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ABSTRACT

Removal of Aluminum (lll) from waste waters usirig-ddsorbents derived from plant materials of Witlsa
somnifera has been investigated by varying variphysicochemical parameters such as pH, time ailibration,
sorbent dosage, agitation time, initial concentpatiof Aluminum ions, temperature and presencereidgn ions
using simulated waters and by adopting batch methofd extraction. Optimum conditions for the maximum
extraction of Al (lll) ions have been investigat@the adsorption process is analyzed with Freundlicngmuir,
Temkin and Dubinin-Radushkevich (D-R) isotherm rsodad found that the Langmuir isotherm model Ibette
describes the adsorption process emphasizing theo#ayer formation of the Al () ions on the adsent and
further, the mean free energy (E) and heats optsmm (B) of Temkin isotherm and Dubinin-Radushtevi
isotherms indicate that the adsorption is ‘physgmn’ in nature. Kinetics of adsorption is quargid using pseudo
first-order, pseudo second-order, Weber and Moimisaparticle diffusion, Bangham'’s pore diffusiondiElovich
equations and found that the adsorption processduasl correlation coefficient values with pseudoesel-order
model.The endothermic nature of the adsorptiomusidl on the analysis of the thermodynamic pararaetiét, A4S
and4G. Interference of common co-ions has been studieel. methodologies developed are successfullyei
industrial sewages and polluted natural waters.

Key words: Aluminum (l11), pollution control, bio-sorbents, kétics, adsorption isotherma/ithania somnifera

INTRODUCTION

Exploring the adsorption abilities of bio-sorbederived from plant materials towards different ptahts in the
removal of the latter from waste or polluted watisrdeing increasing investigated throughout theb@&! Our
research group has been investigating on thesmbtheds of pollution and successfully developedhoes for the
removal of Chromium (VI) (1-4), Zinc (5,6), Alumunin (IlI) (7-10), Fluoride (11-17), Nitrite (18,19)Nitrates
(20), Ammonia(21-23),Phosphate (24,25) and Dyes2@6 Further, bio-remediation methods are devaldpethe
control of metal ions using oxidation ponds andedént bio-massef30). In the present work, bio-sorbents derived
from plant material ofVithania somniferglant have been investigated for their effectiveniesthe removal of
toxic Aluminium (l1) ions from polluted waters.

The presence of Aluminum (Ill) in water-bodies iarmful to aquatic life and it a neurotox{B81) and its
consumption by human beings, results in seriossrders such as kidney disorddPsrkinson and Alzheimer’s
diseasg(32), mellowing of bones(33), effecting the eye sight, pulmonary fibrosis anicrocytic anemia (34).
Hence, as per WHO and US drinking waters stand#indsmaximum permissible limit of Aluminium (Ill) 9.2
ppm. Inadequately treated effluents from industpedaining to food and beverages, dyeing, textild drugs and
residual aluminum in treated municipal waters, #re main source of contamination. Further, neafly @f
Aluminium present in the earth’s crust is leachatb ithe nearby water bodies under acidic conditiand it
becomes detrimental to the biota, micro-organisngstauman beings.
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The methods based on aeration/stripping, sedinientand filtration are ineffective at micro levedad methods
based on ion-exchange, reverse osmosis Electrgiaye expensive (35-38). The non-conventionahatt based
on bio-adsorbents are being used in removing Alumimons from polluted waters. Algal biomass (3ppwdered
marble waste®0) combination of active carbon as adsorbent and aleid as surfactant (4Water hyacinth (42),
Chitosan (43), rice husk char and activated ricekhchar(35,44) have been investigated for the removal of
Aluminium ions from waste waters. Bio-absorbentswé® from Acacia Melanoxylon and Eichhornia Crassipes
Plants (7),Moryngea Millingtoniaand Cygium Arjunum Plant (9), Achiranthus aspera a@dssia Occidentalis
(210), have been successfully used to remove Alumigil) from polluted waters.

In the present work, bio-adsorbent derived fromvdsaand stems ofWithania somniferaplant have been
investigated by varying various physicochemical apagters to optimize the conditions of extraction foe
maximum removal of Aluminium ions from pollutedaters.

