@ TESFEHFE TR HUHEHM

SV A S Rt

FFE KBS K F BER %




H31
2003

) e

EFEHE KEE "
% I BERA
B&EX EWH

'f@*@ﬁﬁ%#

CHINA ELECTRIC POWER PRESS




HAERE

AP R EIEEEEE 0 BB .

AARE T B, WA TR A RS L, BB,
WA LI AMA K AR B . BRASKRTAEBE . RSB KA Tl 287 eds
BT B KPR Al 2 A e 2

AT A BRI S 3 LR MRLRLE S IR R e
TR TE RGN ARV LB, Wl NG R o) fhapsn
LV PRER(E 7 NG

EHERmE (CIP) iR

M) A2 / RS, —dbat: TP R
#, 2011.10

Wl EEHE T RIHE

ISBN 978-7-5123-2190-8

[. Q- 1. ©ZF . O b2 — s — gk
R —#A V. OH3I1

oh [ R A B 0 CIP Bl i 7 (2011) 55 203881 55

HpE ) RAL R RAT
CIEst ARSI L 5T V68 19 %5 100005 http://www.cepp.sgee.com.cn)
BT[RBT A
BTk 2l
*
2012 4E 1 HES AR 2012 4F 1 HAbsiE K EIRI
787 AKX 1092 222K 16 JFA 9 EIsk 216 T-F
SEMT 18.00 JC

WM EEE
A BRI AT BRI oL P S 2k
AT ENR TR IR, FRAT R AT 41 TR e
lRREH HEOLR

1%



g 1 1) 1

B FELXE

R AT IGEHF SR, wmE e R OTHRENEREZ, BHRS
FEATXF ) ISR F Rtk Y. KYPE T RSB IR, %, HE1E
50 R, N ANF LA E AT A ERE A KX KB AREEFRANA . A,
ZREARILE IR, FHEIER, G688 CFNBFEREEE N RAEFITHIR I CF
T, ®ETAEH.

ABHKPHE T REFFEIR . FACEHRFRBUSEET. KPE T RKEEGHLKI
575 BB RFWHITRREIRE . FFEATRES 1. 6. 7F, KEERTRES 2
H, KEATREE 3 SE, BRANTRER 45E. A BERSHIN, B2 THEEHEN
AFREH A AERE L Bdbd B AR b 38 X m T PR EREEKS
FRAFAZFHEL L. P HEMEAE TESEAGTRITEARAB WS T KIHE T K24
HACRIEIR . Rk L. T RE BN AFRREH AR T, SEtdaiT B Fa%
L BT RS A R A R0l E TEFTE RN LR DB S K 35H, ElkE
RREOKRS .. EPHE EREERAFELRE THER.

ABRHEREE THIEY “NANE” BRFETL. KPETRE “#B] 1% K%
FEmIRFER K I HF, FEMERIR 20 B IR

HT9wE KR, BhfefArezst, FELSRHT. EXERALCIRBEESR
W, BEEPRE AT R, BSE K ZEFE (1198768930@qqg.com), LAMEXM 2.

W A
2011 4 11 A



g =

—mp %}—wg-ﬁﬂﬁﬁ

A 5

Chapter 1 Introduction to POwer PIant CREmiStry s 1
1.1 Introduction of Steam ChemiStry SyStems:--sssssssssssssssssssssssssssssssssssssssssssssssses 1
12 Main Contents of PoWer Plant Chemistry---ssssssssssssssesessssssssssssssssssssssssssssssssss )
1.3 Chemistry Requirement for POWeE Plant --+sssssrrsresssssssssssssssssssssssssssssssssssssssssssseneenss 4
1.4 TFeedwater and Boiler Water Troaltierifs -« -ss«sssssssssstassssssssssssssssiss sonsssassssnscarssevssassasss 6

