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ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʦʨʷʯʘʷ ʩʝʪʝʚʘʷ ʚʦʜʘ; 
ʧʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ; ʜʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ; 
ʩʝʨʦʚʦʜʦʨʦʜ; ʟʜʘʥʠʷ; ʩʦʦʨʫʞʝʥʠʷ; 
ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

Abstract. A new material is proposed for complex purification of hot water from iron and hydrogen 
sulphide ï natural zeolite modified by manganese dioxide. It has been shown experimentally that this 
filtering material has high efficiency of water purification from iron and hydrogen sulphide, low mechanical 
degradability during operation, as well as low water consumption for washing during regeneration of the 
filtration media. The complex cleaning of hot water is proposed to carry out by means of two stages: the 
first ï filtration cleaning from insoluble iron compounds with linear water velocity of 10ï12 m/h, and the 
second ï oxidation-catalytic purification from hydrogen-sulphide with velocity 1ï2 m/h.  Regeneration of a 
filtering material based on a manganese-modified natural zeolite can be carried out by back washing and 
chemical treatment with an oxidizer solution. 

ɸʥʥʦʪʘʮʠʷ. ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʦʯʠʩʪʢʠ ʛʦʨʷʯʝʡ ʩʝʪʝʚʦʡ ʚʦʜʳ ʦʪ ʞʝʣʝʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ 
ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ï ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʜʠʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʧʨʠʨʦʜʥʳʡ ʮʝʦʣʠʪ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʞʝʣʝʟʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʥʠʟʢʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʟʨʫʰʘʝʤʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 
ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʤʘʣʳʡ ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʨʦʤʳʚʢʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʟʘʛʨʫʟʢʠ. 
ʇʨʝʜʣʦʞʝʥʦ ʢʦʤʧʣʝʢʩʥʫʶ ʦʯʠʩʪʢʫ ʛʦʨʷʯʝʡ ʩʝʪʝʚʦʡ ʚʦʜʳ ʧʨʦʚʦʜʠʪʴ ʚ ʜʚʘ ʵʪʘʧʘ: ʧʝʨʚʦʛʦ ï 
ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʦʯʠʩʪʢʠ ʦʪ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʞʝʣʝʟʘ ʩ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ  
ʚʦʜʳ 10ï12 ʤ/ʯʘʩ, ʠ ʚʪʦʨʦʛʦ ï ʦʢʠʩʣʠʪʝʣʴʥʦ-ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʦʪ ʩʝʨʦʚʦʜʦʨʦʜʘ ʩʦ 
ʩʢʦʨʦʩʪʴʶ 1ï2 ʤ/ʯʘʩ. ʈʝʛʝʥʝʨʘʮʠʷ ʬʠʣʴʪʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʜʠʦʢʩʠʜʦʤ ʤʘʨʛʘʥʮʘ ʧʨʠʨʦʜʥʦʛʦ ʮʝʦʣʠʪʘ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʡ ʧʨʦʤʳʚʢʠ ʠ 
ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʚʦʨʦʤ ʦʢʠʩʣʠʪʝʣʷ. 

Introduction 
Installations and systems for preparation and transportation of hot water, as well as for distribution 

to use objects form a technical base of network hot water supply of buildings and structures. 

Hot water systems are inextricably linked to the heat supply systems of buildings and structures. 
There are closed and open heat supply systems [1, 2], whose equipment for various reasons undergoes 
severe corrosion. For a closed system, corrosion reduction is achieved by addition various chemical 
reagents into the water and minimizing the entry of oxygen into the water [1, 3ï6]. 
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Closed heat supply system provides higher energy efficiency of heat supply and hot water supply 
of buildings. Recently, closed heat supply systems [7, 8] have been used for the purposes of hot water 
supply [7, 8], in which cold drinking water is heated in heat exchangers of local heat points in buildings 
(including residential ones). 

Both in closed and open systems of hot water supply [7, 9], due to a variety of physicochemical 
and microbiological processes [7, 9], there is a significant contamination of water with corrosion products 
[1], which can make it unsuitable for both practical use . Water contamination with corrosion products is 
very significant [3] and therefore complex cleaning of network hot water is currently extremely urgent. 

One of the main measures to reduce corrosion in hot water and heat supply networks is to reduce 
dissolved oxygen in the water. This leads to the creation of anaerobic conditions in which microbiological 
corrosion plays an important role. 

Anaerobic bacteria (mainly from Desulfovibrio and Desulfomaculum [1, 10]) intensively develop in 
anoxic environment at pH 5-9 when sulphates, organically substances and phosphorus are present in 
water (especially at elevated temperature) and hydrogen sulphide is released [1, 10].) Sulphure, in turn 
(in the form of hydrosulphide ions) is involved in the formation of an insoluble iron (II) sulphide corrosion 
product having a loose structure. This structure facilitating the development of sulfate-reducing bacteria is 
the basis for the formation of massive deposits in the pipelines and equipment elements. Even more 
anaerobic conditions are created between the surfaces of the metal and deposits, which ensure a high 
rate of microbiological corrosion, not only of steel, but also of aluminum and its alloys and even of brass 
[2, 12]. 

Corrosion products (mainly insoluble iron compounds) not only reduce the efficiency of the use of 
heating equipment, but also greatly impair the quality of the hot water consumed. This making hot water 
less suitable for use in domestic and industrial uses [12]. 

There are methods of removing iron from waters of various classes [13ï20] which are not use for 
cleaning network hot water for various reasons: 

- addition of chemical reagents (treatment with oxidants and coagulants) is unacceptable when 
water is disassembled by consumers; 

- mesh filters, hydrocyclones and magnetic separators have low cleaning efficiency; 

- fibrous filter media are difficult to regenerate. 

The most suitable way, from the point of view of the ratio of cleaning efficiency, cost and ease of 
operation, is the filtration of hot water through the feed of fine-grained materials. These materials (quartz 
sand, natural zeolite, etc.) have high adhesion to suspended and insoluble iron compounds (iron III 
hydroxide, carbonate and iron sulphide II). Filtering through these materials allow to reduce such 
indicators of contamination of hot water, as turbidity, color and iron concentration, but practically does not 
affect the water content of substances that cause its unpleasant smell (primarily hydrogen sulphide). 

To purify waters from various pollutants, natural zeolite is widely used [21ï29], and filtering 
materials based on which have a number of advantages over traditionally used quartz sand loads: low 
bulk density, which helps to reduce the water consumption for regeneration by backwashing, high mud 
capacity (i.e., the amount of obtain suspended matter per unit volume of the layer), ion exchange 
capacity, etc. 

Hydrogen sulphide have a high toxity to animals and humans, and high corrosive activity to 
plumbing equipment [1, 30]. In blood hydrogen sulphide is rapidly redused the oxidized power of 
haemoglobin and can act upon the central nervous system. Humans exposed to high concentration of 
hydrogen sulphide show simptoms of gastro-intestinal upset, anorexia, nausea, amnesia, delirium, 
hallucinations, low blood pressure and epileption convulsions [30, 31]. 

There are several techniques for removing the hydrogen sulphide from different types of water, 
including, aeration, ozonation, ion exchenge, reverse osmosis, biological treatment and chemical 
oxidation [11, 13, 14, 25, 31ï34]. 

This methods of water purification from hydrogen sulphide and other sulfur compound (except 
reverse osmosis and ion exchange, witch are extremely expending), are not also use for hot water 
supply, since they are associated with the dosage of reagents in water and the removal of chemical 
reaction products, as well as with technical difficulties. 