MATERIALS AND METHODS

Bi-adsorbent derived from the leaves and stenWittiania somniferglant (Figure 1) are found to haaéinity for

Aluminum (Ill) ions. Withania somnifef@shwagandha)s an herb in the Solanaceae family and it grawsvét

lands. It has many medicinal values and this plpatss are used in the preparation of some Ayucvedidicines in
the cure of tumors, tubercular glands, carbuneled,ulcers.

Figure 1: Withania somniferaplant

Adsorbents are prepared from the leaves and stéMétlbania somnifergplant and are used in the extraction of
Aluminium ions from polluted waters using batch huets of extraction (47-49).

Preparation of the Bi-adsorbentsThe leaves and stems fithania somnifergplant were cut, washed with tap
water followed by distilled water and then sun dri€The dried materials were powdered to a finehhwdssize: <
than 75 microns and activated at 2@5in an oven and then employed in this study.Heurtthese leaves and stems
were burnt to ashes and these ashes were alsanubésiwork.

Extraction Method: Weighted quantities of adsorbents were taken ipre&viously washed 1 1it/500 ml stopper
bottles containing 500mlI/250 ml of Aluminum Potassi Sulphate solution of predetermined concentratidine
various initial pH values of the suspensions weliisted with dil HCI or dil NaOH solution using pideter. The
samples were shaken vigorously in mechanical skaked were allowed to be in equilibrium for theidkbtime.
After the equilibration period, an aliquot of thensple was taken for Aluminum determination. Alumingll) was
determined spectrophotometrically by using “Eri@she cyanine R” method (50). In this work all cheahiased
were of analytical grade and double distilled watas used for the preparation of solution.

The sorption nature of the bio-adsorbents wereiestluidly varying physicochemical parameters sucbHasime of
equilibration, initial concentration of the adsaladdsorbent dosage and temperature. The resulspnesented in
the Graph No. 1 to 13 and Table 1-3.

Effect of Co-ions: The presence of tenfold excess of common co-éonthe % of extraction of the Aluminium ion
was studied at other optimum conditions of extmactas inferred from the Graph No. 1-3 and the teswkre
presented in the Table: 4
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E: APPLICATIONS: The procedures developed for the extraction of Ahium ions using synthetic simulated
solutions, were applied to samples collected fromedffluents of Aluminum based industries and #suits were
presented in the Table 5

RESULTS AND DISCUSSION

It is observed that the % of extraction is affecksdpH, time of equilibration, sorbent dosage, tengmd initial
concentration of the adsorbate.

A: Effect of Time of Equilibration:

With the increase in time of equilibration, % rerabef Aluminium ions also increases and after ¢ertane, no
more adsorption is found (vide Graph Nos. A: 1-d4). For instance, at other optimum conditiohgxdraction,
% removal is found to be: 58% at 10 minutes, 68t %0aminutes, 76% at 30 minutes, 82% at 60 ms)86% at
90 minutes, 98% at 120 minutes and 100% at 150 tesnor above with the bio-adsorbents pertainintpaves
powders (vide Graph No.l-a). The optimum time fgitaion is found to be 150 minutes for bio-adsotbe
pertaining to the leaves and stems at optimum phhi& it is 120 minutes with their ashes. (videa@h No: 1)

POWDER OF WITHANIA SOMNIFERA LEAVES ASH OF WITHANIA SOMNIFERA LEAVES
Aluminium conc: S0ppm Aluminium conc: 50ppm
Sorbent conc: 2.5gm/lit Sorbent conc: 2.0gm/lit
100
2" gy
> <
O 60 8
- i
E 40 hd
2 G
820 ——1O0NHCI || g LONHE
—— 0.5NHCI 0.5NHC|
0 T T T T T T T A H=1 & 0
0 20 40 60 80 100 120 140 1( _,, Ssz 0 ——————— T*—PHL
_ _ - 0 20 40 60 80 100 120 140 | > PH=2
Time(minutes) —*—pH=4 —«—pH=4
Graph No :1-a —o—pH=6 Time(minutes) —o—pH=6
——pH=8 Graph No:1-b —+—pH=8
——pH=10 ——pH=10

Graph Nos. 1-a & b: Removal of Aluminum (Ill) Vs Time of Equilibration with Leaves based bio-adsorberst of Withania Somniferaplant
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—e— 1.0 NHCI
—&— 0.5NHCI
—+—pH=1
—>—pH=2
—¥—pH=4
—o—pH=6
—+—pH=8
——pH=10

