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Warning and Disclaimer 
This document is designed to provide informa-
tion regarding the subject matter presented.  It is 
produced with the understanding that neither 
AWT nor the author (or other contributors) is 
rendering legal, medical, engineering, or other 
professional services.  Neither AWT nor the au-
thor (or other contributors) shall be liable for 
damages, in any event, for incidental or conse-
quential damages caused, or alleged to be 
caused, directly or indirectly, by the use of any 
information disclosed in this document, including 
the use of any recommendations, methods, 
products, services, instructions, or ideas. 
 
Forward 
The Association of Water Technologies (AWT) 
is an international trade association founded to 
serve the interests of regional water treatment 
companies and to advance the technologies of 
safe, sound and responsible water treatment 
practice.  AWT is a non-profit organization pro-
viding education and training, public awareness, 
networking, research, industry standards and 
resource support.  Association activities serve to 
benefit members, as well as advance the arts 
and sciences of the water treatment industry.  
Moreover, AWT makes a commitment to the 
public as a Responsible Care Partner Associa-
tion 
 
The corrosion of galvanized steel cooling towers 
may be referred to as white rust and the conse-
quence of white rust can be premature failure of 
galvanized steel components.   

The on-going occurrence of white rust corrosion 
of cooling towers led the AWT Technical Com-
mittee to conduct a survey amongst the AWT 
membership to assess the magnitude of concern 
for white rust corrosion.  A summary of that sur-
vey is posted on the AWT website and is avail-
able to AWT members.  A brief overview of the 
survey results is as follows: white rust corrosion 
was identified as a serious and prevalent prob-
lem.  It was identified that white rust corrosion 
occurs predominantly with newly con-
structed/installed galvanized steel towers and 
related cooling components.  The predominant 
chemistry parameter known to aggravate white 
rust is high alkalinity/high pH, and is further ag-
gravated by low hardness (softened water).  It 
was found that water treatment professionals 
have various methods of prevention, but that 
these methods were not always successful when 
alkalinity/pH and hardness levels were not main-
tained within the prescribed ranges. 
 
The survey results were summarized and pre-
sented at the AWT Annual Convention in 2000.  
The conclusions offered were 1) white rust is a 
prevalent problem and 2) the AWT organization 
should prepare a topic update and guidelines to 
increase awareness and promote prevention of 
white rust corrosion of galvanized steel cooling 
components.  The intention of this publication is 
to draw from and summarize published refer-
ences and anecdotal experiences into one cen-
tral document that will effectively present the 
topic of white rust corrosion.  The intended audi-
ences for this document are water treatment 
professionals, cooling tower owners/operators, 
and architect/design and mechanical contracting 
firms involved in the specification and/or installa-
tion of cooling towers.  Prevention of white rust 
corrosion can be accomplished if all parties in-
volved in specification, manufacturing, operating 
and maintaining galvanized steel cooling com-
ponents work together.  Reference sources are 
provided for more detailed information on the 
causes, cures and prevention of white rust cor-
rosion of galvanized steel cooling towers and 
related galvanized steel cooling equipment. 
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Section One - Introduction and Background 
 
Since the 1950’s, galvanized steel has remained 
the principal material of construction for factory 
assembled cooling towers.  This fact attests to 
the cost-effectiveness of galvanized steel, and 
when properly maintained this material can offer 
20 years or more life expectancy in cooling appli-
cations.  However, as noted in the Forward of this 
document, white rust corrosion continues to be a 
prevalent problem that has lead to many towers 
requiring premature replacement.  White rust cor-
rosion can reduce life expectancy significantly, in 
some cases failure has occurred within a year or 
two of startup.  This has led to a growing trend of 
using alternative materials of construction for fac-
tory assembled cooling towers such as fiber-
glass, plastic and stainless steel.  None the less, 
galvanized steel towers still remain the most 
common choice especially when the decision is 
solely based on up-front cost for cooling tower 
material.  One intent of this document is to offer 
the reader some guidance in determining what 
materials of construction might be best, based on 
the existing or expected water chemistry, design, 
environmental and operational conditions ex-
pected or existing. 
 
Many documents dedicated to the discussion of 
white rust corrosion have been published over 
the last 10 to 15 years.  Some publications8,11 

have reported that changes to the galvanizing 
and finishing process has increased the potential 
for white rust, while other publications2,5,7,12 refute 
this conclusion altogether and report that 
changes to the water treatment and related cool-
ing water chemistry has increased the potential 
for white rust.  Still other documents note that 
changes to both the galvanizing process and the 
water chemistry have increased the potential for 
white rust corrosion.  There will be discussion of 
both these variables later, but briefly; there have 
been notable changes to the galvanizing process 
and the water treatment chemistry that have 
been driven in large part by environmental restric-
tions and regulations as well as cost-reduction 
initiatives.  Another intent of this document is to 
identify these manufacturing and treatment 
changes and provide guidance for those who will 
consider purchasing and operating a new galva-
nized steel cooling tower or have purchased and 
need to operate an existing galvanized cooling 
tower. 
 
 
 

 
White Rust 
Galvanizing produces a coating of zinc-iron in-
termetallic alloy layers on steel with a relatively 
pure outer layer of zinc.  The zinc is anodic to 
steel and thus will provide cathodic or sacrificial 
protection to any small areas of steel that may be 
exposed (i.e., scratches, cut edges, etc.).  Addi-
tionally, the zinc coating will oxidize and provide a 
physical barrier in protecting the bulk of the steel 
surface from any direct contact with the environ-
ment.  Since the wear of galvanized steel in ser-
vice is inevitable, it is fair to say that with all 
things being equal, a thicker (as measured by 
weight of zinc applied per surface area) and more 
durable zinc coating inherently will provide pro-
tection for a longer period of time. 
 
