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" STATEMENT. OF ASSURANCE °

[T 15 THE poLITY OF THE OREGON DEPARTMENT OF EDUCATION
CTHAT NO REROON BE SUBJEGTED TO OI§cRIMINATION ON. THE
BASIS oF RACE " NATIONAL ORIGIN, SEX; AGE, HANDICAP “OR
MARITAL STATUS “IN ANY PROGRAM, SERYICE OR ACTIVITY FOR
| “WHICH THE OREGON DEPARTMENT OF EDUCATION IS RESPONS!BLE1. -

THE DEPARTMENT WILL COMPLY WITH THE REQUIREMENTS OF STATE
AND FEDERAL LAW CONCERNING NON-DISCRIMINATION AND WIHy
STRIVE BY ITS ACTIONS TO ENHANCE THE bIGNITY AND WORTH

OF ALL PERSONb. ‘ . ‘;
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STATEMENT DEVELOPMENT
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[HIS PROJECT WAS'DEVELOPED ANO’PRODUCOOIUNDER AJSUB‘CONTRACT\
FOR THE OREGON DEPARTMENT OF EDULATION BY LANE COMMUNITY
COLLEGE, APRRENTIOESHIR DIVISION} EUGENE, OREGON, 1984,

LANE COMMUNITY COLLEGE 1S AN AFFIRMATIYE ACTION/EOUAL
. OPPORTUNITY INSTITD;}ON.» |
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o ~ MILLWRIGHT
"+ RELATED TRAINING MODULES
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General Safety
Hand Tool Safety
Power Tool Safety
Fire Safety -
'Hygiene Safety
Safety and Electricity
Fire Types and Prevention

Y

Machine Safeguarding (incrudés OSHA Handbook)

.-ELEC'IRICITY/ELE!CM/})S
Basics g€ Energy
Atomic Theory -
. Electrical Conduction
Basics of Direct Current
Introduction to Clrcmts

- Reading Scales
Using a V.O. M.

v _yOHM'S Law
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Power and Watt's Law - l
Kirchoff's Current Law
Kirchoff's Voltage Law
Series Resistive Circuits :
Parallel Resistive Circuits-

Series - Parallel Resx‘stive Circuits

Switches and Relays

Bagics of Alt:ematmg Currents

Magmtlsm

COMPUTERS - =~ .
+ Digital. I,andv!age |

Digital Logi '
Computer Overview * .
Computer- Software

| 'mot.s
'Boring and Drilling 'Dools

Cutting Tools, -Files and Abrasives .

Holding and'Fastening Tools
 Fastening Devices -

Basic Science - Sinple Mechanicé

Fasteners 4
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Types of Drawing and Views .°

. Sketching

'Blueprint Reading/Working brawlngs o

4

Working Drawings for Machines and- Welding

Machine and Welding Symbols

Blueptint” Reading, Drafting:

Blueptimt Reading, Drafting:

Blueprint Reading, Drafting: .

Blueprint Reading, Drafting:
. Blueprint Reading, Drafting:
‘Blueprint Reading, Drafting:
Blueprint' Reading, ,Draftmg :

Basic
Basic
Basic

Basic

Basic

Basic

Basic

Print Reading
Print Reading

Print Reading |

Print Reading
Print Reading
Print Reading
Print Reading
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Blueprint.'Reading, Drafting: - Basic Print Reading

Drafting, Machine Features |
Drafting, ‘Measurement
Drafting, Visualization

HJJMAN RELATIONS

Cannumcatlohs Sk:.lls

Feedback -

- Indjvidual Strengths
Interpersonal Conflicts

Group Problem Solving
Goal-setting and Decmlon-makmg

e Worksite Visits | %
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Resumes

Interviews

Expectation S

Wider Influences and Responsibilltles
Personal Finance ,

H)ILERS )
\

_Boilers-Fi,m'mbelyp&;- , o
Boilers - Watertube Type '

- Boilers - Construction

Boilers « Flttings

Boilers -~ Operation —
‘Boilers - Cleaning :
Boilers - Heat Recovery sygtems -
Boilers - Instruments and Controls
Boilers ~ Piping &nd Steam Traps -

\

TURBINES

Steam Turbines - Types
- Steam Turbines « Cemponents
Steam Turbines - Auxillaries

Steam Turbines = Operation and Maintenance

Gas Turbines '
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16.1
‘ 16.2

16.3
, v 16.4

. Mixed Numbers
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Pungs - 'IYpes and Classification
Purps - Applications .- .

JPumps - Construction

Pumps - Calculating Heat e@‘low o e T
Pumps - Operation h e ~ v
Pumps - Monitoring and 'I‘roqblésho&:ing ( :
Pumps - Mamtenance D '
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Cambultion - Progess. | Co .
Cambustion - Types of Fuel . e e
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Feedwater ~ Types and Equxpment i N e
Feedwater - Water 'I‘reatments . _ )
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 Air Cempressors - 'IYpes ‘ X
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Steam ~ 'I‘ransport o TR

~ Steam - Purification . SR : N
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~ Transformers e
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~ . | RECOWMENDATIONS FOR USING TRAINING’MODULES

[4

( The fo11owing pages 1ist modules and their corresponding numbers for this o

particular dpprenti;eship trade. As related training classroom hours
vary for diffexent reasons throughout® the state, we recommend that
the individual apprent1cesh1p committees divide the total packets v/

- fit }he1r ‘hd1v1dual c1ass schedules.

. : . )
" There are. over 130 modules avai]ab]e Apprenticés can complete t%e"

" whole set by the end of their irdentured apprenticeships. Some
apprentices may already have know]edge and skills that are covered

“in particular modules. In those cases, perhaps credit could be

granted for théseiﬁubjects, a]]owjhg apprentcies to advance tq_th%
remaining modulés.” ' ,
We suggest the the apprentiuesh1p instructors assign the modu]es in

. numerica] order to make this 1earn1ng tool most effective
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'ON CASSETTE TAPES

| .
'.V 'l i - . .
o ) ) -
[ - ‘ ( : ‘ 7
Tape 1: = Fire Tube Boilers - Water Tube Boilers
: "~ + and Boiler Manholes and Safety Precautlons :
1 ] ’il
Tape 2 8011er Flttlngs, Valves, In}ectors, ) . S
Pumps and Steam Traps _ !
_ \ )
. ]
Tape 3 ' Combustion, Boiler Care and Heat Transfer |
and Feed Water Types ‘ Lo B
®
Tape 4 Boiler Safety and Steam Turbines
rr ; . '
P
The above cassette tapes are intended as ‘additional

NOTE:

reference material for the respective modules, as
indicated, and not desighated as a required assignment.
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' ' ' of FEEDWATER -~ TYPES ARD EQUIPMENT" e
' o ’ ] -
¥ ]
o « . »
. N ) ’ ) |
Goal: L ‘ | Performance'indicators: ‘
. ' . ' - . . v
The apprentice will be| dable to’ 1. Describe types of water.
describe feedwater tprs'\and equipment, ' - T
N ‘ 2. Describe equipment for
. - : : clarification.
- 3. "Describe equipment for
e o I softening. -
. S 4, Déscribe equipment for ‘o
T T e e e e I th'ermar -tfé‘atﬁl’géﬁt.
\
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* Complete the job sheet.

T Complete.post~asses§ment.

- * Complete self-assessgint.

‘r

-

4

%, Read the introduction-and information.sheets._

 Guide

g * " INSTRUCTIONAL LEARNING SYSTEMS

_ * Read the goal and performahce indicators to find what is to be learned f

»

.

rom

" % Read the-vocabulary list to find new words that will_be'used in package.

Y,
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Anion exchanger -
Cation exchange;.

Clarificatjion

‘closed feedwater heater-

Coagulants -

Deaerator

Demineralization

" Dissolved gases.

Embrittlemént
Estuarine water
Filters

Flash evaporator

(« . * rHard water = -

* Open feedwater heater

Rain water

Scheens and strainers

Seﬁtiing basin f;

5)

" Shell and tube eyéporator

-Sbft:water-

Softening

Susbended-matter

»
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.Raw water ﬂfound in many forms of purity. Rain water "hits‘ithe earth in a.
reasonably" pure form except for the oxygen and carbon ‘digkide it has picked up
‘on its way down. In areas with acid rain, it might cOllect far more than oxygen. -

‘and carbon dioxide. :
, ~N

Once the water has percolated through earth and rocks. it becomes either” hard, o

water or soft water. This depends on the chemicals picked up as it percolated.

._f _ [through the rocks. . - |
P ) it is

One can safely assume that all types of water ‘needs\treatment before'

placed in a boiler. Such treatments require equipment for clarification,
softening and heating. This package describes some of the equipment needed for
feedwater: treatment.
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Feedwater comes' from seyeral natural sources that have different levels of water
qdalityl The basic categories of natural water are:’ - .

J ¥ : L . - ’ LT SR
1, <« Rain water : . " S o e v .

2, Hard water - . . R : ' S . .

. 3: Soft water { L. : o e . o »
- 4. Estydrine water -~ C : . . B

¢ .

Rain Water S o - | - | | _: .
Rain water has a high leve;‘pf carbon dioxide and oxygen. ‘This causes’ it to be
* corrosive, It is low in mineral content which reduces the problem from scale.
Still it must be treated to remove' the dissolved geses which cause corr031on.

iy

.HardWater S Lo S - i l L ;

i

Hard water is merely rain water that has traveled phrough rocks and earth. It
picks up calcium and magnesium in the protess of gdzing through the earth. he .
“calcium and magnesium is in the form of carbonaties, chlorides and - sulphates.
. These compounds become a problem in feedyater in “the form of scale. - Hard water
must be treated before use as feedwater. .

L N . ¢

Soft Water .

\

Soft wvater is rain water that moved through insoluble rocks. The water failed
to pick up calcium and magnesium. Soft water may contain suspended matter.such
as leaves, silt and clay particles that were picked up on its trip thrbygh the
rocks. Soft water must be treated in settling tanks to remove the suspended
" matter. . , : Ce S

.
|- . - v
e ’ ) :

Estuarine Water - e O | S Co T .

Estuarine water comes from estuaries,of'the sea. - It ig diluted sea water. The-

closer it is located to the sea, the heavier the chemical concentration will be. - . =
Estuarine water reqdires careful treatment to be made suitahle for boiler ° '
© - feedwater. B -t |
'. ' ’
* 5 .
’ f‘ '
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EQUIPMENT FOR TREATING WATER - * '
iEquipment for Clarification E ;j CL s e PR 'fﬁ.fpwi
Suspended ‘matter must be removed from - feedwater hy ;5 .proéess f called ':h
clarification. T s meang that the process makes the water clear by removing . .
suspentded matter. ' The equipment uses mechanical treatments to remove p;éticles~.i“
from the water.' The common pieces of equipment for clarification are: ?+§R. '
. . dive
- cip
‘1. Screens and strainers for removing large particles of suapended ]
' matter.. . L _ .) . ., R .
2. Settling basins which’ allows suspended particles to settle to the bottom :
and be drawn off o e i :
3. -Coagulants ‘are sometimes ‘needed to increase the - particle size of
- suspended solids. - The particles will then set &o the bottom to be
' drawn off. This is a mechanical (settling) proces# evern though a chemical
coagulant was used to promote settling of the part cles. o,
4, TFilters consist of a bed of porous material through vhich water can pass ' ‘
by either gravity flow or under pressure. The porous material is often -
. sand or anthracite. A pressure filter is shown below. ,
. . . ’ : M ¢
. >
g A BAFFLE t e
} ."_ ——— ¢l PRESSIRE SUPRLY ‘ ’
\ ' . [
‘ R S ' ' ROTARY SUREACE - '
\ _ : e | , ™ WASHER (0PTIONAL)
: ’ .. ek N ' “\ ’ *
o RADED FILTER
E I -. ‘ &\ } MEVA ' g L
B - /////fW////f o g B
A d J STANESS STER. : [
_ : STRANERS
" ; L e » - LA ”sj\' : o -‘ v
- B - _ LR o, SIRANR PR ‘ L
. : !
) . 1. o 6 S "
~ 22 : B
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Equipment for SofteningA . : : e T e ; .

v,

Removal “of calcium and. magnesium salts from water is often accomplished through S

softening processei:. JThe common" softening processes are; - N T

'Cold lime-soda -~ % .- . R S S

Hot' ne-soda N ' .- . L. l. ) LT - o .- .
Sod zéolite - o " o . Ny
Hydrogen zeolite’ : . I , . B -
Demineralizion - . B S L e

fﬁbwww
L ]

< - . n

The equipment for cold lime-soda’ softening requires an agitator ~mix . the '; ;l.
» Schemicals and a coagalant. The ‘softener combines with scale to form a sludge L
: _which can be discharged The coagulant aids in sludge formation. R '}gﬁgJ'

. . . ? . . -
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S quick chemical reaction between the softener,‘ and solids in 'the' water. - A hot '

4

B

| . ) -
. . Hot lime-soda . requires‘that the water be heated above 100 C., Th'i/,pauses a
' lime-soda softener is pictured below.

." .. .. : . . h . ' . a g ’ . . ’ . '. ’ 3 .- . " \ . : . B . . . o '
. e '. ] . . .. . . " . . ) ) . ) X : - ) !

N . ) . . - - N R . ) . L N

; ; o s «o - " INLET CONTROL VALVE Vent Condensing o -

i ' o e Section . . : ‘

“VENT
— STEAM INLET

' F‘OVERFLOW :

e I I A | le——wasn warer -
SO it A\ FROM FILTERS -

. U PO S S I - kY ' . TREATED-WATER
| T e === | une _

WASH WATER : f ’ R N

TO FLTERS
L _

v . ’

L - INLET = 'R
[} o

“1 o [surovare _
1 [pEsLunGinG
iOPTIONAL)
T TN SLUDG

PUMP < WASH
T0 WASTE « PUMP

“ Hot Lime-Soda\Softener N e,

»

-
%

.

) o .. %14 . - _yo .
5 The ébdfﬁiﬂ*-zedlite .gof;:enef";éxchangeé ions with scale forming solids. The ‘scale
T forming salts are réplaced with sodium cations that do not  form scale, ' Some

- common.zeolites are’ synthetic gel, sulfonated coal and styrene resin. After the = . .o

e LN

zeolite -has collected a load of calcium and magnesium cations from the 'solids,
‘the zeolitg container is ‘filled withy brine. The brine removes . the load -of
_ calcium and ‘magnesium ions from the zeolite. The brine can then be flushed out
. and "the zeolite reused. . A zeolite softener is shown in detail on the next page:

8-
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o
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caustic embrittlement cangfresult from the use of sodium. zeolites. Sodium
hydroxide was one of the by-products of sodium(zeolite softening. This by-
‘product can cause embrittlement. Hydrogen zedlites will ' remove the "scale
forming salts without forming the by-products that cause embrittlement. A
hydrogen zeolite is made from lignite, sulphonated toal or synthetic, resin. A
‘method of carbon dioxide removal must be used with this type of softener. The -
hydrogen zeolite - }s often used in parallel with the sodium zeolite unit and a

R 57 <1 - BT S T 1 1 ;E;ﬂ"used Tristead of sodium zeolites. A probleﬁ of

degasifier.
A _ . . ) VENT 'TO
. - | n . — ATMOSPHERE
Raw WATER ’ ‘ . ) 2 ‘ . - : (o),
A * ) r
DE- GASIFIER
o ) . ] . TOWER FOR | .
‘ ' . - . | co, REMOVAL
: YOROGEN CYCLE SODIUM CYCLE S -
UNIT UNIT ' '
. 7 )
, | (HYDROGEN | tsooum ew| ) 'y
' EXCHANGER) | EXCHANGER) : o
| BLOWER
. DILUTE Hy S04 _ SATURATED NaCl
SOWJTION FOR BRINE FOR A : .
HYDROGEN CYCLE UNIT ‘SODIUM CYCLE
REGENERATION ' BLANDING ONIT ' =1 1‘
VALVES  REGENERATION
- * HYDROGEN' CYCLE {>§ow LE 4
. _ . LIQUID LEVEL CONTR@L
, . . v ACTIVATES BLOWER ;z::sssn
Hydro d Sod © Mo vawe
ydrogen and Sodium Ze}llte ; h ~ STORAGE FOR

Units in Parajlel

e

- ' TREATED WATER

[ 4

. ?

]

Demineralization uses the principles of anion and cation exchange to remove all
salts from the water. A hydrogen zeolite cation._exchanger removes sodium,
‘magnesium and calcium. The anion_exchanger removes sulphide,™ chloride and
silicia anions. A degasifier removes the carbon dioxide from the water.

. 4 L L d - - . .
- - Pl .
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Raw Water —, . ‘
— v ' \ ; .
. _ : . _ N\
— ' J— 7
. . ‘ - r " .
10 | | De-= Oy ord—+
) ‘gasifier :
Catiox; : ' Anion { .
o _ : Exchanger | -4 4 Exchanger
Aeid V_S - . ) : Caustic Soda
. . Regenerant .- . : _ . Regenerant
. . '“” ’ ) B
. ¥
y . \ ' 7 : A /
. X '
. : o A '
. | ‘ aarwell @ S To Service
‘ Demineralizing Arrangement
' 4
E&gipment for Thermal Treatments * - , "
Heat can be used to treat feedwater. The most economical use of heat is to
remove dissolved gases from the feedwater, Thermal treatment involves the use
of: - . : :
o . ' | N | |
1. Deaerators _ : . S ' -

_ 2., Feedwater heaters .
“ 3. Evaporators
Dearators are of a spray type or a tray type. Basically, the deaerat(l)r heats
the water to boiling and removes the gases through a scrubbing process., A
. dombination spray.and tray type deaerator 1s shown.

+ ‘\. . . .

11 A

A
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Feedwater heaters are used to soften, deaerate and filter water. They also i
serve the purpose of heating the feedwater. Bicarbonates are broken into carbon °
dioxide which 'has the effect of softening the water. Feedwater heaters may be
open or closed types. Open feedwater heaters.operate at atmbspheric pressure
~ and  below boiling point. A closed heater allows water to, Be heated to high . \
tempperatures. “The'open'heater is shown below. o 4
N Q i . | * . - . ‘
' e . Water Inlat ‘. / ent , ) v ) _ N
v L

Float Valve

[

¥

’ Overflow +———

. L]
' Float Val
| Water / ol ‘ loat Valve

Coke FllurA

L N D0 OO S | G | U D | DD § RO § S § D | § )

To Fead Pump -— * . "l’:l —oor'ln to Wastas )

. ‘ , /
Open Feedwater Heater . .

’ ¢

) A : |
A closed feedwater is built into the system as shown.

c S

4

Jane
STEAM :
\d
oILLn
o
' TUnBING
e ne neaTens LP HEATERR
' BEST Cop
) °Y AVBILABLE:
ORALAATOR CONOENIEA . )
t
® S 1.
o h
t ONOgNSATE :
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d to distill water for a system. The evaporator removes all
tor should be used in tandem with an-evaporator to remove the

4

Evaporétors are u

‘“”4“'solids “K deas
soluble gases. E aporators are made in three types: R

. 1. Shell and| tube
L T 2. Flash 1
3. Demineralizers
_ , < |
’ The figure below ﬁhows a shell and tube type evaporator.

!

Woter sproy inter
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- Assignment |\

_ * Read pages 7 - 33 in supplementary reference.
* Complete the job sheet.
. . . -
* Complete self-assessment and check answers. ' | _ ¢~
: ' ) € . . . '
* C6mylgte post-assessment and ask .the instructor to check your:answers. - i§
- 3 “ . ' = *
‘ ]
’
) ',
@
» .
.
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. .
/ ’
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‘Job Sheet

‘ /

ANALYZE WATER TREATMENT EQUIPMENT AT. YOUR JOB SITE OR OTHER VISITATION SITE

* Obtain manufacturer's specifications and instructions for water treatment
equipment at a specific site. :

s ~ * VWhat type of equipment is used for:
- Clarification?

- Softening?
S - Thermal treatment?

o What kind of water is used for feedwater? l\

-

- Rain water
- ¢ - Hard water

: . - Soft water
. - Estuarine water
: . P .
* Is the equipment appropriate to the needs?

. — What are the water probléms?
- How well are problems controlled?

* Visually inspect water treatment equipment for better understanding of its
components. {

17




Self
Assessment

Match the

following terms with apbropriate

Settling basin

Cold lime-soda

Hard Watepf/

Sodium zeolite

Soft water -

Rain wéser
Coagulant
| Clarification
Filter
e

Estuarine water

1ses.

Used to increase the size of
particles of suspended matter.

Softener that exchanges ' ions,

with scale forming solids.-

Is actually diluted seawgter.

Process for removal of suspended

‘matter from feedwater. : s
.Contains . scale forming
carbonates chlorides and
sulphates. -

Porous bed of *anthracite or

sand.

Must be treated to remove oxygen
and carbon dioxide.

May contain suspended matter
but is low in solids.

Allows suspended particles to.
be drawn qgf at the bottom.

'
Softener that combines wi;h

scale to form a sludge.

[ ' .

L

A 18
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Match
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. v

.the following terms amd descriptive phrases. _'

1.

10.

Hot lime-soﬁp softener

. Sodium zeolites

Hydrogen zeolite
Degasifier
Demineralization.

Deaerator
A

"Styrene resin

Lignite
Evaporator

Feedwater heater

20

AO

'B'-

‘A common hydrogen zeolite.

‘Used to avoid embrittlement

May be of open or closed types.

and uses both anion and cation

Removes’ carbon dioxide from
water, . :

A common bogium zeolite.

Very quick reaction between
softener and solids,

Can cause embrittlement.
problems.

May be shell or tube or flash
types: ‘

May be of 'spray or tray
types. ! o

Removes all salts from water

exchange principles.

lA~;?§ium~—~~4~»~—-L;__u¢;A_¢_;M_“j!l__“*_;_____gz;_




nstructor
ost Assessment
Answers




Hyir . A

)
.

“GSUP’PmmEntary |
References
). .

g

* Correspondence Course. ~ Lecture 12, tion 3, Third Class. Steam
Generation. Southern Alberta Institute of hnology.’ Calgary, Alberta,
Canada. ' = . \

.
. -
‘. ©w |
1 N 4
! |
-
*
L
) LY
-
“ anB
Q b. : ,
i
. e
e : . )
A
~ Lt ) .
~ _‘_~/ |
) - .
N . . ) .
- . . |
3 .
: L/, |
a b




1 »
1 Q’-
' _1 SOUTHERN ALBERTA INSTITUTE OF TECHNOLOGY : D
( . CALGARY, ALBERTA _ _ <
. ' , ' Correspondence Courses ’
o Power Engineering
‘ ' »
SECTION 3 ' | | '
' _ : ~ Third Class
STEAM GENERATION | Lecture 12
d"\/ ) k | - .
it et e e e o WATER PREATMENT ¢ .
THE NEED FOR WATER TREATMIQT . :
If water were HyOf and ndthing else, or if all.waters carried the same | ’

impugities, the treatment of water would be simple and uniform methods could be

used, However, pyre water never occurs in nature and impuritics vary consider-

ably, “The losest natural approacheto " phre "water is rain, bhut ¢ven rain contains

-dissolved oxygen and carbon dioxide which has been picked up from the air, Im-

purities in natural waters depend largely on the source, Wells and springs arc -

classed as ground wat.ers;\rivcrs and lakes as surface waters, . N
~ Ground watex picks up impuritics as it sceps through rock and soil, dis- ,

solving some part of almost everything it contacts and therefore groundwater usu- >

ally contains a considérable amount of dissolved solids, The natural filtering

cffcet of rock and sand usually keep groundwater free and clear of suspended mat-

ter, Surface waters often contain suspended matt er such as leafmold, sand, silt,

sewage and industrial waste, ‘The amount and-location of rainfall may rapidly

change e amount and type of suspended matter, In additign, su rface waters often

contain various arnjounts of dissolvlcd‘ solids as well, : o

k — | P
|
|
|

|

. 4

Water which contains large amounts of dissolved solids is termed to be
"hard water "', while water which contains sm:"ll amounts of dissolved solids is

termed to be " soft water ", .
’ . e ' ,
If water, which contains impurities, is boiled and changed into steam, -

impurities are left behind ‘:md will form sluglge or scale unless they are removed
before or during boiling, © The more impuriles there are in the water-and the more
water is boiled, the more impurities are left behind to form sludge and scale,
Pressure plays another impgrtant role, As hoiler prcé'sures get higher, botler

water temperatures increase ( s¢e steam tables ), Highef temperatures produee
faster chemical rczfgtion rates so that scale is formed more rapidly and this scale
will bake on the metal surfaces more quickly, Not only does this scale cause loss » .
of efficiency, as it | '

its heat badly, but it can also be exceedingly dangerous

.
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by them, Then a disastrous explosion may occur,

l@ ' o ' “ ...22.-

if it is neglected, With scale, the tubes and plates become ¢ut off from contact {
with.the water-{nthe boiler and the surfaces, no longer cooled by the water, are '
overheated and the strength of the metal is diminiShed, In the history of steam
engineering, numerous instances occur of boilers havlng' failed, more or less .
violently, from this cause; Sooner-or later, tubes and plates. will be overheated

so that they no-longer withstand the pressure of the steam or the water contained
v [ .

Mud is another form of deposit which sometimes can be nearly as trouble-
some as scale, Certain chemicals int roduced into the boiler to prevent scale - will
offer an unwelcome compensation by producing mud. or sludge instead, Where the
circulation inside the boiler$s imperfect, this mud accumulates in the more

. sluggish parts; producing simflar problems as scale and causing circulation to

- passing

soine tubes to cease altogether. In order to prevent the formation o

'f mud or sludge,

adequate blowdown must always form part of a program which introduces chemicals
into the boiler to prevent scale, o
' : | o

" In addition to cauging deposits, impuritics in the feedwater may also cause
c%rrosio’n, carryover or caustic emb rittlement, S '

Corrosion is the rusting or eating away of mectal generally caused by dis~
solved oxygen.or carbon dioxide in the water or a low pll or a colbination of all

‘three, Corrosion is one of the most undesirable features in boiler plant operation .. (

because it attacks the boiler metal and its harmful effcets cannot be repaired with-
out complete renewad, $Heale can be removed and carryover stopped, but ¢orrosion
damage that has occurred cannot be repaived, . . :

Cydrryover is a term appliced to entrained moisture and associated solids

om a boiler with the steam, Aside from erratic superheat and mechani-

cal troubles with engines and turbines caused by slﬁg‘s of moisture, carryover .

deposits solids in superheaters and on turbine blades, High concentration of dis-

solved solids in the boiler feedwater greatly ‘illc reases the'tendeney for carryover, -

-

Caustic embrittlement is a form of metal ¢racking which can cause a

N . q
serious.boiler failure, - The term ™ caustic embrittlement " derives its origin {rom

the fadt that failure occurs in the presence of a highly concentrated caustic solution

and the metal itself fails in a sudden or brittle manner with no ‘apparcent-deformation

of the metal prior t(_j'.;w'{ual failure, To produce caustic embrittlement in boiler

metal, three factors are requirdd: ' ‘ _ . L

v

1 } a leak and subsequent concentration oI{boilcr water
at the point of leakage,

o ) o
Q) .o . -

( PE3-3-12-2)
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\1 ) a'high pH which causes concentrated caustic solution
at the leak to attack the metal, \

3) a high metal stress in the area of concentration and
attack, , : ‘ »

.

‘The most common areas of embrittlement attack are in rivets and riveted
joints in older boilers, tube connections to drums or headers where the tubes have
been rolled and stressed and in tube sheets between closely spaced tubes where \
the tub¢ sheets are heavily stressed, Alternate expansion and contraction of the . v
metal as a result of temperature changes in the boiler can provide small crevices
through which boiler water can escape and cause the high caustic concentrations
and-embrittlement, The power plant engineer has little control over the factors
of leakage and stress, The factor which can best be controlle(} is the gH, If the
‘pH is low enough the water becomes non-embrittling and leakage or stress will
not cause embrittlement, At the same time, however, the pH must be high enough ,
to prevent corrosion and scale formation, The exact control of boiler water pll is
thcrcfogc ext rémelylimportant. '
\ Briefly stated, the need and extent 4f water tre‘__tment depends on three  »
main factors: . :

€

~ 1) the concentration and type of inﬂpuritics present ig the

feedwater, ~ : ' »
2) the rate or output of the botlu' th(, ncul mcr&ismg with
higher boiler outputs, . 5
.o 3) the pressure and consequently temperature at which the °

boiler operates; the nced for purer water inereasing with -
higher boiler pressures,
_ r ‘
Prc. t.lble followmg gives an indication of the maximum limits for solids
allowm in boiler water,” The fecedwater total solids is an.approximate indication
" as it depends on many other faLtO!‘b such as percent make-up, type of solids,
boiler output, etc, =

( PR3-3-12-3)

L]

&

“



{

AL A e e

&
Operating Pressure ( kPa) Boiler Water Feedwater .
' '{‘btnl Solids ( ppm) Total Solids ( pp )
0-2000 3500 . 100
~ 2000-3000 e '3000 30
, 3000-4000 ' 2500 20
4000-5000 2000 10
5000-6000 . 1500 | 5
6000-7000 1250 4~ abi
7000-10000 1000 3
10000-14000 750 2 /\
14000 and higher ~ 500 1
-
— _ ,

FEEDWATER CHEMISTRY

&
Chemical Formulae

[

" Table 1

As explained in Lecture 5, Section 2, " Combustion ', certain symbols are

used to denote both elements and compounds,

For example, water is denoted by

the symbol HyO, carbon dioxide’by the symbol COg, sulphur by the symbol S,°

and so on, These symbols are actually the chemical formulae for these various
substances and indicate what each substance’ is made up of, In the 'r}najority ol the
methods used for treating feedwater, the npurities are removed by means of h
chemical reactions, In order to understand how these reactions take place, the
chemical formulae for both the impurities and the treatment materials must be
known, The [ollowiné list gives the chemical formulae for the more common gom-
pounds associated with water treatment,

Comnound

Aluminum sulphate
Aluminum hydroxide »
Ammonium hydroxide
Calcium bicarbonate
Calcium carbonate
Calcium chloride

«,

Calcium hydroxide ( hydratdd lime )

Calcium sulphate

( PE3-3-12-4)

Formula , .

Aly(SOg 3.
AL(OH) 4
NH40H
Ca(llC()3)2
CaCO3
CﬂClz
Ca(OHy,
CaB0y
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xide ' - COy

Carsonic aci HpCO,4
Hydrazine Nzll[4h
Hydrochloric acid HCI ‘
Hydrogen zcolite HyZ .
Magnesium bicarbonate " Mg(HCOy) 4

- Magnesium carbonate MgCO,
Magnesium chloride ) MgCly
_M‘q;nomum hydroxide Mg(OH) 9
Magnesium sulphate Mgs0O,
Nitri¢ acid ~ ° HINOy4 \
‘Silicic atid "H,8i0,

- Sodium aluminate NagAlyOy
Sodium bicarbonate NaHCO,
bodlum carbonate ( soda\ish) NapCOy
Sodium chloride \ s - Na Cl
'S()dlum hydroxide ( caustic soda) NaOH
Sodium nitrate ' NaNOy
Metasodium phosphate .1 NaPoOy
Monosodium phosphate NaHg PO,
‘Disodium-phosphate Na,HPO,
Trisodium phosplmtc \Y , NagPOy
Sodium bu"phdto NayS0,
Sodium sulphite ' NapSO,
Sodium zeolite Yl Nay?,
Sulphuric acid ‘ ll2504

Acids, Bases and Sultj

: ~
Three types of chemical compounds which are of great importance m re-
gard to water treatment are acids, bases and salts, When these are in solution
they disassociate into particles which lmvo a definite electrical charge and which

- are known as ions,

‘Acids produce an excess of hydrogern Tons having a positive electrical
charge and \A‘/hicnurc denoted by H It is this excess of H' jons which gjves the
solution its acidity, Ikxamples of acids are hydrochloric acid HCI, nitric acid
HNOgY and sulphuric acid HyS0,,

!

