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ABSTRACT

Adsorbents derived from plant materials Rfosopis Cineraia, Tephrosia purpurea and Justia@dhatoda, have
been explored for their affinity towards Zinc idnem waste waters. Sorption natures of these adsugbhave been
probed with respect to various physicochemical paters and the conditions of extraction for the imann
removal of Zinc from polluted waters, have beennaiged. In many of the sorbents, more than 70%aetitm has
been noted. % removal is found to be more with islseadsorbents, followed by stems powder and $gaawder.
The effect of co-ions on the % of extraction igligd; anions, monovalent cations and many of thaldnt cations
commonly found in natural waters, have margina¢etff The procedures developed have been succgssbplied
to samples collected from industrial effluents aotluted lakes.
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INTRODUCTION

Zinc toxicity is well known and its presence inrking waters more than 5 ppm (1-3) causes healthria due to
the accumulation of Zinc in liver, kidney, pancreas bones of human beings (3). Various indusprétaining to
the manufacture of paints, batteries, electropfatiialvanization, pharmaceuticals and paper, @&enhin source of
zinc contamination besides the contamination ofvgatiue to over utilization of zinc salts in agltcte (4-7).

The control of heavy metal ions in drinking watassng bio-sorbents derived from flora and faunagenls is one
of the major areas of research in pollution contnethods and these methods are evoking hiddenicorbilities
of bio-wastes towards the metal ions either inrtinative state or in the modified forms and thusving to be
alternatives to traditional methods. In this aspeat research group has been actively working suratessfully
developed methods in controlling some pollutingsi§®-14].

Various bio-sorbents prepared bio-materials sucRias husk, Oil Palm, cork powder, Duckweethize stalks,
Neem biomass Moringa oleifera Lam. [horseradish tree] biomad8iomass of Agaricus Bisporugeaves of
Araucaria cookie etc. have been tried by varioesearchers for the extraction of Zinc ions frontiyted waters
and in fact, a good review article is reported baider M. Zwain et. al. (15-34). These methods wag other
have disadvantages and the search for simple regaify and effective method is actively pursueddsearchers.

Our pilot work has indicated that there is affinibetween Zinc ions and bio-materials pertainingPimsopis
Cineraia, Tephrosia purpurea and Justicia adhatqulants. In this work, the effect of various phystoemical
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properties on the extraction of Zinc from pollutedter has been probed and optimized. The methoidslog
developed have been applied to real polluted wsaenple.

EXPERIMENTAL SECTION

(A) CHEMICALS: Analytical grade chemical were used.

» Stock solution of Zinc: 500 ppm of Zinc solution was prepared by dissohéngequisite amount of A.R. grade
Zinc Sulphate in a known volume of double distilldter with the addition of few drops of dil,$0,. It was
suitably dilute as per the need.

 Solution ascorbate, fine granular powder, USP.

» Potassium cyanide solution: 1.0 gm of KCN was disbin 50 ml of distilled water and the resultisglution
was diluted to 100 ml.

 Buffer solution: pH: 9.0: 8.4 gms of NaOH pellets were dissolved in 50@fwvater and then 31 gms o§BiO;
was added to the solution with stirring and theitésy solution was diluted to 1000 ml.

« Zincon reagent: 100 g Zincon (2-carboxy-2f-hydroxy-5’-sulfoforregl benzene) was dissolved in 100 ml of
methanol and the solution was allowed to stan@¥ernight.

* Cyclohexanone was purified

» Hydrochloric acid, HCI, conc. and 1N.

« Sodium hydroxide, NaOH, 6N and 1N.

(B) ADSORBENTS: The bio-materials oProsopis Cineraia, Tephrosia purpurea and Justiaihatoda plants
have been found to have affinity towards Zinc ions.

A
ket X ] ok . { )
rosopis Cineraria B: Tephrosia purpurea C: Justicia adhatoda

Fig No. 1: Plants showing affinity towards Zincions

A:

Prosopis Cinerariaare a species of flowering tree in the pea fankibhaceae. It is native to arid portions of South
Asia. It is a versatile species, providing foddeel, timber and shade besides affecting the sgirovement and
sand dune stabilization. It is commonly used in ldryd agro forestry in India. It is also used ie reparation of
some skin ointments

Tephrosia purpurea isn erect, spreading and short-lived perenniab lygows up to 40-80 cm. It belongs to
Fabaceae family. It grows in tropical regions ambissesses medicinal and laxative properties.

