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Abstract

Introduction: the conceptual regulations of the theory of sustainable
socio-economic development provide the creation of resource-saving
environmental friendly production, the basis of which are the effectively
operating resource-saving water-use chemical processes (WUCP)
of industrial plants. So, the objective of this investigation was the
development of the designing methodology for scientific-reasonable
resource-saving chemical processes of water management system for
textile enterprises, which use the basic dyeing-finishing technology
of cloth. Methods and materials: the thermodynamic exergy and
thermodynamic water pinch methods of synthesis of resource-saving
WUCP of industrial plants have been used and refined upon by us.
The efficiency of proposed wastewater purification techniques —
electrocatalytic  destruction, photocatalytic ~destruction, catalytic
destruction by hydrogen peroxide, coagulation, clarification filtration,
magnetic treatment was studied on model and real effluents. The metal
oxides were used as catalysts. The special eperimental technique for
development of technology of heavy metals ions utilization as useful
products, such as mineral pigments, has been proposed. Results:
a seven-steps scheme was investigated for project design: 1) the source
data gathering: environmental-oriented analysis (inventory) of industrial
enterprise’s technology; 2) the design of integrated resource-saving
water management system of industrial enterprise; 3) the design of
repeatedly-serial water integrated chemical process system of industrial
enterprise’s shops (process lines); 4) the development of wastewater
purification techniques; 5) the development of intelligence (computer)
system of resource-saving water management system of industrial
enterprise; 6) the technological risk assessment and safety management
system; 7) the estimation of ecologic and economic efficiency of the
project. Conclusion: the methodology of designing of resource-saving
WUCP of textile enterprises has been developed. The functional
diagram of resource-saving WUCP of dyeing-finishing production of
textile plant has been proposed. The structure of intelligence system
application and software of resource-saving WUCP designing and
operation has been developed. Wastewater purification techniques have
been investigated. The electrocatalytic plus photocatalytic destruction
and coagulation methods are proved to be most perspective in practice
of sewage treatment. The basic technical-economic parameters of the
project were estimated.

Keywords: methodology of designing water management systems,
water-use technological processes, thermodynamic exergy method,
thermodynamic water pinch method, wastewater purification techniques,
electrocatalytic metod, technological risk, ecologic-economic
effectiveness.

