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Abstract

Crude oil production is accompanied by generatibfae volumes of produced water. The producetewa
contains both dissolved and dispersed oil and tpese health hazards to human health and contdoninaft
the environment. In this work, banana peel, ancadjitiral waste was used to remove the oil compofremt
produced water. The peel samples were dried, sideeed and characterized for functional groupsfaser
morphology, elemental composition and surface astag FTIR, SEM, EDS, and BET analytical equipment
respectively. Standard methods were employed fiptioduction of biosorbent and removal of oil usirajch
process. The result of EDS spectroscopy reveakgdthie peel contained 88.52% C; 5.69% O; 2.1992.80%

K; and 0.80% Ca. Biosorption study with the pe@vséd that it can be used in the removal of oilgdiged and
dispersed oil) from produced water providing almosimplete removal at an equivalent dosage of 267 mg
banana peel per litter produced water after 35 tamequilibrium time and initial oil concentratias high as
194 mg/l. Solution pH, loading rate, sorption tinaed temperature effects were studied. Severabiptien
kinetic models were tested and the result showatl thnana peel biosorbent followed pseudo-secoderor
kinetics. Equilibrium isotherm studies on the othend revealed that banana peel closely followesl th
Langmuir isotherm model.

Keywords. banana peel, produced water, biosorption, kimatdels

1.0 Introduction

Treatment of oil spills and oil contaminated watemains one of the major challenges to environnhenta
scientists and technologists. Among the existinghiigues used for oil treatment, sorption is a (erpu
technique because it is cheap, simple and effe¢Bamerjeeet al, 2006). Among the various sorbents used,
banana peel appears to be attractive materiatimstef cost, versatility and abundance (Muhammad2®. Oil
removal by biological waste materials have beemntep by several authors [Khaled al, (2011); Linet al,
(2011); Othmaret al, (2008); Pasila, (2004); Suet al, (2004); Taniaet al, (2000); Vlaevet al, (2011);
Banerjeeet al (2006); Muhammadbt al., (2012) and Muhammaset al, 2012]. During the 1970s increasing
environment awareness and concern led to searahefertechniques to replace expensive/hazardousicakem
treatment methods. These demands had led to imegeiaserest in biosorption. The use of biosorhbess been
proposed as an alternative, as it has proven aféegh low concentrations.

The biosorption process involve a solid phase @urior biosorbent; biological material) and a ldjghase
(solvent, normally water) containing a dissolvedd@ps to be sorbed (sorbate, metal ions). Duegteehiaffinity

of the sorbent to the sorbate species, the latattiacted and removed by different mechanisms. prbeess
continues till equilibrium is established betweér aamount of the solid-bound sorbate species angoittion
remaining in the solution. The degree of sorbefihiaf for the sorbent determines its distributibatween the
solid and liquid phases. The major advantages agdoption over conventional treatment methods ohellow
cost, high efficiency, minimized chemical and bgal sludge, and regenerability. Many workers ehav
reported using biological waste materials to tdifierent pollutants ranging from metals to orgadyes found
in waste water. For example, AjayKumetr al., (2009) studied biosorption of Cadmium, Copper, Micland
Zinc in agqueous solution on activated sludge. N&iwit al, (2010) investigated the sorption properties of
walnut shell while Sunét al, (2004) utilized cotton grass fibre as sorbentdib spills. Kaewsanet al, (2008)
used banana peel as sorbent in the removal of cadimoin from aqueous solution. Kaur, (2011) usedastane
bagasse for the removal of erythrosim B and metteylelue from aqueous solution. Mahmaeidal, (2012)
studied the kinetic of Ni (II) using activated clayinerals. Hasanat al, (2010) investigated the selenium
remediation through up-flow-fixed-bed column.

In this study, banana peel was conditioned an@defstr oil uptake from produced water. Isothermsildayia

and kinetic studies on the data generated weredaut. Sorption of oil was made at various temfpeess, bio-
waste loading and sorption times. Characterizatibthe biosorbent was made using FTIR, EDS-SEM and
surface area measurement using nitrogen adsotetbnique by BET method.
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2.0 Materials

