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Abstract: The removal of oil from waste water using humamrhégents & ladies hairs)
was investigated in batch process. Column expetisnerre also done to evaluate the
continuous removal of oil. In batch studies the avédr of the adsorption was
investigated through studying the influences of pbintact time and adsorbent doses.
The oil removal rate increased with a decreaseHn The maximum removal of oil
achieved at pH 1.0 at 3D temperature. The maximum adsorption obtained ftioen
batch process was 13.88 mg/g for gent’s hair aB@ thg/g for ladies hair adsorbent.
Langmuir and Freundlich isotherms were used tthétequilibrium isotherm. Freundlich
model is best suitable. The effect of bed heigh@sgm), flow rates (1 ml/min) and inlet
oil concentration 15.2 g/lit on the breakthroughveuwere studied using gents & ladies
hair. The break through point has been observed &G min. for gents and ladies hair
and exhaustion point observed after 300 min. fotgdrair and 270 min. for ladies hair.
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INTRODUCTION

Industrial growth has accelerated the emission arfous oily wastes from the sources such as
petrochemical and metallurgical industries. Tramgtimn & domestic sewage. These oily wastes are
one of the major pollutants of the aquatic envirentnThe special attention has been focused on the
discharge of waste water & oily water & it regulgtaestriction has become stricter. Oil water
separation processes using polymeric or inorgaeimionanes have been proposed as effective & cost
competitive alternative to conventional oil remotethnologies but in present the commercial use of
membrane in waste water treatment is currentlytéichby their low efficiency as well as high capital

& operating cost. These problems of separationildiram water are widely faced in the industries
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especially in petroleum industry effluent plantddn sewage treatment Industrial waste contains
nearly 70% free oil. 25% emulsified oil & 5% solaldoil. Separation of oil from water is necessary
of the following reason. Qil slick on surface oftelacan prevent oxygen transfer from atmosphere to
water and lead to over low dissolved oxygen leved¢ do microbial & oxidative attack on the
hydrocarbon molecules. The Recycling of water meégessary to remove oil because it may hinder
the process.

* Oil in boiler feed causes foaming & so treatmsmequired.

* Oil & waxes solidify at low temperature & caudegging in pipes & sewer line.

* Qil slick is responsible for the death of birds.

* The oil penetrates in the feathers there by &ffg¢heir insulation & buoyancy.

* Birds become colder & more susceptible to dise&experience difficulty in floating & flying.

The paper uses elaborate techniques to purify songaed areas in different environments after oil
spills. Rather than discarding of the human haiait be used to help cleanse the affected arearbabs
the oil then utilized as an effective fuel derieati The oil absorption of potential wasted haiefi
could produce valuable slot for our prevent & modsociety. We have investigated the ability of the
human hair to absorb a variety of potential hazasdails. Including motor oils, bilge oils & crude
oils that have the possibility of being spilledt@érrestrial or aquatic environments. Current inseea
demand for refined crude oil products such as hegatils, lubricant oils, gasoline & jet fuel & othe
such related products necessitated transportafiamishing products over greater distances when
environments any serious accident resulting insspiVe have tried different hair colors & feel that
overall black gave the best results for adsorbivgrost oil. We are also using hair pellets as fuel
that can be help reduce global warming which has bBeen prevent to provide the cleanest burn of
any solid fuel. Thousands of tons of human haircaree everyday & thrown into landfills as a waste
produces which no direct benefits. Hair is not asilg degradable substance these are instances of
hair. Our project looked at the possibility of fing a use for waste hair could be used to cleaailup
spills & that the oil could be recovered or congdrin fuel pillets. Also, the separation resulteypb
Frendich’s isotherm. Thus confirming that the @moval is due to selective adsorption. As the
process is ecofriendly and does not require anyndats, it may lead to development of a new
technique of separating oil water emulsion, whiekimpler. The present work is inspired by a small
note published in science Reporter, starting th®MN is on the job of trying to develop a technology
that could do the separation of oil from water gshuman hair as an adsorbing medium. It is
generally seen that hair has good adsorbing capfacibils. Keeping this concept is mind, the sgbje

is explored further and its application in the diedf oil separation is studied. It is seen that at
laboratory scale, the method is very efficient.elificiency is nearly 100% for free oil. Howevehngt
most intriguing thing observed is, its efficienecyseparating emulsified oil. Since hair is veryage
and not easily biodegradable, the method may figdaal usage for it.

