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The Use of Testa of Groundnut Shell
(Arachis hypogeajor the Adsorption of Ni(ll)
from the Aqueous System

MOHAMMAD AJMAL, R. A. K. RAO, JAMEEL AHMAD AND RAIS AHMAD*

This paper presents the use of testa of groundnut shell for the removal of nickel from dilute
aqueous solutions at laboratory scale. The adsorption isotherm of Ni(ll) on the testa of
groundnut shell was carried out by the batch adsorption process. Various parameters such
as initial concentration, pH and amount of the adsorbent doses were studied. The experimen-
tal adsorption data obtained followed both Langmuir as well as Freundlich isotherms. Maxi-
mum adsorption (85%) was observed at pH 6. The monolayer adsorption capacity was found
to be 18.79 mg/g, which is greater than most of the low-cost adsorbents reported.
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Introduction thoroughly with double distilled water to remove adhered
Wastewat taini ickel. oridinat . i particles from the surface and finally dried in an air oven at 100-
astewater containing Nickel, onginates primarily  gge tor 24 h, After drying, the adsorbent was sieved through
from metal industries, particularly during plating operations. .
L 150 mesh size and used as such.

Occurence of dermatitis in some workers engaged in
electroplating, polishing paints and pigments may be attributeddsorbate solution
to nickel poisoning. To curtail metal pollution problems, many ) _
processes have been developed for the treatment and disposal Al the chemicals used were of analytical grade. Stock
of metal containing wastes including chemical precipitation oftickel nitrate and potassium dichromate solution containing
metals usually by lime setting of the metal precipitates in 4000 mg/L of the metal were prepared in distilled water. All the
pond. The other processes generally used include ioforking solutions were prepared by diluting the stock solution
exchange, reverse osmosis, in flotation and evaporation etith distilled water.
The major shortcomings of the conventional treatment are |O\Kd : .

. . . sorption studies
efficiency at low concentration of heavy metals, expensive
handling and safe disposal of toxic sludge. Batch adsorption experiments were carried out at room
temperature 30£C. Known volume of the Nickel solution (50

The need of economical, effective and safe methods

f . . . mL) of known initial concentration was treated with a specified
or removing heavy metals from wastewater has resulted in the

search for unconventional materials that may be useful i nown weight (m) of .groundnut shell and the sQIut|on was
reducing the levels or accumulation of heavy metals in th eptin stpppered gonlcal flask. Afterthe contacttime of 24 h,
environment. Removal of metals by low cost and easily availab e solution was f|_|tered and th(_a filrate was subsequently
materials like sawdust fly-asHruit peel of orange kyanité, analyzed for metal ion concentration by AAS model GBC 902

baker's yead bagasse fly aghgoethité and sewage sludge using air- acetylene flame, and then removal by adsorbent was
has been studied recently. The testa of groundnut shell galculated. The similar estimation was also carried out at various

economical and low cost material, was obtained from the loc&H: temperature and dosages. The percentage removal of nickel
area and was found to have great potential to adsorb nick@ld the amount of nickel adsorbed per unit mass of adsorbent

from aqueous solutions. were calculated by using the following relationship.
Methodology % removal of nickel = Ci— Ce/Ci*100 ———(1)
Preparation of adsorbent ge=(Ci—Ce/m)*V —(2

The groundnut shell was used for the removal of Ni(Il)The adsorption data were analyzed by employing the
from aqueous solution. It was dried, crushed and washddeundlich and Langmuir isotherms.
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Result and disscusion increased and reaches to 4 mg/g at pH 8. The similar results

. have also been observed on flyash
Effect of concentration

. .. Effect of doses
The effect of concentration on the adsorption is

shown inFig.1. It has been observed that the adsorption The adsorption capacity (mg/g) and percentage
capacity of Ni (Il) increased from 0.68 mg/g to 9.7 mg/g, whereaadsorption of Ni(ll) at different doses of groundnut shell is
the % adsorption increased from 68% to 97%, as thehown inFig. 3. The percentage of adsorption increased as

concentration increased from 10 to 100 ppm. the adsorbent dose is increased. It may be concluded that by
12 120 increasing the adsorbent dose, the efficiency of groundnut
— shell increases, while adsorption density decreases with

10+ | _a_o, Ads + 100 increase in adsorbent dose. The decrease in adsorption density
may be due to the fact that some adsorption sites may have

81 T80 remained unsaturated during the adsorption process, whereas

the number of sites for adsorption increased by increasing the
adsorbent doses, and that resulted in the increase of removal

,
}
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o
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Fig.1: Effect of concentration S 501 20 8
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The effect of pH on the adsorption of Ni(ll) on Time=2h | 100§
groundnut shells was studied at room temperature by varyil 20T ‘fg“‘:: Somalt <
the pH of nickel solution- groundnut shell suspension fron| 107 T
pH 1 to 8. The pH of the aqueous solution is an importar 0 0
controlling parameter in the adsorption process and thus t 61 02 04 06 08 1 2
role of hydrogen ion concentration was examined in the solutid doses (g)

at different pH. The plot of metal adsorption capacity (mg/g) Fig.3: Effect of doses

as well as % adsorption versus pH is showkign2. From the Adsorption isotherms

figure, it is observed that adsorption of nickel varies with pH

and hence nickel adsorption on groundnut shell is highly pH The adsorption data has been analyzed in the light of
dependent. With increase in pH, the extent of adsorptiohangmuir and Freundlich adsorption models. The Langmuir
increases and reaches to maximum value 4.5 mg/g (85%) at @quation may be described as

