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Abstract 

This study demonstrated that activated carbon from waste PET bottle, could be used as an effective adsorbent for the removal of 

SMX and CBZ. Four adsorbents from waste PET bottle were experimented to remove SMX and CBZ from aqueous solution. 

The effects of various factors, such as the initial adsorbate concentration, temperature effect and contact time were investigated 

in series of experiments. To determine the effect of activation agent contents on SMX and CBZ adsorption, 1000 mg/l of SMX 

and CBZ was studied taking into account an initial concentration. The amount of each of the activated carbons used is 0.150 g 

and the shaking time used is 72 hours. The results of the adsorption tests showed the effectiveness of all adsorbents used for the 

elimination of the two PPCPS materials used. According to the removal capacity results of the 4 activated carbons used on the 

adsorption of SMX and CBZ, it seems that the activated carbon 1/4 with composite with (Coal=1 and KOH=4) gave the highest 

adsorption quantity (251.12 mg/g and 250.195 mg/g, respectively for SMX and CBZ) followed by activated carbon 2/4 with 

composite with (Coal=2 and KOH=4) gave (241.37 mg/g and 248.77 mg/g, respectively for SMX and CBZ). On the other side 

the lowest adsorption capacity of 4/4 gave (194.17 mg/g and 240.301 mg/g, respectively for SMX and CBZ) were recorded for 

(Coal=4 and KOH=4). The pseudo-second order model and Langmuir isotherm showed a better description of experimental 

adsorption data for SMX and CBZ than others models used. 

Keywords 

Sulfamethoxazole, Carbamazepine, Adsorption, Activated Carbon 

 

1. Introduction 

Pharmaceuticals and personal care products are all products pro-

duced in manufacturing processes, distributed and used in several 

sectors of life including hospitals, veterinary activities, households, 

pharmacies and agricultural activities. They are intended for hu-

man treatments, livestock treatments, aquaculture treatments, pet 

treatments and spreading. PPCPs are included in the family of 

emerging contaminants (ECs), including pharmaceutical products 

(PP), personal care products (PCPs), endocrine disrupting com-

pounds (EDCs), surfactants, pesticides, flame retardants, and 

industrial additives [1, 2]. The effective management of these 
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pharmaceutical products after having used is a real problem 

for municipalities. Even when treated, they can often be de-

tected in watercourse, rivers and lake at some concentration. 

Their presence in the water can have consequences on the 

quality of water and on aquatic life. Appropriate and effective 

treatments must be used in order to reduce their concentration 

in the receiving environment. Sulfamethoxazole is a sulfona-

mide bacteriostatic antibiotic used in various bacterial dis-

eases prevention and treatment. After consumption, it is 

mainly excreted through urine. It is a pharmaceutical product 

frequently detected in domestic wastewater. It is very toxic to 

aquatic life and the environment [3]. Carbamazepine is one of 

the most widely used pharmaceuticals in the world. It is indi-

cated to treat epileptic seizures, bipolar disorders, nervous sys-

tem damage, voice disorders and vomiting. After consumption, 

it is directly excreted through urine and faces. It is a pharma-

ceutical product that is very difficult to eliminate in 

wastewater [4]. To reduce these types of pharmaceuticals in 

wastewater, it is imperative to use advanced techniques meth-

ods such as conventional activated sludge (CAS), Membrane 

bioreactor (MBRs), Advanced oxidation processes (AOPs) 

and adsorption, which PPCPs removed efficiency are very 

high compared to conventional treatment methods. All these 

treatments techniques mentioned above are effective in terms 

of pharmaceutical products elimination efficiency, but the 

least expensive and the easiest to perform technically is ad-

sorption method [5]. 

Research then turned to adsorption processes using less ex-

pensive materials. Among these less expensive adsorbents, 

there is PET waste bottle, which can be recycled into activated 

carbon and be used to eliminate hazardous materials from ef-

fluents. In South Korea, these waste PET bottles are generated 

in large quantities each year and ends up free of charge in gar-

bage cans. The most common way to recycle waste PET is 

production of activated carbon and it is one of the most envi-

ronmentally friendly solutions. 

