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Basic
Knowledge of
Cooling Water
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	2. Cooling Tower Water  System Problem
2
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Cooling Tower Water System Problem
Corrosion Scaling BioFouling
Anti
corrosion
Zn3PO4
Biodispersant
DMAD
DMAD: Dimethylacetylenedicarboxylate
Bromination
 


	3. Agenda
 3 Types  of Cooling Water Systems
 Make Up Cooling Water Source
 Control Limit For Cooling Water Chemistry
 Parameter Condition of Make Up Water Source
 Consequences of Out of Range Parameter
 Major Cooling Water Problem (Corrosion, Scaling, Biofouling, Fouling)
 Corrosion
 Parameter Condition of Make Up Water Source
 Control Limit For Cooling Water Chemistry
 Consequences of Out of Range Parameter
 Chemistry Related Major Cooling Water Problem
 Major Cooling Water Problem: corrosion, scaling, biofilm by algae
 Chemical Treatment of Cooling Water
3
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	4. Agenda
 Scaling
 Scale  in Closed Systems
 Scaling Component
 Condition that Cause Scaling Formation
 Other Method to Control Scaling
 Scaling Remedy Chemical Treatment
 Fouling
 Bio Fouling
 Example of Cooling Water Report
4
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	5. Cooling Tower
5
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	6. 3 Types of  Cooling Water Systems
 once through
(hot water discharged into a river or
drain)
 closed re-circulating
(hot water cooled in contact with
secondary fluid without contact
with atmosphere)
 open re-circulating
(cooling by partial evaporation in a
cooling tower)
Eko Handoko
 


	7. Once Through Cooling  Tower
7
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	8. Open Re-Circulating Cooling  Tower
8
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	9. Closed Re-Rirculating Cooling  Tower
9
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	10. Closed Circulation System
Air-water
exchanger
Heat  exchanger
Expansion tank
Cold water
Pump
Eko Handoko
 


	11. Make Up Water  Source For Cooling Water
 Canal/river Water
Contain high SS (Colloidal Suspended
Solid)
Contain low dissolved solid
 Underground Well water source
Contain high Total Dissolved Solid
(sedimentation solid)
Contain low Colloidal Suspended solid
11
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	12. Parameter Condition of  Make Up Water Source
12
Eko Handoko
Parameter Bad Canal Good Canal Well Water
pH 7.7-7.8 7.6-7.9 7.6-7.9
Conductivity 380-500 230-370 687-850
Total Hardness 140-180 100-130 188-220
Ca Hardness 84-108 68-85 100-120
Mg Hardness 56-72 32-45 88-100
M alkalinity 130-180 90-115 235-260
SO4 50-130 30-45 100-120
Chloride 20-50 10-20 40-55
Silica 6-13 4-8 17-20
Total iron 1-3 1-3 0.1-0.3
 


	13. Control Limit For  Cooling Water Chemistry
Following are controlled range of
recommendation parameter
 CaCO3 max 500 ppm
 Total Chloride 250 ppm
 Sulphates <585 ppm
 Iron<2 ppm
 Alkalinity 100-200 ppm
 pH 7,5-8.2
 Total Hardness 600-1000 ppm
 Conductivity 1000-4000 microsiemen/cm
13
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	14. Consequences of Out  of Range Parameter
 Calcium carbonate if it is increased beyond 500 ppm can cause severe
scaling in subsequent loss of heat transfer because heat surface is
covered by CaCO3
 Chloride in increased concentration beyond 250 ppm cause stress
corrosion on steel and iron metal equipment heat transfer
 pH at low value cause corrosion higher pH will cause Zincum/senk
precipitate and cause scaling that loss of heat transfer because heat
surface is covered by Zn/
 Suspended Solid above 400 ppm will cause deactivate the chemistry
used for scale inhibitor and cause scaling/fouling
 Fouling is scaling between organic and inorganic (CaCO3) compound
 Suspended Solid above 400 ppm will provide microorganism algae and
bacteria growth
14
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	15. Consequences of Out  of Range Parameter
 Alkalinity above limit beyond 200 ppm will result in scaling and
fouling because CaCO3 will be more precipitated at high pH and
alkalinity
 Conductivity measure total ion in the system and increase the
electrolysis potential of water that cause more corrosion and
scaling
 Ammonia limit should be less than 200 ppm. Above that range
will cause microbial growth since ammonia is their nutrition.
Nitrifying bacteria use ammonia and form nitrates, nitrites, and
nitric acid thus reducing the pH and causing corrosion and
damaging precipitation layer.
 Chlorine and ammonia react and form chloramines that harmful
to environment
15
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	16. Major Cooling Water  Problem
 Major Cooling Water Problem are:
 Corrosion
 Scaling
 Biofouling
 Fouling
16
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	17. Corrosion
17
Eko Handoko
  