Justicia adhatodds an herbal plant blossoms in cold season andillsdc Vaidyamata Singhee in Sanskrit. It
belongs Acanthaceae family and grows wild in abucdall over India

Sorbent Preparation: The leaves or stems of the plants were cut fyeslashed with tap water, then with distilled
water and then sun driedfhe dried materials were powdered to a fine mesizgf. <75 microns and activated at
105’ C in an oven and then employed in this study.Heaurtthe stems of the said plants were burnt tesasheshed
and also used in this work.

C: ADSORPTION EXPERIMENT:

Batch system of extraction procedure was adopteg8g4nd 37].Carefully weighted quantities of adsorbents were
taken into previously washed one lit/500 ml stoppettles containing 500ml|/250ml of Zinc ions sabuti of
predetermined concentrations. The various infildlvalues of the suspensions were adjusted witki@llor dil.
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NaOH solution using pH meter. The samples werk&eshaigorously in mechanical shakers and were @tbte be
in equilibrium for the desired time. After the elifuiation period, an aliquot of the sample was tgKdtered and
was analyzed for Zinc ions spectrophotometricaly (

Estimation: To an aliquot of the sample in volumetric flak; @ sodium ascorbate, 5 ml of buffer solution, 2ol
KCN solution and 3.0 ml of Zincon solution were addn sequence with thorough mixing after eachtamdiThen

1 ml of Cyclohexanone was added with shaking ared gblution was allowed to stand for one minute. The
developed color absorbance was measured agaimt atamax = 620 nm using UV-Visible Spectrophotometer
(Systronics make). (3). The obtained O.D value dorknown solution was referred to standard graptawd
between O.D and Concentration) prepared with knamounts Zinc solution by adopting method of LeapiéBes

to find concentration of Zinc in unknown solutions

The effects of various physicochemical parametect gs pH, time of equilibration and dosage of duolat on the
extraction of Zinc have been studied and the obthiresults have been presented in the Graph Na-9A:B: 1-3
and C: 1-3.

(D) EFFECT OF OTHER IONS(INTERFERING IONS):

The effect of co-ions commonly found in natunadters viz. Sulphate, Fluoride, Chloride, Nitra®nosphate,
Carbonate, Na K*, C&*, Mg?*, F&*, Mn?*, C/¥*, Ni*" and AP* on the % of extraction , has been assessed by
studying the extraction Zinc from the synthetictomes prepared by keeping the concentration ofari five fold
excess than the Zinc ioas noted in the Table: 1. These synthetic sailatiwere taken in stopper bottles and then
subjected to extraction of Zinc at optimum pH, iération time and sorbent dosage as decided byGtaph Nos
A:1-9; B:1-3 and C:1-3 and the obtained resultsehaeen presented in the Table: 1.

(E)APPLICATIONS OF THE DEVELOPED BIO-SORBENTS:

The success of these new procedures have beeth bgségplying these extraction procedures to treg iredustrial

sewage samples collected from the industries reltdebattery, electroplating and pharmaceuticalsaimd around
Hyderabad and also from Lakes polluted with Zine du over-utilization of Zinc salts in agriculturarocedures
in the Bapatla area of Guntur District of Andhradelesh. The obtained resulted have been given ifidbke. 2.

RESULTSAND DISCUSSION

The affinity of Zinc ions towards the adsorbentstgiaing toProsopis Cineraia, Tephrosia purpurea and Justicia
adhatoda plants have been studied at varying patarseand the results have been presented in th@tGNDs.
A:1-9; B:1-3 and C: 1-3. The significant observatsoare:

1.Time of equilibration: As the time allowed for the equilibration betwebe sorbent and the sample solution at a
fixed pH and sorbent dosage increases, % removdinaf also increases until a certain time interaatl then
onwards, % of extraction remains constant. The salnservations have been noted with all the sorbanmtised in
this work (vide Graph Nos.A:1-9).

