he tr ickling f ilters s imulate s tream f low b y s praying w astewater over a 
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broken, medium such as stone or plastic. The medium serves as a base for biological 

growth, which attacks the organic matter of wastewater, and uses it as food.  

 In activated s ludge process, the wastewater flows into a tank after primary settling. 

The microorganism in activated sludge is suspended in the wastewater as aggregates. 

The s ludge a nd w astewater i s ke pt i n s uspension b y c ompressed a ir, which a lso 

supplies t he o xygen, n ecessary f or b iological act ivities. T he aerated w aste i s 

continuously w ithdrawn a nd s ettled a nd a  por tion of  t he s ludge i s r eturned t o t he 

influent (Metcalf and Eddy, 1991). 

Biological t reatment can be applied to textile wastewaters as aerobic, anaerobic and 

combined a erobic-anaerobic. In m ost cas es, activated s ludge s ystems ( aerobic 

treatment) ar e ap plied. In al l act ivated s ludge s ystems, eas ily b iodegradable 

compounds a re mineralized whereas h eavily biodegradable compounds need c ertain 

conditions, s uch a s l ow f ood-to-mass-ratios ( F/M) ( <0.15 k g B OD5/kg M LSS.d), 

adaptation (which is there if the concerned compounds are discharged very regularly) 

and temperature higher than 15°C (normally the case for textile wastewater) (Lacasse 

and Baumann, 2004).   

Ineffectiveness o f a erobic b iological t reatment i n r educing color c aused by h eavily 

biodegradable o rganics cau ses aesthetic p roblems i n t he r eceiving waters and 

encourages r esearchers to i nvestigate al ternatives. D yes t hemselves ar e g enerally 

resistant t o o xidative b iodegradation, a nd a  di fficulty oc curs i n a cclimation t he 

organisms to th is substrate. Acclimation p resents a  p roblem with textile wastewater 

due t o c onstant pr oduct c hanges a nd ba tch d yeing ope rations (Freeman and Reife, 

1996).   

Depending o n t he d yeing p rocess; m any chemicals l ike m etals, s alts, surfactants, 

organic processing a ssistants, s ulphide a nd f ormaldehyde m ay be  a dded t o i mprove 

dye adsorption onto the fibers (Dos Santos et al., 2007). These chemicals are mainly 

in t oxic n ature an d d ecrease t he ef ficiency o f b iological t reatment i n co lor r emoval 

regarding textile wastewater.   

The t reatment an d s afe d isposal o f h azardous o rganic w aste m aterial i n an  

environmentally acceptable m anner an d at  a  r easonable co st i s a t opic o f great 
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universal importance. There is little doubt that biological processes will continue to be 

employed as  a b aseline treatment p rocess f or m ost o rganic w astewaters, s ince t hey 

seem t o f ulfill the a bove t wo r equirements. H owever, bi ological pr ocesses do not  

always give s atisfactory r esults, e specially applied to  th e tr eatment o f in dustrial 

wastewaters, because many organic substances produced by the chemical and related 

industries are inhibitory, toxic or resistant to biological treatment.  

Due to  insufficiency of biological tr eatment in  the removal of the d yes from textile 

and dyestuff manufacturing, this process requires the involvement of  other physical, 

chemical, and physicochemical operations (Rai, 2005 and Banat et al., 1997). Physical 

and ch emical t reatment t echniques a re effective f or color r emoval b ut u se m ore 

energy and ch emicals t han biological pr ocesses. T herefore, t he t endency in r ecent 

years i s t owards u sing al ternative t echnologies, es pecially ad vanced o xidation 

processes for the removal of color caused by hardly biodegradable organics (Sevimli 

and Sarikaya, 2002;  Birgül and Solmaz, 2007). 

2.4.2 Chemical method 

Chemical m ethod i ncludes c oagulation o r f locculation a nd ox idation. T he m ain 

advantage o f t he c onventional c oagulation a nd f locculation i s r emoval of  t he w aste 

stream due to the removal of dye molecules from the dyebath effluent and not due to 

partial decomposition of dyes which can lead to an even more potentially harmful and 

toxic aromatic compound (Metcalf and Eddy, 1991). It was also documented that in 

treatment of textile wastewaters, chemical treatment methods are known to be much 

more effective than others in breaking down the straight, unsaturated bonds in the dye 

molecules (Ciardelli et al., 2001).   

Chemical oxidation uses strong oxidizing agents such as hydrogen peroxides, chlorine 

and others to force degradation of  resistant organic pol lutant. Chemical oxidation is 

the m ost c ommonly us ed m ethod of  de colourization b y c hemical ow ing t o i ts 

simplicity a nd th e ma in o xidizing a gent is  h ydrogen p eroxide ( Metcalf and E ddy, 

2003). 

Chemical ox idation t ypically i nvolves t he us e of  an ox idizing a gent s uch a s 

ozone(O3), h ydrogen pe roxide(H2O2), F enton’s r eagent, p ermanganate ( MnO4) et c. 
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to c hange t he chemical composition of  a  compound or  a  group o f c ompounds, e .g. 

dyes (Metcalf and Eddy, 2003).  

Oxidation of  b y oz one i s c apable of  de grading c hlorinated h ydrocarbons, phe nol, 

pesticides and aromatic hydrocarbon. One of the major advantage of ozonation it does 

not i ncrease t he vol ume of  w astewater and s ludge. A m ajor di sadvantage of  t his 

process is its short-half life typically being 20 minutes (Robinson et al., 2001). 

Fenton ox idation ope rates a t a cidic pH  i n t he p resence of  H2O2 and e xcess f errous 

ions yielding h ydroxyl radicals which ox idize or ganic m atter. Fenton’s r eagent i s 

effective in  r educing C OD, c olor a nd to xicity of te xtile wastewaters, but h as t he 

disadvantage s hifting p roblems f rom w ater i nto t he s olid pha se. ( Meriç et al., 2005  

and Eckenfelder et al., 1994).   

Chemical oxidation uses strong oxidizing agents such as hydrogen peroxides, chlorine 

and others to force degradation of  resistant organic pol lutant. Chemical oxidation is 

the m ost c ommonly us ed m ethod of  de colourization b y c hemical ow ing t o i ts 

simplicity and the main oxidizing agent is hydrogen peroxide (Robinson et al., 2001). 

2.4.3 Physical method 

The c ommon ph ysical t reatment me thods u sed for th e tr eatment o f c olored te xtile 

effluents include membrane filtration, ion exchange, adsorption with activated carbon, 

irradiation and coagulation and f locculation ( Doble and K umar, 2005;  M etcalf a nd 

Eddy, 1991) 

Membrane based separation processes have gradually become an al ternative method 

in  t he  t reatment  o f  t extile  w astewaters.  A pplication  o f  membrane  p rocesses  

allows r euse o f w ater b esides. h igh removal  e fficiencies. “Ultrafiltration h as b een 

successfully applied f or recycling  hi gh m olecular w eight a nd i nsoluble d yes ( e.g. 

indigo, di sperse), a uxiliary c hemicals ( polyvinyl  a lcohol) and w ater. H owever, 

ultrafiltration does not remove low molecular weight and soluble dyes (acid, reactive, 

basic, etc.), but efficient color removal  ha s  be en  a chieved  b y  na nofiltration  a nd 

reverse osmosis” (Fersi et al., 2005).  
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Related to ion exchange, Mock and Hamouda (1998) reported that an ion exchange 

system would decolorize a dilute mixture of a colored wastewater sample. However, 

because t he co lorant w as i rreversibly ad sorbed o nto t he r esin an d r egeneration w as 

not  possible  this  technology  does  not  seem  effective.  They  claimed  that,  further 

testing  with   ion   exchange-macroreticular   polymer   systems   might   have   been 

successful b ut in itial cost e stimates, r equirement for o ff-site resin r egeneration, a nd 

secondary waste di sposal r equirements r esulted i n r emoval of  t his t echnology f rom 

consideration for color destruction. Ion exchange can not be used for the treatment of 

dye-containing e ffluents m ainly du e t o c ost di sadvantage a nd i ts i neffectiveness i n 

disperse dyes (Robinson et al., 2001).  

The c oagulation a nd f locculation pr ocess i s a  v ersatile m ethod us ed either a lone o r 

combined with biological treatment, in order to remove suspended solids and organic 

matter as well as providing high color removal in textile industry wastewater (Meriç 

et  al.,  2005). Many  coagulants  are  widely  used  in  the  conventional  wastewater 

treatment processes such as aluminum, ferrous sulphate, sulphate and ferric chloride 

(Anouzla et al., 2009).  

The adsorption i s one  of  t he e ffective methods a nd the main adsorbent u sed in d ye 

removal i s a ctivated c arbon. A ctivated c arbon h as be en generally us ed t o  r emove 

composite reactive dye from dyeing unit effluent. (Demirbaş, 2009). Adsorption is an 

efficient an d e conomically feasible p rocess f or treatment o f wastewater containing 

chemically s table pollutants when i ts dissolved or too small and cannot removed by 

mechanical f iltration b ecause i t can  remove ve ry t iny pa rticles o r di ssolved 

contaminants f rom w ater such as  l ead, P CBs, some pesticides, vi ruses and asbestos 

fibers (Guendy, 2006  and El-Nemr et al., 2009)  

It p roves s uperior t o t he ot her pr ocesses b y being s ludge f ree and can c ompletely 

remove even very minute amounts of dyes in wastewater (Nigarn, et al., 1996). In this 

light, activated carbons have long been considered the best adsorbent for the removal 

of organic ma tter in  wastewater (Kadirvel e t al., 2003) .  T hey c ontain e xtended 

surface a rea, a  l ot of  i nternal voi ds, hi gh a dsorption c apacity and a hi gh de gree o f 

surface activity (Malik, 2003). 
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2.5 Adsorption process 

Adsorption i s t he pr ocess of  a ccumulating substances t hat are i n s olution on to a 

suitable interface. Adsorption is a mass transfer operation in that, a constituent in the 

liquid phase is transferred to the solid phase.  

The a dsorbate i s t he s ubstance t hat i s be ing r emoved f rom t he l iquid phase a t the 

interface. The a dsorbent i s t he s olid, l iquid, or  gas pha se ont o w hich t he a dsorbate 

accumulates. 

2.5.1 Fundamentals of adsorption 

All activated carbons act on a  pr inciple called adsorption, which i s an adherence of  

substances t o t he s urface o f act ivated ca rbon. T he a ttraction of  a  s ubstance i n a  

solution (adsorbate) to an activated carbon particle (adsorbent) occurs in three distinct 

steps:  

i) The adsorbed molecule must be transferred from a bulk phase of the solution to 

the surface of the adsorbent particle. In doing so, it must pass through a film of 

solvent that surrounds the adsorbent particle. This is called film diffusion. 

ii) The adsorbed molecule must be transferred to an adsorption site on the inside of 

the pore. This process is referred to as pore diffusion. 

iii) The a dsorbate m ust be come a ttached t o t he s urface o f a dsorbent. T his i s t he 

actual adsorption step (Hung et al., 2006). 

Adsorption c an oc cur o n t he out er s urface of  t he a dsorbent a nd i n t he m acropores, 

mesopores, m icropores, and s ub-micropores, b ut t he s urface area o f t he m acro-and 

mesopores i s s mall compared with t he s urface ar ea o f t he m icropores an d s ub-

micropores a nd t he amount of  m aterials a dsorbed, t hese ar e usually c onsidered 

negligible. Adsorption forces include (Crittenden, 1999): 

• Columbic-unlike charges 

• Point charge and a dipole 

• Dipole-dipole interactions 

• Point charge neutral species 

• London or Van der Waal's forces 
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• Covalent bonding with reaction 

• Hydrogen bonding 

 

Figure 2.1: Diffusion between adsorbate and adsorbent (Montgomery, 1985) 

2.5.2 Types of adsorption 

Adsorption m ay be ch aracterized ei ther p hysical o r ch emical. P hysical adsorption 

consists m ainly of  V an d er Wall's forces a nd i s r eversible. T his o ccurs w hen t he 

molecular forces of attraction between the adsorbent and the solute is greater than the 

forces o f a ttraction be tween s olute a nd s olvent. C hemical a dsorption, as t he na me 

implies, in volves a  c hemical r eaction between t he a dsorbent a nd t he a dsorbate. 

Physical adsorption i s m uch s tronger t ype of a dsorption a nd i s often t imes 

irreversible. 

2.5.3 Factors affecting adsorption process 

Activated c arbon a dsorption i s not  a  uni que h omogeneous pr ocess, b ut i s r ather 

dependent on the various factors outlined below:  

(i) Agitation; (ii) Physical and chemical characteristics of the adsorbent; (iii) Physical 

and chemical characteristics of the adsorbate; (iv) pH and (v) Temperature. 
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2.5.3.1    Agitation 

In a bulk solution of wastewater and activated carbon in batch reactor, diffusion in the 

surface of carbon particle and adsorbate will be lower in highly agitated system and 

pore diffusion between the carbon particles will be higher in highly agitated system. 