MATERIALS AND METHODS

Preparation of adsorbent: The adsorbent materials used for the study werdsGam Ladies Hair.
The hair sample was collected from saloon and lpgaaror. Materials were washed thoroughly with
deionized water and also acid -alkali wash to regritre oily portion, oven dried at ®Dfor 24 hours
After drying the materials were kept in air tigiastic bottles. The waste water sample was celiect
from servicing center. The pH of the sample wasistdd with 0.1 N HN@and NaOH solutions
(APHA; 1998).
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Methodology for separation of oil: Collect about 1 L of sample and mark sample lewddattle for
later determination of sample volume. Acidify to gHor lower; generally, 5 ml HCL is sufficient.
Transfer to a separatory funnel. Carefully rinsaga bottle with 30 ml carbon tetrachloride and add
solvent washings to separatory funnel. Preferablgke vigorously for 2 min. however, if it is
suspected that a stable emulsion will form, shadatlg for 5 to 10 min. Let layers separate, drain
solvent layer through a funnel containing solvemtisture filter paper into a clean, tared distilling
flask. Extract twice more than 30 ml solvent e&ci first rinse sample contain with each solvent
portion. Combine extracts intared distilling flaskh an additional 10 to 20 ml solvent. Distill seht
from distilling flask in a water bath at 7C. Place flask on a water bath af @for 15 min and draw
air through it with an applied vacuum for the firelmin. This method is known as partition-
gravimetric method.

If the organic solvent is free of residue, the gaiweight of the tared distilling flask is maindipe to
oil. Total gain in weight, A, of tared flask lesaleulated residue, B, from the solvent blank is the
amount of oil in the sample.

Mg/l of 0il=100 x (A-B)/ml of sample

Adsorption Isotherms: Adsorption isotherms demonstrate the relationstépivben equilibrium
concentrations of adsorbate in the solid phaseaiyd in the liquid phase ‘C’ at a constant
temperature. The adsorption isotherms are ofteairsdd in the laboratory using batch tests in which
the equilibrium data are attempted by various Etis models. There are the initial experimental
tests that determine feasibility of adsorption tirent. In attendance are many different isotherms
models have been suggested for the adsorptionlatfesoin a liquid solution onto a solid surface.
Langmuir isotherm is based on the assumption tobdait f valency exist on the surface of the
adsorbent and that each of these sites is capélblésorbing one molecule thus, the adsorbed layer
will be one molecule thick. Furthermore it is assdnthat all adsorption sites have equal affinifibes
molecules of the adsorbate and that the presenadsoibed molecules at one site will not affect the
adsorption of molecules at an adjacent site. Thgiralir equation is commonly written as follows.

ge = Gax b Ce/(1+ b Ce)

A linear expression for the Langmuir isotherm carekpressed as following.
o) @ 6
ge  \bQmax/ \Ce/ = “Qmax

Omax = Maximum metal uptake corresponding to the smutiapacity (amount of metal ions
per unit weight of bio sorbent to form a completenmlayer on the surface) (mg/g);

Where,

b = energy of adsorption (the ratio of adsorptidegorption rates) (1/mg);
ge = amount of metal adsorbed on the biomass (mmg/g)
Ce = equilibrium (residual) metal concentratiorsdhution (mg/l).

