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ABSTRACT 



ABSTRACT 

\Vastcwater reclamation mu t en ure remo\'al of residual pol l utants to a high degree 

so a to make the \\ ater acceptabl e  for the de ignated reuse, There has been a gro\\ i n g  

i nter s t  worldwide t o  employ cost-effecti\'e treatment methods for pol i shi n g  

secondary treatment v astewater effluents, Carbon adsorption has proved to be an 

effective method for effluent pol ishing but  treatment costs  are relat iwly high, 

A l -Ain wastewater treatment p l ant at Zakher has a design capacity of 54_000 m3/day 

and incorporates pre l iminary treatment, fol l o\\'ed by extended aerat ion and d ual­

media fi ltrat ion for effluent pol ishing before "-ater reuse in i rrigat ion. The chemical 

q ual ity of the treated effluent produced at Zakher treatment p l an t  has yet to be 

determined.  Of primary i mportance are the trace organi c  contami nants (e.g .  phenols) 

that adversel y  affect the effluent qual i ty and suitab i l ity for reuse . After the chemical  

contam inants are quantitatiyely ident ified it is  essential to  determine adequate 

methods for further pol i shing of the effluent by uti l izing l ocal l y  a\'ai lable  adsorbents. 

For this purpose, Palm Date Kern e l  Activated Carbon (PDKAC)_ a local ly made 

adsorbent, h as been used for the adsorption of compounds (phen o l ,  ani l i ne, and 

methylene b l ue) i n  batch tests at 25°C and adsorbent part ic le  size � 75 /lm. 

II 



rhis must be inve tigated and the results of this study can be helpful in developing an 

economically viable method for removal of residual pollutants from \\astewater 

crnucnts. If recommended \\ater quality standards can be met the treated \\ater can 

be utIII7ed fI r ther municipal. industrial and agricultural purposes. 

The removal of trace contaminants from wastewater effluent using local adsorbents 

has been investigated using adsorption techniques. The experimental results ha\"e 

indicated that the PDKAC has high selectivity for adsorbing phenol > aniline> 

methylene blue. The experimental isotherm data were fitted by both Freundlich and 

Langmuir isotherm models. The results revealed the potential use of PDKAC as a 

low-cost adsorbent. 
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INTRODUCTION 
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PROBLEM DEVELOPMENT 



1 .1  Genera l 

INTRODUCTION 

& 
PROBLEM DEVELOPMENT 

CHAPTER 1 

From the early 1 970s to about 1 980, wastewater treatment objectives were based 

primarily on aesthetic and enyironmental concerns. The earlier objectiws of BOD. 

suspended solids, and pathogenic organisms reduction continued but at higher }eyels. 

Removal of nutrients such as nitrogen and phosphorus also began to be addressed. 

particularly in some of the inland streams and lakes. Effort was undertaken to achieve 

more effective and widespread treatment of wastewater to improve the quality of the 

surface water. This effort resulted in part from (1) an increased understanding of the 

environmental effects caused by wastewater discharges; (2) a developing knowledge of 

the adverse long-term effects caused by the discharge of some of the specific constituents 

found in wastewater; (3) the development of national concern for em·ironmental 

protection. The result of these efforts was a significant improyement in the quality of the 

surface waters. 

Since 1 980, because of increased scientific knowledge and an expanded information base. 

wastewater treatment has begun to focus on the health concerns related to toxic and 

potentially toxic chemicals released to the environment. The water quality important 



objectives of the 1970s have continued, but the emphasis has shifted to the defmition and 

removal of toxic and trace compounds that may cause long-term health effects. As a 

consequence, while the early treatment objecti\ es remain valid today. the required degree 

of treatment has increased significantly. and additional treatment objecti\'es and Q:oals 

have been added. 

ewage hould be treated before its ultimate disposal into a receiYing v;atercourse in 

order to: (a) reduce the spread of communicable diseases caused by the pathogenic 

organisms in the sev,:age: and (b) prevent the pollution of surface and ground water. 

These two reasons are interdependent to the extent that a polluted body of water is a 

potential and frequently an actual source of infection, particularly in hot climates. 

Wastewater Treatment Techniques 

The principle methods now used for the treatment of wastewater and sludge are identified 

in this section. Detailed descriptions of each method are not presented because the 

purpose here is only to introduce the man\" different ways in which treatment can be 

accomplished. 

1. Prel iminary and Primary Wastewater Treatment  

Preliminary wastewater treatment is defined as the removal of wastewater constituents 

that may cause maintenance or operational problems with the treatment operations. 

processes, and ancillary systems. Examples of preliminary operations are screening and 

comminution for the removal of debris and rags, grit removal for the elimination of 
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coarse suspended matter that may au e wear or c logging of equipment. and floatat ion for 

the remo\ al of large quantit ie of oi l  and grease. 

In  pnmary treatment. a portion of the suspended sol ids and organic matter is  removed 

from the wastewater. This removal i usua l ly  accompli shed with physical  operation such 

as screening and sedimentation. The effluent from pri m ary treatment wi l l  ordi nari ly 

contain considerable organic  matter and wi l l  have a re l at ively high BOD. Treatment 

p lant using only primary treatment wi l l  be phased out in  the future as implementation of 

the E PA secondary treatment requirements i s  completed. Only in rare i nstances (for those 

communities having a secondary treatment waiver) wi l l  pri mary treatment is used as sole 

method of treatment. The principle function of primary treatment wi l l  continue to be as a 

precursor to secondary treatment. 

P rimary treatment v.il l  typica l ly  remove about 60 percent of the raw sewage suspended 

sol i ds and 35 percent of the B ODs. 

2. Convent ional Secondary wastewater Treatment 

The major goal of secondary treatment i s  to remove ·the soluble BODs that escapes the 

prImary process and to provide added removal of suspended solids. Secondary treatment 

i s  typica l ly  achieved by usmg biological processes. These provide the same biologica l  

reactions that would occur in the receiving water i f  it  had adequate capaci ty to assimi late 

the wastewater. The secondary treatment processes are designed to speed up these natural 

processes so that the breakdown of the degradable organi c  pol lutants c an be achieved i n  
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rclati,el)  hort time period , Al though e ondary treatment may rcmo\ 'e more than 8'::­

percent of the BOD5 and suspended sol ids. it does not remove s igni ficant amounts of 

nitrogen. pho phoru . or heavy metal . nor does it completely remo\'e pathogenic bacteria 

and vi ruses. 

econdary treatment is directed principal ly towards the removal of biodegradable 

organics and suspended sol ids, Disinfection is inc luded frequent ly  in  the defin i t ion of 

conventional secondary treatment. Conventional secondary treatment is also defincd as 

the combination of processes customari ly  used for the removal of these constituents and 

inc ludes biological treatment by activated sludge, fi xed-fi lm reactors. or lagoon systems 

and sedimentation. 

3. Nutrient  Removal or Control 

The removal or control of nutrients 111 wastewater treatment IS i mportant for se\'eral 

reasons. utrient removal or control i s  general ly required for (1 ) d ischarges to confined 

bodies of water where eutrophication may be caused or accelerated, (2) discharges to 

flowing streams where n i trification can tax oxygen resources or w here rooted aquatic 

plants can flourish. and (3) recharge of groundwater that may be used indirect ly for 

publ ic water suppl ies, The nutrients of principle concern are nitrogen and phosphorus that 

may be removed by biological .  chemical , or a combination of the processes, I n  m any 

cases. the nutrient removal processes are coupled with secondary treatment: for example. 

metal salts may be added to the aeration tank mixed l iquor for the precipitation of 

4 



pho phorus i n  the final sedimentat ion tanks, or biological denitri fication may fol low an 

acti vated l udge process that produce a nitr i fied e ffl uent .  

4 .  Toxic "a te Treatment/Specific Contaminant removal 

The removal of toxic substances and speci fic contaminants is a complex subject .  For 

industrial waste discharges to municipal col lection and treatment system, pretreatment 

prior to discharge to the municipal  system usua l ly  controls the concentrations of toxic 

pol lutant . In some cases, removal of toxic substance is done at the municipal treatment 

fac i l i ties. Many toxic substances such as heavy meta ls  are reduced by some form of 

chemical-physica l  treatment such as chemical coagu lat ion, flocculation, sedimentation, 

and fi ltration. Some degree of removal is a lso accompl ished by conventional secondary 

treatment. Wastewaters containing volat i l e  organic constituents may be treated by air 

stripping or by c arbon adsorption. mal l concentrations of specific contam inants may be 

removed by ion exchange. 

5. Advanced Wastewater Treatment 

Although secondary treatment processes, when coupled with disinfection, may remove 

over 85 percent of the BOD and suspended sol ids and nearly al l pathogens, only minor 

removal of some pol lutants, such as n itrogen, phosphorus, soluble COD, and heavy 

meta ls, i s  ach ieved. In these cases, processes capable  of removing pol l utants not 

adequate ly  removed by secondary treatment are used in  what i s  cal led tertiary wastewater 

treatment (these processes have often been ca l led advanced wastewater treatment). 
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• Filtration 

By using a fi l trat ion process s imi lar to that used in water treatment plants. it i possible to 

remove the residual u pended ol ids, including the unsett led bacteria. Removing the 

bacteria a lso reduces the residual BOD5· Conventional sand filers identical to those used 

in v·/ater treatment can be used. but they often clog quickly. thus requiring frequent 

bacb ashing. To lengthen fi l ter runs and reduce backwashing. it is desirable to have the 

l arger particles of biological floc to be trapped at the surface without c logging the fi l ter .  

Mult imedia fi l ters accompl ish this by using low-density coal for the large grain sizes, 

medium-density sand for intennediate sizes. and high-density garnet for the smal lest size 

fi lter grains. Thus, during backwashi ng. the greater density offsets the smal ler diameter 

so that the coal remains on top. the sand remains in the m iddle. and the garnet remains o n  

the bottom. 

• Carbon Adsorption 

Even after secondary treatment. coagulation, sedimentat ion. and fi lt ration. the sol ub le  

organic  materia ls  that are resistant to  biological breakdown \\'i l l  persi st i n  the effluent .  

The persistent materials are often referred to as refractory organics. Refractory organics  

can be  detected i n  effluent as sol uble COD. Secondary effluent COD yalues are often 30 

to 60 mg/I. The most practical avai lable method for removing refractory organics i s  by 

adsorbing them on activated carbon.  
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In  case where secondary levels of treatment are not adequate. new treatment processes 

are appl ied to the secondary effluent to provide advanced wastewater treatment (A \l.,·T) .  

orne of the e proces es  may involve chemical treatment and fi l trat ion of  the wastevvater­

much l i ke add ing typicaJ treatment plant to the tai l end of a secondary plant. Some of 

these processes can remove as much as 99 percent of BODs and phosphorus. a l l  

suspended solids and bacteria, and 95 percent of the nitrogen. 

1.2 Objectives and Im pact of the Study. 

Activated carbon is an adsorbent that is widely used in water treatment. advanced 

wastewater treatment, and i n  the treatment of certain organic industrial wastewater, 

because it adsorbs a wide variety of organic compounds.  In water treatment. it is used to 

remove compounds which cause objectionable taste, odor and color, and to adsorb toxic 

organic compounds. 

The obj ective of the study is to produce activated carbon from readi ly avai lab le  

substances and study i ts physical  and chemical characterist ics and adsorption capacity . 

The u l timate aIm of this study is to i nvestigate the use of loca l ly  avai l able adsorbent 

material in place of commercial activated carbon, as an economic rel iable alternative in 

polishing wastewater effluent . 
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The ad orbent used for th is  stud, i Palm Date Kernels Acti ated arbon (PDK..A..C). 

which i eas i l  avai lable in the United Arab Emirates. and considered as non­

biodegradable  materia l .  Phenol .  ani l i ne and methylene blue are selected as the trace 

contaminants used a adsorbate in the study. 

The experimental study conducted to: 

I. Determine treated wastewater effluent characterist ics (residual chemical  contam inants). 

2. Exam i ne the possib i l ity of using and applying l oca l ly  made adsorbents (i.e. Pa lm Date 

Kernels) to remove the trace organic contan1 inants. 

The i mpact of this study is the upgrading of tertiary treatment ( fi ltrat ion) bed fac i l i t i es  in 

United Arab Emirates wastewater treatment p lants using adsorbents prepared from 

loca l l ,  avai l ab le  mater ia ls .  This v,i l l  l ead to  cost-effective method o f  effluent po l i sh ing. 

and v.. i l l  u l t imately improve effluent qual i t:  for re-use in i rrigation in  the United :\.rab 

Emirates. 

1.3 Tasks 

Several t asks are required i n  carrying out the study. These include 

o Carryin g  out a l i terature review to gather information on the chemical water 

contaminants and the avai lable treatment technology. 

o Preparation of act ivated carbon from local ly avai lab le  palm date kernels .  

o tudy the physical and chemical properties of the prepared act ivated carbon 
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Dc\ ise an exp riment to study the adsorption characterist ics and adsorption 

capaci ty of the prepared PDKAC using standard procedures. Carry out adsorption 

tests using di fferent ads rbates under laboratory cond it ions. 

o Analyze the experimental data and discuss the results. 

The tasks of this study have been done in three main laboratories, which are (a) Chemical 

Engineering Laboratories, U .A .E  University, where the preparation and act ivat ion of 

Palm Date Kernels and detennination of adsorpt ion isothenns were done. (b) Zakher 

Wastewater Treatment P lant Laboratory, Al Ain Municipa l i ty, where the treated 

wastewater effluent characteristics ( residual chemical contaminants) were detennined, 

and (c) Central Laboratories Unir. U .A.E University, where the heavy metal analysi s of 

wastewater effluent using Atomic Absorption and morphological c haracterization of 

adsorbent (PDKAC) by using canning Electron M icroscope, were determined. 

