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INTRODUCTION

Water is source of drinking and industrial supply. Adectors of the economwithout
exceptions use watém varying amounts. Chemical industry is one of the npodiuting sectorof
industry.lt i s a p o we r tomthamindtgddflnemtrwatérscaudng redéiction or banning
of industrialwastewatersdischargeto water objectsThe aim of academid i sci pl i ne AT
bases of chemistry and technology of wat er
elements of water supply system, but inter@mtion of single stages of water preparation scheme
depending orthe designation of watechemical foundatio and designingf the processes and
methods ofvaterquality improvementor differentdirections

1. CONTENT OF THE DISCIPLINE

The problem ofgeneral rational using of water resources. Recycling water supply systems.
Therole of chemistry and chemical technology in sadvproblemsof resources of the industrial
water supply expansioand in using oprotectionmethodsfor waterobjectsand envionment from
contamination

Water problems. The bases of water umees management. The princgpadf European
System of Natural Waters Monitoring. Normalization of water consumptionlapdsal

Characterization of the natural origins of water supply for drinking and indusiirias.
Classification ohatural wateprigins Requirements to water of the different appointment.

Classification and ltaracterization of waste wateby the place of fornation. Methods and
principlesof waste waters canalizatio/aste waters treatment plants (WWTR$ appointment.
Conditions of waste watedisposalinto water objects Legislative acts of Ukraine and other
countries of the worléiboutprotection of natwal water object@ndresources.

Natural and waste waters multicomponent heterogeneous systems. Water as chemical
compound. Abnormal properties of water. Models of the liquid water structure. Physical, chemical,
biological (bacteriological) indicators of water quality.

The classificabn of impurities and pollutantsf waterby its phase and disperse state. Value of
the classification designed by L.A. Kulskiy for choosing of alternative methods of impurities
removing fromwater.

Nonreagent methods of water treatment, sphere of itsgudPrimary water purification.
Filtering throughgratesand screens Theoretical basics afedimentationStocks equation and its
usagefor coarse impurities s@dentation process. Hydraulgizeand its determination. Equipment
of the mechanical methoad water preparation. Constructions and principle of sand traps, oil traps,
cyclones, centrifuges, horizontal, vertical, radial and thin lalgifiers

Removing ofsuspended solidsom water with filtration,scope Classification of filters with
grain backfilling. Filtering cycle. Requirementso the grain backfilling of filters. The main
construction elements and principles of gravity pressurdilters. Clarifiersi accelerators. Double
flow filters.

Essence of the flotation method of removsusp@ded solidsandscope Factors effect on the
flotation efficiency. Comparison characteristics of the pressure and vacuum flotation. Typical
schemes of the pressure flotation: directly current, partly directly current, recycling. The principle
of floaters: impeller, with porousap, electrical floater, floater of tlieA e r o fsysiem.or 0

The method of coagulation treatment of water sewpe Physical and chemical basis of water
impurities coagulation. Colloidal systems, itsusture and properties. Kinetiand aggregative
stahlity of the colloidal systems. Stages of formation and structure of micelle, double electric layer.
The main theses of theory of | y op hteedtmeat arsdo | s
requirements. Coagulant dose atglselection Flocculantsused in water purification processes.
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The elements of water purification schemes with coagulation and flocculation: main and secondarn
equipment, construction features and principle of the flakes formegits clarifiers.

The oxidation methods of water disinfection aswbpe Chlorination of water: effect of the
chlorine compounds on bacteria and microorganisms, mineral and organic impurities of water.
Indicators of the water chlorination, chlorine domed methods of itsdetermination Chlorine
reagents used in processes of water disinfection. Water ozonation: benefits and drawbacks of tt
method of water disinfection with ozone. The main apparatus equipment of the water disinfection
department by the reagent methd&tlater teatment by ions of noble metals (oligo dynamics).
Physical and chemical methods of water disinfection.

