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Abstract 

Wastewater treatment has become a community necessity due to the lack of available water 

resources. As the wastewater contains some pollutants such as phenol, which is known to be highly 

toxic and corrosive, it must be treated using an effective process. Adsorption is one of the most 

used methods to get rid of several water pollutants and showing effective results. This study 

focuses on the feasibility of using aspen adsorption program (ADSIM) to simulate literature 

experimental work on the phenol adsorption process using activated carbon packed-bed column, 

and how much is the results are harmonized with each other’s. It was looking up for a scientific 

paper  that was performed the adsorption process experimentally and containing the required data 

to start the simulation by ADSIM, then these data were applied in ADSIM. After that, a comparison 

study between the obtained results from the literature and ADSIM were done. Several factors were 

governed including breakthrough time and removal efficiency. Mass transfer coefficient (MTC) 

was estimated by the ADSIM. For initial concentration 150 mg/L, MTC was 0.605 min-1. At flow 

rate equal to 10 mL/min, MTC was 0.684 min-1 while at bed height equal 5 cm, MTC was 0.505 

min-1 . Moreover, the effect of initial phenol concentration (100, 150 and 250 mg /l), feed flow 

rate (10, 15 and 20 ml/min) and bed height (5,10 and 15 cm) were studied. ADSIM results showed 

that the highest removal efficiency after 2 hr was achieved at 10 mL/min flow rate (%R = 67.6 ), 

10 cm bed height (%R = 45.1) and 150 mg/L initial phenol concentration (%R = 45). The 

breakthrough time decreases as the flow rate increases (at Q=15 mL/min, the breakthrough time 

was 24 min while at Q = 20 mL/min, the breakthrough time was 16 min). Also, as the initial 

concentration increases the breakthrough time decreased (at C0 = 100 mg/L, breakthrough time 

was 24 min while at C0 = 250 mg/L, breakthrough time was 22 min). However, it was found that 

decreasing the bed height will decrease the breakthrough time (at H = 5 cm, breakthrough time 

was 9 min while at H=20 cm, breakthrough time was 40 min). The achieved experimental results 

were different from the ADSIM one. The percentage removal obtained experimentally after 2 hr 

at 150 mg/L, 10 mL/min and 10 cm was zero. The breakthrough time resulting at initial 

concentration 100 mg/L, Q = 15 mL/min and 5 cm were 454, 351 and 152 min respectively. 



III 

 

Table of contents 

Abstract ........................................................................................................................................... II 

Nomenclature ............................................................................................................................... VII 

Chapter 1: Introduction ................................................................................................................... 1 

1.1 Background .................................................................................................................... 1 

1.2 Aspen adsorption program (ADSIM) .................................................................................... 2 

1.3 Problem statement ................................................................................................................. 2 

1.4 Research objectives ............................................................................................................... 2 

1.5 Scope of this work ................................................................................................................. 3 

1.6 Importance of this work ........................................................................................................ 3 

1.7 Organization of the report ..................................................................................................... 3 

Chapter 2:  Constraints and standards ............................................................................................. 4 

2.1 Constraints ............................................................................................................................. 4 

2.2 Standards ............................................................................................................................... 4 

Chapter 3: Literature review ........................................................................................................... 5 

Chapter 4: Materials and methods ................................................................................................ 11 

4.1 Adsorbate ................................................................................................................................ 11 

4.2 Adsorbent ................................................................................................................................ 11 

4.3 Adsorption parameter estimation: ........................................................................................... 11 

4.4 Modeling the column data ...................................................................................................... 12 

4.5 Theoretical simulation ............................................................................................................ 13 

Chapter 5: Experimental and simulation works ............................................................................ 16 

5.1 Experimental works: ............................................................................................................... 16 

 Calibration curve ................................................................................................................... 16 

5.2 Aspen property method ........................................................................................................... 17 



IV 

 

5.3 Aspen procedures .................................................................................................................... 17 

Chapter 6: Result and Analysis ..................................................................................................... 18 

Chapter 7: Discussion ................................................................................................................... 25 

Chapter 8: Conclusions and Recommendation ............................................................................. 27 

References ..................................................................................................................................... 28 

Appendices:................................................................................................................................... 30 

Appendix A ............................................................................................................................... 30 

 Material data sheet of phenol ............................................................................................. 30 

 UV-Vis spectroscopy or spectrophotometer ...................................................................... 38 

     ADSIM procedure: ................................................................................................................ 42 

     MTC estimation: .................................................................................................................... 46 

Appendix B ............................................................................................................................... 47 

 

List of Figures 

Figure 1: Breakthrough curve and time. ....................................................................................... 12 

Figure 2: Schematic diagram of the simulation methodology. ..................................................... 14 

Figure 3: Guidelines for choosing a property method. ................................................................. 17 

Figure 4: Breakthrough curve obtained from ADSIM at different initial concentration (100, 150, 

250 mg/L) and Q =15 mL/min and H = 10 cm. ............................................................................ 19 

Figure 5: Breakthrough curve obtained from experiment at different initial concentration (100, 

150, 250 mg/L) and Q =15 mL/min and H = 10 cm (Girish et al., 2014). ................................... 20 

Figure 6: Breakthrough curve obtained from ADSIM at different flow rate (10, 15, 20 mL/min) 

and C0 =150 mg/Land H = 10 cm. ............................................................................................... 21 

Figure 7: Breakthrough curve obtained from experiment at different flow rate (10, 15, 20 mL/min) 

and C0 =150 mg/Land H = 10 cm (Girish et al., 2014). ............................................................... 22 

Figure 8: Breakthrough curve obtained from ADSIM at different height (5, 10, 15 cm) and C0 

=150 mg/Land Q = 15 mL/min. .................................................................................................... 23 



V 

 

Figure 9: Breakthrough curve obtained from experiment at different height (5, 10, 15 cm) and C0 

=150 mg/Land Q = 15 mL/min (Girish et al., 2014). ................................................................... 24 

 

 

Appendices 

Figure A 1: Light beam passes through the cuvette. ..................................................................... 38 

Figure A 2: UV-Vis Spectrophotometer. ...................................................................................... 38 

Figure A 3: Liquid phenol used in this study. ............................................................................... 39 

Figure A 4: Stock and diluted solutions of phenol with 100, 75, 50 and 25 mg/L. ...................... 39 

Figure A 5: Glass and lab tools used in the experiment. .............................................................. 40 

Figure A 6: Spectrum peak of phenol. .......................................................................................... 41 

Figure A 7: Calibration curve. ...................................................................................................... 42 

Figure A 8: Aspen components list. .............................................................................................. 43 

Figure A 9: Aspen property method. ............................................................................................ 43 

Figure A 10: Physical properties configuration. ........................................................................... 44 

Figure A 11: Adsorption process flowsheet.................................................................................. 44 

Figure A 12: Liquid feed (wastewater) configurations. ................................................................ 45 

Figure A 13: Liquid bed configuration. ........................................................................................ 45 

Figure A 14: Simulation run. ........................................................................................................ 45 

Figure A  15 : Initial guess for MTC value. .................................................................................... 46 



VI 

 

Figure A 16: Experimental breakthrough curve at 150mg/l concentration and 10 cm bed height.