AHHOTALMSA

BBenenue: KOHICNTYalbHBIC MONOKCHUS TECOPUH YCTOWUHBOTO COLH-
AJIbHO-)KOHOMHYECKOTO Pa3BUTHUS IPEIyCMATPUBAIOT CO3JAHHUE PECyp-
cocOeperaronero YKolIoruieckKH Oe30macHOro IPOU3BOACTBA, OCHOBOM
KOTOpOTo cIykaT 3(h(EKTHBHO IeHCTBYIOMUE pecypcocOeperaromnye
Bozonorpetsromue mponeccs! (PCBII) mpoMbIIITeHHBIX TPeAIpHATHH.
Taxum 00pa3oM, HeIbI0 JAHHOTO HCCIICAOBAHNs OBLIO Pa3BUTHE METOIO-
JIOTHU TIPOEKTHPOBAHKS HAyYHO OOOCHOBAHHBEIX PECypcocOeperarommx
CHCTEM BOJIHOTO XO3SIICTBA TeKCTUIBHBIX IPEIIPUITHI, HCIOIB3YIOMINX
6a30BbIe KPacHILHO-OTIETI0UHbIE TEXHONOT U 00paboTKy TKaHel. MeTo-
JbI ¥ MAaTePHAJIbI: TEPMOANHAMHYECKUI IKCEPreTUIECKHIl METO]] U Tep-
MOJIMHAMUYECKHUiT BOHBIN MTHHY-MeTo/ cuHTe3a PCBIT pOMBIIIIIEHHBIX
IPEeANPHUATHI OBUIH HCIIONB30BaHb! HAMHU U TopadoTaHsl. Ha MomenbHbIX
U pealbHbIX CTOKAX UcclenoBaHa (G (EKTUBHOCTD IPEUIOKEHHBIX METO-
JIOB OYUCTKH CTOYHBIX BOJ: EKTPOKATAIMTHYECKON AECTPYKLUH, KaTa-
JITHYECKON JIECTPYKIIHH MEPOKCUIOM BOZOPOAA, KOAry/sIuy, (GuiIsTpa-
I[UH, MarHUTHOH 00paboTKH. B kauecTBe KaTanm3aTopoB HCIOIL30BAIN
OKCHIBI MeTallIoB. [Ipemnoxkena crierupuaeckas METOHKA IO pealn3a-
LMM TEXHOJIOTHH YTUIN3ALUN HOHOB TSDKEIIBIX METAIIOB B KAYECTBE MO-
JIE3HBIX IIPORYKTOB, TAKHX KaK MHHEpaJIbHbIC MUTMEHTEHL Pe3yJbTaTel:
paszpaboTaHa ceMHATaNHasl CXeMa IPOEKTUPOBAHUS: 1) cOOp MCXOIHBIX
JTAHHBIX: JKOJIOTUYECKHIl aHain3 (MHBEHTApH3aL¥sl) TEXHOJIOTMH IPO-
MBIIIICHHOTO NPeNpPUATHS; 2) pa3paboTka HHTETPHPOBAHHOI pecypco-
cOeperaromeil CHCTEMBI BOIHOTO XO3SIHCTBA IPOMBIIIICHHOTO IIPEeIPH-
SITHSL;, 3) IPOEKTHPOBAHHE TOBTOPHO-IIOCIIEOBATEIHHOM CXEMBI BOLOIIO-
TpeOIeHNs POMBIIUIEHHOTO IPEIPUITHS (TEXHOIOTUUECKHX JIMHUM);
4) pa3paboTKa METOJIOB OYMCTKH CTOYHBIX BOJ; 5) pa3paboTka HHTEIUICK-
TyaJbHOHU (KOMIIBIOTEPHOI) CHCTEMBI YIIPaBICHHS pecypcocOeperaromei
CXEMOH BOIHOTO XO3SIHCTBA NMPOMBIIUICHHOTO NPEANPHUATHS; 6) OLeHKa
TEXHOJIOTHIECKUX PHUCKOB U YIIPABICHHE CHCTEMOH TEXHHUYECKOH 0e30-
IIACHOCTH; 7) OLIEHKA KOJIOTMYECKOI U IKOHOMHICCKOH 3 )eKTHBHOCTH
npoekTa. 3akiaiodeHHe: pazpaboTaHa METONOJOIMSI IPOSKTHPOBAHHS
PCBII texcTiibHbEIX npexnpusthit. [Ipemioxkena QyHKIMOHAIBHAS CXe-
Ma PCBII kpacuiibHO-OT/IEIOUHOTO TPOU3BOJICTBA TEKCTUIIBHOIO IPeJl-
npusiTUs. Pa3zpaboTaHbl CTPyKTypa HHTEIUIEKTYaIbHOH (KOMIIBIOTEPHOIT)
CHCTEMBI H IIPOrPaMMHOE 00eCIIeUeHNe [T IPOSKTUPOBAHUS U IKCILTY-
ararmu PCBII. MccneoBanbl METOJIbI O4UCTKH CTOUHBIX BOAL. ITokas3aHo,
YTO METOJBI MEKTPO-, (HOTOKATATUTHICCKOH NECTPYKIIH M KOATyIISIIIHN
SIBISIIOTCST HAanOoJIee TePCIEKTUBHBIMY B ITPAKTHKE 00PaOOTKU CTOYHBIX
Bojl. IIpoBesieHa OlleHKa OCHOBHBIX TEXHUKO-3KOHOMHUYECKHUX IOKa3aTe-
JIeH MIPOeKTa.

