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ABSTRACT

The removal of selective metal ion like Ni?* ion in aqueous solution were investigated by adsorption process on low
cost activated carbon prepared from Thespesia Populnea bark(TPC).In this study, the effect of temperature, pH and
initial concentration of metal ion on the biosorption capacities, Kinetics of adsorption and adsorption isotherms
have been studied. Also various thermodynamic parameters such asAH®, AS® and AG" were calculated. According

to the results, Thespesia Populnea bark is recommended as cheapest and available bio adsorbent to removal of toxic
metal ions fromindustrial waste water .
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INTRODUCTION

Industrial waste water may contain some toxic nsesaich as Cr, Ni, Co, Pb, etc. the release of tmetals by
electroplating, leather tanning, cement, dyeingta@rocessing, textile and paint industries ifte énvironment in
guantities that pose risk to human health [1]. Bidks well known toxic heavy metal pollutant whighpresent
effluents of electroplating industries to the tuie0- 200ppm [2]. Nickel is found in the environmes a result of
various natural and industrial activities [3]. Thégher concentration causes harmful effects likadaehe,
dizziness, nausea, dry cough, tightness of thet,chiemiting, shortness of breath, cyanosis, chast pand rapid
respiration [4]. The ainof this study was to remove the metal ions fromeamys solution. The effect of various
parameters such as adsorbent dose, solution ohfitd] metal ion concentration, contact time aedhperature on
metal ion adsorptiowere investigated. There are several types of atlearprocess such as chemical separation,
filtration, membrane separation, ion exchange dactm®chemical treatment for separation of metasirom waste
water [5,6]. All these methods, with the omissidnaolsorption are very expensive, have low outpud are
incapable of removing trace level of toxic metatsi waste water. Recently, a number of studiegwarried out
on low cost adsorbents from natural resources.ubleeof low cost adsorbent for heavy metals derfuaeh natural
resources has been reviewed by Baily, Olin, Brimhd Adrian[7]. In the present research work, ThespBopulnea
(TPC) as biosorbent to remove Ni (Il) ion from ague solution, kinetics of adsorption, equilibriunnda

thermodynamic studies were studied.
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MATERIAL AND METHODS

Adsorbent preparation

Adsorbent (Activated Carbon Fig 1) has been preduisy using air-dried Thespesia Populnea bark wth.
sulphuric acid in a weight ratio of 1:1. Then thhequct was heated in a furnace at 500°C for 12sand followed
by washing with water until free from excess aaidl @ried at 150 + 5°C. The dried material was gtbwrell to

fine powder and sieved.
/

B -\ )

Fig (1) Activated Carbon

Batch equilibrium method:

The experiments were done at various temparatwie asi 30, 40, 50 and 60°C in batch process. Theriexgnts
were carried out in different 100 ml iodine flasksior to each experiment, a predetermined amofiabsorbent
was added to each flask. The stirring was keptteohst 120 rpm. Each flask was filled with a knovatume of
sample before commencing stirring such as metatisak with an initial concentration of 5 mg/L tog%g/L. The
flask containing the sample was withdrawn from $iaker at the predetermined time interval, filteeed the
residual of the metal ion concentration has beeasored.

Results and discussion

Characteristics of the adsorbent

The chemical nature and pore structure generaligrchines the sorption activity. The physico clehproperties
of the adsorbent are listed in Tablel.

Table 1-Characteristics of the Adsorbent

Sl. No | Properties TPC

1 Particle size(mm) 0.041
2 Density (g/cc) 0.3243
3 Moisture content (%) 0.325p
4 Loss in ignition (%) 0.273
5 pH of agueous solutiop 6.5

Effect of contact time and initial Ni (II) ion concentration
The effect of contact time on Nickel ion adsorptaom TPC was investigated to study about the ratembval of
Nickel ion. The time is varies in parameter for #usorption of nickel ion on TPC is shown in fig.(t proves the
percentage removal of Nickel ion for various valoéitial Ni ion concentration ranging from 10 5@mg/L. It is
evident from figure 1 that, the percentage of nidades removed at0, 20, 30, 40 and 50 mg/L levels are 27, 45, 61,
80 and 8lrespectively. As the concentration of metal ionréases, more and more surface sites are covered and
hence at higher concentrations of metal ions tipadty of the adsorbent get exhausted due to namitahility of
the surface sites[8].1t is therefore evident thtatosav concentration ranges the percentage of atlsaris high
because of the availability of more active sitestba surface of the adsorbent. The experimentalegalfor
adsorption of nickel ion on TPC at different corcations (5 to 25 mg/L) and contact times are shanvithe
following fig (1).
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Fig. 1- Effect of contact time on the adsorption oNickel ion onto TPC
[Nickel]= 50 mg/L: Adsorbent dose = 25mg/ 50ml: 5

