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Abstract This paper deals with the adsorption of 2-picoline from aqueous solution
to tea waste activated carbon (TWAC). The characteristics and effects of the
adsorbent on different parameters of adsorption have been examined. Initial pH
(pH0), adsorbent dose (m), contact time (t), initial concentration (C0), and tem-
perature (T) are the adsorption parameters tested using a batch adsorption sample.
In the present analysis, the adsorbent used comprises approximately 48% fixed
carbon and a porous structure revealed from morphological research. Maximum
2-picoline removal was found to be 83% and 56% TWAC for lower (50 mg/L) and
higher (500 mg/L) 2-picoline concentrations, respectively, with a dose of 15 g/L
303 K, pH0 of 6.54, and a contact time of 60 min. Adsorption was found to be very
quick, and in the initial 5 min of contact time, about 55% of 2-picoline removal was
observed. The adsorption equilibrium analysis was also carried out using the
isothermal equations of Langmuir and Freundlich. Compared to Langmuir
adsorption isotherm, the adsorption data showed reflecting Freundlich isotherm as
well. 16.47 mg/g was found to be the highest monolayer adsorption power. Strong
potential for removing contaminants from wastewater has been identified by the
activated carbon generated from tea waste.

Keywords Tea waste � Adsorption � Adsorbent � Langmuir and Freundlich �
2-picoline � Adsorbent dose

1 Introduction

2-Picoline (a-picoline) is one of the derivatives of pyridine. 2-picoline is a colorless
liquid with a strong sour odor, and it is used to avoid ammonia depletion from
fertilizers in several agrochemicals and pharmaceuticals. It is also used as a solvent
and a raw material for various chemicals in the manufacturing of different polymers,
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textiles, oils, pesticides, medicines, and dyes. Antituberculosis, respiratory stimu-
lants, local anesthetics, and analgesics function as various pyridine derivatives. It is
water-soluble and alcohol-ether miscible. When the 2-picoline is exposed to the
blaze, the vapors are a fire and explosion. It emits highly radioactive NOx gases in
an oxidative environment when heated for decomposition. It is harmful when in
contact with the skin and eye, absorption, and breathing [1–3].

Wastewaters containing 2-picoline are derived from manufacturing units pro-
cessing of pyridine and its chemical derivatives. Typical 2-picoline concentration in
wastewater produced by multidrug intermediate plant processing of pyridine and its
chemical derivatives ranges from 20 to 200 mg/L. The concentration will grow
considerably during spill episodes. Odor nuisance causes due to multidrug inter-
mediate plants are a cause of odor nuisance, and this strong odor originates either
from sewage lines or from storage facilities [4].

For the treatment of wastewater which contains 2-picoline, different treatment
strategies such as adsorption [5] and biodegradation [6] may be employed.
Adsorption, given that the adsorption procedure is cost-effective, may be the
desired treatment method. Tea waste (TW) is a waste material collected from VNIT
campus hostels that are tossed down during use as waste. TW requires no costs,
except for its processing and transfer to the point of utility. TW has been used for
the removal of various pollutants as an adsorbent, owing to its excellent sorption
properties by many researchers [7–14].

The characteristics of the adsorbent and the influence of the initial pH of the
solution range from 2 to 12, the adsorbent dosage 2–25 g/L, the contact time 0–
360 min, the initial 2-picoline concentration 50–500 mg/L, and the temperature
283–323 K of the 2-picoline adsorption on TW have been studied and presented in
the following sections.