KiroueBble cj10Ba: METOJOJIOTUSI IPOEKTUPOBAHUS CUCTEM BOJIHOTO XO-
35i{CTBA, BOZONOTPEOISIONINE TEXHOIOTHYECKHE MPOLECCHI, TEPMOANHA-
MHYECKUH IKCEPreTHUECKUH METOJI, TEPMOAMHAMUYECKHUIA BOIHBINA MUHY-
METOJI, METOJIbI OUMCTKH CTOYHBIX BOJ, NIEKTPOKATAIMTUYECKUI METO],
TEXHOJIOTHYECKUH PHUCK, IKOJIOT0-3KOHOMUYECKas 3 PEKTHBHOCT.
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Introduction

The conceptual regulations of the theory of
sustainable socio-economic development provide
the creation of resource-saving environmental
friendly production, the basis of which are the
effectively operating resource-saving WUCP of
industrial plants. In particular, it’s generally known
that textile production is extremely water-retaining
and power-consuming. Therefore, the problem
of resource-saving chemical process analisys and
synthesis (designing) of industrial enterprises is
of great importance. This problem is of particular
importance because of the basic requirements
to chemical process: ecological compatibility,
efficiency, stability and reliability.

So, the objective of this investigation was the
development of the designing methodology for
scientific-reasonable  resource-saving  chemical
processes of water management system for textile
enterprises, which use the basic dyeing-finishing
technology of cloth. This water management system
should to ensure the reduction of specific flowrates
of fresh water consumption and wastewater disposal,
the reduction of pollutants mass in sewage discharge
into natural water basins, high-performance
technology of a local wastewater treatment aimed at
water reuse.

In order to reach the objective, mentioned above,
it was needed to solve the following tasks:

1) to perform a comprehensive environmental
and technological analysis of the main production
processes of textile plants;

2) to develop and to apply the thermodynamic
exergy analysis method for the design of resource-
saving chemical processes of water management
system, allowing scientifically to argue the problem
of separation — mixing of water streams of textile
enterprises;

3) to apply thermodynamic water pinch method
for the design of resource-saving chemical processes
of water management system aimed to re-organize
the traditional straight-flow system of WUCP to
repeatedly-serial one, that will provide the significant
reduction of the specific flowrates of fresh water
consumption and wastewater disposal;

4) to study and to use in practice the high effective
methods of wastewater treatment;

5) to assess the environmental, technical and
economic benefits of the proposed innovative
technological solutions.

Methods and materials

The thermodynamic exergy and thermodynamic
water pinch methods of synthesis of resource-saving
water management systems of industrial plants have
been used and refined upon by us. The exergy value
change can be used for definition of energy potential
decrease in water system in the process of mixing of
technological water streams. In practice this value
can serve as a measure of substance and energy
degradation (dissipation) which is taking place at
dilution (in the course of mixing) of technological
water streams, for example, sewage. The application
of thermodynamic water pinch method is fruitful
in designing of water-supply and water-disposal
systems as well. It helps to re-organize the traditional
straight-flow system of WUCP to repeatedly-serial
one, that will provide the significant reduction of
the specific flowrates of fresh water consumption
and wastewater disposal. The appropriate numerical
experiment was held.

The efficiency of proposed wastewater
purification ~ techniques = —  electrocatalytic
destruction, photocatalytic destruction, catalytic
destruction by hydrogen peroxide, coagulation,
clarification filtration, magnetic treatment was
studied on model and real effluents. The metal
oxides were used as catalysts.

The special eperimental technique for
development of technology of heavy metals ions
utilization as useful products, such as mineral
pigments, has been proposed.

Results

In an extended sense there are two methods of
resource-saving chemical process designing in
practice. These are: 1) the construction of minimal
structure and 2) the construction of hypothetic
hyperstructure (hypertechnology). Decompositive-
searching and decompositive-heuristic principles
show the search procedures of optimal technological
decisions based on knowledge of theoretic
basics of chemical technology, physicochemical
process essence, environmental-oriented aspects
and thermodynamics laws. We’ve proposed the
combination of advantages of these two approaches
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and have established the next following principle
steps of WUCP designing.

The basic processes of dyeing-finishing cotton
and union cloth manufacture were analyzed in
environmental-oriented aspect at some large textile
factories of Russia and China.