As for example, with powders of leaves fosopis Cineraia, % of extraction _of Zinc iored pH :6 has been
found to be 12.5% at 0.25 hrs, 13.5% at 0.5 hrs2%6at 0.75 hrs, 43.5% 1.0 hrs, 53.0% at 1.25 685% at 1.5
hrs, 60.1% at 1.75 hrs, 62.1 % at 2.0 hrs, 70.092.26 hrs and above (vide Graph No. A: 1). Simylavith, the
adsorbents derived from the leaves of Tephrosipurea plant, % of removal at pH: 4 is foundite : 13% at
0.25 hrs, 35.8% at 0.5 hrs, 40.5% at 0.75 hrs, 49d@ 1.0 hr, 54.9% at 1.25 hrs, 63.4% at 1.5 h&s866 at 1.75
hrs, 68.9% at 2.0 hrs, 73.2% at 2.25 hrs and alb@ide Graph No. A: 2). The same trend is observecase of
leaves powders of Justicia adhatoda plants at gHwith the maximum Zinc extractability of 62.3% at
equilibration time 2.0 hrs or above.(vide Graph Mao3)

Similar trend of sorption has been observed with sorbent derived from the stems of Prosopiei@ia with
76.5% maximum removal of Zinc at 2.0 hrs of equatibn time, at pH: 6 and with the sorbent dosajfe 6.0
g/lit.(vide Graph No. A:4). With the stems powdeilephrosia purpurea, 70.2% of maximum extractib@.0 hrs
of equilibration time, at pH: 4 and with the sorb@losage of 5.0g/lit (vide Graph No.A:5). Witamts powder of
Justicia adhatodaplant, 82% of removal of Zinc mfte equilibration period of 1.75 hrs at pH: 4 amdth sorbent
concentration of 5.0 g/lit have been observed.g@daph No. A: 6).
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With the ashes of stems of Prosopis Cineraia, Tagarpurpurea and Justicia adhatodaplants, the roptn
equilibration time have been found to be 1.25with the mamimum extraction of 74.5% at pH: 6 PFopsopis
Cineraia, 75.0% at pH: 4 for Tephrosia purpureada85.0% for Justicia adhatodaplants , Vide Grajh A: 7-
9.

It may be inferred from the data that the optimumet of equilibrationfor the maximum removal of Zinc ions
from the waters is of the order: leaves powderemst powders > ashes of stems for the said thregspleor the
sorbents derived fromrosopis Cineraia plant, the optimum time has bieemd to be 2.25 hrs for leaves powders,
2.0hrs for stem powders and 1.25 hrs for stems dshthe case of sorbents pertaining to Tephrgsigourea, 2.25
hrs for leaves powders, 2.0 hrs for stems powded h25 hrs for ashes of stems. For Justicia atoltia plant
sorbents, 2.0 hrs for leaves powder, 1.75 hrsfems powder and 1.25 hrs for ashes of stems.

2.Effect of pH: The extractions are pH sensitive. Sorption nataefeen studied in the pH range: 2 to 7. At pH:
6, the maximum removal has been observed (at ala@dard conditions of extraction), for the sorbeterived
from Prosopis Cineraia plant materials. The optimum p&$ theen found to be 4 in the case of sorbentsiparta

to Tephrosia purpurea and Justicia adhatoda plantsiéGraph No. B: 1-3).

The maximum extractability in the case of sorb@ftBrosopis Cineraia is found to be: 6.7% at pH2Z,5% at
pH:3, 45.0% at pH:4, 60.5% at pH:5, 70.0% at pH:6da65.5% at pH:7 for leaves powde&%, 49.8%, 62.0%,
68.0%, 76.5%, 64.5% for stempswder; and 12.0% at pH:2, 55.0% at pH:3, 65.0%Hit4, 74.5% at pH:5, 80.0%
at pH:6, and 74.0%at pH:7 with the stems ashespther optimum conditions of extraction. Witlephrosia
purpurea plant materials, the % of maximum extoacis found to be 12.2% at pH: 2, 52.5% at pH:32%3at
pH:4, 68.9% at pH:5, 60.5% at pH:6 and 58.2% at/phith the leaves powder; 4.0% at pH: 2, , 52.0%/#4t 3,
70.2% at pH:4, 65.1% at pH: 5, 54.7% at pH: 6 80d% at pH: 7 with thetems powder;and 13.0% at pH:2 ,
54.5% at pH:3, 75.0% at pH: 4, 65.5% at pH:5, 8a8 pH: 6 and 54.2% at pH: 7 with stems ashethdrtase of
Justicia adhatoda plant, the maximum removal is\tbto be2.1% at pH: 2, 50.2% at pH: 3, 62.3% at pH: 4, %.2
at pH: 5, 46.4% at pH: 6 and 40.3% at pH: 7; 1089H: 2, 49.0% at pH: 3, 82.0% at pH: 4, 73.4%l4dt 5,
67.1% at pH: 6 and 60.4% at pH: 7 for stems powaled; 15.0% at pH: 2, 54.5% at pH: 3, 85.0% at pH445% at
pH: 5, 65.4% at pH: 6 and 57.4% at pH: 7 for stests