6. However, the adsorption capacity decreases, if pH is further

1.1, 1.1
° ; %0 X "0 Ce 0%
45+ | mdg +
4t —e— % Ads %0 . i .
T70 Where x/m is metal uptake per unit weight of
357 + 60 adsorbent, Ce is the equilibrium concentration of metal (gL

(g° and b are Langmuir constants relating to adsorption capacity
and adsorption energy respectively. The Langmuir isotherm is
valid for monolayer adsorption onto the surface of the

adsorbent containing a finite number of identical sites. The

T 50

T 40

% Adsorption

Temp =30+1°C
Time=2h

T 30

Adsorption capacity (mg/g)
N
3

14 Dose=05g |20 plot of 1/x/m against 1/Ce gives straight |{f#ég. 4), showing
Conc = 50 mg/L . . e .
0.5 T10 the applicability of Langmuir isotherm. The values of Langmuir
0 0 constants and regression coefficient) (Rave been reported
1 2 4 6 8 in Table 1 at different temperatures. The essential features of
pH the Langmuir isotherm can be expressed in terms of a
Fig. 2: Effect of pH dimensionless constant separation factor or equilibrium
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Table 1 :Langmuir and Freundlich constants at different temperatures

Fig.4: Langmuir Isotherms

Temperature Langmuir Constants Freundlich Constants
0°C Qo (Mg/g) R Kt R? 1/n
30 18.79 0.9927 12 0.9927 0.23
40 7.46 0.9797 14 0.9863 0.27
50 2.69 0.9996 21 0.9955 031
25 n are Freundlich constants. The linear plot of log x/m vs log Ce
30 y = 0.9726x + 0.0532 indicates that adsorption of Ni(ll) also follows Freundlich
) RE = 0.9809 isotherm(Fig.5). The values of Freundlich constants and
* 40% y=1235x+0.134 regression coefficient @Rhave been reported fable 1 at
15 |A50% y= T.::;QZ 2.73716 different temperatures. The details pertaining to the extent of
£ R =0.9996 adsorption of Ni(Il) by different adsorbents reported by various
= researchers, along with the result of the present study are
! included inTable 2 in the form of monolayer adsorption
capacity (Q). The data in the table indicate that groundnut
05 : shell has the maximum adsorption capacity compared to other
adsorbents.
0
0 0.2 04 0.6 08 1 12 14 The testa of groundnut shélrachis hypogea)s
1ice cheaper than most of the other adsorbents, like activate carbons,

parameter (B, which is defined by the following relation:
R =1/1+b G

Where Gis the initial metal ion concentration (mg/L) and b is
the Langmuir constant. The Wilues at 30 40° and 50C are

found to be 0.62, 0.63 and 0.60 respectively, showing favourable

adsorption of Ni(ll).

The Freundlich adsorption isotherm was also applied for the
adsorption of Ni(ll).

log xm=log k+ 1/nlog Ce

Where Ce is the equilibrium concentration (mylx/m is the

log x/m

1.4

1.2

*30°%c

® 40°

A50%

y =0.2377x + 0.0752
R? = 0.9927

y =0.2761x + 0.1486
R? = 0.9863

y = 0.3178x + 0.2462

R? = 0.9955

logce

3.5

amount adsorbed per unit weight of adsorbent (Bhgtf and

Fig.5 : Freundlich Isotherms

Table 2 :Maximum capacity, mg/g) for adsorption of Nickel by various adsorbents

Adsorbent o (MQ/9) Reference
Anaerobically digested 7.66 Gould & Genetelfi
sludge
Amorphous iron 6.80 Mustafa & Had’
hydroxide
Sphagnum moss peat 9.20 Ho et al?
Calcium-alginate 10.50 Huang et al?
Native sugar beet pulp 11.86 Reddad etal®
Kaolinite 10.79 Yavuz et al*
Spent animal bones 722 Al-Ashed et af®
Chitosen acetate crown ether 6.4 Tan ét al.
Groundnut shell 18.79 presenstudy
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and hence the testa of groundnut shell can be burnt and uskd Padmavathy, V., Vasudevan, P. and Dhingra, $10cess

as a source of heat for steam generation. According to Cpupal
the heat value of peat is related to the moisture content by tge

following eqgation:

Net heat (BTH) = 100 (x-10)

Where, x is the percentage of dry testa of groundnut shell in

the wet mixture.

The use of testa of groundnut shell appears to be a ve?y
convenient method for the treatment of Ni(ll) containing
solution. The most attractive advantage of the adsorbent
towards treatment is the simplicity of the system, lower cosg,
and the ability to accept a rather wide variation of effluent

composition.

Conclusion

In the present study, adsorption of Ni(ll) on the testa
of groundnut shell in synthetic solution has been studied. The
data obtained through this work supports that the testa df.
groundnut shell is an effective low cost adsorbent for the
removal of nickel in aqueous solution. The adsorption of Ni(ll)
ion is dependent on the amount of groundnut, concentration
of metal ion and pH of the metal solution. Maximum removal of1
Ni(Il) on testa of groundnut shell has been observed (85%) at
pH 6. The equilibrium adsorption data are correlated by
Langmuir and Freundlich isotherm equations. The maximum
monolayer capacity of testa groundnut shell was found to b&2-

18.79 mg/g at 30+3C, which is greater than that most of the
low-cost adsorbents reported.
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