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ABSTRACT

The current work was performed to search the likelihood of using the water menace, water hyacinth as biosorbent
for the removal of hexavalent chromium ions from synthetic water containing chromium. All the biosorption
experiments were carried out in batch operation mode with crude and pyrolysed water hyacinth. The impact of key
physico-chemical factors pH, temperature, initial chromiumion concentration and biosorbent dosage on chromium
removal has been studied. The experiments reveal that the maximum chromium removal can be achieved from an
agueous solution at low pH, less chromium concentration, moderate temperature (40°C) and maximum biomass
loading. Adsorption isotherms at equilibrium were examined. The experimental data obtained were analyzed with
Langmuir, Freundlich and Temkin adsorption isotherm models. The data fits well to all the three isotherms as
regression coefficient R? is more than 0.9 in all the cases. The crude and pyrolysed water hyacinth had mono layer
adsorption with capacity of 2.7964 mg/g and 2.9438 mg/g respectively while the separation factor (S) for crude and
pyrolysed water hyacinth is found to be 0.0102 and 0.0077 respectively. This indicatesthat performance of water
hyacinth in pyrolysed form is marginally better than crude form. However taking economics in to consideration
water hyacinth in crude formis better asremoval of hexavalent chromiumisless by 0.52%.
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INTRODUCTION

Waste water from industries containing heavy metalgsses danger to human beings and other formauofaf
Conventionzimethods used for removalf heavy metals from waste water are often too expensivehave poor
efficiencies at low metal ion concentrations. In the recent getire biosorption of metdbns has received
considerable attention fathe development of an efficient, clean, cheap arstlainable technology for waste water
treatment at low metal concentrations. Chromiunagmeous system occurs in two forms, trivalent clwom(Cr
(1)) and hexavalent chromium (Cr (VI)). Chemicaiplogical and environmental characters exhibligdoth the
forms of chromium are diverse and distinct [1].({TH) is essential trace metal nutrient required fidcroorganisms
in minute quantities, whereas Cr (VI) is required dll types of fauna and flora [2-4]. Huge quaestof chromium
is discharged into the water bodies from varioaiigtries such as electroplating, leather tannirniging, paints and
pigments. Due to threat caused by chromium to enwilent and mankind, permissible limits of chromibave
been closely monitored and regulated by most ofdéeeloped and developing countries. Industrialuefts
generally contain chromium concentration up to 2@@/I, while inland surface water and potable watas
chromium concentration up to 0.1 and 0.05 ppm retgpy.

Various technologies are employed to reduce thel lefs chromium in effluents such as reduction witfemical
precipitation, ion exchange process, electrochdmpracipitation, reduction, adsorption, solvent ragtion,
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membrane separation, concentration, evaporationremerse osmosis. It is reported that adsorpt®mrdsily
adaptable and efficient method for removal of heaetals. In addition adsorption resolves the diffic of sludge
disposal and making system more economically féasfipecifically if lowcost adsorbents are used [5]. Recently
many researchers have worked on various biosortsertts as orange peel [6], tea waste[7], bagassasfijg],
protonated rice bran[9], coir pit[10], potato peehste[11], carrot peel[12] to identify economicadaefficient
adsorbent for chromium removal from waste water.

Water hyacinth is a perennial macrophyte belongheickerelweed family. It is the most productacuatic plant
on the earth and is considered one of the worldsstaquatic plants [13]. In the current work ni@dos aquatic
weed, water hyacinth is explored as biosorbentrdéanoval chromium. The work aims to study the effecpH,

temperature, concentration of adsorbent and inifbmium concentration on chromium removal efficig by

conducting experiments in batch operation modegusiude and pyrolysed water hyacinth. The resuitained
were analysed with isotherm models like Temkin,dranir and Freundlich adsorption.

EXPERIMENTAL SECTION

2.1 Biosorbent Preparation
Water hyacinth was collected from Kengeri Lake aitdl in Bengaluru district, Karnataka. Water hy#cim its
crude and pyrolysed form was used as biosorbemefooval of chromium from synthetic waste water.

1)Crude Water Hyacinth (CWH)

Water hyacinth was washed, sun dried and oven @ie&f’C. Latter it was powdered, sieved using 90/120 mesh
BSS standard sieve to get uniform sized particlé® fraction that was retained on 120 meshes wellected,
washed gently with distilled water and dried in bwt oven for 2 hours at 80 °C. This was used asi®@igsorbent.