STEM POWDER OF WITHANIA SOMINIFERA
Aluminium conc: 50ppm STEM ASH QF'WITHANI.A SOMNIFERA
Sorbent conc: 2.0gm/lit Aslglrfrtljlenrllltjcmoz(():m::[-55gorgﬁir?
_, 100 100 - JENRihas
-
< 2
8 80 8 80 -
E 60 >
o L 60 -
LL
O 40 I'OL 40 -
X X
20 Y
——1onNHa| %
0 T T T T T T . , | —m—0.5NHCI 0 . . . ‘ ‘ ‘ ‘
0 20 40 60 80 100 120 140 160 |—A—pH=1 0 20 40 60 80 100 120 14
——pH=2
' . +pH_4 Time(minutes)
Time(minutes) pH= Graph No: 1-d
Graph No: 1-¢ —o—pH=6
—+—pH=8
——pH=10

Graph Nos. 1-c & d: Removal of Aluminum (lll) Vs Time of Equilibration with stem based bio-adsorbent®f Withania Somniferaplant

B: Effect of pH: The optimum pH is found to be between 6 to &@/Graph: 2). 100% of removal of Aluminium
is observed with all the bio-adsorbents developetiis work when all other conditions of extrac8aare optimized
namely: equilibration time : 150 minutes and sorpidosage: 2.5gm/lit for leaves powders; equitibratime of
120 minutes and sorption dosage: 2.0 gm/lit foavés ashes; equilibration time : 150minutes
dosage:2.0gm/lit for stems powder and equilibratiore of 120 minutes and sorbent dosage :1.5gfoflistem

ashes.

100
80
60
40
20

% of removal of Aluminum

Aluminum(lll) Conc:50 PPM

~—o— Leaf Powder of
Withania
Somnifera

~—@— Leaf Ash of
Withania
Somnifera
Stem Powder of
Withania
Somnifera

—=¢=Stem ash of
withania

T T T T T 1 Somnifera

2 4 6 8 10 12

pH
Graph No: 2: pH Vs. %of Removal of Al (lll)

andesar

C: Sorbent Dosage The optimum sorbent dosage is found to be 2.ffitafor the leaves bio-adsorbent and 2.0
gm/lit with its ashes. With stems bio-adsorben, dosage is found to be: 2.0gm/lit and 1.5 gnwlith their ashes

(vide Graph No: 3:)
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Aluminum(lll) Conc:50 PPM

£ 100

2 =—4— |eaf Powder of

£ 80 ) . .

€ Withania Somnifera

=

E 60 === Leaf Ash of

o Withania Somnifera

® 40

3 Stem powder of

qE) 20 Withania SOmnifera

S

‘e === Stem Ash of

X 0 ! ' Withania Somnifera
0 2 4

Dosage gm/lit
Graph No:3: Dosage Vs % of removal of Al (lll)

D: Effect of Temperature:

The influence of temperature on the extraction kbfidinum was investigated at 303, 313 and 323K withulated
5.0 mg/l Aluminum solutions and at other optimunmditions of extractions. The observations are pregkas In
Kq Vs 1/T as shown in Graph No.4-a to 4-d. Thermodyingparameters free energi®) (kJ/mole), change in
enthalpy AH) (kJ/mole) and change in entropyS) (J/K/mole) were determined at different tempees by using
the equations [51-53JAG = -RT In Ky. In K4 =AS/R -AH/RT ; Ky=a/C.and AG =AH — TAS, where Il is the
distribution coefficient for the adsorption, ig the amount of Aluminum ion adsorbed on the aoksior per liter of
solution at equilibrium, €is the equilibrium concentration of Aluminum(llipn solution, T is the absolute
temperature in Kelvin, R is the gas constant. \d&lees ofAH andAS were obtained from the slope and intercept
of a plot between In Kd and 1/T an values were obtained from the equatidd = AH-TAS and tabulated (vide
Table 1) [54, 55].