 
Figure 2.2: Voids and area available in the adsorbent (Montgomery, 1985) 

2.5.3.2     Physical and chemical characteristics of the adsorbent 

The a dsorption p erformance i s d ependent o n t he c ondition of  i nternal s urface 

accessibility. A very important and decisive property of the adsorbent is the internal 

pore s tructure. The t otal num ber o f por e, s ize and s hape de termines t he a dsorption 

capacity and even rate of adsorption. The significance of pore in adsorption processes 

largely depends on  their s ize (Snoeyink and Summers, 1999) . If the particle s ize of 

activated c arbon i s pow der t han t he s urface a rea of  t he a dsorbent w ill be  m ore t o 

adsorb the adsorbate and rate of adsorption will be more. The extent of adsorption is 

generally t o b e c onsidered t o t he pr oportional t o t he s pecific s urface a rea. S pecific 

surface ar ea i s t hat p roportion o f t he t otal s urface ar ea w hich i s a vailable f or 

adsorption. The more finely divided and more porous adsorbent would be expected to 

yield more adsorption per unit weight of adsorbent. The surface can be characterized 

either as external when it involves bulges or cavities with width greater than depth or 

internal when it involves pores and cavities that have depth greater than width. 

2.5.3.3     Physical and chemical characteristics of adsorbate 

In general, the adsorbability of  a compound increases with increasing the molecular 

weight and increasing number of functional groups such as double bonds or halogens. 
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Larger m olecules a re adsorbed ont o a ctivated c arbon be tter t han t he s maller 

molecules. T he de gree of  s olubility of  s olute i s a lso of  pr imary concern for 

adsorption. T here i s a n i nverse r elationship be tween t he e xtents of  a dsorption of  a  

particular s olute a nd i ts s olubility i n t he s olvent f rom w hich t he a dsorption oc curs. 

High solubility means the bond between the solute and the solvent is stronger than the 

attractive force between the solute and the adsorbent. 

Polarity o f t he a dsorbate i s a nother i mportant f actor. A  pol ar s olute i s pr eferably 

adsorbed by a polar adsorbent whereas a nonpolar solute is more easilty adsorbed by a 

nonpolar adsorbent. Activated carbon adsorbs non polar molecules be tter than polar 

molecules. A n i ncrease i n s olubility reflects greater af finity b etween t he solute an d 

the solvent and acts to oppose the attraction exerted by the carbon. Consequently, any 

change that increases the solubility may be associated with reduced adsorbility. Thus, 

polar groups (characterized by an affinity of water) usually diminish adsorption from 

aqueous solutions. 

Dissociation c onstants of  w eak a cids a nd ba ses a lso i nfluence t he e xtent of  t heir 

adsorption. T he r eason i s t hat t he e xtent of  i onization i s de termined b y t he 

dissociation constant. The adsorption of ionic and molecular forms differ such that the 

latter is  much better adsorbed compared to the former. Greater dissociation constant 

results i n hi gher amount of  t he i onic f orm which i s us ually not a dsorbable on 

activated carbon. 

The presence of substituent groups also affects the adsorbability of organic chemicals.  

The influence o f substituent groups d epends on the pos ition occupied, f or example, 

ortho, meta and para (Velmurugan et al., 2011). Branched chains are usually   m ore 

adsorbable t han s traight c hains. O n t he ot her h and, a n i ncreasing l ength of  c hain 

results in an increase in adsorption capacity (Hoehn, 1996).  Aromatic compounds are 

in general more adsorbable than aliphatic compounds of similar molecular size. 

2.5.3.4    pH 

Organic m olecules f orm ne gative i ons a t hi gh pH  va lues, pos itive i ons at l ow pH  

values and neutral molecules at intermediate pH values. Adsorption of  most organic 

materials is higher at neutral conditions. In general, liquid phase adsorption of organic 

pollutants by activated carbon is increased with decreasing pH. This results from the 
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neutralization of  ne gative c harges a t t he s urface of  t he c arbon a t l ow pH va lues. 

Neutralization of  ne gative c harges r educes t o di ffusion a nd m ore a ctive a dsorption 

sites. T he e xtent o f th is v aries w ith th e t ype a nd a ctivation te chnique o f a ctivated 

carbon. The differences in pH values may also arise due to acidic and basic surface 

functional groups on activated carbon. These groups could be freed by simple contact 

with distilled water rather than the fixed surface functional groups (Das, 2000).  

pH affects dissociation of electrolytes and non electrolytes not affected. As the pH of 

the solution increases, adsorption rate decreases. This i s because o f the electrostatic 

repulsion be tween t he negatively c harged a ctivated c arbon and t he d eprotonated 

adsorbate molecules. 

 
Figure 2.3: Effect of pH on adsorption (Walker et al., 2007) 

2.5.3.5    Temperature 

With t he i ncrease o f t emperature, t he adsorption r ate i ncreases b ecause t he s urface 

coverage i ncreased at higher t emperatures, t his m ay be  a ttributed t o increased 

penetration of reactive dyes inside micro-pores at higher temperatures or the creation 

of new active sites. 
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Figure 2.4: Effect of temperature on adsorption (Walker et al., 2007) 

2.6 Activated carbon adsorption 

Throughout history, people have used carbon (charcoal) as an effective adsorbent, in 

such processes as  w ater an d wastewater treatment, s ugar pur ification a nd c olor 

removal from liquids. Activated carbons have long been considered the best adsorbent 

for the removal of organic matter in wastewater. They contain extended surface area, 

a lot of internal voids, high adsorption capacity and a high degree of surface activity.  

2.6.1 Materials used for activated carbon preparation 

Materials with high carbon content and low inorganic components materials, such as 

petroleum coke, sawdust, l ignite, coal, peat, wood, charcoal, nutshell, and f ruit pi ts, 

may b e u sed f or t he m anufacture o f activated carbon. A lso, m ore unc onventional 

materials like straw and automobile tires can also be used. The main criteria for these 

materials are (Dabrowski et al., 2005 and Moreno-Castilla et al., 1995): 

• low inorganic matter (ash content) 

• high carbon content 

• ease of activation 

• availability and low cost 

• low degradation 

But the properties of the finished material are governed not only by the raw material, 

but also by the method of activation used. The choices of raw material are based upon 
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the end use of the activated carbon, availability, cost of the raw material, and national 

and international economic and political considerations (Rao et al., 2004).  

2.6.2 Activated carbon preparation  

Activated carbon is prepared by first making a char from organic matter. The char is 

produced by heating the base material to a red heat (less than about 7000 C) in a retort 

to dr ive of f t he h ydrocarbons, but  w ith a n insufficient s upply o f ox ygen t o s ustain 

combustion. T he c har particle i s t hen a ctivated b y exposing ox idizing agent t o 

develop porous structures thus creates a large internal surface area. The resulting pore 

sizes are defined as follows: 

Macropores >25 nm 

Mesopores > 1 nm and < 25 nm 

Micropores >1 nm 

After activation, the carbon can be separated into, or prepared in, different sizes with 

different adsorption capacity.  

2.6.3 Framework of activated carbon 

Activated c arbon i s hi ghly he terogeneous, bot h i n m orphology a nd i n s urface 

characteristics. An elemental analysis indicated that the main elements in the activated 

carbon f ramework a re c arbon ( 92 %  w /w) a nd ox ygen ( 7% w /w). F or commercial 

activated carbons, the amount of oxygen can vary between <1 % to up to 16%. On an 

atomic level, activated carbon is considered to consist of graphene layers – layers of 

interlocking aromatic r ings, which are also referred to as “basal planes” (Brennan et  

al., 2001). A t t he e dges of  a  ba sal pl ane, va rious ox ygen- or ni trogen-containing 

functional groups are presented. 
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Figure 2.5: Activated carbon basal plan with functional groups (Brennan et al., 2001)  

2.6.4 Surface charge of activated carbon 

Solute adsorption can be influenced by electrostatic repulsion or attraction when both 

solute and carbon have a certain electrostatic charge. The charge of activated carbon 

is dependent on pH as is illustrated in Figure below. Functional groups with an acid 

character, such as phenol (- OH) and carboxyl (–COOH), may dissociate at higher pH, 

releasing their proton (H+) and obtaining a negative charge. A positive surface charge 

can b e a ttributed t o ba sic f unctional groups, s uch a s amine ( -NH2), c hromene a nd 

pyrene (both O-containing) as these functional groups protonate at lower pH, taking 

up H+ and obtaining a positive charge. Electron-rich areas on the graphene plates also 

increase activated carbon basicity (Moreno-Castilla, 2004). 

Acidic, ba sic, and ne utral functional groups c an bi nd t o w ater m olecules t hrough 

hydrogen bond f ormation. Activated carbons with higher qu antities of  O-containing 

or N-containing functional groups have a higher affinity for water, and are considered 

hydrophilic (Li et al., 2002). As hydrophilic carbons promote bonding with water, the 

number of available adsorption sites for the solute is reduced. Also water clusters can 

be formed, which can block the entrance of micro-pores (Franz et al., 2000). 
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Figure 2.6: pH effects on the activated carbon surface charge (Moreno-Castilla, 2004) 

Li et al., (2002) found that the removal of  solutes was lower with more hydrophilic 

activated carbons, even when the solutes were also able to form hydrogen bonds with 

the f unctional groups. T hese s olutes di d, h owever, s how hi gher removal on 

hydrophilic activated carbons when they were di ssolved in c yclohexane, which i s a  

solvent that cannot form H-bonds (Franz et al., 2000). 

2.6.5 Types of activated carbon 

The activated carbon is  mainly c lassified in to two size cl assifications ar e powdered 

activated carbon (PAC), which typically has a  diameter of  less than 0.074 m m (200 

sieve), and granular activated carbon (GAC), which has a d iameter greater than 0 .1 

mm ( ~140 s ieve). C omparison of  di fferent pa rameters of  po wder and gr anular 

activated carbon i s shown in Table 2.5 . Depending on  the d esired results, activated 

carbon may be used in powdered or granular form. 

Table 2.2: Characteristics of activated carbon (Metcalf and Eddy, 2003) 

Parameter Unit Type of activated carbon 
GAC PAC 

Total surface area m2/g 700-1300 800-1800 
Bulk density kg/m3 400-500 360-740 
Particle density (wetted)  kg/L 1.0-1.5 1.3-1.4 
Particle size range mm  0.1-2.36 5-50 
Mean pore radius Â 16-30 20-40 
Ash % ≤ 8 ≤ 6 
Moisture as packed % 2-8 3-10 
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Granular activated car bon i s co mmonly u sed in w ater t reatment f acilities w here t he 

water i s pa ssed t hrough a  granular c arbon be d t o remove t astes, c olors, odor s, and 

dissolved or ganics. P owdered c arbon a lso i s used i n t reatment f acilities a t various 

points for its quicker rate in removing various contaminants. Powdered carbon is the 

preferred choice in point-of-use water f iltration systems because i t i s faster and i s a 

better mechanical filter than granular activated carbon. It also takes up a minimum of 

space given its large surface area-to-volume ratio . 

2.7 Adsorption isotherm study 

Adsorption i sotherm i ndicates t he r elationship be tween t he adsorbate i n t he l iquid 

phase and the adsorbate adsorbed on the surface of the adsorbent under equilibrium at 

constant temperature (Nwabanne and Mordi, 2009). Adsorption efficiency decreases 

over time. Adsorption isotherms are important to describe the interaction of adsorbate 

molecules with adsorbent surface. Isotherms are empirical relations which are used to 

predict how much solute can be adsorbed by adsorbent. The study of the isotherm is 

essential i n a ssessing t he a dsorption e fficiency of t he a dsorbent. T his s tudy i s a lso 

useful in optimizing the operating conditions for effective adsorption (Velmurugan et 

al., 2011). Generally, the amount of material adsorbed is determined as a function of 

the c oncentration a t a  constant t emperature, a nd t he r esulting function i s c alled a n 

adsorption i sotherm. The applicability of  t he i sotherm e quation i s c ompared b y 

judging the correlation coefficient, R2.  

Adsorption i sotherms a re de veloped b y exposing a given a mount o f a dsorbate i n a 

fixed volume of  l iquid t o varying amounts of  adsorbent. T ypically in a container, a 

known amount of  adsorbent was added to each container and agitated intermittently 

for t he desired t ime pe riods. A t t he end of  t he t est pe riod, t he amount o f adsorbate 

remaining i n s olution i s m easured. T he a dsorbent pha se c oncentration a fter 

equilibrium is computed using the equation: 

𝑞𝑞𝑒𝑒 = (𝐶𝐶𝑜𝑜 −  𝐶𝐶𝑒𝑒) 
𝑉𝑉
𝑚𝑚

… … … … … … … (1) 
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Where, 𝑞𝑞𝑒𝑒 R = e quilibrium adsorption, m g/g; 𝐶𝐶𝑜𝑜 R = i nitial co ncentration o f ad sorbate, 

mg/L; 𝐶𝐶𝑒𝑒 R = final equilibrium concentration of adsorbate after adsorption, mg/L; m = 

mass of adsorbent, g; and V= volume of wastewater, L. 