Impurities removingfrom water with solid sorbentd he physical adsorption, sphere of the
met hod using. The dynamics of sorption proc
process. The sorbents used in water preparation process. The methods of sorbents regeneration. -
types of schemes and aeguoent of the adsorption water purification. Adsorbents with immovable,
movable and pseudauid layer of sorbent.

Physical and chemical bases agtence of the extraction method of the removing impurities
from water,scope Extraction agents used in tea preparation processes and requirements to. The
typical extraction schemes. The equipment of the extraction: extraction columns, rotor disk
extractor. The methods of the extraction agent regeneration.

The biochemical water pification. The essence arstope of biochemical methods water
purification. The methods of biochemical purification. Characteristics of the eactivdgeand
biofilm. The biological oxygen demand (BODRequirements to thiesiochemicalwater treatment.
Natural and artificialplarts of the biochemical purification. The construction features and
hydrodynamic regime of thair tanks and bidilters working.The main components of the principle
technological scheme of the biochemical water purification. The main theses of the anaerobically
treatment of water ansedimentsThe construction features of the methane tanks.

The classification of the water softagiand desalting methods. The essencesangeof the
thermal method The reagent methods: physical and chemical bases, reagentsnuseder
treatment process andomparison characteristic3he apparatus equipment oéagent water
treatment departments

The theoretical bases asdopeof the ion exchangenethod. The brands of ion exchangers,
structure and properties. Chemistry and equilibrium of the ion exchange reactions. The dynamics c
ion exchange proces§he typical schemes of water softening and desalting with the ion exchange
method. The principle and construction features of the ion exchange and mixed performance filters
The ion exchangers regeneration. The reagents used in regeneration processes.

The essence anscopeof other methods of the water purification: distillation, reverse osmosis,
electrical dialysis. The comparison technical and economical characteristics of the water desaltin
methods.

2. TASKS AND RECOMMENDATIONS FOR MAKING COURSE AND CONT ROL
WORKS

2.1Tasks for course and control work

For design the technology scheme of water preparation according to source and composition of
the input water and requirements to the quality of purifiader (acc. to the app. 1); tonstruct
andto calculak of the main apparatus of scheme.

The structure of the course work is following:

1. The introduction.

2. The characteristics avaterand requirements tpurified water.



3. The characteristics of impuritieged to be removedom water by its phase and disperse
state.

The selectionof the water purification methods from the specified impurities.

The theoretical bases of water purification methods selecteftain scheme.

The principal technology scheme of the watesparation.

The selection the main construction elements and calculation of the main apparatus of the
scheme.

Conclusions.

9. References

No oA

o

2.2The recommendations for making courseand control works

Firstly, Itds necessary ttaqudiydresiramgngmweinguwhle a t
purification. For this itds necessary to cor
3) . Further it d6s necessar yhanges othe indeatarsi oh waterw h a

quality during the prification andto what groug accordingt o t he Kul ski yds ¢
impurities belong(the app5). The essencef its purification methodgan be determinetly the
belongingof impurities to one or another graup

In three firstsectionsof cour se or control work accordi
the characteristics of phase and disperse stadédl gfous ofi mpur i t i es i n wat e
necessary to pay attentiémcharacteristic signs and properties cause usipgogpate purification
methods. So, for example, the possibility of removing from whigh dispersed suspended
particles of the first group (particle sizéth more than 18 cm) by sedimentatiodetermined by
their kinetic instability in water environmentsloreover large particles deposited rapidly under the
influence of gravitation powers.

When the characteriss@and group of the remed impuritiesared et er mi ne d, it €
selectthe methods otheir removing. These requires, first of all, to become acquainted with
methods dthe removing of some group ofpurities and to conduct the comparative analysis of
their spheres of usand purification degree achieved witeir helping. For example, the oemic
substances cause water oxidatiomemical oxygen demand (CObBan be removed from water by
the different methods: oxidation, adsorption, extraction, evaporation etc.

