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2.3. Preparation of Stock Solution energy respectively. The model (3) was fittbg using
regression analysis and significarisecheckedat 5% level

Weighed amounof Nickel (II) Chloride (2.0g)of analytical of significance. The model adequarsydeterminedon the

grade was dissolvein distilled water and made the volumebasisof coefficientof determinantR?).

up to 500¢n? in measuring flasklt was1000ppm solution.

100 ppm stock solution was prepardyy dissolving10 cn® 3. Resultsand Discussion
of 1000ppm solutionin distilled water and made the volume

up to 100 e’ in measuring flask. Further dilutions wereThe adsorptiorof Ni(ll) in aqueous solutions was examined

made from the above mention2d0ppmstock solution. by optimizing various parameters sues contact time,
_ _ shaking speedpH and amounbf adsorbent and adsorbate
2.4. Preparation of Standard Solutions using spectrophotometric technique. The criterion for the

) ) optimization was the selectiorof parameters where
Standard solutionsf 4-20 ppmof nickel (1) were prepared maximum adsorption occurred. All the reported results are

by taking 420 cm3of 100 ppm solutionin separatd00cn™  the averagef at least triplicate measurements.
measuring flasks and made volump to the mark with

distilled water. Six test tubes were labeled, addednb5of 31 Effect of pH on Adsorption Rate
standard solutiorin eachtest tube, then added 100 of

rubeanic acidas complexing agent and 1.@m’ of The removabf nickel from waste wateis highly dependent
ammonium hydroxide to maintain pH almost 8-9,agitated on the pH level of the solution which affects the surface
well, allowed thento stand forl5 minutes, afted5 minutes chargeon the adsorbent and the degmeionization. The
orangeto blue coloured complex was obtained. Then notegdsorption behavioof nickel ions was studieth aqueous
the absorbancef eachsolutionby adjusting the wavelength sojutionsof differentpH values from o 11. The figure 1.1
of spectrophotometeat 540nm and plotted a calibration gng figure 1.2 depicts the plotsf pH versus percent

curve, after running reagent blank solution which contains gjsorptionof Ni (1) and pH versus distribution coefficient
Cm3 of distilled water along with 1@m3 of rubeanic acid (Kd) respective|y_ It was observed that the maximum

and1.0cm’of ammoniumhydroxide. adsorptionof nickel on clay mixture occurredat pH 6.0,
. _ which gradually decreased withn increasein pH. Our
2.5.Batch Adsorption Studies results are alsdn agreement with the results obtained

. . previously for the adsorptioof heavy metals. The decrease
All experiments were carried oat room temperature (35 in adsorptiorof nickel notedat alkalinepH is probably due
Solutions were placedh glassware apparatus and gentlyo the formatiorof hydroxide.

agitatedon an electric shaker. The effeof Contact timg2-
90 minutes), pH(1-11), concentratiard Ni (1) (2-20 ppm), 50
concentratiorof clay (0.05- 0.6 g), resolution speed (25-300 70 \
RPM) and Initial concentratioof different cations (Ng K*, —~ A0
Cd™, Mg™) (2-10 ppm solutionsof each) were investigated £ a0
by varying any oneof the process parameters and keeping E n
the other parameters constant. B \
g 30 ‘
Distribution Coefficient (Ky) and %age adsorption (P%) -
were  calculated according to  the  following 10
equationfreference] 0 .
C,-C. V
Kd _ >0 e % cnitlg 1) 1] 5 ] 15
Ce M pH
100x K
P%="—"C% . :
K. o+ 2) Figure 1.1: Graph betweepH and% Adsorption
d M 1o
Whereas 80
C, = initial concentratiorof Ni(ll) (ug) 80 ﬂ
C. = concentratiorin supernatant after filtration (ug) If';' I\
V = volumeof solution added (cf = ::: |
M = weightof adsorbent (g) 10 < \
30
The Langmuir isothermis representedby the following 20 4 \\
equation: 10 4 LY
C._ 1 G 3) 0 . . .
— = —b +— il g 10 15
@ Qb Q
pH
Where G is the equilibrium concentration (mg/L), & the

amount( p gdsorbedat equilibrium time and Qand b are
Langmuir constants relate the adsorption capacity and
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The adsorption dataf pH were further analyzed with
Langmuir isotherm model. The regression mouefitted

taking dependent variablas equilibrium concentratiorof

nickel and amountof nickel adsorbedas independent
variable keeping amountf nickel, contact time, contact
speed and amounf clayasfixed at 300 ug, 30 minutes, 200
RPM and 0.4y. The variables are transformby dividing G

to ge and G to Q, respectivelyto form the linear relation and
to fit a linear model. The regression model between 0 30 100
equilibrium concentratioof nickel and the amoumf nickel
adsorbeds significant (p<0.05) with F-statistis 42.896. Contact Time (min)

a0

&0 -/,-—— ' '

e

40
20
0

Adzoxption (%)