Chapter 2 High-Purity Makeup Water Treatment - sessmsessmsessisssssssssoees 8
A T TS S ——————— 8
D7 PrEtlEALIIERIL - :=s+s+ssssssssesstassonsnsansssonssasessnssnsssssessssssesssonsasssrastanancassssssssssssssssstisissenennons ]
23  High-Purity Makeup Treatment Methods ---------------ssssssssssssssssssssssssssssssssnsssssssssseeee 39
B e U ————— 36
A T ——— 39
! System Design Calculations «=-e=srsresrrrrrerreremeniteiiieiiiiiet et 41
39 Mixed-bed Polishing .................................................................................................. 42
2.8 Demineralizer Component Fundamentals:-----------sssssssesssssssssssssssssssssnnsssescssese 43
50  Packed-Dad DDeiAieializary wsicsserseve-sroessessrsises s immmmemesersrsvesess istitassrssanasess 44
A0 Deuns CRTRORt s s R s rmsonss AT R R rarsssssasresy 45
2.11 Electrodialysis and Electrodialysis REVErsal -+ s -sssssscesssuusssssscesssmmssnnnsesssens 50
2.12  ElectrodeioniZation «=x -t -essssssssereresatttttetttetitieitttttttetetitatotititetetsttetasatitataraaiaon 51

Chapter 3 Corrosion and Prevention of Metal Materials .................................................. 53
O T I 15 50 16 L0 (10 10 ) Rt T P O P P P PP P PP R PP PP PPRPRPPPRPD 53
e Oxygen Corrosion in Thermal Devigces: -+ -++-sresresrrererariemietrmitiitiitiiiiiereii. 56
3.3 Acidic Corrosion of Thermal Devices «+-x-te-ssreseereenettnetuitiiuiiiiieitiiiiiiiiii, 60
3.4 Stress Corrosion of Thermal DeviCes -r-sr-reseerereerraetnmtietimittiieeeeeeeee, 63
e by Enriched Medium in Boiler: -t -setesrereerermmmtimiiiiiiiiiiiiiiiinne. 66
3.6 Corrosion and Prevention of Copp er Alloy ................. binnennemx s SRV R R e 71
37 Chemical Cleaning ..................................................................................................... 76

Chapter 4 Condensate Feedwater CRemiStry-- s sssssssssssessssssssssssssssssssssssssssssnsnns 82
0 O N 515 0 16 10 (615 10 § Rt P P PO PP U 82
0 Dttt 3 System Construction Materialg - «=-+==rssreereseersrserieeieniieniacnnee. 82
4.3 Condensate Chemistry DisSOLVed OXygen---ssssssssesssssssssssssssssssssssssssssssssssssssssns 83
4.4 Mechanical Removal of Dissolved Oxygen and Other Gases «=-«--++-sserseserseesncanes 84
4.5 Chemical Control Of DiSSOIVEd OXygen -+----ssssssssssesssssssssesssessasssssssssssssssssssassssssssnns 85
4.6 Flow-accelerated COITOSION =« - ==+rssrssrerrrsrrerurttittiituiruitiittstuetetttrtatenerasteseniesasressssnnens 88



