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1948 - 2011
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CWT is a family owned and operated business with its own factory for water treatment 

technologies in Germany. The production of the highest quality devices with the most 

advanced technology together with the continual research and commitment led to the 

success of the product line:

Vulcan – Against Scale and Rust

In this booklet you will find a selection of references by private, commercial and indus-

trial users of the Vulcan anti-scale units. A number of independent studies reflect on 

the eco-friendly technology of physical water treatment in general and on the Vulcan-

Impulse-Technology in specific. You will also find numerous independent studies and 

scientific papers on the principle of the eco-freindly physical water treatment and on 

the Vulcan units.
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Restaurants and Food
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Mövenpick Restaurant
Germany
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Ice Machine

Vulcan 5000

Smooth Grain Structure

Soft Calcification

Mövenpick Restaurant
Germany
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White Castle Restaurant
USA

Installation of Vulcan water treatment 

Installation site: White Castle #49, Indianapolis, USA
Model:  Vulcan 1000 (installed on the in the line after the 

carbon filters)
  Vulcan 5000 (installed on the main inlet line, 

before the 5 micron carbon filters)

White Castle #49 – April 14, 2011

The R2D2 had been in service only 3 weeks and 
you can see the stainless steel is already etched 
at the water line (Picture 1). The water feeding 
the R2D2 was changed to being fed after the 
standard 25 micron but before the 5 micron 
carbon filters.

The Vulcan 5000 is located in the main line, but 
before the 25 micron filter.  The Vulcan 1000 is 
located in the line after the carbon filters. 

The installation of Vulcan 1000 and Vulcan 5000 
solved this hard build-up problem successful. 

Picture 1: Etched stainless steel after only 3 weeks in service, 
without using Vulcan.

Before using Vulcan - April 14, 2011
Hard calcium deposits in the pan.

3,5 weeks after installing Vulcan - May 12, 2011
95% less calcium deposits in the pan 

Without Vulcan With Vulcan treatment

After this very successful using of Vulcan in our White Castle restaurant #49 in Indianapolis, we  
installed the Vulcan 1000 and Vulcan 5000 device also in the White Castle restaurant #32  in New 
York and the White Castle restaurant #38 in New Jersey. 
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McDonalds Ltd.
Ukraine
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Wolfies Waterfront Grill 
Indiana, USA
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Eberswalder Wurst GmbH (Sausage Production)
Germany
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Eberswalder Wurst GmbH (Sausage Production)
Germany
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Fritz Häcker - Gelatine Production
Germany
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Grease Trap in a Food Factory
Japan
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Marcel SINAI                                                                                                                                                                                                        
" Les Aires "    

Route du Destet - Quartier des Calans   
13520 MAUSSANE LES ALPiLLES

Téléphone :  04 90 54 30 86    
Portable :     06 87 89 54 52  
email :   marcelsinai@wanadoo.fr

                                             

CWT            
Köpenicker Str. 154 
10997 bERLiN 
Germany 

Reference: 12102680 Vulcan 5000 

30th October, 2012 

Dear Sirs, 

i purchased this unit at the bATiMAT 2007 in Paris under the reference 21623. 

The new model is installed and seems to work satisfactorily because we have no traces of limestone on 
our ro-binneterie GROHE stainless steel. The water in our region  (la Provence) is particulary 
limestone.

With thanks for your service, i beg you to believe the assurance of my best wishes. 

Marcel SiNAi            

Producer of olive oil                                                                                                                 

Marcel SINAI "Les Aires"- (olive oil production)
France
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Cheese Dairy K & P Zimmermann
Switzerland

CWT Vulcan S25 - 3 months-test in the cheese dairy and apartments of K & P 
Zimmermann in La Ferrière in Switzerland

The chrome pipes have visible less scale deposits and it is easier to clean them - just with a  
damp cloth. Also in the pans the scale doesn‘t attach so much and it is easy to remove.

One month after the installation of Vulcan S25, we made a test with a rusty nail. After two 
weeks the nail was clean.

Summary: For us is Vulcan the easy solution against scale and rust and keeps our piping 
system and appliances clean. We need less maintenance and save money with it.
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Hotels / Apartment Buildings / 

Spa and Wellness
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Hotel Q!
Germany
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Hotel Mercure
Germany

Leopoldstr. 120 • 80802 MUENCHEN • GERMANY

Christiani Wassertechnik GmbH
Heinrich-Heine-Straße 15
52249 Eschweiler      

Re: physical water treatment unit Vulcan S 100

Munich, November, 9th 1995

Dear Mr. Christiani,

We are pleased to inform you that the water treatment     unit has been working perfectly 
and to our full satisfaction ever since its installation in july 1995.      

Only a short time after that we observed that we no longer needed acetic or asorbic acid in 
order to clean the perlators and shower heads in out hotel, which has more than 65 guests 
rooms, since the chalk that builds up now is no more than a layer which is easy to wipe off. 
Due to the fact that the efforts employed at maintaining the sanitary facilities can be kept to 
a minimum, and resulting from the smaller electricity consumption, we are able to econo-
mise. Simultaneously, we also make an active contribution to environmental protection by 
renouncing on aggressive cleansing agents.