Table 1: Thermodynamic parameters of Aluminum (Ill) ion adsorption on Bio-adsorbents

Parameter AH(kJ/mol) | AS(J/mol/K) AG (kJ/mol) R
Temperature(K) 303 313 323

Leaf Powder 11.88 40.273 -0.3227 -0.7251 -1.1281 0.9888
Leaf ash 12.22 42.509 -0.65922 -1.0843 -1.5094 779
Stem Powder 45.169 158.04 -2.7171 -4.2975  -5.877977Q
Stem ash 67.459 234.122 -3.480] -5.8211  -8.1624 806.9

As the temperature increases from 303 to 323K ¢380IC), the % extraction Aluminum(lll) ion increasesrh
71.5 to 75.5% in the case leaves bio-sorbentp 8086.5% with ahses of leaves; 74.5to 79.5% wiems bio-
sorbent; 83.0 to 88.5% with stems asWith the increase in temperature, the diffusionAbt" into the surface
layers of the adsorbent is more facilitated dugh&increase in K.E. of the ions and decreaseerd#nsity of outer
surface of the adsorbent.

From the Table 1, it can be inferred that the pdsmn process is:

« endothermic in nature as thé i near to “one” andH is positive

» physisorption as th&H is positive [56]

» increased disorder and randomness at the solitiGointerface as thAS is positive [57].
* spontaneous nature A& is negative [58].

E: Adsorption Isotherms:
Freundlich [59], Langmuir [60], Temkin [61] and Duom-Radushkevich [62] isotherms are used to evaluate th
nature of adsorption.

Linear form of Freundlich equation lisg (¢) = log k; (%) log G andLangmuir equation i€Jqe = (a /k )Ce+

1/k_ Significant feature of the Langmuir isotherm moidethe dimensionless separation fackyr,= 1/ (1+ aC)).
According to Hall et al [63], the nature of the agdion process is unfavorable if R 1, linear if R = 1, favourable
if: 0 < R_< 1 and irreversible if :R= 0.

The linear results are presented in Graph. Notbeh& 6-a to d and isothermal constants along withcorrelation
coefficient values are presented in Table 2-A.
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The high correlation coefficient ¢R0.9985, 0.9938, 0.9689 and 0.9983) values thamn@iieh isotherm and
dimensionless separation factor £R0.01594, 0.0142, 0.0212 and 0.01174) valuesarrdhge of 0-1, suggest that
the favorable model for the adsorption proceskamgmuir isotherm, and hence indicates the moyerlaoverage
of the adsorbent surface with the adsorbate isr&ble.

Aluminium conc: 50ppm
Sorbent conc: 2.5gm/lit

POWDER OF WITHANIA SOMNIFERA LEAVES

100
2" y
3 60 s
B z
o 40 o
S S
=20 ——10NHCI|| = TONHAC
—m— 0.5NHCI 1168 0 5MHCI
0 e T T T T T T T __._pH:‘I 4 H=1
0 20 40 60 80 100 120 140 1| _. pH=2 0% , — . — T = gH-Q
0 20 40 60 B0 100 120 140 | — P7=
Time{minutes) —#—pH=4 —s—pH=4
Graph No :1-a —a— pH=6 Time{minutes) —eo—pH=6
—+—pH=8 Graph No:1-b —+—pH=8
———pH=10 ——pH=10

ASH OF WITHANIA SOMNIFERA LEAVES
Aluminium conc: 50ppm
Sorbent conc: 2.0gm/lit

Graph Nos. 1-a & b: Removal of Aluminum (Ill) Vs Time of Equilibration with Leaves based bio-adsorberst of
Withania Somniferaplant

STEM POWDER OF WITHANIA SOMINIFERA
Aluminium conc: 50ppm STEM ;}lsluHm(;EiTnLT;ﬁw'Ang:'anEm
Sorbent conc: 2.0gm/lit Corbent cocer 1 ISQrﬁﬁit
100 100 1 —
= 2
E 80 = 80 1
=
E 60 E 60 4
S 40 5 40
& =
20 J
—+——TONHCI 20
0 f——————— | —®—(0.ANHCI 0 I . . . . : : . —+— 1.0 N HCI
0 20 40 60 80 100 120 140 160 | —— pH=1 0 20 40 60 B0 100 120 14 +U£N1HC|
. - —+—pH=
. . p:j Time{minutes) ——pH=2
Time(minutes) P Graph No: 1.d —s—pH=4
Graph No: 1-¢c —o— pH=6 —o—pH=6
T pH=8 —+—pH=8
—— pH=10 ——pH=10