4.7 Copper Alloy COITOSion and Preventive Measures .................................................... 89

4.8 Additional Corrosion Control REQUITEMENLS -+« wswseeseaseassussussmssunsussussnssassansensensense 90
4.9 Oxygenated TrEatmeEnt -« -« +sssssseesseenssesssrassmsssasssisssisssusssmsssi sttt enssesssenss 91
4. 1 O Feedwater Chemlstry Guidelines ............................................................................. 92
4.11 Chemical Feed Systems «---sssesesesersusrsressniratsesinatssscssasustssassstasssnsassssscasscsssracseass 94
4.12 Monitoring and Control of Condensate Contaminants «««:««--sssssssesesessassssssensacenes 96
4.13 Condensate POIIShiIlg and Treatment Of Condensate ............................................... 97
Chapter 5 Boiler Water Chemistrry -« - wssesseessesseunsmmsmminmniis s 100
5.1 D 0050 6 L0015 1) § B e e L L L L L 100
5.2 Drum-type Boiler De51gn ............ 100
5.3 Once-through Steam Generation: -+ -sssssesssssusustussssussimssiiisiissnsisissssasssaees 102
5.4 Boiler Water Contamination .................................................................................... 103
5.5 Boiler Water Treatment Programs ............................................................................ 105
5.6 Phosphate Hideout seoerereererrrrereersnreereriiiririittirtis ittt e 107
5.7 Alternative Phosphate and Nonphosphate Programs ---=«::-ssssesessesesessssescscnsncecns 108
5.8 Heat Recovery Steam Generation ............................................................................ 111
Chapter 6  Steam CREMUSEIY -+ -+ -+ wresserrsssssssesssse st 113
6.1 INtrOAUCTION s s rrerereer e rereteetteet ettt ettt ettt et ete ettt ettt tetatettetetetatetastanans 113
6.2 anary Carryover Products .................................................................................... 113
6.3 Mechanical Carryover .............................................................................................. 1 15
6.4 Vaporous Carryover ................................................................................................. [ | 16
6.5 Solids Introduction by Contaminated Attemperator Water ««-«-«-«ssesesesesucucereneneeeees 117
6.6 superheater EXTOlIation «orseeeeerereererremnenemeentiiiiiiiiiiiitiieiteiceiti ettt aeees 117
6.7 Water Chemistry Limits to Prevent Steam Contamination by Carryover -« 118
6.8 Boiler Water Chemistry Guidelines for Control of Steam Chemistry:«-:++++seee-: 119
6.9 Steam Chemlstry Monitoring ................................................................................... 119
6.10 Steam Chemistry Issues at Industrial Plants without Turbine-«---+++-ssssssseesereeeenes 120
Chapter 7 Chemistry Sampling ......................................................................................... 121
7N | J STn R 6 LD TS1 A L0 ) o DT P P PP PP PP PP PP PP PP 121
7.2 The Need for Sampllng ............................................................................................ 122
7.3 Sample PoInt SElection -+« ++ssssssersesssssssssssssssssssisissisi s s 124
7.4 Cogeneration/Combined Cycle/Industrial Plant Sampling ««--+«+«ssesssseseesesessesnseeaces 127
7.5 Techniques to Obtain Representative Samples -+ +s+ssessessessesserssusssssrusinninsinsinnee. 127
7.6 Data ACUISIHION +++++++s+seessesessessessssssemstsetsisiet st 131
Appendix [ Glossary of Chemistry in Fossil/Nuclear Power Plant -« «-seeeeeseseseseenneennens 133
Appendix II Glossary of Materials in Power Plant «-«-:-sesesreeeeeermmmmmmiiiiiiiiiiiiiinnicaans 137

RETEEEIICES +++vvvr=++-swsnsvssssssosuneisasassthnssssnennssnesesssarseesssssonsssss 38 datonsissssnessss s sosnssnsssssssssnssasveasissoss 138



w B FEFLXRE

Chapter 1 Introduction to Power Plant Chemistry
1.1 Introduction of Steam Chemistry Systems

Steam generation, whether it be for power production or industrial process use, is a
complex process. A steam generation plant is filled with pumps, piping, valves, electrical
wiring, instruments, and of course, one or more boilers. All must work together to generate the
desired product — steam, which may range from saturated conditions at less than 0.68MPa to
supercritical steam at 580°C.

The primary water systems in a steam plant include: Feedwater /boiler /afterboiler circuit,
Makeup water system, Condenser cooling, Closed cooling water, Ash sluicing at coal-fired plants.

The contrasting nature between differing systems requires water of varying quality, and
also requires different treatment methods. For instance, in a well-sealed, closed cooling water
system, a simple corrosion inhibitor may be the only chemical needed to protect system
components. In a boiler, where water temperatures can reach 330°C or higher and steam
temperatures 580°C, highly purified feedwater, dosed with carefully controlled treatment
chemicals, is required if the boiler is to operate properly. Table 1-1 illustrates some of the
effects that contaminants exist in boiler water systems.

