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ABSTRACT. 

Analyses of ibuprofen and tetracycline removal through adsorption onto two manufactured activated 

carbons produced from pineapple peels (ACPP) and mango pits (ACMP) and a commercial activated 

carbon (GAC) have been developed and compared with results obtained from previous studies. 

Ultrapure water (UPW) and natural mineral water (NW) were established as the aqueous environments 

of study to evaluate the effect of presence of ions. Kinetic adsorption studies reveal that removal process 

in all scenarios is faster in the beginning and decreases over the time till reach equilibrium. 

Equilibrium time for TC is reached after 120 hours in UPW and NW. Presence of ions produce a 

retardant effect in IBU sorption in NW, reaching equilibrium after 120 h; ACMP and GAC present a 

higher absorbance rate for both molecules. Results for adsorption equilibrium in presence of ions 

showed: (1) a reduction in the maximum adsorption capacity of TC and IBU for GAC, (2) no distinct 

differences for removal capacities of ACMP and ACPP for TC removal, (3) a slight increase in 

adsorption capacity of IBU sorption on ACPP and (4) a higher efficiency of IBU removal on ACMP. 

Freundlich and Langmuir models were applied, leading as result a favorable adsorption and better fit 

with the nature of Freundlich model for all materials. The study suggests too that IBU is absorbed in 

greater proportion than TC in all materials, and the favorable condition shown by ACMP above ACPP 

can be attributed to its porous structure with a higher total volume. 

1. Introduction. 

Nowadays some of the active compounds more used in pharmaceutical sector are Ibuprofen 

(IBU) and Tetracycline (TC), whose high consumption is generalized around the world. TC is 

one of the most common antibiotics used extensively in animal industry to treat or prevent 

microbial infections, and to promote grow, feed efficiency and weight gain [1] . This 

medicament presents a relatively high consumption as compared with other classes of 

antibiotics, because of its low cost and easy access. Just in Europe, this compound registered 

the highest proportion in sales of antibiotics with veterinary purposes in France and 

Netherlands with 487.3 and 267.3 tons, respectively, between 2005 and 2009 [2]. IBU for its 

part, belongs to the medicaments classified as non-steroidal, anti-inflamatory drugs (NSAIDs), 

and is one of the most used active pharmaceutical ingredients because of its benefits in 

treatment of pain, inflammation and fever [3]. Proof of that are the 276 tons per year 

consumed in Spain calculated in 2003 (in a population of 43.2 millon) [3], and the results of an 

study developed in six European countries, that show clear tendencies of an increase its 

consumption patterns based on its results of sales between 2003 and 2009 [4]. 

A fraction of medicaments administrated through oral way is excreted directly in feces or 

urine in active metabolite forms. TC presents a high excretion rate (typically 70 – 90%) as 

parent compounds [5], and levels of unmetabolized IBU product eliminated are close to 10% 



[3]. High amounts of consumption, added to a poor absorbance in organism leads to a presence 

of those molecules in environment. Some studies developed in typical swine farms and dairy 

cattle farms in Guangxi, Province of southern China demonstrated that use of TC in livestock 

farms could lead to contamination of surface water, groundwater and agricultural soils via 

direct discharge of animal wastewater, leaching of animal wastewater, and land application of 

animal manure and wastewater [6]. In water samples coming from wastewaters and receiving 

stream were detected maximum TC concentrations of 1190±145 and 8.73 ±0.54 ng/L 

respectively, and 494 ±121 μg/kg in suspended particles [6].Similarly, measurements in water 

samples in Czech Republic during 2010 and 2011 reveal that IBU is one of the most often 

detected pharmaceutical compounds in concentrations from 0,7 to 20,7 ng/L for treated water 

and with maximum levels of 1.2 ng/L for tap water [7]. 

 

Pharmaceutical residues in the environment could represent harmful effects on human health 

and ecosystem, through allergic reactions, carcinogenic responses, or via emerging antibiotic-

resistant microorganisms [8]. In the spite of the fact that they are found in concentrations 

expressed in ug/L or ng/L units, they are considered a potential risk to ecosystem due to their 

ecotoxicological properties.  

