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ABSTRACT

Industrial phenolic waste water being corrosiveadndous to environment and health issues
is one of the major concerns associated with chelmnaled pharmaceutical industries such as
petrochemical industries, petroleum refineries,| gasification operations, pulp and paper
mills and pharmaceutical industries etc. Methodse liextraction, adsorption and ion

exchange advanced oxidation processes, photo-decomposi@ectro-fenton method,

coagulation, and adsorption have been appliechitreatment.

In this study combined effect of coagulation folkavby adsorption have been used to
increase the overall efficiency from 90% to abott99%.Coagulant Ferric Chloride(FeLl
have shown better result in destabilization of aidil particles, than other coagulants like
Aluminium sulphate(Al(SQy)3). It has been confirmed by the result from charazation of
treated water by measuring its TSS, TDS, PH, BODC®&D. Fly ash was used as an
economical adsorbent which showed increased «ffigieip to 98-99%. Factors like contact
time, temperature, adsorbent dose, shaker speed, &gve been studied to determine the
optimal condition for adsorption. The optimum ogigrg condition were (90 min, 150 rpm
shaking speed, 45, pH=4,100 mg adsorbent dose on 10 ppm phenol.)olsotherm,
kinetics and thermodynamics study have been domedognize the phenol adsorption on

treated fly ash. The result showed that the adsworpprocess after coagulation with

Al(SQy); followed T order kinetics & after coagulation with FeGbllowed 2' order

kinetics, pointing that the adsorption mechanisnphysical adsorption process. Langmuir
and Freundlich isotherm have been investigated.tii@enodynamics parameters have been
studied and it proved that adsorption of phenaéxsthermic and spontaneous. This study
convinced that the coagulation (with Ferric Chlejidollowed by adsorption (with fly ash)
proved to be an alternative, effective, economitd anvironmental friendly process for

phenol removal from industrial waste water.
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CHAPTER -1

INTRODUCTION




1. INTRODUCTION

In the past few decades, the rapid pace of indligation, population expansion, and
unplanned urbanization have contributed greatltheosevere pollution of water bodies and
surrounding soils. The main sources of fresh watdution can be attributed to discharge of
untreated toxic industrial wastes and dumping disirial effluents. Developing green and
sustainable technology for the effluent treatmentary important research area in this era of
industrial and social development. Many researchave carried out the research in this field
and found that phenol is one of the pollutanthal$ its presence in the effluent from major
chemical and pharmaceutical industries such asoglemical industries, petroleum
refineries, coal gasification operations, liquei@ttprocess, resin manufacturing industries,
dye synthesis units, pulp and paper mills and phaeutical industries. It is a highly
corrosive and nerve poisoning agent. Phenol cauwasful side effects such as sour mouth,

diarrhea, impaired vision, excretion of dark urifue to the toxic properties, including

permeabilisation of cellular membranes and cytoplasagulation, phenolic contaminants

can damage sensitive cells and cause profoundhhaatl environmental problems. The
World Health Organization has limited phenol concaion in the water to 1 mg/L (WHO,
1994). It is also toxic for aquatic animalBherefore, removal of phenol from industrial

effluents is essential before discharging into whtalies.

Additionally, fairly intensive studies have infedrethat these pollutants may undergo
chemical and biological assimilations, eutrophmaticonsumes dissolved oxygen, prevent
re-oxygenation in receiving streams and have agterydto sequester metal ions accelerating
genetoxicity and microtoxicity. In a wider senspomadic and excessive exposure to such
effluents in water bodies is susceptible to a brepéctrum of immune suppression,
respiratory, circulatory, central nervous and nebebavioral disorders presage as allergy,

auto immune diseases, multiple myeloma, leukemoaiting, hyperventilation, insomnia,
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profuse diarrhea, salivation, cyanosis, jaundiegdgiplegia, tissue necrosis, eye (or skin)
infections, irritation to even lung edema. Todagamy 70—80% of all illnesses in developing

countries are related to water contamination.

The toxic levels usually range between the conaéintrs of 10-24 mg/L for human and the

toxicity level for aquatic animal between 9-25 mgllethal blood concentration of phenol is

around 150 mg/100 ml. Various treatment processed tor the removal and/or recovery of
phenols are hot gas or steam stripping, adsorpborgexchange solvent extraction, oxidation,
phase transfer catalysis and biological treatmestgsses. In this study phenolic waste water

is treated using coagulation followed by adsorppoocess.




1.1 NATURE & CHARACTERISTICS OF INDUSTRIAL WASTE WATER

It is only natural for industry to presume thatwastewater can best be disposed of in the
domestic sewer system. However, city authoritiesukh not accept any waste water
discharges into the domestic sewer system withast fearning the facts about the
characteristics of the waste water, the sewagermsystability to handle them, and the effects
of the waste water upon all components of the digposal system. Institution of a sewer
ordinance, restricting the types or concentratminsaste water admitted in the sewer leading
to a treatment plant, is one means of protectiegsifstem. Secondary treatment standards for

waste water are concerned with the removal of lgjratéable organics, suspended solids, and

pathogens. Many of the more stringent standardshénze been developed recently deal with

the removal of nutrients and priority pollutantsh& waste water is to be re used, standards
normally include requirements for the removal dfaetory organics, heavy metals, and in
some cases dissolved inorganic salts.

1.1.1 Physical Characteristics:

The most important physical characteristic of wasager is its total solids content, which is
composed of floating matter, settleable mattedpatdl matter, and matter in solution. Other

important physical characteristics include odoamperature, colour, and turbidity.

a) Total Solids

Analytically the total solids content of a wastetevas defined as all the matter that remains
as residue upon evaporation at 103 to 105 °C. Mttt has a significant vapour pressure at
this temperature is lost during evaporation & i$ defined as a solid. Settleable solids are
those solids that will settle to the bottom of aeshaped container (called an Imhoff cone)

in a 60 minute period.




Settleable solids, expressed as mg/L, are an ajppatx measure of the quantity of sludge
that will be removed by primary sedimentation. Tstaids, or residue upon evaporation, can
be further classified as non-filterable (suspended)lterable by passing a known volume of
liquid through a filter. The filterable solids ft&an consists of colloidal and dissolved solids.
The colloidal fraction consists of the particulabatter with an approximate size range of
from 0.001 to 1 um. The dissolved solids considbath organic & inorganic molecules and
ions that are present in true solution in watere Thlloidal fraction cannot be removed by
settling. Generally, biological oxidation or coaafibn, followed by sedimentation, is

required to remove these particles from suspensid®e suspended solids are found in
considerable quantity in many industrial waste watich as cannery and paper mill
effluents. They are screened and/or settled odhattreatment plant. Solids removed by
settling and separated from wash water are calledigs, which may then be pumped to

drying beds or filtered for extraction of additibmater (dewatering).

Each of the categories of solids may be furthessifeed on the basis of their volatility at 550

+ 50°C. The organic fraction will oxidize and will beign off as gas at this temperature,

and the inorganic fraction remains behind as ablisThe terms "Volatile suspended solids"
and "Fixed suspended solids" refer, respectivelythe organic and inorganic (or mineral)
content of the suspended solids. The volatile sadidalysis is applied most commonly to

waste water sludge to measure their biologicalilgtab

b) Odour
Odour is usually caused by gases produced by tbheng#osition of organic matter or by
substances added to the waste water. Industrialewaater may contain either odours

compounds or compounds that produce odour duria@thcess of waste water treatment




c) Temperature

The temperature of water is a very important patameecause of its effect on chemical
reactions and reaction rates, aquatic life, andsthibility of the water for beneficial uses.
Increased temperature, for example, can causergeha the species of fish that can exist in
the receiving water body. Industrial establishmehtd use surface water for cooling water

purposes are particularly concerned with the teatpes of the intake water.

In addition, oxygen is less soluble in warm watemt in cold water. The increase in the rate
of biochemical reactions that accompanies an igerea temperature, combined with the
decrease in the quantity of oxygen present in earfavaters, can often cause serious
depletions in dissolved oxygen concentration indinemer months. When significantly large
guantities of heated water are discharged to nam@eeiving water, these effects are
magnified. It should also be realized that a sudtleange in temperature can result in a high
rate of mortality of aquatic life. Moreover, abnaihy high temperatures can foster the

growth of undesirable water plants and waste wategus.

d) Colour

Colour of industrial waste water varies accordiodghe type of industry. Knowledge of the

character and measurement of colour is essentiade $nost coloured matter is in a dissolved
state, it is not altered by conventional primaryides, although secondary treatment units,

such as activated sludge and trickling filters, sgma certain percentage of some types of

coloured matter. Sometimes colour matters needsichéoxidation procedures for removal.

e) Turbidity
Turbidity, a measure of the light transmitting peages of water, is another test used to
indicate the quality of waste water discharges rsatdral water with respect to colloidal and

residual suspended matter. In general, there isefadionship between turbidity and the
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concentration of suspended solids in untreatedemaster. There is, however, a reasonable
relationship between turbidity and suspended sdbdshe settled secondary effluent from

the activated sludge process.

1.1.2Chemical Characteristics

a) Organic Matter

Organic compounds are normally composed of a caatibm of carbon, hydrogen, and

oxygen, together with nitrogen in some cases. Otmmgortant elements, such as sulfur,
phosphorus, and iron, may also be presAido, industrial waste water may contain small
guantities of a large number of different synthetiganic molecules ranging from simple to
extremely complex in structure. Typical exampleslude surfactants, organic priority

pollutants, volatile organic compounds and agrigalt pesticides. The presence of these
substances has complicated industrial waste wegatntent because many of them either

cannot be or are very slowly decomposed biologicall

Fats, Oils, and GreaseFats are among the more stable of organic compoandsare not

easily decomposed by bacteria. Kerosene, lubrigatits reach the sewer from workshops

and garages, for the most part they float on th&tevavater, although a portion is carried into
the sludge on settling solids. To an even greateme than fats, oils, and soaps, the mineral
oils tend to coat surfaces causing maintenancelersb If grease is not removed before
discharge of the waste water, it can interfere wWithbiological life in the surface waters and
create unsightly floating matter and films. Theamld grease (O & G) is a very important test
used to determine the hydrocarbon content of im@distaste waterSO&G tests include free
O&G and emulsified O&G measures. These tests wellednine the type of treatment
required. Free O&G can be removed by flotation &sking using gravity oil separator

(GOS). However, emulsified oil is removed by Dissal Air Flotation system after chemical
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de-emulsification of oil. In any case, O&G haveb® removed prior biological treatment as
they will clog the flow distributing devices and apzzles.

Surfactants. Surfactants are large organic molecules that agétisl soluble in water and
cause foaming in waste water treatment plants ansliface waters into which the waste
water effluent is discharged. Surfactants tenddltect at the air water interface. During
aeration of waste water, these compourmect on the surface of the air bubbles and thus
create a very stable foam.

