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ABSTRACT

Biosorption process has been proposed as an efficient, potential, cost effective way of removing toxic metals from
industrial effluents at low concentrations. In the present study a new biosorbent material, agro waste Psidium
guajava leaves powder was used as an adsorbent. Studies on the removal of Chromium from aqueous solutions
using Psidium guajava leaves powder were undertaken. The effect of metal concentration, pH of aqueous metal
solution, temperature and weight of biomass were studied. The results indicate that the amount of Chromium
adsorbed increased with increase in metal concentration, weight of biomass and pH of the aqueous phase. Finally
an experimental equation was developed to estimate the equilibrium distribution of Chromium between Guava |eaf
biomass and aqueous metal solution incorporating various parameters studied.

Keywords. Biosorption, Chromium removal, Psidium guajavatgl

INTRODUCTION

Now a day’s environmental pollution control playmajor role in the society. Rapid industrializatives generating
large quantities of liquid effluents from heavy mlstsuch as Chromium, Cobalt, Nickel, Mercury, luan
Selenium, Zinc, Arsenic, Gold, Silver, Copper andrnganese, ect. Heavy metals are toxic and non-fpiadable
pollutants released into the environment by indaistmining and agricultural activities [1]. The ragentional
treatments used to remove heavy metals from wastersvare precipitation, coagulation, reduction axaibrane
processes, ion-exchange and adsorption. Howeweraghlication of such processes is often restribrhuse of
technical and or economic constraints. For examiile, precipitation processes cannot guarantee ta&lm
concentration limits required by regulatory standaand produce wastes difficult to treat; on tHeepthand, ion-
exchange and adsorption processes are very effdoti/require expensive adsorbent materials arfi¢udifplant
management [2].

In this general setting, the search for a new egoca and effective heavy metal adsorbent focuseSiomaterials
such as bacterial and algal biomasses [3]. Theradgas of biosorption lie in both the good perfanngand metal
removal, often comparable with their commercial peftitors (ion-exchangers) and cost effectivenesimg use
of algae and raw materials of fermentation and caitiral processes[4].Different forms of non-livingant
materials such as rice husk [5], sawdust [6] andecbiomass [7] have been widely investigated agrmiat
biosorbents.

Agriculture, forestry and fisheries have been getireg large quantities of various biomass wastelssame of them
contain various natural materials with interestitgctional groups, such as carboxyl, hydroxyl, amighnogen and
so on. Psidium guajava leaves powder is one ofdheble biomass wastes.
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In this study, the use of Guava Leaf powder asdoient for Chromium bisorption from artificial wastvaters and
was aimed at optimization of removal of the Chramiu

EXPERIMENTAL SECTION

Preparation of biosorbent of guava leaf powder (GLP)

Mature guava leaves used in the present study wheacted from Andhra University College of Engineey
Visakhapatnam. The collected material was thorougldshed with distilled water three to four timesrémove
dust and other impurities. Then sun dried the wé¢bdaves. Dried leaves were then grinded, screddeeld guava
leaf powder was keeping in plastic containers stamehumidifier for further use [8]. This fine poedwas used as
an adsorbent. The physical and chemical charatitsrief the guava leaf powder (GLP) were determiread
results showed below.

Physical and chemical properties of GLP used irettperiments

< Moisture content (%) 4.77
“Volatile matter (%) 69.91
#Ash (%) 19.56
< Fixed carbon (%) 5.76
< Average particle size 75-3(n

Preparation of Chromium Stock Solution:

The stock solution of 1000mg/L of chromium was eyl by dissolving 5.685g of 99.5 %@,0, (analytical
grade) in 1 L of distilled water. 90mg/L of chromiwsolution was prepared by taking 90mL of 1,000ngy/hthetic
solution in a 1,000mL volumetric flask and addingtiled water up to the mark. Similarly, chromiwsulutions of
varying concentrations were prepared. Solutior® b HSO, or 0.1N NaOH were added for pH adjustment.

