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ADSORPTION

PURPOSE
The aim of the study is to investigate the adsorption of acetic acid from solution by using activated coal and to determine adsorption parameters. The study also aims to investigate the compatibility of certain isotherms with experimental data.

THEORY

Since molecules are attracted from all directions in solids or fluids, these attraction forces are equilibrated. However, on the surface between phases, the attraction forces acting on the molecules are different. Thus, the concentration in the region near the interface is different from the bulk concentration in the phases forming the interface. Thus gases, liquids or substances dissolved in them which are in contact with the solid surfaces attach to   these surfaces. The attachment of particles to a solid surface is called adsorption, and the reveres process, desorption is the detachment of particles from a solid surface. When adsorption rate and desorption rate is equal an equilibrium is established. At the equilibrium, the material concentration in bulk in contact with a solid is called “equilibrium concentration”.  Due to the interaction forces of the atoms and molecules on the solid surface, adsorption occurs on the solid surface. It can be gas or liquid that is held by the surface. Adsorption can be defined as an increase in the concentration of attached the material (s) at the interface (solid surface) relative to the bulk concentration. The substance thus attached to a surface is said to be the “adsorbed phase” or adsorbate while the substance to which is attached is the "adsorbent".

The adsorption is divided into "physical adsorption" and "chemical adsorption" according to the kinds of force that enables the adsorbed material to be held on the surface.
· Physical Adsorption
The adsorbed material is held on the surface by weak van der Walls forces. The process is reversible and by changing the process conditions, the adsorbed material can be easily removed from the surface. Physical adsorption is an exothermic phenomenon. It is characterized by a low adsorption heat of about 10 000 calories per molecule adsorbed. In contrast to physical adsorption, it is frequently encountered with "negative adsorption" which shows decrease of concentration on the surface. This process is called "desorption".
Generally, components or process conditions (adsorbed material, T, P, concentration) that cause an increase in surface free energy lead to negative adsorption. Both types of surface events (increase and decrease of surface concentration) are expressed by the term "sorption".
· Chemical Adsorption
Chemical adsorption is the adsorption of particles by chemical bonding. The strength of the chemical bond varies. However, the bonds formed are stronger than the bonds in the physical adsorbent. Chemical adsorption is usually encountered in solid-catalyzed reaction systems. Adsorption energy is between 20 000 and 100 000 calories per mole of adsorbed material. This value is also about the same as the reaction heat in chemical reactions - depending on whether it is exothermic or endothermic. Chemical adsorption is also referred to as "active adsorption" and usually occurs as a result of interaction with heterogeneous catalysts.

Although the chemical adsorption may be only one layer, the physical adsorption can be a layered or multi-layered. Physical adsorption is usually a reversible action and desorption occurs by changing the processing conditions (concentration, P, T, etc). Chemical adsorption is an irreversible process because of the strong bond formation. While physical adsorption is usually reduced by increasing the temperature, the chemical adsorption may show an increase or decrease with increasing temperature depending on the exothermic or endothermic of the adsorption and the activation energy.

Physical adsorption (especially where separation is required at low concentration intervals) is the basis for important industrial separation processes. The ability of certain solids to selectively adsorb some materials from the mixture is the basic principle of the separation process. Removal of water vapor from air or other gases, elimination of impurities such as carbon dioxide and sulfur dioxide in the industrial gas mixture, removal of undesirable odors from gas and liquid mixtures, removal of the color of the sugar solution, removal of dissolved water in organic liquids are typical examples of industrial applications. Chemical adsorption plays an important role especially in solid catalyst applications.

Since adsorption is a surface treatment, the adsorbing power is an important function of surface properties. The most important parameter affecting the adsorption process from surface properties of adsorbent is surface area value. The adsorption amount increases with increasing surface area value. Hence porous materials or very small fragmented solids provide high adsorption capacity. Materials having the specific surface area between 10 and 1500 m2/g can be used as adsorbent. Frequently used adsorbents include activated coal, silica (SiO2), alumina (Al2O3), zeolite and molecular sieves.

	The amount of fluid adsorbed by a solid depends on the structure of adsorbed material and adsorbent, the surface properties of the adsorbent, the bulk concentration of the adsorbed material, the process temperature and the pressure. Adsorption data are usually presented as "adsorption isotherm". The relation between the amount of adsorbed material by the unit amount of adsorbent and the equilibrium concentration (or pressure) at constant temperature is called an “adsorption isoterm”.
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EXPERIMENTAL
In this work, the adsorption of acetic acid on activated coal will be studied. Literature studies indicate that single layer formation on activated coal is permitted with dilute acetic acid solutions. The adsorption will be studied in the range of 0.00- 0.20 M acetic acid concentrations.