( PE3-3-12~5)
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o Bases, also called alkalies, produce an excess of hydioxyl ions having a :
negative clectrical charge and which are denoted by OH™, It is this excess of Oll™
ions which gives the solution its alkalinity, Examples of bases.are calcium hydr-
oxide Ca(OH)y, ammonium hydroxide N1l4OH, .and sodium hydroxide NaOH, ]

When an acid is neutralized by a base the rcsult@thc formation of a

salt,, IFor cx:nnpld. the salt sodium sulphate NapSOy is formed when sulpburic X
acid Ny80y is neutralized by the base sodium hydroxide NaOLl, ~In equation form .

the reaction is;

©

v 2 NaOll + 50 > a5 o
NaOl Zb + ; leb()‘1 i lez()

Other examples of salts are sodium chloride NaCl, caleium gulphate
Cilb‘()i', magnesium carbonate Mg(f(),*. ctoe,

when a salt is in a solution it will disassociate into positively and nepa-
tively chaeged fons, The positive ions are called eations and the negatively charped
iong arc called anions, '
-
o I L e -
Thus the salt NazS()l will disassociate into Na  cations and S04 anions,

Y

pll Values : o .- T & (

In order to indicate whether a solution is acid or alkaline, a scale of
numbers from 0 to 14 is used, ‘These numbers simply indicate the concentration
of the 11 itons and the O™ jons in the solution, 1f the concentration of the 1! ions
is.cqual to the concentration ol the O™ ions then the solution is neutral ( neither
acidic or alkaline ) and the pll value is 7, I the concentration of H' iong is greater
than that of the O11™ ions then the solution is acidie and has a pH value of below 7,

I the conecentration of 11" ions is less than that of the OH™ ions then the solution is
alkaline and hasta pll value of greater than 7, ' A

The more acidie the solution is the smaller will be the pll value,  For
example, a pli ol 5 will mean the solution is 10 times as acidic as a solution hav-

g, 4 pllot 6, A solution having a pll of -1 will be 100 times as acidic as the pll 6 ,

solution,

Similarly, the more alkaline the solution is'the greater will be the pll-
value, A pll valuegot 9 indicates 10 times the alkalinity of pH 8, ‘A pll value of

10 indicates 100 times the alkalinity of plf 8 and so on, .
s )

) . b ' H
( PE3-3-12-8)" @ , : ( |
| / ]




, N
. ' i
v .
. " Table 2 below lists the sca}e of pH .v.g\{ues. ' .. .
‘. ! ’ ' . . i \‘,, - ‘ .
Solution ' pH Value ‘ )
w . v . . .
. Most acidic,... ... 5. . i e, 0 .
A = 1 » ‘ :
. ’ : '2 *
, Acidity decrecases with .~ . 3 . .
. increasing pH S 4 ]
~ | 5 ,
, ' Least acidic.....ovutuuiiiiiiinsnloatelts 6 ‘
B Neutral, ... ... ... o i oo iiianenns " T 0, ,
' . Least alkaline,, ..\ .........c.vvveniiinn. 8
- o 9
. 4
' | 10 i
Alkalinity incpecases with 11
increasing pll ) : 12
‘ ‘ ,_ ~ 13
“
, . Mostalkaline .7, ... . . 0 i, 14 . o
X ( . N -~ ‘Pll b‘calc , B S
’ Table 2
EXTERNAL WATER TREATMENT : o ‘ !
‘ F:xternal water treatment| regers to the trCatilig‘ of the wate fbefore it
enters the boiler, It may akso be-called " feedwater treatment ' as it is treatment
ot water which feeds the boiler, If during the treatmaont the hardness of the water
is reduced, it may be referred to as '"'water softening ", ) o
‘\ ;/ E . .
i The chart on Page8 shows a I)rcukdow‘n'-'of'thc more common met hods of
external water treatment,’ ()L‘l](?[‘:l“'_\‘ mechanical methods are used to take sas-
\ pended matter out of the water or cla ril’y'th(.;‘"@\”atcr, chemical methods are used
to soften the water and thermal methods aré used to take oxygen and other gases
mn[ ol the water, In-some cases one piece of equipment may combine two or more |
mdthods .while in other cases one m'cthod'muy‘ clarify# soften and degasily the |
wurvr in one operation, R N . |
! i o | l ‘ '
f \ ¢
.I“' : . i . . v
( ) . ( PE3I-3-12-7)
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/ | | ) EXTERNAL WATER TREATMENT CHART ! A
-",-’ o ‘ . ” o i o "~ Effluent .,
i ‘ ] Purity Level _
" Method ' Equipment | P}xrposc " ( ppm as CﬂCOS) | '
) _ |
Screens and Strainers| Clarify C -——-
Settling Basins 3 E Clarify : ———
| Mechanical -~ Coagulators’ | | Clarily | s L
f,. K - Filters ~ Clarify o ——-- '
. Cold Lime Soda Soften T 50 X
: ¢ Hot Lime Soda [ Soften and Degasily 2530 k '
'3 Qhemical Sodium 7 ¢olite Soften Ny C1-2
| Hydrogen Zeolite , - |  sdften 0.1-1 .
Demineralizer - soften - 0U-0.1 : .
" - (
_t- | Deaerator  |Degasity and Heating| . ~--- ‘
Open Feedwater | Clarify, Degasify R
, \ ‘ " Heater and Heating
Thermal : Closed IFeedwater ~ | Heating and Soften e .
' Heater
livupurutor_s Soften and chtirig ‘ 0-1 ) ,
"y |

Mechanical Methods

\

Inseoluble impurities, entering a boiler with the feedwatery tend to stick to
hot boiler tubes like dust on flypaper. Pracfically all surface waters ( rivers,
lakes, ponds, ete, ) contain some amount of mud, silt, clay, decayed vepetation,
micro-organisms, sewage and industrial wastes, These insolubles must he re-
moved to prevent fouling of feedwater softeners or to prevent deposits in the boiler,

-
. - -.x.r'm PR
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I'he insolubles suspended in-ndtural water. havc a wide range of particle

.‘iyc‘ They may vary from relatively large sund particles to particles which
an’t be seen (individually ) with. the naked eye, The larger particles are alled

sediment,

They tepd to scttle out or can’be filtered out, Colloidal particles,

however, will stay¥suspended indefinitely and are small enough to pass through the
pores of convcntlonal filters, CollectiveR-the suspended particles are termed

" turbidity,

Clarification for removing turhidity’ from water may involve the use of

screens, settling, chemieal coagulation and filtration, If the suspended solids are

small (e

olloidal) chemical coagulation is needed for effective clarification,
ay ) ’ : 3 ’

Fy

1) Screens and Strainex:s
' / m‘l

The purpose of screens and strainers is o prevent the large
or free floating particles trom entering and damaging or clogging
the feedwater supply equipment, They m: 1y simply consist of log
booms to keep free floating debris aw: ay or they may consist of

metal sereens or strainers of various shapes and coarseness

designed to eliminate these particles,

2) Settling Basins

' Settling ( also called subsidence ) may be accomplished by

using a simple tank which is filled with the turbid water and allowed
to stand, After the sediment has settled, the clarificd water is
drawn.ofl the top and the scettled solids removed from the bottom,

The tank is then r 1(1\ for another eyele, This is the mtcrmltt(‘nt

type of settling basin, | ! Continuous methods of subsidence are more

g LS Y . . . i J
frequently used,  This'is accomplished byspassing water through a

basin or tank of such design that the velocity of the water is reduced
to a point sufficiently low to permit subsidence, Clarified water is
drawn”from the tank continuously from an overflow, the settled solids

remaining in the bottom of the tank from where thcv may ‘be removed

continuously by mechanically operated rakes or scrapers or period-

- tcally by flushing with high pressure jets,

.

Waters containing\urbidity due to relatively large particles

or high density solids may be clarified to a substantial degree by
settling, It is an economical mgthod of obtaining clarification
where it is applicable and in swCh cases it is often employed prior

to coagulation,

'™




After a filter has been in service for a period of time, y o :
. ‘the filter bed will become plugged with suspended matter re-

moved from the water, When this occurs the filter must be
backwashed, Backwashing consists of reversing the direction

of flow through the filter thus freeing the trappcd material
" from the bed and washing it to waste, - A

Gravity Filters .

I'ig, 2 illustrates a gravjty filter which uses a bed of sand supported on a
bed of gravel,

ARETET T s e A Intet
' 4 - - N “\—:ﬁXB::ﬁ
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Gravity Filter
Fig, 2

'l‘l'lis unit features a rectangular reinforced concrete vonstru’ctioh for the
filter shell although in some designs the shell is of wood or steel and may be cir-
cular in shape, The bed of sand is usually 0,4 m to-0,8 m in depth and the gravel
hed between 0,3 and-0, 6 m, ‘ ~

The water enters at the top and flows downwardly through the filter bed to
the outlet at the bottom, When backwashing is necessary, the tlow is reversed
with the backwash water entering at the bottom and being discharged at the top to _ |
waste, | '

The filter shown in Fig, 3 is designed to automatically backwash itself
when the filter bed becomes sufficiently plugged with dirt, .

In this unit the inlet water normally passes downwardly through the filter
bed and up the outlet pipe, As impurities accumulate in the filter bed, the level of
_ water in the backwash pipe rises until it finally flows over the loop at the top, The
+ w°  backwash pipé then begins to siphon the water from the space above the bed, - This

«

( PE3-3-12-12)
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causes the backwash storage water to flow from the storage space through a pipe
to the underside of the bed.# It then passes upwardly through the bed to waste thus
backwashing the bed, When the storage water lével drops below the end of the
* siphon breaker pipe, the backwashing will stop and normal flow through the filter
bed-will resume, first filling the backwash storage space and then passing through
the outlet to service, The filling of the backwash storage space providés a rinsing’
period before the filter returns to service,

©
’ - " SIPHON
BREAKER S
'\. .
BACKWASH Q ko ’
" PIPE
I . \/Hr T
-1 =~ 710 , i
r . SERVICE ‘- l \ .
BACKWASH | |
WATER - | j
l STORAGE H B l
. ’ WM'””H B
AN ‘
ﬂ: i /\\ 3 10
il WASTE

o [
) S
: 1 =,
. FIL'[ERING . . 2. BACKWASHING

-

- Automatic Backwashing Gravity Filter
Fig, 3 o ¢«

Pressure Filters

A pressure filter is illustrated in Fig, 4, The shell is of steel and con-~
tains a bed of anthracite which is supported on a strainer plate, The water to be
filtered is pumped under pressure through the filter, entering at the top ahd pass-
ing down through the filter bed and through stainless steel strainers to the outlet .

at the bottom,

( PE3-3-12-13)
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- Pressure gages,.not shown in.the figure, are installed on the inlet and -
outlet lines and when the Bressu re difference between them reaches a certain value,
usually from 35 to 55 kPa, it means that backwashing is required,

During the backwashing period, a rotary surface washer may be used to

loosen material from the surface of the bed, The water leaves the nozzles of the
rotary washer at high velocity which causes the washer arm to revolve,

- Iv‘rcqﬁently, filters arce used in conjunction with scttling tanks and coagu-~ )
- lation,  The sequence is to coagulate and settle the impurities in a scttling tank and "
then pass the'water'thrjugh filters for final elarification, ' '

///__ INLET .

BAFFLE

 PRESSURE SUPPLY

ROTARY SURFACE
WASHER (OPTIONAL)

GRADED FIL TER o H
C MDA

J STAINLESS suu\ -
T GIRAINERS '

futy ARFA
STRAINER PLATE

oun ey

Pressure IMilter
L S

Yig 4

If filters are used alone then a coagulant is usually fed to the filter in ,
order that the finer impurities are formed into larger particles that can be trapped 1 :
by the filter bed, ' ‘

59

( PE3-3-12-14 )
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Chemi‘caI Methods: -

+

’
'\n In the chemical methods of water treatment chemicals are used in one way'
or a other to.react with the dissolved solids of the water. This reaction will sof- '

ten the water by changing the dissolved solids to a highly soluble dissolved solid
which does not easily form scale, or by making the dlssolved solids insoluble so

that they come out of solution and separate from the water in the safteper, or by : .
exchanging the dissolved solids in an ion exch'mgc process which leaves the dis-
solved SOlldS ‘behind in the exchanger. : . :

1, Cold Lime-Soda Softening

In the cold process of lime-soda softening the raw water at room temper-
atur\“the softening chemicals ( calcium hydroxide and sodium carbonate ) and a
coagulant are mixed together'tn a tentral mixing zone by means of motor driven -
agltators As the insoluble compounds, CaC0Ogq and Mg(OH) n, are producéd by
the softening chemicals reacting with the scale forming materials rmmcly
Ca(HCOq) 9, Mg(}l(,O;)z,e(,aSO M5S0y, CaCly, and Mg( L,, a-sludge is' formed
which can be discharged from the bottom of the softener. The «coagulant, aids in
the formation of this sludge, A part of the sludge, however is kept in suspension®
by the action of the agitators and the flow of the water, and this forms a sludge
blanket through which the water passes on its way to the outlet, The sludge blan-
ket aids,in the removal of any impurities not already p{e,mpltatcd from the water,

AGITATOR gRIVE

L WATER INLET ———R\j

. - 7
l:.v.." L[] ° * ° . 0;

CHEMICAL

Cold Lime-Soda Softener

\ . ( PE3-3=12-15)




24 Hot l.imc—Soclu Softening
1 o
In this type of softener exhaust steam is usually used to heat the incoming
water to tompomturc s above 1009 Celsius. Chemical reactions in the hot lime- S
. _ soda, unit are the same as for the cold process except that they are almost instan-

tangous and produce softer water,. The hot process lime-sodmsoftener can be used
to u)mlunc in onc gomplete unit 1he functions of seftening by reducing hardness to '
10 - 30 ppm, silica removal, deacration and filtration, The hot proccé‘ﬁ is mobt _
.suitable to the-soltening of high hardness supplies, . . .

RN

-

Control of lime-soda softening is somewhat. more difficult than the control

of ion exchange softening and frequent testing and control adjustments-are generally : ~
required, . ' _ , : . .
MLET CONTRTU VALVE . Vent Condensing ' :
Section .

VENT

I STLAM LET
(Y vovrend . -
! - L RL W !
. e | ‘
]
- WAGH WATER
FROM FILTERS y
. ‘ ' ‘
‘ - L TREATED-WATER ’
‘ . : E 7 QUILET ’ c
% H o o
TLA ASTER . :
¢ ot ) WA WATER
' Lo TRy
) N '
. Wi TS pD o i :
N e ,
. Oy | B oA k

"N (e
RN

KN va'tll
LA ANN

T

N W
g‘l“.‘ " i
‘nﬁmannhou[ whos ¥
o A . PUMP s WM
N . R SR T N 3} . ) WASTE pLMP
. . - Hot Lime-Soda Softener
_ - - Fig, 6 ‘
Fip. 6 shows the arrangement of a hot process softener used in conjune- -
. ) tion with pressure filters which are usually necessary to filter out any carryover / L
[ . . . . N s i . . R
~ of shudge particles from the softener, The process is continuous, and carried out .
in a single tank, “A chemical tank and pump with arrangement for proportioning the
) chemicals to the raw water flow, a sludge recirculating pump and a filter backwash
-
pump complete the essential equipment,  Raw water enters the top through a series
{ PE3-3-12-16) - c
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( of sprays, the amount being controlled by the level in the softener, Chemicals
ender at the same point and are thoroughly mixed by the sprays, Entering steam
heats and deaerates the incoming water, ‘I'empcrature of the process is governed
by steam pressure maintained inside the tank, Chemical reactions form calcium
' carbonate and magnesium hydroxide almost mstantangously. These compounds .
: come out of solution and form a sludge, About one ‘holir retention time is normal, -
the water flowing downward and under the weir where the sludge is prccipltated to
the cone chamber below, From the inverted weir an uptake carries softened water
« to the outlet and to the pressure filters, Periodically some of the sludge is dis- SR
charged to waste while some of the studge is continually recirculated which helps
.to reduce the amount of chemicals needed in the treatment, The filters arc ar-
ranged to be backwashed with water from the softencer and this water is returned
to the softener after backwashing, ' " o

LY

3. Sodium Zcolite Softening ( Sodium Cation Exchange ) 0

When certain compounds are dissolved in water they disassociate to form
positively and negatively .charged particles known as ions, The ions which have a

. ' positive Lhdrgwlllcd cations while those hdvmg, a negative charge are called
dhlonb : '

' IFor example, if water contains the scale forming salt calcium sulphate .

( 'Cas0y4 then it will be in the form of calcium ( Ca)) cations and sulphate ( SOy4 ) '
“anions, If the Ca cations could be exchanged for sodium ( Na ). cations then the
salt wduld now be sodiunmesulphate f\IaQS()4 and as this salt is extremely soluble it

. would not produce scale in a.boiler, The same would hold true if the cations of J
the other scale producing salts could be exchanged for sodium cations, 1f, a$ an- '
other example, the water also contains the scale forming salt magnesium bicar-
bonate Mg(HC O3)2, then this salt will be in the form of magnesium ( Mg) cations
and l)l(,d[’bondbe (HCOg)r anions, If the Mg cations are exchanged for Na cations |
then the salt will now bé sodium bicarbonate NaHCO4 and as this salt is extremely ¥
soluble, as are most of the sodium compounds, it will not produce scale in a

k3

hoiler,
. o T
"o : Ihe sodium zeolite softencr uses the principle of ion exchange to remoye
secale forming salts from the water and to replace thermn with non-scale fornming
- salts, The softener contains a granular matcrial called zeolite which has the .
- ability, when water is passed through it, to remove the calcium and magnesium.
“cations from the water and to replace them with sodium cations, The Ca and Mg ‘
cations are held by the zeolite® matenal which hab given up Na cations in exchange '
for them;,

- ) . . N O N K
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- thn the zeolite material has givcﬁ up all lts Na cations t#®exchange for
the Ca and Mg cations, it ‘has to be regenerated before it can resume the softening
process, I‘he regeneration is done by removing the zcolite softener from se rvice
and filling it with a solutidn of brine ( sodium chloride NaCl), The zeolite then
abHOI‘bb the Na cations from the brine and discards the Ca and Mg cations to the
brine, The brine now, containing the Ca and Mg cations is then flushed to sewer
and the \/wlltc bed is rinsed out with water, The softener is then returncd to -
until regeneration is again necessary,

f

The zeolite may be made up of any an' of several materials, Examples

e .

service

- of zcolites are natural greensand, synthetic gel, sulfondted coal and styrene resin,

It is usually given the chemical formula NayZ,

.
-
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The sketehin Fig, 7 shows the arrangement of the zeolite softener to-
gether with juregenerant or brine tank, The zeolite ogacxchange material is sup-
ported on a bed of pravel or anthracite and is contamtﬁin a steel pressure tank,
The vaw water ntvr passing through a meter tlows into the top of the b()“LllUI‘ tank

and travels (Iown\mul thxough the bed of zeolite aml leaves the soltencr at the . ]
hottom : ' '
ottom, -
a4
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When the zeolite becomes exhadsted, wthe"softener is taken out of sérvice
and backwashed by, maqlpulntlng the valves so that raw water enters at the bottom
and flows upwardly through the bed to the wash water collector and then to waste,
The backwashing serves to separate and clean the bed and when it is completed the
zeolite.is regenerated by passing a salt solution or brine into'it, This is done by
admitting raw water to an ejector or eductor, The water flowing through the educ-
tor produces a vacuum which draws the brine up from the regenerant tank and the
brine is then forced into the softener just above the surface of the bed.

After the correct amount of brine has been supplied, the softener is then
rinsed by admitting raw water to the top of the softener, This water passes down
through the bed rinsing it free of brine and flowing through the drain to waste,
After the bed has been (.ompletely rinsed of brine, the softener is returned to ser-
vice once more, :

' B N

Fig. 8 shows in more detail the piping connections for a zeolite softener,
Rather than using several valves to change flow directions du ring- backwash, rinse

and regeneration, this type has a master valve which cor'mccts'togct’hcr the neces- -

sary piping for the. various op(,ratlons when the valve lever is ‘'moved to the desired
position,

4, Hydrogen Zeolit'e Softeping ( Hydrogen Cation Exchange)

In thé sodium cation exchange softener, explained in the previous scction,
the salts of calcium and magnesium were replaced with salts of sodtum, While
this method does get rid of thg scale-forming calcium and magnesium, it docs not
-reduce the total @mount of salts dissolved in the water as the sodium salts take the
place of the calcium and magnesfum salts, One of these sodium salts, sodium bi-
¢itrbonate, will decompose in‘the boiler into sodium carbonate, sodium hydroxide
and carbon dioxide, " The sodium hydroxide may causc embrittlement of the boiler
metal and the carbon dioxide will be carried over with the steam and form carbonic
acid in the return lines which results in corrosion, Sodium bicarbonate will also
tend to cause the water in the boiler to foam, ' ‘

~If instead of a sodium zeolite softencr, a hydrogen zeolite softener is used
then the scale forming salts will be removed without the formation of sodium bi-
. carbonate, Hydrogen zaolite has the ability to remove calcium, magnesium and

. sodium cations from the mineral salts and replace them with hydrogen ions, As a

result the mineral salts are converted to acids, These acids are subsequently
ncutralized by the use of an alkali or base such as caustic soda NaOH, or in some
cases the ’td -containing water from the hydrogen zeolite softener is mixed with
the water from a sodium zeolfte softencr and this will also result in the neutral-
ization of the acids, '

)
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Regeneration of the hydrogen zeolite is accomplished by the use of an

v ' acid solution which restores hydrogen ions to the zeolite and removes the calclum.

. magnesium and sodium catlons from the zeolite,

The material used ln the hydrogen zeolite softener may be _llgnite, sul-

phonated coal, coke or synthetic resin,

-

The effluent or discharge from a hydgogen zcolite softener contains var-
ious acids which would be corrosive to.the metaPin the piping and the boiler,
Therefore these acids must be either neutralized or removed from the effluent, In
the case of carbonic acid HpCOq, it quickly breaks down into water and carbon '

dioxide as 1llustrated in the following equatlon

Carboni’c_ acld ——— . Water

Q@rbon Dioxide

The CO, can be removed by passing the water through a degasifier tower

in which the water flows down over trays and is scrubbed by upward flowing air

'from a blower, -
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_ An arrangement involving the use of a degasifier and a sodfum zeolite c
wnit in conjunction with a hydrogen zeolite softener is shown in Iig, 9. Before
entering the degasifier, the effluent from the hydrogen zeolite unit is mixéd with
o the efflugnt from a sodium zeolite unit in order to neutralize the sulphuric and -
| :')' ' ~ hydrochloric acids resulting from the hydrogen ion exchange, Also if silicic acid -
| is.present it will also be neutralized v - |

.

-

Another arrangement which uscs an alkali, such as sodium hydroxide
NaOH, to neutralizg the acid effluent from a hydrogen zeolite unit is shown in
Fig, 10,
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Fig, 10
~

The neutralization of the acid effluent by the sodium hydroxidc_ is shown in
equation form as follows: ‘ '

1, Sulphuric Acid + Sodium Hydroxide —— Sodium Sulp‘hut,e ' Water o '
\ ¢ ‘ ‘
. llzb()4 » ' 2 NaOH - Na2b04 + zllz()
24 Hydrochloric Acid + Sodium- Hydroxid¢ ——s Sodium Chloride + Water
HCl v NaOH e — NaCl 0
_ o
3, . Silicic Acid  +  Sodium Hydroxid¢ ———+ Sodium Silicate '+ Water " -
, 3 v y - a,Sio, 2'H
; | llz§l()3 ¢ 2 NaOH ~ N lzbl()a ' llz() )
/
Y ) - . ‘ .
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¥ "The sodium sulphate and sodium chloride contained in the neut¥alizeg
- water are very soluble and do not tend-to produce scale in the boiler, The sodium
silicate, however, will produce extremely hard scale in the boiler and must be
_gotten rid of by some other method,

<

5. l)einixicralization ( Cation and Anion Excharlge )

A ' C '
An 2dvantage of the hydrogen zeollte'process over the sodium zeolite pro-

cess is that the hydrogen zeolite removed the sodium bicarbonate and thus reduced

the dissolved solids content of the water, 'Dhe acids in the effluent from the hydro-

gen zeolite unit, such as sulphuric and hydrochloric, were then neutralized, How-

ever when these acidg were neutralized, the anions of these acids, such as SO

and Cl, combined with the sodium from the neutralizing base NaOH and formed 7
sodium sulphate and sodium chloride, While these sodium salts do not tend to /
form scale, they may cause foaming in the boiler and require excessive blowdown, /
In addition to this (hqndvantqgc the hydrogen zeolite umt will not remove any

sxhca present in the water _ . . : /’

If it is desired to remove all the mineral salts from the w'ltcr, a pro;/ebs
known as demineralization or deionization is used, This involves using a hy;(rogen
rcolite cation exchanger to remove the\sodium, magnesium and calcium cations
and then using an anion exchangew to remove the sulphate, chloride and silica
aniogs, In addition, a degasifier is used to remove any carbon dioxide  present,

The effluent from the demineralizing process is water that is free Ixym all mineral
impurities and is cqual in quality to distilled water, /

7/

The hydrogen 1collt(, cation Lxchangu: has already '_bccn described in the

1

previous section,

The anion exchanger contains a hydroxide resin,material which has the

ability to remove the anions of the acids contained in the effluent from the cation

~cxchanger, This anion exchange materml is rcge/rated with sodlum hydroxld(,
when it becomes exhausted, ‘ N

A demineralizing arrangement 'is s)xdvn in Fig, 11,

The raw water first passes thrdugh the cation exchanger where the cations
of calcium, magnemum and sodium are removed and acids formed, As a result
the efffuent from the cation (.xchanger now contains cagrbonic, sulphuric and hydro- !
chloric acid, In addition, if any silica was present ln the raw water it will now be "
in'the form of silicic acid H,S10,, ' -

Q-.
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The carbonic¢ acid in the cation exchange . efflyent breaks down into water ‘"““1'(
and carbon dioxide and this carbon dioxide is removed as the effluent passes through
the degasifier, ‘ )

\ .
The effluent is then pumped to the anion exchanger where the acid anions
are removed leaving pure demineralized water which then passes to service,
\
- When the éxchangcirs become exhausted they must be backwashed, regen-
cerated, rinsed and then returned to se rvice,

A The cation exchanger. t&regenerated with a: solu;ti()n of sulphyric adid and - . ‘ .
the anion exchanger is regenepdted with a solution of sodium hydroxide, Ty |

When a demineralifing system is used it is important that the raw water '
supplied to the system- has first been filtered to remove any suspended materials,-
If this is not done then the suspended materials will be trapped in the exchange
material and will form a coating thus reducing the flow of cations and anions,

.
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A-special type of (lcmmcrah/ing system as shown in Iig, 12 comlnncb the !
' qition exchange material wn?h the anion exchange material in a single shell, Rhis
N is called a mixed bed system as the two exch; imge materials are mixed to;,cthc

in a single bed, When regeneration is necessary, the two materials are scparated
by backwashing. The backwashing causes the lighter anion exchange material to

! rise tothe top of the bed with the heavier eation cxchanu;;:. material forming the
bottom layer., Then cach layer is regenerated and rinsced, The two materials are
. then mixed together again by blowing air upwardly through the N(l,
L \ ‘ .
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Thermal Methods , S : . o

Treating water thermally is probably one of the oldest methods of external _
water treatment, Heat can soften, but the use of helit to soften water will normally a .
depend on the availability of exhaugt steam to be economical, The most common _
burpose of heat in water treatment is to degasify the water thereby reducing cor- ' - N
rosion in the botlers _ _ _ K O , S
1, Deaérators ' | | | ' | E

~ . . . 3
o s . . . R o

The &onstruction of & deaerator usually involves four sectxons a section . o *
where the water is heated to the boiling point, a section where the released gases . . . Eh
. are scrubbed from the water, a section for the storage of the deaerated water and . ‘,"T"-.'_":_‘_E:_ .
ascction for condensmg any. steam that is bemg carried to the vent wnth the re-. T
leased gases 3 o . ‘ . o - T

Leaerators are elassed as spray type or tray type,

In the spray type the enterlng water passes thrbugh spray valves and is*
therefore in a finally divided statk, It s then heated by coming in contact with . - -
stéam irt the hCatmg section, The water then passes to the scrubber section where _ -
it is sdxubbed by the entering steam and the gas®s released by the heatmg a¥e re- - c S
moved, ' The deaerated water then passes to the storage section and: the steam - S
flows fromethe scrubbing: section to the heating scction. where it heats the mt:ommg .

water spray and where most of it condenses,. The gases. released in the, scrubbing '_ ‘ "

, S’ section flow to- the vent condensing seetlon where Aany steam preSent ig condensed B : -v..€.,~,_:~“{:,._;,.__,\-;
and the gases are (.ooled to some extent 'I‘hc gases then paSs out through the vant el

»
/‘: T )

S In the tr.ly type dcnerutor the process is much the snme except th'\t the
water, instead of pussing through spray nozzles, -is'broken'up by trickling down L e
over a serfs of trays, " 'Ther entering steam scrubs the 'watef ih the lower tray . Cime el

~ seetion and heats the water in the upper tray section, The released gases and - ' - o
some steam pass to the' vent condensing, section ‘where the steam is- eon(lensed an(l Y o
the g mvs pass to'the .ltmospheru through the vent openmg, S e A S e

L.

~ Some dueratorc; gonbine the . spray and tray pr\nciples with the wat(,r N )
first being sprdyed into the deaerator and then tricklmg‘ over a series of trays

¢ N 1, 4 ‘:I.‘ 2
Ihls Comblndll&()n typt isilustrated in Png 3. .- e, a D
/ > In thls comBination type the reléased gases must pass through the spmy R ’
, e sof mcoming water on their way to the vent opening; In this way any staam Curried . Ce
vl N with the gases wul be condensed 'I‘his sectlon of the deaerator is called thc n- SRR TR
. ’ ) . S o . A W . BRIV P
) - o .t : oy R REEIH
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The level in the stox.wo section is 1‘onuldtcd l)\ float controlled inlet and
: o\cxllo\\ valves, : : -
. _ ‘
One design of spray deaerator is ilustrated in., ig, 11, : . -
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(( Y L o '_ The inlet water enters the heater compartment through upward a;mglcd
- - spray nozzles and is heated by steam rising from the scrubber compartment, The
. ) ~heated water then flows. down into the scrubber section where it is scrubbed by the
. ' ’ " steam entering through a central pipe, The steam and the gases scrubbed from’

the water then rise through the heating compartment, where most of the steam is - o

condensed, to the vent condenser chamber, Another watdr spray in this chamber
~condénses any remal‘ning-st}(%m anglthe gases then pass out through the vent,

An outside view of anothéer design of spray deaerator appears in Iig, 16
. and shows the varioys fittings such as inlet and ove rflow float controls, thermo- " .
meters, pressurgfage, manhole, etc, N _ ,
Do N gomotayea, ATUOLPRLNIC int VATUR gt irg v
v \r[{}\- : / - PALAINLT ACGutating vagug s
N o Lm0 : : . |
gzl fom T TR & o - - :
- , : ﬁ Wbl o . '
YR ONM NI L4 r‘ . f,__a_,_—:_j— s et :
B s » ARSI L L Y T A OPL Y S .
WALE M SI0AL v vl o J ! : \QQ’NI'/— ' L A ’
—— v S YRRV . )u‘.\ ‘.- n . mrmu_u!»cl ‘anll\(
( ;A L9 tatcting parue
EHEL A v e
; A HMAHL NEATING $Lgr10m
TwAll M (U\!‘!.LIION Hat 11 A
et sun N WAL AT ew
Vo Ne i
EETLIU)
ATV AT § '
Vawhat .
\ h
J : . 4
~ ' . e .n; ,
(] ‘ PR (.,l '»
. i _ , ,
: ./l\)"\'t » l '
. o ) i V_// S {
- , VPR TY oy ‘?" ,M 0 07043 JyL :
" Npram ¢
uyp Thar ' .
. . 'll.?_ WAT(A Gyt gt . , ¢
, _ N -Deaerator with External Vent Condgnser
o ‘!. ’ _"j. ,-“:‘_ : - I"ig 2. 16 ' B o o o .
| ) . . . . . v - oy [} ' ’v E . ,
. ’ . ) .; ’ ' ! .
\ : \( NIRRT L (PE3-3-12-29)
. l * ‘




‘e

above atmospheric,
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« The deaeramrs,.shiown in Figs, 13, 14 and 15 all feature direct contact
vent condensers, That is to say, the water used to condense the steam carried by
the venting gases comes in (lire&.co_ntact in the form of a spray with the steam,

These vent condensers are also called internal vent condensers as they are located

within the shell of the deaerator,
*  The deaerator shown in Fig, 1(5"£eat>res an external vent cbndenser.

This condenser is located outside of the shell and the venting gases and steam do

not come dircctly in contact with the water, Instead, the cool incoming water -

passes through tubes within the vent 'condenser\and the venfing gases and steam

pass over the outside surface of these tubes, As a result the steam is condensed

and flows back aS'co_ndensate into the deacrator, -\ ' . . '

, . \ ,
vy by s . \ N . ’
I'he stecam uséd for heating and scrubbing of the'water in most types of
deacrators is exhaust steam from some source, If exhausthor waste steam is not
available then live steam can be used after reduction of pressyre, ' :
- , N

_ ‘ - . AN
Usually the operating pressure of the deacrator is about 70 or 100 k’a but

.