Biosor ption Studies:

Batch studies were conducted in 250ml Erlenmeysk8 to elucidate the best operating conditiong;iwénhance
Chromiumadsorption. The flasks containing solution and gubeaf powder were shaken on an orbital shaking
machine for the required amount of time. The plalfition ranging from 1 to 12 was adjusted to #wired value
using 0.1N HSQ, and 0.1N NaOHThe initial concentrations of Chromium ions wereied from 23.4 to 280 mg/I
(23.4, 47.8, 73.2, 94.1, 123.4, 147.6, 172.9, P35,.2 and 280 mg/l). Different amounts of biomassging from
10 to 50 g (10, 20, 30, 40 and 50 g/L.) were cdethevith 100ml Chromium solution. The adsorptiopazty G
was estimated. Samples were collected at regularvals of time to estimate the time required ftiaiament of
equilibrium and all the experimental runs were agtdd for a period more than that of equilibriunméi The
percentage removal of Chromium is calculated as@€o< 100/Co. The amount of Chromium adsorbed yrer
mass of the biosorbent, gt in mg/g is computed &éngithe expression: gt = (Co-Ct)/m. From these,dtte
equilibrium agitation time, optimum biosorbent sared dosage are identified. The experiments areated at these
optimum values by varying the initial concentraiasf Chromium in the aqueous solution, volume ef dlqueous
solution, pH of the agueous solution and tempeeatirom the experimental data we calculate thertbdynamics
and kinetics. The experimental conditions invesédaare shown in table.1

Table.1l: Experimental conditionsinvestigated

S. No. Parameter Values Investigated
1 Agitation time, t, min 1,2,3,4,5,10, 20, 30, 50, 60, 120,180, 240 and 300
2 Biosorbent size, dpm 45, 75 and 150
3 Biosorbent dosage, w, g/L 10, 20, 30, 40 and 50.
4 Initial concentration of Chromium, Co, mg/lL  2344,.8, 73.2, 94.1, 123.4, 147.6, 172.9, 185, 24i®280
5 pH of the agueous solution 1,2,3,4,5,6,B,80 11 and 12
6 Temperature, K 283, 293, 303, 313, 323 and 333

RESULTSAND DISCUSSION

Equilibrium distribution studies using biomass, gaideaf powder, as adsorbent for removal of Chromiuere
undertaken. It is essential to know the time regpliifor reading the condition of equilibrium. Expeents were
conducted to estimate the time required to reaetetjuilibrium by taking an initial charge of 100agueous metal
solution and known weight of biomass and thorougdiigking the mixture using orbital shaking machifbe
results show that the metal concentration in agsiesmlution decrease with increase in time and esghateau
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after a period less than 1 hr indicating the atteint of equilibrium. Hence, all the samples weraksin for more
than 1hr 30 min in order to ensure that the equiiibh has attained.

Effect of agitation time:

Biosorption equilibrium was defined, as the timgquieed for heavy metal concentration to reach sstzon value
during Biosorption.The equilibrium agitation timesvdetermined by plotting the % removal of Chromagainst
agitation time in fig.1. For various ‘w’ valuesthe interaction time intervals of 1 min to 300 nfior 45um size of
50 g/L biosorbent, 84.3 %( 1.5054mg/g) of Chromiwas adsorbed in the first 5 min. The % biosorpticas
increased hurriedly up to 60 min reaching 92.7 %893ng/g). From 60 to 180 min. the biosorption waginally
and gradually increased from 92.7 % to 93.8 %. Bdyb80 min, the % biosorption was constant indigathe
attainment of equilibrium conditions. The maximuindwrption of 93.8 % (1.681 mg/g) was attained1®8@ min of
agitation time with 50 g/L of 45m size biosorbent mixed in 50 mL of aqueous sofufio0 = 90 mg/L). The rate
of biosorption was fast in the initial stages bessaadequate surface area of the biosorbent wakalaleafor the
biosorption of Chromium. As time increases, moreoam of Chromium gets adsorbed onto the surfacthef
biosorbent due to Vander Waal's forces of attractamd results in decreased of available surfaca. arbe
bisorbent, normally, forms a thin one molecule kHayer over the surface. When this monomolecdger covers
the surface, the capacity of the adsorbent is esthdu180min equilibrium agitation time was repdréarlier with
treated sawdust [3].

