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Chapter 1

Abstract

This report is to determine the advantages of usogabion. We are doing a test on
the product called “Aguabion” which reduce encrtistes in pipes, premature
deterioration of plants, damage to machines aradlyito the reduction of
performance within the production. Calcium, magaesand carbonate ions form
hard crystalline deposits is the main causes ofgtaction of performance. The
guantity increases proportionally to the tempematur addition to the rate of scaling,
the oxygen contained in the water increases th®sion rate of all equipments and
machines.

We are to complete the model using water heatiilg and carry out testing based
on these heating coils. From the testing, it withw whether this product will reduce
scaling and corrosion on the water heating cdilgs tsaving in overall cost.

We will do up an hourly report and progress phapds from the results of the
testing. As well as comparison on the differenceperature that affects the rate of
scaling. The product will be tested at 50°C inlyidbr around 60 hours and then
increase the temperature to 55°C for further 20 $id@roblems that we faced when
doing the testing of this product will be includedhe report. Also, through this
project we find out other ways/products which htheesimilar way of preventing the

coil from scaling and corrode.
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Chapter 3

a. Project Synopsis
The Final Year Project we are doing is on testihthis product called “Aquabion”
which reduce encrustations in pipes, prematureides¢ion of plants, damage to
machines and finally to the reduction of perfornandthin the production. Causes
of this is due to calcium, magnesium and carboigaie form hard crystalline
deposits, the quantity of which increases propoétliy to the temperature. In
addition, the oxygen contained in the water prosdie corrosion of all equipments

and machines.

b. Objectives of Project
We are to complete the model using water heatifigaod carry out testing on the
product. From the testing, we will show whethes tiioduct will reduce scaling and

corrosion on the water heating coil.

c. Scope of Project
We will do up an hourly report and progress phapds from the results of the
testing of the water heating coil. As well as congza on the difference
temperature that affects the rate of scaling. WEbaitesting the model initially at
50°C and then increase the temperature to 55°Calgdewill point out the problems
we faced when doing the testing of this producsoAle find out other products

which have the similar way of preventing the codlmh scaling but by other means.
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Chapter 4

a. Progress Report

Without AquaBion With AquaBion

Figure 4a.1 —8hour

5" Hour Flow Rate — 0.54 I/minute "gour Flow Rate — 0.60 I/minute

As it is only the & hour from the start of running this model, ther@d scaling or

corrosion form on both of the coil.

Figure 4a.2 — 10hour

10" Hour Flow Rate — 0.55 I/minute Y ™our Flow Rate — 0.59 I/minute

After 10 hours of running of the model, there ames slight difference in colour
between the coil in without Aquabion and the cdthwAquabion. The coil with

Aquabion looks much newer as compared to the athlout Aquabion.
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Figure 4a.3 — 2Dhour

20™ Hour Flow Rate — 0.53 I/minute B®our Flow Rate — 0.58 I/minute

After 20 hours of running this model, we noticetthge some green spots formed on the

coil without Aquabion while the coil with Aquabiatill look as good as new.

Figure 4a.4 — 30hour

30" Hour Flow Rate — 0.51 I/minute B®our Flow Rate — 0.55 I/minute

After 30 hours of running, the coil without Aquabijats colour is darken as compare t(

I

the coil with Aquabion which look shiny.
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Figure 4a.5 — 40hour

40" Hour Flow Rate — 0.54 I/minute UMour Flow Rate — 0.61 I/minute

After 40 hours of running this model, the greentdmoe grown bigger patch on the
surface of the coil which is very obvious as corepéao previous photo, while the coll

with Aquabion just turned darken in its colour.

Figure 4a.6 — 50hour

50th Hour Flow Rate — 0.52 I/minute 50th Hour FIBate — 0.57 I/minute

There are more green spots appears on the codwutithquabion now while the coil with

Aquabion started to form some green spots.

Il

10
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Figure 4a.7 — 80hour

60™ Hour Flow Rate — 0.54 I/minute B®™our Flow Rate — 0.55 I/minute

The coil without Aquabion started to corrode analiag continue to grow. The coil with

aguabion still remain with some green spot. Thepeature is raise to 55°C.

Figure 4a.8 — 70hour

70" Hour Flow Rate — 0.53 I/minute ®®our Flow Rate — 0.56 I/minute

The green spot formed on the coil without Aqualstarted to turn into dark brown while

the coil with Aguabion started to corrode slightly.

