
Extracting Bromine from sea water





Partially evaporated, acidified sea water is warmed and chlorine is added. It needs to be acidified as sea water is naturally slightly alkaline and both chlorine and bromine dissolve in alkali.





Steam is blown through the product. Bromine is given off as it is volatile.





The vapours are condensed and as bromine is not very soluble in water, two layers are formed.





The bromine is distilled and dried.








Co-products are produced at the same time as the desired product via the same reaction. As the amount of desired product increases, so does the amount of co-products. Co-products can be sold for further profit.





By-products are the result of unwanted side reactions. The conditions of any chemical process are designed to increase the amount of desired product and decrease the amount of by-products.











BLEACH


During extraction of Br from sea water, chlorine is also extracted. This is passed through a cold solution of sodium hydroxide, which reacts to form sodium chlorate(I), used in bleach production. 





In household bleach, a solution of 5% is used in products used to remove stains from clothing. A solution of 12% is used to kill bacteria. 








HYDROCHLORIC ACID





Made from co-products or by-products of other manufacturing processes in the plant for example the production of chlorine from brine.





Firstly, hydrogen chloride gas is made directly from the elements. This is due to atom economy reasons, as there are no wasteful products. 


Once the gas is made, it is dissolved in water to produce HCl acid at a conc. of 30% by mass. This is because it is more economical to transport it in concentrated form as less transportation and packaging would be required. 








IODINE 





Similar to the extraction of bromine from sea water, by treating the brine with chlorine.





It is used as an antiseptic solution with ethanol and for the production of medicines. Iodine is needed in humans to produce hormones in the thyroid gland. Without iodine, it swells and a condition known as goitre results. 








FLUORINE





Made from the mineral fluorite which contains calcium fluoride and is then reacted with sulphuric acid producing hydrogen fluoride. The HF is then liquefied and electrolysed to produce hydrogen and fluorine. 


Some of this fluorine is reacted with sodium to produce sodium fluoride which is used in toothpastes and in some domestic water supplies to strengthen tooth enamel. 





Compounds of fluorine





Tefal or poly(tetrafluoroethene)/ PTFE is resistant to high temperatures and to chemical attack. It is commonly used on irons and non-stick cookware and facial surgery. 





Hydrochlorofluorocarbons (HCFCs) are used for air conditioning, and for refrigeration.





  





Batch processing


The starting materials are put into a vessel and allowed to react together. The reaction is monitored and when complete, is terminated. The product is then separated from the mixture. The process is repeated batch by batch.





Continuous processing


The starting materials are fed in at one end and withdraw at the other in a continuous flow.





Manufacturing halogens and their compounds





The Chlor-alkali Process





The membrane cell





Advantages: 


lower running costs than mercury as less energy used per tonne of chlorine produced.


Larger capacity for chlorine in the same space than mercury cell


No need to remove toxic mercury from the products.


Less environmental pollution.





Reaction at the positive anode: 2Cl- goes to Cl2 +2e-


Reaction at negative cathode: 2H2O +2e- goes to 2OH- +H2


Overall reaction: 2Cl- +2H2O goes to Cl2 +2OH- +H2





The membrane is made from the PTFE polymer and has negatively charged side chains which the Na+ ions are attracted to. These side chains repel Cl- and OH- ions. Some water molecules are attached to the sodium ions and pass through but the membrane is impermeable to free water molecules.





The cell is designed to:


Prevent chlorine from reacting with OH-


Minimise Cl- ions diffusing into the negative electrode


Minimise the OH- ions from diffusing into the positive electrode


Prevent hydrogen and chlorine from mixing because the mixture is explosive.
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