1.4 Thesis Organization 

The thesis i s  organized in five (5 ) chapters as fol lows: 

1) C HAPTER 1 :  Contains I ntroduction and Problem Development 

2) CHAPTER 2: Contains L iterature Review 

3) C HAPTER 3: Contains Material and Methods 

4) C HAPTER 4: Contains Results and Discussions 

5) CHAPTER 5: Contains Summary and Concl usion 

6) REFERE CES 
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CHAPTER 2 

LITRA TURE REVIEW 

2.1 PREPARATION OF ACTIVE CARBON 

Activated carbon can be made from a variety of carbonaceous raw materials such as 

wood, coal and nutshe l ls .  Processing is  dehydration and carbonization by slow heat ing 

in the absence of  a i r  fol lowed by chemical activation to produce a h ighly porous 

structure. Powdered activated carbon ( PAC) for water treatment, which has good 

characteristics for adsorption of taste and odor compounds, is commonly made from 

l ignin or l ignite. Granular activated carbon (GAC) made from coal has the best 

phy ical properties of  density, part icular s ize, abrasion resistance, and ash content. 

The characteristics are essentia l ,  since GAC i s  subj ect to fi lter backwashing. 

conveyance as s lurry, and heat reactivation.  

The activation process 111 manufacture creates a highly porous surface on the carbon 

part ic les with macropores and mrcropores down to molecular d imensions. Organic 

contaminants are adsorbed by attraction to and accumulation in  pores of appropriate 

s ize, thus the pore structure is  extremely important in determining adsorptive 

properties for part icular compounds. In general ,  GAC most readi ly  adsorbs branch­

chained h igh-molecular-weight organic chemicals with low solub i l ity. These include 

pestic ides, volat i le organic chemicals, and trihalomethanes. M icropores are l arge 

enough for colonies of bacteria to grow and prol iferate i f  biodegradable organic  

compounds are in  the water. The benefi ts of microbia l  growth or potential risks to 

10 



water qual it, are not wel l  understood. GAC is reacti aled them1a l ly  at a furnace 

temperature and retent ion t ime based on the volat i l ity of the adsorbed chemical s .  Two 

percent to 500 o f  the carbon is lost during each reactivation and must be replaced with 

fresh carboll . 

2.1.1 Preparation Technique 

There is a wide variety of production and processing techniques used to manufacture 

of  activated carbon. these are dependent on; 

1. ature and type of raw material avai lable. 

2. Desired physical form of the activated carbon. 

3. Characteristics required for the i ntended appl ication. 

Active carbon can be prepared by chemical or physical activation method. 

1. Chemical Activation 

In the chemical activation method, the production of active carbon occurred by 

c arbonization of the carbonaceous material with the addit ion of activat ing agents. 

C hemical activation IS used a lmost exclusively for carbons produced from materia ls  

of recent orig in  usual ly  wood waste (sawdust) .  The activating agent influences the  

pyro lyt ic processes so that formation of tar is  restricted to a minimum and. the  amount 

of the aqueous phase in  the d ist i l late (acetic acid, methanoL and others) is also less 

than in normal carbonization. The yield of carbon in the carbonized product is 

i ncreased accordingly.  Furthermore, the temperature needed for pyrolysis i s  a l so 

lower. C arbonization under their condit ions yields a product, which, a fter removal of 
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the act i \ 'at ing agent, ha the properties of a good acti vated carbon. The most wide ly  

used acti vating agents are zinc chloride, potas ium sulphide, potas ium thiocyanate, 

phosphoric ac id,  ulphuric acid, ometimes hydroxides of the al kal i metal s .  

magne ium and calcium chloride and other substances are used. 

The start ing material is  treated at an elevated temperature with the activat ing agent in  

the form of a concentrated solution, usual ly by  mlXl l1g and kneading. The 

impregnated material i heated in a rotary k i ln  from which air is excluded (so cal led 

calcination) and pyrol ytic decomposit ion takes place. The carbonized product from 

the k i ln  i cooled and the activating agent is then extracted from i t .  

2. Phy ical Act ivation 

I n  the physical activation method, the act ive carbon is prepared by activating the 

carbonized in termediate products with gaseous agents. The carbonized intermediate 

product i s  prepared by carbonization of the carbonaceous material at higher 

temperatures. 

The activating agents most often used are steam, carbon dioxide and oxygen (air);  but 

chloride, sulphur vaporous, sulphur diox ide, ammonia and a number of other 

substances have activation effects, although they are rarely  used for this purpose. 

During the activation of the carbonized intermediate product first the disorganized 

carbon is removed, and by this the surface of the elementary crysta l l ites become 

exposed to the action of the activating agent. The burning out of the crysta l l ites m ust 
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proceed at di fferent rate on d i fferent parts of the surface expo ed to reaction: 

othen\ l se nc\\ p re could not be formed. 

A possible explanation of the mechanism is  that the veloci ty with wh ich the 

ry tal l i te burn is larger in the d irection paral le l  with the plane of the carbon layers 

than in  the d i rection perpendicular to this  plane (Grisdale and Appl ,  1 95 3 ). The 

c rystal l i tes orientated perpendicularly to the surface exposed to the action of the 

activation agents can ,  therefore,  be more eas i ly  attacked and bum out more quick ly 

( Dannenberg and Buon tra. 1 95 5 ) . 

The removal of unorganized c arbon and the non-uni form burnout of elementary 

crystal l i tes lead in  the first phase of activation. the formation of new pores-to the 

development of the macroporous structure. In  the subsequent phases. however. the 

effect, which becomes increasingly significant i s  the widening of exist ing pores or the 

formation of l arger size pore by the complete burnout of the wal l s  between adj acent 

micropores. This leads to an i ncrease in  the vol ume of transit ional and micropores. 

whereas the volume of micropores diminishes . As a measure of the degree of 

activation the so cal led bum-off which is  the percentage weight decrease of the 

materia l  during activation. referred to the weight of the ori gi nal  carbonized product .  

Sometime the so-cal led activation yield is used, which is  the weight of the result ing 

act ive carbon expressed as a percentage of the carbonized i ntermediate product prior 

to activation.  The bum-off (B )  and the activation yield ( A) are related thus 
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8= 1 00-A 

According to Dubin in and Zaverina ( 1 949), when the burn-off is less than :0 percent. 

a microporolls act ive carbon is obtai ned when it  is larger than 75 percem a 

macroporous product is obtained, and when the bum-off is  between 50 and ;5 perccm 

the product i of  the mixed structure and contains both micro-and macropores.  The 

carbon atoms v,:hich fom1 the structure of the carbonized intermediate product d iffer 

markedly from one another i n  their affini ty towards the act ivation agent .  

Those at  the edges and comers of e lementary crysta l l i tes, and those situated at 

defecti\·e p laces of the crystal lattice, are more react ive, because their  valencies are 

i ncompletely saturated by i nteraction v;i t h  neighboring carbon atoms.  These places are 

the so-cal led acti e sites on which react ion with the act ivation agent occurs. Some 

authors assume that a carbon has d ifferent k inds of act ive si tes. for \\-hich are reactiye 

to carbon d ioxi de ( Long and Sykes. 1 948) .  

3. Steam Act ivation Mec h a n is m  

This  techni que i s  genera l ly  used for the  act ivation of coal and coconut shel l  raw 

material, which is usual ly processed in a carbonized form. Activat ion is carried out at 

temperatures of 800- 1 1 00 DC in the presence of steam (www . activated-carbon .com.). 

I ni tia l ly. gas ification of the carboni  sed material \vi th steam occurs. a reaction known 

as the Water-Gas reaction: 

C H20 -+ C O+ H2 - 1 75 .440 kJlkg mole. 
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Thi reaction being end thermic.  temperature i s  mai ntai ned by part ial  burning of the 

o and H2 formed : 

2 + O2 2 O2 + 39'"' ,790 kJ/kg mole. 

2H2 2 2H20 +396650 kJ/kg mole. 

The air j added so as to bum the gases wi thout burning the carbon and the resultant 

activated carbon is graded. screened and de-dusted . 

Activated carbons produced by steam activation general ly exhibit a fine pore 

structure, ideal for the adsorpt ion of compounds from both the l iquid and vapor phase. 

2.1.2 Type o f  A ctivated Ca rbo n  

1. Powdered a c t ive carbons (PAC) 

Powdered active carbon in which part ic le  diameter between 5 and 1 00 11m. is used for 

adsorption from sol ution. Disintegration into fine particle enhances the rate o f  

establ ishment of  adsorption equ i l ibrium' this proceeds very slowly i n  l i quids because 

of the low rate of diffusion. 

Treatment with Powdered Activated Carbon 

An alternative means of app l ication is that of adding P AC.  PO\\'dered activated c arbon 

has been added to the effluent from biological treatment processes, direct ly to the 

various biological treatment processes, and in physical-chemical treatment process­

flow diagrams.  I n  the case of  biological-treatrnent-plant effluent, PAC is added to the 

effluent in a contacting basin.  After a certain amount of t ime for contact, the carbon is 
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al lo\\ cd [0 ctLl e to the bottom of thc tank , and the treated \ I,ater is then remo\ ed from 

the tank Because carbon i ery fi ne, a coagulant such as a po lye lectrol :1e mat be 

needed to aid the remmal of the carbon particles, or fi l trat ion through granular­

medium fi lters may be required . The addit i  n of PAC directly in the aerat ion basin of 

an act i\ ated-s]udge treatment proce s has pro\ 'ed to be effective in the removal of a 

number of sol uble refractory organics. 

Powdered activated carbon ( PAC) is a fine powder appl ied in water slurry. \\ ' hich can 

be added at any location in the treatment process ahead of fi ltrat ion.  At the point of  

appl ication. the m i xi ng must be  adequate to  ensure d i spersion and the contact t ime  

long enough for adsorption. The dosage for nonnal taste and odor control is usual l y  

u p  to 5mgl l with a contact t ime o f  1 0- 1 5  min .  

2. Granulated active c a rbo n s  (GAC) 

Granulated act ive carbon i n  which part ic le  diameter between 0.2 5  and 4 mm. The 

granular act ive carbon can be either crushed or pressed. 

• Crushed active carbon i s  prepared by activation with a gaseous agent 

( steam fl ue gases), a lump materia l ,  for example coke, c arbonized shel ls .  

husks. etc . Crushed activated carbon can also be obtained by chemical 

activation. 

• Pressed active carbon,  which produced as uniform cyl indrical shapes 

the start ing materiaL a prepared plast ic mass, is extruded from a d ie  and 

the rod i s  cut into pieces of uniform length. B y  chemical or physical 

activation the active carbon was obtained . 
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Treatment with Granular Activated CarboJl 

A fi xed-bed olumn (len used as a means of contact ing wastc\vater with GAC .  The 

\\ ater I' appl ied 10 the t p of the column and ",i thdrawn at the bottom. The carbon is 

held in place with an under-drain system at the bottom of the column. Provis ion for 

backv..ashing and urface washing i usual ly necessary to l i mit  the headloss bui ldup 

due to the removal of  particulate material \ i th in the carbon column Fixed-bed 

columns can be operated singly_ in  series. or in paral le l .  

Expanded-bed and moving-bed carbon contactors have also been developed to  

overcome the problems associated wi th  head loss bui ldUp. In  the expanded-bed 

system, the influent is i nt roduced at the bottom of the column and a l lowed to expand.  

much as a fi lter bed expands during backwash. In  the moving-bed system, spent 

c arbon is displaced cont inuously v,ith fresh carbon. In such a system head loss does 

not build up with time after the operating point has been reached . 

Granular acti  ated carbon (GAC) has been used for many years to solve water 

problems. C hlori ne removal from \ ,,,'ater supply is efficiently handled by activated 

carbon fi ltrat ion.  Very l i tt le contact t ime is required to make this react ion occurs, 

color, taste and odour in water can be caused by organic materia l .  The act ivated 

carbon adsorbs the organic matter and traps it  in the porous surface of the granular 

particles. The adsorption of spec ific organic materia ls  varies with the contact t ime. 

Use of granu lar activated carbon ( GAC) in wastewater system is a proven process for 

removal of organic  compounds. As a tertiary treatment method, carbon adsorption and 
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rcgcl1crnti n have been u 'ed for a num ber f years t proce . domestic \\ 3.5te\vate,s 

\\ ith indu trial waste of organ ic origin as \ ".'e l l  as biological!) treated waste\\ aters. 

Design OJ a G s) stem requ ire pi lot-plant tests for selection of the best carb I�. 

detemlination of the required contact t ime, the effects of  influent water qualIT-:­

\ ariation . and to establ ish the carbon loss during reactivat ion.  The analyt ical 

methodology includes data on ( 1 )  adsorbabi l i ty of the various organic compounds 

present, (2 )  performance o f  se\ 'eral d ifferent GACs in  thei r removal . ( 3 )  information 

on the k ind of  process for react ivation, (4) freq uency of react ivation. and (5) 

balancing costs of i ncreased contact time against savmgs from less frequent 

reactivation. 

2.1.3 Activated Ca rbon P ro d uction 

There are a wide variety of production operat ions used in  the manufacture of activated 

carbons, these are dependent on: 

• ature and type of raw material avai lable. 

• Desired physical form of the activated carbon. 

• Characteristics required for the intended appl ication. 

Activated c arbon is prepared by first making a char from materia ls  such as almond. 

coconut, and walnut hul l s  other woods, and coal . The char is  produced by heating the 

material to a red heat in a retort to drive off the hydrocarbons but with an insufficient 

supply of air to sustain combustion. The char pru1ic le  i s  then activated by exposure to 

an oxidizing gas at a h igh temperature. This gas develops a porous structure in the 

char and thus creates a large internal surface area. The surface properties that result  is 
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a Cuncti  11 f both the i n i t i a l  material  u ed and the exact preparat ion procedure. 0 that 

mdl) \ ariati  ns are po ' i b le .  1 he t)  pe of ba e material  from v ,  h i ch the act i \'ated 

carbon is deri \ ed may al 0 e 1Tect the pore- ize d i str ibution and the regenerat ion 

charactcr i, t ics  . .  fter nCl i \  at ion.  the carbon can be epa rated i nto or prepared i n  

d i fferent ' i /c \\ i th  d i l1'erent ad o rpt ion capac i t ies .  The t\\O s ize c l assi fi cations are 

PO\\ dcred. " hi c h  ha a d i ameter of less than 200 mesh, and granular, \\ h ich has a 

d iameter greater than 0. 1 111 111 . 

Data on the \\ orld product ion of acti ve carbons are gi ven i n  Tabl e  2- 1 .  The o utput 

and the type of carbon manu factured depend stric t l y  on the e x i st i ng demand . 

