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Manufacture of magnesium oxide from sea water by 
Premier Periclase in Drogheda, Co. Louth 
 

 
 

Introduction 
 
Option 1A of the syllabus deals with industrial chemistry. Option 1A.1 is 
concerned with the general principles of industrial chemistry, which looks 
at the characteristics of effective and successful industrial processes. 
Option 1A.2 deals mainly with industrial case studies, where students are 
required to study one of three particular processes in detail in relation to 
the general principles. The characteristics that must be studied are as 
follows: 

1. Feedstock 
2. Rate 
3. Production yield 
4. Co-products 
5. Waste disposal and effluent control 
6. Quality control 
7. Safety 
8. Costs 
9. Site location 
10. Suitable materials for the construction of the plant 

In addition, the type of process (batch or continuous) and the uses of the 
product(s) must be identified. 
 
One of the case studies is concerned with the manufacture of magnesium 
oxide from sea water. This process is carried out by Premier Periclase in 
Drogheda, Co. Louth. 
 
The term periclase refers to natural magnesium oxide. In 1979, Premier 
Periclase established a plant to manufacture magnesium oxide using sea 
water as the source of magnesium. The process involves formation of a 
magnesium compound from the reaction of dissolved magnesium salts in 
sea water with calcium hydroxide, followed by further reactions. 
 
Type of process 
 
 
The Physical Sciences Initiative                                                    
 

1



 
The Physical Sciences Initiative                                                    
 
The process is continuous, with the raw materials being fed in 
continuously and the magnesium oxide being continuously produced. 
 
Feedstock (raw materials, preparation) 
 
The feedstock is slaked lime (calcium hydroxide) and purified sea water. 
These have to be produced from the raw materials, which are limestone, 
fresh water and sea water. The limestone and fresh water are used to 
produce the calcium hydroxide, which is then reacted with the purified 
sea water to produce magnesium hydroxide. 
 
Treatment of raw materials  
 
About 6 million litres of fresh water are used each day. Sulfuric acid is 
used to lower the pH of the fresh water to about 4. The water is then 
passed downwards through a tower against a rising current of air which 
strips off carbon dioxide.  
 
About 1000 tonnes of limestone are used each day. The limestone is very 
pure calcium carbonate (over 98%), and is crushed and washed before 
being heated in a lime kiln to form quicklime (calcium oxide): 

CaCO3  →  CaO  +  CO2 
This reaction is carried out in a rotary kiln at 1500 oC. Fresh water is then 
added to the quicklime to produce slaked lime (calcium hydroxide): 

CaO  +  H2O  →  Ca(OH)2 
About 150 million litres of sea water is used each day. The sea water is 
taken from the Boyne estuary for about 8 hours each day, and is stored in 
a large reservoir, where sand and other solid impurities settle out. It is 
then pumped through underground pipelines to the Premier Periclase 
plant, four miles upstream. In a similar manner as with the fresh water, 
the sea water is acidified with sulfuric acid and passed downwards 
through a tower against a rising current of air which strips off carbon 
dioxide. The sea water then undergoes further clarification to remove 
excess sand and other particles by a settling process.Rate and product 
yield (temperature and pressure variables, catalysts etc.) 
 
Catalysts, or pressures other than atmospheric pressure, are not required 
for any of the reactions involved in the Premier Periclase process. There 
are no reversible reactions involved, so no compromises in relation to 
striking a balance between reaction rates and product yields are needed. 
In the reaction of sea water with calcium hydroxide: 
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MgCl2  + Ca(OH)2  →   CaCl2  +  Mg(OH)2 
conditions have to be chosen which will result in the production of large 
crystals of magnesium hydroxide, which will settle and filter more easily. 
To do this, the following is done:  

• Dilution of the incoming sea water with spent sea water 
• Seeding with a heavy slurry of magnesium hydroxide. 

The reaction, which is a very rapid one, is carried out in large tanks 
(circular, and about 30 metres in diameter).  
 
From the reactor, the precipitate of magnesium hydroxide and the used 
sea water flow over into two primary thickeners (each about 100 metres 
in diameter). Here the precipitate settles to the bottom of the tanks with 
the spent sea water flowing over the top. A flocculant is used to make the 
settling process more efficient. Part of the slurry is sent back to the 
reactor for use in seeding, and the rest goes to two secondary thickeners, 
where the precipitate is further thickened before filtration. The 
precipitate, which at this stage contains about 80% water, is then filtered, 
and washed with clean fresh water to remove any residual calcium 
hydroxide. After filtration, the magnesium hydroxide contains about 30% 
water. 
 
The reaction in which magnesium hydroxide is converted into magnesium 
oxide: 

Mg(OH)2   →  MgO  +  H2O 
is carried out in a Multiple Hearth furnace. A high temperature (900 oC), 
which favours a higher rate of reaction, is used. In the furnace, there are 
three stages: 

• Removal of the remaining water from the wet filter cake 
• Reaction to form MgO at 900 oC 
• Cooling 

The fine powder that leaves the furnace is converted into pellets under 
pressure in a number of briquetting machines. The pellets, which have a 
density of about 2 g/cm3, are fed into kilns where at a very high 
temperature (over 2000 oC) the magnesium oxide changes into larger 
crystals - the kilns transform low density magnesium oxide into high 
density sinter magnesium oxide (periclase), which has a density of about 
3.4 g/cm3. This product has a buff-brown colour, and is chemically 
unreactive. 
  