....................................................................................................................................................... 46 

 

 

List of Tables 

Table 1: The values of the model input parameters. ..................................................................... 15 

Table 2: MTC different values. ..................................................................................................... 18 

Table 3: The removal efficiency %R and the breakthrough time resulting by ADSIM at different 

initial concentration. ..................................................................................................................... 20 

Table 4: The removal efficiency %R and the breakthrough time resulting experimentally at 

different initial concentration (Girish et al., 2014). ...................................................................... 20 

Table 5: The removal efficiency %R and the breakthrough time resulting by ADSIM at different 

flow rate. ....................................................................................................................................... 22 

Table 6: The removal efficiency %R and the breakthrough time resulting experimentally at 

different flow rate (Girish et al., 2014). ........................................................................................ 22 

Table 7: The removal efficiency %R and the breakthrough time resulting by ADSIM at different 

height............................................................................................................................................. 24 

Table 8: The removal efficiency %R and the breakthrough time resulting experimentally at 

different height (Girish et al., 2014). ............................................................................................ 24 

 

  



VII 

 

Nomenclature 

Symbols and units 

𝑞 Adsorbed amount (mg/g) 

tB Breakthrough time 

˚C Celsius 

Cm Centimeter 

cm3 Cubic centimeter 

G Gram 

H Hour 

𝐶0 Initial concentration (kmol/m3) 

L Liter 

MTC Mass transfer coefficient (1/min) 

m2 Meter squared 

µm Micro meter 

Mg Milligram 

mL Milliliter 

Mm Millimeter 

Min Minutes 

𝑑𝑝 Particle diameter (m) 

Ppm Parts per million 

S Seconds 

Q Volumetric flow rate (m3/s) 



VIII 

 

% R Removal efficiency 

 

 

Abbreviations 

AC Activated carbon 

BA Bagasse ash 

COD Chemical oxygen demand 

GAC   Granular activated carbon 

HRP Horseradish peroxidases 

OMW Olive mill wastewater 

PAC    Powder activated carbon 

PEG Polyethylene glycol 

RCB Residual coal treated with H3PO4 

SBP  Soybean peroxidase 

T     Temperature     

WC Wood charcoal  

         

 

 



1 

 

Chapter 1: Introduction 

1.1 Background 

  Water scarcity is one of the challenges facing the Palestinian people in particular and the world 

in general, which related to political and natural conditions. To resolve this problem, the attention 

turned to wastewater which discharged into the environment. The value of the chemical oxygen 

demand (COD) of wastewater in one of the Palestinian areas was ~995 mg/L ("Monthly treatment 

plant work report," 2019) that indicates the need for treatment before discharge to minimize the 

pollution potential. Thus, the idea of wastewater treatment came to reduce these values and get rid 

of the toxins.  Thus, maintain a green environment and on the other hand provide another source 

of water in the areas suffering from scarcity. 

    Human waste, food scraps, oils, soaps and chemicals are substances that may present in 

wastewater. Which are toxic to humans, animals, and the environment.  However, some organic 

compounds as phenolic-based compounds (phenol, chlorophenols, cresols, aniline, resins and 

alkylphenols) may be very toxic even at low concentrations (Anku et al., 2017). The physical and 

chemical property, reactivity and stability, and how to handle with phenol is illustrated in the 

Material data sheet of phenol (MSDS) in appendix A. Therefore, there is an essential need to get 

rid of phenolic compounds. These techniques include activated carbon adsorption, solvent 

extraction, ozonation, photocatalytic degradation, biological treatment, electro-Fenton, ion 

exchange, membrane-based separation, and photodecomposition (Anku et al., 2017). Adsorption 

provides considerable efficiency, simple design, easy to operate, cost-effective, and the ability to 

control pollutants (Crini et al., 2018).  

    The selection of the appropriate adsorbent is one of the essential things to consider in adsorption. 

The most conventional adsorbents used in the adsorption of phenol are zeolite, activated carbon 

(AC), bagasse ash, resin, and modified alumina (Anisuzzaman et al., 2016) (Anku et al., 2017). 

However, AC is considered the most common one and has the ability to adsorb phenol; its 

efficiency reaches 98% (Mukherjee et al., 2007). This is due to the large surface area and its 

structure.  
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1.2 Aspen adsorption program (ADSIM) 

   Aspen adsorption simulation (ADSIM) is a process simulation software, it provides several flow 

sheets. Where you can achieve the optimal design, the best simulation, and analysis for both gas 

and liquid adsorption process. ADSIM helps in a better understanding of the processes through 

accurate rate-based adsorbent bed designs. Where several geometries including axial column, 

horizontal and radial beds are available (Aspentech, 2019). The software contains a wide range of 

isotherm models such as Freundlich, Langmuir, and stoichiometric equilibrium. Moreover, several 

choices of kinetic models as lumped resistance and micro/macro-pore. To complete the processes 

in ADSIM, Aspen properties database is used. Indeed, it is the largest physical property database. 

ADSIM provides more than 36 training examples with summarized instructions, which can help 

in starting adsorption simulation (Tech, 2019). 

1.3 Problem statement 

     Phenolic compounds are released to the environment through the industrial, domestic, 

agricultural and municipal discharge (Anku et al., 2017). Where phenol may exist in the effluent 

of several industries as coal processing (9 - 6800 mg/l), manufacture of petrochemicals (2.8 - 1220 

mg/l), coking operations (28 - 3900 mg/l), refineries (6 - 500 mg/l), pharmaceutical, paint, pulp 

and paper industries (0.1 - 1600 mg/l) (Busca et al., 2008). These industrial plants do not design 

units for the treatment of resulting phenol, to minimize their effect. The phenolic compounds have 

a high ability to react, which allows them to react with different inorganic substances and 

microorganisms and form high toxicants (Anku et al., 2017). Phenol is classified as a toxic 

substance for humans through inhalation, oral or dermal exposure. Moreover, it can cause skin 

burning, genetic and oregano defects. Its water solubility at 25 oC magnitudes 80 g/l. So, the 

disposal of effluent contains phenol must be done in a proper way (sasoltechdata.com, 2014). 

United states environmental protection agency (EPA) considers 1 mg/l as the maximum allowable 

concentration in wastewater effluents (El-Naas et al., 2017). 

1.4 Research objectives  

    This research project targets to applying an experiment data for the adsorption of phenol using 

AC in a packed-bed column to the ADSIM software, and comparing the result obtained from the 



3 

 

experiment with the result obtained from ADSIM. This is to know the accuracy and efficiency of 

the ADSIM. Also, it aims at reducing the concentration of phenol in the effluents of wastewater to 

a certain concentration, which was legislated by EPA (less than 1 mg/L).  

1.5 Scope of this work 

    In this study, the adsorption of phenol from wastewater using AC in a packed-bed column was 

investigated by ADSIM, which used to simulate the process. The effect of different parameters: 

the inlet concentration of phenol, inlet liquid flow rate, column height and particle size of the 

adsorbent (AC) were studied to determine the effect of changing these parameters on the 

adsorption process (Breakthrough and saturation time). The study was started by applying an 

experiment from literature in ADSIM with a list of assumptions: isotherm, kinetic model, 

discretization method, mass and energy balances.  