We are glad to own a water treatment unit that is compatible with the environment and 
which renders the optimum outpup at low running costs (approx. 10 € on electricity costs/
year). Moreover, this unit has finally provided us the solution to a problem we had been 
confronted with day by day and which was difficult to put up with.

Given our satisfaction it will allways be a pleasure for us to recommend your company and 
your produc to other clients.

Sincerely yours

Horst Schneider
Director

münchen schwabing
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14th June 1994utzuzizitzit

Your Water Treatment Device Vulcan 5000 Four week test

With this letter I would like to give you some insight into our experience with your 
water treatment system.
As we hAs we have a water hardness level of around 16 °e in Cadolzburg and as a spa have 
to use a great deal of water, we have always had problems with calcification of all 
kinds.

To get rid of this problem, we have already used two different types of devices from 
other manufacturers whose systems work according to a design similar to yours.  As 
these both failed, we had to take out  both products.

When we sWhen we saw how simple your system is, we were honestly fairly skeptical and even 
more so when we saw how your technician installed the product on our entry pipe in 
minutes with no tools.  Still after only a few days we noticed a clear difference in 
the calcium levels.  Where there was previously hard calcium deposits that had to be 
removed with cleaning fluids, now we saw just a light white film that could easily be 
removed.  We also saw that shower heads and water pearling devices no longer 
showed signs of calcification.  

WWe will, without a doubt, keep the Vulcan 5000 and attached is our check .  
Furthermore, ich wish you great success in convincing others and wish your 
company all the best.

Sincerely

Hotel Cadolzburg
Germany
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Avenue Mohamed VI
40000 Marrakech
Maroc
Tel : 212 ( 0 ) 5 24 33 94 13
Fax : 212 ( 0 ) 5 33 94 02 / 05 44 76 79

www.lemeridien.comabderrahmane.moursil@lemeridien.com

Marrakech, 31st of March, 2010

Subject: Certificate of Reference

I, the undersigned Moursil Abderrahmane, Chief technical officer of the Hotel: “Le Meridian 
N’Fis” located on Avenue Mohammed VI, in Marrakech, certified by the presence of: 

- Mr. Karim BELGNAOUI, Managing director of the Company: “MPK TRADE” located in 
Casablanca, Residence the Manor house 4, Rue Mustapha Al Manfalouti (Gauthier District) 

In collaboration with our hotel in February 2010 for the supply and the installation of an elect-
ronic device to treat a pipe diameter of 4” of the: “VULCAN” brand for the prevention and the 
elimination of scale deposits upstream of our hydraulic installations. 

With sight of the very satisfactory result of this product, we thus plan to entrust to this company 
future projects in the aim of protecting our installations of scale. In witness thereof, this certifica-
te of reference is delivered following the request of the interested party. 

Dated:  Marrakech, March 31, 2010. 

A. Moursil
Directeur Technique.

Hotel Meridien N‘Fis
Morocco
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Vulcan S250 Installation 
MeridianSpa in Berlin, Germany

MeridienSpa Berlin
Germany
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Other References
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HARTWALL Ice Hockey Arena
Finland
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Pilbara Commercial Laundry Services
Australia

Pilbara commercial laundry services 

Unit 5 9 Byass St, South Hedland,  
WA, 6722, Australia

testimonial with Jamie cavey 

June 2011 

Hi, my  name is Jamie Cavey and I operate the only commercial laundry in the Pilbara - 
Pilbara Commercial Laundry Services. We are mid-size operation that specializes in the 
laundering of hotel linen, mine site linen and work clothes. 

Living in a hard water area like the Pilbara means we have ongoing problems with calcium 
build up in our piping and air-conditioning systems. The calcium sticks to the heating 
elements and the whole internal section of the hot water system becomes completely 
clogged with calcium. 

Twelve months ago we installed a German made CWT Water Treatment System from the 
team at Southern's Water Technology in Bunbury and immediately we noticed a significant 
reduction in the build up of calcium. 

I believe we have quadrupled the life span of our evaporated air conditioner and we haven't 
had to replace our hot water system for more three years. 

Without the CWT Water Treatment System  we would be replacing our hot water system 
every two years at a cost of more than $10,000. 

there is no doubt the cwt water treatment system  will prolong the life span of your 
piping and hot water systems and evaporative air-conditioning units. 

The CWT Water Treatment emits high frequency electrical impulses into the water which 
changes the crystal formation of the calcium. 

After the treatment, the adhesiveness of the crystals is reduced so that scale is unable to 
form in the pipes. 

You can actually see the calcium slowly breaking down through the drainage system. 

Sincerely,

Jamie Cavey 
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Exhibition Center Cologne - Messe Köln
Germany
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Siemens 
Germany
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BOSCH und Siemens Hausgeräte GmbH 
Germany
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Garden Shop (Agriculture)
Greece
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Gegenbauer Healt Care Services GmbH
Germany

maintenance
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    Dear Sirs,

    After multiple problems with scale build-up in our irons and laundry 

equipment we decided to try and solve this situation. After much research, 
we finally found the solution we were looking for. We chose the innovative 
line of water treatment, Vulcan. The Vulcan S25 unit was installed in March 
of last year.