3.Sorbent dosage The optimum sorbent dose for the maximum remofdimc from waters is of the order: leaves
powder < stems powders < ashes of stems for aplatiplant (vide Graph: C: 1-3). FBrosopis Cineraia plant
the dosages is found to be: 9 gm/lit for leaves w6 gms/lit for stems powder and 4 gm/lit fohes

In the case of Tephrosia purpurea platite optimum concentration have been found to .beg&/lit for leaves
powder, 5 gms/lit for stems powder and 4 gms/lit éshes of stems while withusticia adhatodgplant, the
optimum concentration is found to be 7.0gm/lit, §®@/lit and 4.0 gms/lit for leaves powder, stemsvger and
ashes of stems respectively.

4.Interfering lons:  Common anions such as Sulphate, Fluoride, ChloNiteate, Phosphate and Carbonate have
marginal effect on the % of extraction of Zinc sofiom waters even when they present in Fivefolckss (vide
Table 1). Common Cations like K C&*, Mg*, Fé*& Mn?" have also not effected the % of extraction of Zots

at the standard conditions of extractions as ditethe Table 1. However, Gliand Nf* have interfered to some
extent while A" interfered markedly (vide Table No. 1)
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Leaves powder of Prosopis Cineraia
Conc. of Zinc ions: 50.0 ppm
80 - Sorbent Conc. : 10.0 gm/Iit

=4—pH:2
== pH:3
==fe=pH:4
=3=pH:5
==ie=pH:6
=0—pH:7

% removal of Zinc ions

0 025 05 075 1 125 15 175 2 225 25 275 3 3.25 35

Timein hrs
Time Vs % or removal of Zinc ions

Graph No.A: 1

Leaves powder of Tephrosia purpurea
Conc. of Zinc ions; 50.0 ppm

70 1 Sorbent Concentration: 9.0 gm/Iit

% removal of Zinc ions

0 0.25 05 0.75 1 125 15 175 2 225 25 275 3

Time in hrs
Time Vs % of removal of Zinc ions

Graph No. A:2
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Leaves Powder of Justicia adhatoda
Conc. of Zincions: 50.0 ppm
Sorbent Concentration: 8.0 gm/Iit

=¢—pH:2
=fi=pH:3
w=fe=pH:4
=>é=pH:5
=H=pH:6
=@=pH:7

% of removal of Zinc ions

0O 025 05 075 1 125 15 175 2 225 25 275 3 325 35
Timein hrs
Time Vs % of removal of Zinc ions

Graph No. A: 3

Stem powder of Prosopis Cineraia
Conc. of Zinc ions: 50.0 ppm

%0 1 Sorbent Concentration: 8.0 gm/lit

[}
o
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&
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= == pH:
3 ~—pH:3
E = pH:4
; e=é=pH:5
)
=ie=pH:6
=@=pH:7

0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5

Timein hrs
Time Vs % of removal of Zinc ions

Graph No. A:4
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Stem powder of Tephrosia purpurea
Conc. of Zinc ions: 50.0 ppm