- pressures as high as 1200 kPa are often used, For example in an electrical gener -
ating station, the deacrator is usually supplied with steam which has been bled off -

from the turbine and in this case the pressure may be as high as 1200 kPa or ‘even
higher, - ; v

In some cz;scs the deaerator is designed to operate under a vaguum, The
vacuum is usually produced by a steam jet ejector but in some types by a mechan-
ical vacuugy pump, By reducing the pressure in the deacrator, the water can he
made to boil at comparatively low temperatures, If, for example, the pressure in
the deacrator is reduced to 50 mm of mercury then the water will boil at about
389 C, Vacuum deacrators are not as efficient as those operating at pressures

‘w ..‘

-

"2, Open Feedwater Heaters

Open feedwater heaters are heaters which are open to the, atmosphere

and certain limitations are thercby placed upon them, The pressure obviously.

cannot be ‘more than atmospheric,” the temperature cannot exceed the boiling point
of water or 109 € tand they must be placed on the suction side of the boiler feed-
pumps, Becausce of their placement, the boiler feedpumps tend to vaporlock and
lose suction casily which is one reaséon why they are now seldom installed, " They
were popular in plants with steam engines because an oil separating section was
normally combined w\th this heater to separate cylinder otl from the engine con-
densate, In addition to heating the water open heaters serve the purpose of

<4
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softenlng, deaerating and m‘t'ering the water, The softening takes placé when bi- .
carbonates break down into CO, and carbonates when heated, .The COz2 is released
to ‘atmogphere while the carbonatés which are much less soluble settle out in the

| hea‘ter, Because bicarbonates can be removed by heating in an open heater before ( '
- they reach the boiler, they are often referred to as temporary hardness, while .

sulphates, chlorides ard nitrates which cannot be removed in this manner are re-
ferred to as permanent hardness, Fig. 17 shows a typical open feedwater heater, -

In most cases exhaust steam is Gsed to heat the water,

: Water' Inlet

. PSR ] ]
Float Va‘Lve/'

Y <

Steam Inlet . ' > |
. . Oil Se.parator
4 g ' ‘

Overflow e

| / Oil Float Valve
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. I J_I I'II ]ﬁ‘ll 1T 1T 1I - i
To Feed Pump . _—— .o - ﬁj:l: —_=+Drain to Waste
. . ———— . ' I P ]
. : ‘! Open Feeduater Heater,

LT ' . Fig_ f' 17,
ter Heaters . '

As the nameN\plies, closed feedwater heaters are not open to the atmos-~ .
phere and the steam doeNnot come in direct contact with the water, Being closed
this heater may be placed YywheéYe in the plant cycle including the discharge of X
the boiler feedpumps, . This Wlows*the water-to be pe ed to much higher temper-
atures than in an open heater awg by doing so the oy(:zié:i":'lfl";fplant efficiency is often :
increased, Increasing plant efficncy is thg-"main rolé.of closed feedwater heaters-
but they can also be used to soften the water.in some cases by pr?cipitatlng"hard-— :
ness {rom the water before it reaches the boiler, When used in this capacity two

\

. or more heaters must be placed in parallel so that one can be rexhoved from ser-

vice-to be cleaned while others remain in service, = : _ -

v
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S B
Fig. 18 shows typical locations of closed feedwater heaters in a steam
plant, " The heat medium is often bled steam from various turbine stages, l-ng. 19

~ shows the conbtmctlon of a closed feedwater heater,
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Hoilers or steam generators Whth operatc at hlgh prcsaurcs and temper-
_.\turcs require make-up water that is free from any 1mpurlt“lcs l‘hls purc water
may be obtained threugh the use of demineralizers to remove the dissolved solids

"and deacrators to remove the dissolved gases, Another method whiclPrf eommonly

employed in central stations is to use evaporitors insggad of demineralizers to
obtain water free from dissolved solids and then to use deaerators to remove the

L

‘khe process which takes place in the evaporator is simply the boiling of

'~ the water, The steam or vapoy produced from this boiling will be free from solids
’and when mbse?@ntly condens‘ed will form solids - free water or distilled water,

H

u

( PE3-3-12-32) |

4




v

However, any dissolved gases p&\‘\\:ent in the original water will pass off

with the steam in the evaporator and consequently the distilled water must be i

deaerated before going to the boiler, The impurities left behind in the evaporator o,

will form scale and therefore the water fed to the evaporator is usually softened |

o~ .inorder to reduce the amount of scale formed, In addition the evaporator must be °
blown down either continuously or i-ntoi‘mittently in order to reduce the concentra-
tion of solids in the water within the evaporator, /,,

. The heat ncces'sary to boil the water in the evapoxfator is usually provided .
by exhaust steam or steam bled from a turbine stage, This steam flows through a
... sct of tubes contained within the evaporator, . Th® water which surrounds.the tubes

is thus heated, ° , ' . .
) . [ o . . . ) . ‘ , . \_'
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INTERNAL WATKER TREATMENT

: : . : .

' 0[ Internal water treatment is the trgatment of water after it has entered the
boildk, Since this water has now become boiler water is may properly be termed
bdiler water treatment, , The methods of clarifylng softening and degasing have
been discussed but no system of external treatment, regardless of a high degree
of efficiency, is in itself adequate protection for the boiler and associated cquip— -
ment, In all cases the feedwater will remain imperfect in some small way which

always necessitates the use of internal treatment, The main objective-of all water

treatment is climination of the troubles caused by scale and mud, carryover.

corrosion and embrittlement,” The methods employed in combating these problems

by mtcmml treatment are discussed below and listed in the.chart on Page 35,

i

Scale and Mud Dcposits .’ Y o | | o

l’rcvcnting scnlc #nd. mud from forming in a boxlcr is important for two
basic reasons; a) scale and mud ¢ cause mct‘“ overheating .and b) . they can con-
tribute to beoiler corrosion, "As water circulates through boiler tubes it absorbs,
heat and cools the metal, Deposits form a barrier between the circulating water
and the metal, decreasing the efflmency of hult transfer, As the result, the
metal haq to be hotter to transfer the same amount of heat as clean metal, When
boiler steel is heated to fout 500° C it starts to weaken, Keeping deposits at a
minimum ig thercefore important in prcventing metal ovcrhcating,

+
w

WITHOUT SCALE . o WITH SCALE
2
[} / .
[+]
/ 500° ¢
’ ]
/ WATER
. . :
RETAL / '/ : METAL == o
300°%¢C . ~1 ’ :
' 250° ¢ ' ‘
1

U U A S
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Aruitoxt provided by Eic:

“metal the result,

i

<
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- INTERNAL WATER TREATMENT CHART /’\/ Ty
/ ' - ; .
. . T
PROBIEM METHOD Clll-JM.lCALS REMARKS '
s USED
Scale and Mud Procipitation in Soda (Na,Coy)’ Preferred Precipitates:
Deposity cool nreas Cnustlc (NAOIY CacOy, Mgolp,,
Phosphate (NA, POy (““3“'0«!)2' MESIO,
Sludge Conditioning Tunding 4 for Carbonates and
> ‘, . Hydroxides
Ligains 7 | for Phgsphate and Tron
Solids
| Starches for sfilica and Ol
ll'low(lpwn e P ) nlways aceded {n conjunc
. tion with other methods
— e L, T - e o
Chelating LDTA .
NTA .
b e L e - el i G R UVUUU s e L ]
. Prinung Control .-
Carryover .
) Misting Control - ~——— istall steam separeator
: and dricrs
. of
Foaming Control Antifoams lower solids i botler
i ) M witler
. L . ph Control Caustic, Phosphate
Corrosion o .
U’}, and (T()x
. Removnl Sodium Sulphite *
' 4 Hydrazine Anines’
- - P - Tt UL e . © r—— — — —— VU
PopH Control Caustic, Phosphates o
Embnrittiement !
Avatd Stressas ,‘_.. ’ Tt 0
e s b -‘_*;‘-_FJ-_ e At R
’ - ¢ "o

- Deposits ¢

. .
which in some inst:

stress

. Internal treatment to prevent boiler s
the feedwater is pre-softened,
500 kq of po’wntia:l scale a year in a ho

tees develops the i

One pp

an foster corrosion by isolating me
sQlated metal into an an
Or evaporation of boiler
produce u concentrate of caustic Which is
Yusing actual pits or crater

m of feed
iler making

4

tal from contact with watoer
ode with loss of
water which seeps under deposits ean
:apable of cating into very hot metal under ¢
s to form in the metal und;cr the deposits,

tle is necded in alk cases, cven if
ter hardness adds up to about

. (PE3-3-12-35)
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The basic approach in combating scale and mud from depositing lnvolves

8
| ‘.
| 1) fortingthe hardness to come out of solutlon and be suspended in the
| water rather than be deposited out directly on boiler mqtal
\
. 2) condition or treat the susgonded solids Q|that they will not .
' stick to boiler/metal'and
. 3) remove excess suspended: solld_s“hy blowdown, ?
) ) - ‘\:.\ | .
A .All this needs to be done in the cooler areas of the hoiler wherg the feed-
. ' water enfcrs,- before it circulafes to the hot boiler 'a'reas. o .t
}_ - Treatment against bC'llc dcpoaits. in general aims to prcclpltatc hard-
' ness quhat the suspended solids formed are easy to condition, Some of the

desirable forms of precipitated hardness are:

calcium carbonate, calcium phos- -

magnesium hydroxide and magnesium silicate,

Therefore soda ash, caustic

‘ phate, ‘magi
_ soda and variou

ducu desirable’ prcmpltatwu

-

forms of sodium phosphate are comh)only used b(,(.an(‘ they pro-

>

-
I3

4

\(‘) REACTIONS AND SLUDGE

FORMATION OCCUR HE RE
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A
.

- ™he boiler where sludge is apt to collect ( mud

., gcor\tinuous

) - : V
SLUDGE IS REMOVED av:

3) CONTINUOUS BLOWDOWN
b) INTERMIYTENT Bt:OWDOWN

Three Stages in Seale Prevention

i, 21

' ' '/'
. ’ /

M sludge conditioning, specially processed,. temperature stable bx\gan—
ics are used which can be classified 4s ( 1) tannins - effective in producing
sticky sludge, ( 2') lignins - cgusing the
particles non-adherent and ( §) starche

I/

suspepded solids to be coated m‘aking_thc :
- used where silica is a problem,

fter the sokds in-th’c feedwater have _béeri px"c,cipitatéd and conditioned ,

they must be removed

v

otherwise a gradual build up of solids would occur,
To hold boilc,t‘:Wzltcr SOlid,'S"('.lt a steady level, the amount removed by ‘ ’
blowdown must equal the amount brought in by the feedwater, The level of solids
that can be tolerated in a‘particul.ar boiler dcbcnds mainly on boiler pressure,
Maximum limigs are sct by the American Boiler Manufacturers Association ~
(A, B, M.A, ) in Table 1 on Page 4, These limits may be .used in deterinining ¢
blowdown'needs, ) Testing for boiler water dissolved solids is often done with a
'L/)oxltluctivi‘fy meter, - " : : " "

| lower parts of
drum, lower headers, cte, '),
I'his piping allows manual or intermittent blowdown which is essential and im~
ortant in most cases, It is, how_ever, not éfficient in maintaining a consistent

All boilers arce equipped with blowdown piping from the

a non-

level of solids in the boiler water, For this re

ason continuous blowdown is often

used,  Continuous blowddwn provides a more

consistent solids level thereby low-

‘ering the danger of scale formation,

This system-also lends itself to recuperating

soine of the heat from the water blown down giving better fuel economy, Most
blowdown systems ¢ nsist of a perforated collecting pipe in the steam

L K L | . |

e " - . | ( PE3-3-12-37).
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drum near the discharge from the risers ( generating tubes ) ‘and away from the -

feedwater inlet, a meaguring or metering valve to regulate the amount of blow-
down and a low pressure flashtank where some of 'the water flashes into steam
which.is used as a heat supply for the deaerator, A typical continuous blowdown

& 8ystem is shown in Fig, 22, ' s

’
7/

. . ’ : - T '

STEAMDRUM . ’ C.B.O. COLLECTOR

*

WATER LEVEL ; i ' - { M l !

sk

'
FLASHED STEAM Co . ‘!

FINE ADJUSTING T \ .. . ' /‘ '

- (MICROMETER) VALVE _;; T
| \ KL\ ' T

{

FLASHTANR |

L

]

MPLE
 sameLe

l SAMPLE

COOLER

HEATEXCHANGER

T ' I\‘ BLOWDOWN TD DRAIN
. . ,
CONDENSATE Y | .

°

: , . .
- . . , .
u?f - T . ‘ ) . . -
o L Continuous Blowdown System
* <« ¢ ‘I ’ ' N A . )
| 5 . Fig, 22 ' L : -
N . While blowdown is a basic part of any internal treatment program,
o7 excessive blowdown ig costly as it wastes fuel and water, ! Good contyol of bloyw
+ "7 down is therefore vety important, . : o o [
. ) ' " l . . '. . ’.. . |
o . ' 2 ! ‘ .
-~ (PE3-3-12-38) ,. ¢
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"One additional method of combating scale involves the use of chelating

'agcnts HThese agents have the ability to tightly hold the metal fons in a soluble
~ compound which does not deposit on hot boiler surfaces, The use of chclatlng
agents can give bcttcr results than conventjonal treatment in some cases but

accurate control must be provided when they are used, 'The cost of agents such’
as EDTA and NTA is high & that they are not normally uscd unless the feedwater
hardness is-less than 2 ppm, If proper feeding points, sample points and good .
analytical control are not uvailable, chelatlng agents present a potcntmlly severe |

i

corrosion ha/ard ‘ : _ . ‘ o

“Carryover

, l ' : .
Carryover of water into the steam lines can occur when the boiler water

primes, mists or foams, Priming is a condition where water is " lifted " into the
steam lines with the steam during high water lcvcls or sudden load increases or
when the steam separating cquipment in the steam drum is broken or othcrwmc
inoperative, Misting is a.carryover in.the form of a fog-like mist which is caused

. by tiny water particles that arc thrown off by the water as stecam bubbles burst on

the surface, Misting is not caused by boiler water solids or chemical conditions
and-can only be prevented by effective steam scparatmg cquipment such as separa-
tors, abhcrb or dryers, .

Foaming or t‘rotlling occurs when the concentration of ¢ertain types of
dissolved and suspended solids in the boiler water is too high, The impuritics
strengthen the film around the steam bubbles so that they do not readily hurst at
the water surface and form a froth, This froth becomes entrained in the steam,

“To prevent fohming the solids in the l)oilu water mubt'b(' controll?d Chemically, -

[oammg can be prevented bv/ the use of antifoams which weaken the- bubl)lc film,
causing the bubblus to burst (,dblly.

L 4
' Carryover is very undesirable beeause it will cause déposits in super-
heaters and steam (lrivcn cquipment, Severe carryover may cause costly and
dangerous damage to turbines and engiges,

N .
Corrosion l

has corroded or disappeared, the damage dongf is irreparable, The two n’m)or
contributors to corrosion are a low pH ( acid’ dissolves iron ) and dissolved
oxygen, CO, canf®ause a low pH because it forms carbonic acid but (,()2 alsq
speeds up the corrosive action of oxygen, Oxygen i8 roughly five to tentimes E

more corrosive than carbon dioxide, " But the two’ gascs actlng togcthtr are 10

Protection against c(’rrosi()n is cxt(r;nel_y important beesuse once metal

o S o PESES-12-89)
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to 40 percent more corrosive than the same quantityf the two gases acting separa. : -

- may leakinto return lines, particularly in vacuum-.and gravity systems, - ¢ ¢

.only internal treatment, High pressure boile
+ . Tequire.external treatment of:the - makewj; waf
And there are all'degrees of feedwatet treat yuen

“-mikeup Phigih of the raw wated hard, a lin

\"be inel

. tely. A high enough pH is normally established duxing the control for scale and® S
sludge for which soda agh, caustig soda of phosphates ate used, Sodium gulphite’
( Na, 50,) is commonly employed to scavenge oxygen from water in low préssure

~boilers while hydrazine | Ng Hy) is mostly used iq_ high pressure boiler§, These -

. chemicals may be fed to the storage segtion of she 'deaerator so that high pressyre © 0
feedwater heaters and economizers are also protected, e T

. .

H . T . Yo : i
_ Corrosion of. return lines is another common oceurrence because carbon
dioxide may be released in the beiler by the decomposition of bicarbonates and air * ‘

+ '

. To prevght corrosion of‘return lines, chemieals may be fed.,tdot(i’?e“ boiler
which pass off with the steamand either neutralize and raise the pH of fhe conden-

o Ry oy

. . » \ ~‘)$. :
siate or else form a film over the return line surfaces-and thus px:cy'crpu;‘corrosion, SR &
The chemicals are known as amines and in‘the first case ure.,.ca’lic‘rlAneutralizing o )

— ‘. . “'l‘ . = ' 1K
amines and in the sccond case are called filming amines, o RO I
- . o . . \,’ : " ' . o . L Pl
. vl ' b ) - . A ¢ s ) . . s
Embrittlement - _ ‘ , - . : : . K
e o o o o ) _{U"a"' S ) .
On Page 3 of this leeture caustic embrittlement w}ﬁ;l-vt‘h‘scussed. Embrittle- CT .
ment prevention involves exact control of pH, the importanee of which increases = 6 |
with boiler pressure, In ,high-presgurc boilers a preeise method of control called = - :
" co-ordinated phosphate control ' is often nsed to elimtnate free caustic and the TR 3
possibility of'embrittlement, o, Ce e ' o
, . % , . o E‘
_ _ L .. 5 .3 . a PRI
g SRTYY . - * .;F’-,v' C © “ &u
CHOICE OF WATER TREATMENT : M . T
g L - ‘ R o R o .
In general, as boiler prcS-Sﬁmncx‘i':';m_"g;,-'-;_'i‘tﬁp_lf@y(td fecdwater quality is . "

required, - lower prossure bojlers arp often"able 't useLrAw water make up with L }:
| §s at the other efidof the'stale may

erwhitl removes all dissolved solids,
g .m,-t)'c"t.w;ejc,q}_','t’hevs\c extFemes, R o
Lowtr pressure boilg rs uh-tg rbout 1200 kPi need oxternal treatment. only whe -
suspended sdlids in’the b Herwill be too hlghWhenmak(,upislow or_the raw
water soft, internglfregtmeit. will likely be able'te haridle the job alone, +When -
water-hard, a lime soda softener with filters to lower
the hapdngss-to about 26:ppin is likely needed. * 1f practical ; a
ugted: in: the: feedwater ojicle to.reémove dissol d -

N




e .+ Bollers operating over 1200 kPa nearly’ always require some type of
external treatment and a dederator is a must, ILime soda softeners are able to

yor higher Ion exchange softeners ¢
*thc effluent of a zeollite seftener ds 1-- 2 ppm while the effluent of a deminerahzer
.. approaches zero. hardness,} The degree and type of treatment system will vary
‘ ‘with thc percent makeup, 'raw water hardness and overall economics, The cost

fe e of chemica[s, installation, maintenance, depreciation, etc,, all must be taken

’ y R 'into cons‘ldcmtion The type of equipment which provides, optimum results With
L i . mxmmum cost, will obvnously be th(, b(,bt choice,

‘ S O rf, I‘able 1 on Page 4 of thls lecture gives a suggebted maximum llmlt of .
L ‘. v feudWhtbr solids for boilers operating at diffcrent pressurcs, . From this table it
. 27 "is“obvious that a lime soda softeper would not provide adcquate treatment for
EEERE l)ollcrq opera.tmg at pressurcs over 2400 kPa whil4a zeolite Softener becomes in-
S .ulcquawdor boilers over: 7000 kPa, A combination of lime soda followed by filters

¢, vandion cxcho.ngc is a llkcly choice for high pressure boilers with hard make up

[y

Qo 4t
e ,.4 Tatn et aen at, 4 .

-

T ho qamplc container mubt be c[c:m ,md bhould bo rinsed out with water

“from the sampling line, Water must be allowed to run from the .san‘\pll g line for °

_ -sufficient time to ensure that any bta;,nant‘ water in the line is not taken as the -
L csample, The testing of the sample: should be donetas soon as the bamplc has
j N . LO?IL(] to room temperature and suspended so.ll_dg hﬂ.VO_thtlLd out, -

4
L » ‘ j

. ‘T'he various lmpuntnca in the water which cause h'tr‘dn(-bs and allx.llmlty -
o Are vxprvs.sod as ppm,of their calcium carbonate ( Ca COg4) equivalents, This

cular wcight of Ca (,()3, and give a common basis for comparlson of thc unpumtics
prescnt - . P Y

" L]

N

’ '*:- . . s . |

P he test commonly c‘rricd out on the fu,dwater and boiler watcr are

e brwfly described in the following sections, - . ; Ry
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:/ remove large quantities of hardness:ég the hardness of the effluent is still 20 ppm o
ot remove laxrge quantities of hardness but’ /

, AOR wutu, the lime~soda bung usu;i to remove the bulk of the hardness while the ion
: l o C ;“". ex(,hmge is used to lower the hardanb of the lime-soda effluent further to thc
e o Icvcl réquired,, "
§ - ~ , ' ;
| ( .4 . TESTING METHODS
- R ) " ,Y. . »
E P ,
’ S e j' "I ordcr to determine the ndtulc and amount of the impuritics in the
O & l)ollcr water-or in the feedwater, it m nu,(,bsary to obtaln b:rmplcb of thig 'water T
T .m(I suh)(‘ct thcm tq \mrious s vf' o

cqulvalcnt refers to the molecular wcight of the impurity compared to the mole- _ ‘




- Therefore the amount of soap.ng¢eded to combine with all-the impurities will give

i : '. ' .
.an indication of the amount of impuritjes present, . : . _ ‘
. The procgdure in making the test is to obtain a sample of the water and - .
- filter it or let suspeflded solids settle out, Then add a measured amount of the . -

filtered water to a clear glass bottle equipped with a glass or rubber stopper,

determine the amounts' of these alkalies and the amounts are then expressed in -
ppm gf Ca COy, - : T, : L . ‘
1L Ph\c‘glphth'alcin Alkalinity Test ' - _' CER

and hydm.\'id(;:11kulinity. When a drop of this indicator is adde

. . . . L]
contains carbonates or hydroxides or both, -
ont : .

. Mmeasured sample of the water, If a pink colo

added drop by drop to the water until the pink wolor just disappea/rs. While this

is being done the sample must be stirred constantly, The ariount of acid required
. to ‘make the pink color just (ifsappéar will indicate the amount of alkalinity known o
1fls_‘blieholp}1thzlle\n or " P "alkalinity ‘and this is 'e'xpre‘ssed in Ppm of Ca CO4, The. ", S
7. 'sample ,isﬂ-then_' put agidc for the fgllowi'ng test, ' " ' '
Pt ' . '

o

]
e

- 42 L o T

l(&gness'l‘est_ . | o _ Sy o

Hardhess of the water is due to impurities or salts such as th!)se of cal- AN R
c¢ium and magnes'um which are.dissolved in the water, These will cause scale in L ]
the boiler unless ;ifropgrly treated, To det(_z'rmine the amount ofthgfe mineral ' ) N f
salts in the water, a sample of the water is subjected to a soap test, The impuri- - . ‘
ties combine witl{‘the soap to form a scum and retard the formation of a lather, S

v

Small measured aniounts of a‘standai‘d soap solution are added to the water with
the bottle being shaken vigorously after each small addition-of soap, Wn jyst . ’
cnough soap is added to produce a lather that lasts five minutes all the mineral

impuritics arc considered go hawe combined with the soap and the -amount of

soap
used will indicate the hardness of the water in ppm of Ca COg.

Alkalinity Test - ' Con i
. . " /.

The alkalinity of the water may be due to hydroxides, | carbonates and bi- (
carbonates of calcium, sodium, magnesium, etc. The water can he tested to )

. N, ¢ . LY { : .
This ‘stmicatus alkalinity due to carboenates and hydroxides ' dissolved
in the water, It does not indicate alkalinity due to bicarbonates, '

~

Phenolphthalein is a liguid which is uffed as an indicator of carbonate - b

d to-a sample of. . )}
the watcr it will cause the water to become pink in color providing the water

.‘.

To conduct the test, a small-amount 'Sf’phenolphthalein:j/added toa \

LS

appears then sulphuric acid is

PES-8-12-42)
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' 2 Total Alkalmity or Mcthyl Orange 'I‘est

R

L B T hls test is used to. dctermine the amounts of all the dlSSOIV(,d matemals ""?5
= whlch cause alkalinlty of the. water The indicator used fgr this ls mcthyl orange
D and it Wnll glve a ytllow color: to alkallne ‘water, o e SETC SRR

To pcrform the’ tést a small nmount of methyl orange is added to. thc same .V
sample as used in the previous test, If a'yellow color is produced then ‘this’ means?-f'{(j_
that the sampleé'is still alkaline due to bicarbonates: present, Sulphuric acid/is- .= . -

* then'added drop‘by drop until the yellow color turns to a salman pink, ' This. ln*"-"""' TeonL
dlcdtes that all the ~alkalinity has now been, neutralized by the sulphuric acid and - ' '
the total amount of acid used, namely that used for the methyl orar’ige test pluq R
that used for the phmolphthalem test will indicate the tOtdl alkalimty of the qample' . S
expréssed in ppm of (,aCO3. The total allxullmty is alcso called mothyl oxange
alkdllmty or" "alkallmty . " . et S el

..

, l).issolvcd’Solids 'l‘cst B T AR

j C E To dettrnnne the amount of dleOlVed solids in the: Water thc ablhty of o
" the water to conduct an clectrbc current’is measured, The greater the amount of
) dissolved solids present id the water the greator Wlll bithw dblllty to conduct or '
( : . f&he greater the conductancc of the wate : : :
t \ ' .

[

+

To perform the tu;t a bample of water is takc and a bmall amount of
- . iph(,nolphthdlun is added If a pink color appears then sulphurlc d(‘ld As. ad(lcd o
‘drop by drop until only a faint tinge of pink rommpq ‘I'his is done to n(,ut[‘lll/(,
the hydroxide’ alk.tlmlty as the hydroxide ion has a: vgry high con(lu(,tlvxty conmpargd
o : . to ions of neutral salts and if not noutralucd would render the conductancc test .0 -
| - m(u,cumtc LA ‘ g B A A IS S DU PR
The conductance of the neutralized sample is now Measured by means of - \ .
' an electrical instrument and the reading when multiplied by a conversion factor 77 \
B Wlll give. tht, dleOlNOd hollds in ppm : ' \

Y

l i )“ Testing ' ey ) S S e Tl L, A

- - 'I‘he pit value ol watcr, sample may be, dctermmed by the se of an et

ectrncal mstrum(,nt known as’a pll meter, Two e,le,ctrodes arc-immersed: th(’
¢ “sample and a voltage is supplied to the electrodes by means of a- battery ora
power pack The voltage between the electrodés will vary. au,ordmg to- the’amount
_of the h_ydrogm ion concentration in the sample and thvs voltage is indu,ated onthe . . .
pl meter which is calibrated to redd in pH numbens AT "

7
TAAN .

s
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Sodium Sulphite Test

\ - . .
~ In cases where sodium sulphite ‘is fed to a boiler in order to prevent

“pitting due to dissolved oxygen, it is necessary to ascertain that sufficient aniounts

of sulphite are supplied, Usually if there is an excess of 20 ppm of sulphite main- -

tained in the boxler water then the complete removal of any dissolved oxygen wnll
 be assured,

)

" . ) /7 - ‘ - '
"In determining the amount of excess sulphite in the boiler water, the *

followmg procednre is used:

When obtainmg the sample of b01ler water, care should be o
taken to avoid contact,of this water with the air, The sample
should be cooled to rOom temperature but. Should not be filtered,

' (x!heasured amount‘ of the sample is then put in a porcelain dish
an

turned sllghtly acidic by the addition of sulphuric acid, A
smill amount of starch solution is added to the sample and then ,
,' . a potassium-iodide-iodate solution is added drop by drop until A S
; .a péermanent light blue color is attained, During this procedure /

the sample is stirred constantly, The amount of the potassium-
iodile-iodate solution necessary to produce the permanent light
blug/color w111 indicate the ppm of excess sodlum sulphite in the - .
’ boiler water, ‘ : (
Phosphatoc Test

]

A common form f internal treatment for the,prevention of scale in a
boxler is the addition to the boiler water of sodium phosphate compounds, These
will precipitate the scale forming materials as a sludge which may be blown off
fromthe boiler through the blow-off line, In order to! ’tqeure this precipitation
of the scale forming materials, it is necessary to have an excess of phosphate m
the boiler of from 30 to 60 ppm, . '

The following test is used to determine the amount of excess phosphate

present; - S S s
~ The sample of boiler water is thoroughly filtered, A measured

amount is then poured into a mixing tube and molybdate reagent

is added, The tube is then stoppered and vlgorously shaken,

’l‘he next step is to add dilute stannous reagent, which has been .

freshly prepared from concentrated stannous reagent and dis-

tilled water, to the mixture in the tube, "This will produce a

blue color and the lightriess or darknesb of the blue will Indicate

s
.
2y

L)
‘ oo
( PE3-3-12-44 )
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r " -« the "amount of phosphgte ‘in fhe water, - The tube is compared
with standard colored glass slides which are marked in ppm

of phosphate, -

\ The apparatus used in all of the foregoing tests should be thoroughly ™
- cleaned after udigg and then.rinsed again with distilled water or with part of the
- water to be tested just before the testing is carried out, The testing room or lab-
' oratory should be\equipped with a sink, hot and-cold running water, electrical -
outlets, equipment cabinets and the neceés.ary_ desks and tables, ' :

“
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e - QUESTION SHEET - »
POWER ENGINEERING N T :
/ o o - " Third Clas§
B C Sect, 3, Ledk, 12
; 1, ,prlam what is meant by impurities in water and what problems
" '. | ' they can .cause in a boiler, e o B
T © "2, What is caustic embrittlement? What facfors are required to - \
v produce caustic. embm\ttlement and how is embrittlement prevented?
"3, Name the equlpment avallable to treat the feedwater mechanically,
‘chemically and thermally What is the basic purpose of this
., equipment ? . , ,, :
. 4.. Sketch and describe the operatlon of a coag‘ulator : ¢ -'0 o “
o 5. Make a sketch of a pmbsurc filter, Whut is the purposc"of back- - . R
washing-this filter and how is a backwash opcratwn carrfied out ? " |
~ 6,. a). Explain the operation of a sodium zeolite softcntr CE T ‘ , o
, b) What are the purposes of bd(.kwabhmg re encratmg and )
' rinsing such a softener and how are these pxqcesses carmed out ? .
7. bkctch and descnbe the operation of a deaerator, I >
8., a) Why is lt lmportant thut S(.dl(: and mud are not &Lpesncd ina
bonlc : I A
. {
‘&I _ ) llow are these deposits prevented from forming ? L
] _ - . . , v . -
. 9, a) Compare intermittent blowdown with cont_h{uou_s blowdown, - : ‘ .
. b) Make a drawing of a continuous blowdown'system_ - ./
. Describe briefly the following water tests: \\ ,~
. . ® v ) '
) hardness v : ®
b). P-alkalinity - ' - . . ' - N
G M+alk\ali_nity | | ‘
- d) sotliunt sulphite o L _ T S o '
' ‘e 'pf{bsphatg- | ' . _
® ‘ ' “
' . A ‘ . ) ¢ i . 5 L i}
.'c ,. ‘ ‘- ‘ . . M | : -. v ' ' . .. o
Bl T Lo o e (PE3-3-12Q) ‘
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| 'FEEDWATER — WATER TREATMENTS
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~ Goal: Performance Indicators:
Lo . . ‘ . B
:,_t_' n:' - d
- The apprentice will be able to 1, "Describe external -treatments. s
describe the basic feedwater ; . ~ e
‘treatments. ‘ 2. Describe internal treatments.
€ " | 3. Describe sampling of boiler
- 5 ~ water and steam for testing.
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* Read the goal and performance indicators to find.what is
package. . - N E ;

: . * Read the vocabulary list to find new;ﬁ%rds that will be used~in pack

* Read the introduction and information sheets. .

age.

.\"'

to be learned from

* Complete the job 'sheet.’ C _ .

* Complete self-asgessment.

* Complete post-assessment. . ' Q&
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Anion exchanger ° ' : ‘ ‘ : ” ;
Caustic embrittlement - -
Carryover prevention
Chemical coagulation
Continuous hot -process eoftener :
Continuous,sedimentation cold process softener
Continious sludge contact cold process softener .
.Deaerators : 4
Deionization proceas,wmj

Demineralized water :

.Dissolved gases : )

Dissolved solids o \"’4‘
Evaporation : _ ‘ o _ \\

External treatment S \ ‘
Filtration. . ~ : " , '
Foaming - h O ‘ ' L
Hot| 1ime—hot ion exchange softener L o )
Hof lime--phosphate softener : ' - SIS
‘Hydrazine : , ) '

Hydrogen ion exchanger . v

Intermittent cold process softener

Internal treatment

pH control P '

Priming “ ' . ‘ o
Return Jdne corrosion . ' / I oy
'Revarse osmosis : » A ‘ _ EONRE ‘
Sample cooler SO - S

Sample testing v ' : SRR
Séale prevention 4 ‘ : \

Settling tanks - ‘ ~ , ' . R o
Sodium hydroxide ' ' , [T ' . Lo
Sodium ion exchanger . o ‘ .

Sodium phosphate \

Spray type deaerator , o S L .
Steam sample : ' ' !

Suspended matter . ,
Tray type deaerator ‘ - ! i . B

Water sample o ‘ ' ‘ : ‘

Water softener o ; : i o '
Zeolite - - ‘ : : ‘

‘ w

‘******‘.*************-***.*********-******;***v
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A steam plant is\lroubled with scale deposits and corrosion. Scale deposits
redyce the ability of the unit to transfer heat. The level .of 'scale formation
13 determined by the content and purity of the watey.used to make steam. High
_ purity water used to make steam. High purity water becomes a major concern for
the boiler operator. . ' R _ '

v 7 ’ ' . ) : . : o
This water is heated to form steam. As the water is tramaformed to steam, more
water is fed into the boiler. The term feedwaher is used to describe water that ../

 is fed into ;pe boiler to become steam. - _ : . L
_ 0 ,

N ' . ).
' To avoid damage from feedwatep, the water should be tested and the water treated
according to éhe findings of the tests.. Follow-up tests should be conducted to

make sure thaf the treatment corrected the problem of water guality,

.t

- ‘” - | | \ | ‘ é;t; . . : L ﬁ
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Water Treatment

t

The purpose of feedwater treatment is to:

) 1., Remove salts thatlfor; scale. _ e .
-, - 2. Remove acid-forming materials,
y - 3. Reduce dissolved oxygen content. ,
5 4. Regulate total dissolvedwbolids content.

. Water imburities that cause problems in feedwater are:

1. Suapended'mattér"is material that does not'dissolve in water and can be
removed by filtering.. Examples are organic material, clay, mud,

Piping. Mechanical aeration and chemical treatments are used to remove

+ the dissolved gases from the feedwater.

<

. - '
The methods of treatment may be classified as:

‘1. External tveatment of the water before it. enters the “boiler, i.e.

evaporation, filters, deaerators.

.
v

*

L4 '. o.

ff' 2. Dissolved solids such as calcium, mégnesium and si}ica make compounds
‘ that "form scale deposits. This problem' requires treatment of the

‘ : feedwater.
¥

3. Dissolved gases such~dd okygen and cargon diéxide.corrode the boile{ and *

'" 2. Internal treatment by chemical means éfter it enters the'boiler.l‘

External Mef:hods of 'I‘r_ea_i:ment: . ‘ '_ ’

" rd .