Ta ble 2 - 1 .  \\ orld product ion of act ive carbon 

Region Output, kilo to n s  /year 

to ta l  I powdered gra n u la r  

North America 1 2 7 75 -,  )-

I Japan ,:(0 25 1 5  

Asia & South America 20 NA NA 

I 
We tern Europe 1 00 75 :2 5  
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The Factor Illfluellcillg De ign alld Operation. 

There is a \\ ide number of variables, \\ hich influence the design. and operat ion o f  

l iquid phase absorption sy tems. This sect ion ha been prepared to h ighl ight some of  

the fact )rs. \\ h ich hould be considered. and to introduce the techniques that are 

a\ a i lable to define the effects of these variables. ( arbon Link.  \\,\1 I I  act l \  ated-

carbon .com ) . 

I n  generaL the areas, which need to be identi fied, are' 

Data on p roce i n g  c o n d i t i o n s :  

• oncentration of adsorbate 

• Temperature of the l iquid stream 

• pH of l iquid stream 

• Flow rates and operating frequency 

• Pressure drop i n  s stem 

I d en t i fication of c h a racteristics of adsorbe n t :  

• Relative molecular mass 

• o lub i l ity of adsorbate 

• Concentration relative to sol ubi l i ty l imi ts 

• Polarity of adsorbate 

• Temperature of solution 
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Selec t ion  of ad o rben t fo r opt i m u m  effic ien cy 

• ,' lud::- o r  adsorption i sotherm data 

• ,' e lect ion o r  opt imum act i v i ty level 

• Select ion o f  opt i m u m  part ic le l ze 

• 0 t allah i s  

• onsiderat ion of themlal react ivation. 

2.2 ADSORPTION M ECH AN IS M S  

2.2.1 Act ivated Ca rbon Adsorption 

I n  the pa t ,  the adsorption process has not been used extensive ly  in wastewater 

treatment. but demands for a better qual i ty of treated wastewater effluent have led to 

an i nten i ,'e examination and use of the process of adsorption on activated carbon . 

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

for water that has already received normal biological treatment. The carbon in th is  

case is used to remove a portion of the remaining dissolved organic matter .  

Depending on  the means of  contacting the carbon with the water, the partic ulate 

matter that i s  present may also be removed .  

Adsorption. 111 general . is the process of col lecting soluble substances that are i n  

solution o n  a suitable interface. The interface can b e  between t h e  l iquid and gas. a 

sol id.  or another l iquid. A l though adsorption is used at the air- l iquid interface i n  the 

floatation process. only the case of adsorption at  the l iquid-sol id interface wi l l  be 

considered in  this  study (Metcalf and Eddy 1 99 1 ) . 
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Adsorpti n a unit operat ion by which a so lute is concentrated at the surface \.. f a 

sol id .  Ihis phenomenon takes place \ hen such a surface is placed in comact \\i lh a 

sol ution. A layer of molecules of sol ute accumulates on the urface of the sol id due to 

imbalance of  forces. 

In the interior of the sol id  molecule are completely surrounded b: s im i lar molecu les 

and therefore subj ected to balanced forces. Molecules at  the surface are subj ected to 

nonbalanced forces. Because these residual forces are sufficiently strong. they may 

Impnson molecules of the solute with which the sol id  i s  in contact .  This phenomenon 

i s  cal led physical or Van der Waals adsorption.  One dist inction is that adsorption i n  

case o f  water treatment uses an adsorbent sol id processed especial ly for water  

treatment. The sol id  i s  termed the sorbent and the sol ute  being sorbed i s  the sorbate .  

orbent may e i ther be  finely powdered materials. appl ied to water in  a c larifier or  

ahead of the  fi lter, or 0 .5  to  1 .0mm granules contained in  a vessel s im i l ar to  a pressure 

fi l ter. By far, the most common adsorbent used in water treatment i s  activated carbon.. 

which may be used both in  powdered and granular forms. Other absorbents inc lude a 

variety of c lays, magnesium oxide, bone char. and act ivated alumina. 

Major Uses of Liquid-phase Adsorption: 

1 .  decolorizing drying, or degumming of fuel and l ubricants. o rganIc solvents. 

vegetable o i l s. and animal o i l s  

2. Recovery of  biological chemicals ( antibiot ics, vitamins. fl avoring) from 

fermentation briths or p lant extracts 
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3 ' lard! at lon faod and drug products 

4. Dccolorizing of crude sugar yrups 

5 .  PUrI fication of proce emuents for po l lution control 

6. Water- upply treatment for odor. ta te, or color improvement 

7. eparation of i omeric aromatic or al iphatic hydrocarbons. 

( Perry and Green, 1 984) .  

Adsorption is  part ia l ly the result  of forces of attraction at the surface of a particle that 

cause sol uble organic materia ls  to adhere to the particle,  and part ia l ly  attributabl e  to 

the l im i ted ""ater solubi l ity of many organic substances. Activated carbon has a l arge 

and highly active surface area that results form the activation process . This produces 

numerous pores within the carbon part ic le  and creates active s i tes on the surface o f  

the pores. 

lIlce adsorption is a surface react ion, a measure of the effectiveness of an adsorbent 

is  its surface area. For carbon the total surface area is  usual ly 600 - 1 000 m
2
/g. The 

surface is negatively charged. In spite of this, the negati ve charge of most col loids in  

water does not deter adsorption of h igh molecular weight materials, since the 

molecular structure itse lf  becomes the control l ing factor as molecular weight 

lIlcreases .  

Activated carbon dechlorinates and removes orgamcs by the process of adsorption 

(Metcal f  and Eddy, 1 99 1 ) . The solute molecules are adsorbed onto the surface of  the 

granular activated carbon part icles because the force of attraction to the carbon 
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surface is greater than the forces. \ hich keep them dissoh'ed in sol ution. Therefore. 

comp und that arc less soluble in \ ater \\ i l l  adsorb onto the carbon surface due to 

the incrca 'C in h� drophobic bond ing ( 10hamed and Antia. 1 998) .  In generaL 

ad orpl 1on is  hetter for h igh molecu lar weight compounds since they typically ha\'e a 

lower sol ubi l i t) . 

With act ivated carbon, the reactions are occurring on the surface o f  the partic les .  To 

ensure the h ighest possib le  capacity, therefore, each i ndividual carbon particle should 

have a very h igh surface area. During manufacture. the carbon panicles undergo h i g h  

temperature treatment proce s .  which leaves a h igh ly  porous skeleton l ike structure t o  

the part icle,  with many adsorption sites. I t  has been estimated t hat 1 cubic foot o f  

granular activated carbon can have a surface o f  near ly  5 square mi les.  

Activated c arbon when contacted with water conta in ing organic material \\'i l l  remoye 

these compounds selectively by a combination of adsorption of  the less polar 

molecules fi l tration of the l arger part ic les, and part ia l  deposition o f  col loidal materia l  

o n  the exterior surface of the activated carbon. The extent o f  remo\'al o f  sol ub le  

organics by adsorption depends on the  d iffusion of  the partic le to  the  external surface 

of the carbon and diffusion within the porous adsorbent. For co l loidal part i c les  

i nternal d iffusion i s  relatively unimportant because of the panicle  size. Organic 

substances that pass through the column consi st of strongly hydrophi l ic  orgaruc 

molecules such as carbohydrates and other oxygenated compounds .  
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The great ad\ antage of activated carbon as an adsorbent l ies in  the possibi l i t )  o f  

react i\ al ion ( up to 3 0  r more l imes) without appreciable loss o f  adsorptive power. 

U ually, heat ing spent carbon to about 1 700 of in  a steam-air atmosphere (thermal  

react i \ at ion)  doe- rea t ivation. This operat ion can be performed in mU ltiple heanh 

furnaces or rotary k i lns. Adsorbed organics are burned off. and activated carbon i s  

re  t red ba i ca l ly  to  i t  i ni tia l  ad  orpt ion capaci ty. 

2.2.2 A d  o rpt ion from Solu tion 

I n  the case of  nonelectrolytes, a logica l  division is made according to the presence o f  

adsorbate i n  d i l ute sol ut ion.  The adsorption o f  electrol ytes is  treated briefly, main l y  i n  

term of the exchange of components i n  a n  electrical double layer e i ther a t  the surface 

of a nonporous part ic le or i n  an ion exchanger or zeol i te .  

orption from solution yields several k inds of information on active carbon.  F i rst, \\-e 

obtain the adsorption efficiency of a unit amount of active carbon for the given 

substance at i ts concentrat ion in  the sol ution. This test, which i s  useful for a qu ick  

i nformative evaluat ion of  act ive carbon for practical purposes. 

Secondly, the surface area of the pore s ize of the active carbon can be obtained. The 

surface area i s, i n  principle, determined in  the same way as i t  is  i n  adsorption from the 

gaseous phase : the amount adsorbed at the point corresponding to the formation of a 

stat ist ical monolayer of  adsorbate i s  expressed as the number of  molecules and 

mult ipl i ed by the effecti ve cross-sectional area of one molecule i n  the adsorbed state. 
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1 he amount ad orbed from solution. v, hich corre pond to the cO\'erage o f  the 

surface. by a m  nomolecular layer i s  determined from the adsorption isothenTI . j ust as 

for the ga cous pha e. For active carbon the isotherm is often of the Langmuir type so 

that the l i m i ting amount adsorbed gives directly the amount of adsorbate needed for 

forming a monomolecular layer. 

Often the val ue of the effective area occupied by the adsorbate molecule depends a l so 

on the solvent and on its adsorbabi bty on the given surface, on the pH of the l iqu id  

phase and its composit ion and on the  nature of the  adsorbent surface .  Thus 

measurements of adsorption from sol ution give, as a rule .  only re lat ive surface areas: 

these are suitable for comparing samples that d iffer l i tt l e  in condi tions of preparation, 

chemical nature of the surface, etc. but genera l l y  they cannot be taken as absolute 

values of the surface area. 

The porosity of active carbon can be estimated from measurements of adsorption from 

solution by the method of "molecular probes" ( Dubinin,  1 936 and King. 1 934) .  I f  we 

choose a senes of substances of d ifferent molecular size so that their relat ive 

adsorption from solution wi l l  in some degree depend on the size of the pores. we can 

estimate from the relative adsorption the fraction of pores with a radius less than that 

of a given molecule.  I n  further developing the method, Bond and Maggs ( 1 949), 

measured the heat of wetti ng of organic l iquids on carbonaceous substances.  B y  

d ifferentiat ing the curves representing the dependence o f  the heats on the m olar 

volume of the l iquids, they obtained a d istribution of the surface area according to the 

radius of the pores .  Morr ison and M i l ler ( 1 95 5 ), in  a somewhat d ifferent approach, 
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proposed to calculate the di stribution of the surface of m icrop re according to their 

rad iu  - fr m mea urcment of ad orpt ion of a serie of a l iphat ic ac ids from aqueous 

sol ution. It ma) be c ncl uded that porosity determ inat ion on the bas is  of adsorption 

frol11 olut ion is  si mple but much les developed and rel iable than those ba ed on 

ad rpt ion from the gaseou phase. 

Ad rpt ion from solution can also give certain information about the c hemical nature 

of the surface of active carbon.  Graham ( 1 955), in h i s  a l ready c i ted work compared 

the adsorption of methylene blue and metan i l  yellow on more than forty d ifferent  

carbonaceous adsorbents. The molecular size of both dyes is  approx imately the same 

and therefore the smallest size of pores accessible to them is a lso part icularly the 

same.  The two substances d iffer however. in  ionic character; whereas methylene b l ue 

forms in  aqueous sol utions a cation, metani l yel low forms an anion. The presence o f  

acid oxides on the surface of act ive carbons therefore l imits the extent of the 

adsorption of metan i l  yel low compared with that of methylene b lue;  and according to 

Graham, the dependence of  the degree of this l imi tation on the amount of acid  groups 

on the surface of the carbonaceous adsorbent is  approximately l i near. 

1. Ad o rpt ion of P h en ol 

Phenol and substituted phenols  are very common contaminants 111 water. S inger 

( 1 980) :  i n  fact, phenol i c  compounds constitute the l I th of the 1 26 chemicals, which 

have been designated as priority pol lutants by the U.S .  Environmental Protection  

Agency (Chapman et al. ( 1 982)) .  
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uJ11crous organIc chcm i al and inorgan ic chemical mo tly heavy metals are 

clas�i fied as tox ic  pol l utants. 1 0  qua l i fy as a priority tox in .  a substance must be an 

en\ i ronmcntal halard and known to be present in the \\ ater. Pheno ls  are among the 

mo t impoliant of  the aromatic comp unds. The mono hydrox), deri vat i ve of benzene 

i knov, l1 as pheno l .  Phenol are industri a l  compounds used primari l y  in production of 

s;. nthetic phenol . pigments and pest ic ides. Phenols  are found to occur in domestic 

and industria l  water, natural waters and potable water suppl ies. Phenol renders water 

tox ic even at very low concentrations, its presence makes i t  very d i fficult or e\ \�n 

impossible to prepare potable water from wastewater. 

Phenols  i mpart objectionable taste and odor at very low concentrations, taint fish and 

vary 111 toxic ity depending on chlorination of the phenol ic  molecu le .  The LS Public 

Health ervlce has fixed a l im it of  phenol ,  as 0 .00 1 m� 1 i n  drinking \\ ater. The 

removal of phenol ic  taste and odor from water supply IS a senous chal lenge to 

engineers and water chemists .  

Phenol is  one of the most frequently  occurring contaminants in wastewater. 

Furthermore, an undesirable  feature of phenol is  that in the chlorination process. 

which is often a further purifi cation step in water treatment. reaction with the chlorin e  

produces carc inogenic chlorinated and polychlorinated compounds, e . g .  trichlorophenois. 