        Up until now, the results obtained have been entirely satisfactory; 
not only because the scale does not stick to surfaces anymore, but also 
because of the raised quality of the laundry which has a less-abrasive effect 
on the clothes. This has helped increase our service quality and customer 
satisfaction.

    For the above reasons, we certify the complete effectiveness of the 
Vulcan S25 device installed in our company.

SinceSincerely,

Ralons Lavandería (laundry service)
Spain
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Aigues de Vallirana 
Spain

           Dear Sirs:

           We want to confirm the excellent quality and functionality of the 
eco-friendly anti-scale system Vulcan  5000.
                      Vulcan 5000 was installed more than one year ago, in a gravity 
conduction pipe, from well to deposit, with 63 mm diameter, 500 length and 10 m of 
bench between both ends, in which we often had to proceed in order to keep it clean 
and free of scale and incrustations. The truth is, during the last year, since we installed 
your unit, we could forget completly all kind of manteinance and cleaning process.
           We trust in the long-term efficacy of Vulcan 5000, and take this 
opportunity to send you our best regards.

                                                  Sincerelly,

AIGÜES DE VALLIRANA
Conca de Tremp, 14

Urb, El Mirador
08759 VALLIRANA (Barcelona)
Tel. 683 07 56 - Fax. 683 22 70

CALTRONAQUA

Pasaje Bon Retir, local 5
08759-VALLIRANA
(Prov. de Barcelona)

22nd July 2002
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Evangelic Hospital Gladbach
Germany
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Energetika Ravne d.o.o
Slowenia
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Dynamit Nobel
Syria

DYNAMIT NOBEL AG, Werk Lülsdorf, 5216 Niederkassel

Firma
Christiani Wassertechnik GmbH
Diepenbenden 25
5100 Aachen

Water treatment device

Dear CWT-team

Up to now we had five devices from your company in use.

Because of the high degree of hardness of our cooling water, we had to decalcify 
every few months. After we used the devices, the scale on the heat exchange pipes 
was drastically reduced. Thus the lifetime of these devices is getting longer. 

Kind regards

DYNAMIT NOBEL AG
Werk Lülsdorf
Technical Department

Sitz der Gesellschaft: 5210 5210 Trolsdorf • HRB 23 Amtsgericht Siegburg • Vorsitzender des Aufsichtsrates: Friedrich Karl Flick
Vorstand: Ernst Orasch, Vorsitzender: Peter Hoffmann, Hans E. Holzer, Gerd Krems, Axel Homburg (stellv.)

Aktiengesellschaft

werk lülsdorf
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Philipp Best Plumbing
Australia

Phillip Best Plumbing
All Your Commercial & Industrial Plumbing Needs

Plumbers & Gasfitters - Bunbury, WA
PO Box 1733, Bunbury WA 6231

Southern Water Technology
6 Teede St
PO Box 553
Bunbury WA 6231
Australia

CWT - Physical water treatment system

May 2011

I‘ve been in the plumbing industry for 32 years and currently have five staff working for me at Phillip Best 
Plumbing in Western Australia.
Since becoming available in Australia, we‘ve purchased a number of CWT water systems to stop calcium 
deposits building up in a range of different piping systems. These deposits create many unwanted effects 
such as clogged pipes and irreversible damage to pipes and other plumbing parts.

I found the CWT water treatments to be very effective in high temperature heating systems such as 
commercial combustion ovens in restaurants and even in a very high temperature heating system at a 
local abattoir.
There are also huge time savings associated with CWT water systems. Installation time is cut by at 
least 90% when compared to similar units. The units, which are made in Germany, are also at least 50% 
cheaper than other units currently on the market.
The units, which allow scale particles to be washed away, are not only proving to be successful in 
commercial and industrial applications, but in private homes with scale and rust problems. I installed a 
CWT system to protect the hydraulic heating system, which lies under the cement slab of our home.

CWT has been a great cost saving unit initiative that will protect your piping system from ongoing scale 
and rust problems.

Your Phillip Best Plumbing Team
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LANCE BUTCHER, 
Western Australia

Water treatment system against scale and rust by CWT

May 2011

I’m Lance Butcher and my wife and I live on a 5 acre property at Gelorup, 20 minutes 
south of Bunbury in Western Australia. Our local water contains high levels of iron, which 
was causing enormous problems with our reticulation system. Large quantities of iron 
sludge and chips would build up in the piping system and block the solenoids and indi-
vidual sprinklers. The situation was getting us both down. It seemed like the sprinklers 
were continually blocked and I was replacing the solenoids every six months.

Within three months of installing the CWT water treatment system the iron residual and 
sludge disappeared. I was staggered by the results. The pipe was completely clear and 
there were no signs of the iron scale at all.

A reliable and clean sprinkler system is very important for us to maintain a healthy gar-
den which contains more than 200 rose bushes and half an acre of trees and cottage 
garden. Our horse paddocks are also under reticulation.
The CWT cystem has saved me an enormous amount of time and money and I’m no 
longer cleaning sprinkler heads or replacing the solenoids in the reticulation system.