 

Taking into account that removal process through conventional methods like biodegradation 

or biosorption cannot be an effective option due to their presence in small concentrations in 

solution [9], several studies report the adsorption of pharmaceuticals as the most promising 

technique [10]. Literature includes different publications related with adsorption efficiency 

onto natural materials or components of natural materials including soils, clays, silica for the 

removal of specific pollutants from aqueous phase [10], leading as result significant progress 

in the knowledge of their application in water treatment. Development of alternative 

adsorbents is part of this recent tendency, through production of activated carbon from 

biomass and agricultural wastes, remaining attractive because of its effectiveness in removal 

of low concentration molecules in aqueous environment - enhanced by its large surface area - 

with a low-cost production [10-11].  

Present study evaluates the removal behavior of TC and IBU through adsorption on 

manufactured activated carbons developed from biomass in laboratory experience in two 

different aqueous environments, to determine in which level the presence of ions in solution 

has influence in their adsorption velocity, removal capacity and efficiency. 

2. Materials. 

 

2.1 Activated Carbons. 

Three types of activated carbon (AC) were used during experimental phase: two carbonaceous 

materials obtained from agricultural wastes from Colombia, prepared using as raw materials 

pineapple peels (ACPP) and mango pits without almond (ACMP) by direct activation [3], and a 

commercial activated carbon (GAC) produced with coconut shell through physical activation 

[3-11]. Table 1 summarizes CAs porous characteristics. 

 

 

 

 



Table 1.  

Characteristics and properties of manufactured Colombian CAs and GAC [3]. 

 

 

 

 

2.2 Waters. 

 

Two waters were employed: Ultra-pure water (UPW), provided by the laboratory through its 

production using the system Thermo Scientific® Barnstead Smart2Pure, and Natural Mineral 

Water (NW), available on the market and with appropriate stable characteristics in its content 

and pH value. UPW presents a resistivity of 12.8 MΩ-cm, a conductivity of 0.055 µS/cm and a 

total organic carbon content that ranges between 5 and 10 ppb. The composition of NW is 

described in Table 2.  

 
Table 2.  

Concentration of ions in Natural Mineral Water. 

 

 Ca2+ Mg2+ Na+ K+ Cl- NO3- SO42- pH 

Concentration 

(mg/L) 
230 66 40 8 58 <1 620 7.5 – 7.8 

2.3 Micropollutants. 

TC and IBU were purchased from Sigma-Aldrich. Most important physical and chemical 

characteristics are listed in Table 3. 

 
Table 3. 

 Physical and chemical properties of micropollutants. 

 

Property Tetracycline  

hydrochloride  

Reference Ibuprofen 

sodium salt 

Reference 

Formula 
C22H24N2O8· HCl 

 

Sigma Aldrich, 

2013 

C13H17NaO2 

 

Sigma Aldrich, 

2013 

CAS number 
64-75-5 

 

Sigma Aldrich, 

2013 

31121-93-4 

 

Sigma Aldrich, 

2013 

Molecular 

Structure 

 
 

[11] 

 

Sigma Aldrich, 

2013 

Molecular 

weight 

480.90 g/mol 

 

Sigma Aldrich, 

2013 

228.26 g/mol 

 

Sigma Aldrich, 

2013 

     

Solubility 

(mg/mL) 
10 

Sigma Aldrich, 

2013 
100 

Sigma Aldrich, 

2013 

pka 3.3 – 7.8 – 9.6 [11] 4.51 [3] 

Biodegradability Low [11] High [3] 

 ABET (m2/g) Vtotal (cm3/g) Vmeso(cm3/g) Vmicro (cm3/g) pHpzc 

ACPP 929 0.493 0.068 0.387 8 

ACMP 1019 0.579 0.099 0.419 8 

GAC 1155 0.55 0.03 0.47 8 



 

TC stock solution was prepared in concentration of 1 g/L in acid media (pH 2.1) to avoid 

precipitation, dissolving 0.5 g of pure analyte and adding 5 mL 1M HCl solution till reach 

500mL of solution. UPW and NW were used as solvents. 

IBU stock solution was prepared in concentration of 1 g/L dissolving 1 g of pure analyte in 

1000 mL of solution. NW was used as solvent. 

 

3. Method. 

 

3.1 Concentration analysis. 

Concentrations of micropollutants were detected by ultraviolet-visible spectroscopy (UV-Vis) 

technique. This technique is based on the well-known Beer-Lambert´s Law. It is product of a 

combination of two basic principles of adsorption spectroscopy: certain compounds will absorb 

light of certain wavelength light and that level of adsorption is proportional to concentration of 

material present [13].  Beer –Lambert’s Law is defined by next equation: 

         (
  
 
)     ( )          ( ) 

indicating that the absorbance     of a solution sample, is a direct function of the 

concentration    and the distance traveled by incident light, called the path length  . The 

adsorption coefficient   ( ) is related with the probability that the compound absorbs light at a 

fixed wavelength.  