White Rust is often interchanged with the term 
Wet Storage Staining since they have a similar 
corrosion mechanism.  Wet storage staining is 
typically a pre-construction problem where new 
galvanized steel sheet or parts are exposed to a 
wet or moist environment because of improper 
storage.  Post-construction white rust is a prob-
lem where the fresh galvanized surface is not 
able to form a protective basic zinc oxide and 
typically the surface is partially wetted or com-
pletely submerged in water.  In both cases, the 
deterioration begins when a localized corrosion 
cell is formed.  The activity of such a corrosion 
cell/pit, results in rapid penetration through the 
zinc coating to the steel.  Under these corrosive 
conditions, the surrounding zinc coating may be 
unable to protect the base steel and conse-
quently the corrosion will continue to penetrate 
through the base steel. 
 
White rust corrosion is often identified by the 
white, gelatinous or waxy deposit that can be ob-
served.  This deposit is a zinc-rich oxide, report-
edly 3Zn(OH)2 • ZnCO3 • H2O and can be quite 
similar chemically to the protective zinc oxide 
typically identified as a dull-gray passive oxide.  
One critical difference between the two oxides is 
that the white rust oxide is porous and generally 
non-protective of the substrate, while the passive 
oxide is dense and non-porous effectively pro-
tecting the substrate from exposure to the envi-
ronment.  Corrosion control of galvanized steel, 
as with any metal, depends on forming and main-
taining a stable and passive oxide layer.  
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If the oxide is disrupted, repair is crucial.  If the 
oxide layer is constantly disrupted or removed, 
general corrosion potential will increase or in the 
case of galvanized steel, depletion of the zinc 
coating will eventually occur.  And if pitting corro-
sion occurs and is not mitigated, the life expec-
tancy of the component will be greatly reduced. 
 
It is not the intention with this document to detail 
the specific reactions and chemistry of white rust.  
It is important to know that the specific mecha-
nisms and causes of white rust can vary from 
system to system since there are a number of 
variables (with various combinations and permu-
tations) that lead to white rust corrosion.  One 
variable is the galvanizing process; several 
changes have been noted that have likely re-
duced the window of tolerance of the galvanized 
steel to white rust corrosion.  Another variable is 
water treatment chemistry, which has changed 
significantly since the early 1980’s.  The inci-
dence of white rust corrosion is heavily impacted 
by water chemistry, especially during the initial 
start-up operation period.  Having awareness as 
to how the galvanizing process and water chem-
istry can impact white rust potential is valuable in 
obtaining a resolution or ideally an avoidance of 
the white rust corrosion. 
 
Galvanizing Processes 
 

Hot dip galvanizing is applied to a weight per 
square foot requirement, which can range from 
light to heavy.  The amount of galvanizing applied 
may also be expressed in terms of thickness, 
which will correlate with weight, i.e., light/thin to 
heavy/thick.  The hot dip coating actually alloys 
with the steel and forms an integral zinc-steel al-
loy bond between the base steel and outer pure 
zinc layer.  The zinc oxide weight applied, the 
thickness applied to the working surface and in-
teralloying are critical factors affecting galvanized 
steel performance. Components manufactured 
for cooling tower application may be manufac-
tured using a post-fabricated hot dip process or a 
pre-fabricated hot dip process.  Another consid-
eration for the galvanized coating relative to per-
formance is formability.  Pre-fabricated hot-dip 
galvanizing must allow for cold working to be 
done without damage to the coating.  Some gal-
vanized steel is not suitability for cooling applica-
tion.  The tower manufacturer needs to ensure 
that the galvanized steel product purchased is 
suitable for cooling applications. 
 
 

Up until the 1960’s, the predominant method of 
galvanizing for manufacture of galvanized steel 
cooling towers and other cooling components 
was a post-fabrication hot dip process.  This 
method of hot-dip galvanizing (HDG) is still used 
extensively for coating large structural parts (i.e., 
pre-fabricated cooling tower structural parts, 
evaporative condenser bundles, etc.) and for 
small miscellaneous parts.  This zinc coating is 
rough and heavy (1.5 oz./ft2) with an average 
thickness of 3 – 6 mils applied to the exposed 
surface (per side).  The galvanizing process often 
will include a water-based quenching step where 
post-passivation is done, typically using chro-
mate.  The chromate passivation provides pre-
operational protection of the galvanized coating.  
The governing specification for post-fabrication 
hot dip galvanizing is ASTM A213. 
 

Three cooling tower OEMs and one trade publi-
cation6 report that the more common galvanized 
steel product used today for cooling tower manu-
facture is the heavy mill galvanizing (HMG) proc-
ess.  This is also a hot-dip process, but instead of 
post-fabrication & batch galvanizing, the raw, pre-
fabricated rolled steel sheet is put through a con-
tinuous galvanizing process.  The galvanized 
sheet roll still needs to be cold-worked by the 
tower OEM for fabrication of cooling towers; 
hence, this can be termed a pre-fabrication proc-
ess.  The governing specification for pre-
fabricated hot-dip galvanizing is ASTM A653 
(also, cooling tower components should meet a 
G210 HMG classification).  The HMG process will 
produce a more uniform, thinner coating of zinc 
and zinc-steel interalloy (relative to the post-
manufacture galvanizing process) with at least 
3.0 mils thickness (2.1 oz./ft2) total or 1.5 mils 
(1.05 oz./ft2) on each side.  Aluminum is added 
primarily to enhance the corrosion resistance of 
this thinner coating.  Quenching may be either an 
air-cooled or water-spray process.  Chromate 
post-passivation may be done or some other 
form of pre-operational protection may be used.   
 

