
At present time water rotating cycles (WRC) are used
at chemical and by�product cocking enterprises with low
coefficients of circulating water evaporation. The calcu�
lations show that growth of evaporation coefficient from
1,5 to 2,0 allows decreasing river water application for fe�
eding water rotating cycle in 3 times, and bleed water eva�
cuation in 5...7 times. Taking into account high capacity
of circulating water cooling systems, such change of their
operating conditions results in vast water saving and dec�
rease of disposed wastes consumptions [1–3].

Growth of coefficient of circulating water evapora�
tion results in proportional increase of its salt�content, al�
kalinity, hardness, suspensions concentration, organic
and inorganic substances. As a result of this a fouling pro�
cesses in water recycling system are intensified, circula�
ting water stability is disturbed and its corrosive activity
increases. Disturbance of circulating water stability res�
ults in extraction of calcium carbonate in solid state from
the solution and its deposit on heat�exchanging surfaces.

In the water recycling systems corrosion processes of
heat�exchanging equipment and fouling processes also
occur. Solid products of these processes and also particu�
late pollutants, brought into the system with air (in coo�
ling towers) and makeup water, deposit on heat�exchan�
ging surfaces simultaneously with calcium carbonate,
forming deposits, which thick often achieve several milli�
meters. These deposits possess low thermal conductivity
and sufficiently impair heat transfer process. Owing to this
the productivity of technological devices decreases, pro�
duct quality deteriorates, raw material losses increase etc.

Thus, simple growth of evaporation of circulating wa�
ter impairs thermal conditions of heat exchanging equip�
ment, increases the number of its shutdowns for cleaning,
reduces service life. Therefore, in the practice of water
supply, the problem of stability retaining of circulating wa�
ter, decrease of its corrosive activity and tendency to fou�
ling became particularly urgent. At present time the most
effective way of its solution is circulating water treatment
with inhibitors of corrosion and salt deposits [4, 5].

Increase of coefficient of circulating water evapora�
tion and application for this purpose inhibitors of corro�
sion and salt deposits in the water recycling systems with
open cooling elements (cooling towers) is connected
with two negative moments. The first one is the appea�
rance of inhibitor components in circulating water, re�
moved from the system for stabilization of mineral com�

position of circulating water. This water is called bleed
water and disposed into storm sewage of industrial en�
terprise. The second negative moment is connected with
condensed moisture emission into the atmosphere of
industrial stage from the cooling towers of WRC, con�
sequently, with additional atmospheric air pollution.
Therefore, inhibitors applying in water recycling sy�
stems, along with high efficiency of heat�exchanging
equipment protection from corrosion and hardness salt
deposits must possess low toxicity [6].

Development of efficient low�toxic inhibitors of corro�
sions and salt deposits in aqueous environment is a difficult
problem, requiring solution of the following questions:

• investigation of inhibitory and stability properties of
compounds, used as inhibitors of corrosion and salt
deposits;

• development of inhibitory and stability composi�
tions, including the given complexones and admix�
tures, increasing degree of metal protection from
corrosion and fouling.

The research in the direction of developing inhibitor
of corrosion and salt deposits were carried out, as a basis
of which salt of 1�oxyethylidenediphosphonic acid with
2�dimethyl�amino�methylphenol (complexon ОМED)
was selected. Pilot runs of this complexon were synthes�
ized at Sterlitamak pilot petroleum chemical plant by the
technology, developed by Kazan chemical�engineering
institute. The formula of complexon has the form

Water stability in presence of complexon ОМED 

To determine water stability a specific method is de�
veloped. The essense of this method is that dependence
of equilibrium concentration of calcium carbonate is
determined on researched water alkalinity. According to
this method 7 cone flasks are filled up with 200 ml of wa�
ter each with certain content of calcium ions. Then the
flasks are placed at magnetic stirrers and the given am�
ount of sodium carbonate solution is added to each one
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while stirring. Concentration and quantity of Na2CO3

solution are chosen so that in 2...3 last samples calcium
carbonate precipitates and in the first samples there is no
precipitate. Solutions in the flasks are stirred at magnet�
ic stirrers during 2 hours and are abandoned for 24 hours.
After that water is filtered and its alkalinity and calcium
ions concentration are determined. The last data of ana�
lysis of the last flask, where there is no calcium carbona�
te deposit, are taken as equilibrium values of these coef�
ficients. Then concentration of calcium ions is increased
in researched water and defining is repeated again. As a
result the second equilibrium values of water alkalinity
and concentration of calcium ions in it etc. are obtained.

Using the described above method water stability in
presence of different amounts of complexon ОМED is
researched. The data obtained are presented in fig. 1.

Fig. 1. Equilibrium curves of calcium ions in water in presence
of inhibitor ОМED

Physical meaning of dependences, presented in this
figure consists in the fact that at values of calcium ions
concentration and alkalinity, being on the left of equili�
brium curves, water possesses stability and does not ex�
tract calcium carbonate as a precipitate. At values of cal�
cium ions concentration and alkalinity of circulating
water, being on the right of equilibrium curves, water is
not stable and it extracts calcium carbonate precipitate.
It is seen from figure 1 that in the range of ОМED con�
centrations in water 1...3 mg/l water stability retains at
its alkalinity equals to 3...5 mg�equ/l in the range of
equilibrium curves calcium ions concentration in water
2,5...30 mg�equ/l.

