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ABSTRACT

Ni(II) adsorption on tea and coffee wastes was examined by using batch adsorption. The reason to
choose these adsorbent is their availability and low-cost nature. For finding the adsorption
efficiency of adsorbents variable conditions have been used such as temperature, pH, initial metal
ion concentration, adsorbent dose, and contact time. Functional group detection was carried by
FTIR and the final concentration was determined by AAS. Experimental results revealed the
maximum metal ion removal by tea and coffee wastes was 64.9% and 70.2% at optimum conditions.
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INTRODUCTION

Heavy metal are classified as the class of metals
having density greater than 5g/cm3. Because of
their persistence nature they get bio accumulated in
living organism through food chain. Advancement
in industries and modernization has opened the
doors for heavy metals to enter into our
environment results in tremendous health issues
such as lung cancer, diarrhoea, kidney failure, skin
problems and mental disabilities etc. in present
scenario water contaminated with heavy metals has
gained prime concern.  To deal with the heavy
metals from waste water several techniques such as
hydrolysis, flotation, precipitation, membrane
filtration, reverse osmosis, ion exchange, solvent
extraction, and adsorption have been used (Kumari
and Sharma, 2018). In order to choose an
appropriate method for the treatment of toxic metals
it should be simpler and easier, it can be easily
handled, no side product should be produce during
the treatment, it should involve low investment and
should be environment friendly. On this basis
adsorption is found to be one of the best suited
method to deal with these heavy metals from eco
system. Numerous adsorbents have been identified
as low-cost adsorbents to treat heavy metals

(Kumari and Sharma, 2018). This paper examined
the efficiency of Tea and Coffee wastes as an low-
cost bio sorbents to treat Ni(II) ions from aqueous
solution. Kumari and Sharma, (2018) have listed the
chemical occurrence of Ni(II), health issues cause by
intake of Ni(II) and list of various adsorbents that
have been used to treat Ni(II) ion in past by various
researchers.

MATERIALS AND METHODS

Adsorbent preparation

Tea and Coffee wastes was assembled from JECRC
University cafeteria were cleaned with distilled
water up to colour removal. Washed Tea and Coffee
were dried for 24 hours at room temperature after
this Tea and Coffee wastes were dried in an oven for
48 hours in 50 oC temperature to remove colour and
moisture content completely.

Reagent required

Stock solution of metal ion was prepared by diluting
Ni(II) standards using Milli-Q water. NaOH and
HCl were used for maintaining pH of the aqueous
solution. Analytical grade chemical have been used
in this study.  Different concentration of metals have
been used.
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Instruments

In the present study 780 pH meter (Metrohm,
Switzerland), sieve (size, 100 mesh), rotary shaker,
oven, and weighting machine was used. Ni(II)
concentration were measured using an Perkin Elmer
Atomic Adsorption spectrometer (PinAAcle 900T,
Singapore). Whatman Cellulose Nitrate Membrane
filters 0.45 µm was used for the filtration. In order to
find out the functional group in bio sorbents FTIR
spectra was used and to analyse surface
morphology of Tea and Coffee wastes SEM
(scanning electron microscope) was used.

Batch Adsorption Experiment

Adsorbent dose of 0.2 g were added to 50 mL Ni(II)
solution having concentration 2 mg/L or 2ppm, pH
of the aqueous solution was fixed at 6 for Tea and 5
for Coffee waste using 0.1 N HCl and 0.1 N NaOH
solutions. 3600 rotary shaker was used to agitate the
mixture for 2 hours with stirring speed of 15 rpm.
Whatman filter (diameter 45mm) was used to
separate Tea and Coffee wastes with adsorbed Ni(II)
ion. The effect of pH, initial concentrations,
temperature, adsorbent dose and contact time have
been examined. pH of the solution was adjusted by
NaOH and HCl. Atomic absorption spectrometer
(PinAAcle 900T, Singapore) was used to check the
remaining   concentration of Ni(II) ion in solution,
and the Ni(II) ions concentration left in the
adsorbent phase (qe, mg/g) were computed by the
following formula

Where C0 and Ce are the initial and equilibrium
concentration of metal ions in mg/L in solution, V is
the volume of solution taken (mL) and m is the mass
of adsorbent in grams.