The methodology foundations of designing of
integrated WUCP of industrial plants, proposed by us
[1] and developed further [2—6], was the theoretical
basis of work described below.

Step 1. The source data gathering: environmental-
oriented analysis  (inventory) of industrial
enterprise s technology

First of all the scheme of “analisys and synthesis”
(designing) of textile enterprise have been developed
as shown in Fig. 1. We considered in detail the
following sequence of such hierarchy levels as: the
enterprise as a whole, manufacturing departments,
processing lines, equipment units, processes,
phenomena, effects. So, the analysis was held in top-
down order and the synthesis in reverse: bottom-up
order.

It’s very important to perform a comprehensive
environmental and technological analysis of
the main production processes of textile factory
in all following basic shops: desizing, kiering,
mercerization, bleaching, dyeing, printing, top
finishing and engraving.

The textile company’s water management system
includes usually three main subsystems: water-
supply (water-intake, water-conditioning, water-
pumping); water-use (water as a solvent, as an
extractant, as a washing liquid, etc.); water-disposal

Fig. 1. The scheme of “analisys and synthesis” (designing)
of textile enterprise

(water-removal (drainage)), water-treatment
(regeneration, purification, disinfection), water-
discharge (to central sewage systems of population
aggregates or to natural water basins). So, for
obtaining the expected results of this environmental-
oriented analysis (inventory) we should to:

1) analyze the methods of organization and
operation modes of all these subsystems;

2) determine the flowrates (the volume, cub. m.
per hour) of technological fresh water and sewage;

3) analyze the quality (the ingredients
composition, mg per 1) of fresh water and wastewater;

4) choose the criterial pollutants, contained
in the wastewater, their characteristics in terms of
environmental risk;

5) analyze the literature data on the methods of
organization and operation of water management
system and on the effectiveness of textile factories
wastewater treatment by advanced methods.

The identification of criterial polluting substances
in textile technological water of individual process
lines provided the following results obtained (see
data in Tables 1 and 2). These tables contain the
average values data, obtained by us in the course
of inventory of emissions by chemical processes of
textile dyeing-finishing enterprises.

Step 2. The scheme design of integrated resource-
saving water management system of industrial
enterprise

It has been shown by us earlier [1] that mixing of
individual wastewater streams, generated in separate
(specific) processes, as they practice now, does not
meet the principles of chemical thermodynamics,
concerning the exergy (or “energy” from the narrow
point of view) efficiency of water management
system of textile enterprises.

The thermodynamic approach to the designing
of resource-saving water management system is
developed by us. This methodology is based on the
simultaneous accounting of the following principles:
1) the principles of chemical thermodynamics; 2) the
basic environmental protection principles (system
analysis, integrated approach, recycling, rational
architecture, environmental safety demands); 3) real
technical and organizational opportunities of the
textile enterprises. There are some literature data
regarding the methodology for the designing of
resource-saving industrial systems [7—16]. But we
didn’t find out in these works the complex approach
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(including analysis and synthesis) to development of
the resource-saving water management systems.

As one of the main component of thermodynamic
approach is thermodynamic exergy method of
WUCP designing was carried out by us.

The availability of thermodynamic exergy
analysis for designing of chemical processes of
industrial plants water management systems have
been carried over for consideration. In particular, the
advantage of exergy method in the case of solution
of one of the most relevant problems — designing
of water-streams network has been demonstrated.
It has been shown that the mixing of individual
waste water streams, generated in separate (specific)
processes (as they practice now), does not meet the
principles of chemical thermodynamics concerning
efficiency of water-use and water-disposal systems
of textile company.