Banana peels were collected from Muda Lawal marmatichi Nigeria. Crude oil was obtained from Kaduna
Refinery and Petrochemical Company (KRPC), Kaduigefib. 1,1,1-tri-chloroethane was purchased from
Chuzz Bond International, Jos-Nigeria. All chemgcahd reagents were of analytical grade. Distillater was
obtained from Gubi Dam Water Treatment Plant Latooya Bauchi-Nigeria. Oven was used to dry the saotb
materials (manufactured by Regaterm, Itaty). Sepaydunnels were used to extract out the oil fraater and
DR/2000 spectrophotometer (HACH, Colorado, U.S.Apwsed to test the presence of oil in the extkantina

pH meter was used to determine the pH of the méstuf JJ-4 Six couplet Digital electric mixer (Sgaifech
Instrument, England) was used for the sorptionstlidboratory mortar and pestle were used to cdrher
banana peel to powder and sieves were used tafglésimto different sizes (212-63 microns). Parkelmer
Spectrum 100 FTIR spectrometer was used for tha-nefd spectroscopic studies at wave numbers 4000-4
cm™. The X-ray diffractometry was done on a BRUKER ARS8 Advance(Cu-Ka radiationiKa;=1.5406A)
40kV. The Hitachi X-650 Scanning Electron Microseoffungsten filament, EHT 20.00kV) and LEO 1450
Scanning Electron Microscope (Tungsten filament, TERD.00OkV) were used for the SEM imaging. The
chemical composition was determined using energpeaisive spectroscopy (EDS) and surface area armd po
sizes were determined using TriStar 3000 V6.05 AT BRuipment.

3.0 Method

3.1 Biosorbent Preparation

Banana peel was first washed with water severaldiand then sun-dried. The dried banana peel wandito
particle sizes between 2-3 mm and later treatett wihexane to remove all coloured pigment in aurefl
condenser. The n-hexane treated banana peel wasvashed with distilled water and dried in an oae@C
for 24 hours. This was further crushed and sievedugh 212-63 microns sieve and then stored irtigiit
sealed plastic containers as raw banana peel (RBP).

3.2 Characterization
The raw banana peel (RBP) biosorbent was charaeterising FT-IR, SEM, and EDS. The spectrograms are
presented in Figures 1, 2, and 3 respectively.
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Figure 1: FT-IR spectrum of banana peel (RBP) bibsat
From the FTIR spectra in Figure 1 above, it carsben that many peaks exist indication of many fanat
groups. A shift at (Figure 1) wave number 539-860'was observed and was assigned to aromatic C-Hfout-o
plane. The shift observed at 1035 wmas assigned to Si-O-Si silicon stretching while #bsorption at 1450
cm*was assigned to organic sulfate stretch. The ahif600 critwas assigned to secondary amine NH stretch.
Shift at 1988-2200 cthwas as a result of cyanide ion stretching whilié st 2500 crit was due to thiol S-H
stretch. Methyl ester C-H stretch was observed®802m'. The last shift at 3250-3900 émvas assigned to OH
stretch. These assignments are in agreement witlis&alian et al., (2011) but slightly differ from &asamet
al., (2008) and Kumar et al., (2010).
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Dissolved oil from the produced water polarizesvater. The charged particles initiate a reactiompbgning the
double and triple bonds in the banana peel strecod exchange their ions to neutralize the chaWyéere the
pollutants do not dissociate in solution, adsorpi®by affinity of the surface to bind with thellwant through
the porous structure of the sorbent material.

2 pm EHT = 20.00 kv Signal A = SE1 Date :7 Jun 2012

A WD = 16 mm Photo No. = 163 Time :10:12:20 w

Figure 2: SEM of banana peel sample

Figure 2 shows the SEM of RBP. However, it can &id 0 consist of layered materials clustered togrein
which the sorption may take place. Particles sageithe image were measured to have equivalent spalheri
diameter from 37.357-179.619x 1én and cross sectional area of 62*1@06*10" n?.

Spectrum 1

Figure 3: EDS of banana peel (RBP)

Table 1: Elemental analysis of RBP

Element Weight, g Atomic, % Weight, %
C 4.65 88.52 78.41

@] 0.40 5.69 6.74

Si 0.27 2.19 4.55

K 0.48 2.80 8.09

Ca 0.14 0.80 2.36
Totals 5.93 100 100

The use of peels and other bio-waste materialsoniyt would provide less costly adsorbent or syrith&tn
exchangers but is also easily available and sawestivironment. Banana peel has an average pastiadeof
0.89 nm as reported by Kamsonlianal, (2011) and a BET surface area of 1.83&nThe surface area of RBP
by BET and Langmuir methods were found to be 0.14r850.1307 fig respectively. Its average pore size was
determined to be 58.33421 nm while its pore volutaiermined to be 0.001655 ¥m However, the surface
area did not agree with what was reported by Katreoet al, 2011. This may be attributed to peculiarities of
the particular banana species used.