1.6 Importance of this work 

    This project will bring many benefits, most notably: minimize the discharged polluting phenol 

to the environment. Besides, this project targets linking the simulation program and the 

experimental work. To the author’s knowledge, this linking approach is conducted for the first 

time.  

1.7 Organization of the report 

    This project consists of six chapters: Chapter 1 provides information about the state of water 

and wastewater in Palestine. Also, it shows the pollutants that may exist in wastewater.  Moreover, 

it explains the toxicity of phenol and techniques used to treat phenol from wastewater. Adsorption 

of phenol and adsorbent also is discussed in this chapter. Additionally, the problem statement, the 

objectives of the research and the scope of work are presented in this chapter.  Chapter 2 shows 

the faced constraints and engineering standards. Chapter 3 presents a state of the literature review 

for previous researches related to this project and their findings. Chapter 4 explains the 

methodology and the materials used in this project. The experimental works are illustrated in 

Chapter 5. The obtained results are displayed in Chapter 6. In Chapter 7, the result obtained were 

discussed. The conclusion and some recommendation were presented in Chapter 8. 
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Chapter 2:  Constraints and standards  

2.1 Constraints  

    Experimentally speaking, handling with phenol was overcome by specific safety procedures, 

where the personal protective equipment: gloves, goggles, lab coat, and closed shoes were dressed 

to avoid contact with skin, eyes, and clothing. Moreover, the process of preparing different 

concentrations was done in the fume hood space. The tightly closed, labeled samples were placed 

away from the hot surfaces and sources of ignition. Theoretically speaking, dealing with ADSIM 

software was one of the major constraints of the project. This is due to the lack of information 

needed for the simulation that was not mentioned in the software manual. Thus, a self-learning 

approach from open access literature from Google and YouTube alongside the proper mentorship 

of the supervisors has adapted accordingly.  

2.2 Standards 

    Dealing with phenol should be within the standard operating procedure in addition to the 

personal protective equipment that should be taken into consideration. According to the EPA 

regulations, the maximum acceptable concentration of phenol in wastewater should be less than is 

1 mg/L.  
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Chapter 3: Literature review 

    It consists of two parts, 3.1 presents the experimental work done on the adsorption of phenol in 

a batch and Continuous system. Where 3.2 shows the Aspen work done on this topic. 

3.1 Experimental work 

    Phenolic compounds exhibit serious toxicity if they present in wastewater effluents, even at low 

concentrations. These compounds considered one of the substances capable of causing cancer, 

damage to the human organs (kidney, liver, and heart). Moreover, if they exist in a place that 

contains microorganisms, organic and inorganic compounds; they may interact and produce toxic 

end-products. Due to its high toxicity, it received a lot of attention. Several types of research 

studied the treatment of phenolic compounds for more than 15 years. In this chapter, the techniques 

and attempts used to minimize phenol concentrations in wastewater will be discussed.  

     In 2005, batch and column experiments were used to remove phenol with a concentration equal 

to 1000 mg/L from synthetic wastewater using different adsorbents, namely; AC, unmodified 

residual coal, modified residual coal with H3PO4 (RCP), coke breeze and others). In addition, the 

researchers (Ahmaruzzaman et al., 2005) studied the effect of pH and temperature on the 

adsorption process. Moreover, the isotherm and the kinetic models of the removal of phenol were 

addressed. It was found that column capacity was higher than batch capacity for the different 

adsorbents, for example, the adsorption capacity using AC in batch and column systems were 

322.5 and 354 mg/g, respectively. The pH was highly affected by the adsorption capacity, for coal 

and AC; the adsorption of the phenolic compound was perfectly at their surface (due to its acidic 

pH). The uptake was decreased by increasing the temperature, the equilibrium data fitted Redlich-

Peterson isotherm model and the kinetics model followed the first-order expression. RCP gave the 

best results for the adsorption of phenol, it was found that RCP was 48% efficient than AC 

(Ahmaruzzaman et al., 2005). 

    A comparison between horseradish peroxidases (HRP) and soybean peroxidase (SBP) enzymes 

for removing phenol from wastewater at the same operation condition (pH: 7.0, temperature 30.0 

oC) was done. Additives with different concentrations used to optimize their performance. It was 

found that HPR had a removal efficiency higher than SBP at the same pH value (pH = 7.0, the 

removal efficiency for HRP and SBP were 85% and 38%; respectively). The removal efficiency 
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at T = 30.0 oC for HRP and SBP was 85 and 38%. HRP was more efficient to remove phenol than 

SBP, but HRP was more susceptible to deactivation, and it was better protected by polyethylene 

glycol PEG to avoid the deactivation. It was found that when 0.05 g/L PEG added to HRP, the 

removal efficiency increased from 22% to 44%, while the same amount of PEG increased the 

removal efficiency of SBP from 22% to 31%. When the concentration of PEG was increased the 

removal efficiency was doubled (Bódalo et al., 2006). 

     The adsorption of phenol from synthetic solution through AC, bagasse ash (BA) and wood 

charcoal (WC) in a batch system examined by Mukherjee et al. Moreover, the isotherm and 

kinetics study was addressed. The study was done with two initial concentrations of phenol (30 

and 50 mg/l) with 50 g/l of adsorbent dose. In addition, the effect of pH and the presence of nitrate 

ion and EDTA in the solution were studied. It was found that, the use of BA and WC as adsorbent 

were inexpensive compared to AC but with less efficiency (removal efficiencies of AC, WC and 

BA were 98, 90 and 90%; respectively). Also, the Freundlich model was fitted with the adsorption 

of phenol using AC, BA and WC. The experimental data fitted first-order kinetics model. The 

presence of nitrate ion and EDTA in the solution was insignificant. The removal of phenol using 

AC was slightly affected by the pH, while WC and BA were affected at pH higher than 7 

(Mukherjee et al., 2007).  

    (Alhamed, 2009) studied the adsorption of phenol in a packed-bed column using AC, the 

adsorption kinetics, and the performance of a packed-bed column were studied. The study was 

carried using different particle sizes (0.45, 0.8, and 1.5 mm), the heights of the bed used in the 

study were 5, 10, 15, 20, and 25 cm. The initial concentrations of phenol were 200 and 400 ppm 

and the flow rates were varied from 23.3 to 141.5 ml/min. The outcomes of the study were revealed 

that adsorption kinetics followed the pseudo-second-order model, the larger particle size of AC 

indicated significant intraparticle mass transfer resistance. Thus, the rate of adsorption was 

decreased with the increase of AC particle size. Also, that experimental data was fitted the model 

data with longer bed height and lower flow rate. 

    Palestine is known with high olive oil production level, which leads to high (OMW). Therefore, 

the removal of polyphenols from OMW using activated olive stones (AOLS) as an adsorbent in 

Palestine was investigated. The ALOS was synthesized from the olive stones and potassium 
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hydroxide KOH as an activating agent. The prepared adsorbent had high microspores with a 

surface area equals to 368.3 m2/g. The process was done within a fixed-bed column and obtained 

around 50.0% removal efficiency of OMW (Aladham, 2012). 

