By Gary Hatch, Greg Lucas, and Daron Evans

Recent Developments for Scale
and Corrosion Control in Hard Water

Food services, beverage dispensing, commercial
hospitality, home appliances, and business and industrial
operations utilize many types of equipment for preparing
their food and beverage products and maintaining their
residential, commercial, and industrial equipment from
hard scale formation. Some of this equipment includes
steamers for warming and heating prepared food, hot-
water heaters for home and commercial use, coffee
makers, ice machines, and equipment for dispensing
beverages and water. The purity of incoming water is
important for optimum operation and maintenance of
this equipment.

Most of these businesses rely on water pretreatment
for protecting their equipment and customers from
certain impurities in the incoming water, such as
suspended solids, off taste or odors, and other aesthetic
and health-related contaminants. However, one of

the most troublesome water parameters that causes
severe operational and maintenance problems for this
equipment is water hardness.

Water hardness is defined as the presence of calcium ions
(Ca'?) and magnesium ions (Mg?). Therefore, under the
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right conditions of heat, surface area and/or concentration,
when these ions exist in water in combination with
alkalinity (bicarbonate ions [HCOs'] and carbonate

ions [COs2]), and at higher pH, these ions begin to form
scale. Scale, typically as calcium carbonate (CaCOs)

and magnesium carbonate (MgCOs), can form either as
flake-like suspended particles or can attach to surfaces
such as in heat exchangers, heating elements in water
heaters, and boilers or on internal surfaces of the food-
service equipment listed previously. With untreated
water having high hardness, scale formation can cause
inefficient operation and costly maintenance issues for
home appliances, food service and beverage dispensing,
and commercial businesses. Therefore, it is vital for these
businesses to have low-cost, optimal water-treatment
solutions for scale prevention.

Most Commonly Used

Anti-Scale Technologies

lon-exchange resins: lon exchange has been the most
commonly used anti-scale technology since the early
1900s. Initially, sodium-form crystalline zeolites were
employed for hardness reduction. However, with the
advent of synthetic (organic), strong-acid cation (SAC)
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exchange resins, zeolites have been replaced with
sodium-form SAC resins. This very efficient process
occurs when the SAC resin preferentially captures the
Ca"2ions and Mg ions, and then sodium ions (Na“) are
released into the softened water. Eventually, mechanical
tank-type, self-regenerating water softeners became

the preferred technology for water softening and scale
prevention. Regeneration of these resins is performed by
driving the hardness ions from the exhausted resin using
a concentrated sodium chloride (salt, NaCl) solution,
followed by rinsing.

Some limitations of these tank-type water softeners
include the initial expense or monthly rental of the
equipment, installation and space requirements,
maintenance, and the periodic addition of salt to

the brine tank. Also, organic resins are susceptible to
degradation by chlorine and chloramine that is added
to municipally treated water for disinfection. Though
ion-exchange water softening is still commonly used
today and is the primary solution to hard-water issues,
environmental concerns about excess chlorides from salt
affecting wastewater treatment processes have created
opportunities for other new and unique technologies for
controlling scale formation.
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Phosphate/polyphosphates: Phosphates have been
known to treat problem waters that contain iron,
manganese, and excess calcium in hard water for well
over a century. Phosphate as orthophosphates (PO,3,
NaPO42 and Na,PO,") react with positively charged

iron (Fe'2), manganese (Mn*2), magnesium and calcium

in water to form soluble complexes that prevent these
metals from forming undesirable particulate iron and
manganese oxides, and calcium and magnesium
carbonate scale (CaCOs;, MgCOs). This process is known as
sequestration. These complexes typically remain colorless
and in solution so that the nuisance metals do not coat or
precipitate on piping and downstream equipment. The
negatively charged phosphate anions can also attach to
metal surfaces of the downstream equipment to provide
a protective surface coating that prevents corrosion.

Phosphates can be introduced into water either in

the form of a liquid concentrate via injection, or by
passing the water through a bed of solid granules of a
polyphosphate, typically sodium hexametaphosphate.
These materials, when properly applied, slowly dissolve
by hydrolysis, releasing semicontrolled treatment levels
of orthophosphate anions. However, a disadvantage

of some polyphosphates is that poorly designed

or unmonitored systems or cartridges may release
excessive levels of phosphate initially and then dissipate
quickly, becoming ineffective. Also, during intermittent
use or during long periods of nonflow, the bed of
granules or beads may solidify into a solid cake, causing
low or no flow. This can cause erratic or low release of
ineffective levels of phosphate, leading to poor scale and
corrosion control. Phosphates, which are being used by
some quick-service restaurants and other food-service
companies for scale control, can curdle cream and leave
off-tastes in beverages.