A number of processes have been proposed for the removal of phenol from 

wastewaters. In some, the phenols  are only removed whereas in others, for instance. 

the koppers steaming process, extraction with organic solvents, and adsorption o n  

activated carbon,  they are recovered (S ierp, 1 953 ) .  
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nc method is adsorpti n on activated carbon, which was fi rst de\'eloped b:  the 

arbo orit in Germany ( ' harp, 1 96 1 ) . The mo t modern apparatus lor phenol 

remO\ al \\ ith acti \ ated arbon is the fluidized-bed ad sorber in \\'h ich the carbon is  

flu id Ized b) the treated water and i continuously exchanged (Kulsk i .  1 959 L 

Adsorption on act l \  ated carbon is often u ed for pur ifying wa tewaters from chemica l  

plants m ak ing toxic  substances, for example, i nsect ic ides. herbicides, pesticides and 

others ( harp. 1 96 1  and Giebler, 1 95 8 )  . F i l ters containing activated carbon are also 

used for fi ltering wastes from the manufacturing of detergent (Joyce. 1 964) .  

Drozhal ina et al. ( 1 974) investigated the specific surface of active c arbon. Thi s  study 

indicated that the spec i fic surface area of activated carbon can be determined from the 

total amount of phenol adsorbed by carbon from 1 % aqueous phenol solution. The 

, 

calculations were made assuming that 2 .64 m- of carbon is occupied by 1 g of phenul .  

The determi nation gives results i n  a good agreement with those obtained by the m ore 

complex method that can be appl ied for activated carbon having low \"alue of the 

structure constant B and the intermediate size pores (0 .25  - 0.34 cm-
·
/gm). 

Leach et ar ( 1 974) i nvestigated a simpl ified analytical method to test for the 

adsorption power of activated carbon by mechanical  shaking 0 .2  gram of carbon \vith 

1 00 ml of 5 0  PPM of phenol sol ut ion in 250  ml flask, fi ltrate. and phenol sol ution 

were read at 270 run .  
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Ki tagaw a and H i ro hi ( 1 975 ) studied the ad::.orption of pheno l .  p-n i trophenol and 2 .4-

dichloropheno l In aqueou so lutions b\ acti \'ated carbon .  The adsorption 

chara t r i  t ics of the above m ntioned phenols  from aqueous sol utions \\ co re 

examined. The adsorption f these adsorbates v.:as described bv the Freund l ich 

isotherm . The absorbed amount a t  a given concentration decreased as  the 

temperature increased, whereas the adsorption rate i ncreased as the temperarure 

increa ed . For the adsorption of phenoL the act ivation energy of d iffusion is 6 . 3  

kcal/mol .  

Rate and equi l i brium measurements of adsorption of two component adsorbates from 

d i lute aqueous sol utions by activated carbon were performed by M isic and Suzaki 

o 
( 1 975)  the measurements were carried out at 30 C in a batch-operated stirred-tank 

reactor equipped with a basket m i xer containing activated carbon .  Concentrat ion 

changes versus t ime were detem1ined. for s ing le  adsorbate and for both the 

simultaneous and successive adsorpti on of  pheno l -propanoic aci d  and phenol-n-

hexanoic  acid systems, by use of u ltraviolet and total organic  carbon ana lys i s .  

I sotherms of two component systems  were expressed by  a Freund l ich equat ion for 

each component within  a l im ited range of concentrations. These i sotherms \ .... ere 

compared with the i sotherms obtained for s ingle components over the same 

concentration range. I ntrapartic le d i ffusion i s  considered to be surface d iffusi o n  

dominate and the d iffusivities detem1ined from single component  experiments could 

be used to expla in  the concentration chan ges in the mU lt ip le component systems. 
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Kogano\'skl 'f  o/. ( 1 97 ) studied the effect of energy of adsorption in teract ion on the 

rate of adsorption of organic sub tances from aqueous solutions b\' acti va ted carbon .  

' ] hi stud) indicated that on increasing adsorption interaction energ) . the adsorpt ion 

rate i ncreased. and l I1ce the adsorpt ion wa l im i ted by the internal d iffusion of  

molecule the rate f the d iffu ion of molecules the rate of the di ffu ion increased .  

xperim ntal data are gi  en on the standard free energy- L1 of. and the adsorpt ion rate 

as the t ime. t1l2 of ad orption of 0 ,5  of the equ i l ibrium adsorbed amount of phenol ,  

l -pentano! ,  I -hexane, ani l i ne p-chloroami l ine and ,B-naphthylamine from aqueous 

sol ut ions on carbon KAD. The kinet ic of adsorption were determined. 

The k inetics of  adsorption of  phenols by granular activated carbon were investi gated 

by Zogorski el al. ( 1 976) this study showed that the removal of phenols  from aqueous 

solutions via act ivated carbon adsorpt ion is  a feasible approach to d iminishing the 

concentration of these contam inants in  drinking waters . The k inetics of  adsorption at  

equi l i brium which are dependent on the physical and chemical characteristics of  the 

adsorbate, adsorbent and experimental system were studied to determi ne the effect of  

parameters such as  pH, in i t ia l  adsorbate concentration. size of  adsorbent,  competi t i\'e 

adsorption, and type of adsorbate on phenol adsorpt ion.  

Puri ( 1 976) studied the adsorption of phenol from aqueous solut ions by carbons  i n  

relation to their spec ific surface area. The adsorption o f  phenol by carbon blacks and 

activated carbons  at 3 5 °C from aqueous solut ions of moderate concentration is 

l argely revers ib le .  The data when analyzed by a modi fIed BET equation permi t  

calcul at ion of specific surface area of each adsorbent. Each isotherm shows a sharp 
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knee or plateau. This corrcsponds to completion of mono laver and therefore enables 

d i rect calculation or surface area. A small amount of phenol i s  also adsorbed 

im?\ crsi b l)  in some ascs. but this can be separately accounted for, and therefore .  

docs not interfere \ \  i t h  thc estimat Ion of surface area. 

The extent of adsorpt ion of  phenols  at equi l ibrium is highly dependent upon the 

solubi l i t  of the adsorbate, the extent of proteolysis of the adsorbate. and the  

concentration of adsorbate equi l ibrated with the absorbent. Zogorski and Faust ( 1 97 8 )  

found that the equi l ibrium o f  adsorption of  phenols were independent o f  the mesh s ize 

of adsorption. Temperature has only a minor influence on the adsorption process.  

espec ia l ly  at h igh surface-coverage'  s .  The adsorption of phenol s  appears to be  a 

reversible process. The technical feas ib i l i ty of removing phenol ic  compounds fro m  

aqueous sol ut ion v i a  granul ar activated carbon adsorption is  exce l lent . 

Adsorption studies of phenol on granular and powdered activated carbon were carried 

out  by Peel ( 1 980) these studies showed that the  granular activated carbon took < 

three weeks to reach equi l i brium. but powdered activated carbon took from 3-5  days 

to reach equi l ibrium.  Also the authors found that up to 80% of  the adsorptiye 

equi l ibrium was reached in  the fi rst few hours, but the remaining capacity was uti l i zed 

very slowly .  This type of  behavior can be described by dual  rate mechani s m  

m icroprobe vari ations in  i sotherm behavior previously reported i n  the l iterature. 

Wherever possi ble .  powdered carbon i sotherms should be used instead of granu lar 

carbon i sotherms .  
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Yakimm a ( 1 980)  im cstigated a principle fer elect ing the structure of  active carbons 

ror remo\ ing organic substances from water. I t  is  sho\ n theoretical ly  that the re lation 

between concentrat ion of an rgan ic compound in wa tewater and the degree of 

a ti \ated carbon pore fi l l ing (8) by the organic compound is  independent of the 

carb n t. pc and only depends on the type of the organic compound . The foregoing 

\\ a veri fied experimental ly u ing common activated carbons of d i fferent porosity and 

aqueous of phenoL 2 ,  4 -dibromophenol and p-chloroani l ine .  

The mechanism of adsorption of trace amounts of phenol and anionic surfactant S DS 

by carbon adsorbents, e . g  . .  act ivated carbon and conducti e black under competi t ive 

condi tions. in  aqueous solution was studied by Asakawa ( 1 986) adsorption isotherms 

for carbon adsorbents were al l  of the Freundl ich-type. The total amount of l inearly 

with increasing molar fract ion of SDS at the ini t ia l  concentration .  Thus, the total 

amount adsorbed in the mult i -solute system can be estimated by Freundl ich constants 

determ ined from single-solute equ i l ibrium adsorption and molar fractions of adsorbate 

at the init ia l  concentration. The adsorbed amount of phenol for carbon black increased 

with the molar fract ion of phenol at the i nit ial concentration. The amount of adsorbed 

D for carbon black also increased with the molar fraction of  pheno l .  These 

characterist ics  of SDS are c losely  re lated to the molecular size of SDS and to the pore 

structure of carbon black with meshpores .  

l ing ( 1 987)  studied the competi t ive adsorption of  various phenol s  in water onto 

granular active carbon .  This study showed that the adsorpt ion capac i ty is  greater for 

o-nitrophenol ,  o-chlorophenol ,  o-cresol and o-methoxyphenol than phenol .  The 
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ads 1pt lO I1 l r the l l1d i\ idual compounds fol lows the Freund l ich i sothenns .  At �20 

( 'molll concentrat Ion . the capac ity  for the compounds (except phenol)  decreases y,ith 

an increase in  thei r numbers. 

10stafa el al. ( 1 9 9)  stud ied the adsorpt ion of some phenols on steam-act i"  aed 

carbon .  In this tudy the adsorpt ion i sotherms ha e been found to be first order in me 

10\\ concentration range giving a plateau at high bulk solut ion concentrations.  The 

thermodynan1ic parameters for the adsorption of o-chloropheno l and resorcino l  h3\'e 

been calculated on the basis of E\'eretf s i sothenn equation. 

mger and Yen ( 1 980) studied the adsorption of  phenol and alkyl phenol s  on 

activated carbon for single-and mult i -component systems. The adsorption beha\' ioc  of 

s ingle-component systems was found to confinn the Langmuir adsorption isothc:-m. 

For b iso lute systems. the Langmuir competitive model did not adequately  characterize 

the adsorption of a lkyl  phenols  on activated carbon. The ideal A dsorption Solucon 

( lAS)  theory was successful ly used to characterized competit ive adsorpt ion am0ng 

alkyl phenols  in two-and three-component systems. 

Costa and Rodrigues ( 1 982)  studied the adsorption of phenol and p-nitrophenol in  an 

aqueous solut ion on granu lar activated c arbon. They have also reported the successful 

interpretation of their experimental data by lAS theory fonnulated by Radke and 

Prausni tz ( 1 972) :  Moon and Tien ( 1 987)  have d i scussed further advancement of  

mUlt i -component adsorption equi l ibria based on  lAS theory. 
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2 .  Ad o r p t i o n  of  M e t h y le n e  B l u e  

Almost al l i ndu tries use dye and pigments to color their product . man\' of these 

dye arc inert and non-tox ic at the concentrations di scharged into the recei " ing waters. 

Ho\\ c\  er. some arc n 1 so innocuous and in either case. the color th y impart is  very 

uncle l rable to the water u er. 

The methylene blue value gives an indication of the adsorpt ion capacity of an active 

carbon for molecules having simi l ar d imensions to methylene blue;  i t  also gives an 

indication of the specific  surface area of the carbon.  which results from the existence 

of pores of d imensions greater than 1 . 5 nm. 

The methylene blue va lue is defined as the number of cubic cent i meters of standard 

methylene b lue solution decolorized by 0.2 g of the active carbon (dry basis) .  The 

standard solution is  prepared by dissolving 1 . 5 g of methylene b lue (preferabl y  o f  

Merck medical .  chemica l ly  pure. free from zinc chloride grade), s o  a s  to obtain 1 dm3 

of sol ution. According to the DAB 7 method ( I sh ibashi ,  1 972) the standard methyl en e  

b lue sol ut ion i s  added portion \\ise over 5 min  with shaking t o  200 m g  o f  active 

carbon ground « 0. 1 nm) and dried at 1 50 °C .  The methylene b lue value i s  the 

number of cubic cent imeters of the sol ut ion that been decolorized. 

The decolorizing effici ency of the carbons obtained was i nvestigated by determ i ning 

the adsorption degree of  methylene b lue at d ifferent concentrations. 

tudies on recycle system of dyeing wastewater were investigated by (Ku\\'abara and 

Shigeru 1 985 ) .  In this study, the adsorpt ion behavior of model dyeing \\'astewater 
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containing surfactant , d) e , and sal ts on acti ated carb n at < 80 OC and regenerat ion 

of the adsorbent b) ol vent \\"ere stud ied. The adsorption of acid and direct dyes and 

surfactant increased with increa ing integral pore volumes of activated carbon .  The 

saturation and adsorpt ion decreased with increasing molecular weighl of dyes and 

decrea mg oxyeth) lene chain length in surfactants. The breakthrough capac i ty of 

acti, ated carbon increased with inc reas ing temperature of the wastewater. The anionic  

dye and urfactant adsorption increased with decreasing pH of the wastewater. d u e  to 

reduced solub i l i ty of dyes, and th is  effect was enhanced with increasing number of 

sul fo groups in the dye and surfactants. Max imum desorption of spent adsorbent was 

obtained with mixed solvents having solubi l ity parameter 1 4- 1 8 . 

Barton and Stuart ( 1 987 ) .  Studied the adsorption of methylene b lue by act iY2.ted 

carbon from aqueous sol ution. This study indicated that the adsorpt ion of meth:: kne 

b lue is  a convenient indicator in the evaluation o f  active carbons. The adsorption 

processes. i s  hov·;ever complicated by factors inherented in the  structures of both 

methylene b lue solution and the acti ve carbon .  There factors incl ude the tendency of 

methylene b lue to fonn molecular aggregates in  solut ion, molecu l ar s ining imposed 

by the pore size distribution of the c arbon and the heterogeneous nature of the 

energies of adsorption and calorimetric experiments show. however, that the resu l ts 

obtained can be rational ized on the basis of these structural factors and kinetic effects  

which result  from them. 

Adsorption of methylene blue from aqueous solut ions on the c arbon prepared from 

rice husks was investigated by Youssef e! al. ( 1 990);  the surface properties w ere 
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measured ei ther by nitrogen adsorpti n at 77°K or carbon dioxide adsorption at 298  

'K From the sorpt ion data the pec i fic surface area of the prepared carbon has been 

calculaku and the changes brought about by each activation process were discussed . 

