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WATER TREATMENT IN AQUARIUMS

Water quality is of utmost importance in the maintenance and operation of a healthy aquarium.  Water quality parameters such as ammonia, nitrates, solids and organic compounds need to be continuously removed from the aquarium to keep a healthy aquatic environment.  The most common types of water treatment in a simple home aquarium are 
Biological Filtration - A biological filter (typically a synthetic sponge) is designed to retain bacteria.  Aerobic and Nitrifying bacteria are common in aquariums. These bacteria grow in the presence of oxygenated water with a food source such as organics, ammonia (NH3), or nitrite (NO2) present.

Chemical Filtration - Chemical agents such as carbon, zeolite, synthetic resins, peat moss, calcium hydroxide, ozone are used as adsorbents/oxidants for removal of ammonia and organic compounds.
Mechanical Filtration – This type of filtration aids in removal of suspended particles via mechanical straining.   Different types of media are used to physically particles and waste matter from the aquarium water.  Media include material such as sand, cotton, dacron, and other synthetic materials to trap detritus, dead plant matter, and other debris.
Commercial aquariums have more sophisticated water treatment systems. Each aquarium has its own specific water treatment system.
ACTIVATED CARBON ADSORPTION
Adsorption is the process of concentrating solute at the surface of a solid.  Adsorption can be physical or chemical.  The most common industrial adsorbents are activated carbon, silica gel, and alumina, because they present enormous surface areas per unit weight.  Silica gel is a matrix of hydrated silicon dioxide. Alumina is mined or precipitated aluminum oxide and hydroxide.  Activated carbon is the universal standard for purification and removal of trace organic contaminants from liquid and vapor streams. The use of activated carbon has improved the quality of our environment and the manufactured products we consume. Activated carbons are manufactured from many high carbon content materials including coal, coconut shells, wood, and peat. Through a complex process of devolatilization and activation, these materials develop a unique internal pore structure, which makes them suitable for a variety of filtration applications.

Standard virgin carbon is manufactured from select grades of bituminous coal under strictly controlled conditions by steam activation. This carbon is irregularly shaped and granular in appearance. With a highly developed porous structure, large surface area, high adsorption rate, small bed resistance and high mechanical strength, it is suitable for a wide range of water treatment and vapor adsorption applications.

Activated carbon has a large volume of very small pores which creates a large surface area. Typical activated carbons have surface areas from 600 to 1,200 m2/g with some reported as high as 3,000 m2/g. These internal pores are classified based on size as either micropores (10 to 1,000 A) or macropores (greater than 1,000 A). Adsorption occurs primarily in the micropores with the macropores acting as conduits.

Adsorption Isotherms

Adsorption isotherms describe the equilibrium conditions for an adsorbate (that which is adsorbing) onto the surface of an adsorbent. Usually the amount of material adsorbed is some complex function of the concentration of the adsorbate. 

One method of generating adsorption isotherms is to equilibrate different concentration solutions of adsorbate with known quantities of adsorbent. The measurements are performed at a constant temperature, hence 'isotherms'. The resulting concentrations of adsorbate in solution are plotted against the concentrations of adsorbate in the adsorbent phase. 

Freundlich Isotherm

The most common shape of the graph of amount adsorbed per unit weight of adsorbent versus the concentration in the fluid in equilibrium is:
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This data can be represented by the empirical equation proposed by Freundlich (1926): 
                                        q = Kp  Cen 

where: Kp and n are coefficients 
 q = weight adsorbed (X) per unit wt of adsorbent (M)

 Ce = concentration in fluid or equilibrium concentration

 Taking logs and rearranging: 

                      log q = log Kp + n log Ce 

The coefficients Kp and n can be estimated from slopes and by substituting values from a line fitted to a graph of log q versus log C. 

Problem

Verify if the following data follows the Freundlich Isotherm and determine the isotherm coefficients:

	Ce mg/L
	X/M g/g

	10
	0.21

	20
	0.26

	30
	0.35


	log Ce
	log X/M

	1
	-0.67778

	1.30103
	-0.58503

	1.477121
	-0.45593


Calculate log Ce and log X/M

Plot log X/M versus log Ce
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                    From graph calculate values of n and Kp.  What are appropriate units?

                                           n =                                         Kp
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