Volatile Organic Compounds (VOCs).Organic compounds that have a boiling point less

than 108C and/or a vapour pressure greater 1 mm Hg % 28e generally considered to be

volatile organic compounds (VOCs). The release hafs¢ compounds in sewers and at
treatment plants is of particular concern with egggo the health of collection system and
treatment plant workers.

Pesticides & Agricultural Chemicals. Trace organic compounds, such as pesticides,
herbicides, and other agricultural chemicals, aréctto most life forms and therefore can be
significant contaminants of surface waters.

b) Inorganic Matter

Several inorganic components of waste water areitapt in establishing and controlling
waste water quality. Industrial waste water haddotreated for removal of the inorganic
constituents that are added in the use cycle. Gurat®ns of inorganic constituents also are
increased by the natural evaporation process, wihealoves some of surface water and

leaves the inorganic substance in the waste water.

pH. The hydrogen ion concentration is an importardlityy parameter of waste water. The
concentration range suitable for the existence ostnbiological life is quite narrow and

critical. Waste water with an adverse concentrabbmydrogen ion is difficult to treat by




biological means, and if the concentration is rtgrad before discharge, the waste water

effluent may alter the concentration in the natwalers.

Alkalinity . Alkalinity in waste water results from the preserf the hydroxides, carbonates,
and bicarbonates of elements such as calcium, magngesodium, potassium, or ammonia.
Of these, calcium and magnesium bicarbonates arst mommon. Borates, silicates,
phosphates, and similar compounds can also coteritauthe alkalinity. The alkalinity in

waste water helps to resist changes in pH causdldebgddition of acids. The concentration
of alkalinity in waste water is important where cheal treatment is to be used, in biological

nutrient removal, and where ammonia is to be remidyeair stripping.

Nitrogen. Because nitrogen is an essential building blocthe synthesis of protein, nitrogen
data will be required to evaluate the treatabibfywaste water by biological processes.
Insufficient nitrogen can necessitate the additannitrogen to make the waste water
treatable. Where control of algal growth in theefemg water is necessary to protect
beneficial uses, removal or reduction of nitrogemwiaste waters prior to discharge may be
desirable. The total nitrogen, as a commonly usameter, consists of many numerous
compounds such as; NHNHz-N, NOs-N, NO,-N, urea, organic-N (amines, amino acids,
...etc).

Phosphorus. Phosphorus is also essential to the growth ofealgad other biological
organisms due to its presence in DNA. The orgalyidedund phosphorus is an important
constituent of industrial waste water and sludge.

Sulfur. Sulfate is reduced biologically under anaerobicditbons to sulfide, which in turn

can combine with hydrogen to form hydrogen sulfideS). Hydrogen sulfide released to the

atmosphere above the waste water in sewers thaioafdowing full tends to accumulate at
the crown of the pipe. The accumulategSHan then be oxidized biologically to sulfuric

acid, which is corrosive to steel pipes and equigme
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Toxic Inorganic Compounds.
Because of their toxicity, certain cations are i&eag importance in the treatment and disposal
of waste water. Many of these compounds are cladséfs priority pollutants. Copper, lead,

silver, chromium, arsenic, and boron are taxicvarying degrees to microorganisms and

therefore must be taken into consideration in #xgh ofa biological treatment plant. Many

plants have been upset by the introduction of thaseto the extent that the microorganisms
were killed and treatment ceased. Other toxic natioclude potassium and ammonium at
4000 mg/L. Some toxic anions, including cyanidesl amromates, are also present in
industrial waste water. These are found particylarimetal plating waste water and should
be removed by pre-treatment at the site of the stigurather than be mixed with the
municipal waste water. Fluoride, another toxic anie found commonly in waste water from
electronics manufacturing facilities. Organic compds present in some industrial waste
water are also toxic.

Heavy Metals.

Trace quantities of many metals, such as nicke), (Nanganese (Mn), lead (Pb), chromium
(Cr), cadmium (Cd), zinc (Zn), copper (Cu), ironeJFand mercury (Hg) are important
constituents of some industrial waste waters. Thegnce of any of these metals in excessive
guantities will interfere with many beneficial uset the water because of their toxicity;
therefore, it is frequently desirable to measurel aontrol the concentration of these

substances




1.1.3 Biological Characteristics

Some industries have certain pathogenic organigtasslaughter houses, others have molds

and fungi like starch and yeast factories. Biolagiests on waste water determine whether

pathogenic organisms are present by testing foraicetindicator organisms. Biological
information is needed to assess the degree ofegditof the waste water before its discharge
to the environment. The parameters setting thedatds for the discharge of different
industrial waste water effluents are outlined ibleéa Total nitrogen is a commonly used
parameter that includes a number of parameters, NH;-N, NOs-N, NO,-N, urea, organic
nitrogen such as amines, amino acids, proteing, @td process chemicals. The presence of

these compounds depends on the production




1.2 INDUSTRIAL POLLUTANTS:

Industrial waste waters contain pollutants that lsardivided into two types (conventional or

toxic) depending on their degree of impact on tmarenment.

CONVENTIONAL POLLUTANTS. Conventional pollutants are BOD, TSS, pH, fecal

coliform, oil, and grease.

TOXIC POLLUTANTS . Sixty five specific compounds and families of compds were

identified as toxic by the EPA. The EPA must progaté effluent limitations, pretreatment
standards, and new source performance standardgiZomajor industrial categories.
Examples of toxic substances typically found in t@wawater are heavy metals, cyanides,
aqueous film forming foam, phenols and halogengtéénols, paint stripping agents,

solvents, surfactants, and degreasers.

a) Contact local and state regulatory agencieariarpdated list of priority pollutants.

b) If characteristics of industrial waste water argknown, obtain complete organic and

inorganic analysis by an EPA certified laboratory.




1.2.1) Sources of phenols and phenolic Compounds

The primary sources of phenolic compounds presentdustrial effluents are: petroleum

refineries, plastic manufacturing plants, pharmécalindustries, coal carbonization and tar

distillation units, wood charcoal production uniteke ovens, phenol formaldehyde plants,

bisphenol-A and other synthetic resin manufactuangs. Table-1 presents some of the

industrial waste water comparatively rich with pblealong with their phenol concentration.

Table 1: Concentration of phenolic compounds irugidal waste water

SI. No.

Sources of waste water

Phenol Concentration
mg/L

Coal Carbonisation
process
a) Low temperature

b) High temperature

1000-1800

800-1000

Metallurgical coke
manufacturing process
a) Spent liquor after
phenol recovery

b) Coke oven effluent

900-1000

35-250

Oil Refineries

1500-2000

Phenol formaldehyde

resin manufacturing plant

S

800-2000




1.3 VARIOUS METHODS FOR PHENOL REMOVAL:

a) Electro coagulation

Abdelwahab et.al. have carried out the researchlectrochemical removal of phenol from
oil refinery waste. They explored the possibilitiy wsing electro coagulation for phenol
removal. They used the cell with horizontally otamh aluminum cathode and a horizontal
Aluminium screen anode. They studied the phenolokein with respect to various
parameters such as pH, operating time, currentitgiensitial phenol concentration and
addition of NaCl. According to them removal of pbeduring electro coagulation was due to
combined effect of sweep coagulation and adsorptidre results showed that, at high
current density and solution pH of 7, remarkablaaeal of 97% of phenol after 2 hour can
be achieved. Also they observed that the rateeaftiel coagulation increases with decrease in
phenol concentration and the maximum removal rags attained at 30 mg/L phenol
concentration. The study showed that, electro da#ign of phenol using aluminum
electrodes is a promising process. Effect of theabées like pH, operating time, current
density, initial phenol concentration and additadriNaCl on phenol removal by coagulation
was studied by Zazouli and Taghavi. They observadimum phenol removal percentage at
a pH value of 7. They also observed that increasingy concentration of phenol led to

decrease in the removal efficiency. They also oleskrthat the removal rate of phenol

increased with increasing current density, andhilghest current density (25 mA/érhad

the maximum removal efficiency. Ashtoukhy et. ahvé carried out the research on
treatment of petrochemical waste water containirftenplic compounds by electro
coagulation using a fixed bed electrochemical adthey explored the possibility of using
electro coagulation to remove phenolic compoundsfoil refinery waste effluent using an
electrochemical reactor with a fixed bed anode mafleandomly oriented Aluminium

rasching rings packed in a perforated plastic dskated above the horizontal cathode.
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b) Extraction

The extraction of phenol from simulated sebacid agaste water was tried by Rao et. al.
They used 1-hexanol, 1-heptanol and 1-octanol #&gersiofor phenol removal. It was
observed that 1-octanol showed lesser phenol reneffiaiency compared to other two
solvents. Xu et. al. have carried out investigabonextraction of phenol in waste water with
annular centrifugal contactors. They carried oetélkperimental study on treating the waste
water containing phenol with QH-lextractant (theirmmmixture) and annular centrifugal
contactors. They observed that the extraction oatibe three stage cascade was more than
99%. When 15% NaOH was used for stripping of phemdDH-1(the amine mixture), the
stripping efficiency of the three stage cascade wa® more than 99% under the

experimental conditions.

c) Photodecomposition

Investigation of the photodecomposition of phenolnear UV-irradiated aqueous TO
suspensions was carried out by llisz et. al. Tmegstigated the effects of charge trapping
species on the kinetics of phenol decompositioreyThbserved that the heterogeneous

degradation of phenol followed apparently zero oikieetics up to 70% conversion. The

results of the experiments in the presence of iadicated that the photo transformation of

phenol can proceed via direct electron transfeitheedissolved @ nor its reduced forms
play a significant role in the degradation mechanigkbal and Onar have studied photo
catalytic degradation of phenol. They carried dw& investigation to study photo catalytic
degradation of phenol in the presence of UV irreiaTiO, catalyst and bD,. They

concluded that photo catalytic degradation canfleeteve method for phenol removal.