Graph Nos. 1-c & d: Removal of Aluminum (lll) Vs Time of Equilibration with stem based bio-adsorbent®f Withania Somniferaplant

Table 2-A: Adsorption isothermal parameters of Freundlich and Langmuir plots on different bio-adsorberts of Withania somniferaplant

S.No: | Adsorption isotherms | Bio-sorbent Slope | Intercept R |

Leaf Powder 0.223 0.9485 0.8868

1 Freundlich isotherms Leaf ash 0.2033 1.0761 0.8605
Stem Powder| 0.2123 1.0558 0.85p1
Stem ash 0.145 1.2408 0.9087

R. Slope | Intercept R?

Leaf Powder | 0.01594 0.0545 0.0341 0.9985

2 Langmuir isotherms Leaf ash 0.0142| 0.0468 0.0259 0.9938
Stem Powder| 0.0212 0.0456 -0.0315  0.9689
Stem ash 0.01174 0.0352 0.0219 0.9983

Further, the adsorption process is modeled witledirform of Temkin equation.= BInC. + BInA where RT/b
= B; Linear form of Dubinin-Radushkevich equatiomge = -p&* + In g, , wheree = RT In(1+1/Ce).The linear
plots of these two adsorption isotherms are degiateGraph.No :7-a to d & 8-a to d and isothermahstants
along with the correlation coefficient values aregented in Table 2-B.
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Aluminum(lll) Conc:50 PPM
—o— Leaf Powder of
100 - Withania

g Somnifera

£ 80 - —&— Leaf Ash of

€ Withania

g 60 - Somnifera

Y Stem Powder of

S 40 - Withania

© .

s Somnifera

£ 20 ~ —=— Stem ash of

o withania

‘e 0 T T T T ! Somnifera

X 0 2 4 6 10 12

Graph No: 2: pH Vs. %of Removal of Al (lll)
Aluminum(lll) Conc:50 PPM
100
S
2 =4 Leaf Powder of
£ 80 . . .
£ Withania Somnifera
S
:__5 60 == | eaf Ash of
o Withania Somnifera
® 40
3 Stem powder of
GE, 20 Withania SOmnifera
S
‘s === Stem Ash of
N3 0 T 1 Withania Somnifera
0 2 4
Dosage gm/lit
Graph No:3: Dosage Vs % of removal of Al (lll)

Leaf Powder of Withania Somnifera Leaf Ash of Withania Somnifera
=-1470x + 5.1138
0.5 4 y =-1429.7x + 4.8441 0.7 1 [y
0.4 - RZ=0.9888 0.6 1 '
0.5 -
J0.3 - & 0.4
= a _
=0.2 #+ Leaf Powder of £ 03 + Leaf Ash of
0.1 - Withaniza 0.2 1 Withania
Somniers 0.1 Ssomnfera
0 I ! ] T 1
0.003 0.0032 0.0034 0.003 0.0032 0.0034
Gra ﬂﬂ'dra JJT
PR Graph No: 4-b
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Stem Powder of Withania Somnifera Stem Ash of Withania Somnifera

25 y =-8114.6x + 28.167

' =_5434.7x + 19.013 3.5 1 2 0.9805
2 - R2=0.9772 3
15 2.5
x I 2
_: 1 | Py Stem Poweder of Withania _: 15 ] #+ Stem Ash of
0.5 - Somnifers 14 Withania
' 0.5 - Somniera
0 ' ' 0 . .
0003  0.0032  0.0034 0.003 0.0032 0.0034
/T /T
Graph No: 4-c Graph No: 4-d
Graph Nos 4-a to 4-d: Effect of temperature on % renoval of Aluminium(lll) ion with different Sorbents
Leaf Powder of Withania Somnifera
Leaf Ash of Withania Somnifera
1.6 - y =0.1479x + 1.3045
14 - 2 R?=0.9199
y=0.1463x + 1.1151
1.2 -

- R2 = 0.9043 1.5 -

o 14 V'S - 2

?0.8 . T‘: 1 -

T 0.6 - ¢ Leaf _Powd.er o @ Leaf Ash of
04 - of Wlt'hanla 05 - Withania
0.2 - Somnifera Somnifera