11
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Figure 4a.9 — 80hour

80" Hour Flow Rate — 0.55 I/minute B®our Flow Rate — 0.54 I/minute

As show in the picture, the coil without Aquabicastshow signs of scaling and
corrosion and the whole coil were darken and dudalour. While comparing with the
coil protected by Aquabion, it is much cleaner, #mewhole coil is still brightly

coloured.

b. Literature
Problem inherent to water contaminants
There are five types of cooling water problem emtered in cooling tower system.
These are: scale formation, corrosion, organic gnpsuspended matter and oll
leakage. Different types of treatment have beeniidevarious degrees of success.
Treatment such as addition of chemical inhibitord ases of alloy tubes. Usually it

iS a more expensive way of solving the problem.

Due to evaporation, salts contained in the watet te concentrate and cause scale
in the system. The scale tendency of water camb&alled by an appropriate
blowdown to lower the salts content. Oxygen, carthoride and various chemical

used to reduce scale can lead to corrosion.

12




Study the effectiveness of Galvanic Protectionemiucing scaling at heat exchangers

Corrosion within the tower itself is due to maimlyisting of air, humidity and
temperature. Scaling and corrosion are relatesé¢ocamother. Corrosion is simply
oxidation of metal forming iron oxide by galvanictian. Rate of corrosion is faster
at a higher oxygen level. Therefore, increasing@kecrease corrosion but the pH

increased causes scaling

The principal of scaling is formed by calcium canbte and is formed by the
decomposition of calcium bicarbonate. The alkatinissolved and pH determine
the scaling characteristics. Decreasing the pHdoltian of acid will decrease the
scaling with limit. Corrosion is less of a problémnon-recycle water system, where
oxygen content is relatively low. Similarly, scairs less of a problem compare with
recycle case. In recycle system, the water is ad@giin cooling water, which makes

it more aggressive from a standpoint of corrosion.

The scale formed under moderate temperature idlyisluge to temporary
(bicarbonate) hardness being converted into calcarbonate, which occurs on
heating or increase in alkalinity sufficient touttsn calcium carbonate saturation.
The solubility of calcium carbonate also affects torrosion since the alkalinity of
dissolved carbon dioxide in the water is greatfuaed as the saturation equilibrium
is approached. Ideally, at equilibrium the variéasn of carbon dioxide are

balanced that they cause neither scale nor corosio

Pre-treatment of water system

The prevention of scale formation and corrosiocoisimon to all heat transfer

equipment, not just cooling towers. The need fotgrting metal surfaces against

13
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corrosion in cooling water system is therefore egsakto achieve maximum system

efficiency and equipment life.

Effective corrosion control programs are essemiaeduce the unit downtimes.
Such programs must address to not just specifiosimn problems, but anticipate

and prevent them as well.

In dealing with metal water cooling systems, toddyénd is towards the use of
nonchromate-based treatment chemicals. Nonchroapgieations rely on less
tenacious films for corrosion protection, rathartltonventional chromate systems.
Pre-treatment conditions must be conducive todpelrformation of the protective
barrier. The conditioning procedure should invale cleaning and preparation of
metal surfaces and the actual application of higf@n normal inhibitor

concentrations.

There are several procedures that can be employedan metal surfaces. Common
techniques include hydroblasting, treatment withila inhibited acid cleaner or
alkaline cleaner and the use of special surfactduriag cleansing. The system must
be flushed thoroughly after the cleaning stageitimrmze undue metal attack by

residual concentrations of cleaning chemicals.

Chemical passivation should be started as soonsshyte after the cleaning of metal

surfaces. Accumulation of new corrosion productsaecur if it is not initiated soon

after cleaning. It can be achieved by treatingettpeipment either on or offline.

14
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Online passivation involves elevating the corrosidnbitor concentration as high as
three times normal maintenance levels. At higheceatrations, the rate at which
the protective film forms is accelerated. This r@ekithe degree of initial corrosion
on clean but unprotected metal surfaces. The tathiah the corrosion protection

takes place depends on the temperature, pH artatorthused.