2)Pyrolysed Water Hyacinth (PWH)
Pyrolysed water hyacinth was prepared by complgtelysis of CWH in a muffle furnace at 5%D for one hour.
This was used as PWH biosorbent.

2.2 Preparation of 1000 ppm chromium stock solution

1000 ppm chromium stock solution was prepared lsgalving 2.828g. of potassiumdichromate,icO-;) in
1000ml double distilled water. The stock solutioaswfurther diluted in different quantities to prepatandard
solutions of required concentrations.

2.3Preparation of Diphenylcarbazide (DPC) solution
Preparation of Diphenylcarbazide solution includissolving of 250mg of DPC in 50ml of acetone.

2.4 Analysis of chromium and calibration chart

0.25ml of phosphoric acid was added to 1ml of statidample containing known concentration of chuomipH
was adjusted to 1.0£0.3 using 0.2N sulphuric atlik solution was mixed well and then diluted to m0in a
volumetric flask using double distilled water. Faat 2ml of DPC solution was added and mixed wiluil colour
(violet) development. 4ml of this solution was usedan absorption cell and the absorbance was megsu
spectrometrically at 540nm in UV-double beam spmgttiotometer. Similarly procedure was adopted terdahe
the absorbance of all the standard solutions éémdift concentrations. The calibration curve wasnr by plotting

a graph of concentration against absorbance.

RESULTSAND DISCUSSION
3.1 Batch Experiments and Optimisation of Response
Biosorption batch experiments and studies relateabtimisation of response are detailed out by Astetal. [14]

and result extract of the paper giving optimum ealfior CWH and PWH for maximum chromium removal are
adopted and presented in Table 1.
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Table 1. Optimized parameters

Biosorbent | pH Temperature Initial metal ion Biomass L oad Experimental
(°C) Concentration (ppm) (9/100ml) % Chromium Removal
CWH 1.978 42.004 150.000 8.947 98.72
PWH 1.92¢ 40.00( 133.60° 8.041 99.2¢

3.2Effect of individual parameters on chromium removal

3.2.1 Effect of pH
The effect of pH on percentage chromium removal staslied for CWH and PWH at optimized parameters as

shown in Table 1. The pH affects the specificatibradsorbate, the biosorbent surface charge andidigree of
ionization. Hence biosorption of toxic heavy mefatsn effluents greatly depends on pH. Figure 1 2rsthows the
percentage chromium removal for different valueplf keeping other parameters constant. Observatonbe
made from Figure 1 and 2 that highest chromium rexthof 99.54% and 99.92% was achieved at 1 pH fMHC
and PWH respectively. This could be endorsed topbiat that in acidic pH, the adsorbent surface rbhay
protonated and hence positively charged adsorlkeembves higher amounts of chromium in the HCfGrm.
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Figure 1 Effect of pH on per centage chromium removal using CWH

110 -

o ’_‘\-0\,\‘

80 -

Juiy

o

o
1

~
o
1

Biomass dosage - 8.041¢2/100ml
Initial concentration - 133.607 ppm

60 - Temperature -40°C

% Chromium removal

A
o

0 1 2 3 4 5 6 7 8

Figure 2 Effect of pH on per centage chromium removal using PWH

3.2.2. Effect of Temperature
Biosorption of chromium is carried out at varyiregperatures between °8to 50C for both the adsorbents to

study the effect of temperature keeping other dardi constant. Percentage chromium removal witfatian in
temperature for CWH and PWH are presented in Fi§uaad 4. From Figures observations are madelika is a
slight rise in percentage chromium removal fromM@@o 40C and then decrease in with increase in tempetature
This observation is same for both adsorbents CWBHRMWH. This behavior may be due to the slight esuwttic
behavior of adsorption process. The highest chromiemoval of 99.24% and 99.8% was achieved &€ 40r
CWH and PWH respectively.
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Figure5 Effect of per centage chromium removal with initial chromium ion concentration for CWH
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3.2.3 Effect of initial chromium ion concentration