2 Materials and Methods

2.1 Adsorbate

In the present analysis, all the chemicals used were analytical reagent grade. Upper
India Science Company, Nagpur, India, supplied the adsorbate, 2-picoline (Loba
Chemie, CAS-109-06-8, formula = C6H7N, molecular mass = 93.13 g/mol and
kmax = 262 nm). 1000 mg/L concentration of the 2-picoline stock solution was
prepared by taking the right amount of 2-picoline and mixed with double-distilled
water (DDW), to achieve the desired test concentrations of 2-picoline obtained by
successive dilution of stock solution with DDW.
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2.2 Adsorbent

Tea waste was collected from hostels in VNIT, Nagpur, washed several times to
extract dirt with DDW, and then kept at 378 K for 48 h for oven drying. 1:0.5
proportions (g:ml) of dried tea waste are combined with orthophosphoric acid
[H3PO4]. This blender was later heated for 1 h in the muffle furnace at 823 K for
carbon preparation. The prepared carbon was washed with DDW again for com-
plete acid removal. The expulsion of acid completely from the prepared activated
carbon was washed with DDW. In the hot air oven, the washed activated carbon
was dried at 378 K for 2–3 h. The proximate analysis of TWAC was conducted
using IS 1350 (I), 1984. Using SEM JEOL JSM-6380A, SEM (scanning electron
microscopy) of TWAC before and after adsorption was performed.

2.3 Analytical Measurement

UV–VIS spectrophotometer was used for the reading of the residual 2-picoline
concentration at the wavelength (kmax = 262 nm) (model: UV-2450, SHIMADZU,
Japan). By plotting 2-picoline concentrations versus absorbance, the calibration
graph was prepared. The concentrations of 1–0 mg/L, the 2-picoline solutions were
prepared, and the absorbances were noted down and the calibration curve was
plotted. To calculate the 2-picoline concentration in an uncertain solution, this
calibration graph was used. Solutions were diluted and analyzed for higher
2-picoline concentrations (>10 mg//L). All test were conducted in Erlenmeyer
flasks of 250 ml.

2.4 Batch Adsorption Study

An experimental batch analysis was conducted to determine the ability of TWAC
for aqueous solution adsorption of 2-picoline. The tests were carried out using a
50 ml 2-picoline solution with known concentration and the quantity of adsorbent
taken into 250-ml stoppered Erlenmeyer flasks and shook at 150 RPM in an orbital
shaker. 0.1 N NaOH and 0.1 N HCl solutions were used to get the necessary initial
pH of the 2-picoline solution. To filter the samples, Grade 1 Whatman filter paper
was used. The filtrate analysis was conducted with the UV–VIS spectrophotometer
at kmax = 262 nm. The depletion of the 2-picoline solution was examined during
the trial. No loss of 2-picoline concentration was detected during the experiments.
The adsorbed 2-picoline per unit weight of TWAC and the 2-picoline percent
extracted were determined using the following equations:
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% Removal ¼ ðC0 � CeÞ
C0

� 100 ð1Þ

qe ¼ ðC0 � CeÞV
m

ð2Þ

where

C0 = initial 2-picoline (mg/L) concentration
Ce = 2-picoline equilibrium concentration (mg/L)
m = quantity of TWAC (g)
qe = quantity of 2-picoline adsorbed by TWAC (mg/g)
V = 2-picoline solution volume (ml).

3 Result and Discussion

3.1 Adsorbent Characterization

The proximate analysis of TWAC was conducted, and the results having moisture
content 9.16%, ash 27.52%, volatile matter 15.13%, and fixed carbon 48.15% were
found. There is a fair volume of fixed carbon in the adsorbent TWAC, which
increases the absorption potential of the adsorbent. TWAC’s BET surface area was
estimated to be 342.64 m2/g.

SEM micrographs analyzed the surface morphology of TWAC. Figure 1a shows
the uneven and permeable particles of unloaded TWAC that increase the surface
adsorption of 2-picoline. Figure 1b shows the 2-picoline TWAC-loaded SEM

 (b) TWAC loaded with 2-picoline (a) unloaded TWAC

Fig. 1 SEM micrographs at 200X magnification, a unloaded TWAC, b TWAC loaded with
2-picoline
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micrograph. It is possible to closely observe the pores filled with 2-picoline
molecules, making the surface evener and smoother.