Offline passivation involves treatment of equipmeutrently out of service.
Treatment levels are typically higher; consequem#ssivation is completed more
quickly. Passivation of nonchromate treatment gaheuses either a polyphosphate,
zinc, molybdate or other nonchromate-based inhiliit@ombination with various
surface-active cleaning agents. The passivatiartisalshould be disposed off after
the pre-treatment stage, rather than dumped b&ckha cooling system as it is
potential for fouling to exist due to the precipiba of pre-treatment compounds

such as zinc or phosphate.

The first methods of cooling tower corrosion cohinwolved adding several
hundred parts per million of sodium chromate, aswiate is capable of excellent
anodic corrosion control at these dosages. Howieigan inefficient and expensive
early program of treatment. The advent of synedyizac chromate-polyphosphate
treatments not only made corrosion control morecagife, but also lowered its cost.
Excellent corrosion control requires only 30-60 pimarts per million) of inhibitor,

instead of a concentration one to two orders ofmade higher.

Polyphosphates are also used in cooling systeragam sufficient corrosion control.

Cooling towers are operated in a pH range of 6.05do provide optimum stability

15
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for the polyphosphate. The feasibility of coolimgver operation at higher pH levels,
in which the potential for corrosion is decreadst increased the popularity of low-

chromate programs.

Corrosion Detection

Corrosion detection plays an important role in eagrosion control. Most of the
methods employ non-destructive test methods anddachydrogen evaluation,
radiography, dynamic pressure, corrosion probas) gauges and eddy current
measurements. Of these, the methods employed limgdower practice are

hydrogen evaluation and corrosion probes.

Hydrogen evaluation is used to detect corrosiozlased systems at low or slightly
elevated temperatures in agueous environmentsitiSertetectors are available to
detect the presence of the hydrogen, which is prbguct of the most aqueous
corrosion process. This method cannot locate th@sion but can predict the

approximate total corrosion rate.

Corrosion probes detect and measure the amouwti@fsion occurring at a given
point in a system and can be used to estimatethkamount of corrosion and the
types of corrosion. Probes are available for usewnde variety of temperature and

pressure condition.

16
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Chemical treating agent and uses

Chemical and common name Water treatment use
Inorganic chromate salts Corrosion control
Inorganic and organic Scaling and corrosion control

Phosphates and polyphosphates

Chromate and phosphate Corrosion control

Combination treatment

Lignin and tannin organic Scaling and corrosiontomn
Chlorine and chlorinated phenols Algae and badtsliiae
Quaternary ammonium copper Algae and bacterial control
complexes

Sulfuric acid Solubility control

Table 4b.1 - Chemical treating agent and uses

Chapter 5

Discussion

Problems faced in the industry

Scale and corrosion have always been a huge prdbleimdustry increasing their
production costs. The calcium, magnesium and catieoons form hard crystalline
deposits, the quantity of which increases propoaliy to the temperature. This
leads to encrustations in pipes, premature detgitor of plants, damage to
machines and finally to the reduction of perforn@nathin the production. In
addition, the oxygen contained in the water prosmdie corrosion of all equipments
and machines by means of oxidation in metals. Wbatise an adverse effect on its

efficiency in heat transfer, thus replacement Havse made frequently in order not

17
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to waste too much energy for the same amount wieity of heat transfer. All

these involve cost to the industry which is onéhefmajor factor to them.

Usual solution of the cause

Coolant circulation systems/cooling towers mustlemically treated and cleaned,
consuming time and money. Thermostat systems guadh@at exchangers must be
chemically cleaned and/or the plates must be clthagelate heat exchangers.
Convectomats develop scale at high temperaturesiiva and centrifugal pumps
develop scale and suffer from markedly reducedaipey lives. Scale and corrosion
products build up in piping, causing breakageséendipes and possible flooding.
Shower heads, toilet systems, washing systems, waiter boilers and fittings build

up scale which must be regularly maintained oraegd.

Advantage of using Aquabion (AB)

No movable parts, do not require external energg,i& completely free from
maintenance during its lifetime. AquaBion workswieliable performance stability
in flowing water depending on important water pagters. AquaBion removes
nutrients from the circulating water even by redgdhe use of hardness stabilisers
(phosphates) - causing a reliable reduction irfaheation of algae. AquaBion saves

on chemical additives and maintenance costs andtesdverall production costs.

18
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What is AquaBion

Eddy Body

Highly Pure fu -
Zinc Anode B & E

Metal Body

Figure 5.1 — Aquabion

Zinc Anode

The zinc anode functions as a galvanic elemerferdifit cell voltages occur

depending on the water parameters. These leaduttistal changes in scale the

particles carried along the water.