2 .3 A N A L  Y I O F  T H E  A DS O R P T I O N  P ROCESS 

The ad orption process takes place in three : macrotransport. microtransport, and 

sorption. 1acrotran p0l1 involves the movement of the organic mater ia l  through the 

v" ater to l iquid-so l id  interface by advection and diffusion. M icrotransport im·olves the 

diffusion of the organic material though the macropore system of  the GAC to the 

adsorption i tes in  the micropores and submicropores of the GAC granule .  Adsorption 

occurs on the surface of the granule and in  the macropores and meso pores. but the 

surface area of these parts of  the GAC granule are so smal l  compared with the surface 

area of the micropores that the amount of material adsorbed there i s  usua lh' 

considered negl igible .  Sorption is the term used to describe the anachment of the 

organic material to the GAC. \\ nen the rate of sorption equals the rate of desorption .  

equ i l ibrium has been achieved and the capacity of the carbon has been reached. The 

theoretical adsorption capacity of the carbon for a particular contaminant can be 

determined by performing i ts  adsorption isotherm. 

The q uantity of  adsorbate that can be taken up by an adsorbent is  a function of both 

the characterist ics  and concentration of adsorbate and the temperature. General ly,  the 

amount of material adsorbed is determined as a function of the concentration at a 

constant temperature, and the resul t ing function is cal led an adsorption isotherm 
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I quatiol1s that are 0 ten used to describe the experi mental i sotherm daw \\ ere 

dc\' c l or�d b) Freund l ich, by Langmuir, and by Brunauer, Emmet, and Tel ler ( BET 

i.othcrm ),  ( h  w ( 19 6)� EPA ( 1 973)) .  Of the three, the Freundl ich i sotherm is used 

I11l �t c01111110nl) to de cribe the ad orption characteri st ics of the acti vated carbon used 

in \\ ater and v·;astewater treatment . 

2.3. 1 Freu n dlich I sot herm 

Freundl ich l iquid phase i sotherm studies can be used to determine the adsorptiye 

capac ity of activated carbon over a range of different concentrations. Under standard 

conditions. the adsorptive capac ity of activated carbon wi l l  increase as the 

concentration i ncreases, unt i l  the maximum saturation capaci ty is achieved. 

Freundl ich l iquid phase i sotherm can be used to determine the effect of solubi l ity o n  

the adsorptive capaci ty o f  act ivated carbon over a range of different concentrations. 

Phenol IS highly sol uble due to its polar nature whi lst Il1 comparIson. 

tetrach loroethlyene has a low solubi l i ty due to being non-po lar. 

The empirical ly  derived Freundl ich isotherm is  defined as fol lows. 

q = xlm = a Ce 1/n 

Where 

(2- 1 )  

xlm = amount of adsorbate adsorbed per unit weight of  adsorbent ( c arbon) 

Ce = equi l ibrium concentration of adsorbate in sol ution after adsorption 

a .  n = empirical constants. 

3 8  



1 he constants in the Freund l i  h isotherm can be determ ined by plott ing ( x/m) versus 

e and mak.ing u e of quation 2- 1 rewritten as 

lo£!. ( x/m ) - log a + Ln I g <: 

2.3 .2  L a n gm u i r  I o therm 

( :2 -2) 

Deri \ ed from rat ional considerations. the Langmuir adsorption i sotherm is defined as 

q = x/m = a bCel l +b e 

Where 

( 2-3 ) 

m = amount adsorbed per unit  weight of  adsorbent ( activated carbon) 

a. b = empirical constants 

Ce = equi l ibrium concentrat ion of adsorbate in sol ution after adsorpt ion 

The constants in the Langmuir isotherm can be determined by p lott ing Ce ( x/m) 

versus Ce and making use of Equation 2-3 re\\Titten as 

CeI(x/m = l /a b + ( l Ia) Ce 

2.3.3 1\ 1 a s  -Tra n sfer Zo n e :  

( :2 -4 ) 

The area of  the GAC bed in which  sorption occurs is  cal l ed the mass rransfer �one 

(MTZ) .  A fter the contaminated water passes through a region of the bed \\'hose depth 

i s  equal to the MTZ, the concentration of the contaminant in  the water have been 

reduced to i ts m inimum value .  No further adsorption wi l l  occur within the bed bdow 

the MTZ. As the top l ayers of carbon granu les become saturated \\1th organic 

materia l .  the MTZ wil l  move down in  the bed unt i l  breakthrough occurs . A certain 

minimum empty bed contact t ime i s  required for the MTZ to be de\cloped ful l y  

within the GAC bed. I f  the empty bed contact t ime of the column is  too short ( i . e  . .  the 
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hy drau l ic  load ing rate i s  too great) ,  the l ength of the M TZ \\-i l l  be larger than the A C  

bed depth .  and the ab orbable contam inant wi l l  not b e  complete l \' remo\ ed b :.he . . 

carbon ( l\ 1 etcal f and Eddy. 1 99 1 ) . 

The thickness of the 1TZ varies with the flowrate because d ispers ion,  diffusion. �Jd 

channe l ing in  a granular medium are d i rectl; re l ated to the tlowrate.  The only \\ 3. 10 

u e the capac ity at the bottom of the column is  to haw two co lumns in series 2Jld 

switch them, a they are exhausted. or to use mul t iple columns in paral le l .  The 

opt imum flowrate and bed depth. as wel l  as the operating capacity o f  the carbon m:.lSt 

be establ ished to determine the dimensions and the number of colwnns necessar. :or 

continuous treatment. 

The effect of  l i near flow rate through an act ivated carbon adsorption ooi t  CaL. iJe 

i l lustrated by the mass transfer zone ( M TZ) .  Fol lowing a period in operation, the :0p 

portion of  the bed wi l l  become ful ly loaded \\'i th  adsorbed organics :  this i s  referre-c. 10 

as the saturation zone. Remo,'al of the d i ssolved organics takes place i n  the sect ion o f  

the bed referred to as the MTZ. The length o f  the MTZ can b e  opt imized at lo\;:er 

l i near flow rates. Other factors. such as concentration and particle s ize, v,'i l l  also aft-:Cct 

the MTZ. 

In i t ia l ly ,  on  start up of an adsorption unit .  there wi l l  be a sl ight increase in the pH of 

the em uent water. Thi s  i s  due to trace leaching of the soluble maner from the maeix 

of the act ivated carbon .  Leaching i s  usual ly  control led by effic ient backwashrng, 

which wi l l  read i ly  remove soluble matter. fol lowi n g  vdlich the system \\� l l  reach 
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equi l ibrium v, i th the pI J of  tllC feed water. 

dsorpt ion e fficiency can be opti mized by using finer par1 ic le  s ize products, which  

i mprO\ e the rate of  d i ffusion to  the  surface of the acti vated carbon.  This  must be  

balan ed  again t pres ure drop l imi tations. 

Efficient backwashing i s  an important part of the start up of an activated carbon fi l ter .  

A bed expansion of 25-35°'0 should be used to remove readi l y  soluble matter and to 

strat i fy the part ic les. to ensure that  the MTZ is maintained when future backwashing 

i s  undertaken . 

2.3.4 Carbon Adsorption Capaci ty 

The adsorpt ive capacity of  the carbon can be estimated by extending a vertical l ine 

from the point  on the horizontal scale corresponding to the ini t ia l  concentration Co and 

extrapol at ing the isotherm to i ntersect this l i ne .  The ( x/m) Co value at the point  o f  

intersection can b e  read from the vertical scale. This ( x/m) Co value represents the 

amount of constituent adsorbed per unit  weight of carbon when the carbon i s  at  

equ i l i brium with the in i t ia l  concentrat ion of constituent . This condit ion should exist i n  

the upper section of a carbon bed during column treatment, and i t  therefore represents 

the u l timate capac i ty of the carbon for a part icular waste. 

2.3.5 B reakt h rough Adsorp t i o n  Capacity 

In  the field, the breakthrough adsorption capacity, ( x/m)b, of the GAC in  a ful l -scal e  

column i s  some percentage of the theoretical adsorption capacity found from the 
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i sotherm. I he ( x/m )b of  a single column can be as umed to be appro .'\ i m3teh 25  t(I 5 0  

pc.?rcenl o f  the the rct ical capac i ty (x/m )o ( chroeder and Techobanog lous. 1 990 ) .  

nce (xl m )  b i s  k.rl0\\ n ,  the l ime t breakthrough can be calcu lated b y  so l v i ng the 

1'0 1 10\\ ing equation ( , hroeder and Techobanoglous. 1 990).  

( m )b = 't/T\1c = Q ( - t/2) t 1c [ 8 . 34  IblM ga l .  (mglL )] 

Where: ( , m)  b = fie ld breakthrough adsorption capacity. lb/ lb or  gig 

(� -�  ) 

Xb = mass of organic  material adsorbed in  the G AC column at 

breakthrough. Ib or g 

Me = mass of carbon in  the column. lb  or g 

Q = flow rate. 19a1/d 

C, = influent organic concentrat ion. m g/L � � 

Cb = breakthrough organic concentrat ion, mg/L 

tb = t ime to breakthrough. d 

Equation (2 -5 )  was developed assuming that C i s  constant and t hat the effl uent 

concentration i ncreases l i near ly with t i me 0 to Cb. Rearranging E quation (2-5) .  the 

t ime to breakthrough can be calculated using the fol lowing re lat ionship .  

tb = (xlm)b M e  / Q [C, - (Ct!2)] [8 . 34  I blM gal .  (mgIL)] (2-6 ) 

For a powdered-carbon appl ication, the i sotherm adsorption data i s  used in 

conj unction with a material -balance analysis to obtain an estimate of the amount of 

carbon that must be added (EPA, 1 973) .  Here again, because of the many unknown 
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factors i m o h ed, pi lot plant test. to dewl p the optimum design data are 

recommended. 

2.4 \V A T E \VA T E R T R E A TM E N T  

204. 1 'Va t ew a t e r  Com pos i t ion  ( Po l l u ta n ts )  

Compo it ion refers t o  the actual amounts o f  physical ,  chemical and biological  

constituents present in  wastewater. In this section, data on the constituents found i n  

wastev·:ater septage are presented. Discussions are also included on the need to 

c haracterize wastev.'ater more ful ly and on the mineral pickup result ing from water 

use. 

1. Con t i tuent  i n  'Vastewater and Septage 

Typical data on the indiyidual const i tuents found in domestic wastewater are reported 

in  Table 2-2. Depending on the concentrations of these consti tuents, wastewater i s  

c l assified a s  strong. medium o r  weak. Both the consti tuents and the concentrat ions 

vary \\i th the hour of the day. the day of the week,  the month of the year. Therefore. 

the data in  Tab le  2 -2 .  are intended to serve only as a guide and not as a basis for 

design. Septage is the s ludge produced in individual onsite wastewater-disposal 

system, principa l ly  septic tanks and cesspool .  The actual quantit ies and constituents o f  

septage vary widely. The greatest variations are found in  conununities that d o  not 

regulate the col l ection and d isposal of septage. 
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T a b l e  2-2.  T) pical  composit ion of untreated d me t ic  wa tevv aler 

Concen t ra t i o n  
Param eter, m g/J 

Strollg Medium Weak 

Tota l sol id 1 200 720 390 

Total d i  o h  c d  �ol ids 850 500 250 
olati le ol id 3 2 5  200 1 05 

u pe n d e d  o l id 3 5 0  2 2 0  1 00 

Bioc h e m ica l o'\� gen dema nd,S day -100 220 1 1 0 

Total  O rga n ic Ca rbon 290 1 60 80 

C h e m ica l OX) gen d e m a n d  1 000 500 250 

Tot a l  i t rogen 8 5  4 0  20 

O rga n ic l i t rogen 35 1 5  8 

Free m m o n ia 50 25 1 2  

Phosphoru 1 5  8 4 
C h loride 1 00 50 3 0  

A l ka l i n ity a CaC03 200 1 00 5 0  

G rea e 1 50 1 00 50 

fetcal f and Eddy. ( 1 99 1 ) . 

2 .  M ic ro o rga n i  m i n  \-Va tew ater 

Representat iye data on the type and number of m icroorgani ms commonly found i n  

wa tewater are reported i n  Table  2-3 . The re lat ively wide variation i n  the rep0l1ed 

range of , al ue i s  characterist i c  of waste\\"ater analysis .  I t  has been estimated that up 

to 3 or -+ 00 of the total col i form group are pathogenic .  ome organ ism ( sh i ge l l a, 

helm i nt h  eggs. and protozoa cysts) are almost never l ooked for in a rout i ne analysis .  

Great care hould be exerc i sed when reviewing reported v irus val ues. 
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Ta blc  2-3 T} pe and number of microorganism ty p ica I I :  found in 

untrcated d me l lc \\ astc\\ ater 

O rga n i  m Concen t ra t ion,  n u m be r/m l  

Total co l i form 

fecal co l iform 

Fecal trepococci 

EnterococcI 

a lmone l la 

PScudolllona 

Clo:>trid ium perfri ngens  

Protozoan cysts 

G iardia C) sts 

Cr) pto por id lull1 cysts 

He lminth 0\ a 

Enteric v irus 

1etca lf  and Eddy, ( 1 99 1 ) . 

3. N eed fo r pec i a l ized A n a ly e 

I n  general the constituents reported in  Table ( 2 -2) .  are those that are analyzed more or 

Ie rout ine ly .  In the pa t ,  i t  was bel ieved that these const i tuents \ ere suffic ient to 

characterize a waste\\'ater for biological treatment, but a our understanding of the 

chemistry and m icrobiology of wastev ater treatment and envi ronmental qual i ty ha 

continued to expand, the importance of analyzing add it ional constituents is becoming 

more appreciated . 
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I he e addi t ional constituenb that are no\\ anal) zed include m an y  OJ- the met2.1 

necessary for the gro\\1h o f  micr orgal1 1S1l1 uch a calc ium_  cobalt.  c\,,'pper. iron_ 

magnesI um.  manganese . and zinc.  The pre ence or absence of h ydrC''';en sul fjje 

should be determ ined to a'ses \\ hether corrOS I\  e condit ions rna) Ce\ elop 3..'1d 

\\ hether an) tra e metal necessary for the gro\\1h of microorganism5 are being 

prec I pitated .  The concentrat ion of sulfate should be determi ned t o  assess tile 

sui tabi l i ty of anaerobic v·;aste treatment.  The presence of fi lamentous orgarj ms i n  the 

wastewater should also can be determ i ned. especial l y  i f  biological treatment is being 

considered. Priority pol l utants must be analyzed to determine i f  special treatment and 

control methods wil l  be required to m i nimize the release of these c ompounds to the 

em ironment. 