Removal efficiency was evaluated by the
following equation

RESULTS AND DISCUSSION

Characterization of adsorbents

FTIR spectra

The functional group detection of Tea and Coffee
wastes before and after metal ion adsorption are
shown in Figure 4.1 (a), (b), (c) and (d) respectively.
The shift in peaks revealed the efficiency of
adsorbent surface for the adsorption. FTIR study
disclosed the existence of different functional
groups such as alcohol, carboxylic acid, amines,
halo, nitro and sulphoxides etc. in the adsorbents
that have strong metal binding capacity. The Strong
vibration peaks in between 4000-3000 cm-1 shows
the appearance of O-H and N-H functional groups.
Frequency range from 1670 -1600 cm- shows the
C=C stretching frequency of alkene. 3000-2500 cm-1

frequency range indicates C-H stretching. The

Fig. 1(a). FTIR spectra of raw Tea waste
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frequency range from 1600-1300 cm-1 represents the
N-O starching and C-H bending of alkane.C-N
stretching of amine, C-O stretching of aliphatic
ethers, O-H Bending of phenol, and S=O stretching
have been observed from 1400 to 1000 cm-. The
existence of halo compound and C=C bending of
alkenes was concluded by the frequency of 500 -

1000 cm-1.  In comparison with raw adsorbent and
metal loaded adsorbent it can be concluded that
shift in stretching frequency shows that the
adsorption occurred in the surface of bio sorbent.
That means Tea and Coffee have good metal
adsorption capacities.

Fig. 1(b). FTIR spectra of raw Coffee waste

Fig. 1(c). FTIR spectra of metal loaded Tea waste
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CONSEQUENCES OF VARIOUS
PARAMETRES ON NI(II) IONS ADSORPTION

Effect of pH

pH variation plays a vital role that affect the
efficiency of adsorption. Figure 4.2.1.1. Shows the
effect of pH range 2-10 for Ni (II) adsorption using
Tea and Coffee wates. Initial metal ions
concentration of 2 mg/L in 50 mL centrifuge tubes,
0.2 g adsorbent dose was taken in 50mL metal ion
solution and contact time was 120 minutes at room
temperature have been used to study the effect of
pH. It has been cleared from the (Fig. 4.2.1.1.) that
the percentage adsorption increases with increasing
pH for both Tea and Coffee because at higher pH
metal exits as metal hydroxide (MOH, M(OH)2).
The maximum Nickel(II) ions removal were noticed
at pH 6.0 (64.98%) and at pH 5.0 (70.2%) for Tea and
Coffee waste respectively. At pH <3, there takes
place repulsion in between metal ion and H+ ion to
get attached on the adsorbent surface, that would
restrict the approach of Ni(II) on adsorbent surface,
resulting in lowering the adsorption (Sag et al.,
1995). Hasar in 2003 and Khaskheli et al., (2017),
concluded that Ni(II) get precipitated at pH > 5 due
to the soluble precipitates of Nickel hydroxide.
Similar results have been found by various
researchers for different metal-biomass systems
(Gomes and Linardi, 1996; Zhou et al., 1998;

Aikpokpodion et al., 2010; Khaskheli et al., 2017).

Effect of adsorbent dose

Thevariation of adsorbent dosage have been
examined to remove Ni(II) ions is shown in Figure
4.2.2.1, over the range 0.2 to 2 g/50 mL with initial
metal concentration 2ppm, at pH 6 for Tea and at
pH 5 for Coffee, contact time was 120 minutes at 25
oC temperature. It has been clear from figure that %
age removal of ions increases sharply as the
adsorbent dose increases, maximum Ni(II) removal
is 75.8% at 2 grams and 81.2% at 1.4g for Tea and
Coffee wastes respectively. This is due to the greater

Fig. 1(d). FTIR spectra of metal loaded Coffee waste

Fig. 2.Effect of pH
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availability of the active sites for both the adsorbents
that enhance adsorption efficiency. Similar trend
were examined by various researches for the
adsorption of metals by different adsorbents
(Wasewar et al., 2009; Cay et al., 2004; Mahvi et al.,
2005; Amarasinghe and Williams, 2007; Aslam et al.,
2010; Malakahmad et al., 2016).

to the decrease in the adsorption forces in between
the adsorbate and the active sites of adsorbents that
shows the exothermic nature of adsorption
(Saravanan et al., 2016).