2. Materials and Methods 

2.1. Experimental Procedure 

2.1.1. Adsorbent and Characteristics 

The activated carbon used in this adsorption study was pre-

pared in our Laboratory. It was obtained from waste PET bot-

tle, which were cut into small fine pieces, introduced and then 

carbonized at 450°C for 4 hours in Electrical Tube Furnaces. 

The nitrogen flow and the nitrogen pressure used are 100 

cc/min and 80 bars, respectively. The coal obtained was mixed 

with potassium hydroxide and activated again in Electrical 

Tube Furnaces at 800°C for 6 hours. The nitrogen flow and 

the nitrogen pressure used are the same like previously step. 

The activated carbon obtained is dissolved in 250 ml of HCl 

solution at 1.0 M and continually washed with distilled water. 

The target pH of the activated carbon found is between 6.5 to 

7.5 and then dried at 110° C. in an oven for 3 nights. Different 

masses ratios of coal to potassium hydroxide 1/4 = 1: 4, 2/4=1: 

2, 3/4 = 1: 1.33 and 4/4 = 1: 1 g/g and took to prepare compo-

site of coal –KOH. 

2.1.2. Chemical Reagents 

Many reagents were purchased and used in this study in-

cluding Sulfamethoxazole C10H11N3O3S, carbamazepine 

C15H12N2O, potassium hydroxide KOH, sodium hydroxide 

NaOH and hydrochloric acid HCl. Sulfamethoxazole and car-

bamazepine were used to prepare the stock solutions using 

distilled water, KOH was used to activate the coal, NaOH and 

HCl were used to wash the activated carbons to get final pH 

between 6.5 and 7.5. All solutions used in this study were pre-

pared using distilled water. 

Table 1. Chemical properties of SMX and CBZ. 

Compounds Molecular Formula Molecular Weight Pka Chemical structure 

SMX C10H11N3O3S 253.279 g/mol 1.97 

 

CBZ C15H12N2O 236.269 g/mol 2.3 
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2.1.3. Preparation of SMX and CBZ Solution 

Sulfamethoxazole and carbamazepine stock solutions were 

prepared by dissolving 2g of each of the pharmaceuticals in a 

1000ml bottle and complete with distilled water. The other 

samples of different concentrations were prepared using stock 

solution and distilled water. 

Impact of variable factors 

Contact time 

Adsorption equilibrium studies are performed with an ad-

sorbent quantity of 0.5 g by 500 ml of PPCPs materials with 

300, 500 and 700 ppm from 10 to 360 min at 25°C. 

Effect of initial concentration 

To study the influence of the variation of the two PPCPs 

materials concentrations on the adsorption efficiency, we 

fixed the amount of each adsorbent at 0.150 g, the initial con-

centration of sulfamethoxazole and carbamazepine concentra-

tion was 1000 ppm and shaking time used is 72h. 

Effect of temperature 

The adsorption equilibrium studies are carried out with 

0.150 g of adsorbent, 40 ml of the solution volume and the 

initial concentrations of sulfamethoxazole and carbamazepine 

used was 50, 100, 200, 400, 600 and 1000 ppm at various tem-

peratures: 15°C, 25°C and 35°C. 

Determination of wavelengths 

  
Figure 1. Wavelengths of SMX and CBZ. 

Calibration Curves 

UV spectrophotometer were used to quantification of pharmaceuticals concentration, maximum wavelength tested from 200-

400 nm. The maximum wavelength tested, for SMX and CBZ were 264 nm and 284 nm respectively. 

  
Figure 2. Calibration of SMX and CBZ. 

The concentrations were plotted against the area of the sul-

famethoxazole and carbamazepine absorption peak results, 

and the data was fitted with a linear regression. The coefficient 

of determination (R2) of SMX and CBZ was unity, indicating 

a perfect linear relationship of the line to the diluted concen-
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trations. The calibration curves in Figure 2 were used to deter-

mine the concentrations of unknown samples. Similar results 

have been reported [6-9]. 

