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In recent years, pharmaceutical compound has been detected in small concentration in our surface and ground
water. This detection raises a lot of concern as is it reported that pharmaceutical compound can bring adverse
effect to the environment even at low concentration. Besides that, there is a growing fear that this compound
will eventually end up in human drinking water, thus effecting human health. This prompt a lot of research on
the removal method for this particular compound. Adsorption is seen as the most viable option because of its
high efficiency, low cost and it is environmentally friendly. In this study, the adsorbent used is carbon black
derived from tyre waste via pyrolysis at 800 °C. The carbon black was treated with 6 M of nitric acid (HNO3) at
90 °C for 0.5 h before being subjected to thermal treatment at 600 °C for 1 h. The response of the adsorption
study is the removal of aspirin. There were five adsorption parameters that were varied in this study which are
the contact time (until equilibrium), initial pH of aspirin solution (pH 3, pH 7, pH 11), temperature (30, 50, 70 °C),
initial concentration (10-100 mg/L) and adsorbent dosage (0.1 g, 0.5 g, 1.0 g). The best removal capacity
obtained was 40.40 mg/g of aspirin at pH 3, temperature of 30 °C, 100 mg/L initial concentration and 0.02 g
adsorbent dosage.

1. Introduction

Pharmaceutical compounds have recently been recognized as emerging pollutant as they have been detected
in almost all compartment of the environment especially in the water system (Teo et al., 2016). This is very
alarming considering that pharmaceutical compounds are known to cause adverse effect to the environment
even at low concentration (Li, 2014). This is made worse by the fact that no law and regulation exist to monitor
their presence in the environment (Frédéric and Yves, 2014).

Aspirin is one of the most consumed and produced pharmaceutical compound (Jones et al., 2002). As a result,
aspirin is also one of the most commonly detected pharmaceutical compound in the environment. A lot of
research are being done in order to find effective way to remove this type of compound. Advance treatment
such as advanced oxidation processes (Broséus et al., 2009), biodegradation (Cruz-Morat6 et al., 2014),
membrane filtration (Radjenovi¢ et al., 2008) and adsorption (Hussain et al., 2010) have shown positive results
in removing this type of compound. Adsorption is seen as the most promising removal method because of its
versatility in removing different pollutant and also its efficiency.

Activated carbon is the most prominent adsorbent being used. However, due to the cost of commercial activated
carbon and its unrenewable origin, a lot of emphasizes have been put in making activated carbon from waste
material such as spent coffee ground (Lavecchia et al., 2016), peach stones (Alvarez-Torrellas et al., 2015) and
oil palm endocarp (Marrugo et al., 2015). Tyre waste is another waste material that have a potential to be used
as an adsorbent because of its high carbon content called carbon black (CB) (Saleh and Danmaliki, 2016).
Table 1 shows some of the study in utilizing tyre waste as an adsorbent. This study looks to take advantage of
this high carbon content of tyre waste in making an adsorbent for the removal of aspirin. In this study, the
adsorbent was synthesized by subjecting the CB with chemical treatment and thermal treatment. The resulting
tyre waste adsorbent (TWA) were then subjected to batch adsorption experiment where the effect of adsorption

Paper Received: 30 March 2018; Revised: 16 August 2018; Accepted: 23 August 2018

Please cite this article as: Azman A., Ngadi N., Awg Zaini D.K., Jusoh M., Mohamad Z., Arsad A., 2019, Effect of adsorption parameter on the
removal of aspirin using tyre waste adsorbent, Chemical Engineering Transactions, 72, 157-162 DOI:10.3303/CET1972027



158

parameter: contact time, pH, temperature, initial concentration and adsorbent dosage were investigated for the
removal of aspirin.

Table 1: Studies on tyre waste as an adsorbent

Pollutant ~ Adsorption Capacity (mg/g) Reference

Mercury 211.00 Manchén-Vizuete et al., 2017
Xylene 14.87 Alamo-Nole et al., 2011
Copper 1.52 Calisir et al., 2009

2. Materials and methods
2.1 Materials

CB derived from tyre waste were obtained from QCS Biotechnology SDN. BHD located at Senai, Johor. Tyre
waste were subjected to pyrolysis at 800 °C to obtain the CB. Nitric acid (HNOs) with purity of 70 % was
purchased from HmbG Chemicals. 0.1 M of hydrochloric acid (HCI) and sodium hydroxide (NaOH) were used
to adjust pH.