    In 2013, the adsorption of phenol from industrial wastewater using olive mill solid waste, which 

was washed, dried, crushed and sieved has been also conducted. The test was done in batch and 

continuous processes at a fixed temperature of 25 oC. In the batch process, the operating time, 

initial phenol concentration (50 - 700 mg/L) and solid to solution ratio varied to determine their 

effect on the adsorption process. While in the column process, bed height (0.2 m), flow rate (0.2 - 

0.6 cm3/s) and initial phenol concentration (250 mg/L) were varied. It was found that olive mill 

solid waste was a good selection adsorbent for the adsorption of phenol from aqueous solutions. 

The removal efficiency was increased from 52.0% to 85.0% when the adsorbent dosage was 

changed from 0.25 to 1.0 g/L. In addition, as the flow rate, initial concentration, and bed height 

were increased, the adsorption rate was increased. While as flow rate was decreased, the rate of 

adsorption was increased. The experimental data were fitted to the Dubinin-Radushkevich 

isotherm model and the kinetics were following the pseudo-second-order (Abdelkreem, 2013).      

    In 2014, a treatment of olive mill based wastewater using conventional magnetic (γ-Fe2O3) 

nanoparticles for dephenolization (phenol removing) from synthetic and diluted real OMW. The 

study confirmed that γ-Fe2O3 nanoparticles succeeded to achieve a high adsorption rate of phenol, 

where the adsorption equilibrium was carried out at less than 10.0 min for real OMW with 100 

mg/L of phenol. Unlike the conventional methods where AC and activated alumina are used and 

needed several days to reach the adsorption equilibrium. Moreover, it was found that the phenol 

adsorption from wastewater by the γ-Fe2O3 nanoparticles is pH-independent (Nassar et al., 2014). 

    In (Girish et al., 2014), the adsorption of phenol from aqueous solution using AC was studied 

in a Packed Bed column. Moreover, the performance of the adsorption process was predicated 

using different models. Such as Thomas, Adams-Bohart, Yoon Nelson, Modified dose–response 

and linear driving force model LDFQ. Also, the effect of different variables on breakthrough 

curves were investigated in this study. It was found that the best models to predict the performance 

of the process were Thomas and LDFQ. AC were suitable adsorbent for the removal of phenol. 

The result showing that as the initial concentration and the bed height increased, the removal 

efficiency increased. However, %R were declined as the flowrate ascended. 
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    Sklavos et al. treated OMW using solar distillation. This process recovered the 

phenolic compounds, through 16 days of experiments. The results showed that the pH 

and COD concentration in the distillate was gradually lowered during the experiment 

(1st day: pH = 5.07 and the last day: pH = 3.40, 1st day: COD = 31000 mg/L and the 

last day: COD = 4800 mg/L). While, an increase in the conductivity and total phenol 

concentration were noticed (during 10 days: total phenol concentration = 1.5 mg/L, 

after 6 days: total phenol concentration: 4.3 mg/L. In addition, using thermal insulation 

enhanced the performance of the solar distillation treatment process (Sklavos et al., 

2015).   

       In 2017, the adsorption of phenol from petroleum refinery wastewater onto AC 

was studied in a packed-bed column. In addition, the relation between the uptake of 

phenol and the operating conditions were studied. AC within the packed-bed column 

was showed high efficiency in the removal of phenol. In addition, flow rate, feed 

concentration and amount of packing were influenced the performance of the packed-

bed column. The bed had better performance at low inlet concentration, low flow rate 

and high amount of packing. The experimental data fitted to the Langmuir model. 

    In 2017, a designed for a packed bed column was done based on laboratory scale for the 

adsorption of phenol using modified coal fly ash (MCFA). The breakthrough time was found 

113.98 min while the contact time was found 10.6 min. The designed parameters for the adsorption 

column were as following; the column area was 117.75 cm2 and12.2435 cm for the bed diameter 

with flow rate equal to 150 cm3/min. The required amount of MCFA was 3338.17 g (Chauhan et 

al., 2017). 

    In 2018, another study was tested the adsorption of phenol by a rotary packed-bed 

reactor using AC. The effect of gravity factor (varied from 0.0 to 79.0), initial phenol 

concentration, and the liquid spray density on the adsorption process were investigated 

(Li et al., 2018). It was noted that the adsorption amount in the rotating packed-bed 

was much higher than the conventional packed-bed (rotating bed: 32.27 mg/g while in 

conventional packed bed 22.44 mg/g). When the gravity factor was increased to 44.68, 

the adsorption amount was increased from 0.0 to ~27.0 mg/g. The variation of the 
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liquid spray density was from 1.04 to 1.46 m3/m2.h, was increased the adsorption 

amount from 29.71 to 32.27 mg/g. Moreover, it has been found that the Freundlich 

model exhibited the best performance (Li et al., 2018).  

Garlic peel used as eco- friendly and cost effective adsorbents in (Muthamilselvi et al., 2018) for 

phenol removal. The effect of operating parameters was studied, such as the inlet flowrate at (10, 

15 and 25 ml/min), 15 cm bed height and 50 mg/l initial concentration. It found that the 

breakthrough time decreased with increasing the flowrate. The breakthrough time was 160, 90 and 

40 min at 15, 20 and 25 ml/min flowrate respectively. It indicated that improving the efficiency of 

the utilization of garlic peel is possible at low flowrates since this will maintain the performance 

for a longer time within breakthrough levels with a higher specific rate of adsorption. In addition, 

models of continuous column adsorption such as Thomas model, Yoon-Nelson, Adams- Bohart 

and Clark models studied. The Yoon-Nelson model was applicable model for the adsorption of 

phenol by garlic peel. 

 

3.2 Aspen simulation 

The Aspen adsorption used to investigate the feasibility of AC in phenol adsorption process in 

(Krishnaiah et al., 2014). The material balance assumptions in aspen adsorption contains several 

options. A comparison between the convection and the convection with estimated dispersion 

models was done. It found that the convection with estimate dispersion model is faster to achieve 

the equilibrium. Moreover, a comparison for the inlet flowrate applied in the simulation. It found 

that higher uptake values observed at lower flowrate while the breakthrough occurred faster at 

higher flowrate. 

    A study on dynamic simulation of phenol using AC by a packed-bed column was 

done in 2016. ADSIM software package was used to simulate the process. The effect 

of initial phenol concentration, inlet liquid flow rate, column height and particle size on 

the phenol adsorption were examined. The outcomes were revealed that as the column 

height increased, the breakthrough time and the saturation time extended. On the other 

hand, the effect of particle size was not significant. Moreover, the inlet liquid flow rate 

and the breakthrough time have a proportional relation. According to the ADSIM 
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simulation results, the adsorption column was not feasible for conventional water 

treatment plant (Anisuzzaman et al., 2016).  
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Chapter 4: Materials and methods 

4.1 Adsorbate 

    Phenol (C6H6O or C6H5OH) is an aromatic organic compound and known as carbolic acid. Its 

molecular weight is 94.11 g/mol and its boiling and melting points are 181.75 °C at 101.3 kPa and 

41.0 °C, respectively. Phenol has a density equal to 1.07 g/cm³, and has an absorbance at a 

maximum wavelength (λmax) of 268 nm. 