Several external methods of water treatment are used to purify the-feedwater.

allowed to stand in the settling tank until suspended
the bottom and is drawn off. 1f.the suspended matter

1. “Settling:tanks can be used to settle out suspenied mutter.” Water is

tter settles to
a fine particle

- such as clay, . chemical coagulation can be used to increase the particle.
s 8ize and make it settle out, xiuminum~compounde are common coagulants,

Coagulation also removes some solids other than suspéended matter,

or other medigf. Filters trap most suspended materials,

. ;s .
v ! . . . - . .
o, ' . . "

v

2. " Filtration involves passing raw water through filters of sand and gravel,

;

»

>
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z;essute filters will remove finer partiéies then a grawvity filter unit. o fiﬁ
) filter media is graded in density and pressure is appliéd - push P
the water through the filter. A drawing f a_pressure filter i ,gwn.y;l__f o
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Water softeners are used to rehove scala formimg dissolved solids from - "~
the feedwater. Lime (calcium hydroxide) and soda (sodium . carbonate) . .U
‘precipitate the solids. A coagulant is then used to settle out Tthe” .
dissolved 'solids. Line-soda goftenerg “7may be “used. “the 0
intefmittent cold process softeners for .sipll plants;-as continuous - N

sedjmentation cold proceds softeners that %re continuously mixing lime ' = -7 .
and soda with water and the sedimentation ‘process 1is- on~going.;,“}?”_ .
continuous sludge contact cold3process ‘softener that mixes  raw e
water with sludge gnd.ghemicals; and“the ‘continuous hot process. The R
éaGB softener is the most widely, uged. Chemicéls and , e
water "are mixed and 1mmediatb1y ‘heated:to ~100 G by steam, The .solids - V. " 5y

a precipitate and are  removed by 'blow down?  The’ 'gob lime- " - -
hot .fhosphate softener uses hdt phosphan along with the.-“hot lime .. .ouw
goftener, Almost all dissolvéd golidg:can. be removéd through this, 1"¢ )
treatment, The'hot lime softener-can be combined with an ion~exchanger RS
to ‘remove 'hardness dnd carbon dioxide from the water.i A" hot lige—h-ff*'“f

X ‘hot ion exchange loftener is shown on the next.page.™ ' NIRRT
"‘6‘.’.
\ '. 4t
. UA_,L/A,,'_A_'_ e
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apdium bicai’bonaﬁé that: is t:he caset with 'ot:hey softem’:ra. wgbbh
. diokide causes etosion problems'in bofler:) parts, Demiﬁer"ized '
' : ti . frst a‘-hy&mg&n 26 ‘18 udwd::
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PRODUCY (PERMEATE)
™ Y0 COLLECTION SYSTEM
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Pdﬂ‘r '

T
h (3

orat:ionv involvea boiling water.‘ 'l'he st:eam from boiling water : is_,

: enged - and used as feedwater. . Deaerators sre used with evaporators
‘80 ‘that’ both dissolved - gakes ‘and’ minerals are. removed from the . - unf -
iiﬁeedwqter. - Water is usually softened before evaporatign’to avoid scale
_'Eormations in the eviaporator. A typical evaporator is shovm On the
-.._:folldwing page. i A _ ‘
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'Deaeration is- USed ‘to remove dissolved gases from water. Oxygen and .
carbon dioxide cause, corrosion in boilers. It is wise to remove as much:

of the diasolved gases as possible through'deaeration., Mechanical des
aeration involves heating the water to-the ‘boiling point and pushing the:
gases into the atmosphere. During this procesa the water is scrubbed
‘with, steam to remove the gases from- the water. Deaerators consist of :
fgur ~sections, -~ They are dither of a gpray type or tray type. In the

sP¥ay - type water is sprayed intdé the first section where it is heated;
_ through the &crubbing section; moved into storage section ae‘
:.\deaerated water; and thei.. -gases move to the .last section and then
'; outside. - The .tray type déaeratof is very much like the sprayf type

"except that the water trickles ﬁown over tray‘s instead of being broken . - . |
. up by ‘spray: nozzlel. o M .o R :
. i'a’f-’ BN .' o - “ ‘ .
’ 9 a * ‘ \‘ N




Internal Methods of Treatment

. s L YT,
o R O A

Internal treatment is conducted ‘after, the ‘water has entered the boiler. It may
S be  used' as the only ‘treatment in some low pressure boilers or in -addition to
S ‘external treatments. Some of those internal treatments are:. '

’”fff_

H Control - prevents acids in boiler water from corroding th7 metal.
The . pH .must be kept: high (10,5) by adding a base = dolution.

. Sodium hydroxide 'has- been used in years past but is now found to cause a
.. problem called caustic¥embrittlement. To avoid this problem, operaters’
'_should use sodium.phosg;ates for raising the pH level of boiler‘water.

'-Scalegprevention treatments involve precipitating calcium and magnesium
salts and removing. them- as ~ sludge  during blow-off, The sodium .

. “phosphates are the most suitable chemical for precipitation of salts

f‘? that later become scale. -

COxygen scavenging, The feedwater brings undissolved oxygen into the

boiler. - This oxygen will cause corrosion of ‘the .boiler, feedwater

© - 1lineg, heaters and economizer. Mechanical deaeration should be
' “practiced on all feedwater. In addition, this should be followed ‘by

oxygen scavenging or chemical deaeration to remove the remaining oxygen.

Sodium sulphite is the chemical fo be -used in scavenging. With some
~high pressure boilers hxdrazine. af

strong alkali, is used for scavenging
Oxygen o . ' A

- o b : C

Carryover preyention 'involves steps to assure that boiler water solids
do not leave ip the steam. A previous package discussed priming which

- involves carryover of water in the steam, Foaming is a condition where

bubbles form in the boiler. These bubbles cause water to be - carried
over in the steam. There are many causes for water carryover including

chemical and mechanical reasons, Blow-down reduces the amounts of

suspended solids and prevents carryoverl' Such things as oil in the
boiler can cause foaming and carryover. There is no internal treatment
for oil in the boiler. Many new anti-foam agents are available to help
control carryover by foaming.

Return line corrosion - is caused: by darbon dioxide and oxygen in the

condensate solution.,. ‘'.Mechanical. and .chemical aeration can prevent

problems with oxygen, . Carbon dioxide can be controlled by the use of

ammonia, neutralizing amines and filming amines.ﬂ ~Ammonia is-corrosive

. to coppex and zinc bearing metals. o L

+
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Sampling Boiler Water and Steam
The operator must be able to collect ‘samples for testing. That is the only way. - v
-to_determine the. quality and purity of boiler water and steam. . The sample must . '
be representative of the total water and gteam capacity. - S -
1. WVater samples ould be collected from an internal pipe or from the - <
. continuous ' bJdw ‘down: pipe. The samples should be cooled mto room S, -
temperature in‘a sample cooler. . . . | _ L
. )J . ) “-,“‘\ . .‘.s
2. _Steam samples are taken from the drum by sampling lines, It is;.. k
condensed -and cooled in a sample cooler. ) _ - '
-y 4 - (.
S .3, Sample testing must be carefully done to avoid contamination of samples. IS
. The test instructions must be followed closely if good ‘results ‘are gt
. R expected| - _ .
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-* Read pages 1 - 33 in the supplementary referengs. . B .-
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- * Complete job sheet.

% ‘Complete self-assessment and check answers. . . I

‘:’ . . . .’ ~ R . R ) d ‘ ‘::“ ‘.“-
; *. Complefe post-assessment and ask the instructor to check your answerkx ’ SR
' ‘ ’ ¢ S . .
3} .
3 o A -
'\’é‘a . ¥
; S \ » .
e |
! b
. t ) ,
1 )
. o “
o . . .
| iy
‘ D
[ °
. - - ‘




Job Sheet . -

D e ————— At

'ASSIST OPERATOR IN COLLECTING WATER AND STEAM SAMPLES: -

'
* Ask a boiler operator if you can observe the technijues for collecting and
preparing samples of water and steam for testing. :

. ' 4 ’ ° Lo ‘
* Assist operator in\Collecting samples. i _
i .
* Rechd the steps in_collegtion procedure,
* Record steps in sample ‘preparation such as cooling,
. _ .
v
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Assessment

3 ) M Pl

A Match'.the

f
3

4

Inwplves boiling water into .

‘ .

-

Does not dissolve in water.-
Y I.

Requires water to pass, through

-

Used to remove dissolved Rases

Removes scale forming dissolvedl

~

N

. Requires cation excMangér, anion

and degasifier to

v

o A

follewing Ferﬁs,and phrases.
A" ‘ . : ' . ;" o :
-1, Dissolved gases- ' ; A.
* e solids from water.
R N 9. Dissolved eblids‘ R B.
- ¢ : y 8 membrane under pressure.
‘ ) - ’53.' Suspended matter f ¢ c. Increases particle size so
» Y - that it will settle out.
v R &, Chgqicel coagulation | | ', D. Make éémpeynds that cause
: .- e . scale, ™
. N o d . .
_ . 5. Water softeners ? " E..
. ' » ' . . steam and condensing it.
. . ’ ] . - * . A
, - 6. Demineralized water’ . F. Cause corrosion in boiler
~ ‘ . ' yand piping. '
, 7. Zeolite  ~ o G.
o 4 ) , ' - A . 1
. 8. Evaporatign . I : B
. ‘ N ’ .form feedwater.
‘ 9. -Deeeratign - I
N ‘ ' - exchanger
’ . manufacture it.
L 10,  Reyerse osmosis Y

L]

J. uChanges calcium and magnesium
compounds to sodium compouﬁds.

~
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Match the following termafand phraseé. .:
' y , ' . "‘
1. Spray type ‘ A. Removal of oxygen by
- > chemical deaeration.
2, Sodium hydroxide B. Removes scale forming elements
| , L ‘ ' ' such as calcium, magnesium
. _ silica., s
3,) Sodium phosphate . ) N
- : . C. Used to remove suspended '
C o ' _ matter from water. - . . e o
4, Oxygen scavenging : : '
| Y D. Avoids caustic embrittlement, ¢
; — 5. Foaming E. Type of deaerator.
n . ’ 3 R 4. N L]
6. Sodium sulphite F. Chemical used in oxygen
o, scavenging. ' _ |
. 7. Ammonia ' ‘ G. Causes caustic embrittlement.
, !
‘ 8. Water softener H. Caused by carbon dioxide and _
] . ‘ .oxygen in the condensate !
. _ solution, . . -
9. Settling tank e
- . i L. A type of water carryover ‘
- ‘ - T into steam.
: 10. Return line corrosion S o
o - JA Corrosive to copper and¢ zinc ' ‘
é\\\ , bearing metal.s
\ * ’
B b'
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* Correspondence Course. - Lecture 12, Section 2, First Class.

Steam Generation.

Southern ‘Alberta Institute of Technology. Calgary, Alberta, (anada.
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SECTION 2 . U o : ‘ |
. 5 ' . First Class ..
‘ ; . o ' : ' - Lectuye 12 ’
STEAM GENERATION, - o
= . e .. - '
s | WATER TREATMENT . o I “
N ' . - ‘ N . .‘. ‘ | ‘ . . I' .. ) . /
Inrpuritics are always present in any- water supply and these impurfties y

must be determined by analysis and then controlled by witer freatment, Water |
2reatment involves the rgmoval ()t undesirable 1mpurmvs and, often, the addition
of desirable substances suoh as corrto.smn inhibitons or precipitating or, coagu-

“ a :
- . . v
v

lating dgents, - S A

¢

T h(- nnpurntwq that nfay be’ prcscnt in a water supply can l)v' classifietl
“into three m.un groups suspende¢l matter, (h‘ssolvcd solids, and dnssolvcd gases,

X ~ - ~

, o

y \
Suspended matter consists of m.ntm ials which do not dissolvd m thc \\atc

Y and which therefore can be l‘vmovc(l by filtration and/or subsidence, I'.x:nnplvs T

are mud, .sand, cl ay, .md organtc nmter al such as scwage, algae and vegetable
matter, _ '
. ' . . [}
. _ ‘

¢

! -

The dissolved .sol\(lt ‘which cause the 'most trotble in a boiler are @alcjum, -,

m u,nvslum and silica, “ ompounds of these clomvnts form (I’)Sltb which in~
hibit heat transfer-and which may even clog fuid tr: insmissiof systems, As “ ' :

these. compounds are dissolved in the water they gannot be removed by filtfatipn —

7.
ar subsidence, instéad some other type of tres itment muqt be emploved, such as -
softening, (|(3Iﬁincl‘.lh/..lh()n, v\up()r'ltu)n or* internal chvnnc u tréatment,
< . ~ L] L] - . -

' * 4 * N M : on
. Dissolved /g 1ses (,ommonly"(ouml in water are oxygen and carbon dioxide = { \
and if not removed will cause corrosion of boiler and pum}, Treatment for dis- .. :
" f \.-f

solved gases ugually consists of mechamv al deacration togcther w1th chemital”
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treatment, - _ -
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METHODS QF TREATMENT o ‘ S

. 3 ’.. PR . - . 4 R - NN _;‘ ’
+ - There are two m#in clagsifications of water treatment, namely,. externa
. . . . : i .. . —————,
.+ * “treatment and interhal treatment, . y . R
» . ] w RN .-

N I . ) . ' ' . . v - R

~ External treatment referg to the treating of the water 'before it enters they , o
hoiler and includes the use of filters, settling tanks; water softeners, demineral- U el
- v . N . \ R B -
» lzers, reversce-osmosis installations,. deaerators and evaporators, . “‘X\ LT

"
L]

. ’ N .. 4 . ' ’ W
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i

- Internal treatment réfers to the treating of the water within the boiler by ®
oL, ciemicalmeans,  © = ' _ v a o

] © . ! '

. Lxternal Methods -~ 7" ‘ » T e

. ‘ -

o ) ) '
o v 7 . 1. Scttling and €oagulation L

- . i ) ’ ) a . . ’ 0 o
. . Settling or subsidence mav be wsed to remove suspgended matter from water,
. ' A simple tank may be used intq which the water is introduced and allowed to stand
' Y1, . ) . e > . ) . . ’ . 'A' ’
L -+ until the sediment has settled, The clarified water is then decanted off and the
Tt s¢diment removed fro tfie bottom of the tank which is-then refilled for another
cycle L ’ ' - T :
yele,

) . L - . g . L a .
. . .

. ’ . - .. . . ’
L - « A continlﬁxs methodof subikidence consists of passing the water through- ( :
' a4 basin or poésl‘of such. size and design that the veloeity of the flowing water s ' . '

. , , p 5
J low cnough.to let sand and silt settle before the water leaves the pond,.

¥ - ) ' . ! oo

, ' . If the watex contains suspended matter of low specific gravity or of fine" S ’
' ' - particle sizé then chemieal (.‘olg'ulnt'ion Is meeessary tovinerease the size of the
‘ pa-rt.i(‘los so that they will settle out more readily, ' -

* '-v .. . ; B
¢ . . R : ' : : ;
),. . The ehemi t:ll§ used for coaml]uti'i;n« hitve. the o.ffc_ct of neutralizing the
. . negatively charged surfaces of the suspended’ particles thus allowing them t¢
"attract cach Vther «and form larger partieles:'The coagulant chemicals also O
S form insolublc fl(;c particles which tend to'(b}_,n\m('sh the very small. particles,

R . " b

. ' Aluminum compounds, (esrzcciully :llu_m', Al2 (50y) 3+ 18 Hz('),' and sodium 4
« . aluminate, Nag AL, Oy, are the most widely used coagulants, They produce a
tough, heavy aluminum-hydroxide floc which.entraps the suspendell soligls, "This .
| '_\ floc is insoluble as long as the pll df the watci{-.rérh:iins--between_".r). 7 and 7.5, Tt
v will (lisftsolvc, however, if the pH is below 5, 7°or above 7.5, Therefore the pH
' Tt must bu’proporly._‘:.l(_ljust'c(l and closely controlled and this i done, by"a(,ldi-hg an
' acld or an alkali to maingain correct pH (lt;ring coagulation, ‘. s
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Aruitoxt provided by Eic:

water by means' of coagulatlon

of lloc is mo(}uccdg\'hmh m l\vpt m slx.sl)onsnon l)y th(v ng,ltatm Iho mconnng

,b‘.(i'iiil ¢ Qﬂtut l{cz;(,tor ‘
( rane C ochl ane):.

lhc soh(l cont'lct 1‘e'10tor shown in I*lg

th(' (-honn ll nnlot qhm\n m thc czk(,tch

remaoy v.mllc \ dmm tho \\ xlt\,l""
'.-v .'; . B !'l. R .‘"- Tl e .

llw '; aw \\xﬂtm ,an(l the chemic 11<; are mtroduceﬂ zld,;.‘_' ent to- v‘mh otho :
near tho bottom’ ot ther lc-tor ' lh.w are thomu;,hlv. mlmd togcthu* 'm(l a ,‘é]un‘

lvm" zone. As th(' w ’lt(‘l‘ rises Huough th(- “0(‘ thv s.u,apond
moved and the elarified water leaves, via thu",fii.t.lu
solids collest in the sludge. condentr ator .m(l_.n

.('! 'pnl ll(‘l(“-s (n mrv- '
ont outle lhv (*Hlod uut ,
umovv(l pox 10(11( \1]\ 20} \w.stc'

Theopening of the sludpe outlet valveig -mlh )tod l)y Jraw Avater flotemeter and
closed by a timer,” The, sludge removal lifcseate bac k flush(,d bcfox‘o the hludg
coutlet valve: opvns Lo AVoul clog,gmg of the hncs ‘

vy




: . . R ; .I o " .' S : . j‘ '
, '- msentnalfy, a filtpr C‘Ol]bi%tﬂ')ri} bed" of |))m‘ou.fs mdt;er al thronpgh whit; o
théwsater l’_*zlpdswd‘ (Blf.hC:I‘ by gl‘nv‘ltyw( iy undor plhEssute. _An‘y suspvnded Il’ldwf
'in Lhe'water_l }s trappﬁd by thc pQI‘OUS matwp,ll }hus (;lanfylﬁg the watér i

I?iltera are frcquently uScd in- con)upetlon w1th. sottlihg o“r se)dnmenttytlon A
| s the fmal ste;‘; in Cl;lI‘lflC'lthn W Alternately thc \.may be used as .the dnqv el ‘u~1~
fw'ltlon step, in Wthh Casc a cpagulant is ué}ually fed"':t'o the fi Iter to flid m thc

*tr'tpping Qf'c.olids Ty PN DL %

.ql

_ Ihc flow th‘rou;,h a g' av'lty fllt(.,l‘ pmdu‘c.od [) .";gr;lvxty,and thlb Lypcf
. u'sually uscs° sand or coal as tho flltcr m 1um ST RS

_} 9 [jgg{fwo:,/l m/P’ )

A sand grawty filtc}‘ appcnrs m*« I'
_‘W1ll ’bo trdpped in. the top-100 mni‘of the

/most of th(' Sohdq

1editYf, When this section be- - ki EEPE
_ comos cloggcd the J)ed mUst be l)(lC]\WZICih(‘d to’ 1cmove the trapped.solids and - S
-:-,rostox ¢'the; umt fxltvl‘mg cfffcionc,y R _ ' " _ - I R
. - ‘.x'...'ﬁt‘ . : ' e . . o . ' y . - . : 2’. ) . s _,‘.
co Px*Us.surc hltcx\s aré mor e \\1(1('1\' used in indystry’ tlmn ul‘c ;,1&1v1ty umt.s ¥z
:l\ thcy'mn ho mc;t.illul in mpmg bystems under. pressure,’ 1
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JAruitoxt Provided CED

v

“in the form of leaves or in the form of tubes, ‘Thése tubes or leaves are coaterd

PRESSURE SUPPLY

\
LR

NOIARY SURFACE

»

v

. GRADED FILTER
' M[DIA

LI X 4 .
: X f\\ t\v\"\\4 . -
'\\\\,\\\>\\ls\d . .
’ A N Y J .
el Ty p Sy o] T STAINLESS STERY
:_A_SL‘_:H;; T SIRAINERS )
Pl ARFA .
SIRAINER PLATE ,
ountf1
- Pressure Filter ‘. . _ -t
Sr T o , 0 g
Fig. 3 Ly
-~

A pressure fllter is shown in Flg, 3. The shkell is of steel andbé'ﬁta)ns
.0 bed of anthracite w}nch is. supported on'a strainer plate, The water to be filtered
is pu’mpvd urkler’ prcssure through the filtet, ' entering at the'top dnd passing down
through thc filter bed and through stainléss steel strainers to, thc outlet at the -

“hottom, . a _ o / , o .

A Y - . C - H
During the%dckwashlng period, a rotary surfacc wnshér m.ly be used to
loosen material from the surf'u,e of the bed, ' ;
“Tor l(‘ln()V'll of vcry fine p.lrhclcs, (lc ss than 1 mlcron) , precoat pqusure:
Illtms are useds, These filters use a porous septum such as wire screentor cloth

with a lilter ¢ 1l\c of ccllulose. powder or, if slllca can he tole ated, the filter cake

f B , ¥ - >

\

. Lo '7'. Ihe precoat filter does; not rcquire coagulants w1th thcir attq’nd

('E,lhlhth of (hcltomd(,eOUS (,.u'th

\”thn the precoat filter becomes (hrty, as cvidenced by high back prcsqure.
thc filter cdke and the particles mmedded in the filter cake mu‘;t be removed from
" the filter elemcnts Wlth the leaf type the filter cake is peeled off manually while
~the tubular type is backwashed, - A new’ precoat of filter cake is then added in the

form of as ]_urry ‘and the fllter is returned to service, - N o .

.‘-a -

" . .

1t pH control,

Ny
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w%f;¢3?&"‘j? . (pv1e2-;25m,‘2
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WASHER (OPTIONAL) : " -~
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3. Limé-Soda Softeners A S ' e Lo
; R . - t s ‘. g ¥
o o p 7
1 . . . ) . ) .‘. .-I - ‘. . ..) . .
Linge-soda softening involves the removal from the ater of theseale . *
forming dissolved solids such as ealcium and magnesiuni sdlts, Calcium hydr-
oxide {lime) and sodium cﬁrhor’nte_ (sodn) are used to muse‘thv scale l'o'rming'
materials to, preeipitate and \.'l"(,‘()_(l;.’,Ullll‘lt is used toraid infthe scttling outsof the, ’
<. i . . \ : : :
precipitated material, - : ‘« s C
- ! . : . ...7 . , R
' Lhe lime, Ca (OHY», 18 useqd to remove the bicarbonates ofanagnesium
. . Y . 3 - . . . ) P »
> and caleium by converting them to insoluble carbbnates which precipitate. The Lt .
-t 3} ’ . - ‘- . . ‘ ’ 3 ’ ' N " '
o followtng chemical reactiong illystrate this, ' . .
. i ' e .
‘ * . . " ‘ N - . ot . . _- ) .. ' ' . /
. Caleium  ©  Calcium - _ Caleium Waler T
hicarbonate < -hydroxide : carhonate S v o
. . . * . ¢ . . : § } )
‘ L] \‘ - hY ’ 3y Al . 1 - .l . ’
) “Ca (”(-”3)2 ; Ca (()H)2 —_— 2 C(a (,()3 2 l-lz() .
- . PR ' / .
2. Magnésium ' “Caléium Magnesium - Caleium Water X
' ) . L ->- LI ] * . - . . .
bicarbonate ° Nydroxide : hydroxide _ arbonate . L
. ' . . T ‘ . . P *
Mg (HCO), + 2 Ca (OH) ,———=+ Mg (OH):, '+ 2CaCO.. + 2H.0O
. : S \3 2 - 2 X . : Z o “; ’ 2
) . » W N ] . .
) . K . ) . . . R b A Y
’ ‘Other scale forming compounds such a5 magnesium sulphate Mg SO, 4+ (
- magnesium chlorrde MCl, , caleium sulphate Ca S()l , and calcium chlorides .
- Ca Cl, are also removed by t,he_linu:*.—sod{l process by reacting with the ealeium ¢ .
« ¢ . hydroxide or the dodium carbonate as shown below, o e
3, Magnesium® - Caleium Magnesium ; Calcium
;sulphate - .| hydroxide v . hydroxide, -sulphate -
. - . . . . I .. -
- R o N I @ . : 4 , e .
My SO t Ca (OH), —>—> Mg (Oly, ¢ CasO ' - '
‘ .. . 4 ’ 2 N : . zs L7 U - 4 . .o > '
e . € 4 o R ,
. 0 - ) . . . ' T. ~ . . - * ‘.
. In thebeve reaction the Mg (OIh)  is insoluble and will precipitate but :
.. "the Ca SO is soluble and mugt react with’ sodiuin ‘carbonate to form insoluble
caleium carbonate as follows, ‘ o oy - . ' .
. ' TN ey .
~ . ’ A i S S . . : _
' 4, Caleium . Sodium - Calelum ) Sodium - P4
< sulphate ~ ) Cm*bonatl_e R carbonate -~  sulphate :
) . L. \ ’ . ‘ . ' - V o /
S Ca SO t Na, CO_ =z CA.CO_, " ° + " Na, SO, =~ = =
- e 4 . - . 2. 3 4 ‘ s L 3 "o RN A 4 . .
o' . " ) . . '.n ) 3 e " .. R . . L]
rye - . * . * e * ! .
I'he Na, ‘od;; formed above is extremely soluble find will not form scale
. vy . : . L e, v ) o o .o
- in the boiler : 0 S 4
=7 < ! A} J - . v . ‘- / ° » B " . . : oA
-t : ’ e, e R, S . '
R . ) . . | .
. . "; P A I} ¢ v ‘:
o .(l I‘.]“Z"‘»l&"_()). " .
. ._‘ » :
o R &
. , o
’
;7 , . ;



» ‘ L
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b, Magnesium . alcmm . ‘Magnestum Caleidm 4

. . et el . B O, . .
chloride . hy(lroxulc - hydroxide -~ - chloride : .

Mg (,12

Ca (()u),2 Mg CIDNCI .cu\clz
s A ) . . . ‘ ’ .
_ In the above reaction %; Ca €l is soluble and must be treated with ' '
< sn(lmm € n'l)onatc to form insoluble c:\_l"ciun'l ‘arbonatc™which will precipitate, -

. v
-

- . . . ' . e - . . . -
6, Caleium - Sodium . ~ Calcium = b =Sodium
chloride . carbonate, : “carbonate chloy 1(lc

A}

L

Ca Cl, o .N:_12 CO«; ———+ Ca C(),g ' + 2 N\Ll o

. '

* : 4 . ., -
i The Na Cl formul aboveis extremely soluble and will not forntseale in - d
J\’thv hoiler, o S |
[ir-addition to the removal of the aleium and m'wncmum scale fornnn;1 }

compounds, the lime=soda process will .llso reduce the silica content of the ‘ -
water, Thisis b(,(“lusc the silica will react with thesdly ()Il)o to form an in-
soluble u)mplcx silicon-magnesium Lompound‘ To facilitate this reaction,
additional | magnesmm o~<1dc is USU’llly quppllc'l te softencr’ togcther wnth the fime’

v and soda, - : »

3 . \
N .
~

Limé-soda $pfteners may be of four different basic types: mtcrmnttont
cold process; continuous sedimentation cold proc RN cont’muous sludge cqnt act
cold 1)1()('(‘ss_, ard (()‘mnuous hot |)10(,oss

Interinittent cold process softeners are used for small plants and use two
s tanks with one tank quppl'ying soft water while the other tank is being cleaned, Te- .
Tilled and put back into ser v10c This system has a tow. initial cost buf has thé - '

~ (lns"ulvmm;,L of a long buhmcnt'mon pono(l and the need for L,()nql(l(,l"lhl(, manuil o ¢
oper ltmn :mtl attcn(lnnoe . . D " ‘ S

., ) . - .. » . ® . . '. . )

[hc continuous sedimentation cold process s()ft(,n(‘r is mbu,h like o coagu- " .

lation and sddimentation basin w'h( re the raw water is (ontlnuouslv mixed with .~ <. _

lime, soda an(l coagulant in a small chamber of the basin, The mixture then " ~

flows to a flocculator se ction and then to a sedimentation seetion where the sludgc
is deposited over a four hour period .and the water then deawn off, It has the
advantages of low maintenance and oper ating costs and the (hqudv(mtdges of hlgh
conbtx'uction cost and large sp’we req‘qu(\ents

. }/" S , -

v A | -




~as that shown in Fig, 1, The raw water is mixed with previopqu I mmpitqtod""
sludge as well s the, treatment chemicals. T he calcium and magngsium are
precipitated and deposit in the sludge bed algd the effluent is filtu ed as it passes -

through the bed, " \ N ) . . .

v

proportlon to th(, '1mount of raw water entering. The raw water is hehted by
‘steam as it enters and the higher temperatures of thib process make chumc )

rcactions alm@ut, instantancous a‘ml Scdimcn_tgt_ion“ occurs t"lpidly, ‘ y -
% . .

Blowdown is used to remove the pr ccunt'lbc(l material and the soft \\,Atm'
Jeaving is passed throup;h A preé;c;urc filter for fmal clarification, The process,
thus combines ¢ llvcmm-:md nmgl;lcbxum ‘nlltb remov i’ll silica removal, deacragion

<

and filtration, : Yy ’
L . ‘ a .
X S . : .
L Fig, 4 illustrated the arrangement.of a hot process lime-soda softener
with filters, - ' ' '
. \ * . ) ’ . .
' -
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( » In l'ig 1 the raw watar, chemicals, and steam all enter near the top of ‘

’.

- thl softcnc,,r ‘The sludge which forms at the, ottom is reeirculated by, means of

Iy

; . ' a pump' to the top of the tank, This xccirgplution aids in the s Yormation of the pre-
cipitates and adgls to the economy of the opcmtiy : -

» .
- . ~ ¢ ‘ .
\

The water lggving thq__softcrﬂ‘_ passes through pressure filters for final _
clarification, A backwash pump®s provided by means of'which the filters ﬁ'ly be .
backwashed using water from the softener which is hubsulucntly rccovurul l)y '
~ - returning it to the softeher, ¢ ' -

.

" . ‘ ) ' : .
‘ Beeause the water is heated to 1009C or above in the hat proceess, deaer- . .
ation is achicved with dissolved gases and some steam passing off from the water,
‘The steangis condensed in the vent condenser section while the gabu, usually

oxygen and c:l*on dioxide, ‘escape-through the vent. - - ‘

) ° "Althpugh the hdt process lime=-soda softener is much more efficient than -
the eold process type, it can only reduce hardness to approximate lv 10 to 30 ppm,
I further reduction of hardness is required then some other form of softening
must he used in sddition to the lime-soda process, )

For example, the hot lime-soda process may be followed by a hot phos-
pht e process or by an ion exchange process, Of the latter two methods, the ion
( exchange has the most .ulv.mt‘lgcsj and m more commonlv used than the hot phosph ite, .

»

ot Lime-Hot Phosphate * ' ‘ .
4 ' _ _

.

’ )
By usm;, a hot phosphate softener in (omumtion \\ 1th a hot lime softener
water of close to zero he ndncss.cwn be produced, ., : .
e . . ! : .
I'he chemicals used in the hot phosphate process are sodium hydroxide,
Na OIF, and teisodium phosphate,  ‘The caleium hardness is precipitated as tri-
(.':ll'i-ium phosphate which is even more msoluble thian the salcium carbonate pre-
' . eipitated in the lime=soda process, The ignesium hardness is precipitated as .
magnesium hydroxide, The soltening reactions are as follows: .
. ) v LY
- . ] .
1., Caleium 1 Sodium Caleium ~ Sodium Wt
T : . - ater
lnc:nbon.ntv hy(_lro;('ulc carbonate -+ Carbonate - ¢
‘.i Ca (ll(,() Dy ! 6 N Ol ————— 3 Ca GO, b 3 Na, CO, + 6H.O
S s | ' 3 .2 2
13 . y '} .

s

(_ .. S : | » . (PE1-2-12-4)
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2. Calcium 'I‘l‘i'sd(lium Tricalcium . Sodium”’ o (

¢ carbonate phosphate ' phosphate carbonate’ '
BCaCO, 1 2N, PO —id Ca,' (PO, + 3 Na. CO
CO 1L BN POy S G (PO, 3Ny €Oy ,
37 Magnesium Sodium Magnesium Sodium Water
. 1 . - U —— . . |
bicarbonate hydroxide - hydroxide arbonate .
Mg (1CO), "1 4 Na Ol ———e Mg (OH).. 4+ 2 Na (M 2110
| e | L z‘// A , 2
1, Calcium Trisodium’ Tricalcium So(lim& . . B
“ —————— . . .
sulphate phosphate : "~ phosphate - sulphate
3 Ca SO - 2Nu PO, ———— PO ) ' 3 Na_ SO
g L T Yy e (PO, PNy, 8O,
" / , . » * . [}
O, I\lup;ncsium’ Sodium Magnesium Sodium .
. N . n_—-———-—_—-—» .
chloride « hvdroxide hydroxide chloride
[ 4 ., .
. Mg Cl Eo2 N O — o Mg (OI) . -t 2 N
Mg CL, _ ‘ g(' {2 '"“\ . .

As with the lime-soda process, the hot phosphate process y'vill remove
silica from the watér by means of the Mg (O o

2-‘ ' | (

ot Lime - Hot lon E)\‘Ch:lng'c ~ . °

Instead of using a hot phosphate process after a hot e soltener, an jon
exchanger can be used after the hot lime softener giving more complete hardness
removil and less carbon dioxide content of steam produced in the hoiler,

In this’rag"rzlngonwnt only lime isg used in the hot provess unit instend of
using both lime and, soda, The hardness normally removed by the soda is re-
moved by the ion exchanger, By not using the soda the alkalinity of the effluent
is reduced, o '

o

Fig, 5 shows an arrangement ol a hot ime=hot ion exchange softengr,

The,ehémical reactions taking place in an ion exchanger will be deseribed
in the next sections, ' '

(PE1-2-12=10)
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FILTER

 LIME FEED BACKWASH PUKP. BOOSTER m
NS SLUDOE .. $LLDG
. Vi _RECIRCULATION m.on oomr )
‘ \ = | )
‘ Hot Lime - ot Ton Exchange
, .