3.3 Batch adsorption experiments

The experiments were carried out by taking 300 1% mg/l produced water and different quantityR&P in
a 600 ml beaker. The contents were then agitaté@®@trpm for 30 minutes using mechanical shakepain
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temperature. The biosorbent and sorbate were gefddog 63 micron sieve. Studies on the effectsgithtion
time, and biosorbent dose were carried out by ugmmvn amounts of biosorbents of particle size 832-
microns. Oil solutions (300 mL) with different amus of biosorbents were taken to study the effdct o
adsorbent dosage on the removal of oil. The bidsor@xperiments were carried out at room tempegatu

The laboratory synthesized produced water (oil-atew mixture) was prepared by mixing crude oil with
distilled water. The pH was kept constant during &xperiment. The already prepared oil-water mewas
treated differently with various quantities of RB® a period of 30 minutes and a stirring speedQ rpm. At

the end of the treatment, RBP was removed fronoiliwater mixture by passing through 63microns sighe
residual oil in the water was determined using I-tti-chloroethane as solvent. The extract wasyaeal for oil
content using HACH DR/2000 spectrophotometer atawelength of 450 nm. The test was repeated until
optimum loading point was identified. With the aptim loading kept constant, the time was variedetemnine
the optimum time of the sorption study.

3.4 Adsorption isotherm

Equilibrium isotherm equations are used to desaiperimental sorption data. Among several modelshave
been published in the literature to describe expental data of adsorption isotherms Langmuir arelidlich
are the most frequently used models. The equatimanpeters and the underlying thermodynamic assangpti
of these equilibrium models often provide some ghsiinto both the sorption mechanism and the sarfac
properties and affinity of the sorbent. The symlawmid coefficients used in the equations are defined

3.4.1. The Freundlich Isotherm

In 1906, Freundlich presented the earliest knowptsm isotherm equation (Freundlich, 1906). Thisp&ical
model can be applied to non-ideal sorption on legemeous surfaces as well as multilayer sorptiah ian
expressed by the following equation (b al, 2001):

e = afCebF (1)

Where a Freundlich isotherm constar@e solution phase oil concentration at equilibrium, dmg>;

The Freundlich isotherm has been derived by asgumaim exponentially decaying sorption site energy
distribution. It is often criticised for lacking findamental thermodynamic basis since it does edtae to
Henry’s law at low concentrations. The linearizedundlich equation can be used (equation 2):

Ing, = Inap + bplnC, (2)
A plot of Ing, vsInC, is a straight line with sloperland interceptina (Figure 4).

3.4.2. The Langmuir Isotherm

Langmuir developed a theoretical equilibrium isotheelating the amount of gas sorbed on a surfacie
pressure of the gas (Langmuir, 1916). The Langmaidel is probably the best known and most widelyliad
sorption isotherm. It has produced good agreemetit & wide variety of experimental data and may be
represented as in equation 3 (etoal, 2001): The Langmuir adsorption isotherm assurhasadsorption takes
place at specific homogeneous sites within the rbés, and it has been used successfully for mamyohayer
adsorption processes. The linearized Langmuir eamsked (equation 4):

_ kpbCe
€ T 1+kiCe (3)
2 = L + l Ce (4)

de bk, b

Where,C; is the equilibrium concentration of the sorbatellignams per litre), g is the amount of sorbate per
unit mass of biosorbent (milligrams per gram)iska constant representing the strength with wthehsolute is
bound to the substrate (L/mg) and b is the adsmrptapacity of the substrate (gram solute/gram ragsd).

Wheng—z was plotted against. for RBP, a straight line with slop%eNiII be obtained and an interceﬁt{- while
L
Je is expressed as given in Equation (5).

__ v(ci-ce)
- m

qe )
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Where,V is the biosorption volume (litred; is the initial concentration of the sorbate (rgilims/litre), and m
is the mass of biosorbent (gram).

The essential characteristics of the Langmuir ewthcan be expressed in terms of a dimensionlagibemym
parameterR_ which is defined by.
1

R = (6)

1+pco

Where,C, is the highest initial solute concentration, b taagmuir's adsorption constant (L/mg). The valdie o
R_ indicates the type of the isotherm to be eitheflaworable R >1), linear R =1), favorable (O<R_ <1) or
irreversible R_ = 0).