   Phenol with 90.0% purity, was commercially available from Chen Samuel Chemicals (Haifa 

Bay, Haifa,  and used as received in the laboratory. In addition, deionized water was used without 

further purification.  

4.2 Adsorbent 

    AC from lantana camara was used in this study; the particle size was 11.59 µm. AC has a bulk 

density equals to 0.74 g/cm³ with porosity equals to 0.427. The inter-particle and intra-particle 

voidages are 0.5 m3 void/m3 bed and 0.6 m3 void/m3 bead, respectively. 

4.3 Adsorption parameter estimation: 

➢ Breakthrough curve: It is obtained by plotting the ratio of the effluent and initial 

concentration  versus volume treated or time of treatment.  

➢ Breakthrough time tB: Is the time needed for the outlet concentration to reach 10 % of initial 

concentration . Figure 1 showing the breakthrough curve  and the breakthrough time. 
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Figure 1: Breakthrough curve and time. 

Where tB is obtained at : 

𝑡𝐵 = 0.01 
𝐶

𝐶0
 

Where: 

𝐶0: Initial concentration in mg/L. 

𝐶: The concentration at the effluent of the column in mg/L. 

➢ Removal efficiency  %R: The total phenol removed  with respect to the phenol feed 

entering the column which given by: 

%𝑅 =  
𝐶0 − 𝐶

𝐶0
 

4.4 Modeling the column data 

    The prediction of breakthrough curve is important in the design of an adsorption column. Many 

models have been developed for illustrating the column behavior and performance, This model are 

Thomas, Adams-Bohart, Yoon Nelson, Modified dose–response, linear driving force model based 

on fluid phase concentration difference (LDFC) and linear driving force model based on particle 

phase concentration difference (LDFQ). According to  (Girish et al., 2014) LDFC model was a 

good model to predict the breakthrough curves for the adsorption of phenol. 
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Linear driving force model based on fluid phase concentration difference (LDFC): 

    The LDFC model is applied when the fluid phase concentration difference is the driving force 

for adsorption process. It is also based on the fact that mass transfer from the fluid phase to the 

solid surface dominates the process. The expression is as follows: 

𝑡 = 𝑡0 +
𝜌𝑏 𝑞0𝐶𝑜

𝑘𝑓
(1 −

𝑅𝑙𝑛(1 − 𝑥) − 𝑙𝑛𝑥

1 − 𝑅
) 

Where: 

𝑡0: The characteristic time (min). 

𝜌𝑏: The bulk density of bed (g /cm3). 

𝑞0: The solid phase concentration in equilibrium with C0 in mg/g. 

𝑘𝑓: The fluid-to-particle mass transfer coefficient concentration  

𝑅: Equilibrium parameter. 

𝑥 : The dimensionless outlet concentration. 

 

𝑅 =
1

1 + 𝑏𝐶0
 

𝑏: The Langmuir constant (L/mg). 

4.5 Theoretical simulation 

    Aspen Adsorption V9.1 and Aspen property V9.1 simulation programs were used to simulate 

the adsorption of phenol by AC from wastewater. (Girish et al., 2014) applied the adsorption of 

phenol experimentally using AC as an adsorbent in a packed-bed that was used as step-stone 

sources for the experimental data. Here are the list of assumptions used for the dynamic adsorption 

process: 

1. Mass/momentum balance. 

2. Energy balance: Isothermal.  

3. Kinetics model: Linear lumped resistance. 

4. Discretization method: Upwind differencing scheme 1 (UDS 1). 

5. Adsorption isotherm: Langmuir model (Girish et al., 2014). 

6. Pressure drop: None. 
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7. Velocity: Constant.  

8. Film model: Fluid. 

    The dynamic simulation was run at 28.0 oC and 1.0 bar. Then, the effect of several parameters 

such as column height, inlet liquid flow rate and the initial phenol concentration on the 

breakthrough was determined. The inlet liquid flow rate and phenol concentration were varied as 

follows; the simulation was started with 10 mL/min as initial liquid flow rate and then this value 

was changed to (15.0 and 20.0 mL/min) in order to determine their effect on the breakthrough and 

saturation time. 100 mg/L were fed to the ADSIM as initial phenol concentration, after that this 

value was varied to (150 and 250 mg/L). This value was changed to specify their effect on both 

breakthrough and saturation time. The same thing was done with height, starting from 5 cm and 

then changed to 10 and 15 cm. Figure 2 describes the methodology, briefly. Table 1 shows input 

data, which were inserted into ADSIM. 

 

Figure 2: Schematic diagram of the simulation methodology. 

 



15 

 

Table 1: The values of the model input parameters. 

Parameter Value Reference 

Pressure (bar) 1 (Girish et al., 2014) 

Temperature (K) 301.15 (Girish et al., 2014) 

Inlet liquid flow rate (mL/min) 10.0, 15.0, 20.0 (Girish et al., 2014) 

Concentration of phenol (mg/L) 100, 150, 200 (Girish et al., 2014) 

Height of adsorbent layer (cm) 5.0, 10.0, 15.0 (Girish et al., 2014) 

Internal diameter of the adsorbent layer 

(cm) 

2 (Girish et al., 2014) 

Parameter Value Reference 

Inter-particle voidage (m3 void/m3 bed) 0.5 (Girish et al., 2014) 

Intra-particle voidage (m3 void/m3 bed) 0.6 (Krishnaiah et al., 

2014) 

Bulk density of adsorbent (kg/m3) 740 (Anisuzzaman et al., 

2016) 

Adsorbent particle radius Rp (m) 5.8 × 10−6 (Girish et al., 2014) 

Isotherm parameter, 1 of phenol (mg/g) 112.5 (Girish et al., 2014) 

Isotherm parameter, 2 of phenol (1/mg) 0.03951 (Girish et al., 2014) 
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Chapter 5: Experimental and simulation works 

5.1 Experimental works: 

    In the first stage of the second part of the project, a practical experiments  were  planned to be 

conducted in order to find all information necessary to operate the adsorption process in the 

laboratory. The  planned was to do experiments to find the mass transfer coefficient and isotherm 

parameters. The column was designed for the adsorption process and was sent  to the glassware 

workshop to implement it, it was equipped and the adsorption process was going to start in the lab. 

But due to the circumstances, our plans were not completed. 

➢ Calibration curve 

    A stock solution with a concentration equals to ~140 mg/L was prepared by dissolving 0.16 g 

of liquid phenol in 1.0 L of deionized water. The stock solution was diluted to obtain solutions 

with 75.0, 50.0, and 25.0 mg/L. The required amounts were withdrawn from the stock solution. 

The detailed calculations are shown in ADSIM procedure: 

   The following steps show the Aspen procedure that was considered for simulation in this project: 

1. The program was opened; the components were inserted to the component list as shown in 

Figure A 8, where Aspen property system was used for the physical property 

configuration. 

 

 Figure A 8: Aspen components list. 

2. The appropriate property method was specified, PENG-ROB as shown in Figure A 9 

below. 
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Figure A 9: Aspen property method. 