Effect of biosorbent Size and Dosage:

The biosorption data were presented in Fig. 2 péfcentage removal of chromium as a function o$dribent size.
The biosorption of chromium increased from 84.6%6228/g) to 93.4% (1.681/g) as the biosorbent dexreased
from 150 to 45um with 50 g/L dosage, at 303K for Co=90 mg/L. Watldecrease in biosorbent size, surface area of
the biosorbent increases and the number of aciigs an the biosorbent are better exposed to tkerhdte. The
percentage removal of chromium is drawn againssdrieent dosage for 4bm biosorbent size in Fig. 3. The
removal of chromium increases from 84.2% (7.578n@P3.4% (1.68mg/g), with an increase in dosagenfl0

to 60 g/L. Such behavior is obvious because withnarease in dosage, the number of active sitedahla for
chromium removal would be more. The change in pgage removal of chromium is marginal [from 91.8
(2.066mg/g) to 93.4% (1.4mg/g)] when ‘w’ is incredsrom 40 to 60 g/L. So, all other experiments@meducted
at 50 g/L dosage. Barala et al. [13] reported atimapmn adsorbent dosage of 40 g/L with 88.67% (3.G4n
removal of chromium from 100mg/L chromium aqueoalsition with the adsorbent calcined bauxite.

Effect of pH of the aqueous solution:

pH controls biosorption by influencing the surfaterge of the biosorbent, the degree of ionizagiod the species
of adsorbate. In the present investigation, Chromiiosorption data were obtained in the pH rangé td 12 of
the aqueous solution (CO = 90 mg/L) using 40 g/U®fm size biosorbent. The effect of pH of aqueoustsniwon
% removal of Chromium was drawn in fig.4. The % osal of metal was increased from 57.76 % (1.299)ntwg
95.64 % (2.152 mg/g) as pH was increased from land’ decreased beyond pH value of 8. % biosarptias
increased steeply from pH = 1 to 2 reaching 85.96.%34mg/g) from 57.76% (1.299 mg/g). % biosimpivas
marginally increased from 85.96% (1.934 mg/g) t068% (2.152 mg/g) as pH increases for 2 to 7. Ldw p
depresses biosorption of Chromium, due to compatitvith Hions for appropriate sites on the biosorbent setfac
However, with increasing pH, this competition weakend Cr ions replace Hons bound to the biosorbent (or
forming part of the surface functional groups sashOH, SO4, etc [21].A maximum chromium remova866%
(10mg/g) was reported at pH=3 onto treated saw@lisis pH was varied from 2 to 10.

Effect of initial concentration of Chromium in the aqueous solution:

The effect of initial concentration of chromiumtime aqueous solution on the percentage removahrofi@um is
shown in Fig. 5. The removal of chromium decredsach 99.1% to 45.5% with an increase ipfdm 22.5mg/L to
180mg/L at 303 K, while the uptake capacity incesaBom 0.45 to 1.64mg/g. Such behavior can béated to
the increase in the amount of adsorbate to theanmgihg number of available active sites on the dslmsnt (since
the amount of biosorbent is kept constant). Théses jalso confirm that the % removal decreases aiitlincrease
in temperature. The metal uptake capacities oldafoe various adsorbents are shown in Table 2. fEngoval of
chromium decreased from 61% to 30.4% using wasteape of olive oil factory in the range of initiadrmcentration
from 50 to 200mg/L, whereas the uptake capacitsemed from 6.1 to 12.15mg/g [18]. Tunali et af][@onducted
experiments for adsorption of chromium on neurogpwassa in the dange of 25 to 250mg/L and reported 1 to
9.15mg/g increase in the uptake capacity.