The study of isotherm data is important to find out the adsorption capacity of various 

adsorbents. In this study Freundlich and Langmuir adsorption isotherm model is used. 

2.7.1 Freundlich isotherm 

The Freundlich equation is an empirical relationship describing the sorption of solutes 

from a liquid to solid interface. Freundlich model is expressed as 

𝑞𝑞𝑒𝑒 = 𝐾𝐾𝑓𝑓  𝐶𝐶𝑒𝑒
1
𝑛𝑛

… … … … … … … … . . (2) 

Where, 𝑞𝑞𝑒𝑒 R is the a mount a dsorbed a t equilibrium ( mg/g); 𝐶𝐶𝑒𝑒  is th e e quilibrium 

concentration of adsorbate (mg/L); 𝐾𝐾𝑓𝑓  is the measure of adsorption capacity and n is 

the adsorption intensity. Linear form of Freundlich equation is 

𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝑒𝑒 = 𝑙𝑙𝑙𝑙𝑙𝑙 𝐾𝐾𝑓𝑓 +
1
𝑛𝑛
𝑙𝑙𝑙𝑙𝑙𝑙 𝐶𝐶𝑒𝑒 … … … … … … … … … … … … (3) 

A plot of log 𝑞𝑞𝑒𝑒  against log 𝐶𝐶𝑒𝑒  gives a linear line with a slope of  1 𝑛𝑛�  and intercept of 

log𝐾𝐾𝑓𝑓 . F rom t he e xperimental da ta, 𝐾𝐾𝑓𝑓  values i ncrease w ith i ncreasing t emperature. 

Values n > 1 represent a favorable adsorption condition (Baseri et al., 2012)  

2.7.2 Langmuir isotherm 

The Langmuir model was developed based on t he assumption of  the formation of  a  

monolayer of the adsorbate species onto the surface of the adsorbent. It has also been 

assumed that the surface sites are completely energetically homogeneous. But in the 

true s ense, t he a dsorbent s urface i s e nergetically hom ogeneous. T he Langmuir 

adsorption isotherm is defined as: 

𝐶𝐶𝑒𝑒
𝑞𝑞𝑒𝑒

=
1

𝑞𝑞𝑚𝑚  𝑏𝑏
+
𝐶𝐶𝑒𝑒
𝑞𝑞𝑚𝑚

… … … … … … … … … … … … … . (4) 

Where, 𝑞𝑞𝑒𝑒 R is t he a mount a dsorbed a t equilibrium ( mg/g); 𝐶𝐶𝑒𝑒  is th e e quilibrium 

concentration of adsorbate (mg/L); 𝑞𝑞𝑚𝑚  is monolayer (maximum) adsorption capacity 

(mg/g) and b is Langmuir constant r elated to energy of  adsorption. A l inear plot o f  
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𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒�  against 𝐶𝐶𝑒𝑒  suggests the applicability of the Langmuir isotherms. The values of 

𝑞𝑞𝑚𝑚  and b were determined from the slope and intercepts of the plots. 

The es sential f eatures o f t he Langmuir i sotherm can  b e expressed i n t erms o f 

dimensionless constant separation factor, 𝑅𝑅𝑙𝑙  which is defined by the following relation 

given by Hall et al., (1966). 

𝑅𝑅𝑙𝑙 =
1

1 + 𝑏𝑏𝐶𝐶𝑜𝑜
… … … … … … … … … . . (5) 

Where 𝐶𝐶𝑜𝑜  is initial adsorbate concentration (mg/L), the nature of adsorption if, 𝑅𝑅𝑙𝑙  > 1 

= Unfavorable; Linear, if 𝑅𝑅𝑙𝑙  = 1; Irreversible, if 𝑅𝑅𝑙𝑙  = 0 and 0 < 𝑅𝑅𝑙𝑙  < 1, then Favorable.  

 

Figure 2.7: Typical Freundlich isotherm curve (Velmurugan et al., 2011) 

 
Figure 2.8: Typical Langmuir isotherm curve (Velmurugan et al., 2011) 
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2.8 Adsorption kinetics study 

Adsorption kinetics is used to investigate the mechanism and the rate controlling steps 

of a dsorption. T he m echanism of  a dsorption i nvolves t he chemical r eaction o f 

functional gr oups pr esent on t he s urface of  the a dsorbent a nd t he a dsorbate, 

temperature and pH (Baseri et al., 2012). In the literature, several models have been 

applied t o know  t he or der of  a dsorbent-adsorbate i nteractions a nd t he r ate o f 

adsorption of color and COD. In this present study the following three kinetic models 

are applied for the experimental data.  

2.8.1 Pseudo first order kinetic model 

This mo del a ssumes that th e r ate o f c hange o f solute u ptake w ith t ime is  d irectly 

proportional to difference in saturation concentration and the amount of solid uptake 

with time.  The Langergen pseudo- first order rate expression as shown below: 

𝑑𝑑𝑞𝑞𝑡𝑡
𝑑𝑑𝑑𝑑

= 𝑘𝑘1 (𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) … … … … … … … … . . (6) 

Where 𝑞𝑞𝑡𝑡  and 𝑞𝑞𝑒𝑒  are the amount of adsorbate adsorbed (mg/g) at contact time t and at 

equilibrium, and 𝑘𝑘1, the Pseudo first order rate constant (min-1). After integrating with 

the boundary conditions at initial time (t = 0), 𝑞𝑞𝑡𝑡  = 0 and at any time (t > 0 ), amount 

of adsorbate adsorbed is 𝑞𝑞𝑡𝑡  and by rearranging Eq. (6), the rate law for a pseudo first 

order reaction becomes: 

𝑙𝑙𝑙𝑙𝑙𝑙  (𝑞𝑞𝑒𝑒 − 𝑞𝑞𝑡𝑡) = 𝑙𝑙𝑙𝑙𝑙𝑙 𝑞𝑞𝑒𝑒 − �
𝑘𝑘1

2.303
� 𝑡𝑡… … … … … … … … . . (7) 

The plot of log (𝑞𝑞𝑒𝑒 R – qt) versus t should give a straight line with slope of –𝑘𝑘1/2.303 

and i ntercept log 𝑞𝑞𝑒𝑒  which al lows cal culation of  adsorption r ate c onstant 𝑘𝑘1 and 

equilibrium adsorption capacity 𝑞𝑞𝑒𝑒 . 

2.8.2 Pseudo second order kinetic model 

The Langergen pseudo second kinetic model (Ho and McKay, 1998) is based on t he 

assumption t hat t he a dsorption of  a dsorbate ont o a dsorbent supports s econd or der 

chemisorptions.          𝑑𝑑𝑞𝑞𝑡𝑡
𝑑𝑑𝑡𝑡

= 𝑘𝑘2(𝑞𝑞𝑒𝑒 −  𝑞𝑞𝑡𝑡  )2 

Where 𝑞𝑞𝑡𝑡  and 𝑞𝑞𝑒𝑒  are the amount of adsorbate adsorbed (mg/g) at contact time t and at 

equilibrium, and 𝑘𝑘2, the pseudo second order rate constant (min-1). After integrating 
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with t he boundary conditions a t i nitial t ime ( t =  0), 𝑞𝑞𝑡𝑡  = 0  and at  an y t ime ( t > 0 ), 

amount of  adsorbate adsorbed i s 𝑞𝑞𝑡𝑡  and b y rearranging the above equation, the rate 

law for a pseudo first order reaction becomes: 

𝑡𝑡
𝑞𝑞𝑡𝑡

=
1

𝑘𝑘2 𝑞𝑞𝑒𝑒2 +
𝑡𝑡
𝑞𝑞𝑒𝑒

… … … … … … … … … … . (8) 

The initial adsorption rate h (mg/g/min) is also related as (Ho, 2003)  

ℎ = 𝑘𝑘2 𝑞𝑞𝑒𝑒2 … … … … … … … … … … . . (9) 

When the pseudo second order kinetic is applicable, the plot of t/𝑞𝑞𝑡𝑡  against t should 

give a linear relationship from which 𝑘𝑘2 and 𝑞𝑞𝑒𝑒  can be determined respectively from 

the intercept and slope of the plot. The correlation coefficient values are higher than 

the values of pseudo first order model. Further the rate constant, 𝑘𝑘2 R decreases with the 

increase in initial adsorbate concentration. 

2.8.3 Intra particle diffusion model 

Since the pseudo first order and second order models could not identify the diffusion 

mechanism t hrough t he por es pr esent i n t he s urface of  t he a dsorbent, t he ki netic 

results are further analyzed by using the inter particle diffusion model. Adsorption is a 

multi-step process involving  t ransport of solute from aqueous to surface of solid and 

diffusion of  s olute i nto t he i nterion o f por es, w hich i s generally a s low r ate 

determining process.   

During t he a dsorption of  a dsorbate ove r a  po rous a dsorbent m aterial, t he f ollowing 

three consecutive steps were taken place: (i) transport of the ingoing adsorbate ions to 

external surface of the adsorbent (film diffusion), (ii) t ransport of the adsorbate ions 

within t he por es of  t he a dsorbent e xcept f or a s mall a ount of  a dsorption, w hich 

occures on the external surface (particle diffusion) and (iii) adsorption of the ingoing 

adsorbate ions on the interior surface of the adsorbent (Weber and Morris, 1963). Out 

of these three processes, the third process is considered to be vey fast and is not the 

rate l imiting s tep in the uptake of  the organic compounds. The remaining two s teps 

impart the following three possibilities: 

Case1: E xternal tr ansport >  in ternal tr ansport, where r ate is  governed by p article 

diffusion, Case 2:  External t ransport <  internal t ransport, where rate i s governed b y 
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film diffusion and Case 3: External transport ≈ internal transport, which accounts for 

the t ransport o f t he adsorbate i ons t o t he boun dary a nd m ay not  possible w ithin a  

significant rate, which later on gives rise to the formation of a liquid film surrounded 

by t he a dsorbent pa rticles w ith a  pr oper c oncentration g radient. In t he batch m ode 

contact time  a dsorption e xperiments, r apid s tirring w as ma intained. H ence, t he 

transportation of  the adsorbed species i s happened f rom the solution to the pores of  

the adsorbent material and this step may control the rate of the adsorption process. 

Assuming that the rate is controlled by pore and intra-particle diffusion (Baseri et al., 

2012). According t o W eber a nd M orris ( 1963), the in tra p article d iffusion r ate 

constant (ki) is given by the following equation 

𝑞𝑞𝑡𝑡 = 𝑘𝑘𝑖𝑖   𝑡𝑡
1

2� +  𝐼𝐼 … … … … … … … . (10) 

Where, 𝑘𝑘𝑖𝑖   is the in tra-particle di ffusion rate constant, and I is a co nstant that gives 

ides about the boundary layer thickness. The intra particle diffusion rate constant (𝑘𝑘𝑖𝑖)  

and I are obtained from the slop  and intercept of the  plot 𝑞𝑞𝑡𝑡  against 𝑡𝑡1 2⁄  

If, t his mo del s hows a linear r elationship a fter certain time  b ut th ey d o n ot p ass 

through o rigin. T his i s due t o bounda ry l ayer effect. T he l arger t he i ntecept, t he 

greater t he contribution of  s urface s orption i n r ate de termining s tep. T he i ntercepts 

and 𝑘𝑘𝑖𝑖  values of  plot against 𝑡𝑡1
2�  increases with increase the initial concentration of 

adsorbate.  

According to this model, i f the plot of  𝑞𝑞𝑡𝑡  against 𝑡𝑡1 2⁄  gives a  s traight l ine, then the 

adsorption process is controlled by only  intra-particle diffusion and if the data exhibit 

multi-linear plots, then two or more steps control the adsorption process (Saha, 2010). 

Initial portion is  a ttributed to  the liquid f ilm mass tr ansfer and linear portion to  the 

intra particle diffusion. 

Assuming s pherical ge ometry of  t he adsorbents, t he ove rall r ate constant of  t he 

process can be correlated to the pore and film diffusion coefficient in accordance with 

the expression (Helfferich, 1962), 
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𝑡𝑡1
2�

= 0.03 𝑟𝑟𝑜𝑜
2

𝐷𝐷𝑝𝑝
 ……………………. (11) 

𝑡𝑡1
2�

 = 0.23𝑟𝑟 � 𝛿𝛿
𝐷𝐷𝑓𝑓
� � 𝐶𝐶

𝐶𝐶𝑒𝑒
�…………… (12) 

Where 𝑟𝑟𝑜𝑜  is r adius of  t he a dsorbent ( cm), 𝐷𝐷𝑓𝑓  and 𝐷𝐷𝑝𝑝  are f ilm a nd po re di ffusion 

coefficient ( cm2/sec),  𝐶𝐶
𝐶𝐶𝑒𝑒

  is e quilibrium l oading o f t he adsorbent, 𝛿𝛿 is th e f ilm 

thickness ( cm) and 𝑡𝑡1
2�

 is the time  necessary to  obtain half the initial concentration 

(sec) is obtained by the following relation (You et al., 2006).  