 

3. After that, the system was run, and the property document was saved as PropsPlus.aprbkp. 

The green square, which was shown in Figure A 10, means that the properties are 

successfully configured in the properties configuration form. 

 

Figure A 10: Physical properties configuration. 

4. The process was created as shown in Figure A 11 by adding the liquid feed, liquid bed and 

liquid product from (library-ADSIM) to the flowsheet and connected to each other using 

the connection. 
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Figure A 11: Adsorption process flowsheet. 

5. Operating parameters; flow rate, concentration, temperature and pressure were inserted for 

the feed stream by double click on the liquid feed. The same for the liquid product. Figure 

A 12 shows the liquid feed configuration 

 

 

Figure A 12: Liquid feed (wastewater) configurations. 

6. The configurations of the bed were added by double click on the liquid bed as shown in 

Figure A 13. 
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Figure A 13: Liquid bed configuration. 

7. The simulation was run to get the breakthrough curve as shown in Figure A 14. 

 

Figure A 14: Simulation run. 

➢ MTC estimation: 

Mass transfer coefficient (MTC): 

The MTC was calculated by aspen, by following the steps below. 

1. 0.01 (1/min) was inserted to liquid bed configuration in ADSIM as an initial guess for MTC 

value (Figure A  15 ).  
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Figure A  15 : Initial guess for MTC value. 

2. The concentration of phenol at several times (Table A 1) was calculated from experimental 

breakthrough curves (Figure A 16). 

 

 

Figure A 16: Experimental breakthrough curve at 150mg/l concentration and 10 cm bed 

height. 

 

Table A 1: The required data for MTC calculations. 

C0 (mg/l) 150 

C0 (mol/l) 1.594e-6 

Q(ml/min) 20 

time C/C0 C 

200 0 0 
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250 0.35 0.000558 

300 0.8 0.001275 

350 0.95 0.001514 

400 1 0.001594 

 

The next steps were available at the following links: 

https://www.youtube.com/watch?v=Pr5CyXpdgxY 

https://www.youtube.com/watch?v=KmH7XGtkhTM. 

 

Appendix B. The calibration curve was constructed following these steps: 

1. A sample was taken from one of the standard solutions and placed in the cuvette, and then 

put in the UV-Vis spectroscopy to obtain the absorbance peak at 268 nm. 

2. Then, samples with different concentrations were taken from each standard solution and 

replaced in the UV-Vis spectroscopy. The corresponding absorbance values for each 

concentration were recorded and the calibration curve was then constructed. 

 

➢ Isotherm parameters: 

    Batch adsorption techniques were carried out to find the isotherm parameters of phenol at lab 

temperature. A stock solution of 500  ppm phenol concentration was prepared in the hood. Then, 

another five samples with different concentrations were set by diluting the stock solution. Six 

volumetric flasks of 500, 400, 350, 300, 250, and 200 ppm phenol concentration were ready.  10 

ml of each concentration was withdrawn and put in small tubes with 0.1 g of AC. All tubes were 

put in the shaker at the same time for two hours. After the shaking process, the tubes were placed 

in the centrifuge apparatus for five minutes at 3500 rpm. A clear sample was withdrawn from each 

tube and placed in the cuvette for the screening test in the UV- spectrometer. 
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5.2 Aspen property method 

    To run the ADSIM simulation correctly, the suitable method must be used. According to 

(Krishnaiah et al., 2014) The selected process was PENG-ROB. Usually, the following diagram 

(Figure 3) is used to find the proper method. 

 

 

Figure 3: Guidelines for choosing a property method. 

5.3 Aspen procedures 

The steps which were as per following in ADSIM and were presented in Appendix A. 

 Chapter 6: Result and Analysis 

6.1 Isotherm parameters: 
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    The result obtained from the experiment done was incorrected, the experiment was repeated 

several times to obtain accurate result . The result was that AC affecting  the deionized water, the 

isotherm parameters were not obtained in lab. As a result of that, isotherm parameters were not 

estimated. 

 

6.2 Mass transfer coefficient (MTC): 

    Mass transfer coefficients were estimated by the ADSIM depending on experiment data which 

were obtained from (Girish et al., 2014) based on the breakthrough curves . Appendix A  contains 

the estimation steps in ADSIM, The result obtained were showed in Table 1. 

Table 2: MTC different values. 

Co (mg/L) 100 150 250 

MTC (min-1) 0.793 0.605 0.474 

Q (mL/min) 10 15 20 

MTC (min-1) 0.684 0.626 0.556 

H (cm) 5 10 15 

MTC (min-1) 0.505 0.602 0.631 

 

 

6.2 Effect of Operating Condition 

6.2.1 Effect of initial concentration: 

    The effect of initial concentration on the adsorption process was studied using ADSIM with 

initial values equal to 100, 150 and 250 mg/L at fixed values for the flowrate and the bed height ( 

15 mL/min and 10 cm ), respectively. The resulting breakthrough curve was showing in Figure 4. 

The removal efficiency and the breakthrough time was listed in Table 3. 
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    The result showing that as the initial concentration increased, the removal efficiency and the 

breakthrough time decreased.  The result obtained when performing the adsorption process 

experimentally was represented in Figure 5 and Table 4.  

 

 

Figure 4: Breakthrough curve obtained from ADSIM at different initial concentration (100, 

150, 250 mg/L) and Q =15 mL/min and H = 10 cm. 
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Figure 5: Breakthrough curve obtained from experiment at different initial concentration 

(100, 150, 250 mg/L) and Q =15 mL/min and H = 10 cm (Girish et al., 2014). 

Table 3: The removal efficiency %R and the breakthrough time resulting by ADSIM at 

different initial concentration. 

C0 (mg/L) % R after 1 hr % R after 2 hr tB (min) 

100 75.1% 54.3% 24 

150 70.5% 45% 23 

250 67.1% 37.7% 22 

 

Table 4: The removal efficiency %R and the breakthrough time resulting experimentally at 

different initial concentration (Girish et al., 2014). 

C0 (mg/L) % R after 1 hr % R after 2 hr tB (min) 

100 100 100 454 

150 100 100 352 

250 100 100 252 
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6.2.2 Effect of flow rate: 

    The effect of flow rate on the adsorption process by ADSIM was investigated at different values 

10, 15 and 20 mg/L while the concentration and the bed height have these value 150 mg/L and 10 

cm, respectively. Breakthrough curve which obtained was showing in Figure 6.The removal 

efficiency and the breakthrough time was figured in Table 5. 

    The result showing that when the flow rate increased, the removal efficiency and the 

breakthrough time decreased. The obtained result when performing the adsorption process 

experimentally was represented in Figure 7 and Table 6. 

 

 

Figure 6: Breakthrough curve obtained from ADSIM at different flow rate (10, 15, 20 

mL/min) and C0 =150 mg/Land H = 10 cm. 
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Figure 7: Breakthrough curve obtained from experiment at different flow rate (10, 15, 20 

mL/min) and C0 =150 mg/Land H = 10 cm (Girish et al., 2014). 

 

Table 5: The removal efficiency %R and the breakthrough time resulting by ADSIM at 

different flow rate. 