The constant g, and b are the characteristics of the Langmuihiwmh and can be determined from
Equation. A plot of 1/ge versus 1/Ce gives a shilige with a slope of (1) and an intercept of
(1/gmay. The essential characteristics of Langmuir isotise can be expressed in terms of
dimensionless separation factor, & r which describes the types of isotherms arficheld by

RLorr=1/(1+ b Ci)
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Where b and Ce are the terms appearing in the Laingsotherms. The parameter indicates the shape
of the isotherms accordingly,

R, orr Value Typesof Isotherm
r>1 Unfavorable
r=1 Linear

O<r<1 Favorable

r=20 Irreversible

On other equation for isothermal adsorption, theuRdlich or van Bemmelen equation has been
widely used for many years. This equation was basedhe assumption that the adsorbent had a
heterogeneous surface composed of different cladssdsorption sites, with adsorption on each class
of site following the Langmuir isotherm. The Frelicll equation has the general form

ge = K Ce'"

Where K and n are the constant and 1/n < 1, bond endrgiesases with the surface density. 1/n > 1,
bond energies decreases with surface density. 1In all surface sites are equivalent Frundlich
equation can be put in a useful forms by takingdbboth site.

logge = logK + 1/n logCe

Thus, a plot of log ge and log Ce should yieldraight line for adsorption data which follow the
Freundlich theory. The value of the constants nlamén be determine from the plot. The intercept,
K, is roughly an indicator of sorption capacity atie slope, 1/n, is adsorption intensity. The
Freundlich equation generally agrees quite welhwite Langmuir equation and experimental data
over moderate ranger of concentrations C.

Adsorption kinetics: The order of adsorbate-adsorbent interactions ees Hescribed using various
kinetic models. Traditionally, the pseudo first erdmodel derived by Lagergren finds wide
application. In the case of adsorption precedediffysion through a boundary, the kinetics in most
cases follows the pseudo first order rate equatidragergren:

da/dt = Ky (G — 0 )

Plot of log (ge — § versus t gives a straight line for first ordenddics and the adsorption rate
constant, K4 is computed from the plot. Lagergren plot of log-€ g) versus agitation time t, for the
present data is not linear. Hence, pseudo firstrokihetics cannot describe the mechanism of oil —
human hair interactions. On the other hand, sewartiors have shown that pseudo second order
kinetics can describe these interactions very ietlertain specific cases. The pseudo second order
kinetics is given by:

day/dt = K (¢ — g)°
Rearranging the above equation, we get in thedifueen
t/qt = 1/(Ka?) + (1/q) t

If the pseudo second order kinetics is applicatibie,plot of (t/qt) versus t gives a linear relasbip
that allows computation of.gand K. The pseudo second order model which corssittee rate-
limiting step as the formation of chemisorptive Bomvolving sharing or exchange of electrons
between the adsorbate and the adsorbent is thersiptied.
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RESULTS AND DISCUSSION

Effect of pH on the removal of oil: The effect of pH for the removal of oil was shownfi.g.4.1.
The role of hydrogen ion concentration was obseatedifferent pH range of 1-9. Experiments were
conducted at the initial oil concentration of 5340/1 for gent’s hair and 17650 mg/| for ladies hair
adsobent dose of 500 mg/50 ml and the contactwia®e30 minutes. Results indicate that ladies hairs
have the maximum adsorption capacity forreinoval than gent’'s hairs. The pH of the wasteswat
sample is an important controlling parameter in #usorption process. It igbserved that the
percentage removal of oil for gents and ladiesshirhigher at lower pH. The reason for better
adsorption capacity observed at low pH values mayattributed to the large number of H+ ions
present at low pH values which in turn neutralize hegatively charged adsorbent surface, thereby
reducing hindrance to the diffusion of dichromates (Chand et al, 1994). In case of ladies hairs, a
pH 1.0 the removal was found to be 87.98%whichushigher than that of gent’s hairs at 77.90 %
for the same pH.

Effect of contact time on the removal of oilExperiments were carried out for studying the efééc
contact time on the adsorption process by takingnb®f waste water sample containing oil with
initial oil concentration of 3320 mg/l for ladiesih and 960 mg/l for gents hair with an adsorbent
dose of 500 mg/50 ml and mixing for a predetermitie intervals of 10 mins and optimized pH of
1. From contact time data (Fig. 4.2) it may be s oil removal per unit weight of ladies haiss i
very rapid than gents hair. The equilibrium time tlee maximum removal of oil was attained at 60
minutes in case of ladies hairs and 70 minutegdots’ hairs.

