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The Contribution of Chemical Water Treatment in

Combating Deposition and Corrosion
Phenomena
By: Kostas D. Demadis*

Corrosion has been defined in
many ways. All definitions, although
different in expression, have empha-
sized the changing of the mechanical
properties of metals in an undesirable
way. ISO 8044 defines corrosion as
“Physico-chemical interaction, which is
usually of an electrochemical nature,
between a metal and its environment,
which results in changes in the proper-
ties of the metal and which may often
lead to impairment of the function of
the metal, the environment, or the
technical system of which these form a
part”. 

The cost of corrosion has been
reported from many studies to be in
the order of 1 to 5 % of the Gross
National Product of any country. The
cost of corrosion for the Shell
Company has been calculated to be
equivalent to $400 million in 1995.
These numbers do not include the cost
of lost production, shutdowns to make
repairs to corroded equipment, etc.
British Petroleum (BP) has reported
that the cost of corrosion is equivalent
to 6% of the net asset value of the
company. Corrosion cost in the USA
electric power industry reaches $10 bil-
lion each year, according to the
Electric Power Research Institute
(EPRI). Also, it has been reported by
the EPRI that corrosion is the cause for
more than 55% of all unplanned out-
ages and it adds over 10% to the aver-
age annual household electricity bill.
The impact of corrosion on all branches
of industry in almost all countries can
be observed. For example, in 1993 it
was estimated that 60% of all mainte-
nance costs for the North Sea oil pro-
duction platforms were related to cor-
rosion either directly or indirectly. A
report on inspection results of several
offshore production plants showed
that corrosion was a factor in 35% of
structures, 33% of process systems and
25% of pipelines. Every year, microbio-
logically influenced corrosion causes
well impediment. Removal of defective
pipelines required production to cease

for at least 5 days. It is, therefore,
apparent that corrosion control is of
significant economical and technical
interest. Corrosion management can be
achieved in several ways, one of which
is based on corrosion inhibitors. These
are chemical additives that delay or
(ideally) stop metallic corrosion.

Corrosion inhibitors are effective
for the decrease of metal corrosion in
nearly neutral conditions by forming
weakly soluble compounds with the
metal ion existing in the solution,
which precipitates on to the surface to
form a three-dimensional protective
layer. Such inhibitors (often called
interphase inhibitors) for cooling water
treatment technology, in the last
decades, comprised different types of
phosphonic acids. 

Biofouling
Biological fouling (biofouling) is the

undesirable accumulation of micro-
organisms, plants and animals on artifi-
cial surfaces. This occurs on artificial
surfaces submerged in seawater
(marine biofouling), such as ship’s hulls,
seaside piers and sea defences, as well
as on other surfaces in continuous con-
tact with water, such as air condition-
ing systems and water pipes. Organisms
that cause biofouling can be subdivid-
ed into minute microfoulers and larger
macrofoulers. Microfoulers (e.g. sticky
biofilms of bacteria) initiate the process
by colonizing new surfaces. These,
then, allow the larger macrofoulers
(e.g. barnacles, limpets and seaweeds)
to gain a foothold. Biofouling on ships
reduces their speed (due to a reduction
in hydrodynamics) and manoeuvrabili-
ty, causing increased fuel and mainte-
nance costs. On static structures bio-
fouling can enhance the corrosion of
metal by seawater, reducing the
metal’s susceptibility to environmental
fracture, and increasing the risk of
mechanical failure. Biofouling in air
conditioning systems can prevent air-
flow, reducing cooling efficiency and
increasing energy costs. Blooms of

algae can block both fresh and salt
water filtration systems, and require
water pipes to be frequently cleaned to
prevent blockage. 

Biofouling also occurs most often
during nanofiltration and Reverse
Osmosis processes. This is because the
membranes cannot be disinfected with
chlorine, in order to kill bacteria.
Biofouling in nanofiltration or RO
membranes is probably the least com-
prehended contamination that can
occur in membrane systems. This can be
ascribed to the complex growth of
microbiological bacteria. These micro-
organisms have damaging, often irre-
versible effects on these systems. The
types of micro-organisms, their growth
factors and concentration in a mem-
brane system greatly depend on critical
factors, such as temperature, the pres-
ence of sunlight, PH, dissolved oxygen
concentrations and the presence of
organic and inorganic nutrients. Micro-
organisms can enter the system
through water or air, or both. Aerobic
(oxygen-dependent) bacteria usually
live in an environment of warm, shal-
low and sunlit water, with a high dis-
solved oxygen content, a PH of 6.5 to
8.5 and an abundance of organic and
inorganic nutrients. Aerobic bacteria
(oxygen-independent), on the other
hand, are usually present in closed sys-
tems with little to no dissolved oxygen
and become active when a sufficient
amount of nutrients is present. One of
the most abundant types of biofouling
originates during pre-treatment of RO
systems and in parts of membrane sys-
tems that can promote the growth of
algae. 