𝑡𝑡1
2�

 = 1
𝑘𝑘2 𝑞𝑞𝑒𝑒

…………… (13) 

Michelson et al., (1975) suggested if the diffusion coefficient lies between 10-6 – 10-8 

cm2/sec, the  f ilm diffusion will be rate limiting while if pore diffusion coefficient is 

in the range of  10-11 – 10-13 cm2/sec, the pore diffusion will be the rate limiting. 

2.9 Thermodynamics of adsorption 

Thermodynamic pa rameters pr ovide i n-depth i nformation of  i nherent e nergetic 

changes associated with adsorption; therefore, these parameters should be accurately 

evaluated. T hermodynamic p arameters s uch as change i n free en ergy, ∆G (J/mole), 

enthalpy, ∆H (J/mole) and entropy, ∆S (J/K/mole) were determined using following 

equations  

𝐾𝐾𝑜𝑜 =
𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

… … … … … … … … … … … … (14) 

∆𝐺𝐺 =  ∆𝐻𝐻 − 𝑇𝑇∆𝑆𝑆… … … … … … … … … … (15) 

∆𝐺𝐺 =  −𝑅𝑅𝑅𝑅 𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜 … … … … … … … … … … (16) 

𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜 =  −
∆𝐺𝐺
𝑅𝑅𝑅𝑅

… … … … … … … … … … … … (17) 

𝑙𝑙𝑙𝑙𝐾𝐾𝑜𝑜 =
∆𝑆𝑆
𝑅𝑅
−
∆𝐻𝐻
𝑅𝑅𝑅𝑅

… … … … … … … … … … . . (18) 

Where, 𝐾𝐾𝑜𝑜  is equilibrium constant, 𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  is solid phase concentration at equilibrium 

(mg/L), 𝐶𝐶𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙  is l iquid pha se c oncentration a t equilibrium ( mg/L), T is a bsolute 

temperature in Kelvin and R is gas constant. R = 8.314 J/K/mole. At equilibrium, 𝐾𝐾𝑜𝑜  
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is th e r atio o f th e concentration of  a dsorbate i n a dsorbent a nd c oncentration of 

adsorbate in aqueous solution.  

∆G values is obtained from Equation (16), ∆H and ∆S values are obtained from the 

Equation ( 18).  The ne gative va lue of  ∆G indicates t he a dsorption i s f avorable a nd 

spontaneous. ∆G values i ncreases w ith i ncrease i n t emperature a nd de creases with 

increase in initial concentration. The slope and intercept of plot ln 𝐾𝐾𝑜𝑜  against 1 𝑇𝑇 � give 

the values of  ∆H and ∆S. The positive value of ∆H indicates endothermic nature of  

adsorption, w hich i s s upported b y t he i ncrease on a dsorption w ith t he i ncrease i n 

temperature an d v alues of ∆H > 30 k J/mole in dicates chemisorptions and ∆H < 3 0 

kJ/mole denote ph ysisorption (Arivoli, 2007 and Renmin e t al., 2005). The pos itive 

values of  ∆S indicate t he i ncreased di sorder a nd r andomness a t t he s olid l iquid 

interface of adsorbate with the adsorbent. 

 

 

 

 

 

 

CHAPTER 3 

METHODOLOGY 

3.1 Introduction 

The following chapter details the materials and method used during this s tudy. This 

chapter deals with the adsorbent materials used for adsorption, activation process and 

determination of ph ysical pr operties of  adsorbent, l ocation of s ampling poi nt and 

treatment process adopted in t his s tudy.  Both co mmercial powder a ctivated carbon 

and Date seed activated carbon were used for the t reatment of color and COD from 

the te xtile e ffluent. Batch adsorption process is used i n t his s tudy. A d etail 

methodological step for achieving the study objectives is shown in Figure 3.1. 
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Figure 3.1: Methodological steps of the study 

3.2 Activated carbon preparation 

Adsorbent i s t he m aterial ont o w hich t he pol lutants a re a ttached i nto t he voi ds a nd 

surface of the materials. Activated carbon is used as the adsorbent in this study. Two 

types of activated carbon are used as adsorbent. Between these two types commercial 

powder activated carbon is purchased from the market and Date seed activated carbon 

prepared in the laboratory.  

3.2.1 Carbon preparation from Date seeds 

The activated carbon preparation process is divided into two steps: first one is carbon 

preparation from Date seeds (shown in Figure 3.2) and the other is activation process 

of prepared carbon using activating agent. 

For t his s tudy, D ate seeds w ere collected f rom Rajshahi a nd J essore. S eeds w ere 

recovered fro m D ates and washed several t imes u nder t ap w ater until t he s eeds 

become completely free f rom di rt. T he s eeds were t hen d ried, c ut dow n into s mall 

pieces by cutter and filled into the Crucibles in moderately dense manner so that the 

seeds could be  completely burnt during burning; seeds were pl aced into the Muffle 

Furnace burner. Temperature of Furnace was 500ºC and Date seeds were burned for 

one hour. After one hour, when the Furnace temperature became 0 ºC, then the exit 
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tray kept ope n for ha lf a n hour f or complete cooling of  Furnace. After co mplete 

cooling, Date seed were taken out from the Furnace and were made powder using the 

Hamandista and grinder. 

 
Figure 3.2: Process steps of carbon preparation from Date seeds 

3.2.2 Activation of carbon prepared from Date seeds 

In m ost of t he car bonaceous m aterials, t here a re a c ertain de gree of  p orosity a nd 

internal surface a rea. After act ivation, t hese i nternal surface a reas become extended 

and increase the adsorption capacity of activated carbon. In this study, carbon derived 

from date seeds were activated using ZnCl2 solution. Equal mass of carbonized Date 

seed powder was soaked in 1:1(ratio of mass of the Date seed to mass of the ZnCl2) 

equal m ass o f 1M, ZnCl2 solution ove rnight.  For t he pr eparation of  1M  Z nCl2 

solution, 100 gm ZnCl2 is mixed into distilled water to make 743 ml ZnCl2 solution. 

After ove rnight s oaking Date s eed act ivated ca rbon w ere filtered, w ashed s everal 

times a nd dr ied i n an o ven a t 100 oC for four hours. By t his p rocess, Date s eed 

activated carbon was prepared for this study. 

3.2.3 Grading of Date seeds activated carbon for required particle size  

This test is performed to determine the percentage of different particle sizes contained 

within D ate seeds a ctivated c arbon. The m echanical sieve analysis i s p erformed by 
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Test S ieve S haker (shown in F igure 3.3 ) using USA S tandard Testing S ieve (#100, 

#50, #40 a nd #30 ) a t geotechnical e ngineering laboratory o f D epartment of  C ivil 

Engineering, B UET, D haka, Bangladesh. Test i s p erformed followed by ASTM D 

422 - Standard Test Method for Particle-Size Analysis of Soils.  

 
Figure 3.3: Test Sieve Shaker 

Test procedure for sieve analysis was as follows: at first the weight of each sieve as 

well as the bottom pan used in the analysis was wrote down. Mass of dry Date seeds 

sample w as w eighted. All t he s ieves ( sieve #30,  #40, #50 a nd #100)  were cl eaned, 

assembled them in the ascending order of sieve numbers (sieve #30 at top and #100 

sieve at  bottom) and p laced the pan be low #100 s ieve. The Date s eeds sample was 

poured carefully into the top sieve and placed the cap over it. Placed the sieve stacks 

in the Test Sieve Shaker and shaken for 10 minutes. After 10 m inutes, switched off 

the Test Sieve Shaker; removed the stacks from the shaker and carefully weighted and 

recorded the weight of each sieve and bottom pan with its retained sample. 

The m ass o f D ate s eeds act ivated carbon retained o n ea ch s ieve was o btained by 

subtracting the weight of the empty sieve from the total mass of the sieve and retained 

sample, and record this mass on the data sheet as the weight retained in each s ieve. 

The percent retained on each sieve was calculated by dividing the weight retained on 

each s ieve b y t he o riginal s ample m ass. The p ercent p assing ( or p ercent f iner) was 

calculated by s tarting with 100 percent and subtracting the percent retained on each 

sieve as a cumulative procedure. 

3.3 Wastewater sample collection  
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The te xtile in dustrial e ffluent c onsists o f a  v ariety o f r esidue ma terials us ed i n t he 

production pr ocess. It w as ve ry difficult t o pr epare a representative s ample i n t he 

laboratory. T herefore, c ollection o f r eal effluent w as n ecessary t o d etermine t he 

efficiencies o f t reatment. Very few industries h ave Effluent Treatment P lant (ETP). 

Out of them, only few industries actually operate their ETP. The textile industries are 

very sensitive about their effluent. For this study, wastewater sample collected from 

Echotex L imited at P ollibiddut, C handra, G azipur, hundred percent e xport or iented 

composite textile industry.  

Wastewater is discharged from different machines and stages of process. The quality 

of wastewater varies with stages. Hence, wastewater samples were collected from the 

equalization tank of the ETP. Collected wastewater sample was stored in refrigerator 

in t he l aboratory. S ample w as t aken out  f rom t he r efrigerator 2 -3 hou rs pr ior of  

starting the test so that the temperature of the sample obtains room temperature. This 

study was c onducted i n t he e nvironmental e ngineering l aboratory i n de partment of  

Civil Engineering, BUET, Dhaka, Bangladesh.  

3.4 Determination of equilibrium contact time and optimum dosage 

A series of 250 mL conical f lask was filled with 100 mL of wastewater sample and 

adjusted to desired pH (8.0). 0.5 g  adsorbent  ( activated carbon) was added to each 

flask, placed in rotator shaker and agitated intermittently for the different time periods 

(5, 10, 15, 20,  30 and 6 0 m inutes) w ith all ot her s elected c onditions. After d esired 

time pe riod r espective c onical f lask w as t aken out f rom t he s haker, ke pt f or f ew 

minutes t o be  s table a nd t he f resh s upernatant s ample w as t aken out  b y pipette. 

Filtered t he s upernatant us ing W hatmann N o. 44 f ilter pa per a nd residual c olor 

concentration of  t he f iltrate w ere m easured using a  S pectrophotometer. C olor 

adsorption is  calculated for different contact time that i s shown in Figure 3.4. From 

this, equilibrium contact time was selected for a contact time after that no significant 

adsorption takes place.  
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Figure 3.4: Determination of equilibrium contact time for batch adsorption process 

Different a mount of  a dsorbent ( 0.4, 0.6, 0.8, 1.0 , 1.2 a nd 1.4 g) i s a dded t o e ach 

conical f lask c ontaining 100 m l sample a nd s haken f or equilibrium t ime. A fter 

equilibrium time period respective conical flask was taken out from the shaker, kept 

for f ew m inutes t o be  s table a nd t he f resh s upernatant s ample w as t aken out  b y 

pipette. F iltered th e s upernatant u sing W hatmann N o. 44 f ilter pa per and r esidual 

color concentration of the filtrate were measured using a Spectrophotometer. From 

this, adsorption loading is calculated for different dosage.  

Adsorption loading is plotted against residual concentration as shown in Figure 3.5. 

From this plot, for a  certain r esidual concentration, adsorption loading ( eventually 

dose) i s c alculated. B y this pr ocess opt imum d osage i s c alculated a nd us ed f or 

further studies.  
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Figure 3.5: Determination of optimum dosage for batch adsorption process 

3.5 Batch adsorption process 

Adsorption of color and COD on Date seeds activated carbon was carried out in batch 

adsorption process as shown in Figure 3.6.  The batch technique was selected because 

of its  s implicity. F or i sotherm s tudies, a s eries o f 2 50 m L conical f lasks w ere 

employed. E ach c onical f lask w as filled w ith 100 m L o f wastewater sample o f 

varying concentrations and adjusted to desired pH.  

 
Figure 3.6: Batch adsorption process 

Using p redetermined e quilibrium c ontact time  and opt imum dos age, adsorption i s 

carried o ut at  d ifferent t emperatures, a gitation s peeds, p article s izes, p H an d i nitial 

concentrations to f ind the ef fect o f these parameters. After equilibrium contact time 
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respective conical f lask was t aken out  f rom t he s haker, ke pt f or f ew m inutes t o be  

stable a nd t he f resh s upernatant s ample w as t aken out  b y pi pett. Filtered t he 

supernatant us ing W hatmann N o. 44 f ilter pa per a nd r esidual c olor a nd C OD 

concentration of the filtrate were measured using Spectrophotometer.  

The residual concentration is compared with initial concentration and calculated color 

and COD removal efficiency in percentage for different experimental conditions (e.g., 

temperatures, agitation speeds, particle sizes, pH and initial concentrations).  

3.5.1 Effect of contact time with initial wastewater concentration  

Batch adsorption experiment is done at different contact times such as 5, 10, 15, 20 , 

30 a nd 60 m inutes for i nitial c olor c oncentration of  800, 100 0 a nd 1200 P t-Co. 