2.2 Adsorbent syhthesis

The CB were first subjected to chemical treatment. 10 g of CB were impregnated with 500mL of 6 M nitric acid
at 90 °C. The mixture was then shaken at 160 rpm for 1 h. Then, the CB were filtered and washed using distilled
water until a neutral pH of filtrate were obtained. Next, the resulting CB were subjected to thermal treatment at
600 °C for 1 h. After thermal treatment, the resulting adsorbent were called waste tyre adsorbent (TWA) and
were used for the batch adsorption experiment.

2.3 Batch adsorption experiment

The batch adsorption experiment were conducted by mixing 50 mL of aspirin solution with the specified amount
of waste tyre adsorbent (TWA) and shake at 160 rpm.

The effect of contact time of aspirin adsorption was under the following condition: pH 7, 30°C, 100 mg/L of
aspirin solution, 0.1 g of adsorbent and 150 min. Samples were collected from the mixture for UV-Vis analysis
(300 nm wavelength) at every 10 min for the first 30 min, then every 30 min for the rest of the experiment. The
optimum contact time was then selected and used for the subsequent set of experiment. The next set of
experiment was conducted to study the effect of pH on aspirin adsorption by adjusting the pH of aspirin solution
raging from pH 3 to pH 11. For the effect of temperature, the experiment was conducted at 30 °C, 50 °C and 70
°C. Initial concentration of aspirin was varied from 10 mg/L to 100 mg/L to study the effect of initial concentration
of aspirin. Three different adsorbent dosage (0.1 g, 0.5 g and 1.0 g) were used to study the effect of adsorbent
dosage.

The amount of aspirin adsorbed to TWA at equilibrium, ge (mg/g), was calculated using Eq(1), while aspirin
adsorbed at time t, g (mg/g) was calculated using Eq(2). The percentage removal of aspirin was calculated
using Eq(3).

(G =CV (1)
e = —w

(G =)V 2
qe —w
Removal % = (C"C;C") 100 ©)

0

In Eq(1), Eq(2) and Eq(3), Co is the initial concentration of aspirin, mg/L. Ce is the concentration of aspirin at
equilibrium, mg/L. Ct is the concentration of aspirin at time t, mg/L. V is the volume of aspirin solution, L. W is
the weight of adsorbent used.

3. Results and discussion
3.1 Effect of contact time

Figure 1 shows the effect of contact time on the removal of aspirin by TWA. From the figure it can be seen that
the adsorption of aspirin happens at a high rate for the first 10 min where the adsorption capacity increase
significantly to 20.12 mg/g. The adsorption of aspirin reached equilibrium at 60 min.
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Initially, a lot of unoccupied active site were available for the adsorption of aspirin. Furthermore, the high
concentration gradient of aspirin also drives the adsorption process forward. As more aspirin were adsorb on
the surface of the adsorbent, both of these factors deteriorates, the concentration gradient decrease and less
active site for adsorption are present. This may also due to the repulsive force between the adsorb aspirin on
the surface of the adsorbent and the aspirin in the aqueous solution (Gulipalli et al., 2011). The maximum
adsorption capacity when equilibrium was reached is 21.5 mg/g.
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Figure 1: The effect of contact time on aspirin adsorption (pH 3, 30 °C, 100 mg/L initial aspirin solution, 0.1 g
adsorbent dosage)

3.2 Effect of pH

The result for the effect of pH on the adsorption of aspirin is shown at Figure 2.
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Figure 2: The effect of pH on aspirin adsorption (60 min contact time, 30 °C, 100 mg/L initial aspirin solution,
0.1 g adsorbent dosage)

The best pH for the adsorption of aspirin is pH 3 which is the initial pH of aspirin without addition of sodium
hydroxide. A decrease in adsorption were observed with an increase in pH. The adsorption capacity decrease
from 21.50 mg/g at pH 3, to 11.34 and 7. 48 mg/g at pH 7 and 11. The same trend were obtained from previous
study where the adsorption of aspirin favours a more acidic solution (Mukoko et al., 2015).

