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| sage in Industry

=G —--70 % of industrial water is

§ed for cooling purposes

> 10 to 15% is used In Bollers

>up to 15% is used |n _Rrocesses,

= Serwces and other purposes
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opertles Fundamentals

. Molecular Weight: 18
L (Specific Heat: 4.18 ki/kg°C
Latent Heat: 2260 kJ/kg

> Strang Polar Solvent

%invalved almost in an y
%actlon
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opertles Fundamentals

d"

LLOIN can be expressed in several useful ways:

nage — grams of solute in 100 g of
tlan

> bpm ‘parts per million” — mg of solute in

1 = Of Solution (1L=1000g for comgn applications)

fc /ar/ly moles of solute in 1 Litre of

%ia/utlon
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opertles Fundamentals

f.?.zfs IL IBRIUM cond/tlon at which,

HCO < H* + HCO;

’ Equ:l/brlum Constant “K” defined by:

K= [HT*[HCO;1/[H,COa)¥
$ha—ws how a reaction proceeds the higher

— ‘i(_% the higher the products of reaction
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opertles Fundamentals
R ION PRODUCT

ined as the negative log (base 10) of

= H on concentration:
o = -log[r™]
» Water lon Product H,0=H" +OH'

—ﬂ&eqylllbrlum constants is Ky="10 s
== aEHeutral conditions [H']=[OH]sopH=7
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opertles Fundamentals

==
-

TFACID is a substance that releases H'

—_—

' : IOI7$ inwater r-cl— H+--+cl DR <7

» BASE Is a substance that releases OH
mns inwater 20+ — 112" -~ oH =7
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_é--_ opertles Fundamentals

irged part/c/es
e pos tlve Anions are negative

—01p HCOg, COS, OH responsible
for Water Alkalinity

— Na*, K*, Fe2*, Fg#*, CI, NO;,
SO.7 and otheéfs

. C&, Mg2* responsible for
Water Hardness

Common
Ionmwater
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opertles Fundamentals
- IS the ‘capacity of a water to

S @ Weasure of its acid neutralizing capacity
= AIVC).

Alkalinity 1s often described as the Buffering
capacity =

~lons Contributing to Alkalinity:

cO IRt o,
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_é--_ opertles Fundamentals

the sum of the metallic cations

—— These cations, react and form precipitates with
other ions in water, to form scale in bolilers
ﬂnamly as CaCo, and MgCO,) »*

Hatéhess IS expressed in mg/L CaCO,
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opertles Fundamentals

FY — measures the ability of an

| plation to carry an electric current;
/gher the number of ions, the higher the
cona’uctlwly

Canduct/wty IS expressed in ,uS/qm
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_é--_ opertles Fundamentals

@ of the most significant parameters
- _TJotal “TS™ all the residue

. remaining after evaporation @
205 °C
SDU DS are Suspended “SS”: the particles

Classified retained by a membrane of pore

size 0.44 um -

Total Disselved “TDS”: TS - SS

— [Expressed in mg/L
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opertles Fundamentals

-L‘-’: 2or characteristics

o : ——— Mo uspendess

_..d.

50 ID are —, Dissolved may also include

Classified as: COLLOIDAL: of c/ay origin and

of size from 10° to'1 um.
,,f

Colloidal ~do not dissolve,

remain as a sold phase In

suspension
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fé‘ | pertles Fundamentals

s caused by dissolved miunerals, dyes or
s froi -p/ants

_ = -%j TURBIDI TY — is @ measure of cloudiness, caused by

Bus,aended matter which scatters and absorbs light

ODOUR and TASTE — caused by orgaaic and some

_morgan/c compounds, including.algae and other
Wgarilsms

= These parameters apply maostly to Drinking Water
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"_Ena' of Part 1
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L format/on
@ Pretreatments

:0 Oxygen Removal
@ /nternal Treatments
0 Candensate Circuit
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ating 'mea'ium

=% ¥ 5 ou

> Production of Electricity

» Pracessmg
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= Vater Flow Diagram

== RAW
WATER

CONDENSATE |
CIRCUIT =7 !

PRETREATMENTS

|
> DEAERATION

l

~— ENERGY STEAM
~ PRODUCTION GENERATOR

SERVICES




CHIMMECE = WATER TREATMENTS

— 2 : /i\

CONDENSATE
LINE

PRETREATMENT

SERVICES

‘
ENERGY
PRODUCTION

CONDENSATE

STEAM LINE

GENERATOR




GHIMEG WATER TREATMENTS
= Vater Flow Diagram

== RAW
WATER

CONDENSATE
CIRCUIT

Z 7 )l
PRE” . JENTS
l

> DEAERATION

l

~— ENERGY STEAM
~ PRODUCTION GENERATOR

SERVICES
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56 ,“' ater Pretreatments

t of Raw Water is necessary to
DS: Ivea' Solids

‘__.,.. dlum based Softening

~—  (Eliminates Ca e Mg) &

= . iss > xcrance
~ % Demineralization .