d) Biological Methods

Marrot et.al have carried out the research on lgatation of high phenol concentration by
activated sludge in an immersed membrane bioreadtoey investigated the effect of
adaption of mixed culture on phenol degradatioreylfound that biological treatment was
economical and practical for removal of phenol.tHogpncentrations of phenol are inhibitory
for growth. Biological and enzymetric treatmentsreveused for phenol removal by
Bevilagua et. al. The systems studied were conwealtibatch aerobic biological followed or
preceded by enzymatic treatment. They employed yihesinase as enzyme. They observed
that biological treatment effectively degrades mhemp to concentration of 420 mg/L.
Enzymatic polishing of bio treated effluent remowgdto 75% of the remaining phenol in a
four hour reaction with 46 ml of tyrosinase andm@L of chitosan (used as coagulant). The
research on detection of phenol degrading bacteré pseudomonas putida in activated

sludge by polymerase chain reaction was carriedpiovahedyan. According to results in

this study, the best phenol degrading bacteria taat utilize 500-600 mg/L phenol

completely after 48 hours incubation belong to Bsewnas Putida strains. It is clear that
use of isolated bacteria can lead to considerabltzedse of treatment time as well as
promotion of phenol removal rate. Tziotzios et. l@ve reported research on biological
phenol removal. They carried out research to sthdyefficiency of packed bed reactor on
phenol biodegradation and effect of specific aréaspecific material on biodegradation
efficiency. They used the indogeneous bacteria fadive pulp. The maximum phenol
removal rate was observed to be 12.65 gram per figr day, when filled with gravel
support material under draw fill operation. Samerapon with plastic packing showed
maximum phenol removal of 4.3 grams per litre pay.dA review on recent advances in
biodegradation of phenol was carried out by Baghal.€omparative study of free and

immobilized growth was carried out by Pishgar ét.They observed that the culture was
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able to degrade the phenol up to 700 mg/L. The iblzed cells were able to remove
phenol at concentration of 100 to 700 mg/L in ahdly shorter time period. The
biodegradation rate of phenol improved when imnibbi cells were applied. Kinetic
Studies for an aerobic packed bed biofilm reaabortfeatment of organic waste water with
and without phenol was carried out by Dey and Mujeea They carried out studies on
removal efficiency of COD and phenol in a mixtufecarbohydrate and phenol. The aerobic
bioreactor with the glass beads was used for theose. They concluded that the
performance of the bioreactor decreased marginadjer 50 mg/L phenol charging along
with other carbohydrate in the influent waste wa#grthis condition, phenol removal rate of
89% was achieved. Almsi et. al. have carried oetvilork related to anaerobic waste water
stabilization pond for phenol removal. The phenainoval efficiency was found to 90
percent. According to the study, anaerobic pondh wetroleum waste water is attractive
alternative than many other methods. Removal ofnphéy using rotating biological

contactors was tried by Pradip et.al. They examitmedimpact of process variables, viz

concentration, rotational speed and percentage etgaemce of the disc on phenol removal.

e) Electro-Fenton (EF-Fere) method

An improved Electro-Fenton (EF-Fere) method usingDHamendments and electro
generated ferrous ions was investigated to treat@lcontaining waste water by Jiang et.al..
The degradation process of phenol was carried ouan EF-Fere system, which was
composed of a power source, a cylindrical electiolgell and a HO, dosing system. The
electrolysis was controlled by an electrochemicabrking station. For the phenol
degradation experiments conducted in the EF-Ferelytic system, the maximum COD
removal efficiency of phenol containing waste waterachieved at the condition of 800
mg/L initial ferric ions concentration, 1.0A eldcticurrent with continuous #D, addition

mode.
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f) Advanced oxidation processes

Rubalcaba et. al. have used advanced oxidatioregses coupled to a biological treatment
for phenol remediation. Results showed promisingeaech ways for the development of
efficient coupled processes for the treatment oftevawvater containing toxic or non-

biodegradable compounds. Similar research has ¢eeied out by Esplugas et. al.. Though
Fenton reagent was most effective for degradatigghenol. Lower costs were obtained with

ozonation. In the ozone combinations, the bestliteestere achieved with single ozonation.

Phenol degradation in presence of chlorides anghatgs was carried out by Siedlecka et. al.
They studied the degradation of three represeemidi phenolic compounds in presence of
chlorides and sulphates, namely phenol, 2-chlonephand 2-nitrophenol. The presence of
anions influenced the degradation rates. Relatilely degradation rates were observed for
2- chlorophenol. The biodegradability of phenol waseased by chloride while that of other

two derivatives was increased by presence of stégha

g) Adsorption and lon exchange

Experiments were conducted to examine the liquatspradsorption of phenol from water by

silica gel, activated alumina, activated carbonRxyostaei and Tezel. Experiments were
carried out for the analysis of adsorption equilibr capacities and kinetics. They found it to
be a promising method for phenol removal. The metean phenol removal from aqueous
solution by adsorption and ion exchange mechanisnts polymeric resins was done by
Caetano et.al. They evaluated the removal of phiaol aqueous solution by using a non
functionalized hyper cross linked polymer macro anatl two ion exchange resins. The non
functionalized resin reported the maximum loadirdgaption under acidic conditions,

where the molecular phenol form predominates. kechange resins showed the maximum

removal in alkaline medium. Desorption of non fuoecalized resin was achieved by using
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the solution (50% v/v) of methanol/water with aaeery close to 90%. In the case of the ion
exchange resins the desorption process was peraatraifferent pHs. Qadir and Rhan have
investigated the removal of phenol by using adsomptThe treatment of waste with active
carbon is considered to be an effective method®removal of phenol from waste solution
because of its large surface area. The experimemtah adsorption isotherms for phenol
removal on activated carbon was carried out by Bfaat.al. The adsorption isotherm
parameters for the Langmuir and Freundlich modedsewdetermined using the adsorption
data. It was found that both the Langmuir and theufdlich isotherms described well the
adsorption behavior of phenol on Norit Granularivatied Carbon) NAC 010, while the
Freundlich isotherm described very well the adsorpdf phenol on NAC 1240. Jadhav and
Vanjara have carried out the research on adsormtigshenol sawdust, polymerized saw
dust and sawdust carbon. They studied the influefdbe parameters like concentration,
agitation speed, amount of adsorbent and the pHadsorption capacity. Hycinthe as
adsorbent was used for phenol removal by Uddin. 8theey carried out the batch kinetic and
isotherm studies under varying experimental coodgi of contact time, phenol
concentration, adsorbent dosage and pH. The inteetdhe adsorption of phenol decreased
with increasing pH. The results also showed tha¢tic data followed closely to the pseudo-

second-order model. Activated carbons prepared filate stones was used for removal of

phenolic compounds from aqueous solutions by atisoarfpy Dhidan. He used activated

carbon prepared from date stones by chemical aictivavith ferric chloride as an adsorbent
to remove phenolic compounds such as phenol ant@phenol from aqueous solutions.
He achieved the maximum phenol removal of 98% atvalie of 5 and 90 minutes of
contact time. Kadhim and Al-Seroury have carried msearch on characterization the
removal of phenol from aqueous solution in fluidizeed column by rice husk adsorbent.

They found that the pretreatment of rice husk iaseethe specific surface area and changed
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the functional groups , therefore leads to increagbe capacity of adsorption. Kulkarni et.
al. have investigated the phenol removal from fflaent by using activated carbon in batch
and fluidized bed experimentation. In batch studiesy studied the effects of various
parameters like adsorbent dose, pH, particle sizeate of adsorption. In case of fluidized
bed, the effect of various parameters like conegiotn, fluid flow rate and adsorbent particle
size were studied. The percentage decrease in pbencentration increases with increase
in adsorbent dose. With a reduction in particlee sinitially steep increase in percentage
removal of phenol is observed and it becomes mgrefieant for finer particles. In case of
fluidized beds, Increase in fluid flow rate givesttier adsorption in case of activated carbon.
In the present study particle size of 0.420 mmoisntl more beneficial. Girish and Murti
have studied the potential of various low cost dasats for phenol removal. This review
indicated that these agricultural materials havavedent or even more adsorption capacity
to activated carbon. Lua and Jia have used oil gl activated carbon in a fixed bed
adsorber for phenol removal. The used the adsorptgng the activated carbon derived

from oil palm shells for the phenol, which they falto be very effective.

A research on mass transfer coefficients in a madleal using tamarind nut shell activated
carbon to remove phenol was done by Goud et. ay Taported work on the preparation
and characterization of activated carbon from tamdanutshell, an agricultural waste by

product, and its use in a packed bed for the reimoiv@henol. They found that that the

sorption of phenol is dependent on both the flote end the particle size of the adsorbent,

and that the break point time and phenol remowvedyilecrease with increasing flow rate
and particle size. For mass transfer coefficiexppeeimental values were in excellent
agreement with the predicted values from the catisl. The experimentation for
examining the application of adsorption packed teattor model for phenol removal was

done by Sorour et.al. They conducted the experisndot determine the Langmuir
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equilibrium coefficients and to determine the budkrbate solution concentration for
different adsorption column depths and differemtetias well. They predicted a packed bed
model which was in well agreement with the labanatdata. They reported the sorption
capacity per unit bed volume and rate constanteéd5B8.4 mg/L and 1.18 L/mg/min,
respectively. Kulkarni et.al. have used tamarindrbactivated carbon for phenol removal in
fluidized bed. They studied the effect of variowmagmeters like concentration, fluid flow

rate and adsorbent particle size. They observedittimobserved that as the concentration

increases the percent saturation of adsorbentasese Also increase in fluid flow rate gives

better adsorption.




1.4 Coagulation

After the source water has been screened and lsasgshrough the optional steps of pre-

chlorination and aeration, it is ready for coagolaiand flocculation.

Flash Mix Flocculation Basin

waler —%

S ey & <> | sedimentation
‘o chamber

High  Medium Low
speed  speed speed

In theory and at the chemical level, coagulatiod #ncculation is a three step process,
consisting of flash mixing, coagulation, and floltion. However, in practice in the
treatment plant, there are only two steps in thegatation/flocculation process - the water

first flows into the flash mix chamber, and thenees the flocculation basin.

Purpose

The primary purpose of the coagulation/flocculatprocess is the removal of turbidity from
the water. Turbidity is a cloudy appearance ofewaiaused by small particles suspended

therein. Water with little or no turbidity will belear.




No Turbidity 80 NTU

Turbidity is not only an aesthetic problem in wat&/ater with a high turbidity can be very
difficult or impossible to properly disinfect. Ae result, the maximum allowable level of
turbidity in water is 0.5 NTU, while the recommeddevel is about 0.1 NTU. (NTU, or TU,

stands for nephelometric turbidity units, a measuet of the turbidity of water.)

In addition to removing turbidity from the wategagulation and flocculation is beneficial in
other ways. The process removes many bacterighvane suspended in the water and can be

used to remove colour from the water.

Turbidity and colour are much more common in swefagater than in ground water. As
surface water flows over the ground to streamsutlin streams, and then through rivers, the
water picks up a large quantity of particles. Asesult, while aeration is more commonly
required for ground water, treatment involving agdagon and flocculation is typical of

surface water.
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Three Steps

As | mentioned above, the chemistry of coagulatioo¢ulation consists of three processes -

flash mix, coagulation, and flocculation. Eachludse processes is briefly explained below.