Electrogalvanizing is a third galvanizing process 
where zinc is deposited on steel in a relatively 
thin layer by a process of electroplating.  There is 
no interalloy layering with this process and the 
weight of zinc applied is thin compared to hot-dip 
galvanizing.  Consequently, electrogalvanized 
steel product would have a fairly short life expec-
tancy if used for the manufacture of wetted cool-
ing tower parts. 
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Experience would indicate that both HDG and 
HMG galvanized steel can provide reliable, long-
term operating service in a cooling tower envi-
ronment.  However, as reported in at least two 
publications8,11, there are notable differences be-
tween the HDG and HMG methods of galvanizing 
(and resulting product) that can directly impact 
the initial tolerance to white rust corrosion and 
generally impact the life expectancy of galvanized 
steel cooling components.  It should not be as-
sumed that all galvanized steel product has equal 
tolerance to white rust corrosion.  For example, 
some galvanized steel producers no longer use 
chromate passivation while others have reduced 
the concentration of chromate in their passivation 
step.  Chromate is an excellent passivator of gal-
vanized steel.  The reduction and, in some cases, 
the elimination of chromate is expected to in-
crease the vulnerability of the galvanized steel to 
white rust. 
 
Water Chemistry & Treatment 
 
A typical water treatment program is designed to 
control scale, corrosion and microbiological re-
lated problems that may occur throughout the 
cooling cycle.  The standard of using chromate-
based treatments and acid pH control along with 
a biocide provided excellent results.  Coinciden-
tally, this treatment and pH chemistry were favor-
able to protecting and maintaining galvanized 
steel surfaces. 
 
Today’s cooling water treatment programs have 
been greatly influenced by several factors includ-
ing environmental restrictions, energy and water 
conservation efforts, and the on-going focus on 
increasing facility safety.  Some specific factors 
include: 
• The USEPA ban of chromates in cooling sys-

tems - effectively implemented by the middle 
1980’s, 

• Recently, a growing trend toward reducing 
the concentration of phosphate-based inhibi-
tors, 

• The use of acids has grown less popular due 
to safety and handling concerns, 

• Efforts to conserve water and/or reduce oper-
ating costs have pushed many operations to 
increased cycling of the water chemistry, 

• In many cases, the facility will modify the wa-
ter source to achieve higher cycles or use 
poorer quality water sources, which are lower 
cost and/or more plentiful. 

 
 

 
Consequently, water treatment professionals 
have adopted and supported these trends by 
modifying the water treatment program.  Today, 
many treatments are using less anodic corrosion 
inhibitors and have compensated with a higher 
pH control range in order to provide effective cor-
rosion control and avoid acid feed.  Water soften-
ing has become a more common option to help 
maximize water conservation.  Unfortunately, 
these trends have mostly been contrary to the 
needs of protecting and maintaining galvanized 
steel surfaces.  The following section will high-
light the needs for the chemical treatment pro-
gram and provide water chemistry guidelines that 
can help ensure reasonable life expectancy for all 
cooling system components, including galvanized 
steel components.  The following section should 
also help a prospective buyer (of a cooling tower) 
to determine if galvanized steel is an appropriate 
material of construction choice. 
 

Section Two - Prevention of White Rust 
 
The discussion of white rust corrosion prevention 
is presented to address the responsibilities of the 
tower manufacturer and that of the water treater 
separately.  It is critical that the personnel speci-
fying, purchasing and ultimately operating the 
cooling system be educated on what the re-
quirements are for the prevention of white rust.  If 
these requirements cannot be achieved, an 
alternate cooling component material of con-
struction should be considered (see Section 
Five). 
 
Tower Manufacturers’ Perspective  
 
Cooling tower OEMs have the responsibility to 
manufacture a product that meets customer and 
industry specifications.  To help ensure the prod-
uct achieves life expectancy, cooling tower manu-
facturers have developed chemistry and water 
treatment recommendations for cooling towers 
and related equipment.  The seller, buyer and 
owner/operator needs to ensure that the intended 
or existing conditions will be able to achieve the 
manufacturer’s recommendations.  The informa-
tion below is extracted from several cooling tower 
manufacturer references.  The specific manufac-
turers whose documents were reviewed are iden-
tified in the Table 1. 
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Pre-Installation Handling Guidelines: 
 

√ Abide by the American Galvanizers Association 
recommendation to store galvanized metals 
under dry conditions until it is placed in service 
to prevent “wet storage staining”. 

 

√ Tower manufacturer publications may or may 
not note if the galvanized steel is prepassivated 
with chromate.  The manufacturer’s product 
should be prepassivated with chromate or 
some suitable alternative should be utilized. 

 

√ Several cooling tower OEMs note a need to 
consider alternative materials of construction 
(MOC) if system conditions are expected or 
known to be harsh relative to galvanized steel.  
The choice of cooling tower construction mate-
rials should consider corrosion resistance, 
structural integrity and durability, desired equip-
ment life, and not just upfront cost.  Stainless 
steel, plastic and fiberglass are becoming 
common alternatives to galvanized steel, but at 
a higher upfront cost, to gain improved equip-
ment life.  One tower OEM offers an epoxy 
paint coating applied over the zinc coating.  
This OEM claims the epoxy coating will provide 
improved corrosion protection for galvanized 
steel and claims that the cost of the epoxy 
coating is modest compared to a true upgrade 
in material of construction.                                                             

However, there are performance issues and limi-
tations that should be considered relative such 
epoxy coatings.  The water quality requirements 
for this epoxy coated galvanized steel are basi-
cally the same as for galvanized steel.   
 
Post-Installation Handling Guidelines: 
 

√ All OEM publications reviewed indicate that the 
potential for white rust corrosion is greatest 
when the tower is newly constructed, having a 
freshly exposed galvanized surface. 