~— (Eliminates all salts)
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86 ,' *Water Pretreatments 1

; AN GE - Is BASED on some RESINS’

= WNGE them WITH H+ and OH IONS
7" & RESPECTIVELY.

'1> Strong Acid Cation (SAC) exchange all Cations

Y Weak Acid Cation (WAC) “ ions due lg.Hardness
7an Basic Anion (SBA) “ all Anions

tE:Llﬂleavk Basic Anion (WBA) “ weak Anions
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— ater Pretreatments

H/ ,r, £ RESINS

] __ar Catlonlc Resins Macroporous Anionic
** Resins
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86 ,' g ater Pretreatments
1ONEXCHANGE RESINS Reactions

_igEEeactlon ANION exchange reaction
BF — R)Me+HX  H,X+R-OH — (R),X +ZH,0

—— Formation of H,X: Dissociation of H,X:
H, X Weak == R-H Weak H, X Weak =='R-OH Strong

== - ~ (-COOH) " [-N(CH,) JJOH-

S —— -
- . —-—F

X Strong == R-H Strong HX'Strong == R-OH Weak

(-NH,OH)
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86 ,' Water Pretreatments

iange and CO, Removal

. /‘L\ —

A e}
_

=)
S— _

€0, +H,0 = H,CO, = H* + HCOzu="2H" + CO3-

6‘0; removal moves equilibrium to the left, alcalinity Is
msumed
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Mg Fe Na Malk pH SO, ClI NO, SiO,

100 7 3 220 20 10 10 5
37 3 220 20 10710

5
220 200 10 10 5
25-35 20 10 10 5

5

25-35
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End of Part 2
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BC -V ater Pretreatments

HON — Is necessary to prevent
- pIG b/ems aue to Oxygen in

— Methods for Oxygen Removal are mainly:

> Ph ysma/ adeaerating device
—— S

—--=g£_bem/ca/ — oxygen scavenging
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26 Water Pretreatments

erat/on — based on the

_ == oty of a gas in a liguid medium is
= -3- /rect/y proportional to its partial pressure at

—— the hquid surface (Henry's Law)

> So/ub///ly of a gas In a J/yum’ medium
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ater Pretreatments
deaeration — Steam Stripping

& Temperature

Y Degree of water
drops atomisation

Y Adequate'ventin
7 .

' O, <7 ppb Chemical Removal is
necessary
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gen Scavengers Products

— e MaxXx Pressure 42 Bar
T /Blsu/f[te =—p e« Residue Easy to Analyse

= == e |[ncreases Solids Content
‘ l".g;“,;il'i“

"~ T

> Hydrazine
» Hydroqumone - Promotes Magnetite Layer
e Residue E to Anal
> Carbohydrazide - Regiéitie Easy to Analyse
— e Does not add Solids
yA,gfarb/c and Eryithorbie acld . siiapie for Attemperating

';‘;T‘ Water
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- Pretreatment

Boiler

@ = Feeding Points

CONDENSATE @ = Sampling Points
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End of Part 3
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= Vater Flow Diagram

== RAW
WATER

CONDENSATE |
CIRCUIT =7 !

PRETREATMENTS

|
> DEAERATION

ENERGY

~ PRODUCTION SERVICES
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=S team Generation Systems

= Steam

Feed Water
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= team Generation Systems

Global Mass B anGe o.c
7?W*V+BD

FW=C+ MU

Single Species Mass Balance

XFW ?T”*FW Xgp X BD
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86 | team Generation Systems

Watertube

S outside the tubes % Water flows inside the tubes

| Lb\)v_capacity (20 ton/h) % High capacity (100 ton/h)
% Low heat exchange efficiency L High heat exchange efficiency

t1>L0w mstallatlon costs % High installfition costs
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=G team Generation Systems

@sion phenomena

l - "‘jr

Enhanced by Working Conditions
(Temp, Press, Thermal flux)
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ON in 2 BOILERS

=

S
=R

B S

QH,-A, ance Costs

£q wpments spoiling

> Keeging Targeted Praa'uctian

> Unscheduled shutdewn
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'é ROSION

B
Q
m-
=
m-
o
=
72}
@
S
S
=
Q
e
-8
E
m-
o

85pH 127 pH

—

—

[ TR
Safe range

123456 7 8 9 1011121314
pH
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[ %i@ ROSION
len / ttack

Anode Reaction (Oxidation):