Carbon steel corrosion in circulating water 

in presence of complexon ОМED 

In laboratory environment water corrosive activity in
presence of complexon ОМED has been studied. As a
subject of inquiry purified river water from the technical
water supply system of Kemerovo ОАО «Azot» was used.

To determine water corrosive activity the laboratory
setup and the method of defining rate of metal samples
corrosion were developed. The scheme of the setup is
presented in fig. 2.

Fig. 2. Setup for defining water corrosive activity: 1) reservoir
with researched water; 2) heater with automatic tempe�
rature regulator; 3) tripod; 4) arm; 5) rotating disk,
6) axis, 7) laboratory autotransformer; 8) check sam�
ples; 9) electric motor

The essense of the method consists in dipping check
samples made of carbon steel into researched water, be�
ing in the reservoir –1 and their attaching to the disk
– 5, which is brought into rotation by the electric motor
– 9. Rotation rate is specified so that linear velocity of
samples motion conforms to the rate of water flow mo�
tion in the tubes of industrial heat exchangers. On the
expiry of prescribed time the samples are extracted from
the setup and put into 5 % hydrochloric acid, inhibited
with urotropin, which dissolves corrosion products. Af�
ter that the samples are washed with distilled water, dri�
ed and weighed on analytical balance.

Water corrosive activity in the presence of comple�
xon ОМED was estimated by the corrosion rate of the
samples of carbon steel in it (St. 3). Corrosion rate was
defined by decrease of samples weight, dipped into wa�
ter for 24 hours at temperature 20...25 °С.

Samples corrosion rate was defined according to the
formula

where ΔG is the decrease of sample mass, g; F is the
sample surface area, m2; t is the experiment time, h.

Table 1. Water corrosive activity in the presence of comple�
xon ОМED

Test

number

Concentration, mg/l Alkalinity,

mg�equ/l

Corrosion ra�

te, g/(m2.h)

Corrosion

typeОМED Zn2+

1 0 0 1 0,91 Pitting

2 0,1 0 1 0,26 Sharpened

3 0,1 0 3 0,32

Pitting�

sharpened

4 0,1 0 5 0,60

5 0,5 0 1 0,40

6 1,0 0 1 0,67
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The obtained data are presented in table 1. They
show that presence of 0, 1...1,0 mg/l complexon ОМED
in water decreases corrosion rate 1,3...3 times in com�
parison with uninhibited water in.

Visual study of samples surface showed that in the ab�
sence of complexon ОМED corrosion is pitting. Its in�
troduction in water changes corrosion nature and makes
it pitting�sharpened. Therefore, the conclusion was made
that use of only complexon ОМED as a inhibitor of cor�
rosion and salt deposit is undesirable. In the composition
of inhibitor of corrosion and salt deposit the second com�
ponent, removing sharpened corrosion is required.

Search of admixture to complexon ОМED 

in composition of two�component inhibitor 

of corrosion and salt precipitate 

Zink sulfate, nickel nitrate and sodium silencer,
containing correspondingly ions Zn2+, NO3

– and SiO3
2–,

inhibiting processes of metals corrosion in water envi�
ronments were studied as possible admixtures to com�
plexon ОМED.

The experiment was carried out at modeling setups,
corresponding reservoirs with circulating water, into
which the sample plates of carbon steel were dipped St.3
the conditions of the experiment are as follows: tempera�
ture 23...25 °С, stirring, air saturation, time of the experi�
ments 48 h. Time was selected on the basis experimental
data on kinetics of samples corrosion in circulating water,
which results showed that corrosion rate in 40 hours am�
ounts to 60...80 % of maximal value and further it does not
significantly change during the time of experiment.

Researched water had the following values range of
determined coefficients:

рН 7,4...8,3

Alkalinity, mg�equ/l 1,4...2,7

Hardness, mg�equ/l 2,9...3,7

Salt content, mg/l 510...695

Chlorides, mg/l 210...280

Sulfates, mg/l 19,8...33,1

CPC 10,1...11,0

Table 2. Corrosion rate of carbon steel in water in the presen�
ce of ОМED and various admixtures

Circulating water stability in the presence of comple�
xon ОМED and investigated admixtures was defined si�
multaneously with corrosion testing. Circulating water
stability was estimated by the rate of hardness salt precip�
itation on the samples of stainless steel, which were put in�
to circulating water together with the samples of carbon

steel. The rate of precipitation was determined by increase
of samples mass before and after the contact with water.

The results of the experiments are presented in tab�
le 2. From this table it is seen that the most efficient ad�
mixture to complexon ОМED is zinc sulfate.