Membrane system parts that are
exposed to sunlight or contain still
water can cause the growth of algae to
expand. Another type of biofouling in
a membrane system is the attachment
of bacteria to the inner walls of
pipelines. Corners and dead-ends are
locations in a pipeline that bacteria
can absorb to. After bacteria have
absorbed to a wall, the first parts of a
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biofilm are formed. The biofilm will
increase in size while bacteria keep
multiplying and while dead organic
matter absorbs to the biofilm structure.
Despite the fact that bio films influence
the water flow, it still attracts small sus-
pended solids and micro-organisms.
Biofilm deposits become a strong,
coherent and recalcitrant mass that is
very hard to remove. Eventually, parts
of the biofilm will be released and
spread through the system compo-
nents, including membranes. When
attached to membranes micro-organ-
isms start multiplying using nutrients
that are present in the feed water. As a
result a biofilm will develop on mem-
branes, encumbering feed water flow
through the membrane. This results in
a higher pressure, which in turn causes
higher system costs and irreparable
membrane damage. 

Oxidizing and non-oxidizing bio-
cides are commonly used in an attempt
to control biofouling in industrial
water systems. Many of these pro-
grams, however, fail due to the incor-
rect selection and application of these
chemical compounds. Knowledge of
the organisms to be eliminated and sys-
tem hydraulics are important opera-
tional parameters in ensuring the suc-
cessful application of chemical control
programs. A further complicating fac-
tor is the build up of bacterial resist-
ance to many of these compounds. One
way of limiting resistance is the alterna-
tion of oxidizing and non-oxidizing
biocides at the correct miminum
inhibitory concentration and using
these in combination with surface
active compounds to dislodge any
biofilm. A variety of surface monitoring

techniques are in use in order to moni-
tor the success of biofouling control
programs. Unfortunately, none of
these techniques are ideal and results
have to be considered very carefully.

Investing on a “Functional” 
Chemical Water Treatment 
Program 
In water treatment programs, other

components are often formulated with
scale inhibitors. For example, “yellow
metal” (copper, admiralty brass) corro-
sion inhibitors, dispersant polymers and
tracers can be components of the same
treatment, whereas biocides for micro-
bial control, such as chlorine or
bromine, are usually fed separately.

Many factors have to be taken into
account during the chemical treatment
program selection process. Among the
most critical ones are the following: 

(a) Water Chemistry: Before
selecting a program one needs to know
the species present in the “make-up”
(or raw) water and the process (recircu-
lating) water. Increasing economical
pressures dictate use of low quality
water for cooling purposes. This poses
severe limitations with regards to
achieving high cycles of concentration
because fouling becomes a serious con-
cern. Presence of other species in water
will dictate the treatment approach.
For example, high chloride and sulfate
content increase the risk for localized
corrosion, therefore measures have to
be taken toward protecting the system
from corrosion than from deposition. 

(b) Water Tendency: In general,
waters can be either corrosive or scal-
ing. “Soft” make-up waters have virtu-
ally no scaling potential, due to low

concentrations of scaling ions, but can
be extremely corrosive. “Hard” waters
on the other hand pose a scaling/foul-
ing risk that requires treatment. The
type of make-up water will dictate the
final treatment approach.

(c) Environmental Concerns:
Increasing environmental concerns and
discharge limitations have imposed
additional challenges in treating
process waters. Therefore, the discov-
ery and successful application of chem-
ical additives that have mild environ-
mental impact has been the focus of
several researchers.

(d) Cost Considerations:
Chemicals that constitute multi-compo-
nent treatment programs have a cost
associated with them. There are cost-
effective programs and more costly
ones. Budgetary concerns rather than
technological considerations often are
responsible for program selection.
Either way, one should take into
account the capabilities and limita-
tions, as well as costs of a variety of
chemical treatment programs in order
to select the most appropriate that fits
with the needs of the particular opera-
tion.   

Proper Program Application
Success of a chemical treatment pro-

gram depends largely on whether it is
properly applied so it fits the needs of
the individual water system.