Depending on theature of organic substances, thaioperties and concentrations in the input
and purified water one from the mentioned methoals beselectedconsidering economical and
technical indicators According to their nature, the organic substances can be removed by
adsorption or extractio(at their concentration in water less thar 2 g/L). The adsorption method
is more relevantif the conteh o f I mpur i teca@micallgto use thegertraction.iTvad s
of these methodbelong to regenerative, because they keep to utilize substemesed from
waterthusdecreasing the purification cost. This aspect mushdeded necessarily, selecting the
method. The chemical and biological purification are destruction methods during which the
substanceared e st r oy ed and These méthodsaite aseduiftwatér icontents .different
kinds of substances simultaneously, the utilizatiocomplicated or economically inexpedient.

In the fourth section iteecessary tustify selection othe alternative methods for everyogp
of theremoving impurities

For the determination of different factors of water purificagdfectivenesdy anymethod and
optimal conditionghoosingof their implementatiom n pr act i ¢ e, studyand analyze c e <
theoretical basics of processéstoccur So, the disperse impurities of second group are colloidal
particleswhich can be removed from water with coagulants.

The colloidal systems bghysical and chemical properties, namely thanks to availabiity
charge of the particles, are aggregdatstable.During water purification from such pollutants the
main task isa destuction of the colloidal system, providing rapid coagulation of the dispersion
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phase andts separatin from the dipersion environment. Knowledgef the physical naturefo
powerswhich taken placan the case othe colloidal particles, the roles of different parameters in
providing the stability of the colloidal systeeterminationconditions oftheir destuctionand the
optimal conditionsselecton of process. The coagilon of colloidal solutions can be caused by
addingoft he el ectrol yte. That 6s why, one of the
process by the coagulation is pH of the environment.

Statement of the theoretical bases must be relevant: &t mpromote of the foundation
conditions and optimal parameters of the water purificgtrocess.

The next stage of making the course or control weik design othe technology scheme of

water preparation or wastes disposal. During
to remove iIimpurities of the different group:
the impurities must be used certain sequencand provide the preset quality of purification.

Her ewit h, itds necessary t o usimpletoedmplex thaib e s

removedfirstly the impurities of first group, furthdr the second etc. To enswerrechessof the
designed scheme,t 6 s n e c e schamge®pf watercorfteotbylevery group of the impurities
during every purification stage. Theprevious stage must always provide the water quality,
allowablefor its purification at the next stage. Fexample, the content of hovering substances in
water inputs to the aero tank, should not achiaeee than 150 mg/L. To this pointt 6 s neces
make the mechanical water purification.

The sixth section contents the description and graphical efeechnical scheme; every stage
presentedasthe contours otorrespondingpparatus ofacilities. It 6 s  snipictwen by arrows
the direction of material flows: purified water, reagents, the ways of impuetegval

Il n the sevent hsaryts eotetthe type anuirpéssof selected apparatus and
facilities which areused for water purification. The equipmastselected according to purified
water flow rate the character and concentration of impurities, and also the degree of punficatio
The section finished by calculation of the apparatus of the main purification stage. dadtiis
itds necessary talcultedapparatus Futthbrahe sokcusionshandottie list of
recommended literatuiie presented

The estimatecamount of the explanatory note 20 T 25 pagesfor the course work8 i
10 pagedor the control work

3. METHODIC RECOMMENDATIONS FOR MAKING OF LABORATORY WORKS

The aim of laboratory practiceft he course HATheoretical b a
prepar at i o istoteardhe mairl imdigagoss of water quality, methods amethodis of
the determination some of them: colemell, alkalinity, acidity, salt content, hardnete Besides,
the students acquire skills to determine the characteristics of reagents, substances and materials u:
in water preparation processes, for example, ion volume capacity.

The students should be prepatedhe classes otie topic of the laboratory worknd to have
written protocol. It 6 s n etc ebtis permissions to makbe work at the beginning of the
classes. Student defends the work by answering to the control questions after work completion an
finalizing of the notes.