O T T T 1 0 ! !
10 1 2 3 2 0 2
log(C.) log(C, )
Graph.No:5-a Graph.No : 5-b
Stem Powder of Withania Somnifera Stem Ash of Withania Somnifera
y=0.205x +1.191 y = 0.1329x + 1.4083
R*=0.910 R?=0.9199
2 -
15 -
_ 15 - c
K 1 - §° 1 4 # Stem Ash of
go # Stem Powder of Withania
= 05 - Withania 0.5 - Somnifera
' Somnifera
0 T T 1 0 T 1
-1 0 1 2 -2 0 2
log(C. ) log(C,)
Graph No:5-c Graph.No : 5-d

Graph No. 5-a to 5-d: Freundlich isotherms of Diffeent Bio-adsorbents
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Leaf Powder of Withania Leaf Ash of Withania Somnifera
2 - Somnifera y =0.0487x + 0.0123
y=0.0274x + 3R?=0.9868
. 0.0553 2.5
:; R?=0.9842 N 2 @ Leaf Ash of
o @ Leaf Powder of E 1.5 Withania
0.5 Withania o 1 Somnifera
Somnifera 0.5
0 50 100 0 ' '
0 50 100
C. C
A e
Graph.No:6-a... Graph.No:6-b
Stem Powder.of withania Stem Ash of Withania Somnifera
5 . Somnifera 3 y = 0.0497x + 0.0073
y E0.0402x + 0.0102 25 R2 = 39958
25 1 R2=0.986 '
. 2 & 2
<15 N 1o
(8} Q 1 @ Stem Ash of
1 @ Stem Powder of Withania
05 withapia 0.5 Somnifera
0 Somnifera 0 I \
0 50 100 0 50 100
C. Ce
Graph No:6-c Graph.No:6-d

Graph Nos. 6-a to 6-d Langmuir isotherms with diffeent Bio-sorbents

Table 2-B: Adsorption isothermal parameters of Terkin and Dubinin Radushkevich plots on Bio-sorbent®f Withania somnifera

Scholar Research Library

Temkin Isotherm B Slope Intercept R
Leaf Powder 2.2713/mol 2.271 14.05 0.935
Leaf ash 2.2271J/mol 2.2271 21.159 0.9368
Stem Powder 3.5833J/mol 3.5833 27.501 0.9104
Stem ash 4.012J/mol 4.012 16.002 0.9372
Dubinin-Radushkevich isotherm E Slope Intercept R
Leaf Powder 5.0KJ/mol -2E-08 -6.6101 0.9595
Leaf ash 1.2909KJ/mol -3E-07 -6.8447 0.9679
Stem Powder 5.0KJ/mol -2E-08 -6.8702 0.9676
Stem Ash 3.162KJ/mol -5E-08 -7.1041 0.9755
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[ 11
Leaf Powder of Withania Somnifera Leaf Ash of Withania Somnifera
30 -+
y =2.2271x + 14.054 25
25 R =0.935 =2.2271x + 21.159
20 20 - R2=0.9368
o 15 o 15 - ¢
S 10 ® Leaf Powder 10 - @ Leaf Ash of
5 of Withania 5 Withania
0 - : Somnifera 0 Somnifera
-2 Iric, 8 5 W% 5
Graph No: 7-a e
) Graph No: 7-b
Stem Powder of Withania Somnifera Stem Ash of Withania Somnifera
- 35 -
50 - y =3.5833x + 27.501 - 4.012x + 16.002
R?=0.9104 30 - yEasnex T oo
40 - 25 > R?=0.9372
20 | . L2041
& # Stem Powder T 15 - # Stem Ash of

20 é of Withania 10 1 & Withania
10 - Somnifera 5 Somnifera

0 T 1 0 T 1

-5 0 5 -2 3 8
InCe Ince
Graph No: 7-c Graph No:7-d
] Graph No: 7-a to 7-d: Temkin isotherms of differentbio-sorbents of Withania somnifera

R%values near to unity indicate the applicability tfese two model adsorption isotherms confirming th
heterogeneous surface of the adsorbent. The mearefrergy (E) and heats of sorption (B) are chariatits of
adsorption and as E values are less than 8 kJimbBaare less than 20kJ/mol, the adsorption is Sggoyption” in
nature i.e. non-specific adsorption due long ramgak Vander Waals forces [64-68].