I sothermsfor biosor ption of Chromium:

An isotherm is the equilibrium relationship betwetre concentration of metal in the fluid phase ahd
concentration on the adsorbent at a given tempexatueundlich isotherm (Freundlich, 1907) is=df Ce" or log
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0e = log Kf + n log G. Freundlich isotherm was drawn between log Celagdje shown in Fig. 6. The following
equation was obtained af d 45um varying the initial concentration of Chromiumoglg, = 0.431 log Ce - 0.22
R=0.98 The slopes (n) of the above equation 8ati3fying the condition of 0 < n < 1 for favouratidiosorption.
Freudlich isotherm describes the biosorption witk husk (Kishore and Xiaoguang, 2008) and ligfid (Dinesh
and Subhash chander, 2006). Langmuir isothe&h (langmuir, 1918) is the most widely used tworgraeter
equation. The relationship of a hyperbolic typenfo(Ce/ge) = 1/bgm + Ce/gm. Fig.7 is drawn betwfee/ge)
and Ce for dp = 4@m varying the initial concentration of Chromiumhél'slope (1/gm) and the intercept (1/bgm)
are calculated from the graph. The equation obthfrom the graph was: (Ce/ge) = 0.21 Ce + 0.58) Ri= 0.99.
The slope (1/gm) is 0.21 and the intercept (1/bq®)58. The separation factor (RL) value of 0.168 idicates
favorable biosorption. The correlation coefficiemtained for Langmuir isotherm was higher than tiztined for
Freundlich isotherm [19] (Martin and Cheung, 20@6iggested that Langmuir isotherm for biosorptiothwi
sargassum biomass (gm = 0.629 mg/g and b = 0.8G3orption with pseudomonas aerations (Rosa Mamnth
Perez Silva, 2009) were explained by Langmuir isath

AC,

% T 1vBC,

In[A&— 1} =gIn(C,) + InB
q

e

Redlich and Peterson [20] proposed a three paranmitherm to incorporate features of both Langnand
Freundlich equations. It can be described asvalio

where A (L/g) and B (L/ mg) were the Redlich-Peterssotherm constants and ‘g’ was the Redlich -efBen
isotherm exponent that lies between 0 and 1. ireald form of the equation is, Although a lineaglgsis is not
possible for a three parameter isotherm, the tis@berm constants (A, B and g ) can be evaluatad the pseudo
linear plot using trial and error optimization medh Fig.8 shows the Redlich — Peterson plot draetween In
[A(Celge)-1] and In Ce. For the present experinletdda the equation obtained from the plots drawfig. for A =
1L/mg (assumed), V =50 mL, T = 303 K and dp =48 is In [(Ce/ge)-1) = 0.819In Ce + 0.4317. Redi
Peterson isotherm constants A (L/mg), B (L/mg) &edilich- Peterson isotherm exponent (g) for w gAQ G, =

94 mg/L and dp = 4hm are 1L/mg, 1.5398 L/mg and 0.819 respectivelgmpkin isotherm equation describes the
behavior of many adsorption systems on the hetesmmes surface and it is based on the following eguaye =
RT In(ATCe)/bT The linear form of Tempkin isothegan be expressed as ge = (RT/ bT ) In(AT) + (RTIh{CTe)

where AT= exp [b(0) x b(1) / RT], b(1) = RT/ S the slope, b(0) = ( RT/ bT ) In (AT) was theéeircept and b=
RT/b(1) The present data were analysed accordirthedinear form of Tempkin isotherm and the linpéot is

shown in fig.9. The equation obtained for Chromibiosorption was: ge = 0.82 In Ce +0.1 with a elation

coefficient 0.81. The isotherm constants obtaifeed/arious isotherm models were shown in TableFBe best fit
model is determined based on the linear regressiorelation coefficient (R). From the table, itsvBound that
biosorption data were well represented by Langnsaitherm with higher correlation coefficient of 8,%ollowed

by Freundlich, Redlich-Peterson and Tempkin isattsewith correlation coefficients of 0.98, 0.977 ad@1

respectively.