The yield of magnesium oxide is approximately 2 g from each litre of sea 
water. Given that sea water contains approximately 30 g of sodium 
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chloride per litre, it is quite clear that sea water is an abundant source of 
magnesium as well as of salt. 
 
Co-products (separation, disposal or sale) 
 
The main co-product is calcium chloride, which is in solution in the spent 
sea water. This water also contains excess calcium hydroxide, and 
therefore has to be neutralised before it is discharged to the sea. There are 
at present no commercially profitable co-products from the Premier 
Periclase process. 
 
Waste disposal and effluent control (waste water treatment, 
emission control) 
 
 Combustion gases are subjected to dust removal using electrostatic 
precipitators, and sulfur oxides are removed using scrubber systems. The 
electrostatic precipitators work by electrostatically charging dust 
particles, which are then attracted to and removed by oppositely charged 
plates. Following this the gases are scrubbed with water. This process 
removes harmful gases and some grit. 
  
Used seawater contains some calcium hydroxide which is neutralised 
using fresh degassed sea water. The water is then filtered and pumped out 
to sea.  
 
Extensive environmental monitoring is carried out in the plant, for 
example monitoring of waste gases for dust and sulfur oxides, and 
monitoring of effluent for pH and suspended solids. 
 
 
Quality control 
 
Analyses of samples are carried out at various stages of the process, using 
a variety of techniques, including automated acid-base titrations. The 
titration method is used to monitor the carbonate content of sea water, 
fresh water and lime, in order to ensure that calcium carbonate is not 
precipitated out with magnesium hydroxide.  An emission spectroscopic 
technique is used to monitor levels of the main problem element, boron. 
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Safety (location of site, on-site training, monitoring of 
hazards, safety features) 
 
There is an ongoing safety training programme for staff on site. Hazards 
are regularly monitored, and engineering work is carried out to make 
dangerous or moving machinery safe. There is a health/safety team on 
site comprising safety officers, nurse, electricians and fitters. Personal 
protective equipment such as safety helmets is used when required. Use 
of ear muff protectors is required in certain areas of the plant because of 
noise levels 
 
 
 
Costs (fixed costs, variable costs, cost reduction by use of 
heat exchangers, catalysts, recycling and selling of useful co-
products, costs of waste disposal) 
 
The fixed costs (i.e. those which have to be paid regardless of the rate of 
production) include labour costs, plant maintenance and plant 
depreciation. The variable costs (i.e. those which depend on the rate of 
production) include the cost of electricity, fuel and materials, and the 
costs of waste disposal. Manufacture of periclase is a high-energy 
process. Apart from the heat needed to maintain high temperatures in the 
lime kiln, the multiple hearth furnaces, and the sintering kilns, there are 
also the costs of pumping, lighting, transport, crushing etc. Because 
catalysts are not used and there are no commercially profitable co-
products, and recycling does not play a part in the process, savings cannot 
be achieved in any of these ways. However, cost reduction can be 
achieved in a number of other ways. For example, the kilns and furnaces 
are designed to allow a switch over between oil and natural gas as price 
and other considerations dictate. Another cost reduction is achieved by 
reclaiming heat from waste gases and using it to preheat the intake air to 
the lime kiln.  
 
 
Site location 
 
The location of the Premier Periclase site is suitable for a number of 
reasons: 

• The availability of a highly skilled workforce 
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• The site is in close proximity to a plentiful supply of limestone 
• The site is in close proximity to a supply of sea water. 
• The site is convenient for rail, road and sea transport 
• The site already had suitable equipment (e.g. large rotary kilns) 

which was previously used for cement making 
 
 
 
Suitable materials for the construction of the plant 
(unreactive, resistant to corrosion) 
 
The lime rotary kiln has a steel outer tube, with internal refractory bricks.  
The sintering kiln is made of higher quality refractory bricks, because of 
the higher temperatures used. Acid-handling equipment in the plant is 
made of stainless steel. The reactors in which calcium hydroxide and 
magnesium hydroxide respectively are formed are made of concrete. 
 
 
 
Uses of product 
 
Pure periclase has a very high melting point (2800  oC) – half the surface 
temperature of the sun. Heat-treated periclase is chemically unreactive. 
It is therefore suitable for use as a heat-resistant material in the walls of 
furnaces, for example in steel making. 
 
The percentage purity of the product is very relevant in this process – the 
greater the purity, the higher the melting point. The factors that affect 
product purity include: 
 

• Relative purity of the limestone used: Limestone contains 
impurities such as silica and small amounts of oxides of iron, of 
boron and of aluminium. The limestone used by Premier Periclase 
is relatively pure (over 98%). 

 
• Extent of underliming: If less calcium hydroxide is used in the 

reaction with sea water, resulting in a pH of about 10, then quite a 
pure product, containing 98.5% magnesium oxide with about 0.3% 
boron oxide is obtained.  Boron oxide is an impurity which reduces 
the melting point of the periclase. 
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• Extent of overliming: If excess calcium hydroxide is used, resulting 

in a pH of about 12, a product containing about 97.5% magnesium 
oxide is obtained, but due to the higher pH, it contains only about 
0.06% boron oxide. After treatment in the sinter furnace, the boron 
oxide level is reduced to 0.01%, which means that a higher quality 
product is obtained than when underliming is done. A 10% 
overliming factor gives a satisfactory product.  

 
 
 
 
 
 
 
 
 
 
 

Outline Flowchart 
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