The calibration curves and concentration measurements for both micropollutants were 

developed using a Shimadzu® Spectrophotometer UV-1800, with 4 x 1 x 4 cm Hellma® quartz 

cells. Spectra were recorded in first instance to determine λmax value, and after each measure 

to guaranty no changes in wavelength selected as parameter. Measurements of pH value were 

effected throughout entire experimental phase. Table 4 summarizes the measurement 

parameters for quantitative analysis purposes.  

Table 4.  

Parameters for TC and IBU measurement. 

 

 TC IBU 

 UPW NW UPW[3] NW 

λmax (nm) 356.6  356.6  222 221.6 

pH 4 – 4.5  4 – 4.5 Non-fixed Non-fixed 

Detection Limit 

(mg/L) 

0.01 

0.1[11] 
0.04 0.012 0.052 

Quantification 

Limit (mg/L) 

0.02 

0.3[11] 
0.05 - - 

     



For wavelength selection and calibration curve, different UV/Vis absorption spectrums were 

developed, varying pH values in samples with constant concentration. The peaks detection 

indicates an increase in λmax due to a pH increase. Figure 1 presents the spectrums and 

calibration curves developed in present study for TC and IBU detection. 

                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1.  

Calibration curves and adsorption spectra for TC  and IBU. 

 

3.2 Adsoption kinetics. 

Adsorption kinetics was developed in UPW and NW till identify the time for reaching 

equilibrium. The adsorption process were carry out using 0.9 g of AC, in 1.8 L of aqueous 

solution with initial concentrations of 50 mg/L of TC and 100 mg/L of IBU prepared from stock 

solutions, at non-fixed pH and Ph 6 for TC, and non-fixed pH for IBU. To determine 

concentration value for each assessment period, were removed and analyzed 10 mL from each 

reactor. Flasks were kept at 20± 3°C under agitation at 160 rpm and covered with aluminum 

foils to prevent molecular decomposition induced by light exposition. 

3.3 Equilibrium study through adsorption isotherms. 

The quantification of the amount of solute adsorbed per unit of adsorbent as a function of the 

equilibrium concentration in bulk solution, at a constant temperature, is termed the 

adsorption isotherm [14]. For this, glass flasks containing 125 mL of analytes solution, in 

initial concentrations ranging between 30 mg/L and 500 mg/L for TC, and 50 mg/L and 600 

mg/L for IBU, at non-fixed pH, with 0.05 g of AC were employed, being agitated at 200 rpm at 

TC (UPW / NW) 

IBU (NW) 



20± 3°C during equilibrium period. Stock solutions were prepared in same analysis solvent for 

each experimental set-up to guarantee uniformity in analysis environment. Blank samples 

were prepared and subjected to the same procedure to verify no variations in analytes 

concentration levels due to any removal process different to adsorption on CAs.  

Sorption capacities on materials were calculated through mass balance as: 

  
(     ) 

 
          ( ) 

where C0 and Cf (mg/L) are the liquid-phase concentrations of micropollutant at the beginning 

and end of the analysis, V (L) is the volume of solution and m (g) is the mass of AC.  

3.4 Adsorption equilibrium models. 

Several models can be employed for the description of adsorption phenomena. Langmuir and 

Freundlich isotherms are the most commonly applied. 

The basic assumptions in Langmuir's model make possible to refer to it as the ideal monolayer 

model, because it establishes that (1) the molecules are absorbed on definite sites on the 

surface of the absorbent, (2) each site can accommodate only one molecule (monolayer), (3) the 

area of each site is a fixed quantity determined solely by the geometry of the surface and (4) 

the adsorption energy is the same in all sites; in addition, the adsorbed molecules cannot 

migrate across the surface or interact with neighboring molecules [14]. The Langmuir 

adsorption isotherm is expressed as: 

   
       
      

          ( ) 

where qm is the amount of solute adsorbed per unit weight of adsorbent required for monolayer 

capacity (mg/g), Ce is the equilibrium concentration of the solute (mg/L) and KL is the constant 

related to the heat of adsorption. Equation 3 indicates that qe approaches to qm asymptotically 

as Ce approaches infinity. For linearization data, Equation 3 can be written as: 
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Plotting 1/qe against 1/Ce, a straight line is obtained with a slope equals to KL
-1 qm

-1 and an 

intercept qm
-1.  