80 . .
Sorbent Concentration: 6.0 gm/lit
» 60
c
k=l
2 50 ——
S =—@—pH:2
[T
T: 40 ~f—pH:3
3 ==fr=pH:4
g 30 ==3=pH:5
X 20 =ie=pH:6
=0=pH:7
10
0 T T T T T T T T T T 1
025 05 0.75 1 125 15 175 2 225 25 3
Time in hrs
Time Vs % of removal of Zinc ions
Graph No. A:5
Stem powder of Justicia adhatoda
Conc. of Zinc ions: 50.0 ppm
Sorbent Concentration: 5 gms/lit
90 -
i & & A
@ MK
2 *—o—o—o
f=
..':." g ——pH:2
= == pH:3
3 = pH:4
5 —>4=pH:5
N ==ie=pH:6
=0 pH:7
¢ > < >
0 T T T T T T T T T T T 1
0 025 05 075 1 125 15 175 2 225 25 275 3
Time in hrs
Time Vs % Removal of Zinc ions
Graph No. A: 6
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Stem Ash of Prosopis Cineraia
Concentration of Zinc ions; 50.0 ppm

90 Sorbent Concentration: 6.0 gms/lit

80 - S S

70 -
e
2 60 -
=
N 50 - ——DpH:2
o
Tg a0 - —I—pH:3
g w=fe=pH:4
230 - e=>6=pH:5
X

20 A

—

10 ¢

0 T T T T T 1
0 0.25 0.5 0.75 1 1.25 1.5 1.75 2 2.25 2.5
Time in hrs
Time Vs % removal of Zinc ions
Fig. No. A: 7
Stem ash of Tephrosia purpurea
Concentration of zincions; 50.0 ppm
80 - Sorbent Concentration: 5.0 gms/lit
75 75 75 75 75 75 A
70 9—pH:2
260 DR VS S VI VR VR -l
2 @ @ @ @ @ @ e pH:4
£50 «=>é=pH:5
N
';_540 =ie=pH:6
3 =@=pH:7
£30
g
x20
10 & & & & & &
0 T T T T T T T T T T T T 1
0 025 05 075 1 125 15 175 2 225 25 3 325 35
Time in hrs
Time Vs % removal of Zinc ions
Fig. No. A: 8
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Stem ash of Justicia adhatoda
100 - Concentration of Zinc ions; 50.0 ppm
90 - Sorbent Concentration: 4.0 gm/lit
4 4 4 4 4 4 A
2
i) e e e e e e 7
9
f=
. ..
= =fi—pH:3
3 e pH:4
g == pH:5
X ==je=pH:6
=@—pH:7
4 4 4 4 4 4 L
0 T T T T T T T T T T T T 1
0 0.25 0.5 0.75 1 125 15 1.75 2 225 25 3 3.25 35
Time in hrs
Time Vs % removal of Zinc ions
Fig. No.A: 9
80 - . . .
Concentration of Zinc ions: 50 ppm
g =—9—Leaves powder of Prosopis
o Cineraia : at time of
-E, equilibration: 2.25 hrs &
k] sorbent dosage: 9 gms/lit
©
3 == eaves powder of Tephrosia
g purpurea: at time of
..E equilibration:2.0 hrs & sorbent
] dosage: 8 gms/lit

= Leaves powder of Justicia
adhatoda:at time of

T T T T 1

3 4 5 6 7

pH Vs % of removal of Zinc ion
Graph No. B:1

equilibration:2.25 hrs &
sorbent dosage: 7 gms/lit
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Concentration of Zinc ions: 50 ppm

90 -
80
70 -
g
260 - =¢=Stems powder of Prosopis
E Cineraia:at time of
%‘50 7 equilibration:2 hrs &
= sorbent dosage: 6 gms/lit
40
o
°E"30
;e —f—Stems powder of
20 Tephrosia purpurea: at
time of equilibration: 1.75
10 - hrs & sorbent dosage: 5
gms/lit
0 T T T 1
2 4 5 6 7
pH
pH Vs % removal of Zinc ions
Graph No. B: 2
Concentration of Zinc ions: 50.0 ppm
90 -
80 =@==Stems ash of Prosopis Cineraia
g 70 - :at time of equilibration:
o
S 1.25hrs & sorbent dosage: 4
S 60 - gms/lit
6 50 -
= —fli—Stems ash of Tephrosia
3 40 - purpurea: at time of
E, 30 - equilibration: 1.25 hrs &
s sorbent dosage: 4 gms/lit
° 20 A
10 ¥ Stems ash of Justicia adhatoda
:at time of equilibration: 1.25
0 . T T T 1 hrs & sorbent dosage: 4 gms/lit