2.4.2 C h a racteristics of Do mestic \Va stewater 

1 .  Phy ical C h a racterist ics  

Fresh. aerobic,  domest ic wastewater h as been said to ha\-e the odor of 'erosene or 

freshly t uned earth . Aged.  septic sewage is considerably more offensi \'e to the 

o l factory nerves. The characteristic rotten egg odor of bydrogen sulfide and the 

mercaptans is i ndicatiye of septic sewage. Fresh sewage is typ i cal ly gray in color. 

while septic sev,:age is blac k ,  

\Vastewater temperatures normal l y  range between 10  an d  20 °C . I n  generaL the 

temperature of the wastewater wi l l  be h igher than that of water supply. This  i s  

because o f  the addition of warm water from households and heating \\ithin the 

plumbing system of the structure , 
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One cubic meter o[ \\ a  tewater \\ e ighs approxi matel )  1 .000.000 gram . I t  wi l l  contain 

about 500 gram o[ o l i d  ne-ha l f  of the sol ids w i l l  b e  d issol ved sol ids s u c h  as 

ca lc ium. odium. and o l uble organic compounds. The remaining 250 grams wi l l  be � -

inso l uble .  The i n  o luble  fraction consists of about 1 25 grams o f  material  th21 \\.' i l l  

sett l e  out of the l i quid fraction i n  30 m inutes under quiescent condit ions.  The 

remal ll l llg  1 2  - gram wi l l  remain in suspension for a very long t i m e .  The resul t :s that 

wastewater is highly turbid .  

2.  C h e m ic a l  C h a racteri  t ics 

Because the number o f  chemical compounds found in wastewater i s  almost l imi1 l ess. 

we nonnal l y  restrict our consideration to a few general c lasses of compounds. These 

c lasse often are better knovm by the name used to measure them than b what is 

i nc luded i n  the c l ass. The COD test i s  used to determi ne the oxygen equi\'alem of the 

organic matter that can be oxidized by a strong chemical oxidizing agent ( potas s i um 

dichromate) i n  a n  aci d  medium. The COD o f  a waste, i n  genera l ,  w i l l  be greater than 

the BODs because more compounds c an be oxidized chemical l y  t han can be oxidized 

biologica l l y .  and because BODs does not equal u l t imate BOD. 

The COD test can be conducted in about three hours. I f  i t  can be correl ateu \\ith 

BODs i t  c an be used to aid i n  the operation and control of the wastewater trea:ment 

p l ant ( W \\'TP).  
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1 he pI I (lr al l  of these \\ a:-.le \\  I I I  be in the range o f  6.5 to 8 S .  \\  l lh a malori t \  be i n u - .. .::-

s l i ght l y  on t he al kal I ne side of 7 .  

204.3 l a  ' s i fi c a t i o n  o f  \V a t en a t e r  T rea t m e n t  M e t h od , 

rhe contami nant in \\ astewat r removed b: ph ·sic a ! .  chemical  and biological means.  

The ind i vidual methods usua l l y  are c lassified as physical unit  operat ions. and 

proce ses occur in  a variety of combi nations in treatment systems. i t  has been found 

adyantageous to tudy their sc ient i fi c  basis separate l y  because the principle invo h'ed 

do not change. 

1. Physical  U n i t  Operat ions  

Treatment m ethods i n  which  the appl ication of physical forces p redominates are 

knOV.TI as physical unit operations. B ecause most of these methods evolwd direct ly 

from man ' s  fi rst observations of nature, they were the first to be used for wastewater 

treatment. Screeni ng, m i x i ng, flocculation. sedimentat ion, flotation. fi lt ration. and gas 

transfer are typical unit operat ions. 

2. C h e m i c a l  U n it p rocesses 

Treatment methods i n  which the removal or conversion of contaminants is brought 

about the add i tion of chemicals or by other chemical reactions are known as chem i c a l  

u n i t  processes. Precipi tation. adsorption.  and dis infection are the most comm o n  

examples used III wastewater treatment. In chemical prec i pitation, treatment I S  

accomp l i shed by produc i ng a chemical precipitate that wi l l  sett l e .  I n  most cases.  the 

sett led precipi tate wi l l  contain both the consti tuents that were swept out of the  
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\\ astc\\ ater as the prec ipitate sett led.  Adsorpt ion i m oh es the remo\ al of s�cc i fi c 

compounds rr m the \\ astev" ater on s011d urface uSing the forces of  artr2ct ion 

hct\\ ccn b die, . 

3.  B iologica l  U n i t P roce e 

Treatment methods i n  which the remo\-al of contaminants i s  brought b:' biolog ical 

act iv it) are kno\\11 as biological unit  processes, Bio logical treatment is used priDar i ly  

to remove the b iodegradable organic substances (col loidal  or dissolved ) in  

wastewater. Basical ly ,  these substances are converted into gases that can escape to the 

atmo phere and i nto b iological ce l l  t i ssue that can be removed by sett l ing. Biological 

treatment is environmental contro l :  \\'aste\\ ater c an be treated biological ly  iT: most 

ca es. There fore. the engineer should pr0\'ide the proper en\'i ronment so U-2t the 

process can operate e ffectively.  

2.4.4 W a  tewater T rea t m e n t  Pla n t  I n  AI _-\ i n  

Zakher v,:astewater treatment plant was designed for construction in  two phases, Phase 

I has been designed to treat a flo\\' of 21,000 m3/day dry weather flow ( DWF 1 _  and 

was commissioned i n  1 98 1 .  Consnuction o f  phase I I  o f  the treatment plant staned i n  

1 989 and was completed i n  1 993 , doubl ing the capac ity of the works to treat a 11o\\' of 

54,000 m3/day (DWF). 

The wastewater-processing scheme at Zakher wastewater treatment plant i s  extended 

aeration for biological treatment fol lowed by sett lement tank s_ and pol i shing of 

49 



effluent h\ dual-media rapid gravity sand fi l ter and disinfection of  efiluent by 

chlorinat ion.  

The Zakher Wa te .... ater Treatment Plant incorporates thejol/owing stages: 

1 .  �c reenin g 

r remo\ e large sol ids and rag . which are not biodegradable, such sol ids i f  passed 

through the p lant may cause physical problems later in the treatment process. 

2. G ri t  R e m oy a l  

To remove 95% of grit and stones \\-hich could result  in blockages and abrasive \\ ear 

on machinery and pipe \",orks. 

3.  Aera t i o n  Ta n ks 

The incomi ng sewage, having been "seeded" with act ive organisms i s  passed through 

tanks equipped with surface aerators designed to provide atmospheric oxygen for the 

process and to ensure adequate mix ing so as to maintain the sewage part ic les and 

. . . 
orgamsms In  suspenslOn.  

4. Set t l i n g  T a n ks 

After the aeration process the activated sludge is a l lowed to settle.  l eaving an eftluent 

containing less than 3 0  PPM of suspended sol ids. 
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5. Retu rn A c t i Y a tcd S l u d ge ( RA S )  

. mc o f  thi  l udge from the sett l ing tanks i s  returned to be m i xed with incoming 

scwage 10 the aerat ion lanks, in  rder to seed active organ isms into the process. 

6. E ffl u e n t  F i l t ra t i o n  

and-bed fi l ter remove a large percentage of the remai ning suspended sol ids from 

the ettlement effluent. Air scouring and backwash of the fi l ters is used. when 

nece ary, for c l eani ng. the backwash water being returned to the i n l et of the works 

and mi xed \vith incoming sewage. 

7. C h l o ri n a t i o n  

Chlorine gas i s  i nj ected i nto the final effluent for t h e  purpose o f  dis infection before 

the effluent i s  pumped to the distribution network around Al Ain:  residual chlorine 

content of 1 P P M  i s  the desired final concentration. 

8.  Aerobic D igest ion 

urp l us activated s ludge from the settl ing is  further aerated to improve the 

stabi lization and consol i dation. At i ntervals, the digesti ng sludge i s  a l lowed to sett l e .  

top water i s  decanted and returned to the works i n l et and the consol idated d igested 

s l udge is pumped to the drying beds .  

9. l u d ge Dewatering 

atural a ir-drying is used to obtain a dry s ludge cake, which can be used as a soi l ­

condi t ioning agent for agr icul ture. or horticulture proposes. 
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r he c i a. i ficat ion and general pec i ficat i on f Lakher Wa tev" ater Treatment P l ant  ar 

hO\\ J1 i n  Tab l e  2-4 . 

Tab le  2-·-'. The c ia  i fi cat ion and general spec i fi cat ion o f  \\ a lev. ater 

treatment proce s at Zakher \\'a te\\ ater Treatment P lant .  

UNIT TYPE 

1. SelVage Treatmellt Ul1it : 

creens H ydra u l i c  rake 

Detro iters Bladed grit col lection scraper 

eration Tank Rectangular tanks with surface aerators 

e(1 )ement Tank C i rcular with radia l  tlow 

and Fi lters Three beds(garnet, sand, coal) fi lter 

Ch lorination Ch lorine vac uum feeder 

2. Sludge Treatment Units: 

Aerobic Digesters Circular \\ ith con t i n uou rotation 

Of) ing Beds Square low depth beds 
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CHAPTER 3 

M ATERIA L & METH O DS 

3. 1 M ATERIA L 

The material required for th is  study include the prepared PDKAC, adsorbates and 

other equipment to catTY out the necessary experiments. For example, according to the 

adsorpt ion s stem the materials required are the l i quid phase and so l id  phase of the 

sy tem. which act as ad orbate and adsorbent respect ively .  

3. 1 . 1  Adsorbent 

Adsorbent is any sol id materia l  having the abi l i ty to concentrate signi ficant quant i t ies 

of other substances on its surface or on i ts pore structure. 

The sol id material used as adsorbent I S  Palm Date Kernel Act ivated Carbon 

(PDKAC).  

3. 1 .2 Adsorbate 

Adsorbate is any substance that can be adsorbed, i nc luding organic compounds. color 

bodies and taste and odor by adsorbent . 

The adsorbates used in  this study are phenol, ani l ine and methylene blue. 
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3.2  EQ I PM E  T 

Thl? ad 'orbcnt ( PDKA ) wa prepared in bomb reactor calorimeter and for part ic le  

sIze anal)  s i  , the  siere shaker o. 1 B 4 1 0  sieve of 75 urn aperture) was used. The 

ad orbent v, a analyzed for i t  carbon. hydrogen and nitrogen content using a CHY 

Analy::.er model CE 440 ( Lee Man USA).  A Fourier-transform infrared Shimad::.u 

FTlR- 1 0 1  spectrophotometer of 8 .0  cm- l resolution and 40 accumulation, fined with 

a 2 . 8  mm/s detector and Happ-Genzael apodization, was used to determ i ne and study 

the k inds of functional groups present on the surface of PDKAC. 

The scanning electron microscope was used for morphological characterization. 

3.3 M ETHODS 

3.3 . 1  Prepa ration of Activated Ca rbon (Adsorbent) 

The palm fruit kernels  used in this study were col lec ted from AI-Ain c ity. United 

Arab Emirates. Dry date kernels were subj ected to a pyrolysis process at  7500C in  the 

absence of air for 8 hrs. The result ing palm date kernel carbonizate was ground to the 

min imum possible size and sieved to pass through a o .  1 BS 4 1 0  s ieve of 75 11m 

aperture. The palm date kernel carbonizate partic les were then subj ec ted to a steam 

activation process at 750 °C for 8 hrs ( Jankawska ef 01. 1 99 1 ) . Prior to their use i n  

adsorption studies the palm date kernel activated carbon (POKA e )  partic les were 

washed several t imes using deionized water to remove any so luble i mpurities and 

subsequently dried in the absence of air at a temperature of 200 °c for 24 hrs . They 
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\\ cre then tor d In  a de icator pnor to weighing for adsorpt ion studies. infrared 

'pectroscopic and urface area analy i . 

3 .3.2 Deter m i n a t ion of Eq u i l i bri u m  T i me 

I n  order to deteml ine the equi l ibrium t ime for max imum adsorpt ion.  the fol lowi ng 

experiment \Vas carried out using phenol solution for d ifferent t ime i nteryals as 

described below. 

A stock solut ion of phenol,  1 .6g/1 ( 1 600ppm) was prepared. From this stock solution a 

worki ng o lution of 1 00-ppm phenol solution was prepared. 50ml of the prepared 

I OO-ppm solution was transferred to seven different bottles. One g of the prepared 

PDKAC was added to each of the seven bottles. These bottles were then shaken on a 

st i rrer p laced over a water bath maintained at 2 5°C for d ifferent t ime i ntervals .  After 

each t ime i nterval the speci fied bottles were removed. 

The carbon content was then fi ltered using glass fiber fi lter papers. The fi ltrate was 

then analyzed for the remain ing phenol content using the Pye Unicam P 8630 

spectrophotometer at 270 nm wavelength and 0.2 ppm detection l imi t .  The absorption 

values were then p lotted against the t ime and the equi l ibrium t ime i s  calculated from 

the graph .  
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3.3.3 d o rpt ion  I ot herm 

Carbon ample ( 1  g) were taken I l 1  flasks of 1 00-m I capacity,  and 50 ml of the 

'ub::.lrate solution Pheno l of di fferent concentrat ions (200- 1 600 ppm ) were used . The 

Da k \\ ere continuousl. shacked in a water bath shaker kept at 25 DC unt i l  adsorption 

equ i l ibrium \\'as e tab l i shed . Equi l ibrium reached in  a l l  cases after the solutions were 

a l lov, ed (0 tand for 24 hr . 

The difference bet\veen the in i t ia l  concentration (Co) and the equi l ibrium 

concentration (Ce) was used to compute the amount of phenol remo\·ed (qe) from the 

solut ion a fol lows: 

( 3 - 1 )  

\\-here M i s  the mass of adsorbent employed ( in  g) .  A l l  batch tests were carried out at 

± 25 DC to e l iminate any temperature effects. 