Freundlich is perhaps the most widely used mathematical description of adsorption in 

aqueous systems [14]. It is an empirical expression that encompasses the heterogeneity of 

surface and the exponential distribution of sites and their energies [14]. It is expressed as: 

       
              ( ) 

were KF and n are the constants characteristic of the system. Equation 5 indicates that higher 

capacities are obtained with higher equilibrium concentrations. The value of 1/n obtained for 

adsorption of most organic compounds by activated carbon is <1 [14]. Values of 1/n close to 1, 

are a sign of a high adsorptive capacity at high equilibrium concentration, which rapidly 

diminished at lower equilibrium concentrations covered by the isotherm [14]. Values 1/n <<1, 



indicate that adsorptive capacity is only slightly reduced at the lower equilibrium 

concentrations [14].   

For linealization of the data, the Freundlich equation is written in logarithm form as: 

  (  )    (  )   
 

 
  (   )       ( ) 

Plotting ln(qe) vs. ln(Ce), a straight line is obtained with a slope of 1/n, and ln(KF) is the 

intercept of ln(qe) at ln(Ce) = 0, (Ce =1). 

4. Results and discussion. 

 

4.1 Tetracycline. 

 

4.1.1 Kinetic study analysis.  

Absorption kinetics was carrying out for TC, making use of ACPP and ACMP samples in UPW 

and NW media. Data were cross-checked with previous results from studies by Torres-Pérez, 

et al.,(2012) with GAC, in similar conditions, as reference framework to characterize potential 

differences between the commercial product performance and Colombian CAs behavior. The 

analysis was developed at two different pH values - non-fixed and pH 6 - in UPW and in NW 

at non-fixed pH. 

Figure 2 presents absorption kinetics results of TC adsorption on ACPP, ACMP and GAC in 

UPW at non-fixed conditions. Curves obtained show faster removal comportment during first 

10 hours for all materials, becoming softer over time, till reach equilibrium after 120 h. Data 

put on evidence clear differences between CAs adsorption rate, showing a better performance 

for GAC, followed by ACMP and ACPP, respectively. Results do not reveal an important pH 

values variation, rising slightly from 3.3 to 3.5 for ACPP, from 3.3 to 3.4 for ACMP, and from 

3.9 to 4.0 for GAC [11].  

 
Figure 2. 

 Adsorption kinetics of TC on manufactured CAs and GAC in UPW. 

The pH value in reactors content for this experimental phase was elevated through addition of 

a small quantity of Na (OH) solution at 1 M to obtain a pH close to 6 at t = 0h in UPW.  
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Tetracycline is an amphoterical molecule with multiple ionizable fuctional groups [11]. It 

presents 3 acido-basic moieties with specific pKa, showing molecular structures with different 

charges depending on solution pH [11]. After adsorption analysis developed at non-fixed pH - 

with an initial value equals to 3.3 due to acid stock solution- and pH 6, there were not 

identified differences in adsorption rate on both ACs, demonstrating that the results are 

reproducible in the range of pH values of TC solutions that limit its molecular neutral state. 

Results are exposed in Figure 3. 

 
Figure 3.  

Adsorption kinetics of TC on ACPP and ACMP with variable pH. 

 

4.1.1.1 Effect of ions. 

 

Kinetic was studied in UPW and NW on ACPP and ACMP in order to compare the effect 

produced because of the presence of ions during adsorption process .In time comprehended 

between 0 and 5 h their adsorption behavior is similar in both environments. After 7 h 

removal rate decreases significantly till reach a reduction in adsorption capacity of 18% in 

ACPP and 35% in ACMP regarding to their behavior in UPW at the end of the test. There is 

reported a pH increment from 7.3 to 7.5 for ACPP, and from 7.3 to 7.9 for ACPP reactors. 

Process is presented by Figure 4. 

 
Figure 4.  