F: Adsorption Kinetics

Kinetics of adsorption is s studied using pseudst-firder model [69, 70], pseudo second-order mfde| 71],
Weber and Morris intraparticle diffusion model [72Bangham’s pore diffusion model[73] and Elovich
equations[74,75]. The pseudo first-order equat®iog (g — q;) = logg — kit/2.303; the pseudo second-order
equation ig/q; = 1/k.q% — (1/q;) t; Weber and Morris intraparticle diffusion equatismyi = kiptl’2 + ¢ ;Bangham’s
pore diffusion equation ikg [log (G/Ci-g:m)] = log (k/2.303V) +a log(t) ; Elovich equation ig; = 18 In(ap)

+ 1B In(t)

The data of these five kinetic models are preseint&taph Nos: 9-ato d, 10-atod, 11-atod, 18d & 13-atod
and rate constants along with the correlation éciefft values are presented in Table 3.
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Graph.No :10-a & b : Pseudo second-order model fdreaf Bio-sorbents
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Graph.No :9-a to 9-d Pseudo second-order model falifferent bio-sorbents
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Graph.No :10-c & d : Pseudo second-order model foBtem Bio-sorbents
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Graph.No 11-a to 11-d: Weber and Morris intra particle diffusion for different adsorbents of Withania Somnifera

Scholar Research Library

215



. Ravindhranath et al Der Pharmacia Lettre, 2016, 8 (8):204-220
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Graph.No:13-a & b: Elovich model Leaf based bio-arbents of Withania Somnifera plant
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Stem Powder of weithania Stem Ash of weithenia Somnifera
Somnifera 30 -
40 y = 4.7947x + 8.8087 55 y =4.3097x + 2.7165
2_ ) R?=0.99
3 R?=0.9775 20 4
= 30 g 15 1
c @ Stem 10 - @ Stem Ash of
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20 weithania 0 : Somnifera
15 4 T ! Somnifera 0 5 10
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Graph No:13-c Graph No:13-d

Graph.No:13-c & d : Elovich model Leaf powder forStem based bio-sorbents of f Withania Somnifera pte

Table 3: Kinetic parameters

S.No: Adsorption Kinetics
1 pseudo first-order Slope | Intercept R?
Leaf Powder -0.0097 1.0087, 0.9464
Leaf ash -0.0138 1.0336 0.9775
Stem Powder -0.0109 1.0425 0.99y78
Stem ash -0.0147 1.1857 0.9864
2 pseudo second-order Slope| Intercept R?
Leaf Powder 0.0464 0.639 0.9972
Leaf ash 0.0384 0.2533 0.9993
Stem Powder 0.038 0.3402 0.99p8
Stem ash 0.0286 0.2136 0.9994
3 Weber and Morris intraparticle diffusion | Slope | Intercept R?
Leaf Powder 0.8285 22.977| 0.8311
Leaf ash 0.6922 16.185 0.8871
Stem Powder 0.4894 18.829 0.86p5
Stem ash 0.6326 11.732 0.9463
4 Bangham'’s pore diffusion Slope | Intercept R?
Leaf Powder 0.5114 -0.822 0.9027
Leaf ash 0.7183 -1.1277 0.9611
Stem Powder 0.5664 -1.0486  0.93¢4
Stem ash 0.6912 -1.1522 0.9685
5 Elovich model Slope | Intercept R?
Leaf Powder 3.9124 5.0194 0.9709
Leaf ash 3.6007 0.8782 0.9781
Stem Powder 4.7947 8.8087 0.97)75
Stem ash 4.3097 2.7165 0.99

On perusal of the correlation coefficient?Ralues, it may be inferred that the kinetics d$a@rption follows the
order: pseudo second-order > Elovich model >psdisivorder > Bangham'’s pore diffusion > Weber aAdrris
intraparticle diffusion. Hence, the adsorptiondtios can be well defined by pseudo second-orddrleast by
Weber and Morris intra-particle diffusion model.
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G: Interfering lons :