EXPERIMENTAL PROCEDURE
PRE-EXPERIMENT (First Week)
1. Dilute the 0.6 M acetic acid stock solution to prepare a sufficient number of 100 mL acetic acid solutions in different concentrations as indicated in the above range of concentrations.
Note:
· Decide the minimum number of experiments required to receive convenient isotherm data.
2. Weigh 0.5 grams of moisture removed activated coal at a temperature of 100 ± 5°C (0.01 mg accuracy) and place it in a dry erlenmeyer flask. In this way, prepare a sufficient number (equal to number of acetic acid solution) of erlenmeyers containing 0.5 g of activated coal.
3. Pour 100 mL of the acetic acid solution prepared at the concentrations you determined (item 1) into the erlenmeyers with activated coal.
4. Record the time of addition of the acid solutions to the activated coal.
5. Rinse the erlenmeyers regularly for 30 minutes with the mouth closed. Then, allow sufficient time for room temperature to reach adsorption equilibrium.
Note:
· If you have an experimental method to determine the duration of the equilibrium, specify this method (discussing it with the teaching staff) and perform this experiment set earlier.
6. Once the equilibrium has been reached, start filtering the solutions. Discard the first 10 mL of filtrate. Titrate using a few drops of phenolphthalein indicator with 0.1 M NaOH on a sufficient amount of filtrate. If you have enough time, repeat each titration.
Note:
· Prior to filtration for each acid-activated coal mixture, care must be taken to ensure that the contact (adsorption process) time is the same. For this purpose, the addition of acid solutions onto activated coal can be carried out at intervals of 5 minutes.
· As diluted acid solutions are used, especially at low concentrations, be careful to obtain reliable data in the titration of the filtrates with 0.1 M NaOH. Indicate your suggestions for receiving convenient data.
7. Record the titration data, the room temperature and the atmospheric pressure.
8. Specify your method for statistical data analysis for an acetic acid concentration you specify (discussing with the teaching staff). Record your results by running your experiment.

EXPERIMENTAL DESIGN (Second Week);You are required to discuss and approve your experimental work schedule for the second week with the teaching staff related that experiment at least one day before the experiment day.
A. By choosing a point in the experimental equilibrium isotherm using the experimental method in the previous section, determine the amount of adsorbent to be added in order to reduce the solution concentration in this equilibrium position by 50% and carry out your proposed experimental work. Discuss the results.
B. By selecting one of the parameters that affect adsorption equilibrium / kinetics, do your experiment design to examine the effect of this parameter. Have your experiment design approved by the instructor responsible for the experiment before the day of the experiment. After you have done your experiment, discuss your results.

CALCULATIONS
1. Calculate the acetic acid equilibrium concentration (mol / L) for each sample.
2. Calculate the number of moles of acetic acid adsorbed by the solution (x, mol / 100 mL) and the number of moles of acetic acid adsorbed by one gram of activated coal (n, mol / g) for each sample.
3. Establish the experimental isotherm showing the number of moles of acetic acid (n) adsorbed by the unit adsorbent amount changing with solution equilibrium concentration. Interpret adsorption type.
4. Study the compatibility of Langmuir and Freundlich isotherms with experimental data
5. Calculate the amount of adsorbed material required for monolayer formation and the surface area value of the activated coal with the aid of isotherms that are compatible with the experimental data.
· Acetic acid molecule cross-sectional area (acetic acid adsorption area)= 21 Å2

PRELIMINARY STUDY (Each group member must submit a sheet of paper containing the studies (4, 6, 7, 8, 12 and 14) from the preliminary studies given below.
1. Read relevant sections from textbooks. Discuss the similarities and differences between absorption and adsorption.
2. Describe the difference between adsorption and absorption processes by giving an example.
3. Gather information about activated coal and adsorbent types.
4. Determine the amount of stock solution and water required to prepare the 100 mL solutions you selected in the range of 0.00-0.15 M acetic acid concentrations.
5. What experimental data should be taken to establish the adsorption isotherm?
6. Describe the experimental method that you have recommended to determine the duration of the adsorption equilibrium.
7. Explain your experimental work to carry out statistical data analysis
8. How do you record experimental data? Prepare a sample data sheet.
9. How do you calculate the acetic acid concentration (mole / L) adsorbed from the experimental data (the titration amounts measured for each sample)? Explain with the equation.
10. How many kinds of physical adsorption isotherms? Explain with graphical help.
11. Study Langmuir and Freundlich isotherms. What are the assumptions made in the formation of these isotherm relationships? Tell us about the shape of these isotherms (adsorbed amount-solution equilibrium concentration change graph).
12. Identify the graphs that should be generated to examine the experimental data in order to comply with these model isotherms. Interpret these graphics (For example, show what the terms  “intercept” and "slope" meaning in these graphs).
13. Is it possible to determine the adsorbed amount for single layer formation by taking advantage of these isotherm graphs? How?
14. With the help of these isotherms, how do you determine the surface area of ​​activated coal? If there is any other information needed for surface area calculation than isothermal behavior, what is it?
15. What is the minimum number of experiments required to obtain convenient experimental isotherm data? How is that number determined?
16. What is the relationship between the fluid amount absorbed on the solid surface and the critical temperature of that gas?
17. Investigate how you can use the existing adsorption isotherm model equation in your design of the batch reactor.
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