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ABSTRACT

In nineteen sixy four (1964), the Engineer Alexander Zarchin obtained a patent
for seawater desalination. A pilot plant was built and after a number of years of
operation, the production of drinking water was terminated. This was because the
washing of the adhered brine from the frozen water crystals was difficult and
costly, before a phase change could occur. This paper briefly examines the
original method and proposes a modified method of seawater desalination which
the writer believes could be cheaper than the reverse osmosis method.

INTRODUCTION

During the past four decades, many countries with sea coasts and with arid or semi-arid
lands have experienced population increases and industrial expansion. In particular over the
last ten (10) years, the climate change phenomenon has forced many governments to
increase their water resources by artificial means b seawater desalination.

This was achieved earlier using Multi-Stage Flash Distillation (MSF) and Multiple-Effect
Distillation (ME) methods. In recent times the development of the Reverse Osmosis Method
has become popular and is used in many areas of the globe. However, it appears that further
reduction in energy use for this process would not be possible, due to the high pressures
necessary to operate the pumps (80bar or 8MPa), the large vibrational stresses imposed on
the desalination plants and long periods of rest required for maintenance of the spiral
membranes.

Alexander Zarchin designed and constructed a seawater desalination plant using a vacuum
freezing method. After a period of successful operation, the plant was abandoned by the
investors of the project.

This paper revisits the original method and proposes a Modified Method of Seawater
Desalination by Vacuum Freezing.

IMPORTANT FACTS AND FIGURES

2.1 Seawater contains about 3.5% of dissolved salts by mass (35,000 mg/litre), which is
approx twelve times the amount the human body can tolerate for daily consumption.
This amounts to 0.3% (3,000mg/L) for a few days only before iliness sets in.

2.2 Brackish water generally contains not more than 3,000mg/L of total dissolved solids
(TDS).

2.3 The World Health Organisation recommends that drinking desalinated water should
contain not more than 350mg/L (TDS).

2.4 The separation of salt from seawater depends upon the strong attraction between
molecules of sodium chloride (NaCl) and water (H20).

2.5 Expresed as energy, it takes theoretically 0.85 kWh (3,000 kj) of energy to
desalinate 1 kL of seawater with a salinity of 35,000mg/L at a temperature of 25'C.
In practice it is much higher.

2.6 Standard vaporisation requires 2265kj of energy to evaporate 1kg of seawater.

2.7 Standard extraneous refrigeration requires 375kj of energy to freeze 1kg of
seawater.

2.8 When NaCl is in a solution of H20 and is frozen, the water freezes at a slightly
higher temperature than the remaining salt solution. The ice crystals consist of pure
water with some adherent brine while the brine is still liquid.
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2.9 Avacuum is sealed volume from which all the air has been totally removed. Such
conditions canOt be achieved in practice. However, modern vacuum pumps can
produce a high vacuum of 0.5HPa (0.5 mbar) or 0.4mm mercury pressure.

2.10 In developed countries domestic consumption of water is 90L/person/day. This is
equivalent to 9 buckets of water. The urban consumption of water amounts to 270L/
person/day for public institutions, parks and fire fighting.

2.11 Sustainable Development can be defined as growth that respects the needs of

ongoing generations, without adversely

T affecting the environment.
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A MODIFIED METHOD OF SEAWATER DESALINATION BY VACUUM FREEZING
This method will be presented orally at the conference.

ENERGY REQUIREMENTS OF DIFFERENT DESALINATION METHODS

Method Energy Required (kWh/KL)

MSF (D) 10.00

ME (D) 8.00

Zarchin V.F. 6.00

RO 5.00
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Modified V.F. )4.20 D 4.50 (estimated)

COST SAVINGS OF ENERGY REDUCTION BY 0.50 kWh/kL
Consider a desalination plant of 30ML/day capacity.

Energy cost of 14c/kWh.

Cost saving per annum = 30 x 103 x 0.50 x 0.14 x 350 = $735,000.

CONCLUSION
Climate change has shown that large cities and industrial centres could be left dry when cut
off from existing natural water storages (dams).

Federal and State governments in Australia and overseas have realised, seawater
desalination would play a large part in increasing their water resources.

The OModified Method of Seawater Desalination V.F.O could reduce the cost of energy
consumption by future plants.
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