Eddy Body

2 Eddy bodies made of "Nirosta" are placed upstraathdownstream, respectively

of the zinc anode, which caused the particlesedualong to whirl up. By this, the

zinc anode is kept free of scale deposits and ¢seetl treatment is increased.

19
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How it works

The AguaBion works upon the galvanic principle slarificial zinc anode, which
goes into solution. The galvanic element buildsiygwtential corresponding to the
water parameter. It causes the agglomeration cévegainstituents around the
deposited Zn ion (crystallization particle). Theymgneration of the hardening
components also promotes growth of crstals. Thesdts in more particles, which
agglomerates with other deposited products. Acogrth the laws of hydrodynamics,
these particles offer a larger surface area tealaiaare then flushed away with the

water. These agglomerates will not adhere to tpe purfaces.

Problem we faced during setting up of the model

Buttons for
adjusting the flow
rate of water

4

Water directly to Water passing
the heating coil through Aquabion

then to the heating
coll

Water source

Figure 5.2 — Problem 1

20
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From the main water source the water enters thraugibe and then split into two

directions by using the Y split junction tube asiy@an see from the picture above.
Left tube goes directly to the heating coil withéwajuaBion installed while the right
tube goes through the AquaBion before reachindnéating coil. In order to get the
same flow rate, we have to adjust the two greetohstas shown on the picture. It is
not possible to get the same flow rate as the busteery sensitive. Every slightest
adjustment results in a major difference in thevflate. We have to spend at least 10
to 20 min each time in order to get the flow ragel@se as possible. We use a stop

watch and two 500ml measuring cylinder to timertte of water every 1 min.

Water leakage point

Figure 5.3 — Problem 2
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The next problem we faced was from the main wadarce. No matter how tight we

fix the water hose to it, it tends to leak. Becaofsthat, we need to place a pail under
water main. The cause of it was due to resistammsa the Y split point towards the
heating coil as both of the valves are not fullgigd, thus, the water usually
backflow to the water main and seep out througlgtpein the hose and the water

main.

Water discharge poin

Heating Coll

Metal tube

Water seepage point

Water enter point

Figure 5.4 — Problem 3

Thirdly, the metal tube in the water container whitscharges the water out is not
properly secured. Because of it, the water flow ratalso affect by this water that
seeped out almost immediately upon entering théagwer. As such, the water is
continuously heated in the water container withming displaced by new water
supply due to the convention current. This affectsreading as the water

temperature will be kept high temperature as aupsrature sensor was placed at

22
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the top of the water container. We had solvedphablem by securing the metal

tube using silicon sealant.

Chapter 6

Research 1

DHF Anti-corrosion treatment and coating

Polyethylene is for mainly internal corrosion piiten of liquid transmission line
such as sea water line, drink water line, and cbalnsplution line. It is done by
coating a layer of polyethylene on the coil surfdaelF's polyethylene coating pipe
is stable against corrosion. Coating is done 40 psotect the pipe outside surface

from corrosion.

Figure 6.1 — DHF Anti-corrosion treatment and cogti

Research 2

Siemens Water technology

Scale and corrosion are usually made up of sohdssadiments that collect on or in
the distribution system piping and storage resesvdii consist of corrosion such as
manganese oxides, aluminium hydroxide, and calcarbonate, as well as solids

that carry over from water treatment plants.

23
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Scale and corrosion deposits serve as sites forgtitsn or co-precipitation and
mineral growth for certain contaminants, such agmic, radium, and vanadium. So
any changes in water chemistry or any physicalidisinces to distribution system
materials can result in the re-release of the comants into our water supply,
sometimes in elevated amounts. When this happangedous contaminant levels
can end up at our taps.

Siemens Water Technologies offers a number of mtsdhat help municipal water
plants control scale and corrosion: Pumps, Filteegeders and Chemical Addition
Systems.

Siemens also provides treatment systems and asaligisting to document the
efficacy of treatment prior to installation. Wealsrovide parts and service on all of
our equipment, as well as equipment which may teen provided by other

manufacturers.

Research 3

InspectAPedia

When a heating boiler uses a coil that does natimed) water tank to produce
domestic hot water, a third single-function contriay be installed for that purpose.
In this photo a Honeywell limit control switch igibng used to monitor hot water
temperature at the tankless coil which is in tuounted on a steam boiler of an
older home in Portland, Maine. The black-handleximgi valve in the lower right of
this photo.