3.1Laboratory work 1. Evaluation of the water quality physic indicators

The aim of workis to learn the standard methods of the determinatibrrolor, smell,
temperaturef water



The theoretical theses

The physic indicators of water quality are temperature, color, sftelgr, transparency or
turbidity.

The color of nature waters, first of ai§ causedby availability of humitesof iron (salts of
humic acids) The water of rivers with the swamp type of nutrition has increased color. Thascolor
evaluated in degrees tife platinum cobalt scalé&ccording toTHE STATE SANITARY NORMS
AND RULES 2.2.4171-10, It shoul dnot exceed 20 degrees
organs of the sanitary supervision, cagallowed to 30 degrees).

The color is evaluateduantitativelyby comparison sampeof polluted water with distilled
ones For thispurposethe distilled water poured separat@iyo glassfulsare produced from the
transparent glasdf the wateri s n 0t , it aohsioared dransparent. The colsrdetermined
guantitatively from the platinum cobalt or dichromate cobalt scale.

The smell of watemay be connected with live of water organisrascording towvater plants,
seaweeds etc.), and also showed up whendieyThese are natural smellsheTindustrial waste
watersare discharged to water bodiesith impurities of certain smell (phenols, formaldehyde,
chlorine derivatives of benzene etc.) These are artificial smells.

First of all, the qualitativelys charactededfor waterby the smell according to treppropriate
signs (fenny, earthy, putrefactive, fish, aromatic etc.). The power of snellaluated frm the
five-mark scale (table 1).

Table 1.The evaluation of water smell

Smell Intensively Mark
Absent Not felt 0
Very weak Only experienced researcher indicates 1
Weak Consumer indicates, if attention paid 2
Notable Consumer indicates easily 3
Clear Strong smell and flavor make water 4

unpleasant for drinking

Very strong Water is unsuitablér drinking 5

The temperature of natural water depends on its oriie. water of undergtond sources
differs constant temperatur€éhe temperature of openadhter objectqrivers, lakes) experiences
significanty depending orseason. For example, tisatertemperature in Dniproiver (near Kyiv
city) changes during the year from % in winter to 28°C in summer. Besideghe water
temperaturecan be changed because of decay presess underground water earning in single
places of opened ponds

The optimaltemperature for drinking watés 7 é 1 °C. Water withthis temperature has the
pleasant taste.

Thephysic indicators of water qualigre secalled organoleptic indicatars

The methodic afonductingwork

Equipment:volumetric flasks(100 cni) i 15 ones;volumetric flask (500 cni); moderate
cylinders (250 crA) i 2 ones; moderate pipette (10 ¥npipette (1 crf); sampler; bulbg 4 ones;
thermometer.



Reactantsdichromate cobalt solution; 230, solution (1 cr of acid in 1 L of water); sample
of natural and industrial waste waters (students prepare solutions singly).

Experiment 1.The determination of water color by dichromate cobalt scale

The preparation ofvork solution. K2Cr.O7 (0,0438 g) and CoS&H.O (1 g) are dissolved
singly in two vessels small volume of distilled watefalt solutionsaretransferred quantitatively
to the volumetric flask(500 cni). Concentrated sfilric acidis added(0,5cm®) wi t h dens
1,84 g/cni and markis reached by distilled water.

The preparation oSulfuric acid solution The sulfuric acid solutionis prepared by mixing 1
cn?® of concentrated ¥$Qu with 1 L of distilled watein the same vessel

The preparation of scaleThe main solutioris mixed with sulfuric acid solution. The main
solution (1 cr) is transferredinto the volumetric flask(100 cni) andthe mark by sulfuric acid
solutionis reachedThecolor of this solution i degrees. For the preparation of solution with color
20 degrees it 0s 3ofehe manssalution with®6 anof sulfudc acgdmaolution.
For the same methodic to prepare solutions with color 10, 20, 30, 40, 50, 60, 70, 80, 90
100degrees.