 

√ All OEM publications reviewed indicate that 
proper water chemistry and chemical treatment 
during initial tower start-up is essential to the 
initial formation of a passive zinc oxide.  In par-
ticular, alkalinity/pH control and the presence of 
calcium hardness are emphasized. 

 

√ All OEM publications reviewed emphasize the 
need to have a water treatment professional, 
knowledgeable of the topic of white rust preven-
tion, involved in the start-up and operating proc-
ess. 

 

√ All three offer some guidance on startup and 
long term operating chemistry. 

 
OEM chemistry related recommendations are 
summarized below: 

TABLE 1 
COOLING TOWER MANUFACTURERS - RECOMMENDED WATER CHEMISTRIES 

Parameter BAC2 Evapco7 Marley12 

Passivation Treatment 
Use of inorganic PO4 
treatment helps pas-
sivate zinc coating 

400-450 ppm PO4 w/ 100 
ppm Ca (as CaCO3) for 
45-60 days 

Use inorganic PO4 for at 
least 8 weeks to help pas-
sivate zinc coating 

pH for Initial Service 6.5 – 8.0 6.5 – 8.0 6.5 – 8.0 
pH for Routine Service No guide found 6.5 – 9.0 No guide found 
Hardness (as CaCO3) >30 ppm 100 – 300 ppm 100 – 300 ppm 
Alkalinity (as CaCO3) No guide found 100 – 300 ppm 100 – 300 ppm 
Chlorides (as Cl

 
) No guide found <250 ppm <250 ppm 

Sulfates (as SO4) No guide found <250 ppm <250 ppm 

General Comments: 

• Avoid soft water 
<30 ppm Ca (as 
CaCO3) combined with 
higher alkalinity 

 
• Routinely passivate 
if operating at a pH 
>8.3 

• Avoid soft water <50 
ppm Ca (as CaCO3). 

• Avoid using acids.   
• Routinely passivate if 

operating at a pH >8.3 
• Immediately clean 

and repassivate areas 
of white rust.  

• Avoid soft water 
 
• If purchase has not 

been made, consider 
stainless steel basin. 
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NOTE: At least one tower OEM specifies that the 
system be initially treated with the maximum al-
lowable level of a non-oxidizing biocide or sodium 
hypochlorite (oxidizing biocide) to a level of 4 to 5 
mg/l free chlorine at a pH of 7.0 to 7.6.  It is noted 
that the chlorine residual should be maintained 
for at least six hours.  This recommendation is 
likely in place to acknowledge a sound practice 
for Legionella bacteria control in cooling towers 
(see AWT Position paper on Legionella Guide-
lines for further discussion of this important is-
sue).  It is recognized that exposure of galvanized 
steel to this high chlorine level will increase cor-
rosion potential of new, unpassivated galvanized 
steel and may damage passivated galvanized 
steel.  If corrosion is a problem or concern with 
the use of oxidizing biocide, consult the tower 
manufacturer and water treater for options. 
 
Water Treatment Companies’ Perspective 
 
Since the water treater is often in the position of 
being a unit operations consultant, it is important 
they be aware and communicate the established 
industry knowledge for maintaining galvanized 
steel tower surfaces.  Also, the water treatment 
professional can help by communicating (to the 
specifying company and/or owner/operator) the 
likely consequences when these water chemistry 
and operating requirements are not maintained.   
 
Too often the decisions dealing with design and 
installation of a new cooling tower and related 
equipment are made without any or insufficient 
review and input from a qualified water treater.  
Consequently, the requirements for a trouble-
free, long operating life of the galvanized steel 
tower are compromised.  In today’s competitive 
environment it is increasingly critical that the 
owner/operator protect and optimize their invest-
ment.  Involving a knowledgeable water treater 
early on in the review process will help minimize 
problems and will help optimize the 
owner/operator’s investment.  This section will 
discuss the critical DOs and DO NOTs a water 
treatment consultant should consider and com-
municate during the tower-preconditioning phase, 
during routine operation and during idle opera-
tion/lay-up.   

 
 
 
 
 
 
 
Generally Established Requirements: 
There are some basic established requirements 
that should be assessed before deciding on the 
purchase/use of a galvanized steel tower.  Fol-
lowing are some issues that should be consid-
ered: 
 

DO control pH/Alkalinity during the initial expo-
sure of the galvanized surface to recirculating 
water between 6.5 pH and 8.0 pH.  Other key pa-
rameters include calcium hardness, chlorides and 
sulfates.  If soft water is expected or designed, it 
may be necessary (and should be planned) that 
provisions be made to maintain a minimum of 50 
to 100 mg/L calcium (as CaCO3) until the galva-
nized surface develops a protective oxide.  Chlo-
rides and sulfates should be maintained at levels 
not corrosive to steel or copper.  Once the tower 
has developed a protective oxide, the operating 
chemistry window may be slowly expanded or 
modified.  It may require weeks or months to de-
velop a protective oxide (normally verified visually 
as dull gray oxide). 
 

DO NOT operate at a pH greater than 9.0 or a pH 
less than 6.5 at any time since this can disrupt or 
prevent the formation of a protective oxide, thus 
leading to white rust corrosion.  Soft water and 
high chlorides and sulfates can be aggressive to 
galvanized steel as well. 
 

DO preclean and prepassivate any newly in-
stalled cooling system or component prior to or 
upon initial exposure to circulating water.  Galva-
nized steel surfaces have the same requirement 
to be cleaned and passivated as other metals, 
such as steel, but offer some special limitations. 
 