Cold water from the building is entering the caa the bottom pipe and hot water,
heated by the coil is leaving at the upper pathefcoil, where it turns downwards to

enter the left side of the mixing valve.

24
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Additional cold water is allows to enter the bottofithe mixing valve, and

tempered (non-scalding) hot water then leaveseatigint side of the mixing valve in

this photo.

In this picture of a more traditional single-furmctiheating boiler limit control, the
limit switch is being used on a coil, and in théaeged version of the photo you'll
see that the temperature limit on the control iss@bout 140 degF. Below we show

a sketch that explains how an anti-scald valveempering valve actually works.

Figure 6.2 — InspectAPedia
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Research 4

Suprion-scale-prevention

Construction
Primary electrostatic band Earth tarminal

Conver
\
1
=8 "-'
'x _

\ Eiawaue poir \
| Jaint portion

b

Water

Water

Casing ERP for
gene static electricity

Figure 6.3 — Suprion-scale-prevention

Plastic pipe (Epoxy FRP)

The plastic pipe is smooth inside, and so doesnmop¢de the flow of

water. However, there is enough friction to geteestatic electricity. The Epoxy
FRP has excellent resistance to corrosion andymessand no harmful substances

leach into the water.

Electrodes

The Suprion contain two electrodes, one carbontlaaadther aluminium. The
Suprion's electrodes are outside the plastic pipd,do not come into contact with
the water. This prevents corrosion of the ele@spa significant problem with other

devices.

Casing
The metal casing completely encloses the electradéshe plastic pipe, creating an

impermeable seal.

26
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Joints
Suprion devices designed for smaller pipes up tamM{1%2"), are fitted with screw
or olive couplings. The larger Suprion models frodmm (2") to 450mm (18"), are

flanged and supplied with the corresponding weldiagges.

Earth terminal

When a Suprion is connected to metal pipework etaroth ends, it does not need
to be grounded to earth. For installations whet lends are connected to plastic
pipe, a Class 3 Earth Terminal is provided. Théheg@rminal is located towards the
downstream end, aiding correct installation if thev arrow label is missing or

illegible.

Research 5

Aquaflow

Suprion is a directional device indicated by thg™1“OUT” and arrow markings on
the identification plate. Optimum performance cargbharanteed when the Suprion

unit is installed with proper orientation and spdist.

Suprion units have an earth terminal located towleed'OUT” end of the device (if
for any reason the directional markings on the tifieation plate are obscured, the
terminal can be used as a directional guide). fEniminal have to be properly
earthed (grounded) when the Suprion unit is instlaith a plastic or non-earthed
pipeline. The earth terminal can be left unconrekdtéhe pipeline is metal and

earthed.
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For best results the Suprion unit must be instalidtie feed line, as close as

possible to the system to be protected.

Operating Advantages, Features and Benefits: Heitfarget"”, operator foolproof,
self energising, no power supply is required, ngmess is required, no filters is
required, does not required any chemicals, nofgdatielectrodes is required,
maintenance free thus no addition cost, uninteediptater flow, not restricted by
TDS or Conductivity, not dependent on pressurdoov fate, no release of metals
ions into water supply, wide range of sizes, thmeelels specifically designed for
"point-of-use" electrical appliances, si model sfieslly designed for prevention
and removal of Silica, WRAS approved for potablplaations, ATEX certification,

five years warranty, optimum ten year operatiorhyibtable water supplies.

Research 6

Water and waste water international

Figure 6.4 — Water and waste water international

Housetron catalytically preventing scaling in haydtats, condominiums
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Scaling caused by limescale in the home can balgreblem and nuisance.

The Housetron catalytic scale prevention systenonlyt saves energy, but also
prevents scaling round taps and faucets, in shbeads and on baths. Less washing
powder usage and better lather have also beenteebdihe Housetron is installed

on the inlet to the home to be protected. Bathssamitary ware are easier to clean

as well.

Research 7

CALCLEAR

The CALCLEAR water conditioning technology works ddyanging the mineral
crystals in water into tiny particles, thereby oifig a treatment that is both
prevention and cure for most of the scaling andosion problems caused by water
in industry, agriculture and in the home.