The results have been so successful we are now planning a major expansion of the 
garden and bird aviary. I would recommend this product for anyone who lives in a hard 
water area in Australia. They’re simple to install and maintenance free.

Lance Butcher from Western Australian enjoying his clean sprinkler system after 
installing the CWT water treatment system.

Lance Butcher (sprinkler systems)
Western Australia



41Vulcan - Against Scale and Rust     References/ Quality/ Studies

HANS KREMPL (Residential Technologies)
Germany
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Independent Studies & Scientific Papers

How can an electric device that uses only very little energy have such a profound 
influence on scale and rust? Does it work? ... and moreover how  does it work?
These are typical questions.

In the following you will find a number of independent studies on the principles of 
the Vulcan-physical water treatment:

The Physiological Institute of the University of Munich has proven and evaluated 
the Vulcan effects and the University of California Davis chose a more practical 
approach in order to understand the functions of the technology. 

Dr. Hartmut Jühnke, German scientist and one of the leading experts on physical 
water treatment, has written an extensive study on the topic in “Physical Water 
Treatment: How it works”. His paper provides an excellent insight into the topic. 

The outcome in a heat-exchanger setting, a typical area for problems with 
lime scale, was tested by the Steinbeis Institute Transfer Center Applied and 
Environmental Chemistry, who reported tangible results.

As the topic of environmentally-friendly technology transfer has become a subject 
of interest, the issue was featured by the US Ashrae in their report on “Pulse-
Powered Chemical-Free Water Treatment”. The last study listed in the booklet 
examines the effect in a typical industrial setting and explores the question of how 
physical water treatment helps prevent scale incrustations in cooling towers.



43Vulcan - Against Scale and Rust     References/ Quality/ Studies

University of California, Davis
USA
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Steinbeis Institute
Germany

(Foundation of economic promotion Reutlingen) (Transfer Centre - Applied and environmental chemistry)

SteinbeiS-Stiftung für
wirtSchaftSförderung

tranSferzentrum reutlingen
angewandte und umwelttechnik

centre for environmental chemistry

by Steinbeis Institute

Thermometer

Thermostat
90°C

Heat 
exchanger

Flow 
control

Untreated 
water

Graphic 
recording 
mechanism

Water withdrawal 
habits of a four-person 
household

A –   extraction before 
treatment

B –  extraction after 
treatment

Water treated 
with  

Vulcan 5000

Amount of water 
flowing through start 
with 5 ml/min

Schematic representation to prove the function of the 
water-treatment device Vulcan 5000

(Only one of the two tests is mentioned in the schematic representation)

Vulcan 
5000
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(Foundation of economic promotion Reutlingen) (Transfer Centre - Applied and environmental chemistry)

SteinbeiS-Stiftung für
wirtSchaftSförderung

tranSferzentrum reutlingen
angewandte und umwelttechnik

expertise
Concerning the effect of the water-treatment device

“Vulcan 5000“

Test subject:    water treatment device  "Vulcan 5000"

Manufacturer:  Christiani Wassertechnik GmbH (CWT)
    Heinrich-Heine-Str. 15
    D-52249 Eschweiler

Test instruction:
A test should be carried out to determine whether Vulcan 5000 can reduce lime 
deposits in water pipes and household equipment in a purely physical manner 
without altering the water chemically.

Experimental demonstration of function:
The effect was verified in a heat exchanger arrangement using two identical testing 
units. Water was withdrawn from the water pipes simultaneously upstream and 
downstream of the device to be tested and calcium precipitation forced in the heat 
echangers. 

As lime deposits increase, the flow of water decreases. The more water flows 
through the experimental arrangement, the smaller tendency  there if for the water 
to form scale on pipes and container walls. The test was carried out on the basis of 
the practice-related water withdrawal of a four-person household with the additional 
regular withdrawal of five litres of water at half hourly intervals for a total of six weeks.

This test showed that the tendency to form lime deposits is reduced considerably by 
the “Vulcan 5000” water-treatment device. In addition, the effect continues for some 
days after “Vulcan 5000” has been switched off. Seemingly, the effect is not only 
limited to a certain part of the pipe, but also passed into the water flowing nearby 
sections of the pipe.

Reutlingen, 14.01.1998      Enclosure:
         Test diagram

(Prof. Dr.D. Frahne)
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Physiological Institute - University Munich
Germany
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Test report on Vulcans (pulsed water treatment systems)
installed as a preventive measure against scale buildups causing faulty of

the cooling towers

February 24, 2007
Tested field: 	 Factory of a pharmaceutical company
Installation sites: 	 Cooling towers on the rooftop of the second building
2-1 cooling tower A: 	 Makeup water piping size is 50A.
2-2 cooling tower B: 	 Makeup water piping size is 50A.
1 cooling tower C: 	 Makeup water piping size is 50A and circulating piping size is 80A.
 