The effect of pH on adsorption can be related to the point of zero charge (pHpzc) of the TWA which is 2.13. This
means that at pH more than 2.13, the adsorbent surface will be negatively charged. Aspirin is a weak acid (pKa
= 3.5) and undergoes partial deprotonation in water to produce negatively charge ions. By increasing the pH of
aspirin solution, the surface of TWA and aspirin will be negatively charged resulting in electrostatic repulsion
which hindered the adsorption (Bernal et al, 2017).

The above statement is contradicting with fact that the adsorption capacity of TWA was still high at pH 3 which
is higher that the pHpzc.
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This lead to the conclusion that electrostatic attraction between the adsorbent and adsorbate is not the sole
adsorption mechanism in this study. Instead, the interaction between aspirin and the basic oxygenated group
(which were added to the surface of adsorbent during the chemical and thermal treatment) on the surface of the
TWA may play a more prominent role.

3.3 Effect of temperature

The data plotted in Figure 3 shows that temperature was an insignificant factor for the adsorption of aspirin onto
TWA. Very small deviation were observed even at a much elevated temperature. The adsorption capacity at
temperature 30 °C, 50 °C and 70 °C were 21. 50 mg/g, 22.12 mg/ g and 21.45 mg/g. The same pattern had
been observed before by Wong et al. (2017).
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Figure 3: The effect of temperature on aspirin adsorption (60 min contact time, pH 3,100 mg/L initial aspirin
solution, 0.1 g adsorbent dosage)

This result shows that the adsorption of aspirin onto TWA occurs via chemisorption. Chemisorption is not
dependent on the temperature as the bond created between the adsorbate and adsorbent need a high energy
to be overcome and broken (Febrianto et al., 2009). This is in agreement with the mechanism proposed in
section 3.2 in which the aspirin react chemically with the basic functional group on the TWA.

3.4 Effect of initial concentration

Figure 4 shows that by increasing the initial concentration of aspirin, the adsorption capacity increase. The
increase is very significant from 4.44 mg/g at 20 ppm concentration up to 21.50 mg/ at 100 ppm which is an
increase of approximately 200 %.

The mass transfer driving force between the adsorbent and adsorbate plays a significant role in this trend. A
higher initial concentration will create a higher driving force because of the concentration gradient of the
adsorbate (Nasuha et al., 2010). This will in turn resulted in a higher number of effective collisions of adsorbent
and adsorbate thus increasing the adsorption capacity (Wong et al., 2018). After 60 mg/L of initial aspirin
concentration, the percentage removal of aspirin decreases. This is because of the saturation on the surface of
adsorbent.
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Figure 4: The effect of initial concentration on aspirin adsorption (60 min contact time, pH 3, 30 °C, 0.1 g
adsorbent dosage)
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3.5 Effect of adsorbent dosage

A clear trend can be seen for the effect of adsorbent dosage in Figure 5. As expected, by increasing the amount
of adsorbent, the removal of aspirin increased as well. An opposing trend were observed for adsorption capacity.
The adsorption capacity decrease as more adsorbent were used. The highest adsorption capacity in this study,
which is 40.40 mg/g, were recorded when 0.02 g of adsorbate was used. In comparison, a study that uses
carbon nanotube crosslinked with B-cyclodextrin manages to obtain an adsorption capacity of 101 mg/g
(Mphahlele et al., 2017).

By increasing the adsorbent dosage, more active site for adsorption were available. This explains the trend
where an increase in adsorbent dosage resulted in more removal of aspirin. As for the decreasing adsorption
capacity, this is probably because some of the active sites were left unoccupied since the ratio between the
adsorbate and adsorbent active site were very large (Reddy et al., 2016).
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Figure 5: The effect of initial concentration on aspirin adsorption (60 min contact time, pH 3, 30 °C, 100 mg/L
initial aspirin concentration)

4. Conclusion

In this study, tyre waste adsorbent (TWA) was synthesize by using both chemical and heat treatment on the
tyre waste. The batch adsorption experiment shows a promising result in which the highest adsorption capacity
of aspirin obtained was 40.40 mg/g at 60 min contact time, pH 3, temperature 30 °C, 100 mg/L initial aspirin
concentration and 0.02 g adsorbent dosage.
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