(a) Target Cycles of 
Concentration: Certain areas have

challenging make-up waters, others
have very high water costs. Make-up
water quality and cost will dictate the
concentration cycles.  

(b) Definition of the Need for
Inhibitor Dosage: 

Chemical wastage can be avoided
when system operators have knowl-
edge on water chemistry and require-
ments for active levels. Underfeeding
may cause severe scaling and/or corro-
sion phenomena, and overfeeding
wastes chemicals.

(c) Mechanical Engineering 
Integrity: 
Chemical feed pumps have to be

properly functioning at all times, serv-
iced frequently and checked periodical-
ly. This ensures that chemical feed is
uninterrupted and at proper levels.

Proper Monitoring
To ensure satisfactory performance

of the treatment program, operators
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 âaôY .πcBÉàdG çhóM ¤EG äOCG ‹ÉàdÉHh IòqÑfi ÒZ á≤jô£H ¿OÉ©ª∏d á«µ«fÉµ«ŸG ÉjGõŸG ‘ ôq«¨J çhóM ≈∏Y äóqcCG É¡©«ªL ,IOó©àe ¥ô£H πcBÉàdG ∞jô©J iôL ó≤dISO
8044»ØFÉXh π∏N çhóMh √ÉjGõe ôq«¨J ¤EG …ODƒjh ¬H á£«ÙG áÄ«ÑdGh ¿ó©ŸG ÚH ¬fÉµe òNCÉj á«FÉHô¡c á«FÉ«ª«c á©«ÑW äGP »FÉ«ª«c »FÉjõ«a πYÉØJ ¬fCG ≈∏Y πcBÉàdG

.¬«∏Y óªà©ŸG RÉ¡÷G ‘h ¬«a
 ácô°T πcBÉàdG ∞q∏c ∫ÉãŸG π«Ñ°S ≈∏©a .ádhO πµd »æWƒdG êÉàfE’G ‹ÉªLEG øe áÄŸÉH á°ùªN ¤EG óMGh ÚH qó©nJ πcBÉàdG á÷É©e áØ∏c ¿CG äÉ°SGQO äô¡XCGShell400 ‹GƒM

 ácô°T ÉeCG .πcBÉàdG É¡«∏Y CGôW »àdG ä’B’G á÷É©e á«∏ªY AÉæKCG êÉàfE’G äÉ«∏ªY ∞bƒJ áØ∏µJ øª°†àJ ’ ΩÉbQC’G √ògh .1995 ΩÉ©dG ‘ »cÒeCG Q’hO ¿ƒ«∏eBritish Petroleum
»àdG ,ÉcÒeCG ‘ á«FÉHô¡µdG ábÉ£dG áYÉæ°U ‘ Q’hO QÉ«∏e 10 ≈àM áØ∏µdG √òg π°üJ Éª«a ,ájƒæ°ùdG ácô°ûdG ∫ƒ°UCG πª› øe %6 ‹GƒëH É¡«a πcBÉàdG á÷É©e áØ∏µJ Qqó≤àa
á°üæe óæY πcBÉàdG øe π«gCÉàdG IOÉYEGh áfÉ«°üdG äÉ«∏ªY áØ∏c äQób 1993 ΩÉ©dG ‘ .πcBÉàdG É¡ÑÑ°S É¡«a »FÉHô¡µdG QÉ«àdG ´É£≤fG ä’ÉM øe %55 øe ÌcCG ¿CÉH ôjQÉ≤àdG ∫ƒ≤J
ÖÑ°S πcBÉàdG ¿CG á«LÉàfE’G ™fÉ°üŸG øe ójó©dG ∫hÉæJ ôjô≤J ô¡XCG ∂dP ¤EG áaÉ°VE’ÉH .áfÉ«°üdG ∫ÉªYCG ∞«dÉµJ ‹ÉªLEG øe %60 ‹GƒëH ‹Éª°ûdG ôëÑdG ‘ ∫hÎÑdG êGôîà°SG
ΩÉjCG 5 ‹GƒM Ωõ∏à°ùj Ö«HÉfC’G •ƒ£N øe πcBÉàdG ádGREG ¿EG .Ö«HÉfC’G ‘ π°UÉ◊G ∂dP øe %25h Iõ¡LC’G ‘ π°UÉ◊G ∂dP øe %33h ≈æÑdG ‘ π°UÉ◊G π∏ÿG øe %35 ‘