Kinetics of biosor ption:

The data regarding biosorption kinetics is necgstarthe design of industrial columns. The ordémdsorbate —
biosorbent interactions has been described traditlip by the pseudo first order model of Lagerg(2898) or by
pseudo second order kinetics in certain caseshelrase of biosorption preceded by diffusion tgroa boundary,
the kinetics in most cases follows pseudo firstondite of equation of Lagergren: (dqt/dt) = Kad-{gt). Plot of

log (ge—qt) versus't’ gives a straight line forsfiorder kinetics. In case of pseudo second dddetics, (dgt/dt) =

K (ge—qt)2 is applicable. This equation can be temitas (t/qt) = (1/Kge2) + (t/ge). If the pseudoes® order
kinetics is applicable, the plot of (t/qt) versugites a linear relationship that allows computatad ge and K.
Lagergren plot of log (ge—qt) versus agitation tiffjefor the present investigation was drawn in.Eigand the
resulting equations are: log (qe — qt) = - 0.0D107, R= 0.99 for dp= 4pm, log(ge—qt) = - 0.02 t -0.7, R= 0.96 for
dp= 75um log (qe—qt) =-0.01t-0.411, R=0.91 for di50 um The pseudo-second-order model was applied to
assess the suitability of the rate equation forgresent data. The plots (t/qt) versus (t) fa phesent data are
shown in Fig. 11 for dp= 4pm. The plots for dp = 75 and 1%@n are not shown. The second order rate equations
obtained are compiled in Table 4. The results sti@at the correlation coefficients for second ondge equations
(0.999) are higher than those for the first ordee lequations. Hence, the pseudo second ordezqaé#tion is more
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suitable to explain the biosorption. The seconaprdte constant (K) values are varied from 1.289.108 g/(mg-
min).

Thermodynamics:

Biosorption was usually exothermic and the amauaisiorbed at a given concentration decreases asrtiperature
increases, in accordance with Le-Chateliers priacifhe thermodynamic criterion for biosorption wasll
explained by evaluation of the three importantieatynamic parameters. They are change in enthaldy, Gibbs
free energy change&\G) and entropy chang@a$). Net enthalpy changall) is related t)AG andAS asAG= AH -
T(AS). The Van't Hoff's equation is log(ge/Ce) =AH/2.303R)(1/T) + AS/ 2.303R)Where (ge /Ce) is called the
biosorption affinity. AH and AS values are calculated from slope AH/(2.303R) and intercept AS/(2.303R)
Experiments were conducted to understand the kptisarbehavior of Chromium with respect to tempam for w
=40 g/L and dp = 4am and the data are shown in Figure 12 with logGggas a function of (1/T). The equation
obtained was log (ge/Ce) = -1.191(1/T) + 4.387 ¥V = 50mL Thermodynamic parameters calculated for
biosorption of Chromium on Psidium guajava powdershown in Table 5.

Table-2: Various Bisorbents and metal uptake capacities

Author (Ref. No) Biosor bent Result

Hang yang [26] gsédsrg;z;tr;actant templated %Removal 88.2," order kinetics (K =827.05 g/mmoL/min), Longmuioiserm
Dinesh [31] Lignite 0 = 25.84 mg/g , Longmuir isotherm,exothermic nature

Anthoula[27] Clinoptilolite g = 7.69mg/g

Zakaria [25] Cyanobacterium Freundlich isotherm (63, 1/n = 1.7), o= 906.g/mg

Ahmad bin[28] Granular activated carbon + §2.54mg/g, Longmuir isotherm (n=3.69)

