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*Yesha Berger: 
Who is afraid of electrolytic scale prevention – an Odyssey:  

Scale removal by electrolytic means, has been successfully applied all over the world in many locations for more than fifteen years. However – surprisingly few engineering papers understandable to an ordinary but very experienced corrosion engineer, who does not happen to be a water treatment chemicals specialist, have been published.

As a relative newcomer to this field, I have looked at a few systems and I kept being confused, so I delved deeply into high school chemistry – brushed up or “Ryznar” Langelier” and newer stability indexes – tried to recall Van Der Waals forces and memorized a host of frightening chemical formulas. I also encountered plenty of fiction on this subject, promising you the moon without going into the familiar ground of electrodes, potentials and NACE criteria.

Finally I found one method- UET- coming from a reputable source, which provided me the means to grasp the solution, based on relatively easy and understandable engineering principles. 

This paper tries to separate fact from fiction and save other corrosion engineers the arduous and often frustrating search for understanding.

As in many similar situations the innovative -UET solution- is based on so simple and elementary principles, that I became frustrated not to have hit on it myself.

Relocate the battlefield against scale and corrosion from the whole cooling system into one and integral separate treatment chamber, which can be controlled and monitored.

Design a classical but innovative anode make the chamber walls the cathode and carry out electrolysis only HERE._____________________

*Yesha Berger is a Corrosion Consultant in Israel- a NACE member since 1960- Corrosion Specialist- P No. 105- he graduated from Prague University as Electrical Engineer 1951. 

Elementary, dear Watson – Sherlock Holmes would have said – instead of combating scale and corrosion all over the extensive system, instead fighting Mother Nature – start to cooperate with natural forces. Instead introducing foreign substances into the water, make use of the substances 
Already present in the water. This is 2002 – everybody wants "green solutions" – and, dear Watson, what you do not introduce into the water – you need not to remove later on. 

Then I found that UET approach is not based on chemistry alone – it adapts to the physical and engineering parameters and even the topographical layout of the system.

In order to grasp what we shall do no further – let us briefly recap what we have been doing in the past and shall not do again.

Remember, scale is a chemical compound between two main components: Ca++ and Mg++ on one hand and HCO3- on the other. These components are in a steady state until there is a rise in temperature, pH level or a substantial change in the concentration of a particular component. The stability is destroyed and free ions become capable to react. The reaction product is "SCALE", which accumulates in the system, interferes with water flow rate and prevents effective heat transfer. For many years the water softening process which removed one component thus preventing formation and accumulation of Mg (OH) 2, MgCO3 and mainly CaCO3, was the common solution. However water softening was never a full proof method – after each softening process there still remains sufficient Ca and Mg ions to recreate the scale compound. Also water has a high Na concentration which in increasing quantities reacts with Cl- to produce very corrosive salt – we still require the addition of a chemical component to prevent corrosion. Waste water is discharging into the municipal drainage system compromising ground water, and a slightly wrong operation could add hard water to the system. Another used method:  acidification – tries to prevent evolving of CO3-- -without which CaCO3 could not be created. We were not solving the problem, because acidification is hard to control – water still became corrosive and required additional chemical inhibitors. So we were left with the accepted venerable solution to add chemicals to the water, in order to saturate Ca++ an Mg++ ions and to endeavor to inhibit the nucleation process and growth of scale crystals. This system again had difficulties in controlling the saturation process, required constant attention – inappropriate dosing caused corrosion and thus required additional chemicals to prevent corrosion. Finally, there abound so called "energy instruments" – Magnetic, Electrostatic and others attempting to prevent the ions from activating and thus creating scale as suspended and not adhesive particles. Some of those systems do indeed work but there are no easily understandable chemical or geometric parameters as base for design control and repair and often there persists a trial and error situation.

Now having revised the past – let us turn to the present and future. The name of the game is finding the "equilibrium curve" at which scale and corrosion are incapable of creating noxious problems in water systems. Sticking to this equilibrium curve we can save large quantities of water reducing blow-down, absolutely stopping the need to add chemicals, but mainly be sure not to cross the delicate limit between scale prevention and generating corrosion.