Table 1-1 Common steam generating system contaminants

Compounds Effect on Plant Equipment and Operation

Oxygen is often the principal corrodent in water systems. It causes pitting and failures of pipes
Oxygen |and heat exchangers. Oxygen corrosion in boiler systems generates particulates that travel to the
boiler where they precipitate and cause further problems

Calcium can combine with a number of anions to form deposits and scales. In cooling water systems
the most common deposits include calcium sulfate. These scales retard heat transfer in condensers and
other heat exchangers, and may cause under-deposition corrosion. Calcium scale is even more
problematic in boilers, as the high temperatures greatly accelerate deposition and corrosion mechanisms

Calcium

Magnesium will react with carbonates and silicates to form compounds of low solubility.
Magnesium |Magnesium salts that leak into a boiler can react at high temperatures with water to produce acid.
The corrosiveness of acidic solutions is greatly increased at the high temperatures found in boilers

Silica combines with a wide variety of elements to produce silicates, or it may form deposits on its own.
Silicates form tenacious deposits in cooling water systems, boiler tubes, and on turbine blades. The scales

skl are inert to most chemical cleaning solutions with the exception of hydrofluoric acid. This is an extremely
dangerous compound, and makes prevention of silica deposition even more important

Organics are usually found in surface waters and are the result of decaying vegetation or farm

runoff. Organics break down in the boiler to form organic acids The resultant low pH can be quite

Organics deleterious. Organics acid and carbon dioxide produced by decomposition can carry over to steam

turbines and corrode the blades. Organics may also be found in the condensate return at industrial
and cogeneration facilities. These organics are usually much shorter chained than surface water
organics and may require different treatments
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Continued

Compounds Effect on Plant Equipment and Operation

Suspended solids, which are also generally found in surface waters, will foul makeup
treatment equipment including reverse osmosis units and ion exchangers. They will also

Suspended solids form deposits in cooling towers and cooling water heat exchangers, a process that is
exacerbates by the presence of microbiological organisms

Microbiological fouling is principally troublesome to exchanger tubes and cooling

Miciohes tower. The slime produced by microbiological organisms will trap silt and suspended

solids, further aggravating the situation. Microbes are a leading cause of under-deposit
corrosion

1.2 Main Contents of Power Plant Chemistry

The vastly different conditions between water systems, and the complexity of a steam
generating system, make the chemist’s job very lively. This book provides practical examples
of water chemical issues and problems for steam generating systems, and illustrates techniques
and methods to control chemistry. It also provides details on many of the latest trends, findings,
and developments in the areas of boiler water, steam sampling, and makeup water production.
Utility chemists and researchers have made many discoveries and improvements to steam
generation chemistry within the last decade. A number of these have challenged traditional
ideas. Some of the developments that industrial or utility steam generation personnel should be
aware of include:

Boiler water treatment has undergone many changes. For years, coordinated or congruent
phosphate treatment was popular for many boilers. These programs have been found to have
some serious deficiencies and are being replaced with alternative phosphate programs.

Oxygenated treatment (OT), where oxygen is deliberately injected into the boiler
feedwater, is becoming very popular in once-through units in the United States. OT, which was
developed in Europe, has been shown to greatly reduce iron transport from the feedwater
system to the boiler.

Ion exchange is no longer the only reliable method for producing high-purity water. Other
techniques, such as reverse osmosis (RO) and electrodialysis, are available for this process.
Often, a combination of these techniques, such as RO plus ion exchange, may be the most
economical arrangement.

Diverse opinions exist regarding chemical oxygen scavenging in boiler feedwater systems. The
reducing environment produced by oxygen scavengers is known to influence flow-accelerated
corrosion (FAC), in which the pipe wall gradually erodes. Several catastrophic failures, some
of which have caused fatalities, have occurred in recent years due to FAC. Yet, the same
reducing environment greatly lowers copper dissolution and transport in those systems that
have copper-alloy feedwater heaters. Hydrazine, the most common and effective oxygen
scavenger for many years, is now listed as a hazardous chemical. However, alternative organic
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scavengers (and pH-controlling amines) can break down in boiler systems to produce organic
acids and carbon dioxide, which in turn can cause corrosion of afterboiler components,
including turbine blades.