An efficient technique to fulfill the design tasks
is the water pinch method, which is a modification
of the thermodynamic pinch method for designing
of economically optimal energy-saving integrated
chemical engineering systems. The application of
water pinch method at the step of designing of water
removal systems is fruitful as well. Advantages of

Table 1
The presence (*) of criterial pollutants in textile
enterprise’s technological water

Bleaching | Dyeing | Printing
Ne Pollutant shop shop shop
1 | Medium reaction, pH * * *
2 | Chemical oxygen * * *
demand COD)
3 | Suspended matter * * *
4 | Solid residual * * *
5 | Sulphides *
6 | Sulphates * * *
7 | Chlorides * * *
8 | Surface-active * *
substances (nonionic)
9 | Surface-active * *
substances
(anionactive)
10 |Petrochemicals * * *
11 | Chromium (3+) *
12 | Chromium (6+) *
13 |Zinc (2+) ion content * *
14 | Copper (2+) ion * *
content
15 |Iron (total) content *

this method are particularly pronounced if there are
organizational, economic and technical possibilities
of treatment (regeneration) of wastewater from
individual chemical process systems (individual
process lines, groups of process equipment, etc.).

According to the basic principles of resource
saving, if the removed wastewater is impossible
to use in downstream processes, it must be treated
(regenerated) and then recycled to the water
consumption cycle. This principle of recycling is
the basis for designing of environmental friendly
WUCP. Minimization of fresh water consumption
and reduction of contaminants content in wastewater
are among the most important ways of improving
the economic efficiency and environmental safety of
textile plants.

So, the design of such so called ‘“narrow-
purpose” (for single process line) local wastewater
treatment facilities (LWTF) is a topical challenge in
synthesis of resource-efficient integrated chemical
engineering systems, especially for textile plants to
be constructed. However, in the most of currently
operating textile plants, it is most realistic to
implement so called “medium-purpose” LWTF
for treatment of wastewater from individual shops,
groups of shops, and departments. And, of course,
so called “wide-purpose” LWTF for treatment
of wastewater from an enterprise as a whole or at
least from a group of enterprises, using similar
technologies, must be, surely, implemented.

In the order from “wide-purpose” LWTF to
“narrow-purpose” LWTEF, organizational and
technical problems become more severe, but in
the same order, the environmental and economic
efficiency of implementation of the proposed
engineering solutions are usually increases. This
is because the capital cost of implementation of
water treatment facilities is usually proportional
to the treated wastewater flowrate, rather than
to the contaminant concentration, whereas the
operating cost most often increase with decreasing
contaminant concentration in wastewater. The water
pinch method enables one to design the optimum
integrated chemical process systems for water
removal (treatment, regeneration) with separated
technological water process flows.

Fig.2 showstheessence ofmethodology proposed.
The quintessence of it is the use of thermodynamic
approach to “analysis and synthesis” (designing)
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Table 2

Characteristic wastewater composition of the basic
chemical processes of dyeing-finishing manufacture

. Suspended COD, Heavy
Chemical process metals,
matter, mg/l | mgO,/1
mg/l
Desizing 1000-1500 | 2400-3700 | traces
(Bleaching shop)
Kiering 750-1150 | 1700-2500 | traces
(Bleaching shop)
Mercerization 80-110 170-220 traces
(Bleaching shop)
Bleaching 150-200 250400 traces
(Bleaching shop)
Dyeing 350-450 800-1200 0,12
(Dyeing shop)
Printing 300-350 | 700-1000 | 0,5-3
(Printing shop)
Top finishing 200-250 | 1100-1500 | traces
(Dressing shop)
Galvanic and etching 500-700 130-200 | 100-250
operations (Engraving
shop)
of technological processes — the application of

thermodynamic exergy method and thermodynamic
water pinch method in common with other important
units (as shown on the periphery of the scheme). They
are: the unit for development of innovation technique
and equipment for water-resource saving; the unit
for quality control system of water and of water
treatment products; the unit for WUCP’s ecological
and economic efficiency evaluation. The functioning
of all these units aimed at the optimal designing of
resource-saving water management system of textile
enterprise, subsystems of which (as shown in the
central part of the scheme, Fig. 2), respectively,
are: water consumption system, production sub-
units system of serial and recycling water use, water
disposal system, wastewater local treatment facility.
The most part of water treated must be recycled and
the rest of it must be discharged. The lack of water
must be compensated by fresh water inlet.