DO NOT use highly aggressive (strong acids or 
strong chelating agents) or highly alkaline clean-
ers.  Avoid pH conditions outside the target range 
noted above.  The risk of white rust increases if 
precleaning and passivation are not performed 
properly. 
 

DO isolate the tower and any key galvanized 
steel components from harsh conditions.  It is 
generally valuable to be able to isolate the 
tower(s) from the recirculating water circuit.  This 
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is a design feature that should be specified by the 
owner/operator. 
 
 
 
 
 
 

DO NOT start-up a new galvanized steel compo-
nent with full heat load.  Evaporation from heat 
load can concentrate corrosive ions, increase pH 
and fouling potential.  If heat load cannot be 
avoided during the initial passivation phase, then 
the risk of white rust will increase, especially for 
systems with moderate to high makeup alkalinity 
and dissolved solids. 
 
Generally speaking, if the existing system condi-
tions make it difficult to achieve any or all of 
these DOs and DO NOTs noted above, then one 
should reconsider the purchase and installation of 
a galvanized steel tower.  Refer to Section Five in 
this document, which will address alternative ma-
terial of construction selection. 
 
Tower Preconditioning Phase Check List: 
 
As noted previously, during the initial startup 
phase is when white rust is most likely to occur 
and consequently impact on the life expectancy 
of the galvanized steel tower or cooling related 
component.  The startup phase includes pre-
cleaning, initial “system” passivation (if applica-
ble) and passivating the “galvanized steel com-
ponent(s)”.  The startup phase may last several 
days to accommodate the “system”, but passiva-
tion of the “galvanized component(s)” may re-
quire several weeks to several months. 
 

√ Cleaners should be buffered to maintain pH 
between 6.5 and 8.0.  The water treater should 
be capable of selecting an appropriate cleaner, 
but typically a phosphate-based and/or silicate-
based cleaner is used.  Inorganic phosphates 
are typically used for passivation.  An acidic 
phosphate (such as phosphoric acid) can aid 
the conditioning process and help buffer the 
pH.  Each part of phosphoric acid, as PO4, will 
neutralize roughly 0.5 to 0.7 mg/L of bicarbon-
ate alkalinity.  Phosphate addition can range 
from 10’s of mg/L to 100’s of mg/L concentra-
tion.  However, one should consider calcium 
phosphate deposition potential before applying 
the high phosphate residuals. 

 

√ High copper levels in the circulating water from 
initial start-up can re-deposit on metal surfaces, 
particularly galvanized metal.  Use an effective 
copper corrosion inhibitor that will minimize the 
copper level in the recirculating water and com-
plex any soluble copper to minimize potential 
for redeposition. 

 
√ If there are pre-existing parts of the system that 

require strong acidic or alkaline conditions, then 
isolate the fresh galvanized surface from these 
harsh solutions. 

 

√ A minimum calcium of 50 to 100 mg/L (as 
CaCO3) is desired to achieve proper passiva-
tion when using phosphate-based or phos-
phate/molybdate-based treatments.  Temporary 
addition of calcium may be required (i.e., by-
passing a makeup water softener or by addition 
of a calcium source). 

 

√ Halogen products should not be routinely fed to 
exceed 1.0 mg/L free halogen (as Cl2).  How-
ever, it is understood that proper sanitization 
may require up to 10 mg/L free halogen as Cl2 
for a period of 24 hours.  Passivation after sani-
tization may be required. 

 

√ Heat load on the system during the precleaning 
and passivation should be minimized.   

 

√ Monitor the galvanized surface prior to and dur-
ing preconditioning.  Monitoring should Include 
as a minimum, visual inspection and documen-
tation.  Monitoring may also include trending 
zinc oxide in the makeup and recirculating wa-
ter to assess zinc oxide pick-up.  Corrosion 
coupons or a corrosion rate probe have been 
used with limited success.  Monitoring will be 
covered in some more detail later in this docu-
ment. 

 
Routine Operating Phase Check List: 
 
Once the tower and system is precleaned and 
passivated, the water chemistry and operating 
conditions can be modified to accommodate 
process needs.  However, there will still be limita-
tions that should be considered for galvanized 
steel components. 
 

√ The tower pH may exceed 8.0; however, it is 
recommended the pH be increased slowly (not 
all at once) to the intended target.  A pH of 9.0 
is a desired maximum, although some tower 
treatments may allow a pH greater than 9.0 
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(consult with the water treatment representative 
servicing the facility).  If excessive pH is identi-
fied as a concern, the owner/operator should 
plan to operate at lower cycles or control 
pH/alkalinity (acid feed or makeup dealkaliza-
tion can be utilized). 

 
 
Note, operating at lower cycles is costly and may 
be impossible due to blowdown limitations.  Re-
quirements for proper handling, feed, and control 
of acid are critical and must be considered to en-
sure operator and system safety. 
 

√ Control tower chemistry, considering treatment 
capability, to minimize corrosion potential of 
steel, copper (if present) and galvanized steel.  
Care must be taken with the water treatment 
not to harm the galvanized steel.  Overfeed of 
phosphonates and chelating polymer chemis-
tries should be avoided.  If the galvanized oxide 
is harmed, reconditioning of the galvanized 
steel surface (as identified in the precondition-
ing phase) may be required.  Remove white 
rust by reducing the pH below 8.0, preferably to 
neutral pH, and implementing an effective 
treatment clean-up program (physical and 
chemical) targeted for galvanized steel. 

 

√ Add maintenance chemicals ensuring they are 
well mixed and diluted prior to contact with the 
galvanized surface.  As a rule, avoid adding 
chemical treatment directly to the tower 
tray/sump.  In the case where system upsets 
may require harsh chemicals to be used, the 
tower should be isolated from the water circula-
tion. 