Combined-cycle or cogeneration systems with heat recovery steam generators (HRSGs)
have become very popular. HRSGs, however, are often designed with two or three steam
generating circuits, all at different pressures. Chemical treatment requirements for the various
circuits are also different and may be dependent not only upon the pressure of the circuits, but

also upon the configuration of the HRSG.
These are only some of the issues addressed in this book. Research still continues on these

and many other items, and our knowledge of steam generation chemistry will only improve in
the future.

1.3 Chemistry Requirement for Power Plant

1.3.1 Boiler Information of Sample Plant

A 4x135MW coal based captive power plant mainly includes boiler, turbine and generator.
Boiler type is DG440/13.8-117 type Circulating Fluidized Bed Boiler (CFBB) with over high
pressure DONGFANG 135MW grade and reheater, detailed information in Table 1-2.

Table 1-2 Main parameters of power plant boiler
Boiler Type: DG440/13.8-117 BMCR Turbine rated condition(BECR)
Maximum Steam Flow 440t/h 398t/h
Superheat Steam Outlet Temperature 540°C 540°C
Reheat Steam Outlet Temperature 540°C 540°C
Superheat Steam Outlet Pressure 13.7MPa(g) 13.7MPa(g)
Reheat Steam inlet Temperature 322°C 314C
Reheat Steam inlet Pressure 2.65MPa (g) 2.49MPa (g)
Reheat Steam Flow 361t/h 327t/h
Feedwater Temperature 246°C 240.3°C
Ambient Air temperature 20C 20C

Note: Above mentioned g indicated gauge pressure.

1.3.2 Main Technical Specifications for Power Plant Turbine

Turbine type is N135-13.7/537/537-2, which model is super high pressure, intermediate
reheat, single shaft line, double casings and double exhaust condensing steam turbine. Other
information includes:

® Power:135MW (THA)

® Maximum power: 146.822MW (VWO conditions, back pressure 5.4kPa)

® Rated steam parameters
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Fresh steam: (before HP main stop valve) 13.24MPa/535C
Reheat steam: (before MP combined steam valve) 2.23 8MPa/535C
Back pressure: 5.4 kPa (Design cooling water temperature 24 €)

Rated fresh steam flow: 398.9t/h
Maximum fresh steam flow: 440t/h

generator
e Speed: 3000r/min

1.3.3 Feedwater Quality Requirement

Steam distribution mode: full electronic regulating (valve management)
Rotation direction: clockwise when viewed in the direction from turbine towards

Feedwater quality is needed in compliance with requirement of high pressure water

quality in the Quality Standards of Water and Steam for Thermal Power and Steam Generating
Units (GB/T 12145—1999). Detailed information can be seen in Table 1-3.

Table 1-3 Feedwater quality requirements for power plant
Parameters Required value
Normal continuous blowdown rate (rated load) <0.3%~1%
. Normal 85t/h
Boiler make-up water
: Maximum 92t/h

Make-up water processing Mode

Two-stage demineralization.

Feedwater quality

To be in accordance with GB12145-2008

Silica <20 ug/L
Total iron <30 pg/L o
Total copper <5 pg/L
Oxygen <7 pg/L
pH 8.8~9.3
Oily Matter <0.3 mg/L
Hardness <2 pmol/L
Hydrazine 10~30 pg/L

1.3.4 Fuel Component

Design coal in this project is a kind of mixed coal consisting of 20% local lignite and 80%
import coal according to the coal analysis data in contract. The granularity of coal will be less
than 200mm. The coal analysis data is as following Table 1-4.

Table 1-4 Coal analysis data for power plant fuel
Item Symbol Unit Performance Import coal | Local lignite
Sulfur as received Sz % 1.53 0.91 4
Hydrogen as received Har % 3.84 4.18 2.47
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Continued
Item Symbol Unit Performance Import coal Local lignite

Carbon as received Ca % 56.05 63.23 27.31

Nitrogen as received N % 1.25 1.44 0.46

Oxygen as received Oy % 7.34 6.23 11.76
Ash as received Aar % 18.4 15 32
Moisture as received M, % 11.6 9 22
Volatile matter as dry and ash free Viar % 29.8 31 25

Low heating value as received Oiiinet kJ/kg 22,243 25,120 10,886

Coal Size Distribution: dpe,=9mm; Ds=1.8mm

1.3.5 Nature Conditions
Nature conditions for sample power plant can be seen in Tabel 1-5. Raw water is from X X X

canal river, its qualities are listed in Table 1-6.