One ofthe most important problems, occurring the
designing of the resource-saving water consumption
and water disposal systems of textile factories is a
search of the optimal variant of individual water
flows division or mixing. This procedure demand
taking into account the type of technological flow
(consumable water, partly treated technological
water or sewage). While mixing the individual water

flows, the number of specific components in mixed
water flow increases. It leads to increase of the total
system entropy as characteristic of more probability
of system macro-state occurrence while micro-states
quantity increases. That’s why the availability of
exergy method of designing of resource-saving
chemical processes water management system
of industrial plants has been carried over for
consideration by us. It has been shown that mixing
of individual water streams, generated in separate
(specific) processes (as practices now), does not
meet the principles of chemical thermodynamics
concerning efficiency of water-use and water
disposal-systems of textile enterprise.

If to consider the scheme for flows mixing
of WUCP, shown in Fig. 3, it is possible to write
down the equation for exergy value, Ex, which is
a convenient factor in this case to characterize the
technical performance or the maximum capacity
of the system to execute the work with taking into
account the interaction with environment:

Ex=H-T,S, (1)
where H, S and T, — are enthalpy, entropy and
absolute temperature of the system, respectively
(index «0» means the state of the system at
environment conditions).

The value of exergy loss, AEx, when the system
composition is changing, in particular, owing to the
mixing of water flows can be calculated as:

n
AEx=AH +RTyY n;In X, 2)
i

where AH — mixing enthalpy; », — components
molar flowrates; X; — components mole fraction.

Relative exergy loss, %AEx, (in regard to the
system’s state before mixing) at water flows mixing
can be evaluated as:

%AEX =
n m:
kz m; out ln& -
i ij out
J
n m: -
kY| my ;, In—"
i ij in
J
== =, 3)
n m: -
kY| m;;, In Lo
i ij in
J
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Innovation technique and
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Fig. 2. The scheme illustrating the essence of the proposed methodology for design resource-saving
water management system of textile enterprises

where & — konstant at given temperature; m; ;,,,
M in> M gy M gy —— MASS flowrates of components
and water; index «i» refers to given component and
index «» refers to all components set.

So, the search of an optimum variant of division
and mixing of individual water streams has been
carried out by us for some large textile plants aimed
at wastewater treatment and the re-use of purified
waste water.

The common-used textil plant’s water-use
flow charts are not serial — the individual water
operations use the fresh water separately. But it is

m

in.comp .1
min_ waterl maut comp .
flowl — Mot vvater
>
tlow2 o mixed flow
min.comp 2
min.waterZ

Fig. 3. The scheme of flows’s mixing of water-use chemical
processes system

of grate interest and advantage to use the fresh water
step-by-step and to connect the water-use operations
in series. So, the application of water pinch method
for designing of serial resource-saving WUCP of
textile plants has been demonstrated. This method is
used to design water recycling systems on the base
of purified wastewater re-use. Water pinch-method
allows to estimate the fresh water and wastewater
re-use flowrates target values. The flowrates values
and usage sequence of rinsing water on operations
of dyeing-finishing textile production have been set.
The design fresh water-use efficiency as compared
with common processes is equal to 3040 %.

The functional diagram of resource-saving
WUCP of dyeing-finishing textile plant is proposed
(see Fig. 4). It is inherently the separation scheme
of general water streams of dyeing-finishing textile
factory on individual flows. This scheme combine
the high-performance cleaning of wastewater aimed
at it reuse and the opportunity of plants redesign
implementation with minimum investment.