	18. Condition that Make  Corrosion
Corrosion is caused by:
 A different in potential between 2 metal or between different part of a
single metal ( a driving force for the electron)
 A corrodible surface (anode/positive polar) 0ne with electron to loose
 An electron acceptor (cathode/negative polar)- a place for electron to go
 An electrolyte to close the circuit (conductive for electron to flow)
18
Eko Handoko
Corrosion
 Main reason of corrossion
 pH
 Dissolved Gas like CO2, O2,H2S,NH3
 Water Velocity
 Temperature
 


	19. 19
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Corrosion Control
Corrosion  Control using Zinc Phosphate that act as corrosion inhibitor and
serve as:
 Aniodic Inhibitor (suppresses metal dissolution at anode)
 Catodic Inhibitor (interfere with oxygen reduction)
Zinc Phosphate ionize in water to give ZN2+ and PO4)-3 ion:
Orthophosphate acts as Aniodic Inhibitor forming apassive iron sulphate fim.
Thus retarding corrosion
Calculated amount of Zinc Phosphate must be added to cooling tower
because this added phosphate, if excess in quantity results in scaling of heat
exchanger surface
 


	20. Condition that Make  Corrosion
Corrosion is caused by:
 A different in potential between 2 metal or between different part
of a single metal ( a driving force for the electron)
 A corrodible surface (anode/positive polar) 0ne with electron to
loose
 An electron acceptor (cathode/negative polar)- a place for the
electron to go
 An electrolyte to close the circuit (condition conductive for electron
to flow)
20
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	21. Basic Corrosion Model
Initiation  of anode on metal surface
Eko Handoko
 


	22. Basic Corrosion Model
(pH  > 7.0)
2e-
Fe
0
Fe
++
OH- OH
-
1/2O2+ H2O 2OH
Eko Handoko
Eko Handoko
 


	23. Fe + 2OH-  Fe(OH)2
2Fe(OH)2+ 1/2O2 + H2O 2Fe(OH)3
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OH
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e-
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Corrosion Model cont’d.
H may take the place of O2 in acidic environments with the
formation of molecular hydrogen at the cathode.
+
2
1/2O + H2O OH -
2
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	24. H+
Fe
o
Fe++ + 2e-
2e-  + H2O +1/2O2 2OH-
Cathode
Anode
OH-
OH-
OH- OH-
OH-
e
-
e
-
Fe++
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Fe++ + Cl2 + 2H2O Fe(OH)2 + 2HCl
2HCl + Fe++ FeCl2 + 2H+
H+
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OH-
Cl-
SO4- -
HCO3
-
Fe++
2Fe(OH)2+ 1/2O2 + H2O 2Fe(OH)3
Autocatalytic Cell
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	25. Fe
++
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Corrosion Model
H may take the place of O in acidic environments with the formation of
molecular hydrogen at the cathode.
2
+
2
1/2O + H O + 2 e- OH -
2
2
Cathode Reactions
(reduction)
4H2O + 4e- OH -
4 + 2H2
Anode Reactions (oxidation)
2Fe 2Fe2+ + 4e-
2Fe(OH)2 2Fe(OH)3 + 2e-
Overall Net Reaction: 2Fe + 5H2O + 1/2O2 2H2 + 2Fe (OH)3
Fe2O3
e -
e -
dehydration
2Fe2+ + 4(OH-) 2Fe(OH)2
2
1/2O + 2H+ + 2 e- H 2O
MoO4
2-
Zn2-
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	26. Corrosion Control
Corrosion is  controlled by:
Zinc Phosphate Zn3(PO4)2 as corrosion inhibitor and function as:
 Aniodic inhibitor (suppresses metal dissolution at anode)
 Catodic inhibitor (interferes with Oxygen reduction)
Zinc Phosphate ionizes in water to give ZN2+ and PO4 -3 ions
 Zinc being more electropositive will lose more electron and
form Zinc Hydro Oxide acting as cathodic inhibitor
 Orthoposphate act as anodic inhibitor forming a passive iron
phosphate film thus retarding the corrosion
 Calculated amount of Zinc Phosphate must be added to Cooling
Tower because this added phosphate if excess in quantity result
in scaling of heat exchange surface
26
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	27. 27
Eko Handoko
Scaling
  