2.2. Experimentation 

The experimental studies of sulfamethoxazole and carbam-

azepine on the activated carbons used in this study were car-

ried out by studying several possible scenarios: the variation 

of the initial concentration, the variation of the experiment 

temperature and the contact time. The equilibrium quantity 

and the removal efficiency of the compounds used were deter-

mined by the following relationships: 

qe =
(𝑪𝒐−𝑪𝒆)∗𝑽

𝒎
                (1) 

And by calculating the removal percentage 

R(%) =
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
∗ 100            (2) 

Where: Co - initial concentration (mg/l); Ce - equilibrium 

concentration (mg/l); m - mass of the adsorbent (g) 

V - volume of the solution (l) 

3. Results and Discussion 

3.1. Activated Carbon Characteristics 

Knowledge of the textural properties of an adsorbent is a 

fundamental step in adsorption. They are always carried out 

by N2 adsorption/desorption. Its main objective is to deter-

mine the specific surface area of materials by multilayer nitro-

gen adsorption, the pore area and the specific pore volume. It 

also makes it possible to evaluate the external surface and the 

surface of the pores to determine the total specific surface. It 

also makes it possible to interpret in advance the adsorption 

capacity between the adsorbent and the molecules. BET anal-

ysis determines the specific surface area of materials by multi-

layer nitrogen adsorption using relative pressure using an au-

tomated analyzer while the BJH and HK methods determine 

the surface area and specific pore volume using adsorption 

and desorption techniques. The experimental results show that 

the increase in the porosity of the adsorbent depends on the 

increase in the rate of interpretation [10-12]. 

The BET specific surface and the pore volume of 1/4 acti-

vated carbon are 2382.30 m2/g and 0.8988 cm3/g, respectively. 

 
Figure 3. N2 adsorption-desorption isotherms of various PET Acs. 

  
Figure 4. Pore size distributions obtained from HK methods and BJH methods. 
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Table 2. The parameters of porous structure for the initial carbons 

calculated from nitrogen adsorption isotherms. 

Adsorbents 
BET surface 

area (m2/g) 

Pore volume 

(cm3/g) 

Diameter 

(nm) 

1/4 2382.30 0.8948 1.9398 

2/4 2022.50 0.8848 1.7499 

3/4 1530.80 0.6454 1.6864 

4/4 1348.00 0.5636 1.6724 

Coal 199.33 0.1051 2.0555 

3.2. Effect of Activation Agent Contents on 

SMX and CBZ Adsorption 

The initial concentration of SMX and CBZ was studied tak-

ing into account an initial concentration of 1000 mg/l. The 

amount of each of the activated carbons used is 0.150 g and 

the shaking time used is 72 hours. The results obtained are 

illustrated in Figures 3, 4 and 5 Different masses ratios of coal 

to potassium hydroxide: activated carbon 1/4 = 1: 4, activated 

carbon 2/4 = 1: 2, activated carbon 3/4= 1: 1.33 and activated 

carbon 4/4= 1: 1 g/g and took to prepare composite of Coal –

KOH. 

  
Figure 5. Initial concentration (Co=1000 ppm), volume solution (40 ml), adsorbent amount (ACs=0.150 g), rotation speed (200 rpm), rotation 

time (72 hours) and temperature 25°C. 

The results of the histogram representation show that the 

adsorption capacity of activated carbon 1/4 = 1: 4 g/g with 

composite of Coal and KOH (Coal=1 and KOH=4) was high 

than those obtained with less KOH. This result can be ex-

plained by the high amount of KOH it contains compared to 

other activated carbons used. From the adsorption test results 

of the 4 activated carbons used on SMX and CBZ, it seems 

that the activated carbon 1/4 with composite with (Coal=1 and 

KOH=4) gave the highest adsorption quantity (251.12 mg.g-1 

and 250.195 mg.g-1, respectively for SMX and CBZ) followed 

by activated carbon 2/4 with composite with (Coal=2 and 

KOH=4) gave (241.37 mg.g-1 and 248.77 mg.g-1, respectively 

for SMX and CBZ). Unlike, the lowest adsorption capacity 

belongs to activated carbon 4/4 (194.17 mg.g-1 and 240.301 

mg.g-1, respectively for SMX and CBZ) which were recorded 

for (Coal=4 and KOH=4). Our results are similar to those 

found [13-15]. 