4, Sodium lon Fxchanger

L] . ‘

The sodium fon exchanger, usually called the sodium zeolite softener, uses
the principle of ion exchange to convort sceale lormimg compounds in the water to
non-scale forming compounds, ‘The soltener containg a granular matevial called
zeolite which has the ability to convert scale forming caleium imd magnesium com-
pounds to non-scale forming sodium compounds, This conversion is done by means
of ion exchange, The zeolite removes the Ca and Mg cations from the water and
replaces them with Na cations, | ‘The Ca tnd Mg, cations are held by tho scofite
which has given up Na cq \hbhb in exchange for them, :
. ~ : )

When the zeolite material has given up all its Na cations, it has to be re-
peneratoad before it ean resumd the softening process,  ‘The regencration is done
by removing, the zeolite solteaer from service and Tilling iU with a solutioh of bhrine
(Na D), ‘The zeolite then absorbs the Na eations from the brine and discards the
Ca and I\l;:?(mtions lo the brine, ‘The brine, now containing the Ca and Mg cations
is then flushed to sewer and the zeolite bed rinsed out with water and the softener
is then returned to service, | A ) v e

.
1

|
i

' (P11-2-12-11)
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An arrangement of an fon exchange unit appears in Iig, 6, ,
. ‘ . ~] Wash woter collector .
| pmermemn ’ "'
lon sxchange .- ¢
vt C ) [
' 1 Frossure woler « ’ :
» 4 '
. ¥ .
' ' , .
- N \ h { -
. \ £achange .
. ' moleriol -
: . W Bactwash ‘
' N 7/ oullet -
- —cc‘{ o=t
. \ _ Meter - }
M
- Bockwash inlet 5@
' oullet
. e Xl
: Quilvt ’WL
. R N T Regenerant
To woste l" Supporting bed g’a‘/’l e "
. -
i Jon Exchange Arrangement
. P - Y "

| Fig, 6 -
. y _.
5. lydrogen lon Exchanger.

+

In the sodium cation exchange softener, explained in the previous scection,
the salts of caleium and magnesium were replaced with saltg of sodium, While
this methosd does get rid of the scale-forming calcium and ningnesium, it does
not reduce the total amount of salts dissolved in the water as the sodium salts
take the place of the caleium and. magnesium salts, Oue of these sodium salts,
sodium bicarbonate, will decompose in the boiler into sodium carbonate, sodium
. hydroxide and carbon dioxide, The sodium hydroxide may cause embrittlement
of the boiler metal and the carbon dioxide will be earried over with the steam and
form carbonic acid inthe return lines avhich results in corrosion, Sodium bi-
carbonate will also tend to eause the water in the hoiler to foam,

’ L}

H.instead of agso.ium zcolite softener, a hydrogen zeolite softener is uéed,
then the séale forming salts will bo removed without the formation of sodium bi-
carbonate, Hydrogen zeolite has the ability to remove calcium, magnesium and
sodium cations from the mineral salts and replace them with hydrogen ions, As -
a result the mineral salts are converted to acids,” These acids are subsequently '
neutralized by the use of ah alkali or base such as caustic soda Na OH, or in some -
rases the acid-containing water from the hydrogen zeolite softener is mixed with
the water from a sodium zeolite softener and this will also result in the neutral-
ization of the acids, . ' "

(PERT1-2-12-12)
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solution which restores hydrogén ions to t

magnesium and so(li\xm' cations from the =
. .

-

chenerat{on of the hydrogen zeolite is acgomplished by the use of ‘an acid o

he zeolite and removes the calcium,.
colite, '

. The chemical reactions t}lking placd‘in‘ the hydrogen exchanger aré as o '
follows: | ' . T o A . ,
1, Calgium Hydrogen _ Calcium Carbonic¢

bicarbonate vcolite - _wncolite acid \

' . . t

Ca(iCO). v W7 = e CaZ  + 2H. CO Y

% RS nE ST Ty
’I‘he'reacfions for magnesium and sodium bicarbonates are the same as the

above,
. .
2, Calgium
*  sulphate

Ca $0, |

Hydrogen
'/.eolite' .

H 7
2-

—_— -

’
.

above, _ S

3. Calcium Hydrogen . T
chloride ( zeolite:
CaCl Y Rz SR
N et T

The rea

-

N

,

. Hydrogen -
:'/.col‘xfte. -

4, Calcium

nitrate.,”.- -

PO ) . ‘9
. ) . /

Ca (NOY .. 17
_,l-(l Wy 2

’ .
IR . .
12 ot e B
. L W 1, ok :
NG
- B
e \
Lo .
Ve ]
\ v
. .l H
Y B o
£ : i
. .
RIS
' , i ,
;o 0

jo(_)litc.

ctions for sa:hum and magnesium chloride are the'same as-above,
t P I ) ’ A ' : ’

.+ ‘Caleium

PR 4 . ’ o , . . ’ ',. a l- 11,‘: ( K . N '..,' f‘.-'
The-teactions for sodium and magnesium !-li{il'{l-t()nﬂ_l"& the sarhg as-above,
e, . N TR ' r N A R A

.8

S, e
-

Calcium

.V Sulphuric- = -
PR v ’
zoeolite

¥ 3 . : . '
Coacid o, 0 T e :

Ca % Vol

-
e

“[The reactions for sodium and magnésium sulphate are the same as the ™ - . %
) Dia S i . N B o . ) )

. . . +
Yoo

‘Caleium - Hydrdehloric -
acid -

Ca 7 e 2 H QI

“y <,

s

’ “Nitric -~~~ ¢ . -
Cacid, . T '
,aeid,

.'/.colitc_

. (‘;lr/l ) “mf\'(‘llu - . :,-.:{ . -. “l .. )
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¥
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When the hydrog(,n zeolite becomes cxh'lustui it is-backwashed and re-

goncr ated with acid usually sulphurlc. and the following u]uation rcprehcnts the

reaction:

1

Calcium Sulphuric Hydrogen Calcium
: b - > + ,
reolite -, acid : . “ocolite sulphate - .
Ga 7 +  H_ S0 —e 4 7 + Ca 50
' 24 2 _ 4
The 1*cucfion's' invqlvin'g M'g 7 and Na2 {/, are similar to the above, .

As indic ltcd in cquationq 1 to 4 inclusive, the effluent from the zeolite
A degasificr can be uscd to, remove the car-

exchanger contains various llcn(ls.
hydrochloric and

honic acid fromethe cffluent but the other acids, sulphuric,
nitric cannot'be l*cm.ovcd ip this way nn(l must be neutralized,

Noutll.lh/atlon of the acid ceffluent may. be .u-c()mpllshcl Iy operating a
sodium zcolite unit in parallel with the hydrogen zcolite unit h[) as to obtain the
desir C'l pIl in the mixed effluent, J o R
) . f

’\Iultlahv,ltlon m.ly also-be accomplished L)y n(l(hng caystic soda or soda

abh to the effluent, - - : ;
. . ~ )

B I . J . . . . X
A third method of neutralization involves the addition ()[‘m\\' unsoftened

water to the hydrogen zeolite effluent,  This method is possible if the raw water

is of low total hardpess and has high alkalinity,

The neutralization of the acid effluent by mceamg of caustic soda is repre-

sented by the following equation,
: . : '
Sulphyric 2 Caustic sSodium - ' Watey
sulphate

acid ' soda

S0) i 2 Na Ol TTTTTL T N SO 2H O
”2. 1 . ) ‘.‘ i 12 1 | “2 R .-

i, Demineralization 1

[CXd

{’gluccd the' dlséolqu solids content of the water, The acids in the coffluent from
~the hydrog(,n zeolite unit, such as sulphuric and hydrochloric, were then noutral-

iz.c,d Hchvor ’;,vhem these acids were ncutralized, the anions of thesc acids,
S A

R . Ali‘advantdgoéof the hydrogen zeolite process over the sodium weolite pro-
R N is that the hydrogen zeolite removed the sodium bicarbonate and thus j :

-




. . o SER
b . o . - 15 -
o ' such as SO, and Cl, cﬁmbi.ned with thy ho(hum from the neutralizing base NaOH v
o and formed sodium sulphate and sodum chloride, While these sodium saltg do - -
' not tend to form scale, they may cause fgaming in the bhoiler and runuro excess-
' ~ive blowdown', In addition to this %hsadv.mtagc the hydrot,pn zeplite umt will not
. remove any silica present in the water, - - . //) . .

' ’ . N . . . ’ ,.: .
' If it is desired to remove all the mineral salt:s flfom the wat'u‘, a process ‘ l -
" known as demineralization or deionization is :chd This involves @sing a hydro— '
- gen zeolite cation exchanger to remove the sodium, magnesium und calcium ¥ . ;,}f;',','"' W
cations-and then using an anion exchanger to renjove the sulphatc, chlorido and
Sillc‘l anions, In addition, a (l%aqmor is'used to remove any carbion (hoxide A
present, The cffl,ucnt from the démineralizing process 15 water’ that (18 free from

D ne

all mineral lmpu) ities and is (,(]Uﬂl 1n quahty to (hstllIC(L.water e ET e s

- . ' . . -

The hydrogcn zeolite c.ltion exchangex has alr eady been (leqcri‘bcdf)m the,

previous section, . ‘ B N R

" The fnion exchanger contains a hy(h oxide resin nmtoxial W hwh has the
ability to remove the anions of the acids contained in the effluent from the. catloh\'*’
exchanger. ’1th anion cxch‘mge material is regenerated w1th bodlum hyl oxide

el

when it’ bccomcb exhausted,* , A N

N i SRR
( ' - The anion exchanger hydroxide resin can be represcntod by the formula’ S0
T (OH ) and the chemical reactions of this resin with the? acid effluent from thc d

('dtlon oxchangcr are as follows:s . Sy Pl P S

. : . ) . ¢ " , . e .
Sulphuric '_. Resin _ . - Resin ’ ‘Water s o
. acid . sulphate s '
- S VO (Ol - £SO, v 210
80, E (Ony, — 0, 50

o

o, M ' ."_"'_
6, lly(lrochlor.ic Resin Resin Water
acid chloride + S

2HC E (O e w1 CI oo
é . I Cl ' ( )2 0 AL

("7_ Nitric - Resin ! Resin - Water
0 M ettt .
Yo acide _ ‘ nitrate _ -

QHNO 1+ E (O . E(NO.) v+, 21
21 NO o1, —— 14‘.;(;\1)3)2 2H.0

. 2
(1 ' ) . . ‘ \
.‘ w ' . ’ ¢
’ \
C A
) ) (PE1-2-12-15)
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T If the raw W'af.e;“ entering the cation exchanger contains silica then the . '_ '.
cffluent will contz}‘in silicic acid Wthh is removed in the anion cxchdnger as S

© foH()W~B~ R Y LA AR e | A
L : » .
bili(‘ic’ - Resin™ . Water
' '«" Lacid . " -silicate, o
./,' Teos 6 ' ' ’ o v . . . : :
2 Ji bv() 'E",'(Si .() )_,'- + 2H.0 - '
o Yoo thn the amon exohanga, 1‘cbln 1¢. g\bau.stcdx(t is l‘cgencratcd \\'lf.h c'uwtw‘ S
-Il bO(lil, as. follow L o, . ' S
o VRcmn o C 'lUbtiC s e s Resin o 0 \.;..‘bodxum 1_:.\ T .
. ‘ " ‘sulphaté’ - sod.1 SO T e e ' ‘ .
; ,-,,-1-:'.--&'()l RN Q.N:I- (_)‘u e | "(()mz- _
fu. P T I T
' k Slmllur cquzmons m‘c lnvolvul m lhc rc'lcllon of Ci 1usl1c Sod’l \nth wbm -
(,hlorldc, resin mtr'lte 'md rc<;1n SlllcatL """ I
PN / i R g " S v \J
. e . . L kS ) o / s | R

o y

. DA a . .
SRRTI - V;n'iou's arr 1ngcmcnlb mdy l)e usc(l lm‘ dommu"lh/,in;, equxpmvnl dncl these L
oL includc the two hed syetom, ltho mixed- hcd syqtem and lhg contmuouq ion o\chfm;,e ' '

AR byqt(m EA A LR G LY R BEEES e
: : ) ,‘_‘-, . “:. - . . . »;[." . _'1:;‘._ ”. . ;',, "‘.:_1 ! ', ‘ I_- , oo ._.'.-A_;‘.:"!I :: . ",.'..\‘ . J
bl ': - ThéEtwo-bed systeny has llmn tm(l .mlon exch.m;,c i 1tcualt§ in_separ ate,
‘l‘nii't_,s, usuallv R hydro;,cn i 1l10n c\(('h inger followc(l by an 'lmon exch.mgcl ()ttcn
I with :l,d_cg 15111(:1 bctwwn lhcm LECI IR AN L . g
) I :.'.’_'._'_“ i; " I YT .o . s "‘, K ! /,. h _' R e .

ey v i,‘ sl . :',‘.. ‘ .;‘ . '.. : ‘ E -_;‘!_ O .' .:.‘ ‘ i

o - Ihe mmml-l>c<| e,yblcm fe! 1tur 'S tho l'.l’()n and anion regins:contajned int. e "

L the hdlh(‘ tank or'shell “When in opo tition the’ monw .ln(l anion resins are nn\o(l .
lo;,olhor intim: llcly Before regensr almn the unil is l)'lcl\w mhod lo cl(' n tho - A
beds .md to wpamlo tho resins, I)unng the washing the h;,hlor .mmn resin rises

/
"o the top \\Inlv he he: wier cation Tesin scttles to'the bottom, - The- "mon resin
igthen, regene Fated with .u i ,\\lnch,m introduecd at the botlom of the uml .m(l
(hsghzlrg(‘T fmm tho uml at the lnl(‘l‘l«l(‘.(‘ ‘ot the *1'0.51nb ‘The. anion resing 1&. re- - : :
. . generated with: ¥ e IUthC qolution broughl in at the top, and- dlqch'lrgcd atithe re sinn '
| L "~ interface, The unit is/then 1‘m::.e(| and partly. (|I‘dlncd and the two r(,sms are the ‘ '
y nnxcd by mm#s of air stream forcod through the bod T he: umt 1<= then. flllcd nnd
, rinscd again bcfore its. roturn to service, . L l‘j’_,, L : P
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(( o TR, 4 {llustrates the-.i‘egcnd‘r}z}tign steps, © % -

o

- ‘ . . 4
) ﬁ > . R
A . . -
) : 4 l ’ . Y . ' . - DT
. C A In service 2 Backwosh 3 Conan R \ -
‘ T L " T regeneration N N :

© 4 Amion 5 Rinse 6 Dron _ _
regonerahion - . . »
. _ .

3 ‘(' ' ‘ o 7 A min g Retw 9 Rinse \

a y ‘ h ~ Mixed Bed Regencration

. 240 | Fig, 17

/ The continuous ion exchange system is dsually arranged in mixed-bed
form although sceparate beds may also he used, The system provides s continuous
* ion exchange h(,(,JUSC the total amount of resin is not allowed to beeome v\dmusted
, Instead, the pmtlon of thc resin located at-the raw water inlet will become ex-
S '  hausted first, and is withdrawn from the unit, At'the same time, fresh regen-
crated resin is introduced at the other end of the bed,  The withdrawn exhausted
resin is‘l‘cg(‘.ncl‘:ltc(l in a separate vessel and then returned to service as required,
'

I'ig, 8 shows a continuous ion exchange, mixed=bed demineralizer,

© _ ' . Refu mng(\to Fig, 8, when a prcdotcrmmcd volumo of water has passed
' thmugh the nnxcd bed tank, the tank is briefly (30 - 90 seconds) rémoved from
, service-for resin removal, I)uring this time, exhausted resin is removed from
B the bottom of the unit and an ulual amount of fmshly regenerated resin is .\dmitted

at thc top. : -
. . . : L)

. -

(\ : ;o _ o C .
g : , : AR (PF1-2-12-17)
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T he exhau«:ted resin. then enters the qeparution .colitmin where the hghlu"
anion resin n&wb to the top: and ‘the morve doh.so cation resia’ settles to thi hottmn
Thi: two resins. then enter their xwpu,txvc desor ptlon towers where they umlcx 1.,(;',_
regeneration and rinsing, :
meteri mg hoppu.s lomtuf above the mlxmg hopper-of the.mixed-bed, a(lsbrptlon

T he regenerated resins then fravel to’ thmr rcspectww-' ;

tank, L AR LA
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Mix O RLD , SLFARATION ca :’m : » ANION
ADSOHITION COLHMN neLQitPtion m VORPIION -
- i ‘ »
Mixed-Bed Continuous Jon Exchange | . .
Fig: 8 ’

The claimed advantages of the continuous ion mixed bed system con;\pal‘cd
to the conventional fixed-two-bed system where regeneration of the resin is
carvied out in place arc: lower initial and installed cost, lower operating cost
due to high ehemical cfhcicnoy, less space v oqun‘cd operation is fully automatic,
and mainten:iree requir omontq are lo\\

»

' B /
does use. conventional fixed beds, This s-arrangement requires three identical ion
exchange units which arc operited in chucncc Unit A'is in service, Unit I3 on
standby .and Unit C is being rcgcner'rtcd When Unit A is almost exhausted, its
offlucnt is then divected to Unit p the standby unit, When Unit A is conipletely
its regeneration is begun and Unit €, which is now completely rc(gen:
erated is on standby, while Unit B is in service, ' : o

A

.
W
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a When two solutions one dilute and.one concentrated, are.sepa "xth by.£1 e
semi- pcrmc'lblc nu,mbx ane, the solvent (water) from the dilute solution will BRI
_(hffusc through the mc.m»)rane into the conccntrqtcd solution, Thi s phenomenon
s known as osmosis, R ' t

I, howcvcr under the aboye conditions pressuve is upp}\cd to the concen- .
, . trated bolutlon thersolvent (water) will diffuse thl ough the nnmomne fnto thc
A ' j“'-(hlutc solutmn and thls phenomcnbn ls know ab reverse osmosxs " A

t

~

U The veverse osmo-:,is principle can he applied for w'ltcr trc'ltment be—'
) " cause, as the. water diffuses. through the mcfml)rane the impuritics mcludlng the - _
dissolved sdlids: contamcd by tlm water arc lcft bchmd and the Wiffused water is I
thu‘cfoxc of lngh purlty A R T

N The 'principl(}s'(,;f-.-"o‘smos'is and reverse osmosis are shown in Fig, 9, .. . %
. : k BT Srte . . ' . . . . . . ) . -

. . . ' - 1 . . : : .
- 0y I . . . ' .
. . .o ¥
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«The actual reverse osmosis water, tre: 1tmunt plant 1-:, nm(le up of a numbor 2
) of membrane modules through which the water, pdsscs in de"'l“cl " The modules
¢ . ~_arc usually in the form of tubes lined with the’ mcmbmnc and I'ig. 10 shows a .
' module having a tubular membrane wound onto a support spool in a mult;lplc layer .
helical coil, R N S

. B A - . :" - N .
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| In Flg. 10 the raw water is f0rced under pressurd through the helical coil .
"The water (permeate) d;ffuses through the tube wall and s collected. at the bottom
of the: module( while the dissolved solids and other impurities leave the end of the -

coil as aconcontrate,,, e, Sl -
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- ' Fig. ‘11 is a schematic diagram of a typlcal reverse osmosis system . B
‘ The raw water entering may be pretreated by filtration, WCUI?‘“O“' ctc,, and .
then is pumped through the membrane modules or perme@®tors, -Pressures from ' R
4000 to 10 000 kDa are usuakly requu'cd to push the water through tht membrane. |
The water leavmﬁ( the pcrmc'ltors will be largely ftee of dissolved solids and '
other impurities, Any small amounts of these impurities remaining in the watcr
¢an he removed by furthu‘ treatment in an ion exchange demineralizer, .
R | A .
. - /
| “
" % T
[} A : .
\| A L '
: N . . . N . ’ -‘\\\ " }A:L‘ N .\. . N ' ' . . . . )
‘ " T | S L (PE1-2-12-21)
. - . . . - - .
, . N _. - | . ) %‘ ' R . . |

~ERIC

DA i Toxt Provided by ERIC

e R Y V-] R W WAILABLE .




r

8. Lvaporation - I ',.

‘Boilers or steam generators which operate at high pressures and temper~ -

atures.require make-up water that is free from any impurities, This pure water
‘may be gbtained through the use of demineralizers to remove the dissolved ‘
"solids and deaerators to remove the dissolved gases, Another method which is
commonly employed in central stations is to use evaporators instead of demin-
cralizcrs to obtain water free from dissolved solids and then to use deaerators
to remove tho (lissolvod gases, . - :

. Ifffome cases both methods may be used wtth a demlneraliz.er being used
to " polish " the distilled water obtained by evaporation

The process which takes pla_ce in the evaporator is simply the boiling'oi’
the: water, The steam or vapor produced from this boiling will be free from !
solids and when subsequently condensed will form solids -free ‘(distilled) water.
Auny (lissolvui gases present in the water, however, will pass off with the vapor
produccd in the evaporator and consequently the distilled water ‘must be deaerated
before going to the boiler, The* impurities left behind in the evaporator will form

® scale and theref()re the water fed to the evaporator is usually softened m order

to reduce the .amount of scale formed,

In spite of water softening treatment prior to ev'iporation scialing of the
waterside heating surfaces occurs in many cases, This may be eaused by small
quantities of calcium and magnesium !'lltq which pass through the softening plant,
This scale may be cracked off the tubes in some instances by shutting down the
0v1pomt01 and qdickly filling it with eold water, However, if the scale is,a hard
- tenacious typg sueh as a silicate, it will probdbly be necessar y to‘resort t& dCid
elc'imng to remove it,

The ygriems parts of an evapora-ton are shown jin Fig, 12,

o o : S
In a central generating station the evaporator is installed as part of the

regenerative eycle, The ‘toil steam for the evaporator is bled from some stage

of the turbine and thé v: por produeul by the ev'iporator is Londcnch in a low
pressure feedwater hedter" : < :
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| - 9. Mechanieal Deaeration * | T K
The principle cause of cerrosion in boilers is dissolved oxygen in the -
water, Another cause is dissolved carbon dioxide inh the water although it is
+ estimated that carbon dioxide is only one\gfth to one tenth as corrosive as dis-
4 solved oxygen If both these gases are present in the water simultaneously then
they are much more corroaive than if dhey existed separately, Another undesirable
: gas is ammonia which will pass over with the steam from the boiler and attack .
v : copper and copper alloys such as contained in 'Valves and qondenser tubes, S
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The term mechanical deaeration refers to the removal from the water of -
dissolved gases, such as oxygen, ‘carbon dioxide and ammonia, by raising the
temperature of the water to the boiling point and allowing the gases thus released
to be vented to the atmosphere, Thé process is assiated by scrubbing the water

_with a flow of steam in order to sweep away the released gases from the »)/ater

o : . . -

Deacration principles show that gas removal from water depends upon
three factors: whether the gas ionizes in the water or is dissolved as a free gas;
the relative pressures of the gas in the water and in the atmosphere and the -

oo e yater temperature,

'
! 14

Oxygen does not ionize in the water, but exists as a frec dissolved gas,

‘Carbon dioxide and ammonia, however do ionize in the water, wtth only a portion

of their total content remaining in the free form,

Only the gases in the free form can exert pressure in the wgter, so only
that portion of the.gases present in the free form can be removed by mechanical
deaeration, Therefore, oxygen can be reduced to v&y low concentrations in a
deacrator, while carbon dioxide and ammonia can be removed only to the extent
that they are present in the free form, :

The temperature of the water greatly affects the solubility of gases as at
the saturation temperature all free gases are theorctically insoluble, Thus
raising the water to the boiling point at any spécific pressure will drive off the.
gascs, S S h

. XY ' . - ¢ -
T construction of a deaerator usually involves four scctions; a seetion
where the water is heated to the I)oiling point, ‘a section where the released gases

are scrubbed from the water, a Seetion for the storage ofithe deacrated water and -

a scction for con(lonsin;, any steam that is being carried t thc vent wlth the re-
leased gases, : oo . .

Déncerators are clagsed as spray type or tray type,
In the spray type the entering water passes through spray valves and is
therefore in a finely divided state. It is then heated by coming in-contact with
steam in.the heiting section, The water then passes to the scrubbcr,.soction‘
where it is scrubbed by the entering steam and the gaBes released by the heating
arc removed, The dederated water then passes to the storage section and the
steam flows from the scrubbing section to the hcfttlng scction where it hes ats the

4
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incf)mlng water spray and where most of it condenses, The gases released in the
scrubbing section flow to the vent condensing section where any steam present ig
condensed and the gases are cooled to some extent, The gases then pass out
through the vent, -

, : !

In the tray {ype deaerator the process is much the same except that the
water, 'instead of passing through spray nozzles, is broken up by trickling down
over a series of trays. The entering steam scrubs the water in the lower tray
section and*heats the water in the upper tray section, The released gases and _
some steam pass to the vent condensing scction where the steam is condensed
dnd the gases pass to the atmosphere through the vent opening.

'Condenser deaeration is another method which is sometimes used in large
thermal generating plants, " Surface condensers equipped with deaerating hot wells '
for feedwater may be used to eliminate the separate deaerator, With this design
the condensate falls into the hot well through a steam atmosphere, The gases

‘released are then removed by an air ejector,

¢ Internal Methods . o “"\ ' ' | - 3

-

¢ o ' Internal treatment of boiler feedwater refers to the method whereby the
( water is softened, deaerated and con'ditioped after- it has entered the boiley, This .
is accomplished by adding suitable chemicals to the water in the boiler., In some
cases, as with low pressure boilers, this internal treatment is often the only
methad used to prevent scale, corrosion and sludge formation, Usually however,
both internal and external methods are used for medium and high pressure boilers.,
i \ For example, a high pressure boiler might require water that has been filtered,
. softened, distilled and deaerated by external methods and in addition require in-
: ternal chcmigml treatment to take care of any small amount of impurities left in
the watér after the external treatment,

In the following paragraphs, the use of Internal tro.ltmcnt for pH contml
| . scale prevention, sludge conditioning, deacration, prevention of foaming, pre-
vention of caustic Lml)rlttlcmcnt and prevention of return line corrosion is.
discussed,

1. pH Control

The tendency for boiler water to attack boiler metal increases us the pH
value of the water decreases, This .corrosion can be prevented by increasing the
boiler water pH by the addition of an -alkall and it has been found that a pH valye
of about 10,5 {s high enough to do this, ~ ‘“

L | ' y \L | S (P11-2-12-25)
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The use of sodium hydroxide to provide the nectssary pH value has the :

longest history of application, In present day practice however, it is the least™
preferred method of establlshﬂng correct pH valucs because of concern about -

caustic embrittlement, y . : .

Caustic embrittlement is a form of intercrystalline cracking which occurs
below the water level and in joints or seams into which boiler water may leak and
become concentrated, It is generally thought that the following four conditions
are necessary slmultaneous{y to develop caustic embrittlementy

(7) The boiler water must contain substances, particularly
hydroxides, capable of producing intergranular damage
when concentrated in contact with stressed steel,

[

.

‘() There must be 4 joint or seam into or through which 4 Al N .
leakage of this boiler water may occur, , CEA
(c) The boiler water must concentrate within the joint or !
SOam ) :
(dy The steel must be overstressed locally where it is
+ exposed to concentration of chemicals,
To avoid the _negzitive effects of sodium hydroxide in regard to caustic . =~ ( '
embrittlement, the boiler water pH can be adjusted by the addition of sodium
phoqph’ltcs These phosphates are normally uged in any event for the control of
" scale dePosits in the boiler and by their use for this purpose the boiler pH is |
ugually automatically established, = . - e ot -
. ' |
2, Scale Prevention . - : , ' - . ‘
Boiler scale is caused primarily by the salts of calcium and magneslum ' ‘ l
. ‘It,condary causés of scale are silica and oil but these latter two are best handled “‘
by removing them from the boiler feedwater by external methods, .
. g;hc oalcium and magnesium salts are prevented from fo'rmihg scale on
the boilér surfaces by precipitating them as a sludge and removing this sludge , |
by the boxler blow-off, . _ o | o ‘
The most common chemicals used for this‘prec‘ipitation are the sodium |
phosphates which include trisodium phosphate, disodium phosphate, sodium meta- |
phosphate and monosodium phosphate, .On entry into the boiler all the phosphates | _‘}
are converted to trisodium phosphate which reacts with thfg ealclum an®magnesium- . . ‘
as follows 3
.-
|
(PE1-2-12-26) | ' 7 : . .
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1, Calcium Trisodium '/ - Tricalejum .+ Sodium

sulphate + phosphate -phosphate ' jsulphate‘ " - | o
Qe Q PSR o , '
3 CabO4V,+ 21\{9.&.?1?04 ———r--—-—> ‘ICa (IO) | 3NazS'O4_.} |
2, Magnesium Trisogium e Trimagnesium Sodium .
' + _— .
Carbonate . . phosphate =~ "... " phosphate .~ . carbonate ,

I
\ , ' ) Co
} 3 Mg (,O3 o2 Na3 IO4 —_ Mga‘(PO(‘)2 ‘. + '3 Na2 CO3 |

'. w B ' : )

“"Sodium hydroxide will also react with magnesium to form the precipitate o

magnesium hydroxide as follows o SR

3’\. Magnesium+ Sodium o Magne'sium ‘ ' - Sodium : .

. carbonate .~ hydroxide : : hydroxide ‘carbonate -
Mg C()J + 2 Na OH ___, Mg (on)éﬁ‘--- + Na, CO,

The magnesmm hydroxide is preferred as a prec1p1tate over the mag‘nesium -
phosphate which h'IS a very sticky constituenéy, - .

Also if sodium hydroxide is present, instead of trlcalcium phosphate the . .

* precipitate formed in reaction (1) above will be a mixed phosphate and hydroxide

precipitatc which is preferred because it is*less sticky than tricalcium phosp‘h'ite v

The sludge that is produced by the precnpitatmg of the scalc for ming com—
pounds in the boiler must be’ ‘conditioned so that it will stay fluid.and well disperscd
In this way the sludge will be.casily removed from the boiler through the blow-off
connections, The chemicalssused for this purpogse are usually organic compounds
such as starch, tannin, lignin and alginates, Starch is produced from corn, .
potatoes, etc,’, lignin and tapnin from wood, the alginates from seaweed, These |
organic materials coat the scale precipitates preventing them from adhering to
the boiler plates and tubes. :

Another method of scale prevention is by the'use of chelating agents,
These are chemicals which have the ability to react chemically with the scale
forming metal ions of calcium and magnesium and hold them in solution in the
boiler water thus preventing them from depositing on the Boilér surfaces. Since
precipitation of the scale-forming fons does not occur, the total dissolved solids
content of the boiler water increas€s. Because of'this, an antifoam agent should
be used in con)unction with the chelating agents in order to reduce the possibility

- of carryover, _ P

w ¥

' - S " (PE1-2-12-27)




_program’ may be excessive, If iron oxides are a significant part of the boiler ‘
~ deposit, the chelating agents will not be effective as they do not chelate ferric M‘ (
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There are a great many chelating agents available but two which are com-

| monly used are ethylene*dlamine tetraacetic {acid (EDTA) apd nitrilo triacetic

acid (NTA) which are both complex organic chemicals,

'I‘hese chelating agents are relatively costly and some form of external
softening is normally used in order to reduce the amount of chelant requnred in

the boiler SR S

Chelants can also be used for removal of existlng sludge and scale deposits
from a boiler without remoying the boiler from service. The quantity of deposit
to be removed must be consjdered and a sufficient amount of chelant fed to the
system to provide not only complete chélation of the metal ions in the feedwater

- but also to provide additfonal chelant to react with the deposit, Caution must be

exercised during the cleanup program to avoid removal of old depo*ts in chunks

" which could accumulate and restrict circulation, Care must be taken alqo to
._prcvent high concentrations of chelant which could lead to attack of boiler ‘metal,

As chelating agents are relatlvely expensive, a careful.survey should be
made of the feedwater to determine its total hardness, If the hardness of the
feedwater is consistently greater than 2 ppm the cost of a chelating treatment

iron, However, they are effective in' removing calcium and magnesium at the v ’
pH values and alkalinity normal to boiler operation : o .

. ° N LI, . ."