4.0 Results and Discussions
4.1 Results
Tables 2 and 3 present the results obtained omtgten of oil from water using RBP.

Table 2: Effect of RBP loading rate on oil remofraim produced water

Dosage (mg) Residual oiCf) (mg/L) Oil removed (mg) % Removal

0 194.00 0 0
10 10.66 183.34 94.51
20 8.52 185.48 95.61
30 4.26 189.74 97.80
40 2.13 191.87 98.90
50 0 194.00 100.00

Table 3: Effect of contact time on the biosorptadroil from produced water

Time C.Oil left Oil removed (mg/L) % Removal

(minutes) (mg/L)

0 194.00 0 0

5 85.27 108.73 56.04

10 83.96 130.04 67.03

15 57.56 136.44 70.33

20 56.69 134.31 69.23

25 38.37 155.63 80.22

30 2.13 191.87 98.90

35 0.00 194.00 100.00

40 0.00 194.00 100.00

The linearized form of Freundlich and Langmuir iserms (equations (2) and (5)) were used. Figur@s#5 in
conjunction with Tables 2 and 3
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Figure 4: Freundlich Isotherm of RBP
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Figure 5: Langmuir plot of RBP
As can be seen from the figures, thevBlues for the charts were satisfactory. The wariconstants evaluated
can be seen in Table 4, from which it is clear thatsorption process is better described by Lamgisatherm.
This indicates that sorption by banana peel is ayer as suggested by Langmuir.
Table 4: Evaluated constants from Langmuir and ikatéch isotherms by RBP

Isotherm R B k. a br R
Langmuir 0.999 1.237E-5 -6.817 - - 0.9975
Freundlich 0.9225 - - 0.0609 0.7521 -

R, was evaluated from Figure 5 and the value obtaimasl 0.9975. Although the value of the dimensiailes
equilibrium parameter, Ris satisfactorily good, the value falls within famble range of O<R1. The
adsorption hence favored mono-layer as it agre#ul eingmuir isotherm £0.999.

4.2 Kinetic studies

A number of kinetic models have been proposeduoi@hte the mechanism of solute adsorption. Themtik
models are useful for the design and optimizatibrefluent treatment process. In order to investgthe
mechanism of oil biosorption by RBP, the followikinpetic models were considered. Pre-equilibriumekin
profiles were characterized in order to determireeraite limiting steps involved in the processiosbrption of
oil onto RBP. The first order (Eq. (7)), Lagergmseudo-first order (Eq8]) and pseudo-second order (Eq. (9))
kinetic models were applied in the biosorption kel on spent activated clay (Mahmoeidal, 2012), reactive
black 5 dye by Aspergillus foetidus (Patel and Shye2008), biosorption of Acid Red 57 by dried
Cephalosporium aphidicoleells (Kiran et al., 2006) and biosorption of Cu2ito banana peel (Hossahal.,
2012).

1 1 Ky
P + — 7
qt de qet ( )
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Figure 6: First order kinetic model for RBP

4.2.2 Lagergren Pseudo first order kinetic model
The integrated linear form of pseudo first orderetic model the model proposed by Lagergren is

In(q. — q¢) = Inq, — kt ) (8

Where, q is the amount of dye adsorbed at equilibrium (Mgigis the amount of oil adsorbed at time t (mg/g),
ki is the first order rate constant (ijrand t is the time (min). Hence, a linear tracexgsected between the two
parameters log (¢ ¢) and t, provided the biosorption follows first erckinetics. The values of land @ can be
determined from the slope and intercept. Even thau@nd the Rvalue suggest that the biosorption data badly
fitted to pseudo first order kinetics. Hence, thesbrption of oil onto RBP may not follow the pseufitst order
rate expression.

8
5 6
g
z 4 y =-0.1086x + 7.9284 P
2 R?=0.6803
O T T k ! '
0 10 20 30 40
t, min

Figure 7: Pseudo-first-order kinetic model of RPB

4.2.3 Second order and pseudo second — orderdsneti
The biosorption may also be described by a secoter @r pseudo second order kinetic model .Theatized
form of the second order and pseudo second orddelnare:

1 1
o= k2t+C_0 (9)

e
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Figure 8: Secon@rderKinetic Model of RBP

t 1 1
- = + —t 10
qr k203 4qe (10)

Where, k is the second order rate constant (g/mg min). @ pf 1/q vs t and t/gvs t should be linear if the
adsorption follows second order or pseudo-secom#rorg and k can be calculated from the slopes and
intercepts of the plots.
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£ 001
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Figure 8: Pseudo-second-order Kinetic Model of RBP

4.2.4 Elovich model
The Elovich equation is mainly applicable for chsomnption process. The equation is often valid f@tems in
which the adsorbing surface is heterogeneous. Theds model is generally expressed as

q: = tln(ab) + Lint (12)

Where, a is the initial biosorption rate (mg/g mand b is related to the extent of surface covesayk the
activation energy for chemisorption (g/mg). A ptidtg, vs Int gives a straight line with a slope of lfhdaan
intercept of I/bin(ab) with good correlation coeféints.