The CALCLEAR system is unique in combining:

An effective de-scaling and scale prevention sy<igithout the use of chemicals).
An economical supply of softened water (without salbackflushing).

A water supply with proven growth and health besefi

"The CALCLEAR system is the most cost effectiveyimmmentally friendly water

treatment process available. It is the future dlewsreatment

Figure 6.5 — Calclear
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Research 8

Nalco

Nalco's boiler internal treatment programs elimenstale on heat transfer surfaces
and/or inhibit boiler corrosion. NexGuard® is Nd&premier internal boiler
treatment technology for eliminating boiler scdexGuard is an innovative
program that combines the most advanced boilematéreatment chemistry with
new TRASAR® Technology plus state-of-the-art diagfiy monitoring, feed, and
control equipment. NexGuard eliminates boiler stalsupport higher levels of
safety and efficiency, reduced downtime for boikgpair and cleaning, and extended

equipment life.

Research 9

EcoLab

Ecolab keeps water-related systems clean by offenmque products and advanced
chemical delivery systems to meet the water treatmeeds of our customers. It
eliminate scaling and corrosion on heating surf&oelab’'s advanced water
treatment technology for boilers and cooling watembines state-of-the-art
dispensing equipment and unique product technolfich improves safety and
reduces waste. Ecolab specialists analyze and nmextime total efficiency of an
operation by looking at all cost factors. By balagahese variables, Ecolab keeps
systems operating at peak efficiency, and prevasntd-earned dollars from going

down the drain through maintenance by mean of icigar
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Chapter 7

Cost implication

Aquabion comes in various sizes to accommodaterdifit pipe size. It ranges from
about $1000 to $3000. The life span of the Aqualsastimated to last up to 5
years base on the hardness of the water. On ayehegmajority of the size they use

cost about $1000.

Initial cost estimated at $1000
Operating cost $0
Maintenance cost (Labour at $25/ Month) $1500
Total cost for 5 Year $2500
Average monthly cost ($2500/ 60 months) _ %$41.67

For chemical application, they are usually supplivolume. For example, Nalco Pte
Ltd supplies the chemical in pail of about 25kgctEkg cost about $15. In total for
25 kg it will cost $325. Based on the volume of thedel which we have, it is

estimated to last about 1 year. This does notdelabour to clean and application.

Initial cost estimated at $325
Operation cost $0
Reapplication of chemical (e.g. specialise labour) $80
Maintenance cost (Labour at $25/ Month) $300
Total cost for 1 year $705
Average monthly cost ($705/12 month) __ $58.75
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Ecolab Pte Ltd supplies the chemical in Litres.Hekitres cost about $9.50. In total
for 25 L it will cost $237.50. Based on the voluofehe model which we have, it is

estimated to last about 1 year. These do not ieclalour to clean and application.

Initial cost estimated at $237.50
Operation cost $0
Reapplication of chemical (e.g specialise labour) $80
Maintenance cost (Labour at $25/ Month) $300
Total cost for 1 year $617.50
Average monthly cost ($617.50/12month) __ $51.46
Chapter 8

Compare with other form of method

Chemical application

Usually the common method in Singapore industgdsyimean of chemical
application. It is done by introducing chemicabithe water system. The chemical is
then circulating in the system. It is only applileato recycled water system. After a
certain time, it is necessary to reapply the chammnto the system. Before
application, cleaning work has carried out to cldanboiler coil. It usually involves
manual brushing and scrubbing of the coil to renttreescales formed which means
extra labour is needed. Protection to the coitlea need to be carry out
immediately to prevent oxidation of the metal bodeil. If the protection does not
carry out immediately, it will cause the clean ¢oikexpose to all the oxygen or other
chemical which will cause a reaction to the coiliethmaybe affects the coil even

before protection to the coil is carried out. Thius protection to the coil would
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mean to be of an useless application as the cdiblraady been affected by the
reaction of the oxygen or other chemical that cleartye coil which means dropping

efficiency of heat transfer in boiler.

Aquabion

With the latest technology from Germany, they camewith a product called
Aquabion. It is a device that is connected to tlagewpipe system to the boiler. It is
usually connected at the water inlet point of thpesystem as this device treats the
water to prevent scaling of the piping system dneddoiler coll itself. It allow water
to pass through the pipe with spiral action throtilghmechanical technology of
Aquabion that make sure all the water will be wdabefore they leave the device.
There is no requirement of any magnetic wave orggaennection. It can be used in
both residential and industries. It only requireseplace it once every 5 year. No
extra labours require to carry out clearing of¢bé. It can use for treating water for
drinking. This device can be incorporated in b@&tycle water system and once
through water system. Available in various sizeadcommodate the consumer

needs.