TABLE: 4: Effect of Interfering lons on the Extract ability of Aluminum (l11) With Different Bio-sorben ts
S.No Maximum % of Extractability of Aluminum (Il1) in the presere of tenfold excess of interfering ions at
Adsor- extractability optimum extraction conditions
bent aé gﬁé’ig'o”nm so | Nos |cr | PoF | F co? |ca |wmg* |cw |zn* | N#
1. Leaves 100.0%;
powder pH:6; 150 min.; | 94.4 94.1 64.1 100.0 60.1 92.6 91. 94.2 93]1 93.91.3
2.5gm/lit
2. Leaves 100.0%; .
Ash pH:6;120 min. | 98.4 98.1 71.1 100.0 63.1 97.1 95.2 98.4 9710 97.95.8
2.0 gm/lit
3. Stems 96.0%; .
powder pH:6;150 min., | 97.5 97.1 70.2 100.0 62.1 96.3| 94.1 97.6 96.1 97.0 94.6
2.0 gm/lit
4. Stems 100.0%; _
Ash pH:16;5120/|r_n|n., 99.5 99.1 69.2 100.0 65.2 98.2 96.2 99.4 974 98.96.6
.5gm/lit

The effect of the presence of tenfold excess of mom co-ions viz., Sulphate, Nitrate, Chloride, Ritae,
Fluoride, Carbonate, Calcium, Magnesium, Coppete Zind Nickel ions on the % removal of Aluminiummsadrom
synthetically simulated waters has been studiedlamdesults are presentedTable No.4

Cationshavemarginal effect an&o of removal never comes down below 91.0% (Videl&db Columns: 10-14).

Anions likeSO%, NOy and CQ* marginally affected the % of extraction but Chileriand Fluoride affected the %
of extraction significantly but Phosphates syneicadly maintained at 100% of extraction.

APPLICATIONS

The methodologies developed in the present invagtibiy have been applied to the samples collectedh f
industrial effluents and polluted natural watensl the results are presented in thehe Table No: 51t is inferred
from the Table that the methods developed are safideas more than 90.0% of extraction is observed.

Table No: 5: Applications: Extraction of Aluminum (lll) from Industrial Effluents and Natural polluted Lake Samples using Bio-sorbents
developed in this work

% of Maximum extraction of Aluminum(lll)
Conc. of Withania somnifera
SAMPLES COLLCETED | Al(lll) in the ok Stem Powders Stem Ashes
AT DIFFERENT PLACES | Sample | -eavesPowders(mesh:73  Leaves Ashes (mesh:75 ) pH: 6;120 min
W) pH:6;120min | 46150 ming 2.0 gllit & 15 gllit
:pH:6;150 min& 2.5 g/lit & 2.0 g/lit o ’ '
Alum Industry effluents
1
2 20.0 ppm 95.5% 93.5% 90.5% 93.0%
3 25.0 ppm 93.4% 91.0% 91.4% 92.5%
30.5 ppm 90.5% 95.0% 92.5% 90.5%
Natural polluted Lake
a rfgﬂnnﬁ'seif(fifuxfnhuﬁ”?m?) 10.0 ppm 96.5% 96.5% 96.5% 95.5%
"] 15.0 ppm 97.6% 97.6% 97.5% 96.5%
> 22.5ppm 98.7% 98.0% 98.5% 97.0%
3
CONCLUSION

» Bio-adsorbents from the leaves and stemsMithania somnifera plant have been prepar&teir affinity
towards the removal of Aluminum (Ill) has been istigated with respect to pH, time of equilibratiGorbent
dosage, agitation time, initial concentration ofillinum ions, temperature, and presence of co-isimgjsimulated
waters and by adopting batch methods of extract@ptimum conditions for the maximum removal haverbe
established. The interference of the common co{iwasent in waters on the % of extraction, has lsagtied

e The adsorption process is analyzed with Freundlldmgmuir, Temkin and Dubinin-Radushkevich (D-R)
isotherm models and found the suitability of thendpauir isotherm model indicating the mono-layemiation of
the adsorbate on the adsorbent. The ‘Physisofptatnre of the adsorption process has been irddroem Temkin
and Dubinin-Radushkevich isotherm models and bgutating the mean free energy (E) and heats oftisor|§B)
form the plots of the isotherms.
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» The kinetics of adsorption process has been armhlygimg pseudo first-order, pseudo second-ordehenNend
Morris intraparticle diffusion, Bangham’s pore diion and Elovich equations and found that the radiem
process is well described by the pseudo-second-arddel.

» The endothermic nature of the adsorption is foumthe analysis of the thermodynamic parameters,AS and
AG.

* The methodologies developed are successfully eghpdi industrial sewages and polluted natural wsderples.
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