Adsorption kinetics of TC on ACPP and ACMP in NW and UPW. 
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The inorganic composition of water can have an effect on adsorption of selected organic 

molecules on activated carbon [14].  The exchange sites on adsorbent surfaces could be faster 

saturated by competing ions in aqueous environment, decreasing quantity of TC adsorbed per 

unit of CA in function of time. Neutral molecular form of TC can interact too with ions, leading 

as result TC sub-products unavailable to be adsorbed. In that way, the presence of competing 

ions in aqueous environment affects negatively the efficiency of removal molecules of interest. 

Results are consistent with previous studies related to the effect of presence of different 

species in aqueous environment during TC adsorption activity. Results of analysis adsorption 

on kaolinite developed by Li et al., 2010 shows that desorption of exchangeable cations on the 

negative charged adsorbate surface has a strong correlation with TC adsorption, indicating 

the presence of competition in adsorption processes for removal purposes between those 

molecular species. 

 

4.1.2 Adsorption equilibrium. 

Adsorption isotherms were developed in UPW as a first step. Results are shown in Figure 5 for 

all CAs. Adsorption capacity of ACMP is similar to the one described by the commercial AC. 

ACPP showed a lesser capacity in comparison to the other materials.  

 

Figure 5.  

Equilibrium isotherms for TC on manufactured CAs and GAC in UPW. 

Adsorption equilibrium parameters are summarized in Table 5. Initial and final pH values in 

solutions are variable in function of concentration; the ranges are registered in Table 5.  

 

   Langmuir model Freundlich model 

 
pHi pHf 

qm 

mg/g 

KL 

L/mg 
R2 n 

KF 

mg1-1/nL1/ng-1 
R2 

ACPP 2.4–3.6 2.4–3.8 46,1 0,04 0,726 3,23 8,35 0,869 

ACMP 2.4–3.6 2.4–3.7 114,9 1,55 0,816 9,86 70,96 0,966 

GAC [11]  3.3–4.5 3.6–4.4 131,6 0,06 0,972 4,80 42,24 0,981 

Table 5.  

Equilibrium adsorption parameters of TC on manufactured ACs and GAC in UPW.  
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According to regression coefficients, adsorption phenomena are better described by Freundlich 

Isotherm, showing for this fact the existence of heterogeneity of the surface and an 

exponential distribution of sites and their energies. Values for qm are consistent with 

observations for kinetics analysis, reporting a higher adsorption capacity for GAC, followed 

close by ACMP and widely superior in both cases to the one that characterizes ACPP. An 

analysis between the values obtained through the experimental method and the Langmuir 

model for same parameter shows that the model tends to underestimate maximum adsorption 

capacity for ACPP and ACMP. In contrast, GAC do not present a significant difference 

between compared results, so the model fits in an acceptable way to the data obtained in 

laboratory experience. Values obtained for n are >1 in all cases, which means that all 

materials present favorable adsorption conditions for this molecule. Smaller values of n 

involve stronger bond between the molecules and the adsorbent surface. According to results, 

ACMP presents an irreversible adsorption, GAC a semi-reversible process and in ACPP the 

adsorption is easily reversible. 

4.1.2.1 Equilibrium isotherms in UPW and NW. 

Isotherms were developed in NW following the same procedure developed for equilibrium 

study in UPW. Results for CA adsorption activity are shown in Figure 6 for each CA. Presence 

of ions in solution leads to a lower sorption capacity for GAC. Cannot be identified significant 

differences in terms of capacity for ACPP and ACMP in both environments due to the results 

proximity.  

 

Figure 6. 

Equilibrium isotherms for TC on manufactured CAs and GAC in UPW and NW. 
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Models outputs for Langmuir and Freundlich are presented in Table 6.   

    Langmuir model Freundlich model 

  
pHi pHf 

qm 

mg/g 

KL 

L/mg 
R2 n 

KF 

mg1-1/nL1/ng-1 
R2 

ACPP UPW 2.4–3.6 2.4–3.8 46.1 0.04 0.726 3.23 8.35 0.869 

 NW 5.6–7.2 6.0–7.5 44.1 0.03 0.911 2.71 5.47 0.968 

ACMP UPW 2.4–3.6 2.4–3.7 114.9 1.55 0.816 9.86 70.96 0.966 

 NW 5.7–7.2 5.8–7.7  133.3 0,10 0.920 3.76 34.12 0.980 

GAC [11]  UPW 3.3–4.5 3.6–4.4 131.6 0.06 0.972 4.80 42.24 0.981 

 NW - - 113.6 0.01 0.985 2.24 8.27 0.934 

Table 6.  