Dosage of Date seeds activated carbon of particle s ize 150 µm was 0.5 gm and 100 

mL wastewater solution was kept constant. The experiment was carried out at 30°C 

temperature using agitation speed of 200 rpm and pH = 8.0.  Impurity uptake per unit 

mass of adsorbent is plotted against contact time to identify optimum contact time for 

further batch experiments. 

3.5.2 Effect of adsorbent dosage  

Effect of  D ate s eeds a ctivated c arbon a dsorbent dos age on c olor a dsorption w as 

carried out for fixing the dosage. The experiment was done at different dosage 4, 6, 8, 

10, 12 a nd 14  gm/L with 100 m L wastewater sample of  1200 P t-Co color and 300  

mg/L C OD c oncentration. Other e xperimental c onditions w ere c ontact time =  3 0 

minutes, temperature = 30°C, agitation speed = 200 rpm, particle size 150 µm and pH 

= 8.0 during the experiment. An adsorption isotherm is obtained by plotting impurity 

loading pe r uni t mass of adsorbent against residual impurity on a l ogarithmic scale.  

From th is p lotting, imp urity loading is obt ained a gainst a desired l evel o f residual 

impurity. From t his l oading, a dsorbent dos age was f ixed for fu rther b atch 

experimental study. 

3.5.3 Effect of temperature with initial wastewater concentration 

Adsorption experiment is carried out  a t three d istinct temperatures 30±1°C, 35±1°C 

and 45±1°C for three samples with 800, 1000 and 1200 Pt-Co color concentration and 

185, 225 and 300 m g/L COD concentration respectively. Contact time = 30 minutes, 
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adsorbent dosage = 7 gm/L, agitation speed = 200 rpm, particle size = 150 µm and pH 

= 8.00 were kept constant. 

3.5.4 Effect of agitation speed with initial wastewater concentration 

Effects o f a gitation s peed on c olor a nd COD adsorption w as carried out a t t hree 

different s peeds 150, 200 a nd 250 rpm r espectively. Initial c olor c oncentration of  

these t hree s amples w as 800, 1000 a nd 1200 P t-Co a nd COD c oncentrations w ere 

185, 225 and 300 mg/L respectively. Contact time = 30 minutes, adsorbent dosage = 7 

gm/L, temperature = 30°C, particle size 150 µm and pH = 8.00 were kept constant. 

3.5.5 Effect of particle size  

Three different sized particles of 150 µm, 150-300 µm and 300-425 µm were used in 

conjunction w ith i nitial color concentration of  1200 P t-Co a nd 300 mg/L COD 

concentration. Contact time = 30 minutes, adsorbent dosage = 7 gm/L, temperature = 

30°C, agitation speed = 200 rpm, pH = 8.00 were kept constant. 

3.5.6 Effect of pH 

Effects o f pH  on c olor a nd C OD r emoval were assessed by carrying out  t he 

experiment with samples of pH from 5 to 11. Initial color and COD concentration of 

this sample was 1200 Pt-Co and 300 m g/L respectively. Contact time = 30 minutes, 

adsorbent dos age =  7 gm /L, t emperature = 3 0°C, a gitation s peed =  200 r pm a nd 

particle size 150 µm were kept constant. 

3.6 Adsorption isotherm study 

Freundlich a nd Langmuir a dsorption i sotherm m odels were s tudied t o f ind out  t he 

adsorption capacity of Date seeds activated carbon. Data of effects of temperature on 

COD removal with initial concentration by the adsorbent were used to fit into both the 

models. In F reundlich i sotherm m odel log 𝐶𝐶𝑒𝑒  is p lotted a gainst log 𝑞𝑞𝑒𝑒  , to f ind ou t 

adsorption capacity 𝐾𝐾𝑓𝑓  and adsorption intensity n. In Langmuir isotherm model 𝐶𝐶𝑒𝑒 / 𝑞𝑞𝑒𝑒   

is p lotted against 𝐶𝐶𝑒𝑒 ; 𝑞𝑞𝑚𝑚  is monnlayer ( maximum) adsorption c apacity a nd b is 

Langmuir co nstant r elated t o en ergy o f ad sorption i s obt ained f rom the s lope a nd 

intercept of the plot. The correlation coefficient, R2 values are obtained from both the 

models. 
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3.7 Adsorption isotherm kinetics analysis 

Adsorption i sotherm ki netics a nalysis w as c arried out  to a ssess bot h rate an d 

mechanism of adsorption. Three models were used: Pseudo first order kinetic model, 

Pseudo second order kinetic model and Intra particle diffusion model. In Pseudo first 

order kinetic model, log (𝑞𝑞𝑒𝑒  – 𝑞𝑞𝑡𝑡) is plotted against t and from the slope and intercept 

of t his pl ot, a dsorption rate c onstant 𝑘𝑘1 and equilibrium a dsorption c apacity 𝑞𝑞𝑒𝑒  are 

obtained.  

Whereas in Pseudo second order kinetic model 𝑡𝑡 𝑞𝑞𝑡𝑡�  is plotted against t and from the 

intercept and slope of the plot, rate constant of pseudo second order adsorption 𝑘𝑘2 and 

the equilibrium adsorption capacity 𝑞𝑞𝑒𝑒  are obtained. 

For intra particle diffusion model, rate constant 𝑘𝑘𝑖𝑖  value is obtained from the slope of 

the plot 𝑞𝑞𝑡𝑡  against𝑡𝑡1
2� . 

3.8 Thermodynamic analysis 

Thermodynamic p arameters s uch as  ch ange i n f ree energy ∆G, e nthalpy ∆H an d 

entropy ∆S were determined by using the adsorption data of effects of temperature on 

COD and color removal with initial concentration. At first values of 𝐾𝐾𝑜𝑜  is calculated 

from the following expression: 

𝐾𝐾𝑜𝑜 =
𝐶𝐶𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝐶𝐶𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

 

By using the value of 𝐾𝐾𝑜𝑜 , gas constant R = 8.314 J/K/mole and absolute temperature T 

in Kelvin (303K, 308K and 318K), change in free energy ∆G are calculated from the 

following expression: 

∆𝐺𝐺 =  −𝑅𝑅𝑅𝑅 ln𝐾𝐾𝑜𝑜  

Enthalpy ∆H and entropy ∆S were determined from the slope and intercepts of plot ln 

𝐾𝐾𝑜𝑜  against1 𝑇𝑇� . 
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Introduction 

Textile e ffluent liq uid wastewater consists o f a wide v ariety of r esidual ch emicals, 

organic m atters a nd p ollutants. T hese r esiduals pr esent i n t he wastewater are 

necessary t o determine th e characteristics o f wastewater for t he a ssessment of  t he 

treatment requirement, treatability, mode and level of treatment. This is also important 

for the determination of the treatment efficiencies of the treatment effluent plants.  

In this chapter, characteristics of the collected textile wastewater effluents have been 

determined a nd analyzed. S ome o f t he co mmon p arameters h ave b een t ested t o 

determine t he characteristics o f t he wastewater which were pH , E C, c olor, C OD, 

BOD5 and heavy metals (Pb and Cd). This study had been conducted to find out the 

efficiency of activated carbon in the tertiary treatment of textile effluent.  

In this study, act ivated carbon prepared f rom Date seeds was used for assessing the 

color an d C OD removal ef ficiency under different t est co nditions (contact time , 

adsorbent dos age, t emperature, a gitation s peed, pa rticle s ize and pH ). Adsorption 

isotherm m odels (both F reundlich a nd Langmuir) were used t o fit th e experimental 

data a nd f or de termining adsorption c apacity o f D ate s eeds activated c arbon 

adsorbent. 

4.2 Characteristics of raw textile wastewater 

In this study, wastewater samples were collected from Echotex Limited at Pollibiddut, 

Chandra, G azipur. T he qua lity of wastewater varied with d ifferent s tages of 

production; h ence, representative wastewater s amples were collected f rom th e 

equalization tank of Effluent Treatment Plant (ETP). All possible efforts were made 

to minimize the time lag between collection and analysis so that no significant change 

may occur in the quality of the samples. The collected samples were transported to the 

laboratory quickly and then samples were preserved in the refrigerator in accordance 

with t he s tandard m ethods. F inally t he c oncentrations of  BOD5, C OD, c olor and 

heavy m etals ( Pb an d C d) w ere an alyzed i n t he E nvironmental E ngineering 

laboratory, B UET a ccording t o t he s tandard m ethods ( APHA, 1998) . Characteristic 
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parameters for both unfiltered and filtered samples were calculated and are shown in 

Table 4.1 . Sample was f iltered to  avoid the effect of f iltration on test results and to 

know the actual adsorption capacity of Date seeds activated carbon. Final experiments 

were carried out using filtered sample. 

Table 4.1: Characteristics of raw wastewater 

Parameters Unfiltered sample Filtered sample 
pH 8.52 8.05 

EC (mS/cm) 3.82 3.70 
Color (Pt-Co unit) 1410 1200 

BOD5(mg/L) 104  45 
COD (mg/L) 611 300 

Pb (ppm) 0.037 0.030 
Cd (ppm) 0.00 0.00 

In this study, pH of the raw sample was 8.05 indicates that the sample was basic in 

nature. Literature s uggests that maximum pH v alue o f te xtile in dustrial w astes in  

Bangladesh was 11.0 and m inimum 3.9 w ith an average va lue of  8.80  ( Rahman, 

1997). The collected samples both filtered and unfiltered met the discharge standard 

of treated effluents setting out in Schedule12-B of ECR’97. 

Electrical C onductivity ( EC) of th e f iltered s ample was 3.70 mS/cm. In E CR, 97  

(Schedule-10) for treated effluent discharge standard for EC is 1200 m icro S/cm for 

discharge into inland surface, public sewer or irrigated land. Hence, EC value of this 

raw wastewater sample was much higher than the standard value for discharge. 

The BOD5 of this raw filtered sample was found 45 mg/L. Literature suggests that the 

BOD5 of t extile e ffluent us ually be  i n t he r ange of  200 m g/L t o 650 mg/L. T he 

discharge standard (included i n s chedule 12 -B i n E CR-1997) for c omposite te xtile 

plant a nd l arge p rocessing uni t (in w hich c apital in vestment is  mo re th an th irty 

million Taka) is 150 mg/L.  

The COD (permanganate) value of the study effluent (filtered) was found 300 mg/L 

where as COD for non-filtered sample was 611 mg/L. The discharge standard of COD 

for treated effluent setting out in Schedule -10 of ECR’ 97 were 200 mg/L, 400 mg/L 
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and 400 m g/L for discharge i nto i nland s urface w ater, p ublic s ewer at s econdary 

treatment plant and irrigated land respectively. 

Ratio of  BOD5 / COD is  very important for s electing the tr eatment p rocess. In th is 

study, for raw wastewater ratio of BOD5 / COD was 0.15 < 0.3. This indicates more 

presence of non biodegradable organic matter than the biodegradable organic matter; 

hence physico-chemical treatment is required (Rao and Datta, 1987). 

Color of  t he wastewater was found t o be  1 200 Pt-Co uni ts. F or B angladesh, i t ha s 

been found that color values vary up to 12000 TCU (Rahman, 1997). Although there 

is no s tandard limit of color in ECR-1997 for discharging treated effluent into inland 

surface water body. It was very difficult to  make comment on result that was found 

for color in this s tudy based on  ECR’ 97 but US (EPA) allowable limit f or color is  

150 Pt-Co units (Khan et al., 2014). Non-biodegradable color content from the textile 

effluent should be removed for the aesthetic reason. On that basis the sewage sample 

is needed to be treated. 

In this s tudy, concentration of lead (Pb) in sample was 0.037 a nd no cadmium (Cd) 

was present. Discharge standard of lead (Pb) into inland surface water, public sewer at 

secondary treatment plant and irrigated land was 0.1 mg/L. Therefore, lead (Pb) and 

cadmium ( Cd) va lues o f t he c ollected s ample were within t he r ange of di scharge 

standard and hence lead and cadmium was not a matter of concern for this sample. 

4.3 Results and data analysis of batch adsorption process 

The experimental data obtained from batch experiment were analyzed to find out the 

amount of  a dsorption a nd r emoval p ercentage of  c olor and C OD us ing Date s eeds 

activated carbon. The effect of different parameters on color and COD removal were 

assessed. V ariations o f removal with in itial c oncentrations o f s ample have be en 

analyzed. Rate and m echanism of a dsorption h ave b een found by us ing di fferent 

kinetic mo dels. Isotherm m odels ha ve b een us ed t o explain t he ex perimental d ata 

obtained. Thermodynamic parameters have been studied also. 

4.3.1 pH variation with dose of activated carbon 

Variation of residual pH with the increase of dosage of Date seeds activated carbon is 

shown in Figure 4.1. Initial pH of the wastewater samples was 8.0. With the increase 
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of dos age of  a dsorbent t he r esidual pH  gr adually d ecreased. Maximum residual pH 

was 6.8 a t dosage 4 g/L and minimum was 5.25 for the dosage 14 g/L. The possible 

reason fo r t his would b e t he f ormation of  a cidity i n the solution s ince Date s eeds 

activated w ith ZnCl2. H ence w ith t he i ncrease of  dos age of Date s eeds act ivated 

carbon, more dissociation took place and pH gradually decreased.  