 

√ On-going visual monitoring of the tower’s gal-
vanized steel surface should be a service visit 
routine.  Other forms of monitoring may be use-
ful and will be covered later in this document. 

 
Idle Operating/Lay-up Phase Check List: 
 
An “operating” system in many ways is much 
easier to treat and protect than an “idle” cooling 
system and/or tower.  However, for various rea-
sons cooling systems and/or cooling tower(s) will 
need to be shutdown. 
 

√ Lay-up solutions should be buffered to maintain 
pH between 7.0 and 9.0.  Excessive 
pH/alkalinity can destroy the protective zinc ox-
ide and result in white rust corrosion.  Note, it is 

most common that the “cooling tower” compo-
nent will be drained during lay-up. 

 
√ Cleaning and passivation may be required to 

accommodate special issues such as system 
sanitization.   

 
 
For example, sanitization may require high levels 
of halogen (i.e., > 10 mg/L halogen, as Cl2) after 
an extended shutdown.  Repassivation may be 
required after the sanitization. 
 

√ If at all possible, water circulation should not be 
shutdown.  Ideally, by-pass the tower com-
pletely or least by-pass the tower fill. 

 
Evolving Technologies 
 
Most water treatment professionals have access 
to conventional inhibitor technologies capable of 
maintaining low steel and copper corrosion rates.  
These conventional technologies are often ade-
quate where galvanized steel is used if the gal-
vanized steel surface has been properly sea-
soned. 
 
Some newer technologies are being used and 
have been promoted as having enhanced capa-
bility to protect galvanized surface3,15.  It should 
be the goal of the general water treatment com-
munity to gain a better understanding of these 
technologies and to continue to develop promis-
ing technologies for galvanized steel. 
 

Section Three - Removal & Repair of White Rust  
 

Removal of White Rust 
 

Whether or not to remove the White Rust? 
As noted, white rust corrosion is characterized as 
a localized/pitting type corrosion and identified by 
characteristic white deposits.  However, not all 
white deposits found on galvanized steel surface 
are due to white rust and not all deposits, includ-
ing zinc-rich deposits, will result in local-
ized/pitting corrosion.  Consequently, it is incum-
bent of the owner/operator, with guidance from 
the water treater, to determine if the deposits are 
better left alone or if removal is required.  Evalua-
tion can include any or all of the following: 
 

• Deposit analysis - determine the inorganic 
content.  It may be the deposits are calcium-
based and not zinc oxide. 
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• Physical inspection of the surface under the 
deposits – investigate to determine if there is 
pitting corrosion resulting beneath the de-
posit.  Consider leaving the deposit alone if 
pitting is not observed. 

 
 
 
 
 
• Age of the equipment and of the deposits – 

the deposits may be doing more good than 
harm.  A tower that is far along in life expec-
tancy with white rust that has been present 
for years is probably better off left alone. 

 
Mechanical cleaning methods: 
Virtually all information recommends the removal 
of the white rust by brushing with a stiff bristle 
brush (not metallic wire) and then coating the 
damaged areas.  If the white rust build-up is light 
or spotty, it should be easily brushed off to allow 
for the formation of the protective zinc oxide.  
This process can be enhanced by the addition of 
inorganic phosphate or by the reduction of the 
pH/alkalinity during the repassivation step. 
 
Chemical cleaning methods: 
In mild cases the area should be brushed (using 
a stiff bristle brush) with a mild cleaning solution.  
Severe cases may require multiple applications of 
a more concentrated cleaning solution along with 
brushing.  Phosphoric acid is an excellent choice, 
although other acids such as acetic, glycolic or 
citric acid have been used with success.  Care 
should be taken when using these other acids 
since they can chelate the base zinc coating.  
Overzealous application of such chelating agents 
may strip the zinc coating from the steel surface.  
Follow the cleaning process with a thorough wa-
ter rinse. 
 
Repairing Damaged Galvanized Surfaces 
 

Re-galvanizing with Zinc-Rich Paints: 
• ZRC Worldwide 

ZRC Cold Galvanizing Compound 
  
 

• Sherwin Williams 
Zinc Clad XI 

  
 
• Benjamin Moore & Co. 

Epoxy Zinc Rich Primer CM18/19 
 

 
Non-galvanic finishes 
• Belzona, Inc. 

Belzona 1111 Supermetal 
Belzona 5811 Immersion Grade 
 

 
 
 
• Benjamin Moore & Co. 

Coal Tar Epoxy M47/48 
Low Cure Epoxy Mastic Coating M45L/46 

 

• PPG Industries 
COAL CAT Amine-Cured Coal Tar Epoxy 
COAL CAT Resinous Cured Coal Tar Epoxy  
 

 
Application Guidelines: 
 
To achieve reasonable performance from the 
post-installation finishes, it is critical to properly 
prepare the surface.  This will require removing 
debris and deposits, cleaning the base surface 
(typically with a phosphate-based cleaner) and 
repairing any areas where failure has occurred.   

 
The surface should be dry before applying the 
finish.  There are products that may be applied to 
a wet surface; however, results are usually tem-
porary.  Best results will typically be achieved by 
having a professional, experienced in this trade 
of metal surface finishes, perform the task. 
 
Application instructions will vary somewhat 
among manufacturers - the basic steps are: 
 

1. Remove sealing compound from corners. 
2. Sandblast surface to near-white profile.  

Grinding the surface and wire brushing the 
rusted areas may be acceptable, but not as 
effective as sandblasting. 

3. Completely remove debris, clean and dry sur-
face - use fans to promote faster drying. 

4. Apply coating according to manufacturer’s 
instruction; typically two coats are required to 
attain a minimum desired dry film thickness.  