Equilibrium adsorption parameters of TC on manufactured ACs and GAC in UPW and NW. 

Adsorption capacity decreases slightly for ACPP and in major proportion for GAC in NW. 

Modeling show better results obtained in TC removal per quantity of material in NW on 

ACMP. Values through empirical method for this parameter represents correctly the 

phenomena reported in laboratory experience for ACPP, but not correspond to the 

experimental results for ACMP and GAC, underestimating and overestimating the quantity of 

solute adsorbed per unit of each adsorbent respectively. Values for n continue reporting a 

favorable adsorption activity for all materials studied, but shows a new condition of 

reversibility adsorption for all materials in presence of inorganic species in aqueous 

environment. 

Regression coeffcients continue declaring Freundlich model as the one who describes in a 

better way the affinity to the adsorbent on ACPP and ACMP. It is not possible to define the 

best model for GAC in NW environment because of the limitation in the quantity of data 

analyzed. 

4.2 Ibuprofen 

 

4.2.1 Kinetic study analysis.  

The adsorption kinetics of IBU was developed in NW in this study with ACPP, ACMP and 

GAC samples, and results were compared with previous analyses developed by Peña et al., 

(2012), with same carbonaceous materials and method in UPW.  

Results for kinetics in NW are presented in Figure 7. During first 10 hours it is noticed a 

similar adsorption activity between ACPP and GAC; in contrast, ACMP shows a higher 

capacity since the beginning of experiment. After t= 24h, it is clearer a difference among 

results, stating ACMP as the CA with the best adsorption capacity, followed by GAC and 

ACPP respectively.  



 
Figure 7.  

Adsorption kinetics of IBU on manufactured CAs and GAC in NW. 

Peña et al., 2012 declare the equilibrium time for manufactured ACs in t = 24h, and for GAC t 

= 48h in UPW. For analysis related with equilibrium time for IBU in NW, it could be said that 

in t=24h for manufactured CAs and in t=48h for GAC is presented a pseudo-equilibrium. 

Adsorption activity decreases its intensity, but there are registered still changes in 

concentration of solute in measurements developed after t=48h for all CAs. In present study is 

declared the equilibrium time in t=120h for all ACs for analytical purposes. Values for pH do 

not reveal significant changes, varying between 7.9 and 8.0 for all CAs solutions.  

4.2.2 Adsorption equilibrium. 

Curves reported in Figure 8 presents the results of isotherms equilibrium in NW at teq = 24h 

for ACPP and ACMP, and teq = 48h for GAC developed in present study. Adsorption capacities 

reported for ACMP and GAC are close. ACPP behavior shows a much smaller capacity than 

the other carbonaceous materials.  

 

Figure 8. 

 Equilibrium isotherms of IBU for manufactured CAs and GAC for in NW. 

Table 7 includes modeling for CAs in UPW and NW for the same time of study. Adsorption 

capacities are similar between ACMP and GAC in NW. Values of adsorption capacity through 

Langmuir do not match with experimental data, underestimating results for all CAs. 
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Adsorption is favorable, showing stronger bonds between the adsorbate and IBU in NW. 

Nature of Freundlich model fit better for all CAs. The pH conditions in NW keep stable in the 

course of experiment for all three CAs.   

 
 

  Langmuir model Freundlich model 

 

 
pHi pHf 

qm  

mg/g 

KL 

L/mg 
R2 n 

KF 

mg1-1/nL1/ng-1 
R2 

ACPP UPW[3] 5.9–7.3 7.2–10.0 150.8 0.02 0.934 3.31 23.53 0.987 

teq=24h NW 7.5–7.7 7.7–8.1 153.9 0.13 0,879 7.13 67.80 0.948 

ACMP UPW[3] 6.0–7.0 7.3–10.2 184.6 0.04 0.936 4.39 46.10 0.991 

teq=24h NW 7.7–7.8 7.8–8.1 277.8 0.21 0.865 4.67 91.33 0.987 

GAC UPW[3] 6.1–8.3 7.1–9.9 322.0 0.01 0.970 3.18 41.16 0.993 

teq=48h NW 7.5–7.8 7.7–8.2 277,8 0,30 0,928 5,52 102,98 0,972 

Table 7.  

Equilibrium adsorption parameters of IBU on manufactured CAs and GAC for UPW and NW.  