Effect of adsorbent dose on the removal of oilEffect of adsorbent dose of all adsorbent on the
adsorption of oil in shown in figure no. 4.3 fol @lese case initial oil fixed at IAg/l and the amount

of adsorbent dose was varied from 100-1250 mg®anbsample. pH of the samples were adjusted to
1.0 for all adsorbent and optimized time also adgi$0 min for ladies hairs and 70 min. for gents
hairs. It has been observed that, with increasadgorbent dose, the percent removal of oil also
increase upto a certain level and beyond that mokess constant removal was observed. oil removal
of 91.66% was observed with ladies hairs and 93.W&% observed for gents hairs at 500 gm/| of
adsorbent dose at ambient temperature(30+1) anektfiter the percentage reduction was very small.

FIXED COLUMN TEST

Breakthrough curve is plotted between time and Cd/le initial concentration of oil in the solution
minus the amount found in the effluent gave thewamof oil retained by the adsorbent. The process
was continued till the effluent concentration dfisinear to initial concentration of oil. From fige

4.6 it is clear that initially percentage removélod was closer to 100% as the volume of effluent
increases ratio of effluent concentration to infiueoncentration (Ce/Ci) also increases then it wil
remain constant for further volume of effluent, ahigives the ultimate adsorption capacity of those
adsorbents. The breakthrough curve shown in therdigvas plot of dimensionless concentration
(CelCi) versus time (t). It was shown that breadtigh generally occurred more rapidly with faster
flow rate. Breakthrough time reaching saturatiors wacreased significantly with a decrease in the
flow rate. In the foremost interval, the value o&/Ci increased quickly, the change then become
slow. When at a low rate of influent, metal iongdhrmore time to contact with a adsorbent that
resulted in higher removal of metal ion in the oofu While increasing in the flow rate, the results
indicated that the adsorption capacity would rethehequilibrium value faster, which may cause a
negative effect on the mass transferring efficienicthe metal ion. An increase in the rate of iafit
flow appears to increase the sharpness of the threaigh curves. The curves exhibit a sharp leading
edge and a very broad trailing edge, especialliiigit influent flow rates. The Broadness of the
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trailing edge is most likely due to slow intra ped diffusion within the pores of the immobilized
biomass beads. Metal ions must first diffuse i@ porous beads before sequestration of metalss ion
by the biomass could take place. However the uskwfflow rates will result in long overall
processing times, which may not be desirable ictima when large volumes of solution have to be
processed. It has been observed that, break thimaighcomes after Ce/Ci=0.07 at 60 min for ladies
hairs and Ce/Ci=0.04 at 60 min for gents hairs.dtstion point was observed after Ce/Ci=0.92 at
270 min for ladies hair and Ce/Ci=0.83 at 300 noingents hair.

Adsorption isotherm study: The isotherm data obtained using both the Freumdird the Langmuir
adsorption isotherm models are shown in Table 1fan€@ to fig.9. On the basis of coefficient of
correlation, the applicability of Langmuir and Frellich isotherms were derived. For ladies and gents
adsorbents the ‘Rvalues of Freundlich plot are higher than Langnpiiot. The recommended
isotherm equation for different adsorbent is seléain the basis of values of.Rhe linear equation
of isotherm having more values of Rhich is closer to 1.0 is the most effective fittiisotherm.
Gents hairs were found to be the most effectiverdests, as their values of coefficient of corielat
0.967 having maximum adsorption capacity of 13.88mhich are closer to 1.0 than ladies hair.
Also the separation factor or equilibrium const@ntwhich is defined as,R= I/ (I+bCi), where Ci is
initial concentration of oil and b is Langmuir ctenst which indicates the nature of adsorption) the
values of R. Presented iTable 5.1 indicate that the adsorption of oil for all thdsarbents is a
favorable process as Ralues lie between 0 & 1.