	28. Scale in Closed  Systems
 Although most closed systems (e.g. chilled water
systems) operate at relatively low temperatures,
require very little makeup water and since no
concentration of dissolved solids occurs, may use
fairly hard makeup with minimal risk of scale
formation.
 In diesel and gas engines with their high jacket
water temperature and over long periods scale may
occur, especially if hard water is used.
 Condensate or softened water is therefore preferred
in these systems.
Eko Handoko
 


	29. Scaling Component
Scaling deposit  might form from any material deposit that should
not exist in cooling tower:
 Calcium Carbonate
 Calcium Phosphate
 Iron Phosphate
 Iron Oxides
 Manganese Oxydes
 Calcium Sulfate
 Magnesium Silicate
 Silica
 Zinc Phosphate
 Zinc Carbonate, hydroxide
 Aluminium phosphate
 Calcium Fluoride
29
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	30. Condition that Cause  Scaling Formation
Condition that Cause Scaling Formation:
 Concentration of Species
 Bulk Water Temperature and Skin Temperature
 System pH
 Ion Pirs
 Heat Flux and Velocity
30
Eko Handoko
Other Method to Control Scaling
Other Method to Control Scaling are:
 increase velocity,
 lower heat flux,
 Metallurgy
 


	31. 31
Eko Handoko
Major Contributor  of Scaling
Major contributor of scaling is Calcium Carbonate and Magnesium
Precipitated salts which are quite adherent and difficult to be
removed. They are also effective heat insulator thus reduce the
efficiency of heat transfer equipment
CaCO3 Scaling
Calcium carbonate is problably is the most recognized scale forming
component in the water. It originated feom Calcium bicarbonateAt
higher temperature and sharp rise of pH cause calcium bicarbonate
to decompose into carbonate and carbon dioxyde
 


	32. 32
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Scaling Formation  Step
 


	33. 33
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Function of  Anti-Scaling Chemical
 The chemical must be a combination of scale inhibitor and dispersing
compounds for control of scale and suspended solid
 The chemical must be effective in controlling a variety of scale forming
substances such as calcium carbonate, calcium sulphate, barium
sulphate, and manganese oxides
 The chemical must highly resistant to hydrolytic composition even at
elevated temperatire and variety of pH, both high and low.
 Calcium carbonate scale is primarily inhibited using phosphonates and
polymer
 In actual, distort the crystal and act as dispersant not allowing CaCO3
to get agglomerate and adhere
 There is co-polymer that is providing Calcium Phosphate Scaling
Control. It is also effective in controlling by iron magnesium and silt.
 It also work by crystal modification that prevent Calcium Phosphate
from growing into largae fouling deposit scale
 


	34. Scaling Remedy Chemical  Treatment
Every company has each component of Scaling Treatment, so I
will not discuss about chemical formula but only chemical
function:
If we know the type od deposit component of scaling and Deposit
Inhibitor other than Zinc Phosphate for Cooling Tower:
 Scale inhibitor for Calcium Carbonate
 Scale inhibitor for Calcium phosphate
 Scale inhibitor for Calcium Sulphate
 Scale inhibitor for Iron
 Scale inhibitor for Zinc
 Scale inhibitor for Silica, Magnesium Silicate)
34
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	35. Chemical Treatment for  Anti Scaling Cooling Water
Chemical Treatment for Scaling
Anti
scaling
for
CaCO3
Anti
scaling
for
CaSO4
Phosphanates
ATMP (unless chlorine is used)
HEDP (>1.0 mg/l Cl2 continuously
or > 3.0 mg/l Fe)
PBTC (stressed systems, Cl2 >1.0
mg/l)
Polymers:
Polyacrylates (2000 mwt PAA)
Polyacrylates (5000 mwt PAA)
Polymethacrylates
Polymaleates (PMA)
Copolymers: AA/AMPS
Terpolymers
Anti
scaling
for
Ca3(PO4)2
Polymers:
• modified polyacrylates,
• phosphonates and HPA
Copolymers
• AA/AMPS
• SS/MA
• Terpolymers: AA/AMPS/NI
PMA
PAA (5000 mwt)
Copolymers: AA/AMPS
Phosphinocarboxylic acids
Anti
scaling
for
Iron (Fe)
Anti
scaling
for Zinc
/Tin
Anti
scaling
for iron
Silica
Anti
scaling
Mg
Silicate
AA/AMPS
AA/AMPS/NI
AA/MA
SS/MA
PMA
AA/AMPS/NI
terpolymers
(Acumer 5000)
 