3.3. Langmuir Isotherm of SMX and CBZ at 

Various System Temperature 

The Langmuir isotherm describes monolayer adsorption 

onto a homogeneous surface of the adsorbent. The assump-

tions of the Langmuir model are [16]: The adsorption energy 

is constant on all sites and Each site can accommodate a single 

molecule or an atom. 

The expression of Langmuir's law is given by the following 

equation. 

𝑞𝑒 =
qm∗b∗Ce

1+𝑏𝐶𝑒
               (3) 

With: qe - equilibrium quantity by the adsorbent (mg. g-1), 

Ce - equilibrium concentration of the adsorbate (mg. L-1), 

qmax - maximum maximum adsorption capacity of langmuir 

(mg. g-1), b - Langmuir adsorption equilibrium constant 

(L.mg-1). 

The results of experimental studies of SMX and CBZ ad-

sorption test on activated carbon at different temperatures 

are shown in Figures 6. Temperature is a very important 

parameter in the adsorption process. The results of the ex-

perimental studies of SMX and CBZ adsorption at various 

temperatures revealed that SMX and CBZ adsorption ca-

pacity evolves inversely with the temperature, that is mean 

that when one increase, the other decrease indicates that the 

adsorption process is exothermic and the highest adsorption 
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capacity was obtained at 15°C using 15°C, 25°C and 35°C. 

High temperature can result in an increase in the mobility of 

the acidic compounds but can decrease the interaction of SMX 

and CBZ with active sites of activated carbon, which causes a 

decrease in adsorption capacity [17]. On the same Figures, we 

also observe that the adsorption capacity increases when the 

initial concentration increases. This may be explained by the 

presence of more SMX and CBZ in solution available for 

binding onto the active sites of the activated carbon. The same 

tendency had been obtained by [18]. According to the iso-

therm study, the experimental studies data was correlated by 

Langmuir model. As seen in Table 3, the SMX and CBZ ad-

sorption was well correlated with Langmuir isotherm model 

with high correlation coefficient values (0.998, 0.996 and 

0.997) and (0.9810, 0.988 and 0.963) for sulfamethoxazole 

and carbamazepine, respectively. Furthermore, the values of b 

for the Langmuir isotherm were between 0 and 1, indicating a 

favorable process. Similar results have been reported have 

been reported by [18]. 

  
Figure 6. Adsorption isotherms of SMX and CBZ at various system temperature, initial concentrations used (Co=50, 100, 200, 400, 600 and 

1000 ppm), volume of solution (40 ml), amount of adsorbent 0.150 g, rotation speed (200 rpm) and rotation time (72h). 

3.4. Freundlich Isotherm of SMX and CBZ at 

Various System Temperature 

The Freundlich isotherm is frequently used to describe the 

adsorption on heterogeneous surfaces. The Freundlich equa-

tion is well suited to describe the aqueous phase equilibrium. 

Its empirical formula is: 

𝑞𝑒 =  𝐾𝑓 ∗ 𝑐𝑒
1

𝑛             (4) 

With: qe - The equilibrium concentration of the adsorbent 

(mg. g-1), Ce - The equilibrium concentration of the adsorbate 

(mg. L-1), KF and 1/n - Freundlich constants related to adsorp-

tion and affinity. 

  
Figure 7. Adsorption isotherms of SMX and CBZ at various system temperature, initial concentrations used (Co=50, 100, 200, 400, 600 and 

1000 ppm), volume of solution (40 ml), amount of adsorbent 0.150 g, agitation speed (200 rpm) and shaking time (72h). 
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In adsorption, temperature plays a very important role. It is 

one of the most important parameters in the adsorption pro-

cess. So the effect of various system temperature of SMX and 

CBZ removal by using activated carbon 1/4 as an adsorbent 

was examined over a range of 15-35°C. Within this range, the 

maximum equilibrium quantity drug was recorded at 15°C as 

indicated previously for SMX and CBZ. According to the tem-

perature results of SMX and CBZ, it can be concluding that, 

the adsorption capacity of SMX and CBZ increased when the 

temperature decrease. This is mainly due to the decreased sur-

face activity indicating that adsorption between molecules of 

PPCPs molecules and adsorbent was an exothermic process. 