The control samples of watare comparé with the scale. Then thegolor is determined.
Muddy wateris filtered in advance.

Experiment 2.The determination of water smell
The investigated watas poured (2/3 of volume) andshake off strongly in the bulb with
ground glass stoppeiThen stopperis opened and the character and intensively of snsell
determined. According tdHE STATE SANITARY NORMS AND RULES 2.2-471-10, the
intensivelyofsmelb hou!l dnét eatRk@@ed mar k 2

Experiment 3.The determination of water temperature
The temperature of waterdetermined directly in pond or in water sample. The thermonseter
used withthe division of the scale 0,4C.
The task: to determine the temperature of the tap water and samples pimptesezher.

The control questions
Whatindicators ofwater quality belong to organoleptic?
What impurities of watecause itcolor?
What scale the intensively of water smell (flavor) can be evalustd
What requirements doeBHE STATE SANITARY NORMSAND RULES 2.2.4171-10
provide?

PwnNPR

Literature: [26]; [17].

3.2Laboratory work 2. The determination of dkalinity, acidity a nd carbon (V) oxide
content in samples of natural water

The aim of works to learn the staratd methods of evaluation these wageality indicators.
The theoretical theses
The alkalinity of water from natural origins caused by weak acid anions and @its. The

general alkalinityis characterizedby the total concentration of ions QHHCGs", CO;™ and anions of
other weak acids



The acidity of natural water with pH > 4i®caused by free carbon (V) oxide, hdmand other
weak organic acids; with pH < 4} strong acids and salts of strong acids and weak basesb s
distinguished the total acidity, free acidity, free cardd) ¢xide, aggressive carbon (IV) oxide and
also acidity independent from other weak +vatatile acids.

The methodic of conducting work

Equipmentpipettes (100 c@ i 5 ones; bulbs for the titration (250 &t 5 ones; pHmeter.
Reactants:chlorine acid solutionsi 0,05 M and 0,1 M; sodium hydroxide solution 0,1 M;
indicatorsi methylene orange, phenolphthalein; water samples.

Experimentl. The determination of general alkalinity of water

Suspended substancemist beremovedbefore the determinatioof general alkalinity in water
|l t0s necessary to mean, moléel, the tdeterminaidnksholld loei t
repeated for specification by the titration of water samples by 0,05 M solution of acid. If the color
of water is intensive, thetration is conducted or by the piheter without indicator, or after water
passinghrough the layer of activated carbon.

One hundream® of the samplés titrated by 0,1 M solution of chlorine acid with methylene
orangebeforecolor transition from yellow to goldose.The sampleas aeratedor increasing the
accuracy of the alkalinity determination of water samples in the titration process

The total alkalinityis calculated byheformula

whereAw: 1 the total alkalinity of water, mole/L; Cuxci T acid concentrationnoleL; Vuc i
volume of acid solutiospentfor the titration, crfy Vi volume of the water sample, ém

Experiment 2.The determination of total acidity in samplesof natural water
One hundreatn? of water samplaretitrated by 0,1 M solution of sodium hydroxide wis-
10drops of phenolphthaleio the pale pink color.
The total acidityis calculated byheformula

. o} CIbCpTHE]T[
d) 1

where Acot T the total acidity, rMole/L; Cnaon T the concentration o$odium hydroxide,

molelL; V11 volume of NaOH solutiospentfor the titration, créy Vi volume of the water sample,
cn?.

Experiment 3.The determination of free acidity in natural water samples
The investigated water (100 Snis titrated by 0,1 M solution of sodium hydroxide with
3 drops of methylene orange to tiellow color. If the sample of solutiobecomes yellovafter
adding the indicatothe free acidity is zero.
The free aciditys calculaed by the formula
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where AGree T the free acidity, moléeL; Cnaon T the concentrationof sodium hydroxide
mole/L; V- i volume of NaOH solutiospentfor the titration, cré; Vi volume of the water sample,
cn?.

|l tds necessary to mean that muddThesawattrare ol o
titrated without indicatarSo, the equivalence poiot titrationis determinedy the pHmeter.