The U.S. Environmental Protection Agency has
established recommended guidelines for phosphate
levels in freshwater bodies.! Even low levels of
phosphates (less than one milligram per liter) can
cause eutrophication, which is the overgrowth of algae
and plant life and depletion of oxygen in the water.
Eutrophication caused by elevated levels of phosphates
in fresh water is known to cause fish Kills. Therefore, the
specific application of phosphate and/or polyphosphate
for water treatment should be carefully considered and
appropriately applied.
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Recent Development of Anti-Scale
Technologies

Several technologies have been developed and utilized
over the past few decades for controlling calcium
carbonate scale formation on equipment. More recently,
some of these technologies (Medias 1 and 2; see chart on
page 26) have included use of flow-through, fluidized
beds (upflow) of polymeric beads that promote nucleation
and formation of microcrystalline scale particles. These
polymeric beads operate differently from SAC resins. They
do not actually remove calcium and magnesium ions
from the hard water by ion exchange. Their proposed
scale-controlling mechanism operates by converting
these ions, as they contact the surface of the polymeric
beads, into suspended microcrystals of insoluble calcium
carbonate (CaCOs, aragonite) and magnesium carbonate.
These microcrystals are then flushed downstream without
forming surface scale. This occurs in concert with the
alkalinity (bicarbonate, HCOs' and carbonate, COs?) that
is naturally present in most hard waters. This can be
visualized by the following chemical equation:

PB (fb) + M*2(aq) +2H(0,'(aq) > MCO,(s) + (O, ~ +H,0 +PB(fh) ;

where:

PB (fb) = polymeric beads in fluidized bed (upflow)
M+2(aq) = aqueous Ca'2and Mg?2ions in hard water
HCOs'(aq) = aqueous bicarbonate in hard water
CaCOs(s) = suspended microcrystalline calcium
carbonate, CaCOs

CO; ™ = carbon dioxide gas, CO,

Note that carbon dioxide is released in this reaction.
Carbon dioxide that forms carbonic acid (H>COs) in the
treated water could be a potentially significant issue
regarding corrosion control.

New Anti-Scale and

Anti-Corrosion Media

Very recently, a new media (Media 3, patent pending; see
chart on page 25) has been developed for the control

of scale and corrosion. This media is a new and unique
blend of natural and recycled materials (nonsynthetic)
that are utilized in a contained fluidized bed. During
upflow operation, the physical interaction of this blended
media creates and releases suspended microcrystalline
seed particles that interact with the calcium and
magnesium ions in hard water to synergistically initiate
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and promote continued formation of suspended scale
particles that are then incapable of forming surface scale.
These microcrystalline scale particles remain suspended
and are incapable of attaching to heating rods or other
equipment. Included in the blended media are other
ingredients that passivate heating elements, downstream
equipment, and the other applications that are affected
by hard water, which helps to prevent corrosion and the
formation of hard scale such as calcite. The ingredients
utilized in this new media cannot be revealed at this
time due to the patent-pending process of these highly
effective and proprietary formulations.

Testing of Medias 1 and 2 vs. Media 3
Numerous tests were conducted comparing the new
Media 3 and other commercially available anti-scale
media (Medias 1 and 2) for controlling scale buildup and
corrosion on water-heating elements using Henderson,
Nevada, tap water, which has hardness of 440 milligrams
per liter (mg/L).

Test Water Henderson, NV, municipal water
(Source: Lake Mead)

Hardness 440 mg/L (as CaCOs) (~26 grains per
gallon)

Total

Dissolved ~ 480 mg/L (as sodium chloride, NaCl)

Solids

PH ~7.7

Temperature | 70-75°F (incoming water, prefiltered
with a T/O reduction carbon block filter)

Alkalinity ~ 350 mg/L (as CaCOs)

Test rig: A test rig (Figure 1, next page) was constructed
based on a published design utilized in a Virginia Tech
University study.2 Four six-gallon water heaters were
connected in parallel to receive the incoming test

water. One heater tank was used as a control (no water
pretreatment) and three other tanks were used for

testing the anti-scale media. The heater elements were
commercially available copper-coated elements with a watt
density of approximately 142 watts per square inch. Timer
and solenoid mechanisms were used to control on-off flow
through each media and then to each respective tank.

Test methods: The test protocol required that each water
heater be on and heating for about eight hours per day.
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Figure 1

During the eight-hour heating period, solenoids would
activate three times, allowing about 10 gallons of flow at
about 1 gpm through each water heater per activation
period (about 30 gallons per day total). Each new tank of
water was allowed to heat to the maximum temperature,
about 145 degrees Fahrenheit, for about one and a half to
two hours. During a full week of testing, each night per
week, the water heaters were left on overnight to assure
optimum conditions for scale formation. The reported
hours running is the total time (24 hours per day) running
on the test rig. By running the test system for continuous
24-hour periods, the test system could better simulate
real-word operational parameters.