In comparison to conventional treatment methods, chelants require closer '
control, ‘deroand specific feeding conditions and present potential corrosion haz-
,ards Their use must be supplemented with antifoam materials, oxygen scavengers
and a complete (‘ondensate corrosion control program

Complete oxygen r‘emoval is especiallﬁlmportant as oxygen serlously
hampers the effcctlveness of chelation, :

In regard t(; the use of chelating agents for cleaning boilers in operati®n
the requirements are: an adequate amount or concentration of the agent, positive
contact.with the deposit to be removed and sufficient time, Caution must be
exercised as mentioned previously as an attempt to clean too rapidly can free
largé particles of deposit which may block tubes.and redult in failure, Before
proceeding with on-tha-line cleaning samples of the boiler.deposit should be .
obtained and analyzed in order.to ascertain the ﬂmc‘!’)equired and the concentration o
of the agent desired, . - s .-
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Chelating agents require special feeding conditions as they are quite corgo- "

- sive to carbon steel in the concentrations normally required. A stainless steel

quill or nipple should be used at the point where the chelant is injected into the
feedwater, The positive displacement chelant pump should also be of stainless
steel as well as the tubing from the pump to the injection quill The chelant

solution tank should be plastic or plastic lined,.
3. Oxygen' Scavenging / »
Dissolved oxygen enters the boiler system with the makeup water and ltg

by means of air infiltration of the condensate system, This dissolved oxygen will
cause corrosion in the feedwater line, closed heaters, -and in the economizer, In

~ the boiler a portion of the oxygen will flash and leave with the steam, The remain-

ing portion will attack the boiler metal usually adjacent to the water-level in the
drum, One of the most serious aspects of oxygen corrosion is that it usually occurs
as pitting with the attack concentrated in a small area of the metal surface re-
sulting in compardtively deep holes,

The first and most importgnt step in ellmmating dlssolved oxygen\is
mechanical deaeration of the bo feedwater, However, it {s advisable to

. follow this mechanical deaerat by chemical deaeratlon or scavenging to remove-

the last traces of dissolved oxygen,

Sodium sulphite is the chemical agent most commonly employed for chemi~ -

Zcal deaeration due to its low cost, easc of handling and its lack of scale formmg

properties, The oxygen scavenging characterlstlc of sodium sulphite is illust-. """ °
rated by the following reaction; '

Sodium : '
- 6 Q i 3
sulphite Oxygen —————»  Sodium Sulphate
U + U a}
2 Na2 SO,‘3 O2 , T 2 Nazb()4
A 25 o
# assure complete oxyfen removal, it is necessary to maintain a resid-
ual concentration of sulphite in the boiler water, The yesidual required depends
on a number of factors such as the method of feed and he point of application, the
dissolved oxygen concentration and the variatlon in th dlSSOlVed oxygén concen-

(PE1-2-12-29)
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Continuous feed of sodium sulphite is generally required for complete
oxygen removal, In the majority of plants, the most suitable point of application
1is the storage compartment of the dederatingsor open heater, - In other plants,
sufficient reaction time will be allowed with application to the suction side of the
boiler feed pump, While intermittent application is. generally not recomimended,
it has Qeen found in some low pressure systems that adequate protection is pro-

' vided as’long axs the additions of sodium sulphite are made with sufficient frequency
Lo continuously maintain the-proper residual concentration, in the boiler water.
- When feedwater is employed in desuperhcating‘, it is desirable to feed
sodium sulphite after the point fron which the feedwater for desuperheating is
taken so as to avoid adding solids to the wilter, - "

" The sodium sulphate produced in the 1‘eac‘t'ionbo[ sodium sulphite with
oxygen adds to the'dissolved solids in the boiler water and this is a disadvantage,

. Also, ‘in very high pressure boilers, Jthe sodium sulphate, will form sulphur dioxide
b‘()z and hydrogen sulphide st \\'hi\c;h\%lss over with the steam and produce return
line corrosion, . - - :

-

_ In the case of high pressure boilers, hydrazine is often preferred to sodium
~ sulphite for removing dissolved oxygen, Its reaction with th%lissolved oxygen is
as follgws; - ' S W : '

Water + Nitrogien-

: .flydrazine ~+ Oxygen

————.—-—-——-»I ' I 3 .

NoHy 0y — 2 H,0 N,.
Hydrazine is a’'strong alkali and must be handted with care, Asitis -

extremely flammable in its pure state it is supplied as a dilute solution, When. o
removing the solution from its container, the handler should wear protective
clothing including rubber gloves and goggles. ' ‘

4+, Carryovdr Prevention
.0 '
The terms’carryover, foaming and priming are closely assogiated and
cach term is used in describing conditions which result in the entrainment of

boiler water solids with the steam, e - . 0

o Foaming is the condition resulting from the formation of bubbles on the
\ surface of({he.boiler water causing entrainment of boiler water with steam,

1

)
oy
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D Priming is a more violent and spasmodic action causing slugs of water to
. . pass over with the steam . |

Carryover is the term applled to the steady entrainment of a small quantity o
 of boiler water solids with the steam, However, it is.commonly used to describe

the general conditionq of contaminants carried over with tne steam,,

t

‘When boiler water solids are carried over in the steam, deposits will -
octur in non-return and stop valves, superheaters, steam piping and engines or
turbines, - Such deposits can promote failure gf the superheater tubes and loss in L3
engine or turbine efficiency. : - . , .
Foaming or priming of the boiler water can result in a false water level _
reading W he thermal shock resulting from slugs of water entering the steam "
N distributi;&étem as a reeu*lt of prlming can seriously endanger all steam _
driven equipment .o ' "i?“ :

Carryover may result from mechanical and chemlcal causes or from a .
! combination of the two, Among the mechanical causes of carryover are boilgr )
design, high water level, method of firing and load characteristics Among the '
-~ chemical causes are high total solids of the boiler water, high suspended solids,
: ( . . high alkalinities, oil and improper type of external or internal chemical treatment,
~ .

. o Of these chemical causes it is generally agreed that suspended solids
[ contribute most to producing carryover - . S _ .

Oil present in boiler water is highly undesirable from the standpoint of
carryover, ’Saponiﬂcatlon of compounding agents by the alkahmty of the boiler _ _
~ water will produce a soap, thereby causing a foaming effect. . " . %’

-

-

Internal boiler water treatment with phosphate eontrol is standard for most -
- types of feedwater, However, there is a tendency for the precipitated, finely .
divided calcium phosphate to stabilize boiler water foam, thus cohtributmg to
~ carryover of boiler water solids with the steam, . This cartyover tendency must
be controlled by increased blow-down to lower suspended solids concentrations or
by the use of organic agents to contr 1 this increased foam load, ’
| l _ ' . Alkalinity as a ‘contributing factoxxto carryover can also be corrected by
‘adjustment or changes in internal and/or external treatment facilities, If the
-alkalinity is a result of the internal treatment program the use of less alkaline .
materials will correct the corjdition Should the cause be external, additional
facilities may be required such as the installation of a hydrogen zeolite unit to

| . operate in parallel with a sodium unit thereby reducing the total alkalinity of the -
' : - treated water, : .

2 s - (PE1-2-12-3))
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'I‘he preVention of carryover difficulties due to the presence of oil in the
“boiler water is a problem that must be handled entirely external to the boiler

"itself, No method of internal treatment can be relied upon to overcome a. Cdl‘l y=-

. over problem caused by oil contamination and the only safe policy that can be
followed is the removal of the oil from ‘the boiler feedwater, '

4
[y

Anti-—i’oam Agents
Frequently the cause of a carryover problem .cannot be economically
corrected through adjustment in boiler water balances or installation of additional
“external treatment facilities,” In"many such’instances the use of effective anti-
foam agents has provided-the désired result, .+
o

_ During recent years highly effective organic anti-foam agents have been
developed, In general the polymcn/ul esters, alcohols and amides are the most
effective agents y(,t developed,

i 'l'hcsc agents have the effect that fewer but larger steam bubbles are ;},‘(?n_-.
crated and these bubbles readily collapse in place on the heating surface without
leaving that surface and rising thrdugh the boiler water, : :

In addition to the benefit of high purity th'lm the us ¢ of anti- f%nn agents
. frequently results in cconomic benefits due to reduced blow-down requirements,”
as’ 1)011(,1 water concentrations can be carried at much higher levels without com-

©

piomlsm;, steam purity, - , : . ,

5. Return Line Corrosion

e B -

The prmmpal causes of u,turn line corrosion are carbon dioxide and oxy~
gen in solution’in the condensaté.. Lot _ ‘
: . f o
In general, the climination of oxygen from condensate systems can be
readily .achieved by mechanical or chemical deaeration. \

The chief-source of carbon dioxide is the bicarbonate and carbonate
alkalinity of the makeup water tothe boilers, . The bicarbonate and-carbonate
alkalinity whgn subjected to boiler temperature undergo thermal decomposition
and liberate carbon dioxide which becomes entrained with the steam, The other
possible and usuatly-mrinor sources of carbon dioxide are the free, gaseous car-
bon dio'xxde that is dissolved in most natural waters and the catrbon .efoxide which
~ forms fram (lecomposition of soda ash that may-be.used for regulation of boiler

water alkalinity Y ~ . ’ ,fx.
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: Chemicals that can be used for combatting 002 COrrosion include ammonia
neutralizing amines, and filming amines. : .

Ammonia can be fed to the system as ammonium hydroxide or ammonium.
. sulphate, At boiler temperatures the ammonia is liberated and passes off with the
stedam from the boiler and thus is able to neutralize the CO,, The use of ammonia
for this purpose is however, limited due to the“’fact that it is very corrosivc to .
copper and zinc bearing metals
. p .
Neutrallzation of CO,_ can-safely be accomplished by certain volatlle

aminespsuch as cyclbhexylamme, C H NH and morpholine C_ H_NO, These

‘amines when fed to a boilér volatilize thh t%\e steam and combine with the carbon
dioxide in the condensate to neutralize its amdlty Unlike ammonia the amines in ..
low concentrations are not corrosive to copper and zind bearing metals, Controt '

of treatment is usually based on feeding sufficient amine to raise the pH of the
condensate to 7,0, Satisfactory‘reduction of carbon dioxide corrosion is obtmned o -
w1th the use of the neutralizmg amines in the absence of oxygen L ”

'I‘he'fil_ming amines function on a completely 'dlffei'ent prmmple from the* -
neutrdliz.ing amines, The filming amines do not neutralize carbon dioyide, In- g .
stead, they function by forming on the metal surfaces contacted an impervious 1
non-wettable film that acts as a barrier between the metal and the’ condensate.
protectmg against both oxygcn and carbon dloxide attack, ' :

The filming amincs of value in the prcvcntlon of corrosion are the high
molecular weight’ dmmes and aminc salts havmg straxght carbon chains containing /
10 - 18 carbon Fa‘tomb ()ctddecyl'lmme C NH_, hexadecylamine C Illelz,
and dioctadecylamine C_ H_ NH, arc examplcs of uscful materials of thlq type, “°
_In plant practice the moql syccessful results have been obtained with the dispersed
octadecylamine, Condensate should be used in preparing the chemical gblytion _ :
\\hl(,h is then fed with a small chemical pump to the main stcam line qt a point ' ,
where it will be well mixed with the steam, The material is diqpm sed readily o
with the steam and is carricd thebugh the stcam and con(lcnsate lmeq fm mmg !
4 nonswettable film on the metal surfaces contacted- '
BQILER WA'I'ER AND STEAM SAM PLING

In order to determine the conditon of the hoiler water and the purity of
the steam from the boiler, proger representative samples of each must be ¥

obtained and then bubmitted to the appropriate test. - ' "
t }

»

(' ) ‘ L [}
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L L Samples obtained should

- length, having a total'area of about 50 per cent of the pipe area, Alternatwcly

i remains under; full pressure until it has cooled to a point where it \\'lll not flash,

aceross. thc .pipe area in preference to.a horizontal run wherc the particles and "

, Lakcn flom the steam drum by means of sampling lines installed after the steam.

N . d,g
" é
- 34 - i
S o e L. ] '/: ' o . ) ) . ' ( :
Water Sampling : - - : _ L : _ ‘ q
To obtam a representative sampie of the water in 'the boiléer drum an e
1nternal pipe should be used. extending along the length of th/e drum/ the pipe = - B
should have one end sealed and should have a number of ifilet holed along its L ]

" the sample may ‘be obtained from the continuous blaw-down pipe, Any sampling
_pipes locatc(l external to the boiler drum must be able to withstand maximum '
boller pressur : :

oled to room tcmperatur\e in a cooler coil

‘which is equipped with a throttlin Ive at its outlet,. In this way the sample

RO e O

" The coolcr mlet should be equipped with a shutoff valve, N

Sample coolors are usually made of two contiruous lengths of copper or y
stainless steel tul)mg onc insite the other, The sample should be brought in at R
the top and leaves: at; t’ﬁ_bottom and the ooolmg water should flow counter to the

samplc flow, Ihe 000_l'i'ng water supply should be depcndable and adequate enough

to cool the Sample to 21 C /

Stcam Samplmg

.

L
)

Impurities in,steam are u%ually in the form of water droplets or small
dry pultlcllos If it is desjred to take samples from a plpeline, they should be
withdrawn’ from a long vertical fun wherc the particles and droplets are ml\ed

droplcte tend to concentrate along the bottom of the pipe. Samples may alsp be |

_separ atiag equipnent, Stainless steel pipe should be used for high temperature -
steam sampling. Steam oamples are condensed and cooled in coolers and the

cooling coil should be arranged so that the conden sate-can pass continuously .
thr ough a conductivity cell, Therc should also be a parallel connectlon for: dchv-—
ering tho con(lensul and cooled samplc to a'sampling flask or to wastc

' The cooling 0011 mUSt be supplied with an adequate and dcpendable source
of cooling water as failure of supply could result in overheating and damage to.

(,011 'md conductivity cell,
. /
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I ‘Sample Testing Precautions

¢

In order to obtain.accurate results the sample testing procedure must be
cqrefully' carried out, Testing errors may be caused by poor sampling methods,
contamination of samples, use of weak or 1mproper reagents, and failure to -
follow test{ng instructions, , .

Sample containers and connecting., tubing must be thoroughly cleaned and
rinsed out several times with the water or condensate being collected, The
samples should not be exposed unduly to the air and should be cooled to 20°C qr
below during collection otherwise a vacuum will. dcvelop in the, flask as it cools '

" .whlch may draw in coﬁammatmg akg, /

Also to avoid contamination, the samp«le tubmg and flasks should be\com-

' plctoly free of air bubbles,

'I‘he s'lrnples should be tested-in a cool clean, wcll ventilated space which
is eqmpped with a sink, storage facilities, clectrical outlets, proper wotrking
surfaces, hot and cold running water, and a supply of distilled water,

et ) ¢

1
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( . . QUESTION SHEET - - | o
=+l . POWER ENGINEERING ~ - B S . s.
1 . e N L . o _ First Class ' -
| S - , . Sect, 2, Lect, 12
1, Discusds the three classes of water {mpurities and the general
method.used to treat each type,
2,  Sketch and describe a method for removing suspended impurities |
from water, : - | N .
, 3. (a) ‘Mescribe the essential equipment and operation of a hot lime- soda '
. .- . .softener, . - . A /

(0) List.the equations for the chembcal reactions involved in hot :
lime~soda softening, : :

» )
.- 4, (a) prlain the differenco between the hot lime-soda and the hot :
' lime-hot phosphate processes, : h
' “ﬁ o ' ()] List the equations for the chemical reactions involved in the )
' hot lime-hot phosphate process, ) ¢ , R
. () .5,  ‘Describe the principle of ion exchange and describe some type of .. v -

ion exchange softener including the equations for the chemi 1
reactions. involved : .

6, . Explain the meaning of- the term dqmineralization and de\s%‘
briefly how it can be accomplished,

7. Sketch apd describe a typical reverse osrnosis system,

8. Discuss the princxples of deaeration and describe brieﬂy two
methods. by which it may be accomplishe‘d‘ '

‘
.

l-‘xplain what is meant by internal water treatment and explain
v v - the. functions of this type of treatmont )
10, ¢ Describe the equipment involved and the operation of the water
tre'ltment system in the plant in which you are employed

\)
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Goal: :

-

The student will be able to

~ .

. describe tests on feedwater.

FEEDWATER -~ TESTING,  «

12.3

* Performance Indicators:

1. Identify common test
equipment, reagents and!
indicators. ' i

2; Describe standard tests of
water quality,
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~“Study Guide

* Read the goal\and performance indicators to find what %s to be-learned from
package. : - .

* Read the vocabulary list to find new words that will be used in package.
’ T . .o
"# Read the introduction’and information sheets.
‘% Complete thp job sheet.

* ‘Compleée self-assessment. g

* Complete post-assessment,.

+ 0




% Adidic

* Alkalipity ? -

* Ammonium molybdate

* 'Bu;ette'

¥ Caustic alkalimity

; Excess phosphate -

* Excess sodium sulphite

* Hydrogeh ion concentration

. * _.Indicator _ '
* pho , \/ifﬂq
* Phendlphthal%in alkalinityl
* pH value
* Pibette
* Seq&gstering agent
* Soap test |
* Titrasion
+¥ Total alkalinity

* Total content of dissolved solids

# Total hardness




*Introduction | _/|

o

L]

3

Feedwater testing requires exactihg procedures. Testing 1is a laboratory
function that  requires clean equipment, careful sampling progedures and exact
measurements. .

This package is designed to introduce the apprentice to the purpose and types of
tests' used in maintaining the purity of boiler feedwater. Testing procedures
should be obtained from test kits, manufacturers or the reference material.,
These specific testing instructions should be followed closely until experience
has been acquired. j -

S 140 .
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Test Equipment Needed

-. Sampling bottles
- Test tubes ‘ - CL . '
- Porcelain dishes '

__ Pipettes R

- Buréttes : :

- Reagents . y, ‘ p
-~ ‘Indicators & .

- Elecronic instruments

Reagents

A reagent 1is used to  produce a chemical reaction in water. ' Some standard
reagents used in water tests are: ' '

- . Sulphuric acid N/50 | .
Silver nitrate ’
Potassium — iodide-iodate solution ™
Ammonium molybidatie solution .
Soap solution :
|

i)

Indicators

Indicators are solutions that cause changes in color in a water sample depending

on the Ph of the samples. Most test kits will include the following indicators.

L

- Phenolphthalein .

- Methylorange solution

= Starch solution .

~ pH ‘indicator solutions:
: i

Types of Tests |

" The following tests are normally carried gut in testipg the quality of boiler

water.

- Total content of dissolved solids 5 : ' o

-. Total hardness : _ : -

- Alkalinity ' ‘ - é
- Chlorides . ' ' '

-~ [Excess sodium sulphite.
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-~ Intormation
. Total.ConteQ; of Dissolved Solids

- available for measuring conductivity.

‘are present in the water. A "soap test' uses a standard soap solution which is

»

" - Excess phosphate . _
- 'pH value - . ' P

‘The total content of dissolved solids is usually measured byf the electricqi
- conductivity of the 1liquids. Solids in water offer greater electrical

conductivity to a current and is measured in mho's. This term is Ohm's spélled
backwards since conductivity is the opposite of resistance. C}ear water is more
resistant to the passage of electricity than water with solids. Instruments are "

.4

Total Hardness Test - . _ - - S \
The tbtal hardness test is a meagure of the salts of calcium and magnesium that

mixed with the water sample. The amount of soap solution needed to neutralize

the hardness of the water determines the hardness of the water. The total calcium
and magnesium content cn also be measured by titration. A sequestering agent
is.mixed with the water sample in measured amounts. An organic dye will cause a
change in water color from red to blue, The amount -of sequestering agent used
determines the hardnd§s of the water. A formula is used for calculating the
hardness of the water. . : '

Alkalinity

Alkalinity measurements require three types of tests. The operator must

‘ determine the levels of bicarbonates, carbonates and hydroxides that are present

in the water.  Water treatments will differ according to the presence of these

~ products., \The tests are:

- - Phen&lphthalein alkalinigy‘teqt for hydré&ides and carbonates .
-~ Total alkalinity for total quantity of all dissolved salts
+ - Caustic,alkalinity for total hydfoxide quantity

Chloride

This test is used to determine the rate of blow-down foria boiler. (Ghlorides do

'not precipitate which makes them a reliable indicator for calculating blow-down.

Chlorine in feedwater X 100 = % blow down
Chlorine in boiler water

QN
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The sample is made slightl/ acidic by the gddition of mild sulphuric acid. It
is then titrated with silver nitrate until the color changes. The " chlorine
content can then be calculaged

Excess Sodium Sulphite

Oxygen causes corrosion inside the boiLer. In order to hold down the oxygen
levels, the feedwater must be tegted for 'oxygen content. Sodium sulphite can be
used to. dissolve the oxygen in the water and convert it to a sulphate “form.
However, excess sodium sulphite can |be acid forming and harmful. It is
desirable to keep the 'sodium sulphite levels at very slightly excess levels so
that ‘oxygen will be controlled and acid conditions will be avoided. The test
for excess sodium sulphite involves titrations with potassium - ibdide-iodate
solution on samples that have been mixeﬁ with a starch solution. -

. Phosphate Solution | ' _ / '

Sodium phosphates are used in boilerss to precipitate calcium salts into calcium
.phosphates to prevent| the formation 6f scale. It is desirable to have an excess

of sodium phosphatq in the boiley water 'at all times. Potassium nitrate
crystals are mixed with the /water sample and then cOmbined with  an' \
-ammonium molybdate reagent. ., sample 1is observed for a condition of
cloudiness. The time required ;for the cloudiness condition to occur shows
whether the boilerwater has a adequate reserve of sodium phosphate. Another’

test can be conducted by making color comparisons on a Taylor phosphate
comparator, The comparator gdses standardized colors to measure the sample,

- i
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pH Value ;

Acid conditions inside aboiler enhance corrosion.
acidic or alkaline is “peasured by a term pH.

Whether the feedwater is

pH adetually - means

hydrogen ion concentration. } A pH value of 7.0 is neutral, Anything below 7.0 .

is acidic and everything gréater than 7.0 is alkaline.

pH can be measured by

either colorimetric or electronic methods. Colorimetric tests involve adding

indicator solutions.to samples in test tubes.

Sl I S
IR »-:ﬁ i-;v“ A

1. Electrode
Clip

2, Support Ro!d :

3. Electrode
Stop

4, Combination
Electrode

5. Glass Electrode ( .
Terminal ‘ ' -

6. Reference | o
Electrode )
Terminal A

7. Buffer
Solution

~BEST COPY AVATLABLE
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Read pages 3 - 19 in referencé;_ '

Complete the job sheet.

-

Complete self-assessment and check answers.

Complete -

pdst—assesmnen; and. have instructor check answers.
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CONDUCT pH

-~ Sét up test tube rack (from test kit) :
- Fill 6 test tubes with 10ml of boiler water samples o .
- Fil1"1 'test tube with 10ml distilled wazer L :
- Add .5 ml of indicator to a test tube
Repeat with each type of indicator with only one indicator per test tube

- Select the test tube which shows a qelor change N
.~ +Place that test tube in a.comparator and find color range
. .I. .I". ! .
I.‘!, , - L ; '
Il.'. ,
S R b
S ..' -
o * Conduct pH metér test
RN - Read instructions with pH meter to be used [
‘ ' - Conduct test three times and calculate mean or average X
~ Compare pH value of pH meter test with colorimetric test e
' S ‘ /
‘ l.‘f‘.'.. :II.'. ;
, H
¢ / '//
¥ . . - e ‘ .
" o et I "f"; (’
s 3 i e /
T "v' . n . ’ i ;
! ‘_ . y’/:i"‘_' ! ’ [". N
oo . . / Ly :
; /‘,". .,/ I'.'-“_f.‘, LT " - ..\ ‘
oo //-‘ ':, o
; 2 I
o e, " ) 4o
G h T .
) (

IVALUE’ TESIS . SRR

* Conduct colorimgppi&“test' ;
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' Match the following tgrmgﬂwi;h descriptive phrases. . o - o

1. mhoA' A - : A, A reagent used in chloride: : oo
‘ A A tests. J : ‘
4‘.,' ] N . . : ‘ ‘ /'\
A 2, Reagentfff - ‘ ' B. A reagent lused in testing for
: ;o ' - ' excess sodium sulphate. . ;
. RN |
3. Indiqéto; | ' ‘ C. A reagent used in testing to
)l : ‘ : ' . test for phosphates. ’
| 4, Siivefﬁnitréte -~ . D, Produces a chemical reaction
‘ ; _ Co ' b in water.
\A ! . . , .
a 5. /Potassium—iodide—iodate ' E. Total hardness test to measure
' ' : calcium and magnesium salts
: ' § . . in water.
N QL pH | ‘ F. Unit of measurement for ‘
\ © . - - * electrical conductivity.
| .‘ . , _
¢ 7. Phenolphthalein alkalinity tests G..* Causes changes in color of
\ ' . : . water. :
N N |
, \\8. Ammonium molybdate . H. Measurement of hydrogen ion '
v " concentration. , i : - |
9. Caustic alkalinity tests . - I. Tests for hydroxides and
L e - _ carbonates in water.
10. So§p test - ! , _ , J. Tests for total quantity of
' \ . : - hydroxides in water. '

47
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Y Self Assessment
Answers
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Assessment

1. Silver nitrate”and ammonium;molypdate5sdlution;are? _ ) .

s . AN
e - soal

. . 20 . . .
- shhr IR . - -~
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2:u”Pnenolphthaleinwandrmethylorangg’solutions are - .

* ¢ X . . . . . . ~ -
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' : ~/ . ’."'-'- o W ety : e . . ..
) . L - ) B . R -
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‘.ufSibfThe unit of meaSurement-for electrical conductivity (total dissolved o A ,'.
' solids) is RSN S ‘”ﬂJ'.ufn:t'v, -
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?ﬂf' 4zi The mixing of a liquid into another liquid in measured amounts, until a

"color occurs is called SR , L. T S e
. : . i " . ) o . ‘I| l‘ K ... ot

'gSLI'Three types of alkalinity tests are needed to measure leVels of - carbonates,;“\h¢ ‘
' bicarbonates and . ; | T

Ceot
TR

test. <.

.. d . .

§.A The rate of blow-down for a boiler can be determined by a
f

7. Sodium sulfite tests requires titrations with _ |
. solutions. ! o T o

. e i
] N ,1

8. Sodium . . are commonly used in boilers,to .precipitate
_calcium and prevent scale formatons. = o

9. The pH Value of water can be determined by N ar L
s _ methods. o R T

10, Hydrogen on concentrations of 1iquids .are com:honly expreesed aa 0

; . , values. o el .r_ Lo g

| B . l A o A . " ' ,<'-I.’ L
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lnstructor

Answers

" 1. Reagents

Post Assessment-

. 2, Indicators '
'3, mho '
. 4, Titration
5. Hydroxides®
6. Chloride
' Sy . b
7, Potassium iodide-iodate
./ ' :
8. Phosphate L
9. Cok%timetn@c or electronic
- v . Ty
/ *10. pH
' ’
o
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References

* - Coreepondence Course. Lecture 7, 'Sectj.on' 2, Second Class. Steam Generetors,i‘
Southern Alberta Institute of Technology. Calgary, Alberta, Canada.
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£ SECTION 2
. ; Scecond Class
lecture 7

/. ¢ STEAM GENERATORS

. o COLLER FEEDWATER TREATMENT

-

» ‘cedwilter ) . - ,
i vifte _ ‘ . N
»
of chemicals until it has been treated in sone way Lo render it purd
Farther. most ol the chemicals i sohition have unfesrable properties
when thewr cgneentration s mereased by evaporation in the boiler plant.

, : *
The natural>sources of water may be subdivided into the foHlowing
Ceatepories: :

L. Ranrwater,

S hved water,

B Soltwater. and

4o stuarine water,

From a chemiceal viewpoimnt l'llvlll\,k_n/l\('l contams the teast constitu
enls o but raw ram water s corrosive hy virtie of its carbon dioxide and o
oxveen contents and in industrial’ atmospheres some sulphur acids may
also l)(un'vsvnl. ' . -
Hard water s derived from rain water which has percolated throuph g
\ : the carth and has'leached out some sulphates, chlorides . and carbonates
\ / ol caleim and magnesivm. “Ihe bicarbonates mpart what s known as

temporary hardoness . the sulphates and ehlorides make permanent hard
DA . .
h Nness sy :

ERIC .

Aruitoxt provided by Eic:

CSOUTHERN ALBERTA INSTITUTE OF TECHNOLOGY - S

. - BEST COPY AVILABLE.

\ Water is a substance which must he considered as a dilute solution - : ‘




. -2 - . : .

boft Wgy‘-m is rain water which has percolated over insoluble rocks, : L
This water while free of caleium and magnesium salts may cax"” other. - .
(-mmmun(ls for example organic material derived from decomposition of *
vegetation, some salts such as godium chloride and sodiumisulphate © oy
together with ammonia and silica. The corrosive carbon dioxide originally
in the rain watér is still present and the pH or acidity of the water will
depend to a large extent on thc nature of the carth and rock through which
lt has percolated, -

[
Estuarine water is in fact diluted sca water, the amount of dilution

;,depending upon ‘the’ plant locatio*(dlstancv from the sca coast) and v‘uymg
with the ocean tides, The chemical. concentrations of such waters are N
generally greater than the others already considered and great care has to
be alwn to render them suitable for fecedwater. Due regard must also be S oo
paid to'the nature of any industrial e¢ffluents which may be present.”

Thus it can be sald-that all naturalgvaters require treatment to some
depree helore being suitable for l)oilex'%cdwatcr, the extent of the treat-
moent depending, Llpon thv solutes present. '

Atms ot Boiler Waler Treatment

The principal gims ol boiler-water treatinent may b SUmMmar ized as e
follows: ’

1. The complete removal of all scale~forming salts from the hoiler water.

« 2. The elimination of acid-corrosion tendencies through tho maintenance
of an adequate reserve of alkalis in the water. . ot '

'3, The reduction of dissolved oxygen to a minimum.

I, The regnlation of the quantlty and quality of thv total dissolved solid
contents of lh(- hoiler water.

In order to accomplish thege aims the available feedwater must be
tested tor impurities  a course of treatment preseribed depending upon
these findimp¥ and finally ageries of tests set up to cheek that the desired
results are’hemp achieyed, o . '
»

SSuch a program can only be developed by a professional water treatment
chenmist. Attempts at preservibing, water treatment by any but the rest n
formed personnel are likely to be inadequate and may well be extremely
costly-in terms of plant repair.

. N () ’ .
The power engineer must however understand the processes which are
mvolved and be ableto apply the correct techniques once the required treat:

ment has bhe en preser ||w(| o
V o

This in turn demands a lmowledge of the t ('bts whig; h can he applied to
measure the etfeetive ness of the treatment. :

.
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WATER TESTING

It may be easier to obtain a clear picture of boiler water treatment
methods by first gaining an understanding of the tests used and the optimum
figures aimed at.,  With this in mind the following paragraphs describe boiler
water testing methods commonly used, < .

) ' » )
. -

- Testing Equipment

Test kits comprise sampling bottles ., test tubes, porcelain dishes,
hurettes and pipettes, and other glassware usually found in laboratories and
include standard reagents and indicators. In modern installations, in addi-
tion to such test kit, scnsitive electronic instr®ments are also provided,

Reagents

A reagent is a substance which, on account of its known chemical pro-
perties, is employed to produce specific reactions in combination with partic«
ular constituents of water which it is desired to measure. The reaction is
observed and the quantity of the rcéagent required to produce it recoprded, so-
that a caleulation can be made as to the quantity of the constituent undey
measurement. Thus, a reagent serves as a measuring instrument,  In
conscequence, its quality and strength mugt conform exactly to specifications

“laid down.

_ » A A
As most reagents are 301ultions (‘L)f acids '6r alkalis. specifications as to
their solution-strength are drawn up with an eye to the facility of caleulation
of the result subsequent to a test. Fordnstanee, N/50 sulphuric acid is used

¥

~as a reagent in alkalinity tests. The prefix N/5o0 represents the solution

strenpth of the sulphuric acid, i.c., 0-98 grams of pure sulphurice acid is
dissolved in one litre of distilled water. ‘This particular strength is chosen
because one mL of this reagent precipitates 10 pop.om. of CaCOy, A change
instrength will.ebviously change the quantity of precipitation. Henee it is that
standards are laid down for the quality and strength of various reagents.

Standardization is a skiHedroperation. It is, therefore. desirable that
the bailer engineer obtains his reagents direet from firms specializing in
this commodity, Time has an adverse effect on the strength of reagents,

“Henee exeessive quantities should not be stocked, the maximum stock heing

limited to six months' requirements,

L}
The prineipal reagents employed in water test kits are the following;:
N/50 sulphuric acid, . ' - .
° Silver nitrate solution,
Potassium-iodide-iodate solution,
Ammonium molybdate solution,
Soap solution,

(PE2 273
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|§ Indicators - L : .
‘ l: An indicator is a solution which exhibjts a change in its color when a very /
| small quantity is dissolved in a sample of water whose acidity or alkalinity is
; within a known’and stipulated range. A number of indicators are available,

i cach changing its color over a different acidity (or alkalinity) range. All of them

J, ©dre organic compounds with complex chemical formulae and are themsclves weak
!f acids or alkalis, When added to othet solutions, they do not undergo any chem~ -
: ical reaction with any of the constituents of the solution beyond being ionized.

The color change is the special characteristic resulting from such ionization.

| : _
, “ : Indicators find their place in test-kits as, with their help, appropriate,

Y color changes can be produced ar{d_ observed so as to decide when titration of
the sample with the reagents can be stopped. The principal indicators employed
i the diffepent tests are: S S .
, Phenolphthalein, ' : . ’

1! N . o . .
_ , Methylorange solution, . '

~Starch solution,
A sct of pH indicator solutions as tabulated under. " Test for pH Value',

Titration ‘

- Titration fs a procedure whercein a standard solution from a calibrated
’ ~container is slowly added to the water sample. When a visual change in the

, sample is noted (the end point) the amount of the standard solution used will

‘ "be proportional to the amount of the impurity present in the sample.

S Sampling

It is ol little use to carry out analyses carefully and accurately if the samples
arce not representative. If it is dosired to study the effect of a certain addition of
treatment chemicals ina boiler, it will not do to take a sample from the boiler
immediately after the addition of the chemicals and expect a change in results,
“Time must be allowed for the change to become effective. Where possible, the
« Samples must be drawn through cooling coils | directly in stoppered glass bottles,
Where this is not possible, care should be taken to use only such vessels as are
resistant to chemical attack by the constituents of the water. :

.

Except-where otherwise specified, all samples mu$t be {iltered through a .
pood quality filter paper yielding a elear filtrate.  For some tests - e, g. pH
vatue test filtration is not permisgible. In such cases. the suspended matter in
settle before rcnlov'ing the portion of the sample

the sample must be allowed to
"necessary for the test,

v

Units .

It his been fronically stated that there are as many methods of expressing
water analyses as there aye chemists making them.,  For instance, the quantity
of ealeium present in a given sample can be expressed in several ways, either
directly as thg mass of purc caleium, or'indirectly as the oquivalent mass of
*  different calcium compounds in which the same mass of pure calefum may be

said to exist. . \

»

e
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In @ater analysis, the analyst is more Loncerned with the determination
of the properties of the water, its hardness, alkalinity, etc., than with
fts composition in terms of individual elements. It is convenient, ‘therefore,
to reduce all measurements .of different salts producing one property into
one uniform standard. : ;

The Lonventional method adopted (with a few exceptions) is to express all
the constituents which produce a partjcular property in terms of their calci-
um carbonate (CaCOj) equivalents, even though the particular property may

. have nothing .to do with this dompound. CaC03 has a molecular mass of 100 and’

' Thquforc, one part of MgsSO, is represented by

stcr{ptions of Various Tests

is therefore a very convenieqt unit, e

Thys, one unit of éalciqm with a molecular"mass of 40 is represented by
. 100 | | - |
40 » 1.e., 2.5 units of CaCOj equiyalent.