Similar results have been reported by [19]. The Freundlich 

isotherm is frequently used to describe the adsorption on 

heterogeneous surfaces. The n parameter, known as the het-

erogeneity factor, can be used to indicate whether the ad-

sorption is linear (n = 1), whether it is a chemical process 

(n< 1), or whether a physical process is favorable (n>1). 

When (n=1), the adsorption is linear; when (n<1), the adsorp-

tion process is a chemical process; when (n>1), physical pro-

cess is favorable. On the other hand, values of 1/n<1 and 

1/n>1 indicate a normal Langmuir isotherm and cooperative 

adsorption, respectively [20]. In this study, the values (n>1) 

and the 1/n values are less than 1 indicate that the physical 

process and the normal Langmuir isotherm are favorable. The 

correlation coefficients obtained from Freundlich model of 

SMX and CBZ (R2> 0.948) indicating that the surface of the 

adsorbent is heterogeneous and the adsorption of SMX and 

CBZ on the adsorbent is multilayer. Similar results have been 

reported by [21]. 

Table 3. Adsorption isotherms parameters. 

Adsorbates 

Temperature Langmuir isotherm model Freundlich isotherm model 

(°C) qm b R2 K 1/n R2 

SMX 

15 261.846 0.271 0.998 82.801 0.299 0.948 

25 247.609 0.217 0.996 68.999 0.328 0.966 

35 237.859 0.168 0.997 54.205 0.368 0.969 

CBZ 

15 278.248 0.536 0.981 88.358 0.342 0.973 

25 271.921 0.332 0.988 77.881 0.369 0.977 

35 255.937 0.269 0.963 72.097 0.372 0.988 

3.5. Adsorption Kinetics of SMX and CBZ at Various Initial Concentration 

  
Figure 8. Effect of contact time on sulfamethoxazole and carbamazepine at various concentration, initial concentration (Co=300, 500 and 

700 ppm), volume of the solution 500 ml, adsorbent quantity 0.5g, rotation time (360 min), rotation speed (200 rpm) and temperature 25°C. 

This study was conducted to determine the effect of stirring 
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time on the absorption mechanism of SMX and CBZ on acti-

vated carbon 1/4. The effect of contact time of SMX and CBZ 

was monitored by using 0.5 g of activated carbon 1/4 and ini-

tial concentrations used were 300, 500 and 700 ppm. The re-

sults presented in Figure 8 have shown that the adsorption ki-

netics of SMX and CBZ on the activated carbon used is very 

rapid by using 300, 500 and 700 ppm. The maximum adsorbed 

quantity of SMX and CBZ with 300, 500 and 700 mg/l was 

reached after 3 hours for SMX and 2 hours for CBZ. 

The effect of contact time of SMX and CBZ adsorption is 

given in Figure 8 above. The Figures show the progress of ad-

sorption on sulfamethoxazole and carbamazepine by using 

300, 500 and 700 mg/l. seeing these figures, we can conclude 

that the initial concentrations of sulfamethoxazole and car-

bamazepine decrease as time progresses. In the first 10 

minutes, the adsorption process was rapid then becomes slow 

with the evolution of contact time and reaches equilibrium af-

ter 3 hours for SMX and 2 hours for CBZ. 

The experimental test results showed a decrease of the ini-

tial concentrations of SMX and CBZ at the beginning of the 

adsorption process with a high adsorption rate and then de-

crease gradually with the progress of contact time until equi-

librium. This phenomenon can be explained by the fact that 

the first 10 minutes, the active sites of the surface of the acti-

vated carbon were empty and available to receive sulfameth-

oxazole and carbamazepine molecules. Then as time pro-

gresses, these active sites of the adsorbent become more and 

more saturated and the SMX and CBZ molecules can no 

longer be adsorbed by the activated carbon. Similar results 

have been reported by [22]. 

3.6. Adsorption Kinetics 

Kinetic studies are carried out to better understand the dy-

namics of adsorption reactions on the studied pollutants. They 

are also used to determine the rate constant of the kinetics 

model. The most important information for the design and 

modeling of the adsorption process is provided by the kinetic 

parameters of the model. In our study, the adsorption tests for 

the kinetic study were carried out using 300, 500 and 700 mg/l 

initial concentrations for sulfamethoxazole and carbamaze-

pine with 0.5 g of adsorbent for a contact time ranging from 

from 10 to 360 minutes. 