Corrosion of carbon steel and hardness salt precipitates 

in the presence of two�component 

inhibitor ОМED – zinc sulfate 

The aim of the given investigations was to define ope�
rating concentrations of zinc ions and complexon
ОМED in water at treatment of circulating water of WRC
by two�component inhibitor ОМED – zinc sulfate.

The investigations were carried out in two stages. At
the first stage operating concentration of ions in water
was defined. For this purpose corrosion rate of carbon
steel in water was determined according to above�stated
method. Concentration of zinc ions in the experiments
was equal to 1 and 2 mg/l. Concentration of complexon
ОМED amounted to 0,5...1,0 mg/l. The results of the
experiments are presented in table 3.

Table 3. Water corrosive activity in the presence of comple�
xon ОМED and zinc sulfate. Alkalinity is 1 mg�equ/l.
Pitting corrosion

It follows from the data of table 3 that addition of
zinc ion in amount of 1...2 mg/l to complexon ОМED
as the second component decreases corrosion rate of
carbon steel in 10...11 times. In this case pitting corro�
sion does not occur. Therefore Zn2+ concentration, equ�
al to 1...2 mg/l, may be taken as operating one for two
component inhibitor ОМED – zinc sulfate.

Fig. 3. Dependence of corrosion rate of carbon steel on com�
plexon ОМED concentration at water treatment with
two component inhibitor ОМED – zinc sulfate

At the second stage of investigations the experiments
in defining corrosion rate in water, in which zinc ions
concentration was constant, equal to 1 mg/l, and com�
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Test number
Concentration, mg/l Corrosion rate,

g/(м2.h)ОМED Zn2+

1 0 0 0,91

2 0,1 1 0,083

3 0,5 1 0,076

4 1,0 1 0,059

5 0,1 2 0,035

6 0,5 2 0,051

7 1,0 2 0,042

ОМED concen�

tration, mg/l

Admixture Corrosion

rate,

g/(m2.h)

Rate of de�

position,

g/(m2.h)Formula
Concentra�

tion, mg/l

0 – – 0,235 0,002

3 – – 0,545 0,000

3 ZnSO4 1,0 0,041 0,000

3 Ni(NO2)2 2,0 0,200 0,000

3 Na2SiO3 10,0 0,266 0,000
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plexon concentration was changed were carried out. The
obtained data are presented in figure 3. It is seen from this
figure that at ОМED concentration equal to 4...8 mg/l
corrosion rate has the smallest values. Therefore these
concentrations may be taken as operating ones.

The influence of two component inhibitor ОМED – 

zinc sulfate on fouling in aqueous environments 

Besides corrosion decrease and prevention of har�
dness salt deposits, the important property of any inhi�
bitor is an ability to suppress vital activity of animalcu�
lar organisms, developing in aqueous environments and
forming the great bulk of fouling on heat exchanging
surfaces. Therefore, after weighing the samples of stain�

less steel, from their surface smears were taken, put on a
slide and visually examined under a microscope. The
results of investigations showed that two component
inhibitor ОМED – zinc sulfate does not stimulate fou�
ling processes in aqueous environment.

Thus, the results of investigations, carried out in la�
boratory environment, indicate the composition of or�
ganophosphorous complexon ОМED (salt of 1�ox�
yethylidene�diphosphonic acid with 2�dimethyl�
amino�methylphenol) and zinc�sulfate being the effec�
tive inhibitor of corrosion and salt precipitate in aque�
ous environment. Therefore it may be applied for two�
bath process of circulating water in systems of recycling
cooling of industrial enterprises.
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In the process of coal coking considerable quantity
of resin is generated which contains in its composition
enormous quantity of organic compounds the large am�
ount of which is difficult to be obtained in other techno�
logical processes. Such condenced compounds as acen�
aphthene, dibenzofuran, fluorene and others are in
resin in quantities more than 1 % (per resin). At the sa�
me time there is a real requirement for these compounds
as raw materials in different branches of applied chemi�
stry and pharmaceutical chemistry.

The technology of coal�tar resin reprocessing at do�
mestic enterprises of by�product�coking industry is ma�
inly carried out at single�column rectification devices
with target fraction selection according to column
height. Stripping fraction is usually selected from the

17th tray. More than 140 individual compounds are in its
composition [1]. The greater bulk is presented by
23 components of aromatic series with boiling tempera�
tures 218...293 °С. Moreover, about 40 nitrogenated
compounds and 16 components of phenolic series are in
the fraction. Quality of straw oil is determined by absor�
bing capacity (quantity of methylnaphthalenes), ten�
dency to crystallization when cooling and tendency to
polymerization at high temperatures, for which high�
boiling components: acenaphthene, diphenylene dioxi�
de, fluorene are responsible [2–4].

High�boiling compounds emission by means of ad�
ditional rectification of straw oil solves the problem of
both straw oil quality improvement and raw materials
for emission of individual high�boiling components. In
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Investigation of straw oil and polymer quality produced in the process of its regeneration has been carried out. The conclusions about us�
ing polymers as a material for base end products are made. Flow scheme of technological treatment of straw oil wastes is suggested.