5. Allow fully coated surface to dry/cure for 
specified time period (it can be as short as 1 
to 3days and as long as 14 days with zinc-rich 
paints).  In some cases, application and cur-
ing times may be accelerated – check with 
coating manufacturer. 
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Notes: 
1) Zinc rich compounds require extended cure 

times (up to 14 days) in order to provide the 
best possible performance.   

 
2) The most important factors for the success of 

paint systems are adhesion and continuity, 
and in the case of zinc-rich paints, electrical 
conductivity.   

 
 
Continuity of the paint systems is extremely im-
portant for carbon steel, since pinholes and other 
imperfections quickly become rust pits.  Zinc-rich 
paints must be electrically conductive in order to 
provide cathodic protection. 
 
3) Surfaces to be reconditioned, which will be 

subject to immersion should be prepared in 
accordance with Near White Metal Blast 
SSPC-SP10. 

 

Refer to ASTM Section A 780 for details on these 
and other approved repair methods for galva-
nized steel surfaces. 
 
Leak repair 
Quick fix (for sump/pan area): insert a stainless 
steel bolt through the hole with a rubber gasket 
on each side of the affected area.  The use of tar 
or an epoxy can help seal this type of repair.  For 
larger areas use a piece of plastic sheet, fasten 
with rivets and use tar or epoxy to achieve a seal. 
 
Long term repair (for sump/pan area): some cool-
ing tower OEMs will provide a retrofit fiberglass 
basin.  The cost of the sump insert is not a sig-
nificant expense, but the cost of installation can 
be expensive since the tower may require partial 
dismantling. 
 

Section Four - Monitoring for White Rust 
 

The simplest method of monitoring is visual ob-
servation of the galvanized surface.  However, 
visual inspection is not preventative/proactive and 
it may not allow for the detection of zinc coating 
loss, unless gross loss occurs.  Measuring zinc in 
the makeup and recirculating water to determine 
zinc pick-up can help monitor zinc oxide stability.  
For example, if tower cycling (i.e. tracerblow-

down/tracermakeup or calculated by some other reli-
able method) is significantly less than cycling de-
termined based on zinc measurement (i.e. 
zincblowdown/zincmakeup), one may conclude that zinc 
pick-up is coming from the galvanized steel sur-
face.  This parameter should be trended over 

time.  It is expected that zinc oxide pick-up may 
be high to start, but it should level off with time 
and eventually approach theoretical tower cycles.  
Note, this monitoring method will not be effective 
if zinc is fed as part of the treatment program. 
 
 
 
 
 
Other monitoring methods include corrosion cou-
pons and corrosion probes outfitted with zinc 
coated tips.  However, these monitoring methods 
have not demonstrated consistency in represent-
ing real world outcome.  
 

Section Five - Alternative Materials 
 

This section will endeavor to provide some guid-
ance on whether the (cooling) system conditions 
represent a high risk for shortened life expec-
tancy (see figure 1) and will offer suggestions on 
alternative materials (see Table 2).  Included is a 
summary of the basic features and benefits of 
alternative materials and some review of their 
limitations.  The most popular alternative MOC 
choice to galvanized steel cooling towers and 
evaporative condensers is a hybrid of stainless 
steel/galvanized steel or all stainless steel (ex-
cluding fill, distribution nozzles and louvers).  Fi-
berglass and plastic are gaining somewhat in 
popularity, but are still a high cost option, espe-
cially when structural integrity is fortified.   
 
Selection of Galvanized Steel Material 
 
The decision tree shown on the following page 
will offer guidance as to whether galvanized steel 
should be selected.  This decision tree is simply a 
guide and should not be used to draw absolute 
conclusions as to whether galvanized steel MOC 
is the right choice or the wrong choice for a par-
ticular application.  
 
Table 2 that follows offers a basic overview of the 
alternative materials one may want to consider if 
the risk assessment guide suggests that galva-
nized steel is not appropriate for existing or ex-
pected application conditions.  Each of the alter-
native materials may have advantage(s) over 
galvanized steel; however, the reader is encour-
aged to pay close attention to the limitations 
noted for these alternative materials as well.  
When in doubt, it is best to consult with one or 
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more tower OEMs and water treatment consult-
ants. 
 
Table Summary: 
As one might expect, tower materials with longer 
life expectancy will tend to have a higher relative 
cost. Galvanized and epoxy coated galvanized 
steel towers have the lowest life expectancy, but 
offer a relatively low-cost option.   
 
 
 
If conditions are abusive, the life expectancy of 
any of the materials shown above may be short-
ened.  However, it is fair to say that the more ex-
pensive materials are more forgiving.  It holds 
true that galvanized steel has a narrower window 
of tolerance.   
 

Epoxy coated galvanized steel is offered by one 
OEM.  The OEM claims that the epoxy coating in 
combination with the base galvanized steel effec-
tively protects the base steel substrate.  If the 
epoxy coating is disrupted the exposed galva-
nized steel will become quite anodic (corrosion 
will be localized to this small exposed area) and 
white rust-type corrosion is likely to occur.  Con-
sequently, the epoxy coated galvanized steel is 
considered to be only a minor upgrade at best 
from galvanized steel.  The seller and buyer 
should inquire with the manufacturer as to 
whether this epoxy coating can effectively expand 
the window of tolerance for operating and chem-
istry conditions considered to be non-conforming 
for galvanized steel. 

 
 
 
 
 
 
Stainless steel is among the fastest growing al-
ternative materials used, replacing galvanized 
steel.  A stainless steel hybrid with galvanized 
steel is a common trend as well.  The hybrid 
tower considers the structural components of 
significant vulnerability for galvanized steel and 
replaces these components with stainless steel.  
Stainless steel can be vulnerable to chloride pit-
ting (although chloride tolerance is typically 
greater than that required for galvanized steel).  
Stainless steel surfaces should be kept clean to 
avoid underdeposit pitting corrosion. 
 