Table 1-5 Nature conditions of power plant
Items Value
maximum temperature 38.8C
minimum temperature -11.5C
Mean annual relative humidity 72%
Mean annual 4.6m/s
wind speed Winter mean 5.4m/s
Summer mean 3.3m/s
Occur once every 30 years 38.7m/s
Seismic zone in turkey I
Seismic Intensity Grade 6
Field Classification Grade 1I
Table 1-6 Raw water condition of power plant
No. Components Unit Value
1 Suspended solid ppm 26
2 pH — 7.56
3 TDS ppm 112
4 5 o ppm 64
5 Mg** ppm 44
6 Na* ppm 39
7 s+ ppm 9.4
8 ' i ppm 24
9 SiO, ppm A
10 Alkalinity ppm 110
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1.3.6 Steam Requirement for Power Plant

Check oil quality according to schedule, periodically clean oil filter, ensure qualification
of oil quality and cleanness, otherwise, new oil should be replaced with and ensure the normal
and stable oil temperature and pressure.

Check the quality of steam and water according to schedule. Under normal work condition,
the steam and water quality of the unit should conform following requirements. The quality of
saturated and superheat steam should conform to the stipulation in Table 1-7. Quality of
condensate should conform to the stipulation in Table 1-8. Steam and water system for power

——» Steam Turbine Generator
. E e

plant can be seen in Fig.1-1.

Boiler

Feed water

Fig.1-1 Steam and water system for captive power plant

Table 1-7 Requirements of steams for power plant
Conductivity(25°C) Sodium Carbon dioxide Iron Copper
(1S/em) (ng/kg) (ng/ke) (ng/ke) (ng/kg)
<0.3 <10 <20 <20 <5
Table 1-8 Quality of condensate for power plant
Hardness |Dissolved Oxygen| Conductivity (after hydrogen ion Silica dioxide
(umol/L) (ng/L) exchange) 25°C(uS/cm) (ng/L)
<20 <50 <03 Should guar:mtee. boiler water in
conformity with standard

1.4 Feedwater and Boiler Water Treatment

1.4.1 Feedwater Treatment

Feedwater and boiler water samples must be inspected to meet desired water quality
requirement. The quality of feedwater should be in compliance with the high pressure water
quality specified by GB 12145—2008 “Water and Steam Standard for Thermal Power and
Steam Power Generating Equipment”. Generally, boiler vendor shall not be held responsible
for damage due to corrosion or formation of scale or deposits or caustic embrittlement caused
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by chemical conditions of the water. Sludge accumulations in tubes will impair heat transfer
and result in overheating and will affect boiler performance.

1.4.2 Water Chemistry and Steam Purity

Assure that the desired boiler water salt concentration and chemistry are maintained.
Improper boiler water can lead to fouling or corrosion of internal surfaces, reducing the
efficiency of the unit and possibly resulting in overheating of tubes, which would lead to tube
failure.

Assure that moisture carryover from the drum is within permissible limits. For operation
within design condition, the steam separation equipment will keep salt carryover within
acceptable limits. Moisture carried over can include salt and other impurities which may
deposit on surfaces downstream of the boiler.

The operation of the continuous blowdown valves should be determined by monitoring
the boiler water chemistry. Use of these valves will increase input to the boiler for a given
output. Note that drain valves on the lower waterwall headers should never be used for
blowdown purposes when the unit is in operation.
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Chapter 2 High—Purity Makeup Water Treatment
2.1 Introduction

As the preceding chapters have indicated, the water supplied to a steam generating unit
must be pure in order to prevent serious corrosion or scaling. Ion exchange had been the
backbone of the high-purity water treatment industry, but with the improvement of membrane
technologies, a variety of methods now exist to produce pure water. In most cases, some form
of pretreatment is needed ahead of the makeup system to protect it from fouling, scaling, or
microbiological contamination.