3.6.1. Pseudo First Order Kinetics 

Lagergren first order equation is tested to fit the experi-

mental data obtained from the experiments test. The equation 

is based on the adsorption of an adsorbate from solution onto 

solid adsorbent, so it is usually referred as pseudo-first order 

kinetic model (A. S. Mestre, 2007). The pseudo-first order 

equation is given as follows: 

𝑄 = 𝑞𝑒(1 − 𝑒−𝐾1𝑡)             (5) 

Where: k1 - rate constant for pseudo first order kinetics 

(min1), q - adsorption capacity at time t (mg/g). 

The pseudo-first order model is the earliest known equation 

describing the adsorption rate based on the adsorption capac-

ity. The experimental data of the kinetic study relating to the 

adsorption of SMX and CBZ on activated carbon 1/4 is pre-

sented in Figures 9 by using pseudo first-order kinetic model. 

  
Figure 9. Pseudo-first order model of SMX and CBZ at various contact time and various initial concentration (Co=300, 500 and 700 ppm), 

volume of the solution 500 ml, adsorbent quantity 0.5g, rotation time (360 min), rotation speed (200 rpm) and temperature 25°C. 

By observing these Figure 9, we can affirm that the adsorp-

tion capacity of SMX and CBZ increases with the evolution 

of contact time using the three concentrations. The obtained 

experimental equilibrium adsorption capacities (Qexp) are 

234.988, 229.957 and 231.741mg/g of SMX and 259.642, 

262.094 and 263.497 mg/g of CBZ for the initial concentra-

tions of 300, 500, and 700mg/L, respectively. This phenome-

non is ascribed to adsorbent-adsorbate interactions at various 

initial SMX and CBZ concentrations, allowing the mobility of 
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PPCPs molecules to enter into the interior region of the adsor-

bent [23]. 

In addition, the kinetic parameters obtained from pseudo-

first-order model revealed that the pseudo-first order model 

does not describe the experimental data of SMX and CBZ. 

This can generally be explained by the low values of the cor-

relation coefficients obtained from the first-order-model equa-

tion and the disagreement between the adsorbed quantity ob-

tained by the experimental test and those obtained by using 

the first order model equation. In this present study, we notice 

that the correlation coefficients obtained for SMX and CBZ 

are very low and very far from 1. Therefore, we can conclude 

that the pseudo-first order model does not describe the exper-

imental test on SMX and CBZ. This can be confirmed by [24]. 

3.6.2. Pseudo Second-order Kinetics 

The pseudo-second-order model is frequently used in ad-

sorption. This model was applied in activated carbon adsorp-

tion, clays or other adsorbents. According to, this model is 

based on the following assumptions: 

Adsorption takes place on localized sites and there is no in-

teraction between the adsorbed molecules. 

The desorption rate is negligible compared to the adsorption 

rate. 

The adsorption maximum corresponds to the formation of 

a monolayer of adsorbates on the adsorbent surface. 

In this case, the pseudo-second-order chemisorption kinet-

ics can be expressed as follows [25]: 

𝑞 =
𝐾2𝑞𝑒

2𝑡

1+𝐾2𝑞𝑒𝑡
              (6) 

Where: K2 - rate constant for pseudo-second-order kinetics 

(min-1). 

The kinetic study results of SMX and CBZ experimental 

adsorption tests on activated carbon was well described by 

pseudo-second-order kinetic model. This can be explained by 

the agreement between the graphical representation of the ex-

perimental test of SMX and CBZ adsorption and the second-

order-model lines on the Figure 10. In addition, the kinetic pa-

rameters result of the model obtained revealed that pseudo-

second-order model described well the experimental data of 

SMX and CBZ as seen in the rate constant adsorption which 

increased with the increase of SMX and CBZ initial concen-

trations and the correlation coefficients (R2) values. The rate 

constant k2 values for de pseudo second-order kinetic equation 

adsorption were calculated to be 0.0107, 0.0172 and 0.0263 

mg.mg-1.min-1 respectively, for 300, 500 and 700 ppm for 

SMX adsorption and 0.0193, 0.0269 and 0.0340 mg.mg-1.min-

1 respectively, for 300, 500 and 700 ppm for CBZ adsorption 

[26]. 