	36.  Calcium carbonate  Scaling in Cooling Water
 Acid feed
 Phosphanates
 ATMP (unless chlorine is used)
 HEDP (>1.0 mg/l Cl2 continuously or > 3.0 mg/l Fe)
 PBTC (stressed systems, Cl2 >1.0 mg/l)
 Polymers:
 Polyacrylates (2000 mwt PAA)
 Polyacrylates (5000 mwt PAA)
 Polymethacrylates
 Polymaleates (PMA)
 Copolymers: AA/AMPS
 Terpolymers: AA/AMPS/NI (stressed systems)
Eko Handoko
Scale Inhibitor for Calcium Carbonate
 


	37.  Calcium carbonate  (Boilers)
 Phosphonates
 ATMP
 others
 Polymers:
 Polyacrylates (2000 to 5000 mwt PAA)
 Terpolymers: AA/AMPS/NI
Eko Handoko
Scale Inhibitor for Calcium Carbonate
 


	38.  Calcium phosphate
  Acid feed
 Polymers:
 modified polyacrylates,
 phosphonates and HPA
(hydroxyphosphinocarboxylic acid)
 Copolymers (cooling water and boilers):
 AA/AMPS
 SS/MA (sulphonated styrene/maleic
anhydride)
 Terpolymers (cooling water and boilers):
 AA/AMPS/NI
Eko Handoko
Scale Inhibitor for Calcium Phosphate
 


	39.  Calcium Sulphate
  Usually due to sulphuric acid addition
 PMA
 PAA (5000 mwt)
 Copolymers: AA/AMPS
 Phosphinocarboxylic acids
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Scale Inhibitor for Calcium Sulphate
 


	40.  Iron
 SS/MA  (mostly boilers)
 Outperform phosphonates, PAA, PMA at CaPO4 but
loses effect when PO4 > 15 mg/l and pH > 8.5.
Marginal ability to disperse hydrated iron oxide.
 PMA (cooling water)
 AA/AMPS/NI (CW & BW)
 1986 (Harrison & Sherwood): SA and SS copol with
superior Fe and PO4 stabilizers with good thermal and
hydrolytic stability and higher Ca tolerance
 Zinc
 AA/AMPS
 AA/AMPS/NI
 AA/MA (Aquatreat 97[ALCO] and Sokolan CP-12S[BASF]:
helped to reduce corrosion by allowing high pH operation)
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Scale Inhibitor for Iron and Zinc
 


	41.  Silica
 High  makeup silica is a danger in cooling
systems
 Newer terpolymers (Acumer 5000) have
demonstrated effectiveness in allowing
silica limits to be increased beyond the
traditional 150 mg/l concentration
 Each case must be evaluated as the
conditions under which these polymers
can be applied are uncertain
 Magnesium silicate
 As with silica there is uncertainty over the
use of polymers for its control
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Scale Inhibitor of Silica and Magnesium Silicate
 


	42. Bio Fouling
42
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	43. Problem Caused by  Bio Fouling
Problem Caused by Bio Fouling are:
 Slime and Biofilm Formation
 Corrosion:
 H2S Produced by SRB (Sulfate Reduction Bacteria)
 Under Deposit Corrsion
 Scaling (Scale Nucleation Sites Created by Biofilm)
 Fouling
(Entrapment of species of Suspended Solid and debris by slime and
biofilm)
43
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	44. Problem Caused by  Bio Fouling
Major Contributor of Scaling and Bio Fouling are:
 Major Contributor of Scaling are calcium and magnesium
precipitated salts which are quite adherent and difficult to
remove. They are also major problem as heat insulator thus
reduces the efficiency of heat transfer equipment.
 CaCO3 Scaling (Scale Nucleation Sites Created by Biofilm).
Calcium carbonate is problably the most recognizable scale
forming component in water and originates from Calcium
bicarbonate. At higher temperature and sharp rise in pH cause
Bicarbonate to decompose into carbonate and CO2
44
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	45. Bio Fouling
45
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Biofouling  caused by:
 Algae
 Bacteria
 Fungi
Problem Caused by Bio Fouling
Problem Caused by Bio Fouling are:
 Slime and Biofilm Formation
 Corrosion:
 H2S Produced by SRB (Sulfate Reduction Bacteria)
 Under Deposit Corrsion
 Scaling (Scale Nucleation Sites Created by Biofilm)
 Fouling
(Entrapment of species of Suspended Solid and debris by slime and
biofilm)
 