Model installed:
Vulcan S25
(water treatment capacity: 25 m3/hour)

Date installed:
For the cooling towers A, B, and C: July 22, 2006
For the cooling tower C: October 6, 2006

Objectives:
1 To prevent scale buildups on the cooling towers.
2 To reduce chemicals used for water treatment
   (measure for complying with ISO 14001)
3 To save the energy cost by preventing the deterioration of the heat exchange effectiveness

Verification of the effectiveness:
After installation of the Vulcans, the statuses of the cooling towers A, B, and C were inspected without using 
any water treatment chemicals. Even after elapse of approximately six months, almost no scale buildups 
were observed inside the refrigerators and the heat exchanger tubes, and no water pollution warning was 
displayed. (Usually, without water treatment chemicals, the water quality is deteriorated and water pollution 
warning is displayed.) Silica adhered on the cooling towers was easily removed with a finger touch. With 
these results, the effectiveness of the installation of the Vulcans could be confirmed.

Remarks (Summary)
The water treatment system, Vulcan, has the following features: (For details, refer to the brochure attached.)
Vulcan changes only the crystal structure of scales without changing the quality of water. Therefore, nothing 
is added or reduced to or from the ingredients of water. The water through Vulcan is soft and has an increa-
sed permeability. Vulcan makes city water to drinking water and can be used as better cooling water.
(*) The effectiveness of the water treatment in the water supply line will last for 48 hours and for approxi-
mately 2 km in distance.

Major features include:
- Prevents buildups of rusts and scales
- Makes cleaning in the kitchen and bathroom much easier (toilets, showers, tiles, joints, etc.)
- Drastically reduces the clogging due to oil balls
- Eliminates the necessity of strong chemicals for removing scales.
- Eliminates the necessity of additives.
- Does not change the water quality.
- Prevents the clogging at the time of drainage

Vulcan installed on the 
makeup water piping (50A)

Used for cooling towers A, B and C

Vulcan installed on the 
circulating piping (80A)

Used for the cooling towers C

Study - Physical Water Treatment as the Solution for Cooling Towers
Japan



48Vulcan - Against Scale and Rust     References/ Quality/ Studies

   

Developments after installation 
of the Vulcan

Adhesion of silicia six month after 
the installation of the Vulcan

water is hosed

after the hosing

Cooling Tower A        Cooling Tower B Cooling Tower C

Silica is not removed by hosing, 
but can be pealed off with a nail.

Silica is removed by simply hosing 
the water. (The remaining silica is 
pealed off with a touch of a finger.)

The installation of the Vulcan in the
circulation line seems to create the status
equivalent to the cooling tower C. 

Quality tests of three types of water approxi-
mately six months after the installation of the 
Vulcan:	 (1) Makeup water
	 (2) Circulating water
	 (3) Makeup water
                                                       (raw water)

Water quality tests on the cooling tower C
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Pulse-Powered Chemical-Free Water Treatment Report, ASHRAE
USA

ASHRAE GreenTip  Nr. 14

Pulse-Powered Chemical-Free Water Treatment

TECHNOLOGY DESCRIPTION
Pulse-powered physical water treatment uses pulsed, electric fields (a technology developed by the 
food industry for pasteurization) to control scaling, biological growth, and corrosion. This chemical-
free approach to water treatment eliminates environmental and health-and-safety issues associated 
with water treatment chemicals.
Pulse-powered systems do not require pumps or chemical tanks. Pulsepowered systems tend to be 
forgiving of operational upsets and promote cooling tower operation at higher cycles of concentrati-
on (therefore, less blowdown and less water usage) than standard chemical treatment. Independent 
studies have shown not only that the method is effective for cooling towers but that the performance 
of pulsepowered systems is superior to standard chemical treatment in biological control and water 
usage. The performance results of pulse-powered technology for chemicalfree water treatment, as 
documented by various independent evaluations, support the objectives of green buildings and have 
earned LEED points for certification in a number of projects.

WHEN/WHERE IT’S APPLICABLE
Pulse-powered technology is applicable on the recirculating lines of cooling towers, chillers, heat 
exchangers, boilers, evaporative condensers, fluid coolers, and fountains.
The technology produces a pulsed, time-varying, induced electric field inside a PVC pipe that is fit 
into the recirculating water system. The electric signal changes the way minerals in the water pre-
cipitate, totally avoiding hard-lime scale by insteadproducing a non-adherent mineral powder in the 
bulk wate r. The powder is readily
filterable and easily removed. Bacteria are encapsulated into this mineral power and cannot repro-
duce, thereby resulting in low bacteria populations. The water chemistry maintained by pulse-pow-
ered technology is noncorrosive, operating at the saturation point of calcium carbonate (a cathodic 
corrosion-inhibiting environment).
The low bacteria count and reduction or elimination of biofilm reduces concern about microbial 
influenced corrosion. The absence of aggressive oxidizing biocides eliminates the risk of other forms 
of corrosion.

PROS AND CONS
Pro
     1.	 The potential for lower bacterial contamination while providing scale and corrosion control.
     2.	 Lower energy and water use than in traditional chemical treatment.
     3.	 Blowdown water is environmentally benign and recyclable.
     4.	 Life-cycle cost savings compared to chemical treatment.
     5.	 Reduction or elimination of biofilm.
     6.	 Removes health and safety concerns about handling chemicals.
     7.	 Eliminates the environmental impact of blowdown, air emissions, and drift from toxic chemicals.