.á∏FÉg á«æ≤Jh ájOÉ°üàbG óFGƒa ¬d πcBÉàdÉH ºqµëàdG ¿CG ô¡¶j Ée Gògh .êÉàfE’G äÉ«∏ªY É¡FÉæKCG ∞bƒàJ
.¿OÉ©ŸG ‘ πcBÉàdG çhóM ∞bƒJ hCG ôNDƒJ á«FÉ«ª«c OGƒe øY IQÉÑY »g »àdGh πcBÉàdG ™fGƒe êGôîà°SG É¡æe IOó©àe πFÉ°Sh ´ÉÑJÉH ¬≤«≤– ÈY ºàj πcBÉàdÉH ºqµëàdG

.á«FÉ«ª«µdG OGƒŸG ΩGóîà°SEÉH √É«ŸG á÷É©e ≈∏Y óæà°ùJ »àdG áØ∏àıG πcBÉàdG ™æe ¥ôW ∫É≤ŸG Gòg ∫hÉæàj
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are required to perform several physio-
chemical measurements either in the
field or in the laboratory. These are
useful indicators on whether a certain
component of the program is failing, or
whether the program is performing
according to initial goals.

(a) Corrosion Monitoring: This
can be done on-line with commercially
available corrosion monitors. An impor-
tant point is that these need to be
maintained properly, calibrated fre-
quently, and the measurements have to
be complemented by observations
based on corrosion coupons.
Monitoring of underdeposit corrosion
is vital in systems with history of severe
deposition problems.

(b) Scale monitoring can be
accomplished by the use of proper-
ly calibrated and functioning on-
line instruments: Water chemistry
tests performed on-site also offer great
benefits. By monitoring DCycles (Cycles
based on a non-scaling ion and Cycles
based on scaling ion, eg. calcium), loss
of soluble species can be determined.
Theoretically, DCycles should be zero.
A small increase is a warning sign,
whereas a “split” of 1 or higher indi-

cates active precipitation and deposi-
tion.

(c) Microbiological growth mon-
itoring in bulk water may be use-
ful, however it can also be deceiv-
ing, since it does not take into
account biofilm growth, a critical
phenomenon that can have direct
effects on heat transfer: Usually
maintenance of a low biocide residual
that is monitored carefully will ensure
process waters free of major problems.

(d) “Actives” Monitoring: Water
treatment chemicals can be degrade
over time, or depleted due to precipita-
tion. Occasionally, scale inhibitors pre-
cipitate as calcium salts because of
overfeeding or because of high hard-
ness. Dispersant polymers can be con-
sumed due to adsorption onto surfaces
and oxidizing biocides to oxidize treat-
ment chemicals. Therefore, monitoring
of critical treatment actives is necessary
to ensure performance, and be able to
indicate a problem in its genesis. 

(e) pH control by the use of acid
is not uncommon: Failure to control
PH can result in PH upsets. These can
cause corrosion rates to dramatically
increase, thus endangering the integri-
ty of the system. 

(f) Heat Exchanger Efficiency:
Monitoring the efficiency of a heat
exchanger ensures proper system per-
formance. If the efficiency is lower than
that specified, then cleaning (chemical
or mechanical) may be needed to
restore system performance.  

A Comment on “Green
Additives” and Environmental 
Concerns
The environmental regulations

affect scale and corrosion inhibitor

usage and their impact to the aqueous
environment. A classic example is chro-
mate, which was once the corrosion
inhibitor of choice for once through or
recirculating cooling tower. It has been
completely banned once its bad health
effects were revealed. 

Use of phosphate and heavy metals
such as, molybdate, zinc for scale or
corrosion control has also come under
great scrutiny. Some geographic loca-
tions have completely banned and oth-
ers have greatly reduced their dis-
charge limits.  

Discharge of chloramines is a limit-
ing factor for the use of a low-cost
combination of amine-based scale or
corrosion inhibitors and chlorine as a
biocide. Use of toxic biocides is being
replaced with non-toxic bio-disper-
sants.  

Emphasis has shifted from the con-
trol of micro-organisms in suspension
(planktonic) to biofilm formation on
surfaces (sessile).  In the development
of new inhibitor chemistries, all the
aforementioned factors must be con-
sidered carefully.  

Discovery and commercialization of
chemical additive technologies that
meet all the above requirements is a
difficult task.  

In today’s world, an ideal inhibitor
must be able to perform under the
most severe conditions, cost-effective,
compatible with all other treatment
components, and environmentally
friendly, preferably biodegradable.
This definition is applicable to scale,
deposit, and corrosion inhibitors, as
well as to biocides.  g