	46. Chemical Treatment for  Biofouling
46
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Chemical Treatment for Biofouling
Organic
Biocide
Oxidation
Biocide
Bromination
Chlorination
(include
Mono
chloramine
(NH2Cl)
METHYLENE
BIS +30%
TCMTB
METHYLENE
BISTHIOCYA
NATE
DITHIO
CARBAMATES
POLY QUAT
(effective
for algae
 


	47. Chemical Treatment for  Biofouling
Although there are many microbiocide type that can be used to
prevent biofouling, and company prefer to use organic biocide
because easy to handle and no potential of corrosion, I will try to
explain about bromination here as addition knowledge for us
 Sodium bromide can be added to control Biofouling in Cooling
Water System (oxidizing biocide of aqueous solution of bromine
or organo bromine)
 Sodium bromide is salt and has no oxidizing capabilityuntil its
activated. It must be activated to provide active bromine to a
cooling water system. It is activated by reacting it with
hypochlorous acid (HOCl) to yield hypobromous acid (HOBr)
which is strong oxidizing biocide.
 hypobromous acid (HOBr) is generated through addition of
sodium hypochlorite or chlorine with reaction:
 NaOCl + H2O  HOCl + NaOH
 HOCl + NaBr  HOBr +NaCl 47
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	48. Chemical Treatment for  Biofouling
Hydobromous acid is preferred over hypochlorous acid due to
greater efficiency at high pH and because of its lower
environmentally impact.
48
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	49. Reason for Targeted  Brominating Impact
 Dissociation Constant
 Bromamines as biocide
 Bromamines are more effective than chloroamines in the control
of bacteria
 Bromamines breakdown more quickly than chloroamines in The
Environment
 Lower long term environmental toxicity
 At higher pH, reduction in chlorine consumption
 Effacacy of bromamines over chloramines can reduce total
halogen needs
49
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	50. Cooling Water Treatment  Bio dispersant DMAD
Dimethylacetylenedicarboxylate
 DMAD is penetrant, dispersant, and bio dispersant is efficient
penetrating agent. It has combined hydrophobic and hydrophilic
nature.
 It controls deposits caused by paraffin, oils, pitch and
microorganism that cause biofouling
 As biodispersant it enhance the performance of any biocide
including chlorine and bromine
 It penetrate to bacterial colonies and expose them to biocide
 It is used to remove biofilm from heat transfer surface caused by
trapped phosphate, silicate, metallic oxides and silt.
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	51. Pre-cleaning of Cooling  System Before
Operation is very important
 New systems or piping are contaminated with
oils and mill scale. Removal of these
contaminants and pre-passivation are essential
for success in maintaining a corrosion free
system.
 Cleaning old previously untreated systems may
result in more problems than it is worth.
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	52. Example of Cooling  Water Report
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Graph of pH Cooling Water
 


	53. Example of Cooling  Water Report
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Graph of Turbidity Cooling Water
 


	54. Example of Cooling  Water Report
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Graph of Conductivity Cooling Water
 


	55. Example of Cooling  Water Report
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Graph of Silica Cooling Water
 


	56. Example of Cooling  Water Report
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Graph of Phosphate Cooling Water
(control range change to 8-25)
 


	57. Example of Cooling  Water Report
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Graph of Fe Cooling Water
 


	58. Example of Cooling  Water Report
Based on our monitoring on parameter in cooling water, we observe
 mostly pH is still above our recommended range near our
maximum limit
 turbidity, conductivity, and silica are still under maximum range of
our recommendation.
 Some ferrous level is near maximum limit but mostly are still
under maximum range of our recommendation.
 Mostly phosphate level is still above our recommended range.
Eko Handoko
pH
Turbidity
(FAU)
Conductivi
ty (µs/cm)
Silica
(ppm)
Phosphate
(ppm)
Total Iron,
Fe
STD 6,5-8,5 <150 <2500 <150 4-8 <2
DATE
Shift
Cooling Water
Limit of Monitoring Parameter
 


	59. Chemical Consumption
Eko Handoko
Table  of Average Chemical Consumption
No Product Name Dosage in Program Actual Dosage
Kg/day Kg/week Kg/day Kg/week
1 Dispersant anti scalling 57.5 24.23
2 Biofilm anti corossion 87.5 77.56
3 Biocide 200 200
 


	60. Eko Handoko
University of
Gadjah  Mada
Thank you
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