Effect of metal ion concentration

In order to overcome mass transfer resistance in
between adsorbent and adsorbate Initial metal ion
concentration plays an important role (Aslam et al.,
2010). The consequences of initial metal ion
concentration was examined by changing
concentration range from 2, 4, 6, 8, 10, 15 and 20
ppm or mg/L by keeping all variable constant.
Figure 4.2.4.1 indicates the effect of Ni(II) ion
concentration. It was cleared that the percent
removal of Ni(II) ions decreases  from 64.8% to
21.5% and 70.2% to 30.7%  with increasing metal
concentration from 2ppm to 20ppm for Tea and
Coffee wastes respectively. At low concentration
metal ions cover the vacant sites easily that enhance
the percent adsorption but at high concentration the
percent removal of Ni(II) ion decreased because less
active sites are available for metal ion resulting in
decrease in percent removal.This might be possible
because of increase in metal ion concentration,
increases the driving force of concentration gradient
(Saravanan et al., 2016; Saravanan et al., 2017).  Singh
et al., 2016; Malkoc and Nuhoglu in 2005 observed

Fig. 3. Effect of adsorbent dose

Effect of temperature

Ni(II) adsorption on Tea and Coffee waste at
different temperatures (25-65 oC) was shown in Fig.
4.2.3.1. To check the temperature effect experiment
was carried at constant pH 6 for Tea and pH 5 for
Coffee with initial metal concentration 2ppm. 0.2
gramss adsorbent was added to 50 mL Ni(II)
solution in 100 mL flask and thenmixture was
placed in hot plate magnetic stirrer for 2 hours by
varying temperature. The results demonstrates that
percent removal of Ni(II) ions was decreased with
rise in temperature from 64.9% to 52.5% and 70.2%
to 62.7% for Tea and Coffee respectively. This is due

Fig. 4. Effect of Temperature

Figure 4.2.4.1. Effect of initial metal ion concentration

the same result for the removal of Ni(II) ions onTea
waste.

Effect of contact time

The effect of contact time from 20 to 180 minutes
was used to investigate the Ni(II) adsorption
keeping all other parameters constant. It was
noticed that as the time increased, the percentage
removal for metal ions also increased. This is
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and 60 min (for Coffee). This was due to the
reduction in the adsorbent active sites.

CONCLUSION

Tea and Coffee wastes were utilized as suitable low
cost adsorbent for the adsorption of Ni(II) ions from
aqueous. The results indicates that removal
efficiency of Coffee is higher than that of Tea for
treating Ni(II) ions. In order to examine the
adsorption capacity, different parameters have been
investigated and it was concluded that the highes
tremoval percent obtained for coffee was 70.2% at
pH5 and 64.98% for tea at pH6 for 2ppm initial
concentration of metal at 25 oC temperature. On the
basis of results obtained from this study it was
examined that by increasing adsorbent dose percent
removal also increases due to the greater availability
of active sites in the beginning. Percent adsorption
was examined on the basis of initial concentration of
Ni(II) ions and results reveals that with increasing
concentration, concentration gradient also increases
and causes decrease in adsorption. Temperature is
also one of the most vital factor in adsorption and
temperature study of these adsorbent revealed the
exothermic nature of adsorption. Future study can
be carried out to investigate the isothermal study
that represents the relation between the amount of
adsorbate get adsorbed on the surface of adsorbent

and also the kinetics involved in the adsorption of
Ni(II) ions on tea and coffee wastes.
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