Con
     1.	 It does not work effectively on very soft or distilled water, since the technology is based on  
               changing the way minerals in the water precipitate.
     2.	 Water with high chloride or silica content may limit the cycles of concentration obtainable 
               to ensure optimum water savings since the technology operates at the saturation point of 
               calcium carbonate.
     3.	 Energy usage is still required to operate.
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KEY ELEMENTS OF COST
The following economic factors list the various cost elements associated with traditional chemical 
treatment that are avoided with chemical-free water treatment. 
This is a general assessment of what might be likely, but it may not be accurate in all situations. 
There is no substitute for a detailed cost analysis as part of the design process.

     •	 Direct Cost of Chemicals. This item is the easiest to see and is sometimes considered the 
               only cost. For cooling towers in the US, this direct cost usually runs between $8.00 and 
               $20.00 per ton of cooling per year.
     •	 Water Softener. Water softeners have direct additional costs for salt, media, equipment  
               depreciation, maintenance, and direct labor.
     •	 OSHA and General Environmental Requirements. Many chemicals used to treat water 
               systems are OSHA-listed hazardous materials. Employees in this field are required to have  
               documented, annual training on what to do in the event of a chemical release or otherwise 
	 exposed contamination.
     •	 General Handling Issues. Chemical tanks, barrels, salt bags, etc., take space. A typical 
	 chemical station requires 100 ft (9.3 m) of space. 
     •	 Equipment Maintenance. Lower overall maintenance for the systems as a whole may be 
	 possible.
     •	 Water Savings. Cooling towers are often a facility’s largest consumer of water. Most chemi
	 cally controlled cooling towers operate at two to four cycles of concentration. Cycles of 
	 concentration can often be changed to six to eight cycles with chemical-free technology, 
	 with an annual reduction in water usage costs and the associated environmental impacts. 
     •	 Energy Savings. Energy is required to operate the pulse-powered system, but overall 
	 energy usage can be lower. The reduction or elimination of biofilm (a slime layer in a 
	 cooling tower) results in energy savings versus chemical treatment due to improved heat 
	 transfer. Biofilm has a heat transfer resistance four times that of scale and is also the bree
	 ding ground for Legionella amplification. Preventing this amplification thus saves costs.

SOURCES OF FURTHER INFORMATION

     •     	 Bisbee, D. 2003. Pulse-Power Water Treatment Systems for Cooling Towers.
     •	 Energy Efficiency & Customer Research & Development, Sacramento
     •	 Municipal Utility District, November 10, 2003.
     •	 Codes and Standards Enhancement Report, Code Change Proposal for Cooling
     •	 Towers. Pacific Gas and Electric, April 8, 2002.
     •	 HPAC. 2004. Innovative grocery store seeks LEED certification. HPAC Engineering 27:31.
     •	 Torcellini, P.A., N. Long, and R. Judkoff. 2004. Consumptive water use for U.S.
     •	 power production. ASHRAE Transactions 110(1):96–100.
     •	 Trane. 2005. Trane Installation, Operation, and Maintenance Manual: Series R®
     •	 Air-Cooled Rotary Liquid Chillers, RTAA-SVX01A-EN. Lacrosse, WI: Trane Company. 		
               www.trane.com/Commercial/Equipment/PDF/3/RTAA-SVX01AEN.pdf

*Source:  www.ashrae.org
ASHRAE: American Society of Heating, Refrigerating, and Air-Conditioning Engineers
Newsletter: http://www.ashrae.org/publications/page/573
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„Physical water treatment – how it works“ by Dr. Ing. Hartmut Jühnke
Germany

1. Introduction

The physical water treatment has been used and dis-
cussed for the last two decades. During this time, it 
has proven its effectiveness that on the other hand 
is still questioned and denied. Why is that? If we 
follow the discussions, we can find various reasons 
that however are not going to be discussed here. 
It rather seems necessary to examine the physical 
foundations that can explain the mode of action of 
these processes and so to free them from the rep-
roach of fraud and to recognize the black sheep that 
led to this reproach. The following is a try to clear 
these questions.

Apart from my own positive experience that clearly 
demonstrates the effectiveness, at least of the de-
vice installed on my pipes (1), there is a number 
of information coming from renowned institutions 
such as e.g. the Physiological Institute of the Lud-
wig-Maximilian-University Munich confirming the 
same. In this institution, the replacement of laser 
tubes because of furring through the coolant that 
had been necessary before, could be avoided after 
the installation of a physical water treatment de-
vice. Hotels and instruction companies as well as a 
lot of conversations with private users confirm the 
action, although the non- functioning is also often 
lamented. As in most cases the private users do not 
know the producer of the device (a lot of times it 
was said that the product was a cheap one bought in 
a superstore), we can only draw the conclusion that 
there are some devices that do not meet the physical 
conditions to be effective. But we cannot draw the 
conclusion that the treatment principle itself is use-
less and does not work. 
Unfortunately, this impression is also often given in 
serious publications, a lot of times without giving 
any scientific proof or any proof orientated towards 
the action and that does justice to it.

Before the action of the physical water treat-
ment is explained in a plausibility proof, first we 
have to clarify why water pipes fur up. Therefo-
re we see the lime as target of the physical water  
treatment.