\%;:_'/uuagulantfurn'ls precipitate and
coagulant .. el : g
' . precipitate, trapped impurities

added .: . trapping impurities sattle to bottom

in"lpuriti;as .

e AY 4

In the flash mixer, coagulant chemicals are addatié water and the water is mixed quickly

and violently. The purpose of this step is to éyatistribute the chemicals through the
water. Flash mixing typically lasts a minute asde If the water is mixed for less than thirty
seconds, then the chemicals will not be properbyeahiinto the water. However, if the water
is mixed for more than sixty seconds, then the miptades will shear the newly forming floc

back into small particles.

After flash mixing, coagulation occurs. During ca&dion, the coagulant chemicals
neutralize the electrical charges of the fine pbasi in the water, allowing the particles to
come closer together and form large clumps. Yowy aleeady be familiar with the process
of coagulation from cooking. You can see coagotatccurring when preparing gelatin or

when cooking an egg white.

The final step is flocculation. During flocculatipa process of gentle mixing brings the fine
particles formed by coagulation into contact wisttle other. Flocculation typically lasts for
about thirty to forty-five minutes. The flocculati basin often has a number of

compartments with decreasing mixing speeds as #tervadvances through the basin. This

24| Page




compartmentalized chamber allows increasingly ldtge to form without being broken

apart by the mixing blades.

Floc

The end product of a well-regulated coagulationfldation process is water in which the
majority of the turbidity has been collected infmcf clumps of bacteria and particulate
impurities that have come together and formed ateiu The floc will then settle out in the

sedimentation basin, with remaining floc being regawin the filter.

The best floc size is 0.1 to 3 mm. Larger flocsloet settle as well and is more subject to

breakup in the flocculation basin. Smaller floscamay not settle.




1.4.1. Types of Coagulants

Coagulant chemicals come in two main types - prymapagulants and coagulant
aids. Primary coagulants neutralize the electrdarges of particles in the water which
causes the particles to clump together. Coagual@stadd density to slow settling flocs and
add toughness to the flocs so that they will naakrup during the mixing and settling

processes.

Primary coagulants are always used in the coagulfitocculation process. Coagulant aids,

in contrast, are not always required and are gépersed to reduce flocculation time.

Chemically, coagulant chemicals are either metalbalts (such as alum) or

polymers. Polymers are man-made organic compouratie up of a long chain of smaller
molecules. Polymers can be either cationic (padificharged), anionic (negatively charged),
or nonionic (neutrally charged.) Different souroésvater need different coagulants, but the

most commonly used are alum and ferric sulfate.

Al(SO,); +3 Ca(OH) ——> 2 AI(OH)+ 3CaSQ

Alum Lime

Fg(SO4) +3 Ca(OH) — 2 Fe(OH)+ 3CaSQ

Ferric Sulphate Floc




1.4.2 Factors Influencing Coagulation

In a well run water treatment plant, adjustmengsadten necessary in order to maximize the
coagulation/flocculation process. These adjustmard a reaction to changes in the raw
water entering the plant. Coagulation will be efésl by changes in the water's pH,

alkalinity, temperature, time, velocity and zetaepial.

The effectiveness of a coagulant is generally ppeddent. Water with a colour will

coagulate better at low pH (4.4-6) with alum.

Alkalinity is needed to provide anions, such as J@éf forming insoluble compounds to
precipitate them out. It could be naturally presenthe water or needed to be added as
hydroxides, carbonates, or bicarbonates. Genetapigrt alum uses 0.5 parts alkalinity for

proper coagulation.

The higher the temperature, the faster the reacéiod the more effective is the coagulation.
Winter temperature will slow down the reaction ratdich can be helped by an extended

detention time. Mostly, it is naturally providededto lower water demand in winter.

Time is an important factor as well. Proper mixargl detention times are very important to
coagulation.

The higher velocity causes the shearing or breasfritpc particles, and lower velocity will

let them settle in the flocculation basins. Velpatround 1 ft/sec in the flocculation basins

should be maintained.

Zeta potential is the charge at the boundary of ¢bkoidal turbidity particle and the

surrounding water. The higher the charge the mertheé repulsion between the turbidity
particles, less the coagulation, and vice versgheéti zeta potential requires the higher
coagulant dose. An effective coagulation is aimeckducing zeta potential charge to almost

Zero.
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1.5Adsorption phenomenon

Adsorption is a surface phenomenon with common @sim for organic and inorganic
pollutants removal. When a solution containing abable solute comes into contact with a
solid with a highly porous surface structure, ldssolid intermolecular forces of attraction
cause some of the solute molecules from the solutidoe concentrated or deposited at the
solid surface. The solute retained (on the solidase) in adsorption processes is called
adsorbate, whereas, the solid on which it is rethiis called as an adsorbent. This surface
accumulation of adsorbate on adsorbent is calledration. This creation of an adsorbed
phase having a composition different from that led bulk fluid phase forms the basis of

separation by adsorption technology.

In a bulk material, all the bonding requirements {bey ionic, covalent, or metallic) of the
constituent atoms of the material are filled byeotatoms in the material. However, atoms on
the surface of the adsorbent are not wholly sumlednby other adsorbent atoms and
therefore can attract adsorbates. The exact natuhe bonding depends on the details of the
species involved, but the adsorption process isergdly classified as physicsorption
(characteristic of weak Van Der Waals forces) oenatsorption (characteristic of covalent

bonding). It may also occur due to electrostatiaation.

As the adsorption progress, an equilibrium of goison of the solute between the solution
and adsorbent is attained (where the adsorpti@olote is from the bulk onto the adsorbent
is minimum). The adsorption capacity (ge, m mdl) @f the molecules at the equilibrium

step was determined according to the following &éqoa

Je=V(Co-Ce)/M




where V is the volume of solution (L); M is the masf monolithic adsorbents (g); and C

and G are the initial and equilibrium adsorbate conaaiuns, respectively.

Other definition of adsorption is a mass transfeicpss by which a substance is transferred
from the liquid phase to the surface of a solidd &@comes bound by physical and/or
chemical interactions. Large surface area lead$igh adsorption capacity and surface

reactivity .

1.5.1 Types of adsorbents

Different types of adsorbents are classified indtural adsorbents and synthetic adsorbents.
Natural adsorbents include charcoal, clays, clayenais, zeolites, and ores. These natural
materials, in many instances are relatively chedgundant in supply and have significant

potential for modification and ultimately enhancemef their adsorption capabilities.

Synthetic adsorbents are adsorbents prepared frgmeukural products and wastes, house
hold wastes, Industrial wastes, sewage sludge alyhpric adsorbents. Each adsorbent has
its own characteristics such as porosity, porectire and nature of its adsorbing surfaces.
Many waste materials used include fruit wastespuoat shell, scrap tyres, bark and other
tannin rich materials, sawdust, rice husk, petimolemastes, fertilizer wastes, fly ash, sugar
industry wastes blast furnace slag, chitosan amdflosd processing wastes, seaweed and

algae, peat moss, clays, red mud, zeolites, setiamehsoil, ore minerals etc.

Activated carbons as adsorbent for organic pollstaonsists in their adsorption a complex

process and there still exists considerable ditficd’he main cause of this difficulty results
from the large number of variables involved. Théselude, for example, electrostatic,
dispersive and chemical interactions, intrinsicpgmbies of the solute (for example solubility
and ionization constant), intrinsic properties lo¢ tadsorbent (such pore size distribution),

solution properties (in particular, pH) and the pemature of the system.
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Activated carbons (AC) (both granular activatedboar (GAC) and powdered activated
carbons (PAC)) are common adsorbents used foretimewval of undesirable odour, colour,
taste, and other organic and inorganic impuritresnfdomestic and industrial waste water
owing to their large surface area, micro porouscstire non-polar character and due to its
economic viability. The major constituent of acte@ carbon is the carbon that accounts up
to 95% of the mass weight In addition, active caggontain other hetero atoms such as
hydrogen, nitrogen, sulfur, and oxygen. These ameveld from the source raw material or
become associated with the carbon during activatiahother preparation procedures. Putra
et al. investigated the removal of Amoxicillin (dmbtic) from pharmaceutical effluents using
bentonite and activated carbon as adsorbents. tlidg was carried out at several pH values.
Langmuir and Freundlich models were then emplogedarrelate the equilibrium data on
which both models fitted the data equally well. Whchemisorption is the dominant
adsorption mechanism on the bentonite, both phgsipdion and chemisorption played an

important role for adsorption onto activated carbon

Adsorption of methane on granular activated can®hC) was studied. The results showed

that with decreasing temperature or increasing amethuptake by GAC the adsorption

efficacy decreased. Interactions between the metinaolecules and the surface of carbon
increase the density of adsorbed methane in respebe density of compressed gas. The
effect that the porosity and the surface chemistrythe activated carbons have on the
adsorption of two VOC (benzene and toluene) at tmmcentration (200 ppm) was also
studied. The results show that the volume of nammearo pores (size <0.7 nm) seems to
govern the adsorption of VOC at low concentratigpecially for benzene adsorption. AC

with low content in oxygen surface groups has tb& Bdsorption capacities.
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2.1 AIM
v' Treatment of phenolic waste water by Coagulatios@kdtion process.

2.2 OBJECTIVE

v’ Efficient, low cost methods of phenol removal fragueous solutions using different

coagulants and low cost adsorbent.

Study of different parameters that affect the golsom process like pH, agitation

speed, adsorbent dose, initial Phenol concentratmmtact time & temperature etc.
Study of different parameters that affect the céetgun process like pH, TSS, TDS,
BOD & COD.

To determine the effective coagulant & adsorbesedo

Study of Isotherm, kinetics and thermodynamics, anaansfer of the adsorption
process.

Comparative study of the effectiveness of chengoalgulants with adsorbents.
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BACKGROUND OF THE WORK

This chapter provides some information about therdiure surveyed and reviewed to

perform the present investigation. Various coagslaand adsorbents were used for the

treatment of industrial waste water all over theld/dor the last few years. Here an attempt

has been made to identify some coagulant and |Ievamsorbent for coagulation-adsorption
process by studying some journals. Summary of sesearch papers are listed below...

1) Lesley Joseph , Joseph R.V. Flora , Yong Gyun Ravlohammed Badawy ,and
Hazem Saleh , worked on the topic “Removal of ratarganic matter by combined
effect of coagulation & adsorption” by using camboanomaterials which showed
single-walled carbon nanotubes (SWCNTs) and mudlied carbon nanotubes
(MWCNTSs) was used for the removal of natural organatter(NOM) from various
water sources. PAC was used for comparison. Therpgiisn capacity of SWCNTs
was greater than that of MWCNTSs for the source wa®AC often outperformed
MWCNTSs in these combined treatment processes, &xnehe case of the young
leachate. The results of this study show that coetbicoagulation—adsorption
treatment using carbon nanomaterials can be eféeai removing NOM from
various water sources. This work had been publisheppurnal “Separation and
Purification Technology 95 (2012) 64—72".

