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The aim of the laboratory practice is estimation of the content of surface-functional groups of coal.

One could find the presence of different kind of surface groups in the coal. Some of them are reactive one and some are non-reactive. Typically to the reactive groups kind are depicted:

metoxyl  
–OCH3
carboxyl 
–COOH

hydroxyl 
–OH

carbonyl
=C=O (simplified notation)

In other hand the classification of surface groups is provided with using of acidity of the active site (which the group produce); acidic one (e.g. –OH from phenol, –COOH) and base one (e.g. –OH terminal one exceeding the surface of the lamels, pironic, chromenic).

The surface oxygen groups on a carbon with acidic (carboxyl, lactone, phenol) as well as basic properties can be determined by the Boehm method. These groups differ in their acidities and can be distinguished by neutralisation with different solutions: HCl (for basic groups) and NaHCO3, Na2CO3 and NaOH (for acidic groups). 
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APPARATUSES AND APPLIANCES

laboratory shaker

GLASS AND CHEMICALS

titration burettes, titration flasks 100 ml, laboratory flasks 100 ml with stoppers

Solutions 

- base 1: 0.1 M NaHCO3, 

- base 2: 0.05 M Na2CO3,

- base 3: 0.1 M NaOH

- acid: 0.1 M HCl

Measuring schedule

1. Three samples of 0.5 g of the coal (weight with accuracy 0.001 g) with the grain fraction 0.2 mm place in the laboratory flasks.

2. Pour the different flask with 50 ml of different solution first - NaHCO3, second – NaCO3, third – NaOH

3. Close the flasks with stoppers and place in the laboratory shaker for 1 hour

4. After the sedimentation of the solid particles take two 20 ml samples of the solution from each flask to the titration flasks and add some drops of methyl orange solution.

5. Titrate the each solution under the burette filled by 0.1 M solution of HCl.

6. Titrate the starting solution (without interactions with coal) of NaHCO3, NaCO3, NaOH of the same volume in the presence of methyl orange by 0.1 M solution of HCl ( so called: “blind test” or “zero test”).

Data elaboration

1. Descritpion of measured parameters:

mx – mass of coal sample [g] (average from two samples for every solution m1, m2, m3 respectively)

Vbx – volume of HCl used for titration of “blind sample” (point 6 – Vb1, Vb2, Vb3,)

Vx – average volume for two sample titration of respective bases solution after coal processing

MHCl – molar HCl concentration in mol/dm3
2. Calculation of surface acidic groups amount (Ax) for each type acidity of surface groups (A1, A2, A3 – respectively) with using of the formula:
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2.5 is a coefficient taking into account decrease of titration sample volume in the comparison to reaction sample volume (50/20)

3. Calculation of the amount of different kind of surface groups

a. amount of groups with weak acidity (phenolic):

Awa = A3 – A2 – A1
b. amount of groups with strong acidity (carboxylic):

Asa = A1

c. amount of groups with average acidity (carboxylic from lactones hydrolysis):

Aaa = A2 – A1
Questions (short, several statement answer):

1. What is the connection of surface groups and sorption of polar vapor substances (e.g. water vapor)?

2. Is there an influence of the presence of surface groups on porosity of the coal?
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