Fe — Fe?" ¥ 2e

z = Cathode Reaction (Reduction):
Oxygen Pitting o, + 21,0 + 4e- — 40H

(self activating mechanism)  Fe2* — Fe3* + e

Fe precipitates®s Fe(OH), and

2Fe(OH), + 1/20, - F=,0,-H,0 +
H,O
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~Oxygen Pitting

(self activating mechanism)
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'é RO.S‘ 1ON
35 ‘ 05/0/7

- gperation or control of

E § rallzatlon anionic unit, Inlet of acidic
= = @dro/yszs salts (e.qg.):

MgCl, + 2H,0 — Mg(OH),+2HC

% Qantam/nated cooling water,

—

%ea’water at low pH




€Corrosion

ot ol e e ol
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' £ ‘e RO.S‘ION

=

e
=A%

= IStiC Corros:on

E = " place  with  high  caustic
= concentration

NaOH + Fe;0, —> 2NaFeQ, + Na?,FeO3 + H,0

F

—_—-_—-----——Magnet/te protective layeris dissolved




Gllll'll'lEG = WATER TREATMENTS

IC ( OI" rosion

=
5 = =

Steam

outlet porous
deposit

e ——

= _=lf SitS

a111aubew

0\ C
-

= T
.
L =

o, S

- ESteam nucleation areas

%, Slits and cracks allowing
steam to flow
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€ RO.S'ION

3 -,_grrosmn
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;, .' in BOILERS

tencs nce Costs

F Keegmg Targeted Production
> Unscheduled shutdown

e 2 Energy Costs
== ~ > Lower heat exchange efficiency
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oA II7 BOILERS

LIGHT HOT et O LS LARGE STEAM
ﬁ}':ﬁJh:.fEMTER bt | SURGE BUBBLE
it

- Clean Tubes: correct Deposits in Tubes: incorrect
~ water/steam formation water/steam formation




CHIMECE . WATER TREATMENTS

W in BOILERS
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(O m n BOILERS

—1‘5’

eedwatl er’s salts content

> Chemiicals used for pretreatment

> Corrosion byproducts
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In BOILER.S‘

WATER Dissolved Solids

Oversaturation

Nucleation
Precipitation

Crystals’
Growth

8
o
-

Fouling / Scaling
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=7 REATMENTS

ted hosphate/pH control

._!-:---
hospha tes to control PH and neutralizes NaOH

COoV

tt‘antams deposition control polymers

0 Phasphate dispersant
Y Precipitating treatment
& Palymers keep sludges and metal oxides suspended
*%es phosphates residues for treatment's control

0 ﬂi’/ palymer
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= Vater Flow Diagram

RAW
WATER

|
1

PRETREATMENTS

|
> DEAERATION

l

~— ENERGY STEAM
~ PRODUCTION GENERATOR

SERVICES
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BATE CIRCUIT

CO, + H,0 - H,CO,
H,CO; > H* + HCO,;
Fe + 2H" - Fet + H,

HCO; P . mﬂ_;

cO=

At Boiler working conditions: il BLOWDOWN

2HCO," — CO,= + H,0 + CO,
= CO,= + H,0 - 20H- + CO,
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BA7= circuir
S CORROSION

= Vacuum systems
—_ Subcooled systems

4, Raw Water Inlet
£vndenser losses

Jiﬁ%or Oxygen Removal
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ISAT, E CIRCUIT - Treatments

i2Ing Amines
HWRNH2+HZO<—>RNH3 + OH-

— Neu Reactlon R-NH, + H,CO; <> R-NH;* + HCO4

"ﬂ?mng Amines

Create a Monomolecular layer on metal surface, avoiding
contact with Water (hydrophilic/hydrophobic parts)

¢ Oxygen Scavenging / Passivation
~ Reaction with O, In feedwater and condensate
~ Neutralization of condensate acidity
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WATER 1 riEATMENTS

@ = Amine feeding Point
Condensate O = O, scav./Pass. Feeding Point

@ = Sampling Point
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)""

¥ il

Scted programme consists of:

: Car bohydra2|de OXxygen Scavenger

5: Co ordinated pH / Phosphate corrosion

bitor and dlspersant

KD CH 1764: Neutralising Amines Blend for
Condensate Circuits
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AC s Health & Safe

-a cted chemicals might be considered
""'!uo caorrectly.

0 H |y recommends to:

E: =, *properly store & handle the chemicals

! .

= ,follow the safety practices

,wear always the most suitable personal protective
' equipment be sure you knowthe basic chemical
=== ~ properties of the Product (its recovery measures etc.)

) -Be Safe, Work Sale
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CHIMEC S.p.A. — Water Technology Unit