Therefore, the perfect agreement between the values of (qe, 

exp.) and (qe, cal.) of SMX and CBZ indicates that the 

pseudo-second-order kinetic model is appropriate to describe 

the adsorption behavior of the adsorbent selected so that the 

rate limiting factor could be a chemisorption process, where 

the interactions (chemical bonding) involved the sharing or 

exchange of electrons between the adsorbate and the adsor-

bent [27]. 

 
Figure 10. Pseudo-second-order model of SMX and CBZ at various contact time and various initial concentration (Co=300, 500 and 700 

ppm), volume of the solution 500 ml, adsorbent quantity 0.5g, rotation time (360 min), rotation speed (200 rpm) and temperature 25°C. 
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Table 4. Kinetic parameters of pseudo 1st and 2nd order models. 

Adsorbate 

Initial concentration qe (Exp) pseudo 1st order pseudo 2nd order 

ppm mg g-1 

qe (Pre) K1 

R2 

qe (Pre) K2 

R2 

mg g-1 min-1 mg g-1 g mg-1 min-1 

SMX 

300 234.988 212.227 2.0613 0.983 240.957 0.0107 0.9973 

500 229.957 216.107 2.7991 0.976 239.270 0.0172 0.9980 

700 231.741 220.187 4.0926 0.981 239.914 0.0263 0.9986 

CBZ 

300 259.642 233.996 4.7226 0.931 265.173 0.0193 0.9730 

500 262.094 239.722 5.0031 0.936 265.978 0.0269 0.9750 

700 263.497 245.724 6.8552 0.962 266.825 0.0340 0.9867 

 

4. Conclusion 

This study demonstrated the performance of waste PET ac-

tivated carbons for sulfamethoxazole and carbamazepine re-

moval from aqueous solution. Experimental tests were carried 

out to evaluate the effectiveness of PET activated carbons on 

these two pharmaceutical products removals. The results 

found revealed that the activated carbons used in this study 

were conclusive for the elimination of sulfamethoxazole and 

carbamazepine. 

They can be used as the excellent adsorbents for removing 

hazardous materials from wastewater. The following conclu-

sions can be made: 

The activated carbon 1/4 with composite with (Coal=1 and 

KOH=4) gave the highest adsorption quantity (251.12 mg/g 

and 250.195 mg/g, respectively for SMX and CBZ) by using 

1000 ppm of adsorbates initial concentration. 

By carrying out the experimental study with different tem-

peratures, the obtained results showed that the adsorption ca-

pacity of SMX and CBZ evolve inversely with the tempera-

ture, i.e. when one increases, the other decreases indicates that 

the adsorption process is exothermic and the highest adsorp-

tion capacity was obtained at 15°C by using 15, 25 and 35°C. 

The equilibrium time for adsorption of SMX and CBZ from 

aqueous solutions was achieved within 3 hours for SMX and 

2 hours for CBZ of contact time on the activated carbon by 

using 300, 500 and 700 mg/l. 

Langmuir’s model described well the experimental adsorp-

tion of TB and BTB than Freundlich's model. 

Kinetic studies showed that the pseudo-second-order model 

better describes the adsorption of SMX and CBZ on activated 

carbon than the pseudo-first-order model. 

 

Abbreviations 

Co Initial Concentration (mg/l) 

Ce Equilibrium Concentration (mg/l) 

m Mass of the Adsorbent (g) 

V Volume of the Solution (l) 

qe Equilibrium Quantity by the Adsorbent (mg. 

g-1) 

q Adsorption Capacity at Time t (mg/g) 

qmax Maximum Maximum Adsorption Capacity 

of Langmuir (mg. g-1) 

b Langmuir Adsorption Equilibrium Constant 

(L.mg-1). 

KF and 1/n Freundlich Constants Related to Adsorption 

and Affinity 

k1 Rate Constant for Pseudo First Order 

Kinetics (min-1). 

K2 Rate Constant for Pseudo-second-order 

Kinetics (min-1). 
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