2. The Lime

Chemically speaking, lime is calcium carbonate 
(CaCO3). This compound is not soluble in water. 
Question: How can it be dissolved in the water 
then? Answer: When water that contains carbon  

dioxide passes chalky grounds, lime is released and
is present in the water as calcium hydrogen carbo-
nate Ca(HCO3)2. This is possible as carbon dioxide 
CO2 together with water H2O forms carbon acid 
H2CO3. As everybody knows from the everyday 
household life, acidic cleaning agents are needed to 
remove lime deposits. It seems like splitting hairs 
to underline the difference between dissolved and 
undissolved lime, but this is exactly where the lack 
of argumentation in favour of the action of these 
devices lies.

Thereupon the following question is raised: why 
does lime separate anyway? The dissolved amount
of calcium hydrogen carbonate in the drinking wa-
ter never reaches the saturation limit that if excee-
ded leads to the separation of the dissolved subs-
tance as a crystal.

If we look at the points in the pipes where lime de-
posits, the answer is already given. Primary spots 
for lime deposits are pipe bends, branches and the 
ending points (faucets) and especially the warm 
water areas. In the last mentioned case we have to 
differentiate: warm water containers are generally 
speaking free from deposits; heating bars, heater 
spirals or heat exchangers, surfaces that transmit the 
heat to the water, are always affected. 

Why these spots? The answer is pretty easy: there 
has to be an energy gradient that leads to the ope-
ning of the water cages (see below) around the dis-
solved ions so that they can react with each other. 
At the same time the so called lime -carbonic acid- 
balance has to be disturbed, this means that it has 
to come to a local lack of CO2. Then the elements 
look for a crystallization point (nucleus) where to 
start the crystallization. These spots are always lo-
cated on the walls of the pipes, these represent the 
solid base on which the crystals can grow. More 
and more elements deposit, the lime deposits grow 
and incrustations, also known as scale, develop. 
They consist of calcium carbonate mixed with ma-
gnesium compounds, gypsum, silicates and iron 
compounds (therefore the yellowbrownish colour). 
These sedimentations favour corrosion and worsen 
the heat transmission of heating bars and heat ex-
changers.

How is it possible that there are local energy dif-
ferences in the water? In the case of heating bars 
it is easy, heat is transmitted to the water. In pipe 
bends the water is accelerated, the energy for 
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this process comes from the inner energy of the
water, pressure and temperature changes are the
consequences. The same goes for branches and
ending points. Here, turbulences are caused, also
with the inner energy of the water and with the
same consequences.

If we take a look at pipes that have been used over
years, we can see that incrustations always start in
pipe bends or branches and from there grow into
the straight areas. When a pipe clogs up, the affected 
areas are normally these areas, while the
predominant part of the pipe system is still
completely in working order and able to let the
water flow through. 

What happens chemically during the crystallization? 
The following formula (1) explains it:

Ca(HCO3) •‘3f CaCO3 + H2O + CO2

Picture 1: Unit cell of an aragonite
(Rhombic system)

In the first place it is remarkable that the described re-
actions towards a lime formation can also take place 
the other way round, i.e. the lime can also dissolve 
again (see above). Which of the two reactions takes 
place depends on the lime- carbonic acid- balance. 
If there is a surplus of CO2, lime is dissolved, if not, 
lime is secreted. These processes are also dependent 
on pressure and temperature changes, therefore on 
physical parameters.

At this point, it is appropriate to say something about 
the lime crystal. It is known that almost all substan-
ces defined as solid are crystalline.
Crystals are divided in 7 crystal systems and 32 crys-
tal classes, which differ from each other through their 
lattice structure.

Picture 2: Unit cell of a calcite 
(Trigonal system)

Lime can crystallize in two different structures which 
are chemically completely identical. The lattice struc-
tures are different but related. Afterwards, the lattice 
type Aragonite (picture 1) or Calcite (picture 2) is 
formed. When the chemical structure is the same, it 
depends on thermodynamic circumstances (pressure, 
temperature) which modification is produced. As the 
pictures show, in both unit cells, one axis is longer 
than the others. This means that a crystal grows faster 
in this direction than in the others. The grow velocity 
is anisotropic, i.e. dependent on the direction. 

That means that crystals that grow undisturbed 
develop a needle-shaped form. If the grow velo-
city was the same in all axis directions, globular 
crystals would develop. In the lattice type Calcite, 
there is also a crystallization of magnesium carbo-
nate MgCO3 and FeCO3, and that is why these sub-
stances are also incorporated in the scale formation.  
On the other side, Anhydrite (dried gypsum or 
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gypsum [CaSo4 2H2O]) corresponds to the lattice 
type Calcite. In similar lattice types phosphates and 
sulphates such as silicates of calcium and magnesi-
um also crystallize. This favours their incorporation 
in the deposits. Also for them present crystallization 
nuclei serve as a starting point for a segregation in 
the water and not for a deposit on the walls of the 
pipes or on heating bars, especially in warm water 
– in which these water companions often dissolve 
first. 

So what do devices do when they show the
promised effects?