. - ; 5 .
Table 1 Figure 1.3: Graph between Contact Time and% Adsorption

Coefficient
Model oefficients _ 100
B |Std.Erroff t Sig. 20
Constan| -1.613| .488 | -3.305| .009

c | 5.929| .905 | 6.549| .000 60 1

2 a0

Table 1 shows the significanad individual varia 20
value of regression coefficiens 5.929whichi significamt. 0 . .
(p<0.05) with t-value 6.549. This v

also,i tet §
een sfo J r. ! 0 50 100

urth Time (min)

constant ternof the regressio
On the basiof these result
as,

&z 1.613 5.9 9% fitted through regression
O Q) concentratiafi nickel as
unf nickel adsorbedas
r { \ ) ¢, keeping{amoohmnickel, pH, contact
Table 2 p ¢lay asfixefl at 300 pg, 6.0, 200 RPM
Q | [300 . respectiyely. The Variables are transforimed
b | | -20665 | ! re pectivelyto form the linear
R? e 0&827 i del. The regression model
AdjustedR? 1"& 4 d n (p<0.05) with F-statistiis

The high valuef R? and a ; ik e . e/ constant teohthe regression
that the fitted modeis good

3.2 Effectof Contact Time on Adsorpi L Coemc'enstfd t Sig.
-.296 .033 -8.993 .000

shaking time was studied usiri@ cm® of 10 ppm nickel c 2487 | .094 | 26.471| .000
solution with 0.4 gof mixture of bentonite clay and china

clay at 6.0 pH with varying contact time from 20 90 Onthe basif these results, the forof the fitted models
minutes. The figure 1.3 and 1.4 shows the ptdtgontact as,

time versus percent adsorptiof Ni (II) and contact time Ce & (5)
versus distribution coefficientKy) respectively.lt is seen —= 0.296 2.48
that the percent adsorption increases with shaking time. Qe Q)

Maximum adsorption was observadl 30 minutes, beyond
which there wasno further increasein the adsorption.

Therefore,30 minutes contact time was consideredbe % Table 4 300
sufficient for the adsorptiorof nickel (I) on mixture of b 00113
bentonite clay and china clay and was used for all subsequent u 0' 992
experiments. . 5 '
AdjustedR 0.990

Table 4 presents the information about the parameter
actual model i.e., Langmuir model. The high vahfeR?
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indicates that the fitted modg significant and confirms the

relationship between the variables.

3.3 Effectof Contact Speed

Table 5
Model Coefficients t Sig.
B Std.Error
Constant -.139 .055 -2.533 | .064
[ 1.897 | .236 8.021 | .001

The variation of percent adsorptiorof nickel (Il) with
contact speed was studied usit®yml of 10 ppm nickel (I1)
solution with 0.4 gof clay at 6.0 pH with varying contact @S,
speed oveb0-300 RPM. The plotsof contact speed versus
percent adsorptionof nickel and contact speed versus
distribution coefficien{K¢) are showrin fig 1.5 and fig 1.6
respectively which shows the increasepercent adsorption
dueto increasen contact time with maximum adsorption.

On the basiof these results, the forof the fitted models

Table 6

Q, 300
b -0.0239
R? 0.941

AdjustedR? 0.927

T4
T2

i
TEE
a6
6.4
62

Té
T5E

Adsorp ton ()

3.4Effectof Different Cations

The effectof different cations concentration likda’, K",
Ca™ andMg™, under the optimized conditions was studied.
The plots of concentrationsof different cations versus
rcent adsorptioaf Ni (I1) and distribution coefficientK )

in Figure 1.7 and 1.8 The results show that the
on mixture of bentonite and china clay
what influencedby the cationsin the

154 r : : ,
1] 10 200 300 400

Contact Speed (RPN

Figure 1.5: Graph Between Slihki-ng-srré'é'd—a_r;d_

ce influence the sorptmiNi (1)
these cationén reducing the
ed the order K> Ca™> Na">

dsorptionf\ S
20
£ 70 —W
104 ge &0
103 = | ) .
102 -8 50 f —#—eties]
101 g 40 .
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2 o5 I'd SO | ——Sariesd
96 f T T 1
gi 7 n 2 4 f
+
93 . . . | = Axis Title
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Contact Speed (RPN e Riguf® 1.7.8Faph between Different Cations Concentration
and % Adsorption

Figure 1.6 Graph between Shaking Speed and Distribution
Coffiecient(Kg)

The adsorption datan the basi®f contact speed was further
correlated with Langmuir isotherm model. The regression
model is fitted taking dependent variablas equilibrium
concentrationof nickel and amounbf nickel adsorbedas
independent variable, after transformation, keeping amount
of nickel, Ph, contact time and amouwrfitclay asfixed at 300

Hg, 6.0,30 minutes and 0.4 g respectively. The regression
model is found significant with significant regression
coefficient. The high valuef R? (0.941) also confirm the
relationship between the independent and dependent
variables.