The same experiments were repeated using Ani l ine and Methylene B lue as the 

substrate at a concentration of (200- 1 000 ppm) and ( 400- 1 800 ppm), respective I : . 

B lank samples for phenoL ani l ine, and methylene blue were prepared and no change 

in concentrat ions \-vas found . 
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CHAPTER 4 

4. 1 Physiochemical Properties of PD KAC Adsorbent 

The phy iochemical properties of PDKAC adsorbent are shown i n  Table 4- 1 .  I n  

addition, C HN analysi confirmed the presence of a h igh percentage of carbon ( 75%) 

i n  addit ion to the exi tence of hydrogen and n itrogen. The lower bul k  density of the 

PDKAC adsorbent ( Lastoskie et al. 1 990) as wel l  as the aforementioned surface 

functional groups (Gergova et al. 1 993 ,  Cookson 1 978 )  explain the abi l i ty of PDKAC 

to act a an adsorbent in the removal of trace contami nants from wastewater effluent. 

Table 4. 1 Physiochem ical properties of local ly-made PDKAC adsorbent 

Bulk density (kg/mJ) 5 1 7  

P art icle size ( /-lm) 5,75 

Carbon (V,,1 .  %) 75 . 1 6  

Hydrogen (wt. %) 2 .68 

i trogen (wt. %) 3 . 54 

Reminder (\\1 . %) 1 8 .62 

Ash content (wt .  %) 3 . 789 

Surface functional groups : >N-H,  > 
+-H, -OH, -CH -COOH >C=O and -N=O 
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4-2 M o rp h olog ica l  C h a racter iza t ion  of P D K AC Adsorben t. 

rhe canning Electr n Microscope picture of the adsorbent. (POKAe), \\ hich was 

lIsed for the experiment are shown in  Figure 4- 1 ,  4-2.  and 4-3 .  F igure 4- 1 shows tbe 

arrangements of  PDKA units at a magni fication of  35  times. \\·h i le .  F igure 4-2 

ident t iie  the  pores in ide one of the un i t  shown in  F igure 4- 1 at  a magnification o f  

550  t imes. Furthermore, a t  a higher magni fication of 1 0,000 t imes, o n e  w i l l  be able  t o  

identify the part ic les s izes at h igher leve ls  as wel l  a s  the micropores. 

Figu re 4- 1 Scanning e lectron m icroscope p icture of PDKAC units (peds) and the macropores. 
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Figure 4-2 Scanning e lectron m icroscope picture of PDKAC unit showing pore s izes 

and their arrangements. 
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Figu re 4-3 Scann ing electron m icroscope picture of PDKAC pan icles and m icropores. 
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4-3 I n fra red A n a ly i . 

From the i n frared ( l R ) pectrum '.vhich i s  shown i n  F i gure 4-4, PDKA adsorbent 

contains the fI l Iowi ng urface functi onal gr ups : >N-H,  >N+- H .  -OH . -C H .  -COO H ,  

C 0 and ( Radwan and as ar, 1 997).  

70 
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Figu re 4-4 Infrared spectrum of PDKAC. 
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4-4 Typ ica l A n a ly is  of Za kher  Wa tewater Trea tmen t P l a n t  

The anal}  i s  re ult  [ the treated e ffluent from Zakher wa te\ ater treatment plant 

( I i  ted in Table �-2) reflect the effluent characteristics and the treatment efficiency. 

Table 4-2 haracteri t ics o f  fi nal efnuem at Zakher Wastewater Treatment Plant.  

Sett lement  Sand Fi lter I n t I .  Pota b l e  Pa ra meter 
Overflow (Ch lorina ted) Water G u idel i nes 

p H  

Total  D i  soh ed Solid (TDS) 

A m mo n i a  as N 

BODs 

Chemical  Ox ygen Demand (COD) 

S u  pended Solids (SS) 

C h loride as CI 

'\I i trites as .'" 

N itrates as N 

S u l p h ate as SO·f 

Total H a rdne ( T H )  

Heavy Metals 

Cad m i u m  (Cd) 

Cobalt  (Co)  

C h ro m i u m  (Cr) 

Copper ( C u )  

I ro n  ( Fe) 

:\ I anganese ( M n )  

N ic kel  ( N i) 

Lead ( Pb) 

Zinc (Zn)  

All  Un i ts are I n  mg. 1 e xcept p H  
D = on detected 

7A 

1 005 

1 .64 

2.05 

1 9. 7  

7 .6 

267 

0. 1 6  

\ .92 

1 57 .8  

3 1 5  

NO 
NO 

0.0902 

N O  
0. 1 1 3 5  

0.0400 

NO 
N O  
NO 
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7.4 6 . 5  - 8.5  

l O l l 500 

0. 1 0  N/A 
0.6 N/A 
1 8 .4 N/A 
3 . 7  N/A 
275 250 

0.04. I 
1 .2 1 0  

1 57.8 250 

265 N/A 

NO 0.005 

N O  N/A 
0.0075 0.05 

NO 1 . 3 

0.04. 1 5  0.3 

0.04.35 0.05 

NO 0.02 

NO 0.0 1 

NO 3 
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4-5 Phy ioc h e m ica l  Propert ie  of Adso rba te Sol u t ions  

The ph) iochemical pr pertie of PhenoL ani l i ne and Meth; lene Blue are i l l ustrated 

in Table o.l-3 

T a b l e  4-3. The phy s iochemIcal properties of phenol ,  an i l ine a n d  meth lene b l u e  

PHENOL ANILINE METHYLENE 

BLUE 

Chem ica l Fo r m u la C6H60 C6H sNz 
C 16H I sN ) S  Cl  

Ph) sical  P rope rtie White Crysta l l ine mass, soluble i n  Col orless o i l y  l iq u id Dark green crysta l s  
alcohol ,  \ \  ater and ether, flammable soluble  in a lcohol,  soluble i n  water, 

ether alcohol,  ch loroform I S pecific G ravi t)  1 .07 1 .0235 

Water Sol u bi l i t�  S l ightly so l .  8 . 2 8  g/ [ OOm L M oderately 501 3 . 5  

g/ I OOmL a t  2 0  DC 

M o lec u l a r  Weight  94 . 1 1 3  93 . 1 2 8  3 J 9.85 

M e l t i n g  Poi n t  4 0 . 5  Uc 6.2  Uc 1 90 Uc 

Boi l i n g  Po i n t  1 82 °C 1 84 , 4  Uc 

Fla h Poi n t  7 8  Uc 70 Uc 

Hazard Toxic  by ingestion,  inhalation and skin  Tox ic  by i ngest ion, M oderately toxic by 
absorption. Tolerance l i mit 5 ppm in inhalation, skin ingest ion 

air  absorption. Tolerance 
l imit ,  2 ppm in air 

U es Production of epoxy res ins  and Photography Dyei ng cotton, 

phenol i c  resins,  which are used i n  the explosives, herbic ide, bacterio I ogi ca l-sta i n 

p lywood, construct ion, automoti ve, and fungic ide, petro leum indicator 

appl iance industries. refi n i ng 
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4.6 Eq u i l i b r i u m  T i m e  

The eq ui l ibrium t ime � r the tested phenol as discussed previously in chapter 3 is 

ShO\\ l1 i ll F igure 4-5. 

From Figure 4-5 i ts evident that the amount adsorbed increases with t i me at constant 

temperature of 25 DC, and a lso the adsorption rate reached the equi l i br ium point after 

24 hrs . 0, 24 hrs time has been selected as the equ i l ibrium t ime for carrying out a l l  

subsequent batch adsorption tests. 

"0 "" .D ... 0 ,.-.. '" OJ) -0 __ C'; OJ) 
..... E 1: ,-,  :::l 0 
E 

< 

5.0 
4.5 
4.0 
3.5 
3.0 
2.5 
2.0 
1 .5 
1 .0 
0.5 
0.0 

0.0 1 0.0 

• 

20.0 

Time ( h r) 
30.0 40.0 

Figure 4-5 Adsorption rate of Phenol at d i fferent t imes onto PDKAC at 25 0 
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4.7 Ad orp t ion  I sot herm 

dsorpt ion under equi l ibrium condit ions was determin d for each of  the phenol .  

an i l i ne and methylene blue olutions. Fi gures 4 .6, 4 . 7  and 4 .8  depict the adsorption 

i otherm mea ured at 25 0 . 

fhe ad orption characteristic depend primari ly on the affinity of the sol utes for the 

ad orbent materia l .  In this study. the PDKAC was found to have h igher selecti \'ity for 

adsorbing phenol > ani l i ne > methylene blue. 

� <.J � � 0 ""'-'" on 
� OD  
--( E 
..... '-' c " == 0-0 
E 

-< 

30 

25 

20 

1 5  

1 0  

5 

0 

0 

• 

200 400 600 

E q u l i b r i u m  Concen t ra t i o  
Ce ( m g/I)  

800 1 000 

Figu re 4.6 Adsorpt ion Isotherm for Phenol onto Pa l m  Date Kernel Activated Carbon at 2 5  l· . 
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Figure 4 . 7  Adsorption isothenn for Ani l ine onto PDKAC at 2 5 °C . 
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Figu re 4.8 Adsorption isothenn for Methylene B lue onto P DKAC at 25 °C. 
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4.8 A n a Jys is  of Ad o rpt ion  I sotherms 

4.8. 1 Freu nd l ich I otherm 

Of more practical u e in indu tr and easIer to handle is  the Freund l ich i otherm 

equat ion, i .e .  

q = k Ce 1/n (4- 1) 

Where : k and n are regre ion parameters (Freundl ich constants) and q and Ce are the 

equ i l ibrium ad orbed-phase concentrat ion and the equi l ibrium l iquid-phase 

concentration, respect ivel . The Freundl ich model is an experimental expression used 

for a ing le ad orbed species .  

Equation 4- 1  wa used to fit  the experimental data for the three ystems used. Figures 

4-9, 4- 1 0, and 4- 1 1  show the l i near plots of log qe versus log Ce obtained for each 

ystem (phenol ,  ani l i ne and methylene b lue), indicating the appl icabi l i ty of the 

Freundlich mode l .  The regression parameters k and n for the Freundl ich adsorption 

isotherm equation obtained for the three systems are l i sted in Table 4-4. 

Ta ble 4-4 Freundl ich parameters for the adsorpt ion of Phenol,  A n i l ine and M ethylene B l ue. 

Phenol 2 .93 3 .09 0 .9993 

Aniline l .26 2 . l 4  0 .9986 

Methylene Blue 2 . 1 3  3 . 63 0 .9835  

According to  the  calculated "k" parameters, the  selectively order for PDKAC 

ad o rption is  phenol > methylene b lue > ani l ine .  
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Figure 4-9 Freundl ich i sothenn for Phenol at 25 °C 
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.t .8.2 L a n gm u i r  L o t h e rm 

The sll1gle-component Langmuir i otherm is one of the most popu lar two-parameter 

isothenn equati n . The Langmuir isotherlTI has the fol lowing form : 

q = xlm = (a b C)/( l -r a C) 

\Vhere q = ad orption mass rat io onto the solid phases 

x = amount of material adsorbed ( mg or g) 

m = weight of adsorbent (mg or g) 

(4 .2 )  

e = concentration of material remaining in  solution after adsorption i s  

complete (mg/ l ) .  

a ,b = constants 

Taking the reciprocal of both s ides of equation (4 .2 )  yie lds :  

l /q = ( l ib) + ( l Ia b Co)  (4-3)  

If  l /q i s  p lotted versus l Ie" a straight l i ne should be obtained over the region in  

which the Langmuir equation appl ies. This l ine wi l l  have a s lope of l Iab and an  

i ntercept of l ib. The experimental data for the systems were found to fit  equation 

(4 . 3 )  as shown in F igures 4- 1 2 . 4- 1 3 , and 4- 1 5 . The Langmuir parameters for phenol ,  

ani l ine . and methylene b lue are shown in  Table 4-5 .  
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Ta ble 4-5 Langmuir parameters for the ad orpt ion of Phenol ,  A n i l ine and Methylene B l ue Sol utions. 

Phenol 

Anilille 

iUethylene Bille 

0.08 

0.07 

0.06 

0.05 
" 0- 0.04 ....... ...., 

0.03 

0.02 

0.0 1 

0 
0 

a 

0.007 1 

0 .0088 

0.006 1 2  

• 

b 

28 .98 5  

25 . 3 8 1 

1 6 . 34 

0 .9704 

0 .98 1 5  

0 .9983 

) = 4.85 95x + 0.0345 
R2 = 0.9704 

0.00 1 0.002 0.003 0.004 0.005 0.006 0.007 0.008 0.009 

liCe 

Figu re 4- 1 2  Langmuir  isotherm for Phenol at 25 °C 
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Figu re 4- 1 3  Langmuir isorhenn for A n i l ine at 25 °C 
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Figure 4- 1 4  LangmUlf isotherm for Methy lene B l ue at  2 5 °C 
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4.8.3 Com pa ri o n  of M odel  

The pre\ iou model analysi can be summarized as shown in Figures 4- 1 5 , 4- 1 6. and 

4- 1 7 .  for h ighl ighting the p ssible d ifferences between the predicted values and 

experimental data. The F igure c learly indicate that the u ed model s  fi t very \\ e l l  the 

obtain d experimental data. 

30 

25 

20 
OJ) -... OJ) 
E 1 5  

" c::r 

1 0  

5 

0 
0 200 400 600 800 1 000 1 200 

c., m gtl 

& Experimental  - - La ngm u i r  -- F reu n d l i c h  

Figure 4- 1 5  Comparison between pred icted results from Freund l ich & Langm u i r  mode ls and 

experimental resu Its for pheno l .  
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Figu re 4- 1 6  Comparison berween predicred resu l rs from Freundl ich a n d  Langmuir  

mode l s  and experi mental resulrs for an i l ine.  
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Figu re 4- 1 7  Comparison between predicted resul ts from Freund l ic h  and Langmuir 

models and experi menta l  results  for methylene b lue. 
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4.804 Po s i b le Adsorpt ion  M ec h a n is m  . 