3 4 5 6 7

pH Vs % of removal of Zinc ions
Graph No. B:3
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80 Concentration of Zinc ions: 50 ppm
70
60
g
0
Q 50 =@==_eaves powder of Prosopis
N Cineraia: at pH:6,time of
“_5 40 equilibration:2.25 hrs, Sorbent
Y dosage: 9 gms/lit
3 == Leaves pO\%/de{of Tephrosia
g 30 purpurea: at pH:4, time of
N equilibration:2.0 hrs, Sorbent
20 dosage: 8 gms/lit
==fe=Leaves pO\%/de{ of Justicia
adhatoda: at pH: 4, time of
10 equilibration: at 2.25 hrs,
Sorbent dosage: 7.0 gms/lit
0 T T T T T T T T T T T 1
34 5 PBosaghignf O 10 11 12 13 14
Sorbent Concentration Vs % Removal of Zinc ion
Graph No. C:1
% Concentration of Zinc ions: 50 ppm
80
w 70
c
-g 60 =4--Stems powder of Prosopis
.E‘ Cineraia :at pH:6,time of
s 50 equilibration:2 hrs, sorbent
Tg 40 dosage: 6 gms/lit
°
qE, 30 =fi—Stems powder of Tephrosia
§ purpurea: at pH:4, time of

20
10

equilibration: 1.75 hrs, Sorbent
dosage: 5 gms/lit

3 4 5 6 7 8 9 10 11 12 13 14
Dosage: gm/lit
Concentration of Adsorbent Vs % removal

Graph No. C: 2
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% removal of Zinc ions

Concentration of Zinc ions: 50.0 ppm

90 -
80 -
70 -
60 - s .
== Ash of Stems of Prosopis Cineraia: at
50 - pH:6 and time of equilibration: at 1.25
hrs
40 -
== Ash of Stems of Tephrosia purpurea: at
30 ~ pH:4 and time of equilibration:1.25 hrs
20 A
Ash of Stems of Justicia adhatoda: at pH:
10 4 and time of equilibration: at 1.25 hrs
0 'V T T T T T T 1

3 4 5 6 7 8
Dosage :gms/lit

Concentration of Adsorbent Vs % removal of Zinc ions

Graph No. C:3

Table:1: Effect of interfering lonson the Extractability of Zincions with different Bio-sor bents

Adsorbent and

Maximum

% Extractability of Zinc in presence of fivefold excess of (500 ppm)

S.No its Extractability at interfering ions at optimum conditions: Conc of Zinc: 50 ppm

concentration optimum conditions | SO | PO | ¢ | cos | F K* | ca | Mg | F&" | Mn* | cu® | Ni* | AP
Leaves powder| 70.0%; pH: 6
of Agitation time: 2.25

1 Prosopis hrs: 67.5 68.5 69.0 68.5 67.9 689 66/5 660 68.0 67.01.04 63.0( 60.0
Cineraia sorbent conc.: 9.0 g/l
cS)ftems powder| 76.5%: pH:6

2 P ! Agitation time: 2.0 hrs;| 73.0 74.0 735 715 72. 720 715 7015 785 783.55.06 655| 635
rosopis sorbent conc.: 6.0 g/l
Cineraia
Stems ash of 80.0%; pH:6

3 | prosoms potation time: 125|775 | 785| 765 775 750 74D 730 745 765 750856 69.0| 640

Sorbent conc.:4.0 g/l

Leaves powder| 62.3%;pH:4;

4 'Io'fephrosia ﬁf’s'_‘a“on ime:2.251 6540 | 10| 595 600/ 590 585 580 560 585 585254 535| 50.0
purpurea Sorbent conc.: 8.0 g/l
ﬁf‘ems powder| 76 54y, pH:4

5 Teohrosia Agitation time: 2.0 hrs;| 66.8 67.6 68.0 69.0 66. 680 675 6810 66.5 67.51.04 605 59.0
€n Sorbent conc.:5.0 g/l
purpurea

o -

stemsash of | e 125

6 Tephrosia hlgs' o 73.0 74.0 71.0 725 73. 716 735 72|15 78.5 715356 625| 60.0
purpurea Sorbent Conc..: 4.0 g/l
Ia;aaves powder| 73.2%: pH: 4