Fiberglass continues to gain ground as an alter-
native material, but cost remains an issue and 
structural integrity can be a limiting factor to size 
of cooling application.  Relatively new manufac-
turing technique for high-strength structural com-
ponents will address the structural integrity issue, 
but cost continues to be an issue. 
 

Wood and concrete materials remain common-
place in medium-sized to large cooling towers 
applications.  However, these materials are not 
commonly used as an alternative to galvanized 
steel.  Wood has been a viable alternative in the 
past for smaller cooling applications, but wood 
material is not readily available today and wood 
has a fire concern. 
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TABLE 2 

Material Type & 
Uses 

Life Expectancy 
(Expected  

Vs Theoretical) 

Cost Factor 
(galvanized = 1.0X) 

Limitations/Comments 
(ease of use) 

Ceramic 
- Tower structure 
- Tower fill 

20+ Vs. 30+ yrs 2.5 to 3.0X+ 
• Weight can be an issue 
• Fill more prone to fouling. 

Fiberglass/Plastic 
- Tower structure 
- Dist. deck & ba-

sin 
- Tower fill & lou-

vers 

15-20 Vs. 25+ yrs 
2.5X for small twrs 
>2.5X to increase 
structural integrity 

• Prone to UV degradation 
• Structural integrity can be a 
limitation to size 

• Fastener material can be a 
weak link 

• Generally easy to fabricate. 
Wood 
- Tower structure 
- Tower fill & lou-

vers 
- Distribution deck 

20+ Vs. 30+ yrs 3.0X+ 

• Availability of wood product 
• Prone to MB degradation 
• Can be fire hazard concern 

Stainless Steel 
- Tower structure 
- Distribution deck 

15-20 Vs. 25+ yrs 1.8X to 2.0X 
• Avoid high chlorides 
• Keep surface clean 
• Generally easy to fabricate. 

Concrete 
- Tower structure 
- Tower basin 

20-25 Vs. 30+ yrs 3.0X+ 
• Weight, roof-top installations 
• Rebar corrosion 
• Generally easy to use. 

Epoxy Coated Gal-
vanized Steel 10-15 Vs. 20+ yrs 1.1X to 1.2X • Maintain coating to protect 

galvanized surface 

FIGURE 1
Decision Tree - Okay To Use Galvanized?

W ill pH  meet target
specs naturally?

Tower will not be
exposed to harsh
chemicals?

yes

No

pH can be
adjusted to meet
target specs?

No

Consider alternateConsider alternate
materialmaterial

Yes

No

Tower can  be
isolated from harsh
chemicals?

No

Consider alternateConsider alternate
materialmaterial

Startup and
operating
chemistries meet
specs naturally?

yes yes

yes
OKAYOKAY

No

No

Consider alternateConsider alternate
materialmaterial

yes
OKAYOKAY

Startup and operating
chemistries can be
adjusted to meet specs?
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- Tower structure 
- Dist. deck & ba-

sin 
- Louvers 

• Avoid high chlorides & sul-
fates 

• Typical coating life is 2 to 10 
yrs per AWT survey. 

Galvanized Steel 
- Tower structure 
- Dist. deck & ba-

sin 
- Louvers 
- Evap. condenser 

10 Vs. 15-20 yrs 1.0X 

• Prone to white rust 
• Proper startup conditions are 
critical 

• Avoid chemistry upsets. 
• Generally easy to fabricate 

 



 

Copyright 2002 The Association of Water Technologies 
 

Section Six - Reference List 
 
1. American Galvanizers Association. (1997). Wet storage stain. T-WSS-97. 
2. Baltimore Aircoil Company. (1992). White rust on galvanized steel cooling towers.  
3. Busch, B. D. & Oldsberg, M. T. (2000, Summer). Advances in the inhibition of white rust corro-

sion. Association of Water Technologies.  
4. CTI. (1975). Material of construction for cooling towers. CTI Manual, Chap. 9. 
5. CTI. (1991). Update on white rust corrosion and control. TP91-14. 
6. CTI. (1992). Guidelines for treatment of galvanized cooling towers to prevent white rust. PFM-

142.  
7. EVAPCO. (2002). White rust. Engineering Bulletin No. 036. 
8. Mayer, W. F., & Larsen, R. (1991). White rust report. Associated Laboratories. 
9. Johnson, K. M. & Milelic, J. B. (1990). Diagnosing white rust corrosion in cooling tower systems. 

NACE Paper No. 361. 
10. Kunz, R. G. & Hines, D. W. (1990). Corrosion of zinc in cooling water. NACE Paper No. 348. 
11. Laronge, T. (1991). The white rust problem in cooling towers: A technical review. Thomas La-

ronge Report. 
12. Marley Cooling Tower Company. (1992). White rust & water treatment. Manual 92-1184A. 
13. Materials Performance. (1995, October). Coating basics: Coating newly galvanized steel. 
14. McKay, R. J. & Association of Water Technologies. (2000). Survey of AWT members on white 

rust. McLean, VA: The Association of Water Technologies. 
15. Puckorius & Associates, Inc. (2001, Third Quarter). Cooling water systems – Passivation. Wa-

terChem Solutions, 5. 
16. Rachels, G. K. (1991, Spring). White rust – The water treater’s achilles heel. Paper presented 

at the meeting of the Association of Water Technologies Conference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Copyright 2002 The Association of Water Technologies 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

8201 Greensboro Drive, Suite 300 McLean, Va. 22102 
Phone: (800) 858-6683 * Web: http://www.awt.org * E-mail: awt@awt.org 



 

Copyright 2002 The Association of Water Technologies 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