The appropriate numerical experiment was held
to calculate all the parameters of the resource-saving
chemical processes water management system
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treated (purified) water to reuse

CPs-1
of bleaching shop

h J

— bleaching shop flow —¥ LWTF-1

CPS-2
of dyeing shop

treated (purified) water to reuse

of engraving shop

CPS-3
Y, of printing shop mixed flow > LWTE-2
CPS-4
m of finishing shop
treated (purified) water to reuse
CPS-5 . .
L N » subflows " LWTF-3

Fig. 4. The functional diagram of resource-saving water-use chemical processes of dyeing-finishing
textile plant (LWTF — local wastewater treatment facilities)

of textile plants. For this purpose the structure of
computer application intelligence system of water
resource-saving chemical processes designing and
operation has been developed. The initial codes of
basic modules of this intelligence system, diagram of
data flows, describing the interaction of components
of an application package (software), have been
designed.

Step 3. The design of repeatedly-serial water
integrated chemical process system of industrial
enterprise’s shops (process lines)

An efficient technique to fulfill the design tasks
is the water pinch method, which is a modification
of the thermodynamic pinch method for designing
of economically optimal resource-saving integrated
water management systems. The application of water
pinch method is fruitful in designing of water-supply
and water-disposal systems as well [17—19]. It helps
to re-organize the traditional straight-flow system
of WUCP to repeatedly-serial one, that will provide
the significant reduction of the specific flowrates of
fresh water consumption and wastewater disposal.

So, the schemes of textile enterprise’s shops
(process lines) resource-saving water management
systems should be proposed. These schemes
will combine the high-performance cleaning of
wastewater aimed at it reuse and the opportunity of
textile enterprises to redesign implementation with
minimum investment. The appropriate numerical
experiment was held.

Step 4. The development of wastewater purification
techniques (wastewater treatment methods)

The next step of our research was to investigate the
efficiency of wastewater treatment methods aimed
at possibility of treated water re-use. We’ve studied
such water purification techniques as electrocatalytic
destruction, photocatalytic destruction, catalytic
destruction by hydrogen peroxide, coagulation,
clarification filtration, magnetic treatment. If it
will be the opportunity, afforded by Journal, we’ll
publish the comprehensive results of this part of
our work. And now we can say, as a whole, that
the electrocatalytic, photocatalytic destruction and
coagulation methods are proved to be the most
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perspective in the practice of sewage treatment.
For detailed learning we’ve chosen a variant of
deep destruction method of contaminants under the
influence of strong oxidants in the electrochemical
reactor directly on electrodes coated by a catalyst,
and in reactor with the following catalytic
afterpurification with filtration of the treated water
through catalyst-filled layers.

The essential distinction between electrocatalytic
processes and conventional heterogenic-catalytic
processes is that the electrocatalysis is capable to
regulate speed, selectivity and direction of process
by changing electrode catalyst potential. Besides,
adsorption of solvent molecules and products of its
electrochemical transformation create conditions for
proceeding such reactions which not take place in
conventional catalysis.

Technological advantages of this sewage
treatment are high efficiency, relative economy
and small amount of reagents demand at further
treatment steps.

However, despite of the universality of the method,
it is necessary to study in details the conditions
of its practical realization in order to establish the
technological modes, construction parameters of
electrochemical reactors, the destruction process
of particular sorts of contaminants in real sewage
composition and flowrate conditions.

We’ve investigated the influence of such
parameters as contaminants nature, electrical action
demand (EAD), medium pH, temperature, sewage
composition, catalytic and sorption properties of
a catalyst on the efficiency rate of model and real
sewages purification.

One of the most important factor influenced
the contaminants destruction degree in the
electrocatalytic sewage treatment is EAD — the
electricity amount per the volume of water treated.
We’ve obtained the results of EAD influence on
the kinetics of the electrocatalytic destruction of
criterial contaminants — dyes and surfactants.
We’ve realized that under dynamic conditions the
destruction degree increases when EAD values
increase. The rate of the contaminants concentration
reduction, in all probability, submits to the second-
order equation. The destruction degree of individual
criterial contaminants and the investigated sewage’s
electro-, photo-catalytic purification efficiency
in general are within 80-90 % [20, 21].