 
Figure 4.1: pH variation with dose of activated carbon 

4.3.2 Color and COD removal variation with different parameters 

In this s tudy, for batch adsorption process, Date seeds act ivated carbon was used as 

adsorbent f or removal of c olor and C OD. Effects o f d ifferent p arameter such as 

dosage of adsorbent, contact time, pH, initial concentration and temperature on color 

and COD removal were studied. Initial color and COD for the filtered raw sample was 

1200 Pt-Co and 300 mg/L respectively. Another two raw samples were prepared from 

this f irst r aw s ample b y d ilution process using d istilled w ater, c olor o f th ese tw o 

diluted samples were 1000 a nd 800 P t-Co respectively and COD were 225 a nd 185 

mg/L respectively. T hese t wo di luted s amples w ere us ed as s econd a nd t hird r aw 

sample. pH of these raw samples were adjusted using HCl/NaOH. 

4.3.2.1 Effect o f c ontact ti me with i nitial c oncentration on color an d C OD 

removal 

Effect of contact time with initial color concentration on adsorption of color of textile 

wastewater using D ate s eeds activated car bon was as sessed i n b atch experiments. 

Adsorption of color with contact time for these three initial concentrations is given in 
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Figure 4.2 . The adsorption of color w as r apid in  f irst 5  min utes f or a ll t hree in itial 

concentrations and after 30 m inutes amount of color adsorbed was insignificant with 

the increase of contact time. Therefore, for batch experiments 30 minutes equilibrium 

time w as selected an d used for fu rther s tudies. The e quilibrium c ontact time  i s 

independent of initial concentration of color. 

 
Figure 4.2: Effect of contact time with initial concentration on adsorption of color  

Color adsorption on Date seeds activated carbon adsorbent for three different initial 

concentrations 800, 1000 a nd 1200 P t-Co i s shown in Figure 4.2. A mount of  c olor 

adsorption per uni t m ass of  adsorbent increased with th e in crease o f in itial 

concentration. F or 800 Pt-Co i nitial c olor c oncentrations, c olor a dsorption r ate w as 

120 Pt-Co (per gram of adsorbent per l itre), whereas adsorption rate was 150 Pt-Co 

(per gram of adsorbent per l itre) for 1000 Pt-Co initial concentration and 168 Pt-Co 

(per gram of  adsorbent pe r l itre) for 1200 P t-Co c olor c oncentration. Bu t color 

removal percentage decreased with the increase of initial concentration a s shown in 

Figure 4.3.  Adsorption r ate i ncrease w ith t he i ncrease of  i nitial c oncentration, t his 

may b e d ue t o h igher i nteraction b etween ad sorbate and ad sorbent. Increasing t he 

initial color concentration w ould i ncrease t he mass t ransfer dr iving f orce and 

therefore the rate at which color induced molecules pass from the bulk solution to the 

particle s urface. Hence a  hi gher c oncentration of  c olor e nhances t he a dsorption 

process. This would increase the rate of adsorption process. 
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 Color removal percentage was more for the contact time from 0 to 30 minutes than 

from 30 to 60 m inutes. Maximum 77  percent color removed with 800 P t-Co in itial 

color concentration, whereas f or 1000  P t-Co initial c olor concentration 76 pe rcent 

color removed and 74 percent removed for 1200 Pt-Co initial color concentration. At 

30 m inutes e quilibrium contact t ime, c olor r emoval pe rcentages was 75 percent f or 

both the sample of 800 and 1000 Pt-Co initial color concentration and 70 percent was 

for 1200 Pt-Co initial concentration. The color removal depends on the availability of 

active sites present in adsorbent. As the treatment time progress, the activated carbon 

sites had the affinity towards saturation. At the start of experiment, the available sites 

present in adsorbent is more, so the adsorption rate is more. As the t ime progresses 

the availability of active site inside or outside of adsorbent gradually decreases, so the 

color r emoval gradually d ecreases. So a fter e quilibrium, a dsorption r ate w as not  

significant.  

 
Figure 4.3: Effect of contact time with initial concentration on removal of color 

Effect o f co ntact t ime with in itial c oncentration on removal of C OD o f te xtile 

wastewater using D ate s eeds activated car bon w as assessed in batch e xperiments. 

Once t he 30 m inutes equilibrium contact time  was s elected for th is s tudy, further 

COD removal was carried out for 30 minutes contact time. COD removal percentage 

for th ree d ifferent in itial COD concentrations 185, 225 a nd 300 m g/L is s hown in 

Figure 4.4.  
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Figure 4.4: Effect of contact time with initial concentration on COD removal 

COD removal percentage decreased with the increase of initial concentration. About 

85 percent C OD removed w ith 185 m g/L i nitial C OD c oncentration, w hereas 82 

percent COD removed for 225 m g/L concentration and 78 percent removed for 300  

mg/L.  The COD removal percentage depends on the number of availability of active 

sites in side o r outside of  a dsorbent. For a f ixed a mount of  a dsorbent a s t he i nitial 

concentration i ncreases t he a mount of  pol lutants i ncreases an d removal percentage 

decreases.  

4.3.2.2 Effect of adsorbent dosage on color and COD removal 

To assess t he effect o f dosage o f Date seeds powder act ivated car bon adsorbent on 

color a nd C OD r emoval, optimum dos age f or a c ertain r esidual c oncentration i s 

calculated f irst. Optimum dos age for b atch adsorption pr ocess was s elected f or a 

sample of 1200 P t-Co initial color concentration and 300 mg /L i nitial COD 

concentration from the plot of adsorption loading 𝑞𝑞𝑒𝑒  against residual concentration 𝐶𝐶𝑒𝑒 . 

For color adsorption, values of residual color and adsorption loading were calculated 

for different adsorption dosage ranges from 4 g/L to 14 g/L. Adsorption loading 𝑞𝑞𝑒𝑒  is 

plotted against residual concentration 𝐶𝐶𝑒𝑒  for 1200 Pt-Co initial color concentration as 

shown i n F igure 4.5 . F rom t his pl ot a dsorption l oading w as calculated f or r esidual 

color 150 Pt-Co. For this sample, 7.34 g/L adsorbent dosage is calculated for 150 Pt-

Co residual color but 7 g/L is used for further studies because of simplicity.  
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Figure 4.5: Adsorption loading for residual color 

Color r emoval pe rcentage i ncreased with t he increase o f d osage o f Date s eeds 

activated carbon adsorbent and decreased with the increase of initial concentration of 

wastewater sample. This is shown in Figure 4.6. This may be due to the increase in 

availability of surface active sites resulting from increased dose and accumulation of 

the a dsorbent. The amount of  color r emoval i ncreased f rom 77 t o 96  percent w ith 

increase i n d osage o f adsorbent f rom 4 t o 1 4 g /L for 1 200 P t-Co in itial c olor 

concentration sample and 87 percent color removed at 7g/L equilibrium dosage.  

 
Figure 4.6: Effect of adsorbent dosage on color removal 

For investigating the effect of dosage of Date seeds activated carbon on COD removal 

percentage, a plot of  C OD removal pe rcentage against dosages from 4 t o 14 g/L i s 
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shown in F igure 4.7 for a sample o f 300 mg/L initial COD cencentration. With the 

increase of  dos age of  a dsorbent, COD removal percentage increased. M aximum 9 6 

percent C OD removed at 14 g /L adsorbent dosage whereas for 7 g/L dosage, COD 

removal percentage was 83 percent. 

 
Figure 4.7: Effect of adsorbent dosage on COD removal 

4.3.2.3 Effect o f t emperature with initial c oncentration on color an d C OD 

removal 

Temperature h as significant effects on a dsorption pr ocess. T hermodynamic 

parameters like as heat of adsorption and energy of activation play an important role 

in predicating the adsorption behavior and both the parameters are strongly dependent 

on temperature. Adsorption of color at three different temperatures (30°C, 35°C and 

45°C) ont o D ate s eeds a ctivated c arbon w as s tudied f or 800, 1000 a nd 1200 P t-Co 

initial color concentrations. Results are shown in Figure 4.8. 

It i s obs erved t hat with the increase o f experimental t emperature and d ecrease o f 

initial concentration, color removal percentage increased. For the sample of 1200 P t-

Co i nitial c olor c oncentration, c olor r emoval pe rcentage increased f rom 67.5 t o 75  

percent with the increase of temperature from 30°C to 45°C, whereas for 1000 Pt-Co 

color concentration sample, removal percentage increased from 69 to 76 percent with 

increasing of temperature from 30°C to 45°C and for 800 P t-Co initial concentration 

72 to 78.33 percent color removed with increasing of temperature from 30°C to 45°C. 
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Figure 4.8: Effects of temperature with initial concentration on color removal 

The i ncrease i n co lor r emoval p ercentage with t he i ncreasing e xperimental 

temperature may be at tributed as  t he t emperature i ncreases, r ate o f d iffusion o f 

adsorbate m olecules a cross the external bounda ry l ayer and i nternal po res of  D ate 

seeds activated carbon adsorbent particle increases.  

For assessing the effect of temperature on COD removal batch adsorption process was 

also s tudied at t hree d ifferent t emperatures (30°C, 35°C and 45°C) onto Date s eeds 

activated carbon for 185, 225 and 300 mg/L initial COD concentrations. It is observed 

from the Figure 4.9 that with the increase of experimental temperature and decrease of 

initial concentration COD removal percentage also increased. For the sample of 185 

mg/L initial COD concentration, COD removal percentage increased f rom 85 t o 92  

percent with the increase of temperature f rom 30°C to 45°C, whereas for 225 m g/L 

COD concentration sample, removal percentage increased from 80 to 87 percent with 

increasing temperature from 30°C to 45°C and for the sample of 300 m g/L COD, 78 

to 85 percent COD removed with increasing temperature from 30°C to 45°C. 
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Figure 4.9: Effects of temperature with initial concentration on COD removal 

4.3.2.4 Effect of agitation speed of shaker with initial concentration on color and 

COD removal 

Adsorption is influenced by mass transfer parameters that are related to contact time, 

agitation s peed of t he s haker etc. T he ad sorption o f co lor b y D ate s eeds act ivated 

carbon for di fferent agitation s peeds of s haker ranging f rom 150  t o 250  rpm w ith 

varying initial c oncentration f rom 800 t o 1200 P t-Co were studied. T he a mount 

adsorbed w as f ound t o i ncrease f rom 120 t o 130 P t-Co ( per gram of  a dsorbent pe r 

litre) for Date seeds activated carbon with increase in agitation speed of shaker from 

150 to 250 rpm of an oscillator for a sample of 1200 Pt-Co initial color concentration.  

The color removal percentage increased with the increase of agitation speed of shaker 

is s hown i n F igure 4.1 0.  T his i s may b e with lo w a gitation s peed of s haker, the 

greater contact time is required to attain the equilibrium and or reduction of particle 

size. With the increase of initial color concentration, removal percentage decreased in 

this s tudy. For t he s ample of  1200  P t-Co i nitial c olor c oncentration, c olor r emoval 

percentage increased f rom 65 t o 71.25 pe rcent with increasing of agitation speed of 

shaker from 150 rpm to 250 rpm, whereas for 1000 Pt-Co color concentration sample, 

removal percentage increased from 68 to 74 percent with increasing of agitation speed 

of shaker from 150 rpm to 250 rpm and for 800 Pt-Co concentration sample 70 to 76 

percent color removed with increasing agitation speed of shaker from 150 rpm to 250 

rpm. 
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Figure 4.10: Effects of agitation speed with initial concentration on color removal 

Effect of agitation speed with initial concentration on COD removal studies is shown 

in Figure 4.11. Similarly, like as  color removal, COD removal percentage increased 

with increasing agitation speeds of s haker and d ecreasing initial c oncentrations.  

Maximum 84, 85 and 88 percent COD was removed for agitation speed 150, 200 and 

250 rpm respectively for the sample with 185 mg/L initial COD concentration. COD 

adsorption rate per u nit m ass of  a dsorbent i ncreased with th e in crease o f in itial 

concentration of the samples. 

 
Figure 4.11: Effects of agitation speed with initial concentration on COD removal 
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4.3.2.5 Effect of particle size on color and COD removal 

Effect o f p article s izes o n r emoval of  c olor a nd C OD for t extile w astewater was 

investigated. Batch adsorption experiments was carried out  for the removal of  color 

and COD from aqueous solution of initial color and COD concentration 1200 Pt-Co 

and 300 mg/L r espectively using Date s eeds a ctivated c arbon for three different 

particle sizes  >150 µm, (150-300) µm and (300-425) µm. Results are shown in Figure 

4.12.   

 
Figure 4.12: Effects of particle sizes on color and COD removal 

It s howed that r emoval ef ficiency of bot h c olor a nd C OD were decreased w ith 

increasing pa rticle s ize of  D ate s eeds a ctivated carbon. A bout 72 pe rcent of  c olor 

removed with particle size >150 µm, whereas 68 percent color removed with particle 

size 150-300 µm and 65 percent removed with particle size 300-425 µm.   