The amounts of Medias 1and 2, based on the manufacturers’
recommended use volume, and Media 3 were placed in
refillable canister-type test cartridges. The cartridges were
then housed in clear pressure vessels that were plumbed
directly to feed each respective water heater.

Test results: The photo (Figure 2) shows the effect of the
tested medias on the heating elements. Performance

of each media was determined by visual comparison.
After conducting many tests, determining which media
performed better was easy. An attempt to obtain a more
guantitative assessment of results was inconsistent and
difficult to achieve due to the physical constraints of
handling the water heaters and heating elements. The
heating element exposed to Media 3 (far right in Figure
2, as representative of all tests) was less corroded and
had fewer scale pockets in the copper than the heating
elements exposed to both Medias1and 2.

The copper in the heating element exposed to Media 2
had the most serious pitting and corrosion. This corrosion
could be caused by carbonic acid that is generated from
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the carbon dioxide released in the proposed chemical
reaction mentioned above.

The heating element exposed to the water treated with
Media 1 showed less pitting than the heating element
exposed to Media 2 but clearly had signs of scale
formation after 200 hours of operation.
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Figure 2: Photographs of heating elements after 200-hour test.

Based on these test results comparing each of the media
head-to-head using very hard water (26 grains), the newly
developed Media 3 outperformed each of the competitive
media for controlling scale buildup and especially
corrosion on the water-heater elements.

Qualitative Anti-Scale Media Comparison
The table on the following page summarizes some of

the properties of the anti-scale media and technologies
compared to the new Media 3. Of note is that the Virginia
Tech study revealed that one anti-scale media tested
failed to prevent scale buildup after only five days of
testing. This anti-scale media was described as a “media-
induced precipitation” device. The cartridges containing
Media 1 and Media 2 are presumed to be similar to this
device. The synthetic test water described in the Virginia
Tech study contained 20 mg/L of silicates.2 One could
speculate that silicate in the water may interfere with the
media surface preventing the nucleation and formation
of microcrystalline scale particles.
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Common Issues
with Anti-Scale
Media and
Devices

Susceptible to
degradation

lon-exchange
softener resins

Phosphates and
polyphosphates

YES YES YES NO NO
from chlorine/
chloramine
Susceptible
to fouling by
organics/ NO
metal oxides, e.g., | YES YES YES NO ' )
. self-cleaning.
iron, copper and
manganese, and
colloidal particles
NO; formulated with
Made from all green, natural,
petroleum and recycled
YES YES YES NO ) )
products and other ingredients/
chemicals proprietary
treatment formula.
YES; releases CO2 YES; releases CO2 NO; prevents
May promote . . . NO; prevents
A NO that forms carbonic | that forms carbonic | corrosion when )
corrosion ) ) corrosion.
acid. acid. used properly.
NO; protects
Unknown; releases Unknown; releases )
May be harmful to heating elements
X NO CO2 that forms CO2 that forms NO
heating elements ) ) ) ) and prevents
carbonic acid. carbonic acid. )
corrosion.
. : Yes, Watts released Yes
May be ineffective
e . a statement
due to silica in YES NO NO

water

claiming it will

have adverse effect

Environmental

Resins made
from petroleum
products and other

Polymers made
from petroleum

Polymers made
from petroleum

Limits on release

levels, has environ-
mental impact on
freshwater bodies;

NONE; formulated
with all green,

issues h icals. salt products and other | products and other | difficult to control natural, and
chemicals, sa ) ) ) )
leas chemicals. chemicals. poly-phosphate recycled ingredients.
release.
release from solid
media.
NONE;
) ) approximately 25
Relative high cost
. Low to moderate percent to 30
of media/ YES YES YES
cost. percent lower cost
technology
compared to other
media.
NO; multiple
One formula or P )
. process media
media to treat all
formulas to treat
hard scale water o L
YES YES YES YES specific applications,

for hot and cold
applications and
equipment

conditions, and
equipment for all
water conditions.
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Summary

Across the United States and globally, water quality References

is varied and requires different technology to achieve 1. U.S. Environmental Protection Agency,

clean, fresh-tasting water that does not corrode food- National Aquatic Resource Surveys, “Indicators:
service dispensing equipment, heating equipment, Phosphorous,” last updated May 30, 2024. https://
home appliances, boilers and industrial equipment, and www.epa.gov/national-aquatic-resource-surveys/
other water applications. Size-based filters address the indicators-phosphorus.

particulates in water. Carbon is a workhorse for improving 2.C. Divine et al. “A Standardized Test Protocol for
the taste and odor of water and adsorbing impurities. The Evaluation of Scale Reduction Technologies,”
prevention of scale is a more complex issue that, if not Environmental Engineering Science 38,12 (2021):
resolved, can create equipment problems that require 1109-19.

maintenance or replacement. WGP
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