140
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3 &0 —4—Series]

&l —m— Series2

40 Series3

20 Serlesd
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Conceniration of Different Cations

Figure 1.8 Graph between Different Cations Concentration
and Distribution CoefficientK )
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The data obtainelly effectof different cations were further Table 12
analyzed by Langmuir isotherm model. The regression Qo 300
model forNa', K*, Ca™ andMg™ is fitted under optimized b -0.0171
conditionsby transforming variableby dividing G to . and R 0.995
C. to Q, respectivelyto form the linear relation. All the
models were found significant (p<0.05) with F-statiste 3.4.4Mg"" Cation
1.169E4, 656.288, 581.367 and 1.428E4 respectively.
Furthermore the regression coefficients for all regression Table 13
models are significaret 5% level of significant. Model Coefficients t Sig.
B Std.Error
3.4.1 Na+ Cation Constant |-.109 .004 -29.471| .000
c 1.769 |.015 119.516| .000
_—lanle Ce_ 9109 1.765%
o |Coeffici q -
del |B [Std.| t |Sig. e (forMg™)
Co |- |.005| - |.00
c |[1.].017|108.|.00 Table 14
C C Qo 300
q—e: 0.129 1.853= b -0.0306
R + R 1.000
(ForNa) /—\“x AdjustedR? 1.000
Table 8 ‘
Q /300 o N of Clay (Adsorbent)
b2 ;’/ -0.0
R ent (clay) affects the efficierafy
AdjustedR” 1000 7" rameter was optimigeshaking
] 108, cm® of 10%ppm Ni (I)\solution using the optimized
3.4.2 K" Cation / ditions of contact time) contact speed, pH, and the
amountof adsorbgte. The alnounf mixture of bentonite
able 9 and, china claytadsorbentjasvaried from 0.05t0 0.6 g.
Model BCOdﬁICS"tederrOP\\ t esults are .9 and fig. 1.10 that give
- dication that the Valuesf %| adsorption increases with
Constant 221%% '822 2?;%9;& '883 creasing the"amoupf clay upto 0.4 g and then remains
¢ . . : constantup<to 0. 6 g./ These results match with the results

On the basiof these resul

nyis suffigie

as,
c quantitative removaf Ni
~e— 0.203 2_13 U) (1) from thé aqugou ution used.
qe @
20
Table f 25 e
Q 300 &) \J . -
b -0.0164 ‘\\ /f n e OE
R? 0.995 E
AdjustedR? 0.994 — | B
3.4.3Ca"" Cation 2 60
Table 11 = f
Model Unstandardize@oefficients |t Sig. 35 1
B Std.Error s
Constant | -.195 .027 -7.202 | .006 ' ' ' '
c 2.122 .088 24.112 | .000 a 0.2 04 0 0
Amountof Cla
On the basiof these results, the forof the fitted models ¥
as, . -
C C Figure 1.9: Graph between clay concentration and %
—= 0.195 2.122= Adsorption
Qe
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Figure 1.10: Graph between amouaf clay and Distribution
Coefficient(Ky)

3.6 Effectof Amount of Nickel (II) Solution (Adsorbate)

The effectof nickel concentratiomn the orptlon

concentratiorof nickel from 2pp
are showrin figure 1.11 and 1,
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Figure 1.11: Graph between Amo
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Figure 1.12: Graph between Amouwf Nickel and
Distribution Coefficient
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4. Conclusion

Pollution of aquatic environment with toxic value able heavy
metalsis widespread. Consideratioof mode of purifying
these contaminations mube given to strategies that are
designedo high through put methods while keeping cast
minimum. The adsorption technique was found rapid, simple
and selectivén the present study hendecould be used for
removalof Ni(ll) from aqueous water using a mixture (50 :
50) of bentonite and china clasanadsorbent. The effecf
pH, contact time, contact speed, different cations’ (I3,
Ca™, Mg"™), amountof adsorbent and amounf adsorbate
were studied and their results were significant.
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