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ABSTRACT
Carbon from groundnut husk is activated with zinc chloride and steam. Metals were
recovered from textile effluent in almost 100%. The removal was found to be more
efficient with increase in temperature. Freundlich and Longmuir adsorption observed was
found to decrease with increase in temperature. The combined intensity of adsorption
(1/n) defines by Freundlich and Longmuir isotherms are greater than one in all the cases,
which indicated that the process is favourable. Using the groundnut husk, decolourisation
of 78.9 to 89.7% was achieved. Various thermodynamic parameters such as ∆GO, ∆HO

and ∆SO have been calculated. The data showed that the sorption process is spontaneous
and exothermic in nature.
Keywords: Activated carbon, Groundnut husk, Textile effluent, Adsorption.

INTRODUCTION
Textile industry consumes large quantities
of water and produces large volumes of
wastewater from different steps in dyeing
and finishing processes. Effluent
generated by industries is one of the
sources of pollution. Kano as the second
most industrialised city in Nigeria, is
witnessing unprecedented levels of
environmental degradation. Contaminated
air, soil and water from industries are
associated with heavy disease burden
(WHO, 2002) and this could be part of the
reasons for the current shorter life
expectancy in the country (WHO, 2003),
when compared to the developed nations.
Some heavy metals contained in these
effluents are known to be carcinogenic
(Tamburlini et al, 2002).
Heavy metals in the environment have
become major threat to plants, animals
and humans due to their bioaccumulation
tendency and toxicity and therefore must
be removed from municipal and industrial
effluent before discharge. It is therefore
necessary that there are technologies for
controlling the concentration of these
metals in aqueous discharges/effluents.
Conventional technique for heavy metals
removal in water and wastewater include
electroplating, evaporation, oxidation,
reduction, membrane separation, ion
exchange and reverse osmosis (Gardea et al,
1998). However these processes are not
economically feasible for small scale

industries prevalent in developing
economies due to the huge capital
investment. It is therefore necessary to
search for alternative adsorbent, which are
low cost, often naturally occurring
biodegradable products that have good
adsorbent properties and low cost value to
the inhabitant.

The activated carbon is the most
applying for removal of heavy metal (Gupta
et al, 2006). Agricultural waste is highly
used as raw material for production of
activated carbon due to huge abundance
and cheap cost on production (Kuniavan et
al, 2006). Activated carbon can be
commonly produced from coal, wood or
agricultural waste such as coconut and
palm shell, rice husk, sugar cake waste,
groundnut husk, etc, activated by physical
or chemical process. Because of their
special pore structure, they have super
adsorption capacity and are generally used
in various industrial and domestic fields
such as wastewater treatment and solvent
decolourisation (Yang, 2002).
The present study investigates the used of
activated carbon made from Groundnut
husk to treat textile effluent that has not
been treated at all.
Experimental
Preparation of activated carbon
Chars were prepared from Groundnut husk
by carbonisation in Muffle furnace at 500OC
for one hour.
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Activation
500g of carbonised chars were soaked in
1:1, 1M zinc chloride solution (ratio of mass
of chars to mass of zinc chloride solution)
and placed in an autoclave and treated at
130OC for three hours. The activated
carbon was filtered, washed several times
and dried in an oven at 100 OC for four
hours and sieved with 100um mesh. This
activated carbon was designated as
Groundnut husk activated carbon (GHAC).
Wastewater treatment
Sampling technique
Effluents from textile mills in Kano
metropolis were collected as a composite
sample at the discharge point at 30 minutes
interval over a period of five hours.
Wastewater analysis
Spectrophotometer manufactured by HACH
Company Colorado, US model DR/2010 was
used to estimate the quantities of zinc,
chromium, cadmium, copper and lead in
the untreated effluent. Into four conical
flasks, 0.5g of Groundnut husk activated
carbon (GHAC) was placed. 10 ml of
effluent was subsequently poured into the
conical flasks and heat treated at 40, 45,

50, 55OC for three hours. The mixtures
were filtered and analysed with HACH
Spectrophotometer.
Adsorption Isotherm
0.5g of GHAC was placed into 5 sets of
conical flasks. A volume of 10ml of effluent
diluted with deionised water (v/v) was
placed into the conical flasks. A set of each
series was placed in water bath (whose
temperature was controlled by thermostat)
and heat treated for four hours. With the
conical flasks shaken at intervals. The
treatment temperatures were 40, 45, 50,
55OC. The mixtures were then filtered. The
resultant solutions were scanned with UV
Visible Spectrophotometer set at
wavelength of 540nm.
Decolourisation
The degree of decolourisation was
determined by comparing the absorbance
of the treated textile effluent with the
absorbance of the blank solution express in
percentage.