Simllarly, magnesium sulphate (MgS04) has a molecular mass of 120.

100 (vale
120 ° i.e., 0.833 units of CaCO3 equivalent.

In popular practice, the basic numeral units for water analysis are:

»

(1) Parts per million (p.p.m.) = number of parts of the substance
- per million parts of water, both in terms of mass.
' . ' : Yk
(2) Grains per Imperial Gallon = number of grains of substance per
\ . 1 British Imperial gallon of water (also in terms of mass).

1 Grain per Imperial gallon = 14,25 grams_per cubic metre'(g/m3)‘

L]

The principal teqts on boiler water qamples carried out in practice are

faor the mcdsuritfnt ofp

1. Total content of dissolved solxds N}
. Total hgtdness. / C .
3. Alkali ity: © (1) Phenolphthalein alkalinity ’
C (i1) Total alkalinity '
(1i1) Caustic alkalinity.

4., Chloxides.

5. Excess sodium sulphite

6. Excess phosphate. ) :

7. pH value: (1) Calorimetric method _ -

LT {]) Electrondc method. ; : -
. » .

In what follows, -an attempt has been made to describe briefly cach of

these tests with particular reference to its purpose, procedure and to Lhe

mvthéd of 1nterpret1ng the results of the test. Y

3
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. boiler water:

v . -6 ~.

-1, ESTIMATION OF TOTAL CONTENT. OF DISSQLVED SOLIDS : ’ . ' ( _ '

Purpose. The quantity of total dissolved solids constitutes a very approx-
‘imate measure of the influx of scale~forming and corrosive minergl salts with
.the feedwater - o - o

[

. [] .

When other tests such as hardness, alkalinity, ete. , are made, the meas-
urement of the density of water is not considered as being of vital importance
for the proper operation of the boiler. (Total dissolved solids include all salts .-
in solution irrespective of whether they are considered desirable, undesirable
or neutral.) The measurement, however, is mad nainly as a cross-check and

-+ to assist in keeping the total dissolved solid content below the recommended

figures. i

Test. The total dissolved solids in a boiler water may be discovered by -, N
cvaporating a sample to dryness and.then weighing the residue when dry. This
method is obviously not well adapted to practical boiler house opcrating condi-
tions because of the extreme'accuracy required in weighing, . "

The method more Yommonly employed is to measurg the conductivity of

* a water sample and then use this to calculate the solids in solution, : ,

8 : ,
Pure water .is highly resistant to the passage of an electric current,

however any .solids in solution will peduce this resistance proportionately, or

stated another way, increase its conductivity, ‘ (

‘The basic unit of electrical resistance is the ohm. Since clectrical con- : .
~ductivity is the reciprocal of resistance tie unique term "mho" (ohm spelled.
backwards) was chosen as the basic unit,

.

In the conductivity test an clectrical ingtrument is used, operating on the
wheatstone bridge principle, to compare the resistance of a sample of water
against a standard resistance. Dissolved solids contents of from 0.5 to 10,000
P.p.m. can be measured using these instruments.

The condugtivity test measures the tetal i@nic concentration but since.the
hydrokide ion (alkalinity) has a much higher conductance than the other iops
‘present, for aceurate results the sample must be neutralized before the
@ onductivity test is made (gallic acid is commonly used for thé purpose). \

’ .

’°

-+ Conductivity instruments are usually calibrated in micromhos (a micromho
is a millionth of a mho). Calibration directly in p.p.m. of dissolved solids would
introduce errors since the conversion from micromhos to p.p.m. will vary .
slightly with different waters. : :

" +
~ ,’I"or average industrial purposes the conversion factor of 1 micromho : i’ ‘
equlvzlent to 0-9 p.p.m. dissolved solids is sufficiently accurate, : ¢

The American Boller Manufacturegs Association in its standard guarantce
of stecam putity stipulates the following maximum limits for solids content of

| 4

. .
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- CThblel . \ |
Operating Pressure (kPa) | " Total Solids (ppm) L ‘
| 2070 . - 2070 T 3500
, 2070 - 3100 - : 3000 . o
3100 - . 4140 ! 2500 .
S 4140 -, 5170 | 2000 } .
~ . 5170 - 6200 Y 1500 - v
6200 - 6895 . 11250 y e
. 6895 - %10,340, - . 1000
10 340 - 13790 S ' 750 ’
o 13790°% - 500 . -
¢ o | | - ﬂ
2. HARDNESS TEST S o, ' |

!
Purpose. Hardness in water is the property which exhibits itself by the non-
formation of permanent lather, when mixed with a standard soap solution. Truly
soft water will form a persistent lather even with the addition of an extremely "
small quantity of soap solution, provided the water is agitated sufficiently.
Water becomes hard due to the presence, -in solution, of one or more salts of S 3
calcium and/or magnesium, the more important ones being the bicarbonates, .
carbonates, ehlorides, sulphates and nitrates of the two metals .. -
. : »

Hardness of water may be sub-divided into "temporary' and *'permanent"
hardnesses. Water is said to possess "temporary' hardness when, on heating
the water in open vessels, it is rendered soft. The bicarbonatcs-and carbonates ..
of calcium and magnesium impart temporary hardness. to the water which containg  ~
them. Hardness due to caleium and magnesium sulphates and chlorides cannot be
removed by boiling in open yessels and so it is termed "permanent”. Umder
hoiler conditions, h()wuvv - all hardness salts precipitate and form "scale'.

“In recent years the terms temporary and permanent hardness have given

"carbonate'" and "non-carbonate' hardness x‘c:spvcilv_cly. : . C
Carbonates-and bicarbonates of both metals form soft, porous scales.

Caleium sulphate forms a scale which is hard, non-porous and adherent. Mag-

nesium sulphate and the chloridds of caleium and magnesium break up to form

acids and also precipitate soft seales. Scale-formation in hoilers. particularly

“on heating surfaces | is undesirable as it reduces heat-transler efficieney  and

causces Whe failures owing to overheating of metal ! The intensity of hardness in

“a hoiler water is thus a measure of the propensity of the water to form scales
~on heating surfaces, '

4

Test (hm\p Method).  When mixed with soap solution, a hard w'n"’thmws oul

a precipitate or curd whish represents a reduction of soluble hardne®s salts to

.insoluble compounds: - Whén all hardness salts are.precipitated, the water is

rendered soft and so forms a persistent” lather with a very -small further addition
of soap. o - P
"This property of soap which enables it.to neutralize the hardness salts -
through pu'vipltlltinn is made use of for the determination of the degree.of
hardness present in u.m\plos of boiler waterI'he result is vxpu'sm-d in parts
ol CaC () (‘quVd](‘nl per million parts of water: -

v

(PE2 2:7-7)
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The test consists of titrating, with a standard :soap solution, 100 mL,
of filtered boiler water- taken in a glass-stoppered bottle andx“-s.haking vig-
orously after each addition of 0.2 mL .of soap solution until a lather is
obtzuned‘w(hich persists for at least five. minutes when the bottle is laid- -
~aside at .rest. Coe o : P -

Calculation. The guantity -of sdap l'ohuired Lo neu_trall‘}.c the hardness
- salts through precipitation is directly proportional to the quantity of hardncss
saltspresent, A S : ,

-1 mL of standard soap solution precipitates 10 ppm of CaCO,.
Hence, hardness of sample (expressed in ppm. of CaCOgy equivalent)
=10 times mL of soap solution added during tést. Standard soap
solution precipitates all hardness sults, not only the carbonates.
Test (Titration with a_Scquestering Agmnt). This test is based on the .
determination of the. total caleiung apd magiesium content of a sample by
titration with a sequestering agent in the presencé of an organic. dye. //

. The indicator or-dye will show a red color if the hardness is present in
the sample, titration is then carried out with the hardness titrating splution
until the end point shows a’color change from red tb blue. . '

Calculation.  The quantity of titrating solution used is directly propor- ' .

tional to the quantity of hardness salts present, given a standard quantity of
sample. Hence if 2 100 mL sample is used, then '

mls tiu:ating solution x 1000 .

ppm hardness as CaCOy T00°

‘The Tollowing figures give examples of, the range of hardness to be
expected: : ' !

- 60 . soft water

-6l - 120 medium hard oo —
121 - 180 - hard ' '

. 180 ~ very hard I . o

3o ALKALINITY

»

. L 8 : ' ,
The borler éngincer necds to know the condition of the water with reférence
to aldl the three alkalinity measurements, for only then can he determine separ-
ately the amount of bicarbonates, carbonates and hydroxides present. This det-

ermination is eSsential in order to decide on the nature of the treatment to he

employed,  For instance ., if the water is found ¥ have caustic alkalinity of a

value higher than a stipulated amount, there is danger of a phenomenon known

- as caustic embrittlement, thatlis, the bojler metal develops hair-line cracks
along grain boundaries,  Similarly, if the bicarbonate - content is found to be,
excessive, free carbon dioxide is releasel, promoting corrosion, The treat -
ment of the water differs in cither case and is controlled on the hasis of the
results of these alkali tests, . L

(PE2-2-7-4).




phthalein (¢x xpressed in CaCOyq ppm) - 10:times mi. of acic
L e : . \

l)oﬂmtmns An alk.llme solution, s;mply stdtcd is onc which contains
hydroxides, carhonates and/or bicarbonates, '
, As prevmubly btht(‘(l alkalinity tests are usudlly carried out in three diff-
' u‘ent parts viz (i) - Phcnolphth.\lcln alkalinity,
! R "(ii), Total alkalinity, and ) . ,
' ' (m) .Cgustic alkalinjty, '
¢ "Ph(-m)lphllmlvln dlkalmlty" is-the term employed to indicate the .nlkalnmty '
imparted to.water by hydroxides and. car bonutj,b only, i,e. excluding bicarbonates,
"Total {tlk.ilnnty" laprcscntb the total Ju ntlty of all dissolved salts impart-
ing alkaline propertics to the water, oy
a "(Jnu‘stu, ulkdllmty" measures thc quantity of hydr()XIdCb pru,cnt in suluu(m

Pur pos(, To |ncvent un'rc)smn inside a hoiler, it is essential that the

b

water inside should not be' acidic: “Fven pure distilled water has a tendency to /e

become acidic due to the br ('.lkmg uj) of water molecules under conditions -
' existing-in a boiler, Itis ne cessary,. thcrel})rc ‘to maintain the boiler water /

slightly alkaline, i.¢. there must be present smdll quantutlu, of hydroxides, -/

('.nhondl(- B an(l/m In(dxbon.lloq m solution, S . /
' (1) Pher 1()lphlhllom Alkdllmty ‘Test. | ' ,/

. Explanation. When a drop of phcnolphthdlvm which is itsell an alkaline
Cigquid, - is added o o watér which’ contains hydroxides or carbonates, the water
dens pink in_color. This coloring is indicative of a higher dllullmly of the sol-
“ution than that of the phenolphthalein drop. When an acid is added o the solution
so that'the alkalis are neutralized or wmkqnul o' a btrongth below, that of the
ph(-nol drop, the pink color (Ilsapp(-'lrs Inthe presonce of an acid, hydroxides

“are neutralized and form salts:. (,arlmnate , on the other hand f¢ rm into bicar-
lx)n.\tﬁ, first and then, with, the addition’6 f more acid, are nvutr'iluul While

carbonates are more alkdlxn(, than phonolphthlldn bu,.lrb(malc_ arc less alkaline,
dltl\()u;,h even the L ltlcn comes undm the gcn(' d| c‘rlq)my ()f i dlls lhus whc

ph('nnl|)hlh.llvm just (hsqpp( ars, it is undu stood that at'the me m(,nt of lhu '()Im :
~change, all thes hy(hoxulcs h: nvv'l)o(‘n neutralized and all the edrbonate molecules .
have been re- fmmu.l into half lhvn ‘fumber of hic arbonate mdl( cules (i.e. cach
“pair of earbonate Mmoledules (oup'lc up I form a single bicar honate molee ule),
lhls |)l()|)L‘Il¥ of phcnolphthnlt‘m (hmgmg color is utilized /to determine the
of ciarhopatey and-hy droxj day iy solution in the boiler water, '
‘ohst, The -test consists o, 'dlonng a measured . |lldl’tlty of the sample with
phthalein and then titr ating with sulphuric acid unti} the color-just.disap="- - L

pears. 100 mL of filtered sample is. faken in a porcelaig dish and 10 drops of phen-
) <)Iph|h’l|( in ln(lu.nm isadded, I the'sample is distinet)y alkaline; the color will .

alk: llnmlv is negligible and may o taken as zero), This colored sample 1s now - -y
titrated with N/50 sulphuric acid until the pink color just (Ilsdppcan the sample
heing kept stiergd all the time, The'quantity of acid addui is note, The lt-sp(:(l \,
I nnpl(' is ret: lln(‘d fm fur thar” t(mtmg : ‘

T leculatmn. One mL of N/SO sulphuric acid neutraliz.as 0 001 g of CaC Og }lcnce

L4

{ .
oo dif 1 mUof“\cid is used in the" test it means that 0. 001 8 of CaCOgy or its alkalmt cqui\?--

alent ig present in' golution in 100 mL of water.
' 100 'mL wiwater has a mass of 100 g.

‘ .
L Henco, phemplphthalein alkalinity per mL of acid used" _,
=) 001/ 100 parts of C a0y per part of water .;f"i,f‘"}»

10 parts of CaCOy pes million parts of water, .
'l’hcrvfm*(- given that the samPle quantity is 100 an,'t( Iinity to phénol-
id

.u,(E('o ‘ (l)l Bt 7 (,’

. ’

\

-\ S W i
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_ (hun;,(' tg pik. ‘(f {l docs not t,lnn pink, the inferenceas that phenolphthalcein . \\ e
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e : (i) I‘otul Alkalmnty Test

» Explanation. Phenolphthalein doeb not turn pmk in the presence or bicarbon-
¢ ates, even though the latter arc alkaline substances. Hence. a phenolphthalein
' - alkalinity test does not measure the total quantity of alkalipe substances dissolved
-in the boiler water under ‘test. Unlike phenolphthalein, methyl-orange reacts cven
in the presence of bicarbonates. When the water 'is alkaline, a few drops of this
.. == liquid imparts a yecllow hue to the water. When the alkalinity is completely neut-
ralized by the addition of an acid, the color of the water changes from yellow to
red. This color reaction of methyl 01angc is- used to measure the total all\alunty
ol' the hoiler watu sample. . B

Test. The test itself is a continuation of the phenolphthilein test, the same
dlll])l(‘ l)mng, further colored with methyl-orange and then the residual alkalinity
neutralized. Ten dr ops of methyltorange are added, If the sample tdrns red

immgdiately, it means no bicarbonates are present and thatthe sample has been -,

neutralized by the addition of acid during the phenolphthalein test. The phenol
- alkalinity is then also the total alkalinity. If the¢ samplé turns yellow, it means
that the sample is still alkaline. The sample is then titrated with N/50 sulphuric
~acid until the yellow color changes to red, and the quantity of acid added from the
» start of tho phenolphthalein test till l.hL end of the total alkalinity test recorded,

Calculation. 'I‘herefore usimg a 100 mUL; 'unplc, total alkahmty in CaCOqg
ppm = 10 times mL of acid used. 4 o

(iii) Caustic Alkalmlty Test

Explanation. When barlum chloride is added to an lkalinc sample, the car-
bonates are precipitated leaving only the hydroxide alkdlis (also called caustic
alkalis) to e present in solution. A phcnolph‘halun tesg carried out. after elim-
inating the carbonates in thls manner will give the valuL of caustic alkalinity

ST i Ldb(); ppm _
, Iest., 10 mL of barlumwghloﬂtl”ls addl to 100 m13 of filtered. boiler bm\plcs;
4wy, this quantity of barium chloride being, considdred sufficlgt to neutralize the

carbonates [)I(‘b(’nt Then, 10 drops of phenolphthalein indicator is afided. 1f

the sample 'do@s not tyrn pink, it means that it has no hydroxide content and hence
" no caustic alkalinity.” ‘If the sample does turn pink, it should then be titrated with
- ~ N/50 sulphuric acid until ‘the: pink color just disappears, ‘the bamplc l)cmg kept

' . stirred all the time. The _quantity: of acnd added is recor dpd.

S . g:z;l,‘l_g_;ylg»gggg_. Cauatnc all{«r iy . m (Ja(J(w bpm '«_10 tignes the mL of acid added
e S ~(usingr 2100 mL sample).

.' lntupx*ctatlon of AlkalmltL'I‘ebts

. Although- all the . dlffex ént values of alkalmnty as: mcabured abovc are expressed

in parts of CaCO3 per million parts of water, it shouldbe clcarly understood that

. - 'CaCOy is-used-only as a‘unit of measurement-and that the alkalinity of the water ‘
o " may be due to dissolved hydromdes carbonates or bmarbonates of calcmm, s()dlum‘

magnusium ete.

Bloarbonawb and hydroxldes cannot co-exist in s,olumon as the latu,x convert
_the formvr mt.o carbonat&s through chemical oomblnatlon as followq '

Ca(HCOy)y "+ Ca(Oll) 3 2 CaCOy + 21 zo

APEL-2-7-10)
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I C, Pand M are respeetively the values of caubtl(, alkalimty ph(,nolph-
thalein, alkalinity and total alkalinity. (all 1n CaC03 ppm) the rcsultb are inter-
pwt&d as follows:
(i) If C=ail, carbonate content 2P; bicarbonate ,.content =M - 2P.
P is less than 1/2 M, ' -
(i) If C is poditive, hydroxnde content = C; carbonate content = Z(P -
No bicarbonate ‘content. The total alkalinity,M = C + 2(P - C) = 2P - C
“P is more than 1/2 M, ‘ A
(m) IfP - 1/2 M, the alkalinity is entirely due to carbonawb no_ hydroxldes
o hicarbonate's qup; present,
(iv) If P M, the alkalmlty is entirely due to hydr ox1d(is, no carbonates or
hncaxlmnates being present. P is also equal to C. o a
(v} If P zcro, tho alkalinity is entirely duc to bicarbonaw thero being no -
ml)onatos, or hydroxides in the water. I‘hcn M - bl('mbonatc content.
' C = zoro,

1. CHLORIDE TEST | \ - - o

Purpose. In boiler-water conditioning the principal application of the chloride
~test s in the control of blow-down . Since ch rides are not subject fo precipitation
the deter mmatl(m of the relative chlaride conclptration' of the Teedwater and the
Sbotler water pr ovides the most accurate basis fov calculating the- rate of blow-down
using the fol]o\vmg formula: . ’

Cl in feedwater g 400 - blowldéwn
Cl in boiler water ° ’ -

Most waters contain only relatively smdll quantm 5 of magnesium and ealcium
" chlorides, both of which are hardncqs—-producmg salts- which, under boiler centlitions,
promote scile formation and corrosion. Sodium chlorifle (common salt) is’ hardly

- existent in such water. In sea water, of course, sodiuth chloride is the major ton-

- stituent of dissolved salts, approximately 25 620 ppm,/The other ehloride.galt it
contains is magnesium chloride, the quantity heing about 3300 ppm. Of these, sodi-
um chloride has a‘golubility of very nearly.22:4 000 ppm at ordinary temperatures

and womuch higher sdlubility under boiler conditions. Purther, it does not undergo
imy chemical change iN the boiler-except under conditions of excessive temperature.
In its dissolved condition, it is quite harmless, particularly with regard to scale
formation or corrosion. M: agnesgum chloride, howeven, is an extremely undesir: Wle
conslituent, since it promotes intensive corrosion and scale for mauon. _./

In the hoilers nl plants using ¢ stuar ine water for (o()llng |)m|ms('s, the |n('s('n(('
ol chlorides in the water can only mean that sea water is somchow Finding its way
into thi- plant. Sca water leakage will result in a gradual concéntratiof of dissolved
sodiwm chloride.” By-itsell. such concentration is not dangerous exee pt when the: P
/.\()llll)llll\ saturation limitas veached and salt is de posited on the heating surface (‘q
But'it s an indication that. together with scea water. other and more dange rous, (nn~;
stitwents sueh as magnesium ehloride ., ealéium sulphate | ete. . are introdueed mw
lh(- boilev. The measurement of chloride content is thus a sure method of ascert- © L
amming the ¢ \l.sl('nm- of B walm‘ leakage into the f(‘('d system and thv m: l;_,mtud(' 5
Theredy, | _ _ o S ‘ -
Test., In the presence of potassium ¢hromate in walter, 'sll\( r nltulv takm on
d brick- red color owing to the formation of silver chromate. But s llV(’l‘ nitrate has
apreater chemical affinity towards sodium or other thlm \des than l(n |u>t.lmmm
chromate .

.,v_‘ .

{ " ) . ’(pl"”“l_".';’]"_l1)‘_"

. . Se¥eer L

L. ]

. [y




N neutralized by the addition of N/50 sulphuric",acxd in suffickent quantity to remove,

35.5
,[‘herefore Oride content in%erms of chlorine = ——56-—‘ X CaCO3 ppn,
5. &NHUMSULMHTFTEST | T

- dissolved oxygen content-down to a minimuy

the solution ig titrated with potassium-iodide~iodate solution, a blue color is
‘obtained instantaneously. In the presend®.of sodium sulphite, the reaction between
* potassium -iodide~iodate and the sodium sulphite takes precedénce-over the reaction.
" hetween the f(__mn er and the starch. So, the blue color is not formed until 2l the . . '
~ Sodium sulphite hasg been chemically reacted upon by the potassium~ioditie-iodate. i(

‘z&(lih4;u—7-1z) T = -

." l . : SR .‘ ) I g '
B b R _._,'.cL' -

Thus, wheh silver nitrate s added to a mildly acidic’ (vat,er (thls is essehtial {( R

* for promoting active chemical reaction) conta}n‘.ng chloride salts” a;a 'wcll ‘a8 .pot-

agstum, chromate, s color change indicating formation of silvc(‘; Kromate.takes
place only when all the chloride salls'}nve been. rgacted upon, his phenomenon

is utilized in the measurement of dissolved chlor}d“es in boildr water, ., - ‘

100 mL of filtered boiler water is takenin'a porcelmn dish and the alko.umty e

the pink color caused by 10 drops of phenolphthajein: *ExXcgss aoid fip tor usimL e
is then added making-the sample under test distipctly acidie. 20 drops of potagsium-.
chromate'is added to the sample, which is then titrated with N/50 standard silver - ..
nitrate solution. As each drop of silver nitrate strikes the sample,- red Golor will .. .
appear momentarily but disappear immediately, as the chemical reattions between - I
silver nitrate and the chlorides tale place. The titration is;contihuéd till,  with.
slight excess of silver nitrate, the sample acquires a redgish brown tinge (coffee
color), The'sample must be kept stirred thrpughout the p OCEbS. The mL of
silver nitrate added is recorded. : A W .

‘ 'Y

(‘alculatlon. Each mL of N/5() 511ver nitrate used neutralizes 10 ppm- -of chlo— '
ride expressed in CaCO3 ppm. Hence, chloride content in ppm of CdC0y = 16°
times mL of silves mtratc added, , . .

Chloride co -ff' can also be expressvd in chlomdc ppm “ : S
e 50 CaCO ppm " 35.5 . i

Purpose, Feedwater carries with it into the boiler considerable quantities of -
dissolved oxygen, particularly in open-feed systems. This oxygen s freed out of
solution when in the boiler and pron,otes corrosion of the boiler metal. - This _
corrosive action of oxyggn is particularly sevete in high-pressure boilers, Effic-~
ient boiler management, therefore, requires that oxygen entry is reduced to the
minimum and that the residual oxygen still finding its way in is immobilized through

chemical treatment, The use of closed feed systems, de-aeration equipment,

ete,, assist in reducing the oxygen entering the boiler. Crystalline sodium S
sulphite has an affinity for o#¥#en and when combined with it becomes sodium 4
sulphate, This chemical is, therefore, employed to neutralize the dissolved

oxygen in the boiler water, s " -

The. formation of sodium sulphate is not an unmixed blessing, It increases SR
the acid-forming solids in the water, which, in turn, call for increased addition -
of alkalis to-eounteraet their effects. ‘T'his results in increased scale and sludge

formation and conscquent reduction in boiler efficiency. Hence, this method of

oxygen control is to be (wnployed with overall-consideration and only togkeep the
;::yalue and not to eliminate it alto-

gother, Keeping this. in mind, only a very' slight excess sodium sulphite is
maintnined (usually 20 ppm in the ‘boiler-water). The test is designed to . meusure
thns excess of sodium ‘RUIphltL inthe water, :

Test, If a’'small quantity. of smrbh solution is added to pure watér and then

‘I'hig_phenonienon of differing reactions of potassium-fodide~iodate in the presence R -

e or iabsence of '-%Odlllm hlllphlt(‘ is ulxli/vd to test for.excess; sodium sulphite-in hml('r _

dLe - “ “.
witer, : e , :
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( - . 100 mL of boiler water is taken in a poreclain dish and is turned slightly -
"~ .., ¢ acidic with the addition of N/50 sulphuric acid (so that chemical reactions may
o be accelerated). 1 mL of starch solution is then added and the solution then
L - -titrated with potassium-iodide-iodate solution until a permanent faint-blue color
ls obtained, the sample being kept stirred throughout. The mL of potassium-
fodide-iodate solution used is-recorded. ' -
. . : . y)
‘ . o : VS
-« NOTE: It is of the utmost importance for the accuracy of the measurement
~that th¢ sample should not be brought into contact with atmosphere, as the
oxygen in air is hound to affect the sulphite content. Hence, the sample
should preferably be drawn from the boiler through a cooling coil, the
outl®t end of which should reach the bottom of the measuring jar and the -
water allowed to overflow from the jar for a few minutes. This Cnsures an
uncontaminated sample. co ' "

iy .
- . . ’

500
. » ’ Lo , mL sample
Ty ) Using @ 100 mL_sample the sulphite 'in ppm as S(“).'; is equal to the mL of potagsium-
-+« iodide-iodate required multiplied by 5. -

Calculation ppm sulphite as SOB '7mL:'i)ogz1$$j-tln1v-iO(lide—iodaLe X

v
4

G. PHOSPHATE "I'EST - Sy

Burposce. Modern boiler water conditioning is based on control. of alkahnity
and maintenance of zero hardness. With low-{iressure boilers, the practice .
T - was to use soda ash (sodium carbonate) in order to control alkalinity. This alkali.
however. is not very stable at high temperatures and pressures and breaks up into
N ( ccaustic soda (sodium hydroxide) and free carbon dioxide, resulting in caustic

embrittlement ‘of the boilér metal. Sodium phosphate compounds are milder

alkalis, but more stable and very soluble il)-_\__xj@l('l" at all temperatures hnd’prvs‘»-
sures in use. Henee. phiosphate conditioning is the preferred tréatment in high-
pressure hoilers., / ., . :

There are three different phosphate congrounds in popular use, vigz. sodium
metaphosphate,” diSodium-hydrogen-phosphate and trisodium phosphate. “The
:1Ikulinity values differ between them. Hencee the type of sodium phosphate com-
pottnd used depends on the eontrol of alkalinity. The main fitnetion of sodium
~phosphate in all cases is to precipitate the epleium salts in the feedwater as
caleium phosphates and thus prevent formation of boiler seale  Itis essentinl
to ensure that there is, at all times, an excess of sodiunrphosphate in the'hoiler’

| water. ‘ S ' ' - |
. . Test, In the prescence of sodium ghosphate . a sample of boiler water with
' potassium nitrate crystals dissolved it reacts to the addition of ammonium
co - molybdate by becoming eloudy. The larger the quantity of sodium phosphgte pres-
ent, the quicker this.reaction The time taken for the onsct of ¢loudiness is thus
" used as a measure of the excess phosphate in the hoiler water,
[ . . ' - .
. 50 mL of hoiler-water sample, preferably hot, is taken in a flask and to it iy
. ggdded-approxtmately 4 g of potagsium nitrate crystals. The sample is then shaken
,Hlor proper mixing and filtered several times till a clear sample is obtained. 25 mL
- of this filtered sample is then taken in & water bath and heated to a tem; rature
' hetween 38 and 40°C. 5 mL of filtcrul‘r'm)lylxlnte reagent is then added and the,
" ( ' sample shaken thoroughly and allowed toggtand for two minutes. A note is then
made as to whether any cloudiness has set in. If the.sample s still clear, an
- observation is again nfule after five minutos. for the. onset of cloudiness and the
result recordod, R ‘ - i

Lo o | \ (PE2 2 7 13)
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Interpretation, Onset of cloudiness of, sample within two minutes mdicates

a‘phosphate reserve of mor \than 70 ppm. ’ \

Onset of cloudiness after two minutes but before five minutes indicates a
phosphate reserve of between '20 and 70 ppm.
A clear sample even after five minutes indicates that the boiler water has .

less than 20 ppm of phosphate reserve.
The amount of excess phosphate is deter mincd on the basis of the above
rules of interpretation. It is gencrally.udcswable to maintain a soluble phosphate

- content of'30 to 60 ppm.

Alternative Test (Colorimetric method) "+ This test is based on the pro-
duction of a blue coloration through the use of molybdate and-stannous reagents,
The intensity of the colour
produoed being proportional
to the amount of phOSphate
prcscnt ‘

. . '

Fig. 1 shows a Taylor
Phosphate Comparator used
for this purpose. A filtered
water sample treated with
reagents in the centre test
tube is color-matched with

standard color windows in
the slide. When a match is
obtained the phosphate #h
- - parts per million as POy is
- R : then read directly from the
Taylor I’Losphate Comparator values on the color standard
. - Fjg.. 1 © slide, ‘

~

7. pll VALUE TEST

Introduction. Corrosion, in its general sense, i8 the process which results
in metdls being taten away on the surface due to the formation of metal compounds
such as oxides, chlorides, sulphates, ctc. In recent years, this has formed the
subject of serious scientific study and reseurch, and a number of plausible theorlcs
“have been put forward explaining the phenomenon of corrosion. .

Principally, corrosion is xcgaxd(,d as an clectro-chemical process which takes
place when a metal is in contact with an electrolyte and two/ dissimilar galvanic
clements are present in the liquid. It is, in fact, a chemical action between the
metal itsclf on the onc hgnd and the dlssolvcd “salts on the other. This chemical’
action is accelerated by the flow of electric current which is set up internally and
externilly between the two galvanic elements. Two basic conditions must be ful- '
filled in order to set up this electro-chemical action, namely, ' ’

(a) the presence of two galvanic elements at different electric potentials;

“(b) the ability of the electrolyte to split into "fons' which serv e as vehicles

for the flow of electric current through the liquid,

, It is not absolutely necessary that the two galvanic elements be compdsed of
two differeft metals, Even non-homogeneity of structure in the same.metal may
provide the necessary difference in electric potontial to set up a flow of clee tric

(PE2-2-7-14) S - | ) .
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The second condition is fulflllcd more fully If the electrolyte is "acid'"'
than if it'is "neutral" or "alkaline". Thus corrosion is intensive in a boiler
when the water inside.is acidic. To ensure that this is prevented it is of
henefit to keep.the boiler wator slightly alkaline at all®imes and thus counter-
uct the formatlon of acids during the oporatlon of the boiler.

The usual litmus pap(,r test merely determines whether the water is
markedly Macidic” or markedly "alkaline®™ but does not give a measurement
of the degree of such acldity or alkalinity. An exact and sensitive measuro-
ment of acidity or alkalinity can be made on the basis of the ionic theory.

lonicA Theory. A normal atom is composed of a heawy nucleus which has a
positive charge and of one -or more ele¢trons (with practically no mass) which
circle around it. These electrons together have a negative eloctric charge which
is equal but opposite to the positive charge of the nucleus. The twd charges
cancel each other out and the atom as a whole is ncutral. :

Under certain conditions, an atom attracts to itscl&’n extra electron or
loses, out offits own quota, an cleetron. This upsets the equilibrium and-
imparts to the atonTas a whole a negative charge or a positive charge. A very
similar process can happen tofrroups of atoms. An atom or a group of atoms
which has a smaller or greater number of electrons than tli(, normal comple-

. ment is known as an ion. An ion will thus necessarily have a negative or

positive ¢lectrical charge; and when two galvanic elements of different electric
potontial are present, it will move towards one of them
o . - :

In electrolysis, all liquids containing water show a tendency for a part of

the water molecules to separate out into two kinds of ions, namely "hydrogen

ions' and "hydroxyl ions". Hydregen ions cach have an clectron short of
normal complement and are, therefore, . positively charged. Hydroxyl ions,
on the vther hand, cach have an electron in excess and in consequence are
negatively charged. When the number of hydrogen ions are exactly équal to
the number of hydroxyl ions, the Solution is said to be neutral. When the
hydrogen ions are in greater ndmber than the hy(h'()xyl.-ions, the solution-is
an "acid”, I the reverse is the case, it is an "alkali”. In fact, it is the
dispArity in the numbers of the two typ(,s'of ions that lmpartb to acids and

~alkalis their distinguishing qualities. |

Pure water dissociates slightly into hydrogen and hydroxyl ions of equal
number, but leaves the water as a whole neutral. There is very nearly 01%1,_ .
gram of hydrogen fons in cagh ten million litres of water. An equal number of
hv(lmxyl ions is present. Since a single hydroxyl fons has a mass seventeen
times that of a hvdrogon ion, it follows that the mass of hydroxylions in each
ten million litres of water is seventeen grams. Since 1 g-mass of hydrogen
ions and 17 g-mass of hydroxyl ions represent the same number of fons, the

‘quantities in both cases are defined as being "one ggam-ion''. ‘This definition

is very similar to the prﬂctice adopted in the defini ion of "gram-molecular
mass" or."pound-molecular mass", when dealing with laws of ggpes. Thus, .
in 1 L of pure water, there are 107" g-ions of hydrogen ions and 10 =7 g~ions

of hydroxyl ~(ons.

