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Instructions: Answer all questions in exam paper. 

Question 1 (MLO 1, 2, 3, 4, Understand, apply, analyze, evaluate) (10 Marks) 

Hall- Heroult Process is a major process for smelting aluminum. Alumina (aluminum oxide, Al2O3) is 

extracted from aluminum ores mainly bauxite and dissolved at ~ 950 °C in molten cryolite (sodium 

hexafuolroaluminate Na3AlF6). Elemental aluminum is produced by electrolysis f the molten cryolite by 

passing voltage of 5 V at 100- 300 kA. Analyze the Hall- Heroult rocess diagram below to answer the 

questions. 

 

(Obaidate, 2018) 

 

a. State the balanced reaction at the cathode.      (2 Marks) 

 

 

b. State the balanced reaction at the anode.      (2 Marks) 

 

 

c. Write the overall reaction and determine the cell potential.    (3 Marks) 
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d. The electrolyte in Hall- Heroult process is Na3AlF6 and AlF3 is added as additive. Explain the 

purpose of adding fluorinated salts to the process.     (1 Mark) 

 

 

 

 

e. CO2 and HF are produced during the operation of Hall- Heroult process. Explain how aluminum 

manufacturers ca reduce the environmental pollution from the process.  (2 Marks) 
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Question 2 (MLO 2, 3, 4, apply, analyze, evaluate) (14 Marks) 

 

American peroleum institute gravity (API gravity) and sulfur content are two scale for peroleum 

qualification. The chart below compares the API gravity and sulfur content of different types of oil. Analyze 

the chart and answer the following questions. 

 

 
(Andrews, 2023) 

 

a. Determine the specific gravity of Saudi Arabia- Arab Heavy oil and Saudi Arabia- Arab Light oil 

and which is lighter?         (4 Marks) 
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b. Compare the quality of these oils: Saudi Arabia- Arab Heavy, Ecuador- Oriente, UAE- Dubai, 

Oman- Oman, and North Sea- Brent and justify your answer from sulfur content and API gravity 

value.           (6 Marks) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c. Arrange the expected price of oils in part b from the lowest price to the highest and justify your 

answer.          (4 Marks) 
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Question 3 (MLO 1, 3, 4, Understand, analyze, evaluate) (8 Marks) 

Soap and detergent are substances that are used in cleansing agents. When soap and detergents dissolved 

in water, possess the ability to remove dirt from surfaces such as the human skin, textiles, and other solids. 

The cleansing action of both soaps and detergents results from their ability to lower the surface tension of 

water, to emulsify oil or grease and to hold them in a suspension in water. Structures below illustrate two 

substances that are used in cleansing agents. Analyze the two structures and answer the following questions. 

 

 

 

 

 

 

Sodium stearate (Merck, 2024)    Sodium dodecyl sulfate (TIC, 2024) 

 

a. Complete the table below to compare the two strudctures.    (4 Marks) 

 Sodium stearate Sodium dodecyl sulfate 

Classification (Soap or detergent)   

Fat source   

Head functional group   

Leathering in hard water   

 

 

b. Explain this statement: “soaps and dteregents are surface active agents”.  (2 Marks) 

 

 

 

c. Predict the chemical reaction for the production of sodium stearate.   (2 Marks) 
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Question 4 (MLO 3, 4, analyze, evaluate) (8 Marks) 

Deionization is the removal of electrically charged substance from water. Deionization is achieved in 

different methods including ion exchange resins and fixed bed deionization. The diagram below shows 

deionization process, and the table illustrates some resins that are used in the exchangers. Analyze the 

diagram and the table to answer the questions. 

 

 

 
(Lenntech, 2024) 

 

A R-CH-(NH2)-CH3 

B R-C=(NH)-CH3 

C R-PO3H2 

D R-CH2-OH 

 

 

 

a. State the three type of ions that are removed in cationic exchangers.  (1.5 Marks) 

 

b. State two resins from the table that are used in cationic exchangers.  (1 Mark) 

 

 

c. State the three type of ions that are removed in anionic exchangers.  (1.5 Marks) 

 

 

d. State two resins from the table that are used in anionic exchangers.   (1 Marks) 
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e. Compare the hardness removal action in ion- exchangers and fixed- bed deionizers. (3 Marks) 
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