The UET system does not even attempt to remove all the scale from the system: only the proper amount to preserve the equilibrium – not more and not less. To make sure the system really works- on top of visual inspection and the simple tests to be carried - out here is a minimum amount of chemistry to be mastered by looking at some basic symbols equation and graphs:

1. T.H. (Ca++) - Total Hardness: (as CaCO3) [ppm]

    CaO, Ca(OH)2, MgO, Mg(OH)2, Ca(HCO3)2, Mg(HCO3)

2. C.H. (CO3=) - Carbonate hardness: (as CaCO3) [ppm]
    CO3 =, HCO3-, OH-
3. Conductivity: concentration of NaCl [/cm]

4. Total Hardness equilibrium: is the line where the supersaturated solutions do not change with the time, presented as Ca++.









5.  Carbonate equilibrium: is the line where the supersaturated solutions do not change with the time. Presented as CO3=.

6. UET's equilibrium: is a specific line, calculated for each water system, where the supersaturated solutions do not change with the time.

7. Dynamic Equilibrium (cooling tower):












1. Energy Balance:

Q=mCpT=650x10=6,500

E=Q/560 = 6,500/560= 11.6 m3/hr

B.D. = 1/3 E = 3.9 m3/hr 

Make Up = 11.6 + 3.9 = 15.5 m3/hr

	Q
	Quantity of heat

	E
	Evaporation rate

	B.D.
	Blow down rate

	m
	Circulation flow rate

	Cp
	Specific heat capacity

	T
	Temperature difference


2. Scale balance:

i. The total amount of scale that will be deposited as CaCO3 in the CT water system is 0.0082 Kg Scale/m3 (UET's Equilibrium)  Set point.

ii. Scale(hr) = 13.5 m3/hr x 0.0082 Kgscale/m3=0.111 Kg Scale/hr

iii. Scale (27 day) = 0.111 x 24hr/day x 27 days=72 Kg (27 days)








Ion status at UET's equilibrium:



	Saturated
	supersaturated

	
	 no effect of van Der Waals attraction

 no electrostatic repulsive force 

 no presents of CO2

	 Bonded by Van D.W attraction 

 & electrostatic repulsive force 

 with the presents of CO2
	In the water
	In UET's unit

	Ca(HCO3)2
	CaCl2
	CaCO3

	Mg(HCO3)2
	MgCl2
	Mg(OH)2

	CaSO4
	NaCO3
	Ca(OH)2

	MgSO4
	CaSO4
	MgCO3

	CaCl2
	MgSO4
	NaOH

	MgCl2
	
	CaSO4 ( CaCO3

	
	
	MgSO4 ( MgCO3







Having made our way through this frightening but very elementary forest of chemistry let me sum up:

What was the traditional technology of scale combating?

Natural water contains approximately 400 grams of Calcium, Magnesium and Carbonate per 1 m3. These elements exist in natural water in a balanced state (equilibrium). Any deviation from the water conditions caused by change of temperature or any other reason will result in formation of scale, of approximately 0.1 gram per 1 m3. Traditional technologies attempted to rid the treated water of the whole 400 grams, a costly and environmentally problematic method. UET's technology continuously removes only the minute amount of elements which upsets the balanced condition and in this way keeps these elements in a balanced state (equilibrium) and the water system free of scale formation and deposits and provides the products to water consumers in the form of an all-inclusive UET package, from problem-definition to smooth operation-implementation and maintenance.  This unique service package replaces traditional technologies. 

The list of potential applications that can benefit (and have done so in the past) is long and varied it includes industries, commercial buildings, municipalities, agriculture and even more important: waste water treatment. One of the most immediate problems is cooling towers.

CONVERSION TABLE

COOLING TOWER WHICH IS BEING TREATED BY CHEMICALS

COMPARED TO THE SAME COOLING TOWER TREATED BY UET

	No
	Parameter for comparing
	UET

[$]
	Chemicals
[$]

	1
	Make up water
	2 m3/h
	2 m3/h

	2
	Investment in equipment
	12,080 
	1,892

	3

3.1

3.2

3.3

3.4
	Operating cost.

pH – control – by acid addition

Treatment against scale.

Treatment against corrosion.

Spare parts consumption.