7 Justicia Agitation time: 2.0hrs; [ 71.5 70.5 70.0 72.0 72. 710 705 695 68.9 68.51.04 60.0| 59.0
adhatoda Sorbent Conc.: 7.0 g/l
Stems powder| 82.0%; pH:4

8 S’Lgida ponation time: 1751 goo | 8L0 | 805 799 794 789 785 775 7p5 755954 685| 640
adhatoda Sorbent Conc.: 5.0 g/l

o H-

Stems ash of is.i?aﬁé)rEH't?me' 1.25

9 Justicia hlgs' T 84.0 835 825 83.0 82. 7965 785 8010 8lL.5 82.50.07 65.0| 623
adhatoda Sorbent Conc.: 4.0 g/l
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sor bents developed in thiswork

Table 2: % of Extractability of Zinc from real samples collected from natural lakes and different industrial effluentsusing the Bio-

% of Extractability of Methylene Blue
NATURAL LAKES INDUSTIRAL EFFLUENTS
Sl Sample 1: Sample 2: Sample 3: Sample 4: Sample5:
No. BIO-SORBENTS (contains (contains (contains (contains (contains
76.5 ppm of 40.2 ppm of 110.0 ppm of 125.0 ppm of 108.0 ppm of
Zinc) Zinc) Zinc) Zinc) Zinc)
1 Lga\{es powder ofProsopis Cmer.fsua :at pH:6; Equilibration 68.0% 67.0% 66.0% 65.5%6 67.5%
time: 2.25 hrs and sorbent conc.: 9.0 g/l
Stems powder of Prosopis Cineraia : at pH:6; Equilibration o
2 time: 2.0 hrs and sorbent conc.: 6.0 g/l 700% 69.9%6 7116 70.56 68.9%
3 S_tems ash of Prosopis Cmerz.ua :at pH:6; Equilibration 75.5% 76.06 74.06 73.96 74.56
time: 1.25 hrs and sorbent conc.: 4.0 gms/I
Leaves powder ofephrosia purpurea :at pH:4; Equilibration
4 time: 2.25 hrs and sorbent conc.: 9.0 gm/lit 60.96 61.0% 59.7% 60.0% 59.0%
Stems powder of Tephrosia purpurea :at pH:4; Equilibration
5 time: 2.0 hrs and sorbent conc.: 5.0 g/| 69.0% 68.5%6 67.8%6 68.0% 67.0%
Stems ash of Tephrosia purpurea: 0 o
6 at pH:4; Equilibration time:1.25 hr and sorbentcod.0 g/l 73.006 72 70.0% 71.06 70.5%6
Leaves powder oflusticia adhatoda plant :at pH:4; o
7 Equilibration time:2.0 hr and sorbent conc.: §0 72.06 68.56 67.06 70.0% 7106
Stems powder ofJusticia adhatoda plant :at pH:4;
8 equilibration time: 1.75 hrs and sorbent conc.:dl0 .06 78.56 76.56 70.06 7126
Stems ash ofJusticia adhatoda plant at pH:4; equilibration
9 time: 1.25 hrs and sorbent concentration: 4.0 g/l 80.0% 82.5%6 79.06 78.06 76.5%6

With the data available in this work, it is not pilide to propose theoretical basis for each obsiervas further
study of morphology of the sorbents before andrafteption of the adsorbate on the adsorbent, ésled using
such modern instruments like XPS, FTIR, SEM and HigSides the information obtained from the classica
methods of analysis, which is beyond the scopédisfwork. However, a rough understanding may dreceived
based on the nature of the functional groups pteékerplant materials.

The plant materials have potential —-OH/-COOH groams are exchanged with Zras per the equations:

Adsorbent surface-COOH + Zn == Adsorbent Surface -CO@n + 2H
Adsorbent surface-OH + Zh =— Adsorbent Surface@n + 2H

These exchanges are pH dependent and the exchiAigé to the sorbent is less favored with the decre&gio
However, in basic solutions, Zinc exists as Zincateanion, which has less affinity towards theatiegly charged
surface of the adsorbent. Hence, the optimum giusd to be ‘6’ for sorbent based on the Prosopieia plant
and ‘4’ for the sorbents pertaining to Tephrosigopwea and Justicia adhatoda plants.