Table-5.1: Recommended equation to different adsorbents

. | Adsorbent | Langmuir parameter Freundlich parameteecommend
n. Omaxma/g | b limg| R Separation 1/n Ks R? -ed Isotherm
factor R
1 | Ladies hair| 9.8 0.023 0.733 0.027 425 457 0/9Bfeundlich
2 | Gents hair | 13.88 0.55 0.913 0.005 24,39 11.03670.%reundlich

Table-2: Kinetic equation and regression data for the adsorf Cr (VI) on different materials

Sr. No. | Adsorbent (adsorbatd) Equation of graph | * R
1 Ladies hair t/gr 0.1237 t +48.428 0.803
2 Gents hair tho= 0.086t + 21.10 0.840
100 - +:lvqmens
90 - alr
— 80 -
S 70 -
2 60 -
D 50 -
% 40 -
s 30 -
20 -
S 0 -
O T T T 1
0 2 p?—l 6 8

Fig. 4.1: Effect of pH on removal of oil by using adsorbent
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= 80 1
3 70 -
£ 60 -
)
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Fig. 4.2: Effect of contact time on removal of oil by usirgdsarbent
100 -
90 -
< 80 -
3 70 -
g 60 -
= 50 - .
D 40 - =—womens hair
S 30 - ~f—mens hair
S 20 -
10 -
0 | | | : : : ]
0 200 400 600 800 1000 1200 1400
adsorbent dose

Fig.4.3: Effect of adsorbent dose on removal of oil by usidgorbent

Langmuir plot

y =-4.2824x + 0.102
0.12
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0 0.002 0.004 0.006 0.008 0.01
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Fig.4.4: Langmuir plot for ladies hair
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Langmuir plot
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0.0720 - R?=0.9135
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1/Ce

Fig.4.5: Langmuir plot for gent’s hair

Freundlich plot
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R?=0.9313
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Fig.4.6: Freundlich plot for ladies hair
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Fig.4.7: Freundlich plot for gent’s hair
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== |adies hairs
=fli—gents hairs

0 50 100 150 200 250 300 350 400

0.2 - Time (min)

Fig.4.8: Break through curve

CONCLUSION

The adsorption of oil from waste water sample reenlinvestigated dadies hairs andyent’s hairs
Parameters were studies in Batch mode process asighH, contact time, adsobent dose. The
optimum pH for the oil adsorption was 1.0 fadies hairs and gent’s hairat 30+1° C constant
temperature. The results were verified by Langnamid Freundlich adsorption models, and it was
found that the results follow a Freundlich adsanptmodel.

The oil containing waste water sample was studied fixed down flow column process. Optimized
parameter was taken from batch process. The adsogapacity in strongly depends on the flow rate
and bed height. As the flow rate was constant,btleak through curve becomes sharper and break
point time and adsorbed oil concentration dropgdéd o

From above discussion following conclusions toustified,

* Human hairs are low cost adsorbent and can beaséést adsorbent for the removal of oil
from waste water.

» Gents hairs showed better performance next todddi@s for the process of oil removal from
waste water.

* Ladies hairs and Gents hairs followed Freundlicsoggtion isotherm.

* At the optimized pH 1.0 with the adsorbent dosé&@®mg/l and at the contact time of 70
min, the gent’s hairs were effective in removab8f75% of oil from waste water than ladies
hairs (91.66%).

» The result of the investigations is quite usefull@veloping an appropriate technology for the
removal of oil from waste water by using human $air

* Regeneration studies are not conducted with a temvthe cost of these adsorbents is very
low; regeneration requires costly chemicals fortthatment of exhausted adsorbents.

* By using low cost adsorbents we can minimize thst,aostead of using costly chemicals or
adsorbents. Low cost adsorbents improve the tredtp®cess without affecting chemical
characteristics of waste water

* As the flow rate is constant at 1mg/min, the brésmkugh curve become sharper. The break
point time is obtained earlier and effluent adstelzmncentration ratio increase more rapidly
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