	700 per year from the second year. 
	2,222 per year

7,200 per year

4,000 per year

560 per year

	4
	Electricity
	Neglecting
	Neglecting

	5
	Service
	2,070 per year from the second year
	Included in chemicals price.

	6
	Total price capital + operating cost for the first year.
	12,080
	15,874

	7
	Total price capital + operating cost for the second year.
	2,770
	13,982

	8
	Total price capital + operating cost for the third year.
	2,770
	13,982

	9
	Total price after 3 years.
	US$ 17,620
	US$ 43,838


Now here are the questions an experienced corrosion engineer will ask:

 Does the system really operate?

 How can I determine in real time (without having to wait months) if the system works?

 Can this be verified by simple available portable instruments without being an experiences chemical water engineer?

 How soon will the initial expedition be recovered (management will ask sooner then later).

Approaching the end of this discussion, here the answers:

 Conduct chemical water analyzes. The result should be as predicted:

1. Water analyses prediction:

i. Total balance: Ca + CO3 ( CaCO3

                               40 + 60 (  100 M.W




28.8 + 43.2 ( 72 Kg of scale

ii. Total  Hardness  from inhibitor : 28.8 Kg (T,H factor)x 7.88 = 227ppm

iii. Carbonate hardness  from inhibitor: 43.2 Kg (factor)x 5.62 = 243ppm

2. The predicted analysis should be:

	parameter
	SW
	CT with inhibitor
	Scale removed by UET
	Water analysis at CT

	Conductivity [s/cm]
	1,410
	3,640
	-
	3,640

	Total Hardness [ppm as CaCO3]
	320
	832
	227
	605

	Carbonate Hardness [ppm as CaCO3] 
	267
	694.2
	243
	451


 Keep the current settings appearing on the ampere-meter. (Verify the instrument ampere-meter reading by a clamp-on ampere-meter).

 Check the unit once per day and adjust if necessary. (Being on the spot is better that relaying on automatic reading).

 Check the pH with a pH-meter.

 Occasionally check the water conductivity – even an ordinary soil-box will do. (Remember: by soil-box reading you obtain .cm- to get s/cm, divide one million (106) by the soil-box reading in .cm).

 After few days, maximum after 2 weeks, open the cooling tower, select an easily acceptable location and compare what you see to your last visual inspection: there should be no more scale. 

The answers: conduct chemical water analysis. The results should be as predicted keep the current setting (read on the ampere-meter) as prescribed. Check at least one per day and reset the reading if necessary. Inspect an accessible place in the tower – there should be little or no new scale after a few days. Check the Ampere-meter reading by clamp-on Ampere-meter to verify the reading is correct. Check the electric conductivity of the water (even a soil-box will do fine) to obtain s/cm divide one million 106 by the soil resistively reading.

 In one more note about water conductivity this is not determined by the scale presentation system. This is a requirement  of the cooling tower designer who requires a certain water conductivity to prevent corrosion of steel within the tower some cooling tower designer require an automatic controller to maintain this electric conductance . The UET system does not require this as a precondition. UET will remove prevent and remove scale but will never overshoot the mark and evading scale – fall into corrosion production.

Having arrived at this point in my studies, I acutely felt there was something still missing 

Some of the various units on the market remove some scale - some claimed to remove all scale - some did not remove scale at all from the system only accumulated it in the treatment chamber. From there the accumulated scale had to be removed manually - sometimes using hammer and chisels or by brute mechanical scraping. Yet all of them used the same vehicle of electrolysis - which had been known for almost 100 years.

And then… Sherlock Holmes gave one of his more devastating looks and mumbled through his long pipe:" Doctor Watson, do you not see that on the vehicle there is no driver to give it the precise direction and sense? "

Now everything fell into place: in order to really remove the precise amount of scale - no more and no less - you need a compass - not a magnet or a chisel- a criterion - yes the equilibrium curve.

This is the end of my long and strenuous Odyssey. I am not longer afraid of electrolytic scale prevention .I need no more to memorize more and more chemical formulae. I am a simple corrosion engineer: no Caesar - but I came - I looked and I found an understandable criterion. I put the chisel and Langelier to rest.
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