M. T. Sorour, F. Abdelrasoul and W. A. Ibrahim wedkon the topic “Phenolic
wastewater treatment” by using i)Activated sluddgeS),ii) Granular activated
carbon (A.C) iii) Activated sludge plus activatearbon (A.S + A.C) ,which showed
(@The A.S + A.C system gave the highest COD anehphpercentage removal
comparing with the other two systems.(b) Increasiaginfluent phenol concentration
decreased the COD and phenol removal efficiencyn@peasing flow rate decreased

the COD and phenol removal efficiency for all syssg(d) Increasing the influent
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phenol concentration results in increasing pheoxicity for A.S system. This work

had been published in journal “Tenth Internatioter Technology Conference,
IWTC10 2006, Alexandria, Egypt 1127".

G.Vijayaraghavan, T.Sivakumar, and A.Vimal Kumar rkedl on the topic

“Application of plant based coagulants for wastdewvdreatment” by using Nirmali

seeds (Strychnospotatorum), Moringa oleifera, Tmramd Cactus. which showed
these natural coagulants are highly effective featment of waters with low turbidity
but may not be feasible in the case of wastewatdis extreme pH. Utilization of

these coagulants represents important progress ustaisable environmental
technology as they are renewable resources andagmgiication improves the quality
of life for under developed communities. This wdrad been published in journal
“International Journal of Advanced Engineering Resk and Studies 1 (2011)88-

92".

Pratarn Wongsarivej and Pornsiri Tongprem workaedthe topic “Phenolic waste
water treatment in three phase fluidized bed readiy using Activated carbon

which showed Comparison of phenolic adsorption urfde different adsorbents

(a)fresh GAC, (b)fresh Fe/GAC,(Sjlreused GAC,(df1 reused Fe/GAC, (e)2

reused Fe/GAC, have been carried out. The resolvstihat both fresh GAC and
Fe/GAC gave the better results than reused GACransed Fe/GAC, respectively.
The adsorption followed pseudo second -order kisefihis work had been published

in “Engineering Journal : Volume 13(2009)57-59".

E-S.Z. El-Ashtoukhy, Y.A.El-Taweel, O. Abdelwahand E.M.Nassef worked on
the topic “Treatment of Petrochemical Wastewatent&@ioing phenolic Compounds

by Electro coagulation” by Using a Fixed Bed Electremical Reactor with a fixed
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bed anode made of randomly oriented Al raschigsripgcked in a perforated plastic
basket located above the horizontal cathode. Tiheystevealed that the optimum
conditions for the removal of phenolic compoundsenechieved at current density =
8.59 mA/cni, pH = 7, NaCl concentration = 1 g/L and tempemtof 25°C.

Remarkable removal of 100% of phenol compound &tkrs can be achieved for 3
mg/L phenol concentration of real refinery wastewafThe new anode design of
electro coagulation cell permits high efficienciegh lower energy consumption in
comparison with other cell design used in previsusdies. This work had been
published in “International Journal of Electrocheati Science8 (2013) 1534 —

1550".

Somayeh Golbaz , Ahmad Jonidi Jafari , MohammadeRaind Roshanak Rezaei
Kalantary worked on the topic “Removal of phenolhr@nium, Cyanide ,by

coagulation /precipitation process” using Fecdhoride(Fe() as a coagulant. This

study showed that (a) Conventional coagulatiorcieffitly removed CF; however,

coagulation displayed a relatively poor removalcgénide. In the case of phenal,
insignificant removal efficiency was also observe(h)Enhanced coagulation
outperformed conventional coagulation in terms 6fGand phenol removal was also
slightly improved. (c) Coexisting CN ions slightiphibited C#® removal, while
chromium was simultaneously removed with the pheritaining wastewater. (d)
Presence of chromium promoted the removal perfocearf phenol to some extent.
Phenol could be oxidized in the presence of Qrdexavalent chromium vice versa
could be efficiently reduced to Grions in the existence of phenol, and (thus) could
be precipitated as chromium hydroxide, Cr(@Kg) Statistical analysis revealed that

precipitation performance was augmented in the gg®of treating synthetic waste




water containing both C% ions & phenol. This work had been published in

“Chemical Engineering Journal 253 (2014) 251-257".

Ihsan Habib Dakhil worked on the topic “removal gifenol present in industrial
waste water”, Using Sawdust as an adsorbent. Thudy sshowed the optimum
conditions for the removal of phenol within the ekment range of variables studies
were 130 mg/L of initial phenol concentration, 0@# of adsorbent dose, natural pH
value of 6.7 and 120 min of contact time. Underséheonditions the maximum
removal efficiency was 91.6%. This work had beeblighed in “Research Inventy:
International Journal of Engineering and Sciencé3/dssue 1 (May 2013), PP 25-

31".

Mr. B. C. Meikap and Dr. G. K. Rot worked on theito “Removal of phenolic
Compounds from Industrial Waste Water” Using Selndfzed Bed Bio-Reactor.
This work showed that the immobilized semi-fluidiZeed bioreactor is, no doubt, a
novel and efficient appliance, which can be adopgtedthe treatment of industrial
waste water containing phenolic compounds evemwén concentration. A proper
choice of immobilized culture, careful consideratif various design parameters for
a semi-fluidized bed bioreactor will make treatmpracess cost effective in the long
run. This work had been published in journal “Jabof the 1PHE, India, Vol. 1997,

No. 3".




9) Hamidreza Farajnezhad & Parvin Gharbani worked lba topic “Coagulation

treatment of waste water in petroleum industry’ngsiPoly Aluminum Chloride and
Ferric Chloride as a coagulant. This study showed tinder optimal conditions of
process parameters, a coagulant dose of 10 mg/leffregent to remove 78 and 88%
of the effluents color by ferric chloride and PAfgspectively. The best colour

removal was achieved at dose concentration of 1 mgd pH =7. This work had

been published in journal “IJRRAS 13 (1) Octobet 20

10)C R Girish and V. Ramachandra Murty worked onttgc “Adsorption of Phenol
from waste water using locally available adsorbdikte activated carbons from
agricultural by-products such as coconut shellkhsiells, rice husk seed coat, stone,
kernels and peels of various agricultural produpg@m oil empty fruit product,
miscellaneous agricultural wastes like bark, woodewots and other products like
straw, fibers, bagasse, hulls. This study showatlttiese agricultural materials have
equivalent or even more adsorption capacity tovats#d carbon. Comparing different
adsorbent has high difficulty since different paeéens are taken into consideration
for evaluating the overall performance of the abeot Finally, if the adsorbent
comes out with very good efficiency for the treatinef wastewater containing
phenol and its compounds, then it can be succéssfommercialized to industrial
scale which will be beneficial to the society iriute. This work had been published
in journal “Journal of Environmental Research are/&opment Vol. 6 No. 3A, Jan-

March 2012".




11)Maria Tomaszewska, S ylwia Mozia, and Antoni W.rileski worked on the topic
“Removal of organic matter by coagulation enhaneétli adsorption”. A PAX XL-
69 polyaluminum chloride was used as a coagulapb®edered activated carbon as
adsorbent. This study showed that 1) Coagulatiorsadfitions containing phenol
without the addition of PAC is less effective inngoarison with the adsorption
coagulation integrated system. Phenol remains iatien. 2) The combination of
adsorption and coagulation allows the removal oCR#ith adsorbed organics from
solution. The additional advantage of such a pmdegreater effectiveness of HAS
removal in comparison with adsorption conductedaut coagulation.3) Coagulation
enhanced with adsorption on PAC has better restiles coagulation is preceded by
adsorption than when the two processes are caouédimultaneously. This study

had been published in the journal “Desalination (104) 79-87”

After detailed study of literature work we have rsd¢leat many coagulants and adsorbents
have been used for the removal of waste water. @iypeoagulation and adsorption process
used as separate process, but in some work weskawvethat combined effect of coagulation
and adsorption showed increased efficiency of phesmoval. So we can conclude that

combined effect of both process will give betteepol removal, and my research work will

follow the same trend of coagulation followed byabtion process by usirfeeCl; andAl;

(SOy)sas a coagulant and treatidash as an adsorbent.
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MATERIALS & METHODOLOGY

4.1 Adsorption of Synthetic phenol

4.1.1 PREPARATION OF SYNTHETIC PHENOL
MATERIALS REQUIRED
1. Phenol(GHsOH)
2. Distilled Water
PROCEDURE
100 ppm stock solution was prepared by dissolvieg thg of phenol in 1000 ml of
distilled water.
Then 10 or 20 ppm working standard solution wapgmred by appropriate dilution of
standard stock solution.
4.1.2 TREATMENT OF FLY ASH
MATERIALS REQUIRED
. Raw fly ash (New Kashipur Thermal Power Plant)
. Calcium Hydroxide ,Ca(OH)
. Distilled Water
PROCEDURE
. 5 g Calcium Hydroxide was mixed in 100 ml of dist water.
. 17 g raw fly ash was measured.
. Fly ash mixed in Calcium Hydroxide solution andrstil for 3 hour.
. Fly ash separated from the suspension by filtration

. Finally dried at 78C for 24 hour and collect it carefully in container




After treatment with Ca(OH)surface roughness of fly ash changed significantly
This change includes wearing of asperities andgbestcracking. Pores and cavities
of fly ash increased significantly. Furthermoree thores on the surface of the
adsorbent are highly heterogeneous. The heterogsmarses and cavities provides a

large exposed surface area for the adsorption @igl{ Chowdhury and Saha).

TREATED FLYASH




4.1.3 Adsorption of Phenol
1. 10 ppm, 100 ml phenol solution was prepared fstmok solution of synthetic phenol.

2. Four different 250 ml conical flasks was takertr&nsferred 100 ml, 10 ppm synthetic
phenol in conical flask.

3. 20 mg,50 mg, 100 mg & 200 mg fly ash were measand mix in the synthetic phenol.

4. Conical flask placed in shaker at 120-140 rpnBfdmin.

5. Sample was taken after 45 min,60 min, 75 minl, @ min.(sample collection should be
very carefully by the sucker with the help of tgm that no amount of adsorbent come out
with supernatant. )

6. Collected sample was placed in centrifuge feR@5nin at the speed of 10000 rpm.

7. Sample was collected from centrifuge and absmdavas measured with the help of UV-
VIS Spectrophotometer at wavelength of 270 nm.

This process has been applied for different pararsetariations like adsorbent dose(20
,50,100,200 mg),temperature(25,30,35,40&)5H(4,6,8,10),Phenol concentration(5,10,15
ppm), and for different shaker speed(80,100,125,1%m). The optimum adsorption
parameter was found at adsorbent dose of 100 mg,Jpm concentration, pH 4,shaker

speed of 150 rpm at 4% temperature.