, incl: adsorpt ion i a urface phenomena the rate and extent of ad orpl ion i a 

function of a urface area of the adsorbent u ed. The quantity of  the substance 

adsorbed b, the given sample of adsorbent depends upon the nature of the mater ia l  

and it  oncentration 

For the adsorpt ion of contaminants i nto act ivated carbon both the rate and extent o f  

adsorpt ion are dependent upon the characteristics of t h e  contarninant being adsorbed 

and of the ad orbent. The extent of the adsorption i s  governed to some extents by the 

degree of sol ub i l ity of the substance in  water. the Ie s sol uble the pol lutant the more 

l ikely to become adsorbed. The second is the relative affinity of the material for the 

adsorbent surface .  F ina l ly  the size of the molecules is  of significance as this effects i ts 

abi l ity to fit  v;i th in the pores of the adsorbents and its rate of diffusion to the surface .  

The d ifference in the adsorpt ion characteristics observed from the i sotherms o f  the 

different adsorbate used for the study can be attributed to the chemica l  structure and 

s izes of the adsorbate. The chemical structure of phenoL ani l ine, and m ethylene b l ue 

i s  given in  F igure 4- 1 8 . 4- 1 9. and 4-20. A l so the functional groups of  the compounds 

p lay a sign ificant role  in the adsorption capacity of the compound. 
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Figu re 4- 1 The c hemIcal structure of phenol 

Figu re 4- 1 9  The chem ical structure of ani l me 

Figu re 4-20 The chemical structure of methy lene b l ue 
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I ht.: po-.." i b l c  i nt erac t ion mechan ism are : 

Wafer Bridgillg: 1 hi i lwoh e complexation \ \  ith a water molecu le .  For example .  

the  carhox) late groups in humic  substances assoc iate 'with PDKAC through cat ion 

bridging \\  hen mono\'alent exchangeable cations are present and through water 

bridgrng \\ hen bi\  alent exchangeable cat ions are present . 

Among the three chemicals tested, phenol exhibits th i s  type of interaction between 

i ts  OH- group and the surface funct ional group of the PDKAC.  COOR. C=O. 

=0- .  OH-. and CR.  

2 .  vall der Waals Interactions: For polymeric humus material ,  the van der Waals 

i nteractions with the atoms in the mineral surface can be q ui te strong anci 

relati\ 'ely long-ranged. The effects of van der \\-aa ls  interact ions are apparen 

when condit ions in the PDKA C  suppress the ionization of acidic functional group: 

on large organi c  molecules. 

A l l  three c hemical tested. phenol ,  ani l i ne, and methylene blue. exhib i t  this type of 

interaction between their functional groups, OH- (phenol). ); H2 ( an i l i ne). and CHe: 

( methylene b lue), and PDKAC functional groups N-H+. COOH-, C=O·. N=O- .  

O R .  and CR. 
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3 ,  Weal-. Hydrogel1 Bondil1g: This occur bet\\ een orgaIl lc  functio:-'.31 group - and 

PDKA , It doe nc t appear to be s ignificant in humu:, reactions \\' i th PDMC 

probahl) because the e lectro-negat iv i ty of  mineral surface oxyge:-: usual l: is not 

large enough to form strong H bond , 

A l l  three chem ical tested, phenol ,  ani l i ne.  and meth: l ene blue. exh: b i t  thI ::: r: pe of  

interaction between thei r  functional groups. OH- (phenol) ,  ): H2 ( m line) ,  and CH:;  

( methylene blue. and PDKAC functional groups N-H-.  COOH-. C=O-, N=O-. OK 

. and H- .  

The most definit ive method for establ ishing the formation of a chemical bond 

bet,,;een the adsorbing molecule and the substrate ( i ,e ,  chemisorption) is to use an 

appropriate spectroscopic technique, for exan1ple. I R  to observe lhe v ibrational 

frequency of the substrate/adsorbate bond, 
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CHAPTER 5 

SUMMARY 

& 
CONCLUSIONS 



U M M A RY 
& 

CO N C L U S I O N S  

CHAPTER 5 

There has been a gro\ying interest worldwide to employ cost-effect treatment methods 

for pol i h ing secondary treated wastewater effluents. Activated carbon adsorption has 

proved to be an effect ive method for effluent pol i sh ing but treatmc>nt costs are 

relatively high. For this purpose Palm Date Kemels could be activated and used to 

remo e trace contaminants from treated effluents. as a cost-effect materi a l  and eas i ly  

a\'a i lable in  the United Arab Emirates and Gulf region. This must be in \-estigated and 

the resul t  of the study can be helpful in dewloping an economical ly v i ab le  method. I f  

recommended water qual i ty standards can be met. the treated water can be ut i l ized for 

other munic ipaL i ndustria l  and agricultural purposes. 

Removal of trace contaminants from wastev,'ater effluent using local adsorbems has 

been invest igated using adsorption techniques. Palm Date Kemel Act iyated Carbon 

(PDKAC). a local ly made adsorbent, has been used for the adsorption o f  compounds 

(phenol .  ani l i ne, methylene blue) in batch tests at 25 °C and adsorbent particle size s; 

75  11m. 
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The adsorbent (POK ) ,  was prepared by uSing the dry date kernels, \\'h ich are 

subjected to p) rolysi proce , then i t  is  grounded and sie\'ed, the pal m date kernel 

carhoI1 l?ate part i c le were then subjected to a steam act i  vation process. final l ;.  washed 

'everal t ime ' with deionized water and dried. 

The equi l ibrium time was conducted by using pheno l solution at d i fferent time. The 

experimental data showed that the amount adsorbed has increased with t ime at 

con tant temperature of 25 0e, reaching equ i l ibrium after 24 hrs . 

The experimental results showed that the selectivity of adsorpt ion by POKAC i s  

phenol > ani l i ne > methylene blue. The experimental i sothem1 data were fitted to both 

Freundl ich and Langmuir models. 

The results revealed the potential use of POKAC as a low-cost adsorbent .  

Furthem1ore. the  results indicated that the  PDKAC could be  uti l i zed effect iyeh' in  the 

remoyal of trace contaminants from wastewater effl uent as wel l  as decoloring o f  

solutions. 

The developed material has a very h igh potentia l  use in industry to compat various 

problems related to pol lution of organic  chemica l .  
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Reco m m e n d a t ion for F u t u re tudy 

The stud) re\'ealed that activated carbon produced from local ly avai lable ra\\' materi a l  

( POKAC) ha the abi l i ty to remove part ia l ly  the selected adsorbate from \vater .  With 

the current practice of using chlorine as  a disinfectant for wastewater e ffl uent. there i ­

a lways the po s ibi l i ty o f  the formation o f  trihalomethanes (TH:\fs) .  

I t  would be beneficial if adsorption studies are conducted usmg PDK.A.C and 

chlori nated effluent to see the potential of using PDKAC as an adsorbent for the 

removaJ of hazardous by-product of chlorination. 

It is also recommended to carry out comparative studies with commerc ia l ly  avai lable 

c arbon to see the efficiency and cost effectiveness of using P D KAC. I f  i t  i s  

economical ly  feasible and cost effective, then steps are to be taken to commerci al l y  

produce act ivated carbon o n  a l arge scale. 
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APPENDIX 



T a b le A- l Adsorption rate of Phenol at d i fferent t i mes 

A m o u n t  of Phenol  befo re I ns t r u m e n t  
T i me, h rs 

Adsorpt ion,  mg Response 

0 5 .0000 

1 5 .0000 0.58 1 0  

2 5 .0000 0 .4760 

4 5 .0000 0.4040 

8 5 .0000 0 .3 1 30 

1 6  5 .0000 0.2030 

24 5 .0000 0. 1 850 

48 5 .0000 0. 1 280 

A P P E N D I X  

C o n ce n t rat ion  after 

Adsorption (Cc), m g/\ 

1 00.0000 

39. 1 892 

32.0946 

27 .2297 

2 1 .08 1 1 

1 3 .6486 

1 2 .4324 

8 .7823 

90 

A m o u n t  a fter 

Adsorpt ion,  mg 

5 .0000 

1 .9595 

1 .6047 

1 . 36 1 5  

1 .054 1 

0.6824 

0 .62 1 6  

0 .439 1 
-_ .. _- ---_.-

A m o u n t  of Phenol  Adsorbed 

( qe), m g/g of carbon 

0.0000 

3 .0405 

3 .3953 

3 .6385 

3 .9459 

4.3 1 76 

4 .3784 

4 .5609 
-



T a b l e  A-2 Adsorpt ion isotherm and Freundl ich & Langmuir  isotherms data of  Phenol 

Cc, mgll qc, mg/g l iCe l /qc Log Ce Log qc 

28 .0268 8 . 5987  0 .035680 1 0 . 1 1 62966 1 .4475 735  0 .9344328  

1 23 .22 1 5  1 3 . 8 3 89 0.008 1 1 55 0 .072260 1 2 .0906865 1 . 1 4 1 1 0 1 6  

247.3 826 1 7 .6309 0 .0040423 0 .0567 1 86 2 . 393369 1 1 . 2462745 

395 .0336 20.2483 0 .00253 1 4  0.0493 869 2 . 596634 1 . 3063886 

704.0268 24.7987 0 .00 1 4204 0 .0403247 2 . 8475892 1 . 3 944289 

1 052 . 349 27 . 3 826 0 .0009503 0 .0365 1 95 3 .022 1 598 1 .43 74747 
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T a b le A-3 Adsorption isotherm and Freund l ich & Langmuir isotherms data of Ani l ine 

Ce, mg/) qc, m g/g l iCe l /qe Log Ce Log qe 

1 3 .9595 4. 302 0 .07 1 64 0 .23245 1 . 1 4487 0.63367 

47 .5 1 35 7 .6243 0.02 1 05 0. 1 3 1 1 6 1 . 67682 0 .8822 

1 44 .797 1 2 . 760 1 0 .0069 1 0 .07837 2 . 1 6076 1 . 1 0585  

25 1 .08 1 1 7 .4459 0.00398 0 .05732 2 . 3998 1 1 . 24 1 69 

392 .905 20 .3547 0.00255  0 .049 1 3  2 . 59429 1 . 30866 

536.487 23 . 1 75 7  0.00 1 86 0 .043 1 5  2 . 72956 1 . 36503 

T a b le A-4 Adsorption isotherm and Freundl ich & Langmuir i sotherms data for methylene b lue 

Ce, mg/) qc, m g/g l iCe l /qe log Cc log qc 

2 1 0 . 1 27 9 .493 7 0.00476 0 . 1 0533  2 . 32248 0 .97744 

3 8 1 .288  1 0 .9356 0 .00262 0.09 1 44 2 . 58 1 25 1 . 03884 

563 .346 1 1 . 8327  0.00 1 78 0 .0845 1 2 . 75078 1 .07308 

926. 362 1 3 .68 1 9  0.00 1 0 8  0 .07309 2 .96678 1 . 1 36 ] 5 

1 47 1 .66 1 6 .4 1 72 0.00068 0.0609 1 3 . 1 678 1 1 . 2 1 53 
--
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Table  A-5 Comparison between pred icted results from Freund l ich and Langmuir 

models and experimental results [or pheno l .  

C", mg/I qe ( e x p e ri m e n t a l),  m g/g q c  ( La n g m u i r), mg/g qe ( F re n n d l i c h ), mg/g 

28 .0268 8. 5987 4 . 8 1  

1 23 .22 1 5  1 3 . 8389  1 3 . 53 

247.3 826 1 7 .6309 1 8 . 47 

395 .0336 20 .2483 2 1 . 3 7  

704.0268 24. 7987  2 4 . 1 5  

1 052 . 349 27 .3 826 2 5 . 6  

Table  A-6 Comparison between pred icted results [rom Freundl ich  and Langmuir  

models and experimental results [or ani l i ne .  

8 . 62 

1 3 . 9 1  

1 7 . 4 3  

2 0 . 2 76 

24 . 44 

2 7 . 833 

Ce, mg/I qr ( e x per imen t a l ), m g/g qc ( La n gm u i r), m g/g qr ( F reu n d l ic h ), mg/g 

1 3 .9595 4 . 302 2 . 8  4 32 
47.5 1 3 5 7 .6243 7.48 7 ,66 
1 44 .797 1 2 .760 1 1 4 ,22 1 2 9 
25 1 .08 1 1 7 .4459 1 7 .48 1 6 ,68 
3 92 .905 20 .3547 1 9, 7  20 .56 
536.487 23 . 1 757 21  2 3 . 78 
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· T a b l e  A-7 Compari son between predicted resul ts  from i " rcund l ich  ancl Langmuir  

models and experimental resu lts for methylene blue. 

ee, mg/I qc  ( e x per imenta l ) ,  m g/g qc ( La n g m u i r),  m g/g qc ( Fre u n d l i c h ), m g/g 

2 1 0 . 1 2 7  9 .4937 

3 8 1 . 288  1 0 .9356 

563 . 346 1 1 . 8327  

926.362 1 3 .68 1 9  

1 47 1 .66 1 6 .4 1 72 

Figu re A- I Cal ibrat ion C urve of Phenol at 270 nm 

0.5 

c 0.4 
e 
.� 0.3 

l-e .0 0. 2 

� 
0. 1 

0 

0 1 0  20 

Concen t ra t i o n  ( p pm)  

9 .2  9 .02 

1 1 .4 1 0 .63 

1 2 .6 1 1 . 84 

1 3 .9 1 3 . 575  

1 4 . 7  1 5 .42 

30 40 

y = 0.0 1 49 x + 0.00 1 7  

R 2  = 0.9998 
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F igu re A-2 Cal ibration C urve o r  Ani l ine at 280 n m  

0.5 
0,4 

c 0 0.3 ..... 0.. 0.2 '-0 en 
0. 1 ..:J 

...c 
0 

-0. 1 
C o n cen t r a t i o n  ( pp m )  

y = 0.0 1 3 5 , - 0.00 1 8  
R 2 = 0.9997 

95 

Figu re A-3 Cal i brat ion Curve [or Meth) I cnc B lue at 66 1 n m  

0.8 
c 0 0.6 ..... 
E-0 0.4 
VJ ..:J 0.2 -< 

0 
-0.2 0 2 3 .t 

o n cen t rat ion ( ppm)  
y = 0.3 1 63 \ - 0.0052 

R 2  = 0.9996 
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