Effect of adsorbent dose

The adsorption of Nickel ion on adsorbent has bstedied by varying the carbon concentration fromtd &0
mg/50 ml while keeping the Nickel ion concentrateam50mg /L. In fig (2), the increase in adsorlmgage from
10 to 30 mg/50 miesulted in an increase from 73 to 91% in adsonpdioNickel ion. It is due to the availability of
high binding sites for complexation of Nickel io8F[The equilibrium values obtained from the stgdiee depicted
in Table.2.
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Fig. 2- Effect of adsorbent dose on the adsorptioof Nickel ion onto TPC

[Nickel] = 50mg/L: contact time = 60min: pH=6.5
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Adsorption isotherm
Adsorption isotherm study was carried out by foiffiedent temperatures which were are 30, 40, 506t . Two

most common isotherm models were employed for d®agr the adsorption data, which were Langmuir and
Freundlich isotherm.

Langmuir equation is based on several assumptiasare: (i) the adsorbent surface is homogendouthere is
no interaction between adsorbates in the planbekurface and (iii) monolayer type of adsorptidne Langmuir
equation can be represented in the form of follgnéquations.

&fQeq = 1/Qnb + Ceq/Q, )

Where Gq is the equilibrium concentration of nickel ion golution (mg/L), Qq is the amount of nickel ion
adsorbed; @ and b is Langmuir constants related to adsorptificiency and energy of adsorption, respectively.
The linear plots of Ceq/ Qvs. G4suggest the applicability of the Langmuir isothsriig (3). The values of Qand

b were calculated from slope and intercepts of tlusphre listed in Table 3. From the results, itlesar that the
value of adsorption efficiency Qand adsorption enerdy of the carbon increases on increasing the tempetatu
The values can conclude that the maximum adsorptoresponds to a saturated monolayer of adsorbaliecules

on adsorbent surface with constant energy and fiositin of adsorbate in plane of the adsorbentaserf To
confirm the favourability of the adsorption procetbe separation factor (Rwas determined and given in Table 2.
The values were established to be between 0 anchdl canfirm that the ongoing adsorption process is
favorable[10].The Freundlich isotherm is commontpressed by the following equation.

log = log K; +1/nlog C, (2)

Where Q is the amount of Nickel ion adsorbed (mg/@).s the equilibrium concentration of Nickel ion ialstion
(mg/L), andK;and nare constant integrates, the factors affectingattemrption capacity and intensity of adsorption,
respectively. Linear plots of log Qrersus logC. shows that the adsorption of Nickel ion obeys theukrdlich
adsorption isotherm. In figure (4), the Freundlasorption isotherm obtained by plotting’ G. versus ¢ for the
adsorption of Ni (II) on TPC at the different temgteires investigated, respectively. TheaKdn valuesaregiven
in Table 3, which indicate that the increase ofatimg charges on the adsorbent surface makes adtatic force
like Vanderwaal's between the carbon surface anckeéMiion. The values clearly indicate the dominaite
adsorption capacity. The intensity of adsorptionais indication of the bond energies between metal and
adsorbent, and the possibility of slight chemisorg rather than physisorption [11, 12]. Howevbg multilayer
adsorption of nickel ion through the percolatiorogess may be possible. The valuesnodre less than one,
indicating the physisorption is much more possjbgj.

Table 2 — Equilibrium parameters for the adsorptionof metal ions onto activated carbon

_S gy Ce (Mmg/L) | Q. (Mmg/g) Metal ions removed (%)

T D Temperature ° C

g € 30 40 50 60 30 40 50 60 30 40 5( 60
10 1.941 1.640 1.450 | 1.301 16.11 | 16.71 | 17.09 | 17.39 | 80.58 | 83.59 | 85.49 | 86.98
20 4754 | 4.516| 4.309 4.11p 30.49 3096 3138 31.76.22| 77.41| 78.45 79.4P
30 9.241 | 9.001| 8.801 8.601 41.51 4109 4239 42.$9.19| 69.99| 70.66 71.3P
40 16.58 16.01) 15.51 15.00 46.83 47,97 4896 49.98.54| 59.96| 61.20 62.45
50 28.40 | 2751 26.6]1 257P 43.18 4406 4676 484B.18| 44.96 46.76 484l
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Fig. 3- Langmuir Isotherm for the adsorption of Nidkel ion onto TPC
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Fig 4- Freundlich Isotherm for the adsorption of Nckel ion onto TPC
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Table.3 Langmuir Isotherm, Freundlich Isotherm resuts and Dimensionless separation factor (B