The time required for equilibrium biosorption ofromium with two forms of water hyacinth were studliey
varying initial chromium ion concentrations fromgn-250 ppm keeping other conditions constant. fei§uand 6
shows the effect of initial chromium ion concentraton percentage chromium removal on CWH and PWH.
Observations can be made from the Figures thatpiiisio capacity decreases with increase in ingfalbbmium ion
concentration and maximum chromium removal of 9% 1#hd 99.96% is achieved at50 ppm concentratiois Th
could be attributed to the fact that adequate gdisor sites are available for adsorption of chramiiens at lesser
concentration and at higher concentrations thershnm ions will be more than the available adsormp8ies.
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Figure 6 Effect of per centage chromium removal with initial chromium ion concentration for PWH

3.2.4 Effect of biosorbent dose

To study the consequence of biosorbent dosage mwoviad of chromium, biosorbent dosage is varied frbm
g/100ml to 10 g/100 ml keeping other conditioncabstant values. The obtained results for both ragsts are
shown in Figures 7 and 8. There is an increasernmowal of chromium ion with increase of biosorbdasage as
exhibited by both the adsorbents. The highest chmormemoval of 99.5% and 99.9% was achieved at/100ymi
for CWH and PWH respectively. This is could be ovwedhe better accessibility of the replaceablévactites for

adsorption.
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Figure 7 Per centage chromium removal with variation in biosor bent dosage for CWH
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Figure 8 Per centage chromium removal with variation in biosor bent dosage for CWH

3.3 Adsorption I sotherms

The process equilibrium is defined by fitting thelues obtained from experiments with models geheusled for
the significance of different isotherms. The adsorp process reaches an equilibrium state and eefime
distribution of molecules adsorbed between thedsatid liquid phase. The equilibrium sorption isotheredicts
the adsorption capability and the achievement ef ddsorbent. These models were practiced to uadershe
chromium ion removal from aqueous solution with C\aitl PWH biosorbents.

Batch adsorption experiments were carried out fdfHCand PWH with different initial chromium conceation
ranging from 100 ppm to 250 ppm with optimised ealwf pH, temperature and biosorbent dosage (tg@im
values given in Table 1). The percentage chromiemowal in each case was calculated using equatjowlile
specific chromium uptake was computed using eqnd2d.

Chromium Removal (%) =

Co — Ce
(Co—Ced) 00
Co

Specific uptake of chromium, ge = [S(Co ~ Ceq)]

Where qis adsorbed metal (mg/g adsorbent),

S is the volume of the solution, 0.1L

Mis the amount of the biosorbent, (g),

C, and G4 (mg/l) are the initial and final equilibrium chramm concentrations of the solution respectively.

Table 2 and 3 represents the equilibrium valuesio$orption of chromium by CWH and PWH. In this dstu
equilibrium data were analysed using isotherm nwlilet Temkin, Langmuir and Freundlich adsorptisotherm.

Table 2. Biosor ption of Chromium by CWH biosor bent

Initial concentration of Equilibrium concentration Specific uptake of In
Chromium C, (ppm) of Cr Ce (ppm) Chromium g (Mg/g) 1Ce (1/mg) /e (/M) In Ceq
100 4.22 1.071 0.237 0.934 1.440 0.069
150 9.30 1.573 0.108 0.636 2.230  0.4%3
20C 18.0¢ 2.03¢ 0.05¢ 0.49: 2.89f | 0.71C
25C 28.4( 2475 0.03¢ 0.404 3.34¢ | 0.90%
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Table 3. Biosor ption of Chromium by PWH biosor bent

Initial concentration of Equilibrium concentration Specific uptake of 1/Cq 1 In geq In
chromium Co (ppm) of Cr Ceq (ppm) Chromium ge, (Mg/g) (Ymg) (g/mg) Ceq
100 3.46 1.079 0.289 0.927 1.24p 0.0y6
15C 8.82 1.57¢ 0.11: 0.63¢ 2.177 | 0.45¢
20C 16.5¢ 2.05( 0.067 0.48¢ 2.807 | 0.71¢
250 25.30 2.511 0.040 0.398 3.231 0.9p1

3.3.1 The Langmuir isotherm
According to Langmuir model[15], the sorption octutomogeneously on the surface by single layerratisn
with no contact between the sorbed molecules. kmuéB) describes this model

_ Q%ceq
Gea =77 bceq
Where, g4 (mg/g) and &, (mg/l) are the quantity of metal adsorbed per wmtght of biosorbent and unadsorbed
metal concentration in solution at equilibrium restively.