The decrease in the rate of adsorption with thgness in the equilibration time may be due to tleeravailability
of adsorption sites initially and are progressivesed up with time due to the formation of adsaddin on the
sites of adsorbent and thus resulting in decrgasapability of the adsorbent.

The observations with respect to the interferingsiare as per the expected lines. Anions havingtivegcharge
have no affinity towards the adsorbents as theiiase is charged negatively at pH: 4 (for Tephrgrigoureaand
Justicia adhatoda plant materials) or 6 (for Peesscineraia plant material). Monovalent cationsl ativalent
cations like C&, Mg®, F&' & Mn?" having less cation exchanging ability th@m** ions, show marginal
interference at the optimum conditions of extratis cited in the Table 1 while Trivalent catiéh®* and other
divalent ions like Cti and Nf* possessing more cation-exchange ability than et have interfered.

4: APPLICATIONS
The methods developed in this work have been appiighe samples of water collected from pollutedke. and
effluents of industries and the results observea teeen presented in Table 2.

% removal of Zinc has been found to be in the raofgé5.5% to 68.0% for leaves powders, 68.9% td %lfor
stems powder and 73.5 to 76.0% for ashes of stémPBrowsopis Cineraia plant (vide Table 2: S| No. 1-39.0%
to 61.0% for leaves powders, 67.0% to 69.0% witmst powder and 70.5 % to 73.0% with ashes of st&fms
Tephrosia purpurea plant (vide Table 2: SI No. 4%J.0% to 72.0% with leaves powder, 70.0% to 78.5%h w
stems powder and 76.5% to 82.5% with the asheteofssofJusticia adhatoda plant (vide Table No. 2: SI N®)7
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CONCLUSION

Plant materials oProsopis Cineraia, Tephrosia purpurea and Justiagthatoda planthiave been probed for their
extraction ability towards Zinc ions from simulategublluted waters by changing gradually the various
physicochemical parameters such as pH, sorbeneatmation and time of equilibration.

The adsorbents have shown pH dependent sorptidityabBihe optimum pH has been found to be ‘6’ ftuet
adsorbents based dProsopis Cineraia and ‘4’ for the adsorbents basmu Tephrosia purpurea and Justicia
adhatodaplants.

The sorbent concentration and time of equilibratiame been found to be in the ordeaves > barks > Ashes for a
particular plant. So also is the % of extractioor fa particular plant, the % removal of Zinc iorssmore for ashes,
followed by stems powder and leave powder.

With plant materials oProsopis Cineraia as adsorbents, at optimum pHh6,maximum extraction has been found
to 70.0%for leaves powdewith agitation time of 2.25 hrs and at sorbentagsof 9.0 g/176.5%for stems powder
with agitation time of 2.0 hrs and at sorbent desafj6.0 g/l; and0.0%for ashes of stemaith agitation time of
1.25 hrs and at the sorbent conc.: 4.0 g/l

At the optimum pH: 4, the maximum extraction isitbto be: 62.3% with leaves powdeof Tephrosia purpureat
optimum agitation time: 2.25 hrs and at optimumbsat conc.: 8.0 g/l170.2% with the powders of stemat
optimum agitation time: 2.0 hrs and at sorbent cét® g/l; 75.0% for ashes of stemat optimum agitation time:
1.25 hrs and at sorbent conc. of 4.0 g/l.

With the plant materials of Justicia adhatoda as@tbents, the maximum extraction is found to b2%3or leaves
powderat optimum conditions of extraction: pH: 4, agaattime: 2.0 hrs and sorbent dosage: 7.0 @Rt0%for
stems powdeat pH: 4, agitation time: 1.75 hrs and sorbentccoB.0 g/l; and5.0%for ashes of stemat pH: 4,
agitation time: 1.25 hrs and sorbent conc. 4.0 g/l.

% removal has been marginally affected by aniomsrmaonly found in waters such as. Sulphate, Fluof@idoride,
Nitrate, Phosphate and Carbonabléonovalent cations and divalent cations such &%, G4g**, F€*and Mrf* have
not shown interference with the extraction of Zint cations like Ctf and Nf* and trivalent Al*interfered.

The procedures developed have been successfullieddp remove Zinc ions from the samples collediexn
industrial effluents and polluted lakes as giveifable: 2.
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