3.2 Effect of Dose (m) of TWAC

Adsorption of 2-picoline by TWAC from the aqueous solution was studied using
various TWAC doses with an initial 50 mg/L concentration. Figure 2 shows that
with the increased dosage of TWAC from 2 to 15 g/L, the percent elimination of
2-picoline was observed to rise steadily (38.4–89.89%). The further increase in the
TWAC dosage from 15 to 25 g/L shows a small increment in the adsorption of
2-picoline. With an increase in dose, the 2-picoline adsorption increased due to the
existence of a higher number of unoccupied surface spots and a wider surface area.
Then again, it decreases with an increase in the dose as a result of site saturation and
solid accumulation due to particle–particle interaction [4, 15, 16]. However, there is
a marginal improvement in the percentage of reduction after 15 g/L of the TWAC
dosage. Thus, the ideal dosage of TWAC is 15 mg/L and upcoming experiments
are performed using the same dose.
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Fig. 2 Effect of TWAC dose on removal of 2-picoline and qe (initial concentration (C0) = 50 mg/
L, pH = 6.54, time of contact (t) = 60 min, Temperature (T) = 303 K, RPM = 150, volume of
sample (V) = 50 ml)
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3.3 Effect of pH0

A significant parameter affecting the mechanism of adsorption is the initial pH of
the solution. Solution pH0 influences charge on the adsorbent surface, speciation,
and degree of ionization of the solution [17]. The impact of pH0 on 2-picoline
adsorption for C0 = 50 mg/L with m = 15 g/L was assessed at natural pH and
different pH values ranging from 2 to 12 for 1 h contact time at 303 K, and the
results are shown in Fig. 3.

It is observed from the pH analysis that more than 83% of the adsorbate is
adsorbed at the normal pH after it decreases. The reduction in pH-increasing
adsorption is due to ion repulsion.

In the present analysis, the point of zero charge (PZC) has also been tested. The
pH at which no charge is borne by the adsorbent surface is known as the point of
zero charge. Figure 4 illustrates the surface of TWAC has a PZC of 6.4, and thus,
the surface at this pH will behave as neutral. Increasing the pH above 6.4 will make
the surface negative and make the surface favorable by reducing the solution pH
from 6.4. It is observed that the removal of 2-picoline is greater at pH below PZC.
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Fig. 3 Effect of initial pH0 on 2-picoline removal (C0 = 50 mg/L, V = 50 ml, t = 60 min,
RPM = 150, m = 15 mg/L, T = 303 K)
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3.4 Effect of Contact Time (t)

The purpose of the time analysis is to assess the effect of contact time on the
adsorption of 2-picoline and deciding the equilibrium contact time. The effect of
contact time studied for C0 = 50, 100 and 200 mg/L at 303 K and the outcomes are
shown in Fig. 5. Due to the presence of more surface sites, 2-picoline removal
improves steadily with the contact time initially up to 79% and achieves equilib-
rium after 60 min. Thus, because of the repulsive force among the 2-picoline on the
TWAC surface and that in the solution, certain surface sites remain unoccupied.
The research lasted for 360 min, but no substantial improvement in 2-picoline
adsorption after 60 min of touch time was found. Therefore, 60 min was known as
the touch time of equilibrium. Figure 5 also shows the effect on TWAC of the
concentration of 2-picoline on its adsorption.

It is observed that 2-picoline removal decreases at any time with a rising con-
centration of C0 (mg/L), but with increasing concentration, the adsorptive potential
of qt (mg/g) increases.

This can be due to the rise in driving force as the solution resistance to 2-picoline
molecule adsorption decreases with an increase in the concentration of 2-picoline
[18, 19].
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Fig. 4 TWAC point of zero charge in the 0.1 KNO3 solution
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3.5 Effect of Initial Concentration (C0) and Temperature (T)

The effect of the initial concentration (50 mg/L � C0 � 500 mg/L) on the
removal and absorption potential of 2-picoline on TWAC along with the temper-
ature (283 K � T � 323 K) was investigated at a dose of 15 g/L and the contact
time of 60 min, and the outcomes are shown in Fig. 6. The outcomes revealed a
decline in the removal of 2-picoline with increasing C0 since TWAC adsorbs a
constant volume of 2-picoline at a fixed dose. TWAC adsorptive capacity, i.e., qe
(mg/g), also increases as the C0 increases as a result of less resistance to 2-picoline
mass transfer from the solution. Figure 6 further shows that the adsorption of
2-picoline decreases with the increase in temperature of the solution from 283K to
323K. At high temperature, 2-picoline molecules consist of high kinetic energy
which causes very tough to bound on the surface of TWAC.