Q° (mg/g) is the maximum quantity of metal uptake peit weight of biosorbent to form a complete sénfglyer on
the surface bound, b(I/mg) is the Langmuir constafdted to the energy of adsorption. The equa@mmay be
written as

1 1 1

i +
Qeq Qobceq Q°

As per equation (4) a plot ogcﬁ and Qq'l provides constants’@nd b which relates to the attraction of the sites.
Langmuir isotherm Srepresents a constant with no dimension callgi@¢ion factor. Ss given in equation (5)

1
Sfm— T e (5)
1+bC,
The Langmuir constants along with regression coiefiit, R and separation factor;&e presented in Table 4.
REoq_ SSes (6)
Sstotal

Where,
SSres= Sum of squares of residuals.
SSiota1= Sum of regression squares and sum of residuatzas

Table 4. Langmuir isotherm constants

. Langmuir Constants 2
Biosorbent R
Q(mg/g) | b (img) S
CWH 2.9438 0.8648| 0.9919 0.0077
PWH 2.796¢ 0.7227 | 0.973¢ | 0.010:

The Langmuir isotherm model fits best for both atieats as seen by the higher values dhfoth the cases. The
value of $in both the cases is in the range of @<Bindicating adsorption of chromium is favourafie both the
adsorbents.

3.3.2 The Freundlich isotherm

Freundlich mod¢L6] states a single layer adsorption takes place whiailve heterogeneous energetic distribution
of active sites. The relations among biosorbed oubds is given by equation (7)

Qeq = Kr- Ceq/™

WhereCq(mg/l) is the equilibrium concentration
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Ox(Mg/g) is the quantity of metal ion adsorbed peét omass of the adsorbent.

Freundlich constants Kis adsorption capacity and ‘n’ is adsorption mgity. Equation (7) can be linearized in
logarithmic form which is presented in equation (8)

Ingeg = InKe + (X)InCoq ®)

A plot is made between Ingfland In G4 provides the Freundlich isotherm constants andutatied values are
tabulated in Table 5. Both the adsorbents fit wéth Freundlich isotherm model since both havevRlue close to
one. The higher value of Kof 0.6356 for PWH in comparison with CWH indicate8VH is relatively better
adsorbent than CWH.

Table 5. Freundlich isotherm constants

. Freundlich constan 2
Biosorbent Ke(L/Q) = R
CWH 0.5802 2.2962| 0.9976
PWH 0.6356 2.3736] 0.999

3.3.3 The Temkin isotherm

Temkin isotherm states that due to adsorbent-adtmihteractions the heat of adsorption of all ti@ecules in
layer decreases linearly. The adsorption is categdrby a constant delivery of the bonding enerdig§. The
Temkin isotherm is given by equation (9) and igdin

Qeq =A+BCeq 9

Where, Gqis the equilibrium concentration of the adsorbatg/|
gqis the amount of adsorbate adsorbed at equilib(rglg)
A (mg/g) = RT/b Ina and B (I/mg) = BT/

where T is the temperature (K), R is the ideal gasstant, A and B are constants. A graph Qfagainst In G
supports the determination of constants A and BnKile isotherm constants are presented in Tabléi6.dvident
that the adsorption also follows Temkin model agession coefficient (B is higher in both the cases.

Table 6. Temkin isotherm constants

Temkin constant

H 2
Biosorbent A(mglg) | B (Img) R
CWH 0.0076 0.7249| 0.9915
PWH 0.1428 0.703 0.9763
CONCLUSION

The research work specified the aptness of therhdsts used for Cr (VI) removal from aqueous solutand
emphasizing its possibility for treatment processfesffluents. High chromium removal is possibldaat pH, high
adsorbent dosage and low initial concentrationsthiey, highest chromium removal was possible at enate
temperature of #C. Both CWH and PWH exhibited good chromium remaagbacity. However among the two
adsorbents PWH performed relatively better in tewhschromium removal capacity. Langmuir, Temkin and
Freundlich isotherm models were in good agreemaéifit esearch outcomes withf Ralue above 0.95. The study
clearly demonstrates the use of water hyacinthrudes or pyrolysed form may be used to treat a cbamiaste
water containing chromium.
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