4.2.2.1 Effect of equilibrium time. 

Isotherms developed in NW at equilibrium times for CAs declared by Peña el al., 2012 and the 

equilibrium time reported through kinetics adsorption in this study are analyzed in this 

section. Results are shown in Figure 9.  

 

 

Figure 9.  

Equilibrium isotherms in different equilibrium times in NW. 

In general, equilibrium curves show an increasing in adsorption capacity for all CAs in teq= 

120h. For isotherms in t=24h and 48h, the materials do not yet reach their maximum 
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adsorption capacity in NW - as kinetics adsorption's results reveal -, so it is possible to affirm 

that ions presence do not only affect the CAs adsorption capacity, but also distort the time 

required to attain equilibrium between rates of adsorption and desorption of IBU on surfaces, 

causing a retardant effect in its adsorption velocity. 

 
 

  Langmuir model Freundlich model 

 

 
pHi pHf 

qm  

mg/g 

KL 

L/mg 
R2 n 

KF 

mg1-1/nL1/ng-1 
R2 

ACPP teq=24h  7.5–7.7 7.7–8.1 153.9 0.13 0,879 7.13 67.80 0.948 

 teq=120h 7.6-8.0 7.7-8.2 227.2 0.40 0.770 6.51 102.64 0.952 

ACMP teq=24h 7.7–7.8 7.8–8.1 277.8 0.21 0.865 4.67 91.33 0.987 

 teq=120h 7.5-8.0 7.7-7.9 344.8 0.24 0.669 7.35 169.12 0.934 

GAC teq=48h 7.5–7.8 7.7–8.2 238.1 0.39 0.556 5.14 91.23 0.818 

 teq=120h 7.4-8.0 7.6-7.9 344.8 0.09 0.554 4.58 105.83 0.857 

 
Table 8. 

 Equilibrium adsorption parameters of IBU on manufactured CAs and GAC for teq= 120h. 

Modeling results presented in Table 8 are consistent with previous observations. ACMP and 

GAC continue sharing same adsorption capacity, with values over ACPP. Modeling continues 

underestimating experimental capacities reported in present study. Adsorbance is favorable 

but ACMP loses certain reversibility grade. Existence of heterogeneity of the surface and an 

exponential distribution of sites and their energies is declared too through the superiority of 

R2 values in Freundlich model. 

4.3 Comparison of adsortion capacityes for micropollutants on ACs in NW. 

Results in adsorbance process for TC and IBU are compared in order to determine which 

molecule presents a better behavior in removal process on materials object of study. For this 

purpose, the maximum capacity is compared in units of mol/g, to guarantee uniformity in 

evaluation parameters. Results are presented in Figure  10.  

 

Figure 10.  

Sorption isotherms for IBU and TC on manufactured CAs and GAC. 
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All ACs expose greater removal capacities for IBU. ACMP shows a similar behavior - for IBU - 

or even slightly superior – for TC - than the commercial product analyzed in present study. 

ACPP exposes an adsorption capacity significantly lesser than all materials evaluated. To 

determine if that difference could be related with the nature of porous structure of materials, 

it was plotting the maximum adsorption capacities of ACs in function of their total volumes. 

Results are showed in Figure 11. It is presented a relation in direct proportion between 

maximum adsorption capacity and total volume of adsorbents. ACMP shows better adsorption 

capacity due to it greater porous volume.  

 

Figure 11. 

 Relation between maximum adsorption capacity and ACs total volume. 

It is presented a direct but not strong relation between maximum adsorbance capacity and 

total volume of adsorbents. It is possible that this property influences the adsorption 

phenomenon, but do not reveals a high grade of influence in the process. 

5. Conclusions. 

Presence of ions in aqueous environment reduces GAC adsorption capacity for 

micropollutants removal, do not affect significantly adsorption capacity of ACPP and ACMP 

for TC removal, do not affect significantly adsorption capacity of IBU on ACPP, improves 

adsorption capacity on ACMP for same molecule, and leads to a retardant effect for IBU 

adsorption velocity on all carbonaceous materials studied. Freundlich model fit better to 

describe sorbents nature, according to regression coefficients R^2. All CAs show higher 

adsorption capacity for IBU removal above TC compound. ACMP and GAC are the better 

adsorbents for both micropolluntants. ACPP shows a much smaller capacity than the other 

carbonaceous materials in all scenarios evaluated. This capacity is slightly influenced by 

porous volume in materials. 
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