RESULTS
Metals reduction

Table 1 Percentage Reduction of heavy metals after treatment with GHAC, at 40OC, 45OC

and
50OC

Fig 1: Freundlich isotherm for GHBAC at 40OC, 45OC, 50OC and 55OC for Textile effluent

Parameter/
Activated carbon

Zn Cu Cr Cd Pb

GHAC(40 OC) 94 95 86 90 92
GHAC(45 OC) 92 88 80 85 88
GHAC(50 OC) 85 81 80 83 83
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Fig 2: Langumuir isotherm for GHAC at 40OC, 45OC, 50OC and 55OC for Textile effluent
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Fig 3: Decolourisation (%) of GHAC at 40OC, 45OC, 50OC and 55OC for Textile effluent

Decolourisation
Decolourisation efficiency of Groundnut
husk activated carbon is shown on
figure 3. The groundnut husk activated
carbon recorded a range of 76 to 83 %
decolourisation.
The study carried out by Nimrat et al
(2004) on removal of malachite green
by different adsorbent recorded a
colour removal of 100 %. Malik (2003)
reported a degree of decolourisation of
97 and 83 % for saw dust and Rice husk
activated carbons respectively. The
degree of decolourisation depends on

the methods of activation and
properties of adsorbate. Activated
carbons can be commonly produced
from coal, wood or agricultural wastes
such as sugar cake waste, Rice husk,
and palm kernel husk etc, activated by
physical or chemical process. Because
of their special pore structure, they
have super adsorption capacity and are
generally used in various industrial and
domestic fields such as water
treatment, solvent decololourisation,
Yang (2002).

Saminu et al.

Dutse Journal of Pure and Applied Sciences 1(1) June 2015 pp 110 - 116

112



Adsorption Isotherms.
From the analysis of the adsorption of
isotherm data obtained, three models were
used to fit the experimental data: Nernst,
Freundlich and Langumuir models.
However Frendlich and Langumuir models
seem to be appropriate. This was evident in
figures 1 and 2 of which gave a straight line
when respective models were tested
according to equations 4 and 5 for
Freundlich and Langomiur models. It was
observed that linearised Nernst equation 1
predicted a negative value for adsorption
isotherm constants.
1/qe =1/kcesm +1/sm -------------------- 1
qe is the concentration of the adsorbate in
the adsorbent.
Ce is the concentration of the adsorbate in
the solution.
K is the energy of adsorption.
Sm is the adsorption capacity or adsorption
limit.
∆u0 = - RTlnkf -------------------------- 2

R is the gas constant and T is the absolute
temperature.

Freundlich isotherm is defined by equation
3
qe = kf ce i/n ----------------------------------3
Or
Logqe = logkf +1/nlogCe ---------------------
4
Where kf is defined as adsorption capacity
and 1/n is the intensity of adsorption. The
constants 1/n and kf can be determined
from the slope and intercept respectively.
The freundlich constant n indicates the
degree of favourability and should lie in the
range of 1 to 10 to be classified as
favourable adsorption (Rao and Bhole, 2001;
Raji and Anirudhan, 1997).
The Langumiur equation is given by
equation 5 below.
Ce/qe =1/qemax kl +
Ce/qemax------------------- 5.

Table 2 Adsorption Isotherm for Textile effluent at different Temperature.

Activated
Carbons
Temp

Langumiur isotherm
constants

Freundlich Isotherm constants

Kl R2 Kf 1/n R2

GHAC(40OC) 5.943 1 2.0791 1.026 0.9636
GHAC(45OC) 5.940 1 2.000 1.000 1.000
GHAC(50OC) 5.880 1 2.000 0.9952 1.000
GHAC(55OC) 5.800 1 1.9913 1.000 0.9979

Table 2 shows the adsorption isotherm constants for Langumiur and Freundlich isotherm.

Kl is the adsorption capacity for Langumiur.
Kf is defined as the adsorption capacity for
Freundlich. 1/n is the intensity of
adsorption. R2 is the coefficient of
determination which indicates how well a
given curve fits a straight line equation.

Adsorption capacity
Adsorption capacity was determined from
the intercept on y axis.
Groundnut husk activated carbon treated
effluent had kf values of 2.0791, 2.00,
2.000 and 1.9913 for 40OC, 45OC, 50OC and
55OC respectively.
Intensity of Adsorption (1/n)
Groundnut husk activated carbon had their

values of 1/n greater than one.