_ . |




4.2 Characterization of Phenolic Waste Water

1. Procurement of phenolic waste water from Amtt@eroduct on ¥ Feb, 2016.
2. Characterization of phenolic waste water by cating pH, TSS, TDS, BOD, COD, and
phenol concentration

4.2.1 pH

Industrial sample was taken in a beaker and pH maasured by putting pH pen in the

sample and reading was noted down.gorhes equal td.1

Measurement of pH by pH pen




4.2.2 Total Suspended Solid (TSS)

TSS of a water or wastewater sample is determiygabhiring a carefully measured volume
of water (typically one litre; but here less amoisntaken because of less amount of sample)
through a pre-weighed filter of a specified poreesithen weighing the filter again after
drying to remove all water. The gain in weight islry weight measure of the particulates
present in the water sample expressed in unitseteor calculated from the volume of water

filtered (typically milligrams per litre or mg/L).

TSS=A,~A;

where A =Initial weight of dried filter paper

Ao—Final weightof wet filter paper (oven dried)

Here, TSS value comes equa#ti®0 mg/L.

4.2.3 Total Dissolved Solid
The two principal methods of measuring total digedlsolids are gravimetric analysis and
conductivity Gravimetric methods are the most accurate andvavevaporating the liquid
solvent and measuring the mass of residues lef. Mbthod is generally the best, although it
is time-consuming. TDS is expressed in mg/L.

TDS=A>-A1

Where, A=Initial weight of dried beaker

A=Final weight of dried beaker (oven dried)

Here, TDS value comes equalltb000 mg/L.




4.2.4 Biological Oxygen Demand

Demand Oxygen Measurement
MATERIALS REQUIRED

1)Manganous Sulphate Solution
Dissolve 364g MnS©H,0 in 1000 ml Distilled water.

2) Alkaline-lodide- Azide Solution

Take 5009 of sodium hydroxide and 1509 of Sodiudide and dissolve it in 950 ml distilled
water. Dissolve 10g of Sodium Azide (NgNn 40 ml of distilled water and add this with
constant stirring to the cool alkaline iodide smintprepared before. The solution should not

give colour with starch solution when diluted atdied. Stored in dark.

3) Sodium Thiosulphate Solution (0.025N)

Weigh 6.025¢g of Sodium Thiosulphate (8#03.5H,0) and dissolved it in distilled water
and make up to 1000 ml.

4) Starch Indicator

Weigh 0.5 g of starch and dissolve in 100 ml of Bettilled water. To preserve the starch
indicator add 0.2 g of Salicyclic acid as presewaat

5) Standard Potassium dichromate (0.25 N)

1.225 g Potassium dichromate,(¢0O;) in 100 ml distilled water.

PROCEDURE

1) The sample is collected in a BOD bottle (300 agapacity) taking care to avoid any
bubbling.

2) 1 ml MnSQ + 1 ml alkali-iodide-azide is added to the bottkubmerging the pipette to
the liquid level.

3) The stopper is placed carefully to exclude alslide and mixed the solution by inverting it

repeatedly for 15 min. The precipitate is allowedéttle.
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4) Then 1 ml of conc. $80, is added, bottle is closed and mixed properly.
5) 50 ml of the content of the bottle is titratethwSodium thiosulphate using Starch as an
indicator .At the end point the blue colour turocirless. Reading noted down.

Calculation

Demand Oxygen in mgA.ml of titrant * normality *8 * 1000*\{/V(V1-V)

Where, ¥Volume of BOD bottle in ml
¥Volume of the content titrated in ml

V3= Volume of MnSO4 and iodide azide solution. .32 ml.

BOD MEASUREMENT

MATERIALS REQUIRED

1)Phosphate buffer solution

Dissolved 0.85 g KbPO, +2.17 g KHPOu+ 3.3 g NaHPO,.7 H,0+0.17 g NHCI in 100 m
distilled water. Maintan pH=7.2, with the help cd@H and HCI.

2) Magnesium Sulphate solution

Dissolved 2.25 g MgS£in 100 ml distilled water.

3) Calcium Chloride solution

2.75 g CaGl (anhydrous) in 100ml distilled water.

4) Ferric Chloride solution

Dissolved 0.25 g FegbH,O in 1000 ml distilled water.




Preparation of dilution water

1) Aeration:
Required volume of distilled water aerated in glgssfor 2 days ,temperature maintained
27°C. Add 1ml of Phosphate buffer + 1 ml Mg$®©1 ml CaC}+ 1 ml FeC} is added to 1 L

distilled water and mixed well.

™y

Water Aration

PROCEDURE
1)60 ml sample water is added to 540 ml aeratedrwat
2) From 600 ml diluted sample water ,300 ml watai a BOD bottle and initial DO was
measured by Winkler's method.
3) The other 300 ml diluted sample water was takeanBOD bottle and kept in incubator at
27°C for 3 days.
4) After incubation ,the final DO of the sample wasasured.The reading was noted down.
Calculation BOfIMg/L)=D1-D,/F

Waebi= initial DO

D=final DO

F=dilution factor




Before addition of HSO, After addition of H ,SO,

BOD value of water sample cont20 mg/L.




4.2.5 CHEMICAL OXYGEN DEMAND

MATERIALS REQUIRED
Chemical required

1. Potassium dichromg
2. Sulfuric acid

. Ferrous ammonium sulph
4. Silver sulphate

. Mercury sulphate

. Ferroin indicator

. Organic free distillewater

Chemicals Required




Apparatus required

1) COD digester

2) Burette & burette stand

3) COD vials with stand

4) 250 miconical flask (Erlenmeyer Flas
5) Pipettes

6) Pipette bulb

7) Tissue papers

8) Wash bottle.

Apparatus Required




PROCEDURE

1. Preparation of reagents:

Standard Potassium Dichromate Reagent - DigestdutiSn

4.913 g of potassium dichromate was dried at 1G8PQ - 4 hours. 33.3g of
mercuric sulphate was add to the beaker contairdngd potassium
dichromate. 167 ml of concentrated sulphuric agd measured using clean
dry measuring cylinder and was transferd to theeséeaker. The contents
was dissolved and cooled to room temperature.cbméents was transferred

to an 1000 ml standard flask and distilled wateteatto make it upto 1000ml.

Sulphuric Acid Reagent - Catalyst Solution
5.5 g silver sulphate crystals was taken in a tegrc 1000 ml beaker. To this
500 ml of concentrated sulphuric acid was carefatlded and was allowed to

stand for 24 hours (so that the silver sulphatsteaty dissolve completely).

Standard Ferrous Ammonium Sulphate solution
39.2g of ferrous ammonium sulphate crystals wasotired in 1000ml

distilled water.

2. Testing of samples:

3 COD vials with stopper (two for the sample ane dor the blank) were
taken.

2.5ml of the sample was added to each of the twd G@ls and the

remaining COD vials was kept for blank so to thiSIT vial distilled water

was added.
1.5ml of potassium dichromate reagent - digestmot®n was added to each

of the three COD vials.




3.5 ml of sulphuric acid reagent - catalyst solutiwwas added to each of the
three COD vials.

Tubes were capped tightly. COD Digester temperat@fixed at 150° C and
the time was set for 2 hours.

The COD vials were placed into a block digester=1°C and were heated for
two hours.

Then the vials were removed and were allowed itcéol to the room
temperature.

The burette was filled with the ferrous ammoniurtpkate solution, and was
fixed to the burette stand.

The content of the blank vial was transferred toical flask.

Few drops of ferroin indicator were added. The smubecame bluish green
in colour.

Titration was carried out. End point of the titosti was noted at the

appearance of the reddish brown colour. Burettdingavas noted down.

Similar titration was carried out for the two saegphlnd the burette readings

were noted down.




PROCEDURE CHART

Take 2.5mL water sample
in tube and 2.5mL of Add 1.5mL of Potassium

distilled water another tube dichromate to both the tubes

Distllled ; Potassium
water ‘ i | .y dichromale

Tightly close the tubes @

kept in COD digestor at
150°C for 2 hours

Carefully add 3.5mL of
sulphuric acid
reagent to hoth tubes

=
Sulphuric =
acid .
reagent
(L R

Fill the burette with freshly
prepared Ferrous ammonium
sulphate

After cooling to room
temperature transfer the
content to the conical flask

T

Ferrous
ammonium
sulphate

~,

Continue the Titrate the contents

titration till the colar against Ferrous
changes to reddish ammonium sulphate

brown Add 2 drops

3 of Ferroin
\j/ indicator
f.'_:.- =

===

.
iy
5 y
o
v

Calculate the
CcOoD
concentration




Calculation

COD= (A-B)*N*8*1000/vo|ume of sample

Where,
A=Burette reading for distilled water
B=Burette reading for sample.
Value of COD for sample comd$0000 mg/L.

4.2.6 DETERMINATION OF PHENOL CONCENTRATION
MATERIALS REQUIRED
1. Phenolic sample water
2. Cuvette
3. Distilled Water
4. Tissue paper
PROCEDURE
Phenol concentration was measured with the helg\bVIS Spectrophotometre. Phenol

amount present in the sample was very high. Vafughenol concentration comes 27500

ppm.

4.3 Coagulation of phenolic waste water

MATERIALS REQUIRED
1) Alum(Aluminium Sulphate) as a coagulant
2) Ferric Chloride(FeG) as a coagulant
3) Phenolic waste water collected from industries
4) Sodium Hydroxide for pH maintain
5) Hydrochloric Acid to maintain pH.

6) Distilled Water
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PROCEDURE

1)100 ml of phenolic waste water was taken in 25@anical flask & pH was maintained to
7 with the help of NaOH/HCI

2) Alum was added in three different amount (2,4)® three different conical flask and
Ferric Chloride (10% W/V )solution was added irethdifferent volume(5,10,15 ml) in three
different conical flask.

3) Coagulants were mixed properly in phenolic waséer.

4) After that, it is allowed to settle down for 12

5) The supernatant was collected & the charactiwsizavas done by calculating pH, TSS,
TDS, BOD, COD.

4.4 Adsorption of supernatant after coagulation

MATERIALS REQUIRED

1) Supernatant solution (collected after coagutgtio

2) Fly ash

3) NaOH

4) HCI

PROCEDURE

1)100 ml supernatant solution after coagulatios wallected.

2) Take three 250 ml conical flask & put 100 mlsugatant solution.

3) Maintain concentration of 10 ppm and pH 4 ofesaptant solution in conical flask.

4) Measure 100 mg fly ash and mix in the supernaaiation.

