Adsorption

· The presence of trace concentrations of synthetic organic compounds, usually arising from industrial or agricultural operations, in raw water supplies can lead to taste and odor problems in the finished water.

· There is, therefore, increasing interest in the use of adsorption to reduce the concentration of trace soluble organic in water.

· Adsorption is the accumulation of dissolved particles from a solvent on to the surface of an adsorbent.

· Because adsorption is a surface phenomenon, good adsorbents must have a highly porous structure to provide a large surface area to volume ratio.

· The most satisfactory adsorbent is activated carbon, which is produced from wood ash, lignin, nutshells, and similar materials.

· Dehydration and carbonization are achieved by slow heating in the absence of air and the formation of a highly porous structure (activation) is accomplished by the application of steam, air or carbon dioxide at high temperatures.

Adsorption Isotherms

· When an adsorbent is left in contact with a solution the amount of adsorbed solute increases on the surface of the adsorbent and decreases in the solvent.

· After some time an adsorption equilibrium is reached when the number of molecules leaving the surface of adsorbent is equal to the number of molecules being adsorbed on the surface.

· The nature of the adsorption reaction can be described by relating the adsorption capacity (mass of solute adsorbed per unit mass of adsorbent) to the equilibrium concentration of solute remaining in solution.

· Such a relation is known as an adsorption isotherm (see Figure 4).

· The Langmuir isotherm was developed from a theoretical consideration of adsorption based on the concept of equilibrium in a mono-molecular surface layer.
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where,
x = mass of solute adsorbed,



m = mass of adsorbent,



c = solute concentration remaining at equilibrium



a and b = are constants.

· The Freundlich equation is an empirical relationship which often gives a more satisfactory model for experimental data.
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where k and n are constants.

· Usually x/m value is from 0.2 to 0.8 gram COD/gram of Carbon (adsorbent).

· In general, the overall rate of adsorption is governed by the rate of diffusion of the solute into the capillary pores of the adsorbent particle.

· The rate decreases with increasing particle size and increases with increasing solute concentration and in increasing temperature.

· High molecular weight solutes are not adsorbed as readily as low molecular weight substances and increasing solubility decreases the adsorb-ability of organic compounds.
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Aeration

· A physical treatment process in which air is thoroughly mixed with water is called aeration. Therefore, aeration involves bringing air or other gases in contact with water to transfer volatile substances from the liquid to the gaseous phase and to dissolve beneficial gases into the water.

· Thorough contact with air and oxygen can improve water quality in a number of ways. For example, one of the common uses of aeration is for taste and odor control.

· Dissolved gases that tend to cause the taste and odor problems, such as hydrogen sulfide, are transferred from water to the air during aeration (air stripping).

· Aeration is also used for the removal of iron and manganese from the water, particularly in ground water supplies.

· In iron and manganese removal, the oxygen reacts with the iron and manganese to form an insoluble precipitate (rust). Sedimentation and filtration are then necessary to clarify the water.

Method in Aeration

· Several methods to aerate the water are available. The method selected depends primarily on the type and concentration of material to be removed from the water and on the availability of pressure head.

· Aeration using spray nozzles provides a large total air-water contact area, but relatively high pressures and much space is required.

· Spraying the water into the air can be followed by allowing the water to cascade and flow in thin sheets down several concrete or metal steps. Cascade structure require at least a 3-m drop.

· Another common method for aeration makes use of multiple-tray aerators. These consist basically of a tall stack of perforated trays or slats with staggered openings. The water is applied at the top and trickles downward in thin films or sheets of flow. In some cases, a fan or blower might be used to force air upward through the stack to increase the contact with air.

· For very large volumes of water, the use of diffused-air aerators is generally the most practical method. Air is pumped by centrifugal blowers into a tank of water. The air enters the water at the tank bottom through special diffuser nozzles forming air bubbles that become thoroughly mixed with the water.

· Mechanical aerators consisting of a large propeller that churns the water at the surface are also available. Mechanical and diffused-air aerators find frequent application in wastewater treatment.

Mechanics of Gas Transfer

· Gases dissolved in liquid will seek an equilibrium condition. The concentration of a gas dissolved in a liquid at equilibrium is called the saturation value (Cs).
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· The saturation value of a gas depends upon the temperature of the liquid, the partial pressure of the gas, and the dissolved solids concentration in the liquid.

· The saturation value is directly proportional to the partial pressure and inversely proportional to temperature and dissolved solids concentration.

· The difference between the saturation value and the actual concentration provides driving force for the exchange of gases from the gaseous state to the dissolved state and vice versa.

· The rate of gas transfer across a liquid-gas interface is commonly expressed by the following equation.
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where, dC/dt = rate of change in concentration, mg/L

            KLa   = overall mass-trasfer coefficient, 1/s

            Cs      = saturation concentration, mg/L

            C       = concentration at any time t, mg/L

            Co      = initial concentration at t = 0, mg/L

·  The gas transfer coefficient, KLa, is a variable value and depends on many complex interrelationships, including temperature, area through which gas is diffused, volume of liquid in contact, and coefficient of gas diffusion. 

· The KLa  is best determined experimentally for a given gas and aeration condition. The temperature correction for KLa is expressed by the following equation.

(KLa)T  =  (KLa)20 *  ( T-20
where, (KLa)T  = gas transfer coefficient at temperature T


       (KLa)20 = gas transfer coefficient at 20 oC


       (
  = temperature correction coefficient that

     can vary from 1.015 to 1.040, with 1.024 

     commonly used

· Referring to the above equation, the following key design consideration is usually developed.

(1). The gas-transfer rate is directly proportional to the exposure area per unit volume. An ideal aeration device will maximize the area of exposure. In diffused aerators, for a given air supply, fine bubbles offer a greater area of exposure than coarse bubbles. In spray aerators, the nozzle that produces a finer spray gives the larger area of exposure.

(2). The rate of gas transfer is also directly proportional to the time of exposure; therefore, an aeration device should maximize exposure time. For example, the rising velocity of air bubbles in a diffused-aeration system is generally twenty percent (one-fifth) of the falling velocity in spray aerators. If all other factors were equal, the rate of oxygen transfer would be five times greater for diffused-aerators than for the spray aerators.

(3). The rate of gas transfer is directly proportional to the difference between the saturation value and the initial concentration (Cs – Co). The saturation value depends upon the partial pressure of gas, temperature of the liquid, and dissolved-solids concentration in the liquid, so a change in any of these parameters will affect the rate of gas transfer. For example, by increasing the percentage of oxygen in the air mixture, the partial pressure is increased, resulting in a higher saturation value. This situation is encountered with pure-oxygen or high-oxygen diffuser systems.

(4). If Co is greater than Cs (typical case of groundwater supersaturated with CO2 or H2S), the right side of the equation above will yield a negative. This represents de-sorption, or stripping action. Thus the equation can also be applied to de-sorption. 
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