Q (mL/min) % R after 1 hr % R after 2 hr tB (min) 

10 94% 67.6% 40 

15 71.3% 46.4% 24 

20 47.4% 33.8% 16 

 

Table 6: The removal efficiency %R and the breakthrough time resulting experimentally at 

different flow rate (Girish et al., 2014). 

Q (mL/min) % R after 1 hr % R after 2 hr tB (min) 

10 100 100 604 

15 100 100 351 

20 100 100 202 
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6.2.3 Effect of height: 

    The effect of height on the adsorption of phenol was tested at 5, 10 and 15 cm, while the flowrate 

and the initial concentration have these value 15 mL/min and 150 mg/L, respectively. 

Breakthrough curve which obtained was showing in Figure 8.  The removal efficiency and the 

breakthrough time was figured in Table 7.  

    The result showing that as the bed height increased, the removal efficiency increased and the 

breakthrough time increased. The obtained result when performing the adsorption process 

experimentally was represented in Figure 9 and Table 8. 

 

 

Figure 8: Breakthrough curve obtained from ADSIM at different height (5, 10, 15 cm) and 

C0 =150 mg/Land Q = 15 mL/min. 
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Figure 9: Breakthrough curve obtained from experiment at different height (5, 10, 15 cm) 

and C0 =150 mg/Land Q = 15 mL/min (Girish et al., 2014). 

 

Table 7: The removal efficiency %R and the breakthrough time resulting by ADSIM at 

different height. 

H (cm) % R after 1 hr % R after 2 hr tB (min) 

5 24.7% 22.3% 9 

10 70.7% 45.1% 24 

15 93.6% 65.5% 40 

 

 

Table 8: The removal efficiency %R and the breakthrough time resulting experimentally at 

different height (Girish et al., 2014). 

H (cm) % R after 1 hr % R after 2 hr tB (min) 

5 100 100 152 

10 100 100 352 

15 100 100 550 
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Chapter 7: Discussion 

    The objective of this project was to simulate experiment works that applied the adsorption of 

phenol in a packed bed column on ADSIM, in order to examine the accuracy of the program and 

whether it is possible to obtain results similar to the experiment results. In the article (Girish et al., 

2014), a practical experiment was conducted, in which the effect of a change the initial 

concentration C0, flow rate Q and the bed height H were studied to determine their effect on the 

removal efficiency and breakthrough time. According to this article, a dynamic simulation depend 

on the pervious article was run using ADSIM. The simulation was run at 28.0 oC and 1.0 bar, the 

feed data was taken from the article.  

    The results obtained from the ADSIM were sometimes distinct with the experimental result, 

whether it is value, increase or decrease. The reason for this was that there is no article containing 

all the data necessary to run the simulation, which led to the use of an estimation to obtain it or 

assume it. This data such as mass transfer coefficient, bed characterizations and the assumption 

adopted. This problem causing the result obtained from ADSIM to be opposite the experimental 

work. Our project is the first of its kind, as there is no paper in which the adsorption of phenol was 

experimentally done and applied to the ADSIM. All research is practical except one, therefore, to 

obtain similar results, an experiment should be done and through it all the variables necessary to 

run the simulation will be found. 

    Isotherm parameters were not estimated as a result of  incorrect AC work, it was found that AC 

affected the deionized water which caused the incorrect reading of the UV-Vis spectroscopy. AC 

may be damaged. 

     Mass transfer coefficients MTC were not listed in the article, so we were tried to estimate it. 

ADSIM provides an option to estimate variables. To estimate MTC, experimental dates for each 

case were fed to the program. This data was taken from the article. For C0 150 mg/L, MTC was 

0.605 min-1 while at 250 mg/L it was 0.474 min-1. At Q equal to 10 mL/min, MTC was 0.684 min-

1 while at 20 mL/min it was 0.55 min-1. The MTC were 0.505 and 0.631 min-1 at 5 and 15 cm, 

respectively. 
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    The effect of initial concentration was inspected at 15 mL/min flowrate and 10 cm bed height 

constant conditions. The studied concentration values were 250, 100, and 150 mg/L. ADSIM 

results showed that the breakthrough time decreased when C0  increased. as a result of the fast 

saturated of the binding site which is reasonable since the mass transfer driving force increases as 

the initial phenol concentration increases (Girish et al., 2014). The experimental results showed 

the same result (decreased) but with different values. In addition to that, the removal efficiency 

decreased as the initial concentration increased which is opposite to the experimental results. 

Scientifically, it is decreased due to the insufficient active site. 

The experimental results showed the same result (decreased) but with different values. In addition 

to that, the removal efficiency decreased as the initial concentration increased which is opposite to 

the experimental results. The result obtained experimentally were the more accurate, Since the 

driving force increased by increased C0. 

    To study the effect of flow rate on phenol adsorption, Q was varying from 5 to 15 mL/min with 

constant C0 and H at 150 mg/L and 10 cm, respectively. It can be noticed that the removal 

efficiency of phenol and the breakthrough time are decreased as the flow rate increased. This was 

due to decreasing in the residence time which faster the saturation of the column. The same results 

were obtained experimentally with different values. 

    In order to study the effect of bed height on the adsorption of phenol. Different adsorption beds 

H varying from 5 to 15 cm at C0  150 mg/L and Q 15 mL/min were utilized. The effect of bed 

height for the uptake of phenol by AC was found to increase by increasing the bed height. Where 

the percentages of removal of phenol were 24.68%, 70.68% and 93.61% for 5,10 and 15 cm bed 

height, respectively after 1 hr of adsorption. Moreover, the breakthrough time increased with the 

increased in bed height. This related to the increasing in the binding sites, which allows more 

amount of phenol to adsorbed (Girish et al., 2014). The aspen results are similar to the experimental 

one, even if the values were different. 
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Chapter 8: Conclusions and Recommendation 

   The adsorption process of phenol by AC has been studied using ADSIM. Experimental data were 

applied to make a comparison between the experimental results and what can be obtained by 

ADSIM. The comparison showed a significant difference in the values between the experimental 

results and the aspen results. Except that the concept is similar in some cases. Moreover, the impact 

of various operating parameters was examined such as the initial phenol concentration, flow rate, 

and bed height. ADSIM has shown that the adsorption capacity decreasing with increases flow 

rate and influence concentration, but increased with increasing bed height. However, the used 

article showed that the adsorption capacity increases as the bed depth and influence concentration 

increase, and decreased with increasing flow rate. Finally, it can be concluded that the present 

work, discussing an environmental problem, which is the treatment of industrial wastewater. Also, 

using aspen adsorption as a way to anticipate how effective the project will be. 

   One of the difficulties faced in our project were the lack of the articles that applied the 

experimental and simulation work together, which affected the obtained results. Also, we faced 

the problem of dealing with ADSIM, but it was overcome using the guide of the program. 

    In spite of all the difficulties we faced, this project added to our experience a lot, as we can now 

simulate any process. We are now experts in this program. In addition, we learned how to get any 

information that we lack. This program is a new way to facilitate any treatment process, as it will 

save time so that the operation of the program will be run and see if desired results are obtained or 

not. 