Langumiur isotherm constant.
Langumiur isotherm constant are shown in
table 2. The values of Kl decreases with
increase in temperature as shown in table 2
above. The high Kl values at lower
temperatures indicate that most
adsorption occurred at these
temperatures.
Thermodynamic treatment of adsorption
parameters
The Gibbs free energy is the driving force
and the fundamental criterion of
spontaneity. Reactions occur spontaneously
at a given temperature if ∆GO is negative
quantity. The free energy of adsorption
reaction, considering the adsorption
equilibrium constant, KO is given by the
following equation: ∆ GO = ∆ HO – T ∆ SO
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The values of ∆HO and ∆SO were
obtained from the slope and intercept of

plots of lnk Vs 1/T (figure 4) and shown in
table 3

Chart Title

1.74
1.76
1.78
1.8

1.82
1.84
1.86
1.88
1.9

1.92
1.94
1.96

0.0030
4

0.0030
6

0.0030
8

0.0031 0.0031
2

0.0031
4

0.0031
6

0.0031
8

0.0032

1/T

ln
k

GHAC

Linear (GHAC)

Fig 4: plot of lnk against reciprocal temperature for GHAC

Table 3 Thermodynamic parameters for adsorption of textile effluent using groundnut
husk activated carbon.

Activated carbons ∆ GO (Kj/gmol ∆HO(j/gmol ∆SO (j/gmol)

GHAC -509.83 -505.19 0.273

Discussion
In general it is also seen that adsorption
capacity of treated textile effluent
decrease with temperature indicating that
the process is exothermic. The decrease in
adsorption with increasing temperature,
suggest weak adsorption interaction
between activated carbon surface and ions
in solution, which supports physisorption.
According to the adsorption theory
adsorption decreases with increase in
temperature and molecules absorbed
earlier on a surface tend to desorbed from
the surface at elevated temperatures. Aku
and Kutsal (1991) reported a slight increase
in cation uptake by seaweed in the range of
4 to 55Oc.
The Coefficient of determination (R) values
between 0 to 1 indicates favourable
adsorption. The R values of the treated
textile effluent with groundnut husk
activated carbon were found to be less
than one indicating that the treatment was
favourable. The values of coefficient of
determination of both Freundlich and
Langumiur close to linear are suitable for

describing adsorption of droundnut husk
activated carbon. Hence the adsorption of
GHAC seems to be favourable.
It is also observed that adsorption capacity
decreases with increase in temperature.
Malik (2003) reported adsorption capacity
of 41.7 and 2.1 for Saw dust and Rice husk
activated carbons respectively. Chu and
Chen (2004) reported values ranging from
30 to 60. Babu and Ramakrishna (2007),
who statistically analysed the quoted kf
values of over 100 adsorbents, noted that
the reported values range from 3x10-6 to
727. Yakubu et al (2008) reported Kf value
of 9.591 for textile effluent treated with
activated carbon made from date seeds.
Tangjank et al (2009) reported kf values of
0.859, 0.289 for lead and cadmium
adsorption using activated carbon prepared
from cashew nut shell.
As 1/n indicates favourability of adsorption,
the higher it is the more favourable though
n should be more than 0.9 is considered
favourable adsorption condition lower
values has been reported (Namasivayam et

al, 1994).
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1/n should lie in the range of 1 to 10 to be
classified as favourable adsorbate (Rao and
Bhole, 2001; Raji and Anirudhan, 1997).
The smaller 1/n the stronger the bond the
adsorbate and adsorbent. The values of
treated effluent with groundnut husk
activated carbon range from 0.9952 to
1.006, which indicated the process is
favourable.

The negative values of ∆HO further confirm
the exothermic nature of the adsorption
process. The positive values of ∆SO (table 3)
show the freedom of ions is not restricted
in the activated carbon confirming a
physical adsorption, which is further
confirmed the relatively low values of ∆GO.
Horsfall (2005) reported thermodynamics
adsorption parameters, such as ∆GO, ∆HO

and ∆SO values as -8.07,
-9.54 and 16.06 kj/gmol respectively for
adsorption of lead by wild coconut
biomass.

Conclusion
The results clearly established that
activated carbon from Groundnut husk can
be used to treat wastewater from textile
industries. The reduction of Zn, Cr, Cd, Cu
and Pb are 94, 86, 90, 90, 95 and92%
respectively. The data agrees with
Freundlich and Longmuir isotherms. The
use of Groundnut husk activated carbon as
an adsorbent may eventually encourage
cultivation of the plant and enhance the
economies of local farmers and generate
employment. Groundnut husk not only
inexpensive and readily available, it also
has the potential for metal removal and
recovery of metal ions from contaminated
waters. This process will be
environmentally friendly and reduce huge
amount of indiscriminate effluent
discharges all round the small industry
concern in Nigeria. It may also provide an
affordable technology for small and
medium scale industry in Nigeria.
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