Nickel ion, mg/L

& Langmuir Isotherm results | Freundlich Isotherm results Dimensionless Separation Factor(R

- o Statistical Statistical [ metal ion] ( mg/L)

S % parameters/constants parameters/constants

o o

S |3

g £ r? Qnm b r? K n 10 20 30 40 50
|_

'g 30 | 0.9909 | 49.261| 0.373p 0.9111 3.231 2.629  0.211411709 | 0.081 | 0.062| 0.050

o

S |40 09911 | 50.761| 0.3980 0.9171 3.336 2.716 0.20081116 | 0.077| 0.059 0.047

© [50[0.9917 | 52.631| 0.3992 0.9148  3.407 2.748 0.2004111@ | 0.077| 0.058 0.047
60 | 0.9944 | 54.347| 0.400L 0.9132  3.459 2.770 0.200aL110 | 0.079 0.058 0.05d

Thermodynamic studies
the experiments were done at different temperatafe20, 40, 50 and 60°. Thermodynamic parametech s1s

change in free energytG°) (kJ/mol), enthalpy&H°®) (kJ/mol) and entropy£S°) (J/K/’'mol) were determined by
the following equations.
o0& Csoiid ciiquid
AG® = -RT InKy

logk= AS°/ (2.303R) -AH°/(2.303RT)

Table 4 — Equilibrium constant and thermodynamic paameters for the adsorption of metal ions onto
activated carbon

3 K AG®
S
3=
SE | AW | Ase Temperature (C)
zZ
30° 40° 50° 60° 30° 40° 50° 60°

10 13.24 55.67 4.150 5.096 5.894 6.683 -35885.
20 5.171 26.75 3.306 3.428 3.641 3.859 -29385.
30 2.840 16.10 2.246 2.332 2.408 2.487 -2038. -2204-2360.5 | -2523.3
40 4.554 17.90 1.412 1.497 1.577 1.663 -869.[7 -105(1-1224.4 | -1408.7
50 5.904 17.19 0.760 0.817 0.878 0.938 -690.p -525(6348.2 -176.13

-4238-4763.8 | -5259.2
-3206-3470.4 | -3739.0

WOOIN|

Where K is the equilibrium constant,s§qis the solid phase concentration at equilibrium/hgCiq.iq is the liquid
phase concentration at equilibrium (mg/D)is the temperature in Kelvin, amlis the gas constant. TkiH° and
ASe values obtained from the slope and interceptasft Hoff plots are given in Table Zhe values ofiH° is in
the range of 1 to 93 kJ/mol indicates the favorgbdf physisorption. It is very clear that fromethresults that
physisorption is much more possible for the adsompfor nickel ion. The positive values @H° indicate the

endothermic nature of adsorption and it govenespossibility of physical adsorption[13, 14]. Bese in the case of
physical adsorption, while increasing the tempeeatf the system, the extent of metal ion adsonpiicreases,

there is no possibility of chemical adsorption. Thegative values oAG° are given in Table 4 indicate that the

adsorption is greatly favorable for nickel ion. Tphasitive values oS’ in Table 4 show the increased disorder and

randomness at the solid solution interface of Hdiake with TPC adsorbent. The results indicate thate efficient
physisorption[12, 15 and 16].
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Adsorption kinetics

To find out the mechanism of nickel adsorption #mlpotential rate controlling steps, like diffusimass transport
and chemical reaction process, it is required taratterize the adsorption mechanism. In order ttergtand the
kinetics of removal of Ni (Il) using TPC as an adsmt, pseudo first, pseudo second order are tesithdthe
experimental data. The sorption of nickel ions T#C may involve chemical sorption which can contiud
chemical reaction rate.

The removal of nickel ion from an aqueous solutidreys the reversible first order kinetics, whernngle species
considered on a heterogeneous surface. At equifirthe rate is the ratio of the concentration ddcabate in
adsorbent and concentration of adsorbate in aqusolusion given by K The results indicate thatykKalues
decreases with increase in the concentration ofntbkel ion and increases with increase in tempeeatThe
calculated values are listed given in the Tabl€ht heterogeneous equilibrium between the nickekmution and
the activated carbon are represented as

K

A———— B
k2

Where K is the forward rate constant angdig the backward rate constant. A indicate theelidk remaining in the
aqueous solution and B indicate that nickel ionodasd on the surface of activated carbon. The catestants
calculated as earlier [11, 12 and 17]. The dataspeeified in Table 5, shows that the forward m@estant is much
higher than the backward rate constant suggediatghe rate of adsorption is clearly dominant.