Recommendations for future work: 

    The project can come up with more accurate results if an experimental work was done on the 

lab and same data was utilized in the aspen adsorption. The project can enhance by optimization 

using ADSIM. 
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Appendices: 

Appendix A 

➢ Material data sheet of phenol 
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➢ UV-Vis spectroscopy or spectrophotometer 

    Ultraviolet-Visible spectroscopy is an analytical techniques used to measure the concentration 

of a sample. A beam with wavelength between 180-1100 nm passes through the cuvette, the sample 

absorbs this UV or visible radiation. It was in this project to determine the concentration of phenol 

and to create a calibration curve. 

 

Figure A 1: Light beam passes through the cuvette. 

 

 

Figure A 2: UV-Vis Spectrophotometer. 
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Figure A 3: Liquid phenol used in this study. 

 

 

Figure A 4: Stock and diluted solutions of phenol with 100, 75, 50 and 25 mg/L. 



45 

 

 

Figure A 5: Glass and lab tools used in the experiment. 
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Figure A 6: Spectrum peak of phenol. 
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Figure A 7: Calibration curve. 

 

 

➢ ADSIM procedure: 

   The following steps show the Aspen procedure that was considered for simulation in this project: 

8. The program was opened; the components were inserted to the component list as shown in 

Figure A 8, where Aspen property system was used for the physical property 

configuration. 
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 Figure A 8: Aspen components list. 

9. The appropriate property method was specified, PENG-ROB as shown in Figure A 9 

below. 

 

 

Figure A 9: Aspen property method. 
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10. After that, the system was run, and the property document was saved as PropsPlus.aprbkp. 

The green square, which was shown in Figure A 10, means that the properties are 

successfully configured in the properties configuration form. 

 

Figure A 10: Physical properties configuration. 

11. The process was created as shown in Figure A 11 by adding the liquid feed, liquid bed and 

liquid product from (library-ADSIM) to the flowsheet and connected to each other using 

the connection. 

 

Figure A 11: Adsorption process flowsheet. 
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12. Operating parameters; flow rate, concentration, temperature and pressure were inserted for 

the feed stream by double click on the liquid feed. The same for the liquid product. Figure 

A 12 shows the liquid feed configuration 

 

 

Figure A 12: Liquid feed (wastewater) configurations. 

13. The configurations of the bed were added by double click on the liquid bed as shown in 

Figure A 13. 

 

Figure A 13: Liquid bed configuration. 

14. The simulation was run to get the breakthrough curve as shown in Figure A 14. 

 

Figure A 14: Simulation run. 
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➢ MTC estimation: 

Mass transfer coefficient (MTC): 

The MTC was calculated by aspen, by following the steps below. 

3. 0.01 (1/min) was inserted to liquid bed configuration in ADSIM as an initial guess for MTC 

value (Figure A  15 ).  

 

 

 

Figure A  15 : Initial guess for MTC value. 

4. The concentration of phenol at several times (Table A 1) was calculated from experimental 

breakthrough curves (Figure A 16). 

 

 

Figure A 16: Experimental breakthrough curve at 150mg/l concentration and 10 cm bed 

height. 
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Table A 1: The required data for MTC calculations. 

C0 (mg/l) 150 

C0 (mol/l) 1.594e-6 

Q(ml/min) 20 

time C/C0 C 

200 0 0 

250 0.35 0.000558 

300 0.8 0.001275 

350 0.95 0.001514 

400 1 0.001594 

 

The next steps were available at the following links: 

https://www.youtube.com/watch?v=Pr5CyXpdgxY 

https://www.youtube.com/watch?v=KmH7XGtkhTM. 

 

Appendix B 

➢ Calibration curve: 

Sample of calculation: 

Required mass = 0.16 g. 

Volume of solution = 1000 ml. 

Purity of phenol liquid = 90%. 

𝐶𝑜𝑛𝑐 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑛
𝑚𝑔

𝐿
=  

𝑚𝑎𝑠𝑠 𝑜𝑓 𝑙𝑖𝑞𝑢𝑖𝑑 𝑝ℎ𝑒𝑛𝑜𝑙 𝑚𝑔

𝑉𝑜𝑙𝑢𝑚𝑒𝑜𝑓 𝑠𝑜𝑙𝑛 𝐿
× 𝑃𝑢𝑟𝑖𝑡𝑦 

𝐶𝑜𝑛𝑐 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑛
𝑚𝑔

𝐿
=  

0.16 𝑔 

1000 𝑚𝑙
×

1000 𝑚𝑔

1 𝑔
×

1000 𝑚𝑙

1 𝐿
× 0.9 
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𝐶𝑜𝑛𝑐 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑛 = 144
𝑚𝑔

𝐿
= 144 𝑝𝑝𝑚. 

144 
𝑚𝑔

𝐿
×

1 𝑚𝑜𝑙

94.11 𝑔
×

1 𝐿

1000 𝑚𝑙
= 1.53 × 10−6

𝑚𝑜𝑙

𝑚𝑙
 

To prepare a solution with 75 ppm, the required volume that will withdraw from the stock was 

calculated by the following equation: 

(𝐶𝑜𝑛𝑐 × 𝑉𝑜𝑙𝑢𝑚𝑒𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑)𝑆𝑡𝑜𝑐𝑘 = (𝐶𝑜𝑛𝑐 × 𝑉𝑜𝑙𝑢𝑚𝑒)𝐷𝑖𝑙𝑢𝑡𝑒 

75 
𝑚𝑔

𝐿
×

1 𝑚𝑜𝑙

94.11 𝑔
×

1 𝐿

1000 𝑚𝑙
= 7.97 × 10−7

𝑚𝑜𝑙

𝑚𝑙
 

(1.53 × 10−6
𝑚𝑜𝑙

𝑚𝑙
× 𝑉𝑜𝑙𝑢𝑚𝑒)𝑆𝑡𝑜𝑐𝑘 = (7.97 × 10−7

𝑚𝑜𝑙

𝑚𝑙
× 100 𝑚𝑙)𝐷𝑖𝑙𝑢𝑡𝑒 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑡ℎ𝑎𝑡 𝑤𝑖𝑙𝑙 𝑤𝑖𝑡ℎ𝑑𝑟𝑎𝑤 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 = 52.0833 𝑚𝑙 

To prepare a solution with 50 and 25 ppm, the required volume that will withdraw from the stock 

was calculated by the same calculation. 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑡ℎ𝑎𝑡 𝑤𝑖𝑙𝑙 𝑤𝑖𝑡ℎ𝑑𝑟𝑎𝑤 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 𝑡𝑝 𝑝𝑟𝑒𝑝𝑎𝑟𝑒 𝑎 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 50 𝑝𝑝𝑚

= 34.722 𝑚𝑙 

𝑉𝑜𝑙𝑢𝑚𝑒 𝑡ℎ𝑎𝑡 𝑤𝑖𝑙𝑙 𝑤𝑖𝑡ℎ𝑑𝑟𝑎𝑤 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑡𝑜𝑐𝑘 𝑡𝑝 𝑝𝑟𝑒𝑝𝑎𝑟𝑒 𝑎 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑤𝑖𝑡ℎ 25 𝑝𝑝𝑚

= 17.361 𝑚𝑙 

 

 

 

 

 

 

 