3000 -
2500 - V=545.13x+345.39 ¢
2000 | R 0.832 5
£ 1500 -
5 1000 -
500 -
0 : : : : .
15 2 2.5 3 35 4

In(t)

Figure 9: Elovich Kinetic Model of RBP
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4.3: Effect of initial pH of water on oil removal

pH is one of the most important parameters whiaftrob the sorption process of adsorbents, functignaups
and ionic state of adsorbate. The adsorption capscremoval efficiency of oil from water onto lzara peel
were strongly affected by the pH (Figure 10). THeaaption capacities/efficiency at pH 0.7, 1.1,01@nd 11.6
were investigated. The results were found to b68482.99, 87.63, and 87.63% removal efficiencpeesvely.
There was significant increased in removal efficiefrom acidic to alkaline region. The increasemhir82.99%

to 87.63% was recorded at pH from 1.1 to 10.0. Hawveneutral pH was not investigated. The removal
efficiency (87.63%) tends to be constant at pH tgrear equal to ten (pH 10).

88
86
84
82
80

Qil Removal (%)

0.7 1.1 10 11.6
pH

Figure 10: Effect of pH on the Biosorption of Ofing Banana Peel
4.4: Effect of initial temperature of water on méimoval
Normally temperature stimulates the molecules, tional groups and surface morphology of the adstdrbad
adsorbate during adsorptions processes. To deterthanthermal effects of oil adsorption onto banpeal,
temperature variation experiments were conductetDab0, 60 and 80°C, with an initial oil concetita 30
mg/l. The experimental data show that the equilimriadsorptions (qm) were increased with an incréase
temperature up to 66 when it started decreasing (Figure 11), sugggdtiat higher temperature helped to
desorb the oil or retard the oil adsorption ontodre peel. The pattern followed by oil sorptionhwéhange in
temperature can best be explained by Figure 12samgolynomial curve of power 3.

100 -+

80 -
60 -
40 -
20 A
0 - . T
40 50 60 80

Temperature (°C)

Qil Removal (%)

Figure 11: Effect of temperature on the Biosorptié®il using RBP
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Figure 12: Biosorption of Oil on RBP with Tempernatu

From results of Figures 6-9, it can be deduceddhabrption from produced water using RBP fitepdo-
second-order kinetics. Comparison of the testedtkia and calculated constants are shown in Table 6

Table 5: Comparison of the biosorption kinetics emdluated constants

Kinetics R Intercept  Slope Rate constant (k) . g Co a b

1 order 0.5622  0.0003 -0.1027  -340.67 3333.33 - - -
Pseudo-1 0.6803 7.9284 0.1086 0.1086 2774.98 - - -
order
2" order 0.4086 -0.6721 0.0102 0.0102 - 1.4879 - -
Pseudo-? 0.9141 0.003 0.0004 5.333E-3 2500 - - -
order
Elovich 0.8301 345.39 545.13 - - - 1046.87 0.0018

5.0 Conclusion

RBP was characterized using FTIR, SEM, EDS, and B&lipment. The characterization using FTIR rewkale
the functional groups present on the RBP while SteMealed the surface morphology of the sorbent. EDS
revealed the elemental composition of the biosdriiencontain carbon, oxygen, silicone, potassiumd a
calcium. Surface area of the RBP was measured ugirogen adsorption by BET method and found td [86
m?/g with average pore size of 58.3nm. Biosorptiamdigts with the peel showed that it can be usechén t
removal of oil (both dissolved and dispersed) frproduced water providing almost 100% removal at an
equivalent dosage representing 267 mg banana pg@ebduced water after 35 minutes exposure aniglirit
concentration as high as 194 mg/l. Biosorptiondescsuch as effects of loading rate, contact tsn&ytion pH,
and temperature were studied. pH and temperatéeetafiere seen to follow a polynomial path of thed
order. Several biosorption kinetic models wereegsind the results showed that RBP biosorbentwello
pseudo-second-order kinetics. Langmuir and Freadindiiotherms were tested with the data the reshlsved
that Langmuir isotherm gave the best fit indicatingno-layer adsorption of oil on the RBP surface.
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