For C OD removal, ma ximum 8 5 p ercent o f C OD r emoved with p article s ize >150 

µm, whereas 82 percent removal efficiency was found with particle size 150-300µm 

and 80 percent with particle size 300-425 µm. The removal efficiency decreased with 

the i ncrease of particle s ize. T his m ay b e a ttributed a s f or t he s ame a mount of  

adsorbent, s maller t he p article s ize, g reater t he t otal s urface ar ea t hat o ffered l arge 

number of active sites for removal of adsorbate by adsorbent.  
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4.3.2.6 Effect of pH on color and COD removal 

Effect o f pH on r emoval of  c olor a nd C OD using D ate s eeds a ctivated car bon was 

investigated over a  range o f p H from 5 t o 11 . B atch a dsorption e xperiment w as 

studied with the sample of initial color and COD concentration 1200 Pt-Co and 300 

mg/L respectively.  The removal pe rcentage of  both color and COD increased with 

increasing pH  f rom 5 t o 11 . Maximum c olor a nd C OD r emoved us ing Date s eeds 

activated carbon at pH 11 and minimum removed at pH 5.  Both the results are shown 

in Figure 4.13.  

 
Figure 4.13: Effects of pH on color and COD removal 

At pH 5, color and COD removal were 55 percent and 65 percent respectively and at 

higher pH 11, 92 p ercent color and 95 p ercent COD were removed. The increasing 

trend of  r emoval of  bot h c olor a nd C OD w ith increasing pH i s de pendent on t he 

nature o f t he adsorbent. D ate s eeds activated carbon w as act ivated u sing ZnCl2 

activating a gent a nd pH  of D ate s eeds act ivated car bon w as measured as 4.47 t hat 

denotes the p roperty o f Date s eeds a ctivated carbon i s aci dic in n ature and reacts 

better with aqueous s olution of basic in na ture. This r esult c oncluded that th e 

activated carbon having different surface functional groups such as acidic and basic, 

which have direct influence of pH. 
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4.3.3   Adsorption isotherm analysis 

4.3.3.1 Freundlich isotherm for COD removal 

The e xperimental da ta was f itted i nto bot h F reundlich a nd Langmuir i sotherm to 

know the amount a dsorbed. F reundlich and Langmuir COD removal isotherm for 

different temperatures (30°C, 35°C and 45°C) are shown in F igure 4.14 and F igure 

4.15 respectively. Values of adsorption capacity,  𝐾𝐾𝑓𝑓  and intensity of adsorption, n for 

Freundlich isotherm were determined from the slop and intercepts of the plot log 𝑞𝑞𝑒𝑒   

against log 𝐶𝐶𝑒𝑒  (Figure 4 .14) fo r 3 0°C, 35 °C a nd 45 °C temperature were given i n 

Table 4.2.   

 
Figure 4.14: Freundlich isotherm for COD removal 

The pl ots of  log 𝑞𝑞𝑒𝑒   against log 𝐶𝐶𝑒𝑒  showed g ood l inearity (R2 = 0.900 t o 0.986 ) 

indicating the removal of COD obeys the Freundlich adsorption isotherm. Values of n 

obtained from these plots were from 2.304 to 2.398 that lie between 2 t o 3 indicates 

an e ffective a dsorption ( Potgeiter, e t a l., 2005) . Adsorption capacity, 𝐾𝐾𝑓𝑓  were 

increased from 5.44  t o 7.16 with in creasing temperature f rom 3 0°C, t o 45 °C 

represents an easy uptake of adsorbate from the solution with increasing temperature 

(Mahvi, e t a l., 2004) . As shown in Table 4.2, r elatively high regression coefficients 

(R2) suggested that Freundlich models was more suitable for describing the removal 

behavior of COD by Date seeds activated carbon because of formation of multilayer 

of adsorbate species onto adsorbent. 
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4.3.3.2 Langmuir isotherm for COD removal 

To f it the data of COD removal at t emperatures 30°C, 35°C and 45°C in Langmuir 

isotherm model, 𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒⁄  was plotted against 𝐶𝐶𝑒𝑒  as shown in Figure 4.15. A linear plot 

of 𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒⁄  against 𝐶𝐶𝑒𝑒  suggested the applicability of the Langmuir isotherm models (R2 

= 0 .900 to 0.979) . Monolayer ( maximum) a dsorption c apacity 𝑞𝑞𝑚𝑚  and L angmuir 

constant related to energy of adsorption b were determined from slop and intercept of 

the plot given in Table 4.2. Monolayer (maximum) adsorption capacity, 𝑞𝑞𝑚𝑚  obtained 

from Langmuir plots were 55.55  mg/g for 45°C and 52.63 m g/g for both 30°C and 

35°C temperature.  

 
Figure 4.15: Langmuir isotherm for COD removal 

The es sential f eatures o f t he Langmuir i sotherm can  b e expressed i n t erms o f 

dimensionless constant separation factor 𝑅𝑅𝑙𝑙  which was obtained from the Eq. (5). In 

the present study, 𝑅𝑅𝑙𝑙  values are obtained from 0.11 to 0.173 for Date seeds activated 

carbon that lie between 0 and 1 indicates favorable adsorption. 

Table 4.2: Isotherm parameters and correlation coefficients for COD removal  

Temperature  
°C 

Freundlich isotherm parameters Langmuir isotherm parameters 
𝐾𝐾𝑓𝑓  n R2 𝑞𝑞𝑚𝑚  R (mg/g) b (mg-1) R2 

30 5.44 2.369 0.900 52.63 0.0258 0.900 
35 5.83 2.304 0.986 52.63 0.032 0.979 
45 7.16 2.398 0.934 55.55 0.041 0.930 
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4.3.3.3 Freundlich isotherm for color removal 

Both Freundlich and Langmuir c olor a dsorption i sotherm f or di fferent t emperatures 

(30°C, 35 °C a nd 45 °C) a re s hown i n F igure 4.16 a nd F igure 4.17  respectively. 

Freundlich i sotherm pa rameters s uch a s adsorption c apacity, 𝐾𝐾𝑓𝑓   and i ntensity o f 

adsorption, n for c olor a dsorption w ere obt ained f rom t he s lop a nd i ntercept of  t he 

plot log 𝑞𝑞𝑒𝑒  against log 𝐶𝐶𝑒𝑒   (Figure 4.18) for 30°C, 35°C and 45°C temperature were 

given in Table 4.3.  

 
Figure 4.16: Freundlich isotherm for color adsorption 

Though the correlation coefficient of the plots of  log 𝑞𝑞𝑒𝑒  against log 𝐶𝐶𝑒𝑒  showed good 

linearity (R2 = 0.996 to 0.999) indicating the adsorption of color obeys the Freundlich 

adsorption isotherm. Values of n obtained from slop of these plots were from 1.36 to 

1.64 that is more than 1 that indicates adsorption of color at different temperature is a 

favourable process (Potgeiter, e t a l., 2005) . V alues of  a dsorption c apacity, 𝐾𝐾𝑓𝑓  is 

increasing w ith t he i ncrease o f t emperature, b ut n ot l inearly. So t he F reundlich 

isotherm explains the d ata obtained f or c olor a dsorption us ing D ate s eeds a ctivated 

carbon at  d ifferent t emperatures. As s hown i n T able 4.3 , r elatively hi gh r egression 

coefficients (R2) suggested that Freundlich models was more suitable for describing 

the removal behavior of color by Date seeds activated carbon because of formation of 

multilayer of adsorbate species onto adsorbent. 
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4.3.3.4 Langmuir isotherm for color removal 

Langmuir is otherm mo del was u sed to  f it th e data of color removal at different 

temperatures 30°C, 35°C and 45°C by plotting 𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒⁄  against 𝐶𝐶𝑒𝑒  as shown in Figure 

4.17. A l inear plot o f 𝐶𝐶𝑒𝑒 𝑞𝑞𝑒𝑒⁄  against 𝐶𝐶𝑒𝑒  suggested the applicability of the Langmuir 

isotherm models ( R2 = 0 .962 to 0.986 ). M onolayer (maximum) a dsorption c apacity 

𝑞𝑞𝑚𝑚  and Langmuir c onstant related t o e nergy o f adsorption b were d etermined fro m 

slop and intercept of  the plot given in Table 4.2. M onolayer (maximum) adsorption 

capacity, 𝑞𝑞𝑚𝑚  obtained from Langmuir plots were from 333 to 500 Pt-Co (per gram of 

adsorbent per litre) for temperature from 30°C to 45°C as shown in Table 4.3.  

 
Figure 4.17: Langmuir isotherm for color adsorption 

In the present s tudy, for Date seeds activated carbon color adsorption, the values of 

dimensionless separation factor 𝑅𝑅𝑙𝑙  obtained using Eq. (5) were from 0.284 to 0.581 

that lie between 0 and 1 indicates favorable adsorption.  

Table 4.3: Isotherm parameters and correlation coefficients for color removal  

Temperature  
°C 

Freundlich isotherm parameters Langmuir isotherm parameters 
𝐾𝐾𝑓𝑓  n R2 𝑞𝑞𝑚𝑚  R  b (mg-1) R2 

30 2.80 1.64 0.996 333 0.0016 0.978 
35 1.57 1.36 0.997 500 0.0009 0.986 
45 3.85 1.61 0.999 333 0.0021 0.962 
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4.3.4 Adsorption kinetic study 

Adsorption ki netic s tudy is us ed t o i nvestigate t he m echanism a nd r ate controlling 

steps of adsorption. The mechanism of adsorption involves the chemical reactions of 

the f unctional groups present on t he s urface of  t he a dsorbent a nd a dsorbate, 

temperature and pH (Baseri et  al., 2012). In the literature, several models have been 

applied t o know  t he or der of  a dsorbent-adsorbate i nteractions an d t he r ate o f 

adsorption of  c olor. In t his pr esent s tudy, the following th ree kinetic m odels w ere 

applied f or t he ex perimental d ata. Kinetic s tudy f or c olor a dsorption w as onl y 

analyzed us ing t hese ki netic m odels but  a nalysis c ould not  c arried out  f or C OD 

because of limitation of time. 

4.3.4.1 Pseudo first order kinetic model 

In P seudo f irst or der ki netic m odel  The pl ots of log(𝑞𝑞𝑒𝑒  - 𝑞𝑞𝑡𝑡) against t for c olor 

adsorption for three different initial color concentrations 800 P t-Co, 1000 Pt-Co and 

1200 P t-Co r espectively w ere s hown i n F igure 4.18. T he pl ots gave a  s traight lin e 

with a slope of -𝑘𝑘1/2.303 and intercept of log 𝑞𝑞𝑒𝑒  that allows to determine pseudo first 

order r ate c onstant, 𝑘𝑘1 and t heoretical amount of  c olor a dsorbed pe r uni t m ass of  

adsorbent per litre, 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) respectively. Pseudo first order rate constant 𝑘𝑘1 and 

theoretical a dsorption 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) were obt ained from t he s lope a nd i ntercept of  

plot log (𝑞𝑞𝑒𝑒  - 𝑞𝑞𝑡𝑡) against t.  

 
Figure 4.18: Pseudo first order plot for color adsorption 
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Table 4.4: Parameters of Pseudo-first order kinetic model 
Initial color 

concentration 
𝑞𝑞𝑒𝑒  (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 )  

 
𝑘𝑘1   𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) R2 t1/2 

 
800 120 0.083 9.036 0.900 0.83 

1000 146 0.104 17.3 0.988 1.14 
1200 168 0.124 41.11 0.827 1.70 

Note: Unit of  𝑞𝑞𝑒𝑒   in Pt-Co (per gram of adsorbent per litre). 

Theoretical adsorption 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) were co mpared w ith t he ex perimental 

adsorption 𝑞𝑞𝑒𝑒  (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) values as s hown in T able 4.4. Experimental a dsorption, 

𝑞𝑞𝑒𝑒  (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 )R values d iffer widely from t he c orresponding t heoretical va lues 

𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) and al so co rrelation coefficient v alues ( R2) are not hi gh fo r all 

concentrations which show that pseudo first order kinetic study of Langergen does not 

fit well with whole range of contact time and is generally applicable for initial stage 

of adsorption (Ho and Mckay, 1998). 

4.3.4.2 Pseudo second order kinetic model 

Since pseudo f irst order equation does not  f it w ell, the Langergen p seudo – second 

order kinetic model was used to f ind out  the rate of  adsorption. The pseudo second 

order kinetic model plots 𝑡𝑡 𝑞𝑞𝑡𝑡⁄  against t for color adsorption for three different initial 

concentrations 800 P t-Co, 1000 P t-Co a nd 120 0 P t-Co r espectively are shown i n 

Figure 4.19.  