Table 5- Rate constants for the adsorption of metdbns (kg, min %) and the constants for forward (k, min 2
and reverse (kmin™) process.

Temperature (C)

< Kad ke | ko ki | ko ki | ko ki | ko
4 —

-% gE 30° 40° 50° 60° 30° 40° 50° 60°

10 | 0.019 | 0.021 0.020 0.026| 0.015 | 0.003| 0.018 | 0.003| 0.017 | 0.003| 0.022 | 0.003
20 0.016 | 0.017 | 0.018] 0.020 0.012 | 0.003| 0.013 | 0.003| 0.014 | 0.003| 0.016 | 0.004
30 0.013 | 0.011 0.013 0.014 0.009 | 0.004| 0.008 | 0.003| 0.009 | 0.004| 0.010 | 0.004
40 0.010 | 0.009 0.010 0.010/ 0.006 | 0.004| 0.005 | 0.003]| 0.006 | 0.004| 0.006 | 0.004
50 0.007 | 0.008 0.00§ 0.009 0.003 | 0.004| 0.003 | 0.004| 0.003 | 0.004| 0.004 | 0.004

A clear examination of the effect of nickel ion centrations on the rate constant KTable 5), the values help to
describe the mechanism of metal ion adsorptiomtagiace .In cases of strict surface adsorptioaration of rate
should be proportional to the first power of cortcation. However, when pore diffusion limits thesatption
process, the relationship between initial nickel @@ncentration and rate of reaction will not edr. It shows that
pore diffusion limits the overall rate of nickehi@dsorption[13, 18].

Effect of pH

The pH level of the aqueous solution is an impdrtamiable for the adsorption of metals on the doent. The
effect of pH on the removal of nickel ion using TRE an adsorbent was studied with initial pH rafigen 3-

11.The relation between the initial pH of the siantand percentage removal of nickel ion is depidte figure

5.We have observed that the percentage adsorptikel mons increased appreciably (1-2 times) wittréease of pH
from 3 to 6.5 and consistent with results obtaibgathers.
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Fig. 5- Effect of pH on the adsorption of Nickel io onto TPC
[Ni]= 20mg/L: adsorbent dose
=25 mg / 50ml: contact time = 60min
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Fig. 6- Effect of other ions on the removal of Nic&l ion onto TPC
[Ni]= 20mg/L: adsorbent dose
=25 mg/ 50ml: contact time = 60ml

Effect of the other ions

The effect of other ion like Gbn the adsorption process was studied at varionsertrations. The effect of sodium
chloride on the adsorption of nickel ion on TPGi®wn in Figure 6. The low concentrate NaCl sohgitave
slight influence on the adsorption capacity. Whee toncentration of NaCl increases, the ionic gtiens
increased. At higher ionic strength, the adsorptibnickel ion will be high due to the partial nelization of the
positive charge on the carbon surface and a corsé@ompression of the electrical double layert®y €I anion.
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The chloride ion also enhances adsorption of nigkelby pairing their charges, and hence redudiegrépulsion
between the removal of nickel ions on the surfabés initiates carbon to adsorb more positive niotes [19,20].

Desorption studies

Desorption studies helps to illuminate the naturthe adsorption process and the recovery of nietafrom TPC.

Regeneration of the adsorbent material is of cluomgportance in economic development. Regeneratiarst

produce small volume of metal concentrates suittlenetal recovery process without damaging ofdhpacity of

the adsorbent. The reuse of regenerated activatdxbre was found to be efficient. The effect of was reagents
used for desorption studies indicate that hydraahiacid is a better reagent for desorption, beeamsre than 90%
removal of adsorbed metal ion takes place. Therséibty of adsorbed metal ion in mineral acid loase is in
agreement with the pH dependent results obtainedoiption of metal ion by mineral acids and all@linedium

indicates that the metal ion was adsorbed ontattigated carbon through by physisorption mechaf#éin

CONCLUSION

This study confirmed that applicability of Thesgestopulnea bark were excellent low cost biosortfenthe
removal of Nickel ions. The adsorption process gresatly based on solution of pH and effect of terapge. The
kinetic study of Nickel (Il) ion sorption on TPC wdollowed Pseudo- first —order kinetic model. Tgrecess of

adsorption was best fitted by the Langmuir thanuRdéich model. The thermodynamic parameters sudifas

AS® and AG® indicates the spontaneous and endothermic nafutfee@dsorption process. In this work, TPC has
been found to be a good adsorbent for the remdvatiokel ion from aqueous solutions.
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