J ) . . . , .
' (PE2 - 2.-7-15)
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By the law of fmass action in chemistry, the product of conoentrations of ' C
these hydrogen and hydroxyl ions is a constant for all solutions containing water. '
Thus, the product of 1014 gram-ions per litre Is constant. The addition of an
acid substance like HCI (hydrochloric acid) or Hy804 (subphuric acid) increases
the number of free hydrogen ions and to the extent this increase takes place,
the number of hydroxyl ions is reduced go that the product of the two concentra-
tions is constant“at_IO”M.' .

a .

Converscly the addition of an alkali substance like NaOH (caustic goda) o
increases the number of free hydroxy! ions and reduces the number of free :
hydrogen ions, again keeping the product of the two concentrations constant S"
at 10-14,  This means that if ind water solution in which the hydrogen ion

“concentration lb 10-7, it is understood that it is ncutral. If it is greater than ,
107, say 1075, then it is acid. If it is smalley, say 1079, then it is alkaline, ‘
" The bxpresmon "hydrogen ion concentration' is shortened by the.term "pH: val‘xe”.

. The pH Notation, Whatever the concont) ation of hydrogen ions in g particu-
lar sample of water solution, it can be represented in terms of a p(_)wc:& of 10.
The m(l( 'x alone will then be a variable quantity, and will invariably be a neg-
ative quantity. In order, however. to avoid the use of cumbersome exponential
functigns to express very small concentrations, the Iogarithm of the hydrogen
ion ¢gneentration to the base 10, with sign reversed, is used for expressing

acidity -or alkalinity. Thus, a hydrogen ion concentration of 10~ -7 ig expressed - A-”'
as "pH 7', that is, a neutral solution. Stmilarly, a hydrogen ion concentration C,
of 16-9 is written as "pH 9", ;hat is, an alkaline solution. . (

Thus, the determination of the pH value of a sample of boiler water gives
a very aceurate and elear picture of the condition of the water inside the boiler.
In order to keep the water slightly .nll_m‘lmc the pH value should alwayw read
more than. 7. - e " [

There are two laboratory tests available for tht, measurement of pH values:

(i) * Colorimetric easurement, LQ
(ii) ‘Kleetromotric measurcment by l)at' '1‘y~opcrau.~d pll meter,

» D
L 1

. (1) Colorimetric Mcéasurement of pH Values. The colorimetiric method of
the determination of pll vpluv depe 'nds on the use of indicator solutions, the

range of cach solution being such that, arranged in asce ndmg order, they
cover a low pHyvalue, say 4, to ahiph pH value . say 13,7 The treatmeny of the -
piven boiler water tmmplo with these indicator solutmn.s and the observation
and domparison of the resulting color changes, with the known properties ()f

the indicators are the basice fcatuub of this mothod : , . i

\.

LY . B
- N

3 Table 2 gives the relevant particulars relating to a sct of lndlcator s()l'u~ Y
tions which are in use in laboratomcs for this purpose.

¢ ) : . R . N
1 4 . . .

Fig. 2 illubtr ates the (,qu1pm(,nt
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( © Test, Six test tubes CoThme 2 INDICATOR _SOLUIIONS FOR P4 VALUL  DFTERMINATION
A arc each filled with 10 mL. . e - i "
, - of the boiler-water sample, - Original l Hramee in 1 - \”"("f e
. ¥ ~ A scventh tube is then ' . Indicator cnlogr of v?huh‘ L!(;)L'():" I,::\I,:,)L\: : ;:‘ll;‘,::,;
~ filled with 10 m 1, of distilled o ‘ | indator tlmquw ’p“ value | phl value :
water, To cach of the six . Brom cresol freen | (’irci:'n ' 4»()- '5-6 ‘Yclluw I Il-luc“ i . x
tubes with the sample undcm k’ f 'l:lorl;hcnlol red - Reg 52 68 ; Yellow = Red
= _ test, 0.5 mI of one of the six Th';‘,‘“"m’;‘hw o Ydllow Red, = .
separate indicator solutmns _ Thymolphthaeirr - HColourless 93 10§ Coloarless  Blue - . N
. is added, at the same time Supho oramge  Onaee 110 10 Vellow | Oramge . 0"
taking caYe to ensure that-, e ’ : PR
no test tube receives more . : C \
“ . than one indicator solution. ' ' “ ' "
N . The indicator solutions are
*all graded in such a way
) ' that each of thém indicates <
g ) ‘a definite range of pH value D
"t and that, between them, the .
- range covercd is between )(
"y pH4 and pH12, The test :
tube which shows a change in
) color of the indicator solu- "
.tion is then noted and the pH
range of the sample thus
located. Colorimetric
( . . . Mecthod.
This test tube is then Fig, 2
. placedin a pH comparator
: which is an instrument designed to determine thc correct pH value of a .
sample, the pll range. of which is alrcady known. The correct pH value
of the sample is thus determined and recorded. , : S -
"The value obtained in this way is verified with the reading obtained from
an clectronic pH mctcl‘ (if such an instrumcnt is available. .
(n) Nattery-operated pH meter. In this method of evaluation of pH valye, ‘
. a special type of cell consisting of a glass and a calomél electrode is used, the
boiler water sample under test being used as the electrolyte. The potential
between these two cledtrodes' varies directly with the amount of hydrogen ion
concentration in the solution. Hence the measurement of this potential by o,
means of a voltineter will give the pil value if the calibration of the instlumvnt v
L is"in' pH numbers instead of volts L o .
However, with the use of a plain voltmeter directly across the two eleetrode™
terminals, accutrate mecasurement of the electrode potential becomes difficult.
Hence an adjustablc external voltage is utilized to balance this electrode poten--
itial and the pH value is digectly read on a highly sensitive voltmeter. This is
'the pringiple underlying the pH meter, although for purposes of sensitive - N
mcasurement and climinationt of possible oerrors from all sources, a comp- ' _
;4_; Y - licated electronic inbtrument of great sensmvity is employcd. -
| - . v . L (PE2-2-7 17)
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: In reality, the pH meter-is a . _ ) ' C C :
voltmeter with its scale-calibrated ) ' : , ;-
¢ to read the pH value. Fig. 3 brings A _ - _ ‘

ou(cleurly the principle of operation R;, [ ' Q"‘""F Rs: ‘

of the pH meter, b ‘
: [

Referring to the figure: R;. Ry 2
resistances; RSI’ RSE = adjustable
a

' - resistances; B = dry battery; Sw @
) switch; TK = tapping key; G - Galvan- ' ,
ometer; .V = voltmeter calibrated to -
read pH value directly,
i Tabulation of Rosults
) . ~— Qlass
P . . lectrode
T . The résults of the various tests N " creer
Fa” : should be entered in a tabulated { : L
' analysis report for purposes of reeord. - Calomel . Test
To ¢nsure that the results are free from electrode . solutlon _
\ errors, it is recommended that avery Principle of Ppération of T
*test be conducted three times and the mean the pll Meter '

valuc of the three tests accepted as ' - Fig, 8
correct. .o .

Fig. 4 shows a Beckman model 72 pH meter asscmbly.

’ . 1. Electrode
-1 ’ Clip

2. Supp(n't Rod

3. Electrode
Stop
e 2
4, Combination
Elcctrode-
-4 W 3 .
5. Glass Flectrode
Terminal

6. Reference : \

- " Eleetrode
Terminal

7. Buffer _ *
Solution 4 ‘

. | Beekman Model 72 pll meter Assembly .
PE2 2T 1R - kg 4 ' L o, :
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origbie speet drive : . W - .
Nt ™ Chemicol leed mlet o _
Outlet /aundor] - . : e ' -,
H
v o
. ‘ -
— ’jﬁ .
Slvdge scrapers R -
‘ S L . S  Sludge oullet : .
Clarifier
Fig. 6
- ‘l-‘iR;;r rates are uméally : R
between 100 to 200 L/m*“/min . o >

. _~Intet battie -

of filter area and may be bu .
in sizes of 0.3 to 3 m in dia -

oter, and 1.25to 1.5 m in , :
Neight . _ t Bockwosh out
Flters are kept in effective et \ L e sond
condition by bhackwashing; pres- o oy ‘
surce-head drop.across the bed - Bockwosh i I fgg{rlse
willindicate the progress of . Outlet w3 1
e NRA : . Groded
- £ fouling, I'he hackwash ratc must | grover
‘ wo pontrolled so as to-effettively o L
Tclean the filter medium butnot .~ Wer—F fzzc,’ls,"’
cause vilent agitation of the bed Droin-— % |
and losses of filter material. An _ Header lotero/
’ average figure might be 75 'L/m?2 - Buttertly slrower. system
min . " T ‘
Usually these filters will be . _
installed. in parallel so that one E - Filter
at v time may be elosed off from _ + o Fg 1
~ the water flow and backwashed. ot . .
(PE2 2wy T T e Jg .
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Linu,-‘oodg,L boftenmg

_ blm&—sc)d'l softening is employéd for the removal of hardness in order to
minimize scale and sludge; incidental to this removal of hardnebs free carbon-
-~ dioxide will be wmowd Aand turbidity reduced.

The process miy be carried out Cold or Hot. Addition of heat spcvd/thc
completion offthe reactions. The Hot process is usually employed in boiler water
trcatment, using as a heat source cither live or exhaust steam.

Figs. 9 and 10 give diagrams of common types. S

Chemical Processes - Ve S T
} i ' . * G

Hydrated lime, Ca(OH),, produced from unslaked lime, (CaQ), and water is _
usced to chcmlcally precipit. e the carhonate (temporary) hardncbs in water as L
follows: - S . _ '
1) (,a(uu) ?z R ba(ou)z' | - 2CaC0, - b 2H0
' aluum Galcium Calcium L

Bx;arbonate .+ Hydroxide : Carbonate b Water

. and ' ?' : .t ' _ _

. . . v‘c. A g - ’ + ‘ \2 Al . ’

,_.(3) Mg(llcos)2 __‘ + 2Cd(0[l)2 Mg(()H.)2 2C l(JO3 + 2!120 ‘
Magnesium -~ (alcium _ -Magnesium . Caleium | :
Bicarbonate +  Hydroxide = Hydroxide + Carbonate + Water
The hydrated hm(, ‘llSO reacts to precipitate thc sulphate and chlorldc

(permanent) hardness in accordance with the followmg O S-S
LB NEO T e GOl - MOl ¢ Cas0,
- Magnesium Calcmm -7, Magnesium ~ Calcium
Sulphate - +  Hydroxide = l'l'yd,xf:oxiQe_ + §ulphatb _
and i ' ! . . i . |
: TgC -+ C ] = -+ Sa(C]

L) Mg !, o Ca(OH), _ Mg(OH), CaCl, .
Magndésium | . Caleiumy . . ‘Magnesium - . Calcium
Chlozide = +  Hydroxide - - Hydboxide  +  Chloride .
The, Caleium sulphate and Calcium Chloridd m'sulting from these reactions

together with that naturally present in the we uu' then rca(,tb with the soda,ash
(Smllum (,all)onzlte) as. foll()WS~ L 1
15! cas -’ ‘ ® ".‘ j; N . ’ + Na_ s
()? Caso, o Naz( 0; s CaCo, Na, S0,
. Calcium- g . ° " Sodium -« Caleium " -Sodium ®. .
¢ “Sulphate + ‘Carbonate . = ., Carbonate + . Sulphate.
and ‘ ‘ . i
) cacl, + Na,C < Caco, - + 2NaC -
(6) Cac( 12‘ | + : N lz( 0_3 . ___( :1( ()3 ! 2N'1g 1
Calcium *"sodfum C ol Calvium Sudium
. Chlovide <+ Carbonate - Carbonate s Chloride - v |
(l)l,;z..z";.'] -22) . ‘ ‘e ) ' ‘ .
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Direct- contact S
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I ; Steom inlet
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: ' \ | L Woshwoter return
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Cold Lime Soda Softener N I - s
(Sludge (,ontact type) ' : : : -
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L] ’(S/wa * y e ¢ f
: b/owo// : ‘ o paers
) \ }
! 1 A , - o
. ) o . Towoste  Wosh Filters ,
- . Py \ - pump - . :
' - . ~
: - . . . Hot Lime Soda Softener :
¢ s . ' R (Deaerating type) "
‘ : ° s " l . . mgc 10 ~)
- ) ) v (
o | ¢
' i ‘ @
o \ _ o | : o (Pl2g2-7-23)
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It will be seen from the above reactions that conversions have been made ' T |
from calcium and magnesium sulphates to calcium carbonate and magneswm S
hydroxide. o . | _ . ; o ; o

These conversions are aimed firstly at complete prempltation of all of

. the calcium' and. magnesium salts and.secondly, in the event that. some salts S
- “do ‘enter the boiler, that they should be calciumgarbonate rather than cal- L
¢ cium sulphat_o, and magnesium hydroxide rather than magnesium sulphate. .

Boiler-scales are generally made up of a mixture of substances - de- -

| pehding upon-boiler conditions and vary considerably in hardness and téxtu’e
- Chemical analygis hag shown that the chief constituents of hard scales are

calcium sulphate and calcium and magnesium silicates. On the other hand
goft sludges are composed mainly of calmum carbonate and magnesium . .
hydroxide. . : ' Ty

Calcium sulphate in particular is the main scale forming constituent
found in boiler water and when thrown out:of solution on a hot ‘metal sur fau.
forms a hard densé\scale which 'ulheres tenacnously

4
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Hot phosphate softcnmg is amployed ln the treatment of feedwaters ' A
which arc low in hardness and alkallmty but high in turbidity, It may be o
used as a follow-up process to hot lime soda s softening, ‘though the devel- '
opment of ion exchange reslnb has ma\de-_ton cxchange softening more

_ advantagcous. , ' : :

., Silica reduction is, accomplnshed m the hot phosphate oftener by
map,ncmum sulphate. :

In addmon, phosphorlc abld and/or sulphuric acnd may be used : .
. prior to softening in-order to. Iedkf(,e alkalmlty and absure a low caxbon ‘
' dioxide content in the' ateam. NN

_ S@dlum COllt(‘ boftenmg S _ L "‘.\

Impux mos that dlbsolvo m L water (Ilss()( iaté to form posmvcly ancl L _ g
negative Iy char ;,c(l |)aru(‘lo known as ions, , _ ' ;. L T e

i s
The pusltrvv lom arc ‘named cations hecause thcy migpate to the S
‘negative electrode (cathodo) in an electrolytic cell. Negative particles’ ISR
are then anions .since they are attracted to the anode. These ions exist DR
thrmwhmu the solution and act almost lmluﬁ'nd(.ntly. For example, ~ . . ¢ I »
“magnesium sulphate (MpS0y) dissociales in solution to form positive ' ' L
magnesium’ions and negative sulphate ions, Generally all natuxal watu
ceontain ('l( clr ()Ivtus in varying'conc vntl ations. ‘

’ . . St
L I

“ lon oxe thange material has the ability to exchange one ion for, "m()w,_

“hold it temporarily in chemical combination and give it yp to a’ stmn;, o
regenerating solution, "All ion exchange materials are commonly culled
Zeolites though they are divided into anlgm exe han;,( S Jnd catlon L
exthangers. /e o N

Sodium Zeolite softening is by far the most common of th(' cexchange
reactions involved in water conditioning and is generally the one referre d:
to when the term "Zeolite softening'™ is used without further qualifi .\‘,ntl()n.

‘ fon exchange (as mentioned above) is divided into two groups,
5 (ope r'ltln;, cither on the sodidm eyele oy the !
such as natural greensand. svnthctlc ;QI sul-

‘:lVl(n(‘ usm PRt O ='.\;\

“(a)  Cation exchangers
h_\ drogen cyele)
phurated coal .
) Anion exchangers

(ci.thcx‘ weakly basicsor strongly basic), ¢
amine, phenolice, B S Voo




l‘hosc matet‘iul‘s opuratmg pn"tha '-.odium cyclo,. as used in Sodil,xm Zcohte
: _softcning, regardless of how they have been producdd have a- complex molecule
“with sodl attached 'l"hey are- rcpresentcd ina chemical equation by. usmg the
- symibol "N “where Na stands for the godilini and Z for the complex-zeolite radlcal o
50 that the 2t'caction in sodium a;‘olitc:«softening is ag folloWs- T SR

A SENRAE PR S
i C“’ : v too Na, 0o T
7 Caletum’ L Sodium™* |
. Zeolite "{'t_‘+ Ion S

Sk b . o @«

_ ‘ ’_ Sag N R '-:.‘.{;‘,‘:{;;_ﬁ ’ ’ .
Re;,em,t ation 15 ‘,(Lccompllv‘v“bd by*ashing “mh a St" ong: aa_lt bolutwn (sodium )

chlomde) lhe hu,h Qoncenh'amon of the"’k:ulxum oh in the Shur solution reverses
; . s . e
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| m'a_q_,ENEM,TING,INSTRUQTIQNS s

'Closé'

et s . e
. e o

valvcs “A" and"‘[," 'Romtc Solo anvc o
‘position 1. Slowly.open valve ''A", I large zeolite
.particles. wash to drain, throttlé A", Wash until ef
ﬂucnt is ¢lear: but not less thad time glvcu “at rubht ..

Closc valve’ “A"' Rotate. Solo | Valvc to posmon 2.
~ Open .valves '"*A" and 'G". ch cock ‘on brine inler -
should be set for cotrect flow, ~

'_-x'.
R

Close’ valve “(". Solo Valve rcmams m posluon 2
Allow water o ﬂow to waste, - .

4;'

‘Open - valve "B, Solo Valve .temains in posmon 2.
Fast rinse to sump atrate of .. ... ... ...
or until hardness is reduced. sufficiently to return univ
to service. Close valves WA" and v,

Rotate Solo Valve to po'siYon 3. Reset mecer dial for
desired gallonage per regeheration. Open valves 'A"
and "'E'’. Open vent valve "'V frequenty during ser
vice run. Check hardhess at regular intgrvals.

. -

(.u‘ .

"i', '

Fig. 11

DD D6
* -
- O-‘\. : v ) . .
4 T . _ _
I‘yphcal ‘Regcnoratlon Diagram and Instructionb .
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. Hydrogen Zeolite Cation Exchange
Hydrogen zeolite is a matcﬂ which has the ability to exchange hydrogen

for the cations of calcium, magngsium, .sodium ¢tc. Regeneration of the hydro-

gen zeolite.bed is carried out with acid; sulphuric acid is usually chosen ‘

hecause of its low cost. | - . :
When water containing calcium, magnesium and sodium ions is passed
througlf a hydrogen zeolite, these ions arc exchanged for -hydrogen and, the’
“bhicarbonate, sulphate, nitrate and chloride radicals are converted to their

respective aclds, namely, carbonic acid, (H,COy), sulphuric acid,(Hy80y),

nitric acid,(HNOy), and hydrochloric acid, (HCl), When the zeolite becomes

exhausted it is backwashed*and regenerafgd with acid. .
X _ The carbonic acid'(H'ZCQ3) is V{l‘y unstable in water and cangcasily be

i

removed by aeration or.degas.ificﬁi n.
R )) . . . .t - : N .
The other acids, sulphuric, nitric agd hydrochloric musgt be neutralized
to prevent acidic corrosion of the pipework cte. This can be done by using
alkali such as gaustic soda (NaOl) or soda ash (Na':;)‘()();;) but the cost of
chemicals will.be high if the quantity of watdr is great.
. : Iy -

. . o . : ~
Alternatively the hydrogen zeolite softener may be combined with a sodium
zceolite unit, ) :

. - ) ) 0
Iig. 13 shows hydrogen zeolite and sodium zeolite units in parallel
followed by a degasifier, and Fig. 14 shows the layout using hydrogen zeolite ‘
followed by degasifier and alkaline ncutralizer.- R ' ¢

| - ., - \

Note that the sodium zeolite unit is placed in parallel with the hydrogen )
.unit, the quantity of water passing through the sodium unit must be carefully
alculated so as to produce final‘trcatcd water of the desired alkalinity. .
L . . : ' _ e .
Sation exchange methods of water softening by hydrogen zeolite as
~desceribed above are used principally on water which is low in hardnessgbut ey
high in bicarbonate.alkalinity.

" Demineralization - - :
L .
© Demineralizing by ion exchange has preoved :m.ﬁali\(:iont means of remov- ’
Tug disolved salts from water. Treated watgr is profuced that is the cquivalent

of distilled water, free of all cxccpt'tracc‘s:.--o'f salts, gasces or silicas

. Dissolved sults!in water ionize (or split) into charged partieles called . ot
. “ons, positive cations and negative anions, .o
- : T oA
+ 0 .
. ’ "
[ L] ' " - . . ’ .
, . _ (P22 7-28) : ’

) i
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\ ’( " The ion exebange procoss tukes place in two steps, first the positive metallic |
v ions (cations) calcium, magnesium, and sodium are removed by a catidn exchange "
~ unit using hydrogen zeolite, and secondly the remaining negative ions (anions) *
R sulphates, chlorides, ete. are removed by the anion exchanger. The acids pro-
“ [ 4 duced in the first (cation) exchange process are also removed In the second (anion)
S - exchanger process to complete the demineralization and produce a water of extreme
purity. o < : '
_ Y l
Prior to the relatively recent development of Lw highly basic *\ion cxchange
resing, demineralization of i water by ion exchange did not lower fhe silica con--
tent. Without silica removal domineralization possggsed limited application in
the preparation of boiler feedwater since the silica would permit the formation of
hoiler scale or vaporize with the ‘steam and cause turbine blade deposits.
. ’ Highly basic anion resins are capable ¢f absorbing silica from demineralized ‘
' s wiater so that the process begomes as effeclive as evaporation (distillatign) and
. 'is very frequently less costly. ' : .
b o . .
The chemistry of demineralization is ag\follows:’

Cution'lﬂxchzmjarc “ .
CaA .t 1'1_2/, | = \Eal, b N _H2A o
- (( 4 | + 7 = r St ‘
| l/ _ MgA Hzé o N : Mg4 | lle \
NuZA‘ + ”2'/‘ T Nuz-/, _. SRR & Hz/\ .
: v . . . . E
Salts +  Hyd rk)gcn : Used + Acids . |
Zeolite " Zeolite : E

" e

i ' o

The letter A represents the bicarbonate, sulphate or nitrafe present in the
water with calcium, magnesium and sodium.  The letter 7 repregentd the zeolite ™ .
material, H_ 7 represents a zeolite or cation éxchange material in which'the X =
changeable i({h, is hydrogen. The salts in the water react with the exclange o
material.and the eations (caleium, magnesium and sodium) remain with thelused »
zcolite.  Hydrogen replaces the other cations in thie wafer forming dijute adids, -+

e

t 1

f .




i “o

| v" ‘. ‘ '] . . | | ) “_31 -'. | . | ' .
o " Hence the sulphates ,‘ v}chlorides and nltrateT form free -mlngra( acids o o
\ (I“I Ml Ao) ﬂB fpllom! ] ' . - * ( . ) v

' P
- : . MgS0, ' + H,z. = "MgZ _ +  H,80,
Magnesium . Hydrogen Magnesjum Sulphuric -
| Sulghate - :  Zeolite ‘Zeolite . Acid E
Wy anacyy o HyZ =7 NayZ .+ 2HCI
: : \Sodium o . l'l))d'rogcn Sodium ' Hydrochloric
Chloride ! Zeolite Zeolite Acid
Ricarbonate salts in the water form darbonic acid:
Ca(HQOy), .t H,2 F caz v 2H,COy
- Caleium _ Hydrogen. g; ** Calcium \ Carbonic
“Bicarbonate T Zeolite f. Zeolite Acid
- Carbonie acid will in turn form free éoz g‘us: ‘ | ’
o . o IR
¢ . Curb(‘)nlc . C'tn'l)_on " Water
Acid Dioxide e

. : 2
Anion Exchange |
In the second stage, the anion exchanger has®a mixed bed of both stronly
Jbasic and weakly basic anion exchange resins, Togethor they remove the ©
——_remaining negative ions (anions) sulphates, chlorides, ete. and also the
b acids s¢arbon-dioxide and silica: -+~ ,
H,%0, ( b R(OH),, RSOy t o 2H,0
Sulphuric - ‘Hydroxide Sulphate Water
Acid Resin’ Resin
2HCT ' R(OH), RCl, ' "2}12(1...
Hydrochlorie . - Hydroxide Chloride ) ﬂl
P Acid Resin Resin: v Water '
‘ ) o - .
. Carbon - v Hydroxide " Carbonate
/ Dioxide ‘ o Resin Resin + Water ;
. . .
0 . A\ = . 1
llzhl()3 N t RO, l{hl()3 , 4 znz_o ,
hillca ' Hydroxide . Silica i
} . : S O
| ot Redin Resin S Water ‘
(PE2-2 17-31)
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( Regeneriation is carried out by first lmckvmshing tojclean the beds, and in the o
~ oase of mixed beds, to classify the resins, (llere the lighter resin settles to the
‘bottom. A sharp lme of demarqatxon is visible through a sight_glass on the sult, of
the tank.) - —

Cation exchange units are regenerated with acid, -usually N/50 sulphuric, and
the anion exchange units are régcncmtcd with caustic sod:u

Degqsification is included in the demincer: llu.lng process in ()rdm to remove the .

carbon dioxide gas which hus been released in the process. , e

L ' ’ ) . '
I'ig: 15 shows the dcmincr‘uli,zution layout and Fig. 16 a (legusifier. S

T E4
\

I'ig 17 stmws a block diagram prepared by Messrs. Graver bhowmg the ppm

of silica, h: ardness, alkalinity, sulphates and ‘chlorides of a typlcal raw water and : ' C o

th(, qmmtntwb remitning after treatment by various methods. i :

'/’

’ . . ' .
) . "A.;ﬁ . . o : : S * 9, ) v
Internal Water Conditioning )

THe methods .of water treatment desceribed in the preceding m: 1tcr1 ;,l ar ¢
- cantied out before the water is supplied to the hoilers s, so-cilled water boft(.mmg .
A final adjustment to the water purity is almost always required however, and this -
is done by injecting ¢chemicals directly into the boiler or its feed bybtu‘n, bO"‘Ld“U(l

o conditioning. ‘ : : ' p -
(( ) - . , . -

v The final con(htiomng of a boiler feedw: iter is the process whcrub}’ thc mvt lic

and acid radjeals are so .ldjue,tcdvth it only caleium or magnesium salts of p(mtivo v

solubility chatacteristics’ arc produced. The chemicals used forsthis purposcesgr gt
soda ash (NaeCOg) or sodium phosphate. The use of soda-ash is limited to te mp '
eratures of about 2000C (1750 kPa pressure) the reason being that above. these

iy
temperatures sodium egrbonate hydrolyses fn solution producing NaOH .m(l”( Oy gas
which passes pway with the steium.. Sodium phosphate however is stable at all
boiler opc ating temperatures so far encountered .m(l does not decompose.

.~

The phosphate used may be sodigm, disodium, trisodium or sodiymmetaphos -
I !

phate according to-the water alkalinity, ‘The usual practice {s to injott these '

chemicids directly into the I)()ilm (h um on a u)ntumous hasis, using
‘pressure ram pump for the purpose,: '

o

a small high-

Chemicals used to control the oxygen conte n of tlw h()ilm watepr are. mxlmm
sulphite (NayS03) and hydrazine (Nglly). Use of sodium sulphite is usually re- ,
sstricted to boiler water temperatures below abouty260°C (4900 kPa) because offa '
tendency for HyS gas to be formed and carried of :ﬁth the steam. ‘

‘ , ‘.
These chemicals are usually pumped continuo
boiler feed pump in‘order to give protection to the whole foed system.  * }

n addition to the above mentioned chomicals; amines and colloids may be

|

‘ m protection agiinst oxygen and carbon dioxide attack in the plangt piping
(L n 1 " l()'i%hi‘it in pr oducinpp a fluid sludge in the boiler. |

| ‘ I """( 2 . ¢ o - (PE2=2 -7 =32)
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Fig. 18 shows @ typical propertioning pump used for injecting boiler chem-

icals, These pumps must be positive displacement in order to overcome the

high pressure in the boiler and they must also be capablc of accur ate control -

of discharge quantity. ~ .. o ’ S
. A '
The pump shownuls a rccnp’rocating pump wnth an infinitely vgriable stroke.
, Rotation wf the control'knob_and its threaNed spindle sets the positjon-of the
slld(- on the piston drive. rocker arm and conscquently the length of th(, piston
“stroke.. - : : .

s
! “

&

Evaporation = R e

Pure watér can be ploduced‘by a process of distillation. This is done by
l)(nllm, the raw water followed by condensation of the steam produced. All
_impurities #te left behind ekxcept ontrained gas;x(; if tthO are glvon un, Hppor -
tunity togent, the watoer produced. is; plue . ] .

- The pr ocess is expensive in t¢ring of heat 1(‘quned and thl (m‘ly bhe used
where it can be proved-to be economicglly sound, >

_l-,vaporatorb are described in }Aeclm‘c 9, Section 3. .

Chemicdl Cleaning = -~ . D | )

Chemical cleaning of boilers and,prossuxe vessels. can be carried out by
varivus Mmeans and is widely adopted because of the difficulty of access in
modern high-pressure unis for mcch.mlcal ¢leaning, SN ;

s : :
Off - foad ¢leaning is carried ouf using lnhlbll(‘d aud (usual,lv d;lul(' hv(h 0-
chloric) cither by Soaking or by cn&ﬂall g unlll reaction l)(‘twovn acid: and
s(‘al(' ceases. o . ‘.

!

¥
‘These methods h.xvv the dlsadv.mlagc ol plant-outage time and recently
some sugpess has been achieved with: on—lt)a(l clvunlm1 usm;, chelating apents.)

P 4
L

pwrimnlnant that materials which have alreidy been pr ecipitatedrcan be solub-
ilized under boiler operating donditions, thus existing (l(‘p()slth can be wmovvd

by ljw d|)|)ll(!ﬂtlon of a suitably balanced program. : )

1 4 ¢
o 4 4

The basic chelating agents are th smhum salls of vlhyldlamu@lmh.1 ace 11(
acid and mtx ilotriacetic acui ' : : . .

ngqllg_nl_ggL chag:}‘_a_t_lqn is the term appliced to the reduction of oxygen
content of fecdwater-by means other than chemical treatment.  Fig. 19 shows «
the volume of alr, oxygen and carbon dioxide zapable of remaining in z~.olut|(m

in water at dlffer('nt tcmpcratuxcb and utmoaphon ic pth‘iUl‘é .

lhv.sc rases can be (llbp(‘“("(l if the water tcmpcn&lﬂv ns raised to I)mlm;,
bointand i8 the principle of mechanical deaeration. | I water heaters and
deae ators are used for the purpgse. This, cqlupmcnt wnll I)é described in

lLecture 9, Section 3, - - . ' _
© _ . e (PE2-2-7-34)
] ' ' . \ R ’ v
- A ’ v ‘. § . vl ‘“
| 185 ’, oo
1,
' / Y 4 s

(,hvlatlng ge nL&.,, 1W<)nt a.st to ph()ql)haloq which plv(‘lplt'ntv scale-for ming .
~salts as sludgel function by Jorniing comples soluble salts. This capacity is so "

o

2

~
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g Klegl_g,l;;N,g_}le'Il'Jl_{ING S S T T Scct 2, lect. 7.

.
7

. L State ,the arms of bmler Water treatment,” and dcfme "watfer softgnmg“
s and "water umdlt,lomng"' - - _ O o
Sy _h ( o
o Draw up a L;chvdulc of water tests designed to ensure the correct P
opc ration of a steam power.plant.- Say: . . _ . o 0’
I (a) what tests should be carried out, ' -
: (b) why these have been chosen, and

e ) (¢) where in the plant tycle the test'samplds should be taken, - -

3. “(a) Define T. DS, . :

(b) DObCNbc a method of tést uged and the apparatus employe@“tow

~ - find the T.D.S,, of a sample of boiler water. =%

(c) What is a per missible level of“T.D.S. inthe water of a boiler
bperating at 4500 kpPa? A PP

(d) How W(fuld you u)ntl ol, this lcvel ? B -

[ PR . \

.V (a) What is upderstood by "h;lrdn('bb" in a boiler water 2
W (b) - Distinguish hetween "temporary" and "permancnt hardness, and
“(¢) State the effects of. these on boiler hcutmg auv[au/ L
/ o } PN
e b | What are thc main, mcth()db used to-overcome boi’lor w;’
dhardpdSs .o :
(h) How! would you decide wlnch method to use. m ar partlcu‘lax ‘Gabc ?r

. . N . i)
“§+  What are the purposes of tho following water t(,btb (give bncf Stdt(,m(.‘ntb
()nly)' L. Alkalinity >~ .
& _€hloride
“Sodium bulphlt(', and

. /l. l’h():,;)}nlt(' . . - o ; : ".'-_'.\

- . ’

.”"_-9'

7. (a) What is nﬁoant hS( the pl value of a hoiler water
w (b) Explain cau'fully the derivation of the term. '
(¢) Say what hearing the pH value has upon the action of tlw water upon\

(h)lntmnal r}urf‘wcs ‘of the boiler.

e

8... Explain the following terms:- R

i « 1. Reagent o - 6. Hydrggen ion
i 20 Bleetrolysis : neentration

o 3. Clarification * - 7. Coagulation- o
/* . L Solubility . 8. Titration : ,
i [ - H. Indicator ' 9. Flocculation, -

’ ’
B

9. (#). What ig meant by steam purity ? .
(h) How is it méasured, and '
< (¢) ‘What would be considered as harmful cont.ammants». ‘
x\.. ‘e .

10.  Give a full deger lfnmn, with sketches and chomieal reactions, of one’

> of thu main_méthods of water softening., . ' ’
: "N o ‘ ’ 3
[ i . s . .

18 " ' ' . N .
N ( . ) o e '.‘., \- . ‘ - o
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