5) Put conical flask in shaker at 150 rpm for 90 i 45C.

6) Take sample after 45 min,60 min, 75 min, andr®0.(sample collection should be very
carefully by the sucker with the help of tip, sattmo amount of adsorbent come out with
supernatant. )

7) Place that collected sample in centrifuge fo205nin at the speed of 10000 rpm.
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8) Collect sample from centrifuge and measure d&asure with the help of UV-VIS

Spectrophotometer at wavelength of 270 nm.

4.5 Characterization of supernatant after adsorptio

Supernatant was collected after adsorption byafitin with filter paper and characterization

was done by measuring pH and determining TSS, B@E), COD & phenol concentration.




CHAPTER-5
RESULT & DISCUSSION




5.1 Phenol standard curve

Peak at wavelength of 270 nm is highest, i.e.atwavelength number of particles of phenol

is more. So, at this wavelength we find the absmbaof different phenol concentration to

draw the standard curve. Table shown below showsv#thue of absorbance at 270 nm of

different phenol concentration.

Phenol concentration(ppm) Absorbance(at 270 nm)

2.5 0.014

5 0.048

10 0.148

50 1.040

As the above table didn’t give the relation betweencentration and absorbance. So, to find

this relation we have to draw a standard curve eetwconcentration and absorbance. From
there we find the value of’R0.9936.

standard curve of phenol
y =0.0206x

R?=0.9936

absorbance(Au)

20 30 40
concentration(ppm)

Fig 1: Phenol standard curve, abrbance vs concentration
Above curve gives the relation, Y=0.020X

Where,Y= Value of absorbance

X= Value of concentration




5.2 Adsorption of synthetic phenol

Adsorption study of synthetic phenol on fly ashvdnabeen done by varying various

parameters likadsorbent dose, temperature, pH, Phenol conceptradnd shaker speed.

5.2.1Variation of adsorbent dose

Firstly percentage removal of phenol was calculdtgd/arying dose of adsorbent keeping
other parameters (temperature, pH, phenol condentyand shaker speed) constant.

w
o

Variation of adsorbent dose

N
(2}

N
o

=¢=20 mg fly ash
=i=50 mg fly ash

=
o

100 mg fly ash

phenol % removal
[EEY
w

w

=>=200 mg fly ash

60
time(min)

Fig 2: shows percentage removal of phenol on diffent adsorbent (fly ash) dose.

Above graph shows the % removal of phenol with eesfgo different adsorbent dose in
different time interval. Study shows that perceete@moval increases with increasing time in
all three adsorbent dose. Maximum percentage relnsbeavs in adsorbent dose of 100 mg at
the time interval of 90 min .i.e about 27.5 %. Asarbent dose increases surface area for

adsorption also increases, simultaneously percentagioval of phenol not increasing

(almost constant). Active site of fly ash saturabgdthe phenol group, so the percentage

removal could not be increases.




5.2.2 Variation of temperature
In second step percentage removal of phenol wasleé¢d by varying temperature and

considering other parameters (adsorbent dose, Ipthgb concentration, and shaker speed)

constant.

Temperature®C) Absorbance Concentration % removal

25 0.144 7.2 28

30 0.140 7 30

35 0.131

40 0.126

45 0.118

variation of temperature

35

temperature(°C)

Fig 3: percentage removal phenol on different temperature
Above graph shows the % removal of phenol with eespo different temperature value.
Percentage removal increases with increasing teatyrer Maximum percentage removal
shows at 4% .i.e about 41.0 %.As temperature increases eradsgyincreases and bonding
between fly ash molecules break. Due to this adisorpcapacity of fly ash increases as

temperature increases.
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5.2.3 Variation of pH
In third step percentage removal of phenol wasutaled by varying pH of phenol (with
NaOH & HCI) and considering other parameters (duar dose, temperature, phenol

concentration, and shaker speed) constant.

variation of pH

70

time(min)

Fig 4: percentage removal of phenol on different pHalue

Above graph shows the % removal of phenol with eespo different pH in different time
interval. Percentage removal increases with inangasme in all four pH values. As phenol
solution is acidic in nature. So, the maximum petage removal should be in the acidic

region and we are seeing that maximum percentageva shows in pH value 4 and .i.e

about 98 %.




5.2.4 Variation of phenol concentration
In this step percentage removal of phenol was tatled by varying phenol concentration and

considering other parameters (adsorbent dose goipdrature, and shaker speed) constant.

variation of phenol concentration

70

time(min)

Fig 5: percentage removal of phenol on ddfent phenol concentration

Above graph shows the percentage removal of pherthl respect to different phenol

concentration in different time interval. Percemagmoval increases with increasing time in
all concentration values. Here maximum percentageval shows in concentration value 10
ppm and .i.e about 95.5 %.In lower value of phaxwwicentration amount of phenol present
is very less and in higher concentration amounpltenol present is very high and we are
applying fixed amount of adsorbent dose that's vgeycentage removal in 10 ppm is

maximum.




5.2.5 Variation of shaker speed
In last step percentage removal of phenol was b by varying shaker speed and
considering other parameters (adsorbent dose, pehagb concentration, and temperature)

constant.

80

variation of shaker speed

70
60

50

40 =480 rpm

30 == 100 rpm

125 rpm

20 ==é=150 rpm

70
time(min)

Fig 6: percentage removal of phenohdlifferent shaking speed

Above graph shows the % removal of phenol with eesgo different shaker speed in
different time interval. Percentage removal incesawith increasing time in all shaker speed
values. Here maximum percentage removal showsakestspeed of 150 rpm and .i.e about
69.5 %.At higher rpm value mechanical force incesasnd due to increase in force
interaction between the fly ash and phenol soluisomore, consequently phenol removal is
more.

By taking all parameter variation into account wavk seen that the optimum condition of
adsorption of 10 ppm phenol concentration showshatker speed of 150 rpm ,at°@5 ,at

pH value of 4 and adsorbent dose of 100 mg flyadshe time interval of 90 min




5.3 Characterization of supernatant
a) after coagulation with Aluminium Sulphate
Industrial phenol sample was collected and charaeteon was done. value came pH=4.1,

TSS=4100 mg/L, TDS=11000 mg/L, BOD=1820 mg/L, COD&d00 mg/L.
After coagulation with Aluminium Sulphate percergagemoval of BOD, COD, pH, and

phenol concentration are shown below in graph.

50
45
40
35
30
25
20
15
10

5

0

% removal of BOD

3 4
coagulant dose(g)

Fig 7: percentage removal of BOD after coagulatiomvith different amount of Al 2(SOy)3
(29,49,69).

% removal of COD

coagulant dose(g)

Fig 8: percentage removal of COD after coagulatiomvith different amount of Al 5(SOy)3
(29.,49,69).




Coagulant Initial
dose ——

TSS(mg/L) 4100

TDS(mg/L) | 11000

pH 4.1

Value of TSS decreased in 2 g coagulant dose brgased in 4 g & 6 g .The possible reason
of this effect should be amount of coagulant peasipresent in supernatant.
Value of TDS increased in every coagulant dose. gdssible reasons should be amount of

coagulant particles present in supernatant and hwamar during filtration.

96.05
96

%removal of Phenol

3 4
coagulant dose (g)

Fig 9: percentage removal of phenolafter coagulation with different amount of
Alx(SOy)s (29,49,60).

Percentage removal of Phenol by Aluminium Sulplsfiewvn very good result. It is around

95-96%. In 6 g coagulant dose percentage removegsi.e about 96% which is maximum.




b) Characterization of supernatant after adsorption

After coagulation (with Aluminium sulphate) the raming phenol in supernatant can be
adsorbed by using fly ash (100 mg). Percentagevehof BOD, COD, and phenol are

shown below in graph.

120
100
80

60 == pod

=i=COD
40

Phenol conc.

3 4
coagulant dose(g)

Fig 10: percentage removal of BOD, COD and phenolfter adsorption (with fly ash) of
treated water by coagulation (with Aluminium sulphae)

Percentage removal of Biological Oxygen demand,n@t&l Oxygen demand and Phenol
concentration increased. BOD % removal goes u@t8%%.COD % removal increased to

68%. Percentage removal of Phenol concentratiachezh98.51 %.

Coagulant dose| initial 29 49

>

TSS(mg/L) 3205

TDS(mg/L) 53833.5

pH 4.1 3.4 3.0 2.7

Value of TSS decreases and TDS increases. pH valseslecreased.




c) Adsorption (with fly ash) preceded by coagulationwith Aluminium Sulphate)

Optimum condition of adsorption of synthetic pheam ( Adsorbent dose of 100 mg, temp=

45°C, pH= 4, phenol concentration= 10 ppm & shakeedpa 150 rpm).

70

phenol % removal after adsorption

D
o

vl
o
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o

—_

% removal phenol
w
o

N
o

=
o

60
time (min)

Fig 11: variation of phenol % removal after adsorpton with fly ash on optimum

condition of adsorption preceded by coagulation wit different amount of Aluminium
Sulphate

Percentage removal of phenol increased after atisorpf treated water with 6 g coagulant

dose. Maximum removal comes 58.5% in case of Gagwant dose at the time interval of 90

min.




5.3.1 Characterization of Phenol
a) After coagulation with Ferric Chloride

After coagulation with Ferric Chloride percentagemoval of COD, BOD, and phenol

concentraion are shown below in graph.

=¢=BOD
== COD

Phenol concn.

10

coagulant dose (mg)

Figl2: percentage removal of BOD, COD, and phenoll00 ml) after coagulation with
Ferric Chloride(5mg,10mg,15mg)

Percentage removal of BOD, COD, and phenol conatoir was seen maximum in 15 mg of

coagulant dose. Which is 59.89 %, 60 %, 97.81 Yects/ely.

Coagulant dose| initial 5 mg 10 mg

—>

TSS(mg/L)

TDS(mg/L)

pH




b)Characterization of supernatant after adsorption
Characterization of supernatant dafieer adsorption (with fly ash) of supernatant collected

after coagulation (with Ferric Chloride). Percentage removal of BOD, COD & phenol are

shown below in graph

100

rs
90

80

70
=¢==BOD

=—COD

60
50 Phenol concn.
40

30

20 T

10
coagulant dose(mg)

Figl3: percentage removal of BOD, COD and phenol &r adsorption (with fly ash) of
treated water by coagulation (with Ferric chloride)

Percentage removal of Biological Oxygen demand,n@t& Oxygen demand and phenol

concentration increased. BOD % removal goes utd3%.COD % removal increased to
99.2%. Percentage removal of phenol concentraganired 98.18 %. Two graph are almost

coincide because values lies between 97-99%.