Makeup water treatments consist of pretreatment and deionization treatment, Fig. 2-1
shows flow chart of whole treatment. The former mainly focuses on removal of turbidity,
suspended solids and part of organics. The latter is mainly concerned with depth ion removal.
Pretreatments include clarification and filtration; treatment devices are clarifier and filter
correspondingly. Deionization treatments include cation ion exchanger, anion exchanger and
mixed-bed exchanger.

Pretreatment Deionization treatment

RH ROH RH/ROH

CO, Deareator

Raw water  Clarifier Water tank  Pump

Production
water tank

Fig. 2-1 Flow chart of makeup water treatment

2.2 Pretreatment

Water has been called the closest thing to a universal solvent, because it will dissolve, at
least to some extent, most compounds. Raw waters, surface waters in particular, also contain
suspended solids, including colloidal particles, microorganisms, and organic complexes. These
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compounds and suspended solids will cause problems in high-purity treatment systems, and
must be removed or reduced before final purification. While an in-depth examination of
pretreatment methods is outside the scope of this book, an overview of these techniques reveals
their capabilities.

Fig. 2-1 shows a flow schematic of a common pretreatment process; each provides a very
important function. The methods outlined in this scheme are:
Microbicide feed
Clarification/softening
Media filtration

e Activated carbon filtration

2.2.1 Microbicide Feed

Chlorine has been the principle microbiological control agent for many years, and has
proven to be the most economical biocide. However, use of chlorine gas has been curtailed due
to safety and environmental concerns. Popular replacement feed chemicals now include
sodium hypochlorite (liquid chlorine), bromine, chlorine dioxide, and in some cases ozone.
(UV light is also a possibility). The mechanisms by which chlorine and other oxidizing agents
disinfect water are described in documents. The oxidizing should be added in great enough
strength to maintain a slight residual (0.1 to 0.5 ppm) throughout the pretreatment process.
This helps prevent the growth of microbes in equipment downstream of the injection point.
Chlorine and other oxidants will attack ion exchange resins and some type of reverse osmosis
membranes, making it necessary to remove the oxidant ahead of these devices. Activated
carbon is an excellent chlorine scavenger, but if the system contains no carbon filters, some
other method of oxidant removal is required. Most commonly, a dehalogenating or reducing
agent (sodium sulfite or sodium bisulfite) is injected ahead of the demineralizer or reverse
osmosis unit to protect the equipment. The following is introduction of mechanisms and
methods of disinfectants in detail.

Disinfection is a process used in water or wastewater treatment to reduce pathogens

(disease-producing microorganisms) to an acceptable level. Disinfection is not the same as
sterilization. Sterilization implies the destruction of all living organisms, whereas disinfection
is used to destroy only the disease-causing microorganisms. Drinking water contains a large
variety of microorganisms which play important role in our digestive system. So drinking
water need not be sterile. Three categories of human enteric pathogens are normally of
consequence: bacteria, viruses, and amoebic cysts. Purposeful disinfection must be capable of
destroying all of the three pathogens.

The agents used for disinfection purpose are called disinfectants. To be of practical
service, such water disinfectants must possess the following properties:

(1) They must destroy the kinds and numbers of pathogens that may be introduced into
water within a practicable period of time over an excepted range in water temperature.

(2) They must meet possible fluctuation in composition, concentration, and condition of
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the waters or wastewaters to be treated.
(3) They must be neither toxic to human and domestic animals nor unpalatable or

otherwise objectionable in required concentrations.
(4) They must be dispensable at reasonable cost and safe and easy to store, transport,

handle, and apply.
(5) Their strength or concentration in the treated water must be determined easily, quickly,

and (preferably) automatically.

(6) They must persist within disinfected water in a sufficient concentration to provide
reasonable residual protection against its possible recontamination before use, or-because this
is not a normally attainable property-the disappearance of residuals must be a warning that
recontamination may have taken place.

Type of Disinfectants and Utilization

Disinfection is most commonly accomplished by the use of (1) chemical agents,
(2) physical agents, (3) mechanical means, and (4) radiation. Each of these techniques is
considered in the following discussion.