The environment-oriented analysis of chemical
process of electroplating, pickling, engraving
and other galvanic shops of textile plants and
thermodynamic analysis of their water consumption
and water disposal systems confirm the necessity
of individual streams segregation (see diagram
in Fig.4). The technology of galvanic wastes
(containing chromium, copper, iron, lead, zinc)
utilization aimed at production of mineral pigments
used for lacquer coatings of general and anticorrosive
purposes has been developed. The results of testing
of five mineral pigments characteristics according to
technical and sanitary-hygienic requirements have
been obtained.

The flow charts of individual wastewater streams
local treatment were designed. The equipment
designed passed the long test to satisfaction and is
now in operation at some companies.

However, despite of the universality of these
methods mentioned above, it is necessary to study in
details for their practical realization (for establishing
technological modes, construction properties of
equipment, etc), the real basic technological process
of production (textile or some other), to examine
particular sorts of contaminants, containing in real
sewage of real enterprise.

The proposals are made on development
and rework of physical, physical-chemical and
biotest quality control methods of wastewater and
products of wastes treatment. It is shown that there
is the possibility of combination of instrumental
measurement and biotest method (Daphnia magna
and Paramecium caudatum as test-organisms)
for rapid and precise analysis of wastewater and
products of pollutants utilization.

Step 5. The development of Intelligence System
of resource-saving water management system of
industrial enterprise

The development of engineering tool of our
methodology realization — an Intelligence System
of functioning data accumulation, storage and
processing of resource-saving water management
system of textile enterprise should be made.

The software for computer calculation of flow
diagrams of textile enterprise’s WUCP should
be designed which permit to obtain the values of
technological and constructive parameters of the
basic equipment with high efficiency and accuracy.
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Step 6. The technological risk assessment and
safety management

The estimation of technological risk of textile
enterprise’s water chemical processes should
be held. This assessment should include the
examination of hazards of technological units at
emergency conditions and determination of possible
consequences with the aim of necessary working
out measures of technological risk assessment and
safety management [22, 23]. These measures should
be as follows: prevention of man-caused accidents,
plan of actions working out in emergency situations,
technical-organizational activities working out of
accident risk and its consequences scaling down.
For all that the modern approaches of technological
safety guarantee based on optimal risk conception
should be applied.

Step 7. The estimation of ecologic and economic
efficiency

The estimation  of  ecologic-economic
effectiveness of textile enterprise’s water chemical
processes should be held. The main purpose
of the project designing is the development of
clean production, which significantly reduce the
consumption of water resources, raw materials,
energy and possess high ecologic and economic
efficiency. High ecologic-economic efficiency of the
project is achieved by significantly reducing of the:
1) volume of fresh water consumption, 2) volume
of wastewater, 3) mass of pollutants discharged into
natural water basins; 4) due to profit, stipulated by the
sale of products obtained by treating of wastewater
streams.

Conclusion

The methodology of designing of resource-
saving chemical processes of textile plants water
management systems has been developed.

The functional diagram of resource-saving
WUCP of dyeing-finishing textile plant has been
proposed.

The structure of computer application intelligence
system of water resource-saving chemical processes
designing and operation has been developed.

Water purification  techniques such as
electrocatalytic destruction, photocatalytic
destruction, catalytic destruction by hydrogen
peroxide, coagulation, clarification filtration,
magnetic  treatment were investigated. The
electrocatalytic plus photocatalytic destruction

and coagulation methods are proved to be most
perspective in practice of sewage treatment.

The flow charts of individual wastewater streams
local treatment were designed. The equipment
designed passed the long test to satisfaction and is
now in operation at some companies.

The basic technical-economic parameters of the
project will guarantee the following results.

e The reduction of fresh water consumption of
the Company will be up to 3040 %.

e The local wastewater treatment facilities of
the Company will have an efficiency of specific
pollutants destruction or extraction at a level of 70—
95 %.

o The reuse amount of purified wastewater of the
Company will be up to 50-70 %.

e The treatment technology of the Company’s
wastes, containing chemical compounds of heavy
metals, will be realized aimed at manufacturing of
useful products — mineral pigments (optionally).

e The anticipated profit of proposed engineering
solutions implementation at the Company will be at
the range of $ 200-300 thousand annually.
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