 
Figure 4.19: Pseudo second order plot for color adsorption 
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Rate constant of second order adsorption, 𝑘𝑘2 and theoretical adsorption, 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) 

values ar e c alculated f rom t he i ntercepts and s lopes o f p lot 𝑡𝑡 𝑞𝑞𝑡𝑡⁄  against t. Fr om 

highly linear plots it is clear that there may be a possibility of chemisorptions playing 

a significant role in the rate determining step.   

The pseudo second order parameters 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ), h and 𝑘𝑘2  obtained from the plot  

are presented in Table 4.5. Where h, initial adsorption rate was obtained from Eq. (9). 

The correlation coefficient, R2 for second order adsorption model has very high values 

for the adsorbents (R2 = 0.999) and theoretical adsorption, 𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 )  values are 

consistent with experimental adsorption, 𝑞𝑞𝑒𝑒  (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) that showed Pseudo second 

order kinetic mo del of Langergen f itted well w ith w hole r ange o f co ntact t ime an d 

adsorption process appears to be controlled by chemisorptions. 

Table 4.5: Parameters of Pseudo-second order kinetic model 
Initial color 

concentration 
𝑞𝑞𝑒𝑒  (𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 )  𝑘𝑘2  

 
𝑞𝑞𝑒𝑒  (𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ) h 

 
R2 

800 120 0.01 125 129.6 0.999 
1000 146 0.006 166.67 191.8 0.999 
1200 168 0.0035 200 169.3 0.999 

Note: Unit of  𝑞𝑞𝑒𝑒   in Pt-Co (per gram of adsorbent per litre). 

4.3.4.3 Intra particle diffusion model 

The overall adsorption process may be indeed controlled either by one or more steps, 

e.g., film or external diffusion, pore diffusion, surface diffusion and adsorption on the 

pore s urface, or  a  combination of  m ore t han one  s tep. Compared t o t he e xternal or  

internal di ffusion s tep, t he adsorption s tep i s usually va ry fast for t he a dsorption of  

organic c ompounds on por ous a dsorbents ( Sarker e t a l., 2003) . In a r apidly s tirred 

batch adsorption pr ocess, t he diffusive m ass t ransfer is related to an a pparent 

diffusion coefficient, which will fit the experimental asorptionrate data. Generally, a  

process i s di ffusion-controlled i f its r ate d epends o n t he r ate at  w hich c omponents 

diffuse towards one  a nother (Fierro e t a l., 2008) . To r ealize t he ex act d iffusion 

mechanism, t he a dsorption ki netic da ta w ere f urther a nalyzed b y a n i ntra-particle 

diffusioin model (Weber and Morries, 1963).  
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The intra particle diffusion rate constant (𝑘𝑘𝑖𝑖)   and I , a constant that gives idea about 

the baundary l ayer t hickness ar e obtained from t he Eq. (10).  𝑘𝑘𝑖𝑖  and I are obtained 

from the s lop  and intercept of the  plot 𝑞𝑞𝑡𝑡  against 𝑡𝑡1 2⁄  shown in F igure 4.20.  The 

intercepts I and 𝑘𝑘𝑖𝑖  values of pl ots 𝑞𝑞𝑡𝑡   against 𝑡𝑡1 2⁄  increases w ith i ncrease o f i nitial 

color concentration i s given in Table 4.6 . The larger the value of  I , t he greater the 

boundary layer effect is. Figure 4.20 presents the data points that are related to two or 

more straight lin es, i ndicating a dsorption w as not  onl y controlled b y only i ntra-

particle diffusion; both external film and intra-particle diffusion mechanism were the 

rate c ontrolling s teps. T he fi rst linear portion w as due  t o film di ffusion of  c olor 

through solution onto the ex ternal surface of Date seeds act ivated carbon. The l ater 

portion r efers t o s low i ntra-particle por e di ffusion. This in dicates th at b oth external 

film and intra-particle pore diffusion mechanism were involved in the adsorption of  

color onto Date seeds activated carbon. 

 
Figure 4.20: Intra particle diffusion plot for color adsorption 

Assuming s pherical ge ometry of  t he adsorbents, t he ove rall r ate constant of  t he 

process can be correlated to the pore diffusion or film diffusion in accordance with the 

pore di ffusion coefficient an d film diffusion c oefficient obtained f rom t he E q. ( 11) 

and Eq. (12). For this study 𝑟𝑟𝑜𝑜  radius of the adsorbent (cm) was 0.0075 c m, 𝑡𝑡1
2�
, the 

time necessary to obtain half the initial concentration  is obtained from the Eq. (13).  
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given in Table 4.6 , using these values; the film diffusion coefficient (  𝐷𝐷𝑓𝑓) and pore 

diffusion coefficient ( 𝐷𝐷𝑝𝑝 ) were calculated are given in Table 4.6.  

Michelson et al., (1975) suggested if the diffusion coefficient lies between 10-6 – 10-8 

cm2/sec, the  f ilm diffusion will be rate limiting while if pore diffusion coefficient is 

in the range of   10-11 – 10-13 cm2/sec, the pore diffusion will be the rate limiting. In  

order t o find out  t he n ature of  pr ocess r esponsible f or a dsorption on t o c hosen 

adsorbent, attempts were made to calculate the diffusion coefficient of the process. It 

was found that estimated film and pore diffusion were in the range of 0.563 x 10-7 to 

1.38 x  10 -7 cm2/sec a nd 1.65 x  10 -8 to 3.389 x 10 -7 cm2/sec f or c olor a s s hown i n 

Table. Thus, it may be concluded from the calculated diffusion coefficients from this 

study t hat a s t he di ffusion va lues w ere m ore or  l ess e qual  a nd w ere a lso i n r ange 

within the two limits; either of the two (i.e., film diffusion or pore diffusion) or both 

might be rate controlling. 

Table 4.6: Film diffusion and pore diffusion coefficients for color removal 

Initial color 
Conc. (Pt-Co) 

Intra particle diffusion model 𝑡𝑡1
2�
, 

sec 

𝐷𝐷𝑝𝑝  
cm2/sec 

𝐷𝐷𝑓𝑓  
cm2/sec 𝑘𝑘𝑖𝑖   I R2 

800 1.656 110.6 0.967 49.8 3.389 x 10-7 1.38 x 10-7 

1000 3.008 130.4 0.924 68.4 2.467 x 10-8 1.009 x 10-7 
1200 4.051 143.2 0.887 102 1.65 x 10-8 0.563 x 10-7 

4.3.5 Thermodynamics of adsorption 

Spontaneity o f a p rocess can  b e d etermined b y thermodynamic p arameters s uch as  

enthalpy change (ΔH°), free energy change (ΔG°) and entropy change (ΔS°) using 

Eq. (17) and Eq. (18). A spontaneous process will show a decrease in ΔG° and ΔH° 

values w ith i ncreasing t emperature. T he t emperatures u sed i n t he t hermodynamic 

study w ere 303, 308 a nd 318 K .  𝐾𝐾𝑜𝑜    is t he r atio of  c oncentration i n s olid pha se 

(values a re obt ained b y t he s ubtraction of  l iquid pha se c oncentration f rom i nitial 

concentration) a nd l iquid pha se c oncentration. Values of ∆H a nd ∆S for C OD a nd 

color removal (presented in Table 4.7 and Table 4.8) are obtained from the slope and 

intercept of  pl ot ln 𝐾𝐾𝑜𝑜   against 1 𝑇𝑇 ⁄ are s hown i n F igure 4.21 and F igure 4. 22 

respectively.  
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Figure 4.21: Von’t Hoff plot for COD removal 

The negative value of ∆G indicates the adsorption is favorable and spontaneous. ∆G 

increases w ith i ncrease i n t emperature and decreases w ith i ncrease i n i nitial 

concentration of  COD. The pos itive va lues of  ∆H for both COD and color indicate 

that the removal of COD and color onto Date seeds activated carbon is endothermic in 

nature, which is supported by the increase in removal of COD by Date seeds activated 

carbon with the increase in temperature. This may be attributed to increased surface 

coverage at higher temperature, expansion and creation of reactive and active sites.  

 
Figure 4.22: Von’t Hoff plot for color removal 

The low positive values of ∆H (2.956 to 3.286 KJ/mole) indicate physis-sorption and 

endothermic na ture of  a dsorption ( Arivoli, 2007 a nd R enmin et a l., 200 5). Further 

R² = 0.999
R² = 0.943

R² = 0.999

0

0.5

1

1.5

2

2.5

0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

ln
 K

o

1/T

185 mg/L

225 mg/L

300 mg/L

R² = 0.911

R² = 0.990
R² = 0.996

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0.0031 0.00315 0.0032 0.00325 0.0033 0.00335

ln
 K

o

1/T

800 Pt-Co

1000 Pt-Co

1200 Pt-Co

63 

 



more i f ∆G d ecreases with i ncrease i n t emperature i t indicates a n e ndothermic 

process. The positive values of ∆S indicate the increased disorder and randomness at 

the solid liquid interface of adsorbate with the adsorbent. The increase of adsorption 

capacity of the adsorbent at higher temperatures was due to enlargement of pore size 

and a ctivation of  adsorbent surface (Weber, 196 7 and V edivelan and V asnthkumar, 

2005). 

Table 4.7: Thermodynamic parameters for COD removal 

Initial COD 
conc. (mg/L) 

 𝐾𝐾𝑜𝑜   ∆G (kJ/mole) ∆H 
(kJ/ 

mole) 

∆S 
(J/K 

/mole) 
303 K 308 K 318 K 303 K 308 K 318 K 

185 5.85 7.04 9.88 -4.450 -4.998 -6.056 0.39 1.51 
225 3.89 5.25 6.5 -3.422 -4.246 -4.949 0.37 1.39 
300 3.54 4.17 5.67 -3.185 -3.656 -4.588 0.35 1.32 

 

Table 4.8: Thermodynamic parameters for color adsorption 

Initial color 
conc. (Pt-Co) 

 𝐾𝐾𝑜𝑜   ∆G (kJ/mole) ∆H 
(kJ/ 

mole) 

∆S 
(J/K 

/mole) 
303 K 308 K 318 K 303 K 308 K 318 K 

800 2.57 2.63 3.62 -2.37 -2.47 -3.40 0.27 1.01 
1000 2.22 2.45 3.16 -2.00 -2.29 -3.04 0.26 0.97 
1200 2.07 2.33 3.00 -1.83 -2.16 -2.90 0.28 1.01 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions 

The quality of the textile raw effluent was evaluated through laboratory analysis and 

the s ample u sed f or th is s tudy w as p repared f rom r aw s ample th rough f iltration to  

avoid the effect of filtration in the final treated effluent. The residual concentration of 

Date seeds activated carbon treated effluent meets ECR-97 discharge standards. The 

main o bjective o f t his thesis w as t o ev aluate t he ef ficiency o f D ate s eeds act ivated 

carbon for the treatment of textile effluent and to understand the treatment process.  

Following conclusions can be drawn from this study: 

1. The a dsorption c apacity of  Date s eeds act ivated car bon for the t reatment o f 

textile effluent was satisfactory. Maximum 92% color and 95% COD removed at 

equilibrium contact time and optimum dosage under basic aqueous solution. 

2. The data obtained from adsorption isotherms are fitted well with both Langmuir 

and Freundlich isotherm model; but Freundlich isotherm model fitted better. The 

possible r eason m ay b e l ikely t he f ormation of  m ultilayer of  s olute ove r 

adsorbent.   

3. Removal of both color and COD were found to increase with increasing contact 

time, adsorbent dosage, temperature, agitation speed, pH and decreasing particle 

sizes.  

4. Kinetic studies showed that the adsorption of color followed pseudo second-order 

model with multi-step intra-particle diffusion model. 

5. Thermodynamic s tudy s howed t hat t he r emoval of  c olor a nd C OD us ing D ate 

seeds a ctivated carbon i s s pontaneously f avourable, e ndothermic a nd i ncreased 

disorder and randomness at the solid liquid interface of adsorbate with adsorbent. 
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5.2 Recommendations for further studies 

Tertiary treatment of textile effluent is the ultimate treatment prior to discharge to the 

environment. So discharged effluent must fulfill the discharge criteria mentioned in 

ECR-97. M ost of  t he textile i ndustry o wners are unw illing t o i nvest i n e ffluent 

treatment cost, so it could be investigated the potentiality of use of low-cost available 

waste materials for the treatment of textile effluent.  

1. The present study was carried out for 30 minutes equilibrium contact time but 

in r eal f ield r etention o f f lowing w astewater for 3 0 min utes will require 

holding facility. So contact time may be reduced for further study. 

2. The study was carried out for different temperature from 30°C to 45°C; but the 

actual temperature was recorded that might have some error. So the error o f 

temperature should be taken into consider in future study. 

3. Color s canning for d etermining the opt imum wavelength for b est adsorption 

should be done prior to use of Spectrophotometer in  future study.  

4. Granular activated carbon can be prepared from Date seeds for using in fixed 

bed column treatment to know the volume of wastewater can be treated. 

5. The applicability of Date seeds activated carbon for the treatment of drinking 

water, for the tr eatment of e ffluent f rom o ther in dustries (paper and leather) 

and for the removal of pesticide from aqueous solution can be investigated. 
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