Experiment 4.The determination of acidity in samples independenty of weak non
volatile acids

The sample of investigated water (100°gmeutral for the methylene orange poiled during
two hours for the removing of free carbon (V) oxide, cooled rapidly and titrated by 0,1 M solution
of sodium hydroxié with 510 drops of the phenolphthalein to tiesistant rose color appearance.
The acidity, caused by weak acitgscalculated by the formula
- 0 WPNIRT
0w 5 > h

where Acweak T the acidity, caused by weak acidsmole/L; Cnaon T the concentration of
sodium hydroxidemole/L; Vs i volume of NaOH solutiospentfor the titration, criy Vi volume
of the water sample, én

Experiment 5.The determination of content offree carbon acidin natural water
The investigated water (100 @mis titrated by 0,1 M solution of sodium hydroxide with
10drops of the phenolghalein to the color, which is residuring 23 minutes. The solution of
hydroxideis added by litie portions by closing the bubvery time and good mixingf its content.
The determinatiois repeated bynfusing almost all volume of sodium hydroxide solution at once,
foundng during the first determinatigrafter the first analysis
The content of free carbon (IV) oxidecalculated by the formula

. 0 Joprnmm . .
0 TT , 0w 0 h
W
whereCcoz(ree)i the content of free carbonic acid, mg/L; 4the molar weight of carbon (1V)
oxide, gmole Cnaon T the concentration of sodium hydroxideole/L; V4 7 volume of NaOH
solution spentfor the titration, crfy V 7 volume of water sample, cf Acree i free acidity,
mmoleL; Acweakl acidityis caused by weak acids,nmole/L.

Experiment 6.The determination ofthe content of free carbonacid in natural water

The content of free and aggressive carbon (IV) oxide is ussiafll in surface natural water
This indicator has important value for the characterization of natural waters.

For the determination of free carboni &) aci
Previously itdéds necessary to determine the t
alkalinity and pH.

Connecting bythe line on scales 1ral 3 lines responded by the temperature values and TSC
(P),thepointof cr ossi ng | i n eisnetedtThispdirdisicorimdctgddwittsatkainite 2
value on scale ,4and thepoint of crossing line with scale 8 noted. Thepoint connectswith the
respectively pH value on scale $he continuing of lineis determined mark responded the
concentration of free carbonic ad@ crossing with scale.6

11



Experiment 7.The determination of aggressive carbonic acidn natural water
This determinatioms conducted using nomograms presented in pics. 2 and 3.
Theaccessoryparameter A can be find by pic, Zaving resuk of water chemical analysisor
this Iitds necessary to connect points respon
onAidumbl y o The aorcéntatioh on crossing with scale 3 gives accessory parameter A
connecting it with point responded by calcium igrghe point lis found by pic. 3 satisfiethese
parametersknowing the contendf free carbonic acid (from prewsly experiment) andlkalinity
of analyzed waterlf this pointis situated above curve responded the accessory parameter A, the
water contains aggssive carbonic acid. If belowsat er doesndot content adg
The concentration of free carbonic adsddetermined by letting down line from the point 1
parallel by sloping lines. The crossing of this line with curve resptreaccessory parameter A
This parametegives the point 2, responded by the equilibritona@entration of carbonic acid:

0 0 o} h

where Ccozgree) Ccozgreey Cco2(eq) i the concentrations of aggressive, free and equilibrium
carbonic acid, mg/L.
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aggressive carbon (IV) oxide in water
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Pic. 3. Nomogram of the determinationtb&concentratiorof aggressive carbon (IV) oxide in water
The control questions

What substances cauhe alkalinity of water?

What kinds of acidity can be distinguished in natural water?

What substances cause availability of free and aggressive carbon aeitbr?
What is the active water reaction?

PwpnPE
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