GEOL 135



Sorption homework


Fall 2010
This homework will be a very practical one in the area of analyzing sorption data and determining the best fit for two different sorption models to determine which model is most appropriate for certain conditions, and the empirical determination of constants used for sorption.
We will be examining how arsenate, AsO43-, sorbs to the mineral kaolinite.  The data table below is from Evangelou et al., 1998:
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The experiments were each done in 200 ml batches of solution with different initial concentrations of AsO43-, 20.42 g of kaolinite were added to each batch and after some time, the concentration of AsO43- remaining in solution was measured (equilibrium concentration).  

First, determine the amount of AsO43- sorbed per gram of kaolinite in these experiments and plot this as mass (mg) AsO43- per gram of kaolinite vs. initial concentration of AsO43-.  A plot of the amount sorbed vs. concentration added is called a sorption isotherm.   We will then develop two models to find how they ‘fit’ compared to this isotherm.

Sorption isotherm model 1: Freundlich Isotherm

The first sorption model we will consider is the Freundlich isotherm, which describes the concentration changes as a function of adsorption by the equation:

S = Kf*Cin
Where S, the concentration of ion remaining (mass of sorbate per gram sorbent), is a function of the initial concentration, Ci, a constant, Kf, and another constant, n, affecting the curvature of the isotherm (n=1 is linear).

The second sorption model incorporates the idea that the solid material (the sorbent) has a limited number of sites which can sorb particular ions.  The Langmuir isotherm describes the concentration of sorbed ions per cm-2 of sorbent by the equation:

S = Mass sorbate per gram sorbent = 
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Where K is a constant, Smax is the maximum site concentration, and Cieq is the initial concentration in the batch experiment.

Your task is to generate models using excel for each of these 2 sorption equations where you can adjust the value of K, n, and S to see how the lines generated by these describe an idealized isotherm that can match the real data you plotted.  For the Freundlich isotherm I suggest starting in excel and making columns describing the concentrations involved (initial and equilibrium), then the AsO43-concentration sorbed onto the mineral surfaces, the mass of AsO43- in each batch experiment, and finally the mass of AsO43- per gram of kaolinite.  Make a box which contains the K and n value for the isotherm – the equations for concentration that need these values should reference those cells so once you change the Kf or n values, all the numbers and the fit line on a graph will change with it.  Copy the data you have generated from these models for mass (mg) AsO43- per gram of kaolinite vs. initial concentration of AsO43-, copy the columns, and paste special onto your isotherm graph of your real data – it is easiest to click on the data and instead of data points have a smoothed line represent your data to be in position to compare your model to your data (you can now change the K and n values to see what improves the fit!). 
For the Langmuir isotherm, you calculate the mass of AsO43- per gram of kaolinite from the equation directly, and plot that.  Again make K and S values in boxes that are referenced by the equations so you can change them easily and see how it affects the line.  Plot the model data as you did above and play with the K and S values to see how this fits.

Present your best fit for each model to the data (neither will fit the full dataset exactly) and comment on which model is best for lower concentrations of sorbate to sorbent and which is best for higher values of sorbate to sorbent.  This should be 1 graph – with the data points on it AND an additional line for each of the isotherms you have calculated and fit (i.e. you have adjusted the values for n, K, S to get each line to match as closely as possible the data).  
This homework is to be turned in as an excel file emailed to me and as a printout of the single plot showing the sorption data and the two best-fits for your models (one will fit somewhat better than the other, but also one model should fit the lower concentration data better while the other fits the higher concentration data better).
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