Chapter 9

What makes our product better?

The AquaBion, its flanges and all non-visible matierare carefully selected
materials in line with the very latest technologfter many years of experience and
long-term tests with the most extreme water parametnd different systems, it has
been shown that the galvanic process principlé®hew AquaBion system,

depending on the conditions of the plant in questmus the quality of the water can
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guarantee a long-term success. In addition, theaBign is cost-effective and far
more environmentally friendly, because the outflewot polluted with chemicals

and can be reused as industrial water.

e 5Syear
Aquabion can last for as long as 5 year. Only it time install and worry-

free throughout the lifecycle

e 1 time payment
As the product can last for 5 year, it only reqdiieel time payment for every

5 year

e No operation and other cost throughout the lifegycl
Throughout this 5 year, there is no need to wolbgud other cost such as
daily operation or other cost. As Aquabion do rextahto change any internal

spare parts.

e Easyand install.

Aquabion do not need any screwing of parts or glainthe water pipe

e Come in various standard size

Aquabion come in different sizes in order to saitdll size of pipes and

requirement that will fit for different industriepipes.
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Cheaper
As shown in the cost implication, after simple cddtion, it is much cheaper

to use Aquabion as compare to other product imttuket.

Last longer

Some commonly use of protection is via introductdchemical into the
water system. Usually after certain time, the efedche chemical will wear
off and require heavier dosage. But Aquabion dareqtired any re-
application; it can last for 5 year before replgdihe whole thing as the zinc

anode is used up.

No chemical require thus saving in cost
No chemical required therefore saving in overaditand cost for labour for

reapplication.

Latest Germany technology
Materials are carefully selected materials in With the very latest

technology. Therefore it last much longer

Reliable performance stability in flowing water

The internal design is designed so that the wéder ih spiral action ensuring

all water passes through the zinc anode

35



Study the effectiveness of Galvanic Protectionemtucing scaling at heat exchangers

Chapter 10

Conclusion

Figure 10.1 — Without Aquabion
After 80" hours of running, the coil is much more obviousrr@sion and scaling

can be seem much more clearer. About 30% of tHéscodrroded.

Figure 10.2 — With Aquabion
As compared with the coil not protected by AquaBithis coil corroded for about

10% at the 88 hours of testing.
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Appendix

1% Hour

Figure 12.1 —%— 4" hour
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5™ Hour

8" Hour

Figure 12.2 —8— 8" hour
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9" Hour

10" Hour

11" Hour

12" Hour

Figure 12.3 —9— 12" hour
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13" Hour

14" Hour

15" Hour

16" Hour

Figure 12.4 — 13— 16" hour
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17" Hour

Figure 12.5 — 17— 20" hour
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21% Hour

22" Hour

239 Hour

24" Hour

Figure 12.6 — 28— 24" hour
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25" Hour

26" Hour

27" Hour

28" Hour

Figure 12.7 — 28— 28" hour
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29" Hour

-
s

30" Hour

32" Hour

Figure 12.8 — 28— 32 hour
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339 Hour

35" Hour

Figure 12.9 — 38— 36" hour
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37" Hour

38" Hour

39" Hour

4

Figure 12.10 — 37— 40" hour

" Hour
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4

Figure 12.11 — 41— 44" hour
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45" Hour

Figure 12.12 — 4%— 48" hour
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49" Hour

50" Hour

52" Hour

Figure 12.13 — 49— 52 hour

50



Study the effectiveness of Galvanic Protectionemtucing scaling at heat exchangers

539 Hour __

Figure 12.14 — 58— 56" hour
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57" Hour

Figure 12.15 — 5'
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61" Hour

62" Hour

639 Hour

64" Hour

Figure 12.16 — 61— 64" hour
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65" Hour

68" Hour

Figure 12.17 — @'
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69" Hour

70" Hour

715 Hour

72" Hour

Figure 12.18 — 6'
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73" Hour

Figure 12.19 — 73— 76" hour
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77" Hour

Figure 12.20 — 77— 80" hour
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