Coagulant dose| initial 5 mg

—>

TSS(mg/L) 679

TDS(mg/L) 21672.5

pH : 8.3




c) Adsorption of supernatant (with fly ash) precedd by coagulation of phenol (with
Ferric Chloride)

Optimum condition of adsorption of synthetic phejatisorbent dose of 100 mg, temp=

45°C, pH= 4, Phenol concentration= 10 ppm & shakeedm# 150 rpm.)

% removal phenol

40 60
time (min)

Fig 14: variation of phenol % removal after adsorpton with fly ash on optimum
condition of adsorption preceded by coagulation wit different amount of Ferric

chloride
Percentage removal increased in all three amoucbafulant dose. Maximum percentage
removal comes 99.84% in case of 15 mg coagulant d<ghe time interval of 90 min.

Percentage removal is effective up to one houosaafter that adsorption surfaces virtually

get saturated and adsorption are decline.




5.4 Comparison of efficiency of coagulants

a) Comparison of BOD, COD & phenol conc. after coaguléon.

coagulation with Aluminium Sulphate

=¢—BOD
== COD

phenol concn.

coagulant dose(g)

Amount of coagulant used in coagulation with Fefialoride is less than the amount of
coagulant used with Aluminium sulphate. Despiteusing very less amount, percentage
removal of BOD, COD, and phenol concentration igena Ferric Chloride which is 59.89

%, 68 %, 98.51 % ,respectively. Whereas value oDBOOD, and phenol concentration is
43.4 %, 52 %, and 96% respectively in case of Ahiam Sulphate as a coagulant. Study

shows Ferric Chloride is better coagulant than Aluam Sulphate.

coagulation with Ferric Chloride

=4—BOD
== COD

Phenol concn.

10
coagulant dose (mg)




b) comparison of BOD,COD & phenol conc. after adsorptn of supernatant
collected after coagulation

—a
—

== Dbod

=i=COD

Phenol conc.

3 4
coagulant dose(g)

Despite of using less amount of Ferric Chloridecomparison of Aluminium Sulphate,
percentage removal of BOD, COD, and phenol cona#atr is more in Ferric Chloride
which is 60.43 %, 99.2 %, 98.18 % ,respectively.eféas value of BOD, COD, and phenol
concentration is 59.89 %, 60 %, and 97.81% resgaytin case of Aluminium Sulphate as a

coagulant.

=¢—BOD
=@—-COD

Phenol concn.

10
coagulant dose(mg)




c)comparison of phenol percentage removadfter adsorption of supernatant with
fly ash

% removal phenol

60

time (min)

Despite of using very less amount, percentage rahawfvphenol is more in Ferric Chloride
with respect to Aluminium Sulphate. Percentage naho@f phenol in Ferric Chloride is

99.84% whereas 58.5 % in Aluminium Sulphate. InecaSAluminium Sulphate maximum

phenol removal in 6 g of coagulant dose, and imi¢&hloride 15 mg of coagulant dose

show maximum removal, which is very low in companisof amount of Aluminium

Sulphate.

120

100

80

60

% removal phenol

40

40

time (min)




5.5 Isotherm, kinetics and Thermodynamics study

Thermodynamics, kinetics and Isotherm study havenbdone of adsorption process.
Adsorption has been done of the supernatant dfeeccoagulation of phenolic waste water
with Aluminium Sulphate and Ferric Chloride .Themiyoamics, Kinetics and Isotherm
studies are shown below in graph form.

55.1 Isotherm study

a)

R*=0.985

Langmuir Isotherm
of 6 g Aluminium
Sulphate

Fig 15: Plot of G/ge Vs G

R*=0.9895

Freundlich Isotherm
of 6 g Aluminium

1.1 1.3
InCe

igR.6: Plot of In g.vs In G




Both plot gives straight line but value of=R0.9895 in Freundlich Isotherm is more than the

value of R= 0.985 in Langmuir Isotherm means that the abalsomption will follows

Freundlich Isotherm. From this we can say that multilayer adsorpttaking place.

b)

R*=0.9925

Langmuir Isotherm
of 15 mg Ferric
Chloride

Fig 17: Plot of GJge vs G

R?=0.9246

Freundlich
Isotherm of 15
mg Ferric
Chloride

0.5

In Ce

Fig 18: Plot of In gzvs In G




Both plot gives straight line but value of=R0.9925 in Langmuir Isotherm is more than the

value of R= 0.9246 in Freundlich Isotherm means that the atamsorption will follows
Langmuir Isotherm. From this we can say that

v" Monolayer adsorption occurs.

v Molecules are adsorbed at discrete active sitehesurface.

v Each active sites adsorbing one molecule only.

v' The adsorbing surface is energetically uniform.

v And no interaction between adsorbed molecules sccur
As the adsorption follows Langmuir Isotherm these 80% chances of being physical

adsorption.




5.5.2 Kinetic study

a)

15t order kinetics

R?=0.9692

6 g Aluminium
Sulphate

time(hr)

Fig 19: Plot In(ge-q:) vs time (hr)

From the plot of ¥ order and %' order kinetics we can see that value &£ R.9692 comes

more in £ order kinetics in comparison of%brder kinetics, means that the plot will follow

1% order kinetics.

2"d order kinetics

R?=0.9524

68
Aluminium
Sulphate

0.8
time(hr)

Fig 2Blot of t/q; vs time (hr)




15t order kinetics

R?=0.8848

15mg
Ferric
Chloride

1
time (hr)

Fig 21: Plot of In(g-q;) vs time (hr)

From the plot of ¥ order and %' order kinetics we can see that value 6f R.9746 comes

more in 2° order kinetics in comparison of' brder kinetics, means that the plot will follow

2" order kinetics.

2"d order kinetics .

R?=0.9746

15 mg Ferric
Chloride

1.1
time(hr)

Fig 22: Plot of t/g vs time (hr)




5.5.3 Thermodynamics Study
a) Activation energy parameters
The activation energy is the minimum kinetic energguired for a particular reaction to

carry out.

1/T(K?) * 103

3.25 3.3

R?=0.9898

Fig 23: Plot of In K,vs. 1/T.
The relationship between the rate constant and éeatyre can be described by the linear

form of the Arrhenius equation that expressed leyfdtfiowing equation:

Ink, = INnA-Ea/RT

Where Ea is the activation energy, J/mol, A is Mlmiehenius constant, g/mg min; is the
pseudo-second-order rate adsorption constant, gimgR is the ideal gas constant, 8.314
J/mol K, and T is the solution temperature, K. Tilegnitude of activation energy may give
an idea about the type of adsorption. To calculaeactivation energy @efor the adsorption
process, In kis plotted versus 1/T as shown in above figure. \Idlae of activation energy
(Ey) for the adsorption is calculated to be approxetyatl5.3185 J/mol These values

indicate thaphysical adsorptionmechanisms occurred because value is less thafm&d.




b) Thermodynamic parameters
Determination of thermodynamic parameters has atgmmportance to evaluate the

spontaneity and the heat change of the adsorptmeepses. The experimental data obtained
at different temperatures are used in calculathy thermodynamic parameters. Based on
fundamental thermodynamic concepts, it is assum&idin an isolated system, energy cannot
be gained or lost and the entropy change is thg dnling force. The thermodynamic
parameters are; the changes in the standard fexgye@\G), enthalpy AH") and entropy
(AS), due to the transport of unit mole of solute freine solution on to the solid-liquid
interface. The relationship between the adsorpgiguilibrium constant and temperature can

be expressed by Van't Hoff equation

In K;= -AG° /RT =AS° /R —AH°/RT

Where R is the universal gas constant, 8.314 J¥mal is the absolute solution temperature,
K, and K is adsorption equilibrium constant, I/mgH®, AS®, andAG® are the change in
enthalpy, entropy and free energy, respectivellge Jlope and the intercept of the plots of In
K, versus 1/T are used to determine M¢® and AS® values.AG° can be calculated by the
following formula
AG’= AH®-TAS’
So, from the above plot we obtained AS’=5.426 J/mol K
AH°® = -1.8245 J/mol

And,AG° (298 K)=-1618.79 J/mol
AS’has a positive value which mednsreasing randomnessat the solid/liquid interface.
The negative values afH° are indicating that the adsorption reactioeisthermic.
The negative values &G° indicates that the adsorption process hapantaneousnature,
spontaneous nature of reaction suggest that nonaktenergy is required to complete the

process.




Conclusion

This present research work has demonstrated thentltof using FeGland fly ash as a

promising, efficient, economic, available, and eommentally friendly coagulant and
adsorbent respectively for a very hazardous phegroloval from industrial waste water.
Coagulation followed by adsorption would be usefnt efficient treatment of waste water
containing phenol. Based on the experimental resflthis study, the following points can
be concluded.

1)The optimum operating conditions for phenol aggon is by using(100 mg fly ash for 10

ppm phenol concentration, pH= 4 afd%or 90 min with 150 rpm shaking speed).

2) Coagulant FeGlhave shown better result in destabilization of aidil particles in
phenolic waste water, than other coagulant likg2)s.

3) Despite of using less amount of Fg(5 mg) ,percentage removal of BOD, COD, and
phenol concentration was more in this coagulantclwvhivere 59.89%, 60%, 98.51 %,
respectively. Whereas percentage removal of BODD C&phenol concentration were 43.4
%, 52%, & 96 % respectively in case ob@@Oy); (6 g ) as a coagulant.

4) After adsorption on fly ash percentage removaBOD, COD, & phenol concentration
were also more in case of Fe@ith respect to A(SQy)s.

5) In case of FeGIBOD, COD, & phenol concentration was 60.43 %, 98.2& 98.18% |,
whereas in case of ABOy); values were 59.89%, 60%, and 97.81% respectively.

6) On optimum condition of adsorption percentagaaeal was 99.84 % (after coagulation
with FeCk) whereas after coagulation with660)3; percentage removal was only 58.5 %.

7) Isotherm, kinetics, and thermodynamics studyehaeen done to describe the adsorption

process mechanism.




8) After coagulation with A(SQy); ,adsorption process follows Freundlich isothernanse
that multilayer adsorption taking place and afteagulation with FeGl,adsorption process
follows Langmuir isotherm means that monolayer gaisan taking place.

9) After coagulation with A(SQy); ,adsorption process follows' brder kinetics ,whereas

after coagulation with Fegladsorption process follows®order kinetics, pointing that the

adsorption mechanism is physical adsorption process
10) Study of thermodynamics parameters indicates #asorption process on fly ash is

spontaneous and exothermic.

Due to the fly ash low cost, technical and econainfeasibility, abundant availability,

environmental benefits, high adsorption capacitxser friendly and eco-friendly ,it can be
utilized as a promising adsorbent for phenol rerhavahe future for efficient large scale
phenol removal from waste water. Also coagulatiolfofved by adsorption process showed

increased efficiency of phenol removal.
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