3.6 Adsorption Isotherms

Adsorption equilibrium analysis has been conducted at an equilibrium temperature
and time to determine the relationship between 2-picoline adsorbed on TWAC and
remaining in solution. By creating a systematic link between equilibrium curves
[16], the adsorption mechanism for 2-picoline removal can be optimized.
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Fig. 5 Contact time effect on 2-picoline removal by TWAC (C0 = 50 mg/L, 100 mg/L and
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Isothermal models such as Langmuir and Freundlich have been researched to
resolve equilibrium properties of the phase of adsorption.

The isothermal model of Langmuir is given by the equation [20]:

Ce

qe
=

Ce

qm
þ 1

KL:qm
ð3Þ

where

Ce = concentration of 2-picoline at equilibrium (mg/L)
KL = adsorption energy (L/g)
qe = the sum at equilibrium (mg/g) of 2-picoline adsorbed on TWAC
qm = maximum capability of adsorption (mg/g) (Fig. 7).

The Langmuir constants were calculated from the above graph as KL = 0.04 L/g,
and the maximal adsorption power was qm = 16.47 mg/g.

The isothermal model of the Freundlich is given by the equation [21]:

lnðqeÞ ¼ 1
n
lnðCeÞþ lnðKFÞ ð4Þ
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Fig. 6 Concentration and temperature effect on 2-picoline removal and adsorption capacity by
TWAC (m = 5 g/L, C0 = 50–500 mg/L, pH0 = 6.54, RPM = 150, t = 60 min, V = 50 mL)
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where

KF = adsorbent power (L/g)
1/n = adsorption intensity (Fig. 8).

KF = 0.85 L/g and 1/n = 0.744 were the Freundlich constants obtained from the
graph.

4 Conclusions

It can be inferred from the present analysis that tea waste can be used as a
cost-effective adsorbent for 2-picoline treatment from the wastewater. Tea waste is
an agricultural waste that, if not properly treated, will produce environmental
emissions due to its oxidation in the atmosphere. It can then be used as an adsorbent
and, by using one waste substance for the disposal of another waste, the world can
be preserved. Thus, there is no additional expense for this commodity for tea waste
available at the throwaway expense, and therefore, it is very economical relative to
activated charcoal. The characteristic analysis of adsorbent showed that TWAC has
fixed carbon about 48%, which boosts its effectiveness for the removal of other

y = 0.0607x + 1.4216
R² = 0.9404
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pollutants from water or wastewater. SEM analysis verified the aqueous solution of
2-picoline adsorption, which revealed that after adsorption there is a change in
morphology. The batch adsorption analysis showed that for the concentration of
50 mg/L at 303 K 15 g/L is the optimum dose. For the present analysis, the
optimum pH was found to be 6.54. 2-picoline adsorption increases with the solution
initial pH increasing. It was found that the equilibrium time for 2-picoline removal
was 60 min. For the initial concentration of 50 mg/L and 500 mg/L, the percentage
removal and adsorption capacities were 83 percent and 2.64 mg/g and 56% and
16.06 mg/g, respectively. According to the equilibrium analysis, the optimum
potential for adsorption is 16.47 mg/g. Compared to the Langmuir equation, the
Freundlich isothermal equation was found to describe the adsorption data as well.
Therefore, TWAC is cost–cost adsorbent for the removal of 2-picoline and can also
be recommended for other hazardous materials as an adsorbent. The effective usage
of organic waste has a greater potential for commercial purpose as an adsorbent.
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