Tsui [24] Brown seaweed gt=1.45 mgl/g

Durali Mendil[29] | penicillium italicum %removal = 95, g= 11.4mg/g

Chojnacka[30] Ricciafluitans o = 5.76mg/g, first order kinetics, Longmuir, exatiné nature

Veglio[32] Free cells of Arthrobacter species  =¢t06mg/g, Longmuir,

Table-3: I sotherm constants

Freundlichisotherm | Langmuir isotherm | Redlich-Peterson isotherm | Tempkin isotherm
K¢ = 0.602, L/g q = 4.762, mg/g A=1L/g + 1.085, L/mg

n = 043, gL b = 0.2658, L/Img g =0.819 1 =93072.12

R = 0.98 R = 0.99 R =0.977 R 0.81

Table-4: Second order kinetics

For dy = 45 um
W, g/L Equation K, (g/mg-min), R
10 (t/g) = 0.57 t + 0.347 0.936 0.99
20 (t/q) = 0.46 t + 0.369 0.637 0.99
30 (t/q) = 0.351 t + 0.332 0.368 0.99
40 (t/gr) = 0.25t+ 0.186 0.336 0.99
50 (t/q) = 0.13t + 0.09 0.188 0.99

Table-5: Thermodynamic parametersfor biosorption of manganese for various Cqy values

AG, kJ/mol at different temperatures, K
S.No.| G, mg/L | -AS kJ/(mol-K) | -AH kJ/mol 583 503 303 313 223
1 23.4 0.1990 60.102 -3.785| -1.795| 0.195 | 2.185 | 4.175
2 47.8 0.1840 53.726 -4.767 | -3.037 | -1.307 | 0.423 | 2.153
3 73.2 0.1790 50.316 -1.64 0.08 1.80 3.52 5.24
4 94 0.1670 45.374 1.687 | 3.357 | 5.027 | 6.697 | 8.367
5 123.4 0.1660 43.792 3.186 | 4.846 | 6.506 | 8.166 | 9.826
6 147.6 0.1610 41.311 4.818 | 6.448 | 8.078 | 9.708 | 11.338
7 172.9 0.1590 39.595 5.968 | 7.578 | 9.188 | 10.798| 12.408
8 185.0 0.1567 39.358 5.639 | 7.229 | 8.819 | 10.409| 11.99
9 247.2 0.1562 37.694 6.652 | 8.219 | 9.786 | 11.308 | 12.920
10 280.1 0.1490 37.582 6.623 | 8.185 | 9.747 | 11.308| 12.87
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CONCLUSION

Investigations were carried out to find out theilorium, kinetics and Thermodynamic parametershi@sorption
of manganese from an aqueous solution using Psidiuajava leaf powder. The analysis of the expeamaiedata
result in the following conclusions. The equilibritagitation time for Chromium biosorption was 18hutes. The
percentage removal of Chromium from an aqueoustiealincreases with a decrease in the particle sfzéhe
biosorbent. The percentage removal of Chromium iwaieased significantly with increase in biosorbdosage.
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Increase in the volume of the aqueous solutionltesugradual decrease in the percentage remdva@ahmomium.
With an increase in the initial concentration ofr@hium in the aqueous solution, the percentage vamof
Chromium from the aqueous solution was decreagadcentage removal of Chromium from the aqueougisal
increases significantly with increase in pH frortol7. Thereafter percentage removal decreasesifibref increase
in pH. In the range of variables studied, percemteggnoval was increased from 60.62% (1.3639mg/®AG%
(2.243mg/g). The kinetic studies show that the dmipson of Chromium was better described by pseseoond
order kinetics. The thermodynamic data show thatgeage biosorption decreases with increase ipéaesmure.
The investigation also reveals that: The exothemmaiture of biosorption as8H was negative, the reversibility of
biosorption initially asAS was negative and biosorption tending towardvensbility asAS was increasing, The
spontaneity of the biosorption @5 was negative, and increase AG value with an increase in temperature
indicates that the biosorption of Chromium was fassrable.
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