(1) Chemical agents

Chemical agents that have been used as disinfectants include: (a) chlorine and
its compounds, (b) bromine, (c) iodine, (d) ozone, (€) phenol and phenolic compounds,
(f) alcohols, (g) heavy metals and related compounds, (h) dyes, (i) soaps and synthetic
detergents, (j) quaternary ammonium compounds, (k) hydrogen peroxide, and, (1) various
alkalies and acids.

Of these, the most common disinfectants are the oxidizing chemicals, and chlorine is the
one most universally used. Bromine and iodine have also been used for wastewater
disinfection. Ozone is a highly effective disinfectant, and its use is increasing even though it
leaves no residual. Highly acidic or alkaline water can also be used to destroy pathogenic
bacteria, because water with a pH greater than 11 or less than 3 is relatively toxic to most
bacteria.

(2) Physical agents

Physical disinfectants that can be used are (a) heat and (b) light.

(a) Heat: heating water to the boiling point, for example, will destroy the major
disease-producing nonspore-forming bacteria. Heat is commonly used in beverage and dairy
industry, but it is not feasible means of disinfecting large quantities of wastewater because of
the high cost.

(b) Light: sunlight is also a good disinfectant. In particular, ultraviolet (UV) radiation can
be used. Special lamps that emit ultraviolet rays have been used successfully to sterilize small
quantities of water. The efficiency of the process depends on the penetration of the rays into
water. The contact geometry between the ultraviolet-light source and the water is extremely
important because suspended matter , dissolved organic molecules, and water itself, as well as
the microorganisms, will absorb the radiation. It is therefore difficult to use ultraviolet
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radiation in aqueous systems, especially when large amounts of particulate matter are present.

(3) Mechanical means

Bacteria and other organisms are also removed by mechanical means during wastewater
treatment, e.g. sedimentation, grit chamber, activated sludge, screening etc.

(4) Radiation

The major types of radiation are electromagnetic, acoustic, and particle. Gamma rays are
emitted from radioisotopes, such as cobalt 60. Because of their penetration power, gamma rays
have been used to disinfect (sterilize) both water and wastewater.

Mechanisms of Disinfectants

The following four mechanisms have been proposed to explain the action of disinfectants:

(1) Damage to the cell wall

Damage or destruction of the cell wall will result in cell lysis and death. Some agents,
such as penicillin, inhibit the synthesis of the bacterial cell wall.

(2) Alteration of cell permeability

Agents such ad phenolic compounds and detergents alter the permeability of the
cytoplasmic membrane. These substances destroy the selective permeability of the membrane
and allow vital nutrients, such as nitrogen and phosphorus, to escape.

(3)Alteration of the colloidal nature of the protoplasm

Heat, radiation, and highly acidic or alkaline agents alter the colloidal nature of the
protoplasm. Heat will coagulate the cell protein and acids or bases will denature proteins,
producing a lethal effect.

(4)Inhibition of enzyme activity

Oxidizing agents, such as chlorine, can alter the chemical arrangement of enzymes and
deactivate the enzymes.

Factors Influencing the Action of Disinfectants

In applying the disinfection agents or means that have been described, the following
factors must be considered: (1) contact time,(2) concentration and type of chemical agent,
(3) intensity and nature of physical agent,(4) temperature, (5) number of organisms,(6) types of
organisms, and (7) nature of suspending liquid.

Disinfection Operation with Several Important Disinfectants

Disinfection with chlorine (Cl;) and chlorine compounds

As noted earlier, of all the chemical disinfectants, chlorine is perhaps the one most
commonly used throughout the world.

The most common chlorine compounds used in wastewater treatment plants are chlorine
gas (Cly), calcium hypochlorite [Ca(OCl),], sodium hypochlorite (NaOCIl), and chlorine
dioxide (ClO,). Calcium and sodium hypochlorite are most often used in very small treatment
plants, such as package plants, where simplicity and safety are far more important than cost.
Sodium hypochlorite is often used at large facilities, primarily for reasons of safety as
influenced by local conditions. Because chlorine dioxide has some unusual properties (it does