1. They do not convert lime. Into what should they? 
The devices cause that Calcium hydrogen carbo-
nate Ca(HCO3)2 turns out as Calcium carbonate 
CaCO3, which is electrically and chemically neu-
tral in water. And this is a solid with the special 
concomitant that the crystal does not crystallize on 
an already existing solid but is formed in the flow-
ing water. Such a crystal forms according to laws 
of nature with typical parameters valid for every 
substance and it takes on a form according to the 
law of nature. 

2. The result is that these crystals do not have spe-
cial characteristics but special forms that do not at-
tach to each other any more and therefore prevent 
calcification. At this point the described mechanism 
is effective.

3. Water

To understand the following processes, now some 
information about water are given. It is way more 
than what the formula H2O says. The two hydro-
gen atoms and the oxygen atom form a equilateral 
triangular and incircle a ~110° angle, as shown in 
picture 3.

Picture 3: 
Angle structure of a water molecule

This is the reason for a lot of characteristics that 
distinguish water from other, similar molecules. 
Two gases that react with each other form a liquid 

and not a gas, as it is e.g. with carbon dioxide CO2 
(solid substance and gas!), a molecule a lot heavier.
Because of this angle position water molecules 
form chains and clusters that cause the fluid state. 

This is possibly the reason why water may have 
a “memory” in which it adopts structures in the 
chains and clusters that do not change even when 
the water moves. These chains and clusters are held 
together by Van de Waals powers or dispersion po-
wers or hydrogen bridges. The bond is based on the 
attraction of electric dipoles present in molecules 
with polarized bonds or angled structure. 

At the University of Stuttgart, scientific researches 
are conducted concerning this problem and first re-
sults show that the behaviour of water is influenced 
by electric and magnetic fields. Such phenomenon 
have been known for a long time but have never 
been investigated scientifically. 

This molecule form leads to a further special cha-
racteristic. Water shows a dipole character. Through 
the bond, both elements strive for an inert gas con-
figuration in their outer electrons shells. In the case 
of hydrogen there are two electrons, in the case of 
oxygen eight. Oxygen is missing two and each hyd-
rogen one electron. In the molecule the total of two 
bonding electrons is available for all three atoms, 
so that an inert gas configuration can be reached by 
all molecules. 
In all homeopolar bonds of diverse atoms, the bond 
is polarized, i.e. the bonding electrons pair is moved 
towards the direction of the bonding partner with 
the higher electron affinity, in this case the oxygen 
atom. If the water molecule is put in an electric 
field, it lines up so that the oxygen shows towards 
the positive electric side and the hydrogen molecu-
les towards the negative electric side. So the water 
molecule is charged a little bit more negatively on 
the side of the oxygen and a little bit more posi-
tively on the side of the hydrogen. 

This fact, together with the molecule form, plays 
an important role for the dissolving ability of water 
and for the physical water treatment. At this point 
further anomalies are only briefly mentioned: when 
water passes to a solid state (ice) its density decre-
ases. If the ice is put under pressure, it liquefies 
again. Normally, liquids under pressure pass to a 
solid, crystalline state. These few indication already 
show that there is probably a lot more about water 
than today’s modern research has discovered so far and
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that it surely contains up to now incomprehensible
effects of the so called Plocher and Grander water.
We should not rashly blame the water if we do not 
know anything about it. 

4. Physics and chemistry

What happens physically and chemically when a 
physical water treatment device is used? As there 
are a lot of different application principles, from 
magnets introduced in the water pipes to the injec-
tion of seed crystals in the water, around which lime 
particles attach, in the following only one principle 
often offered and often controversially discussed is 
going to be examined.

The processes are described on the basis of a device 
with an appearance often found and which effects 
are questioned. The test explained here is based on 
the functioning and mode of action of this device. 
It is a blackbox from which two cables exit and are 
wound around the pipe. These cables transmit oscil-
lations to the water that are supposed to “convert” 
the dissolved lime and render it harmless.

This formulation has been chosen intentionally be-
cause it essentially corresponds to the description 
of the function of offered devices and therefore 
already puts in doubt the repute and seriousness. 
What kind of oscillations are transmitted? Some 
descriptions do not even talk about calcium being 
converted, the producers seem to come from the 
times of the alchemist. Some say that the pipe ma-
terial does not matter and that the device can even 
remove already existing lime incrustations. How 
can oscillations achieve all this? Seriously, who 
thinks to understand just a little bit of physics and 
chemistry already finds enough apparently scienti-
fic arguments to question the functioning. 

What does a device do that really prevents lime de-
posits in pipes? At this point the first question has 
to be what it has to do to fulfil this demand? The 
answer is easy: It has to create the conditions under 
which the calcium hydrogen carbonate Ca(HCO3)2 
is washed away with the water as a crystal and does 
not attach to the pipe walls as calcium carbonate 
crystal CaCO3.

In the following, the physical and electrical possibi-

lities that an effective physical water treatment sys-
tem has to offer are examined. This simply means 
that it has to cause the effect that the dissolved lime 
does not attach in crystalline form to the walls or 
contact points with the pipes, to devices and fittings 
in contact with water. This is only possible if the 
dissolved lime crystallizes in the water before the 
contact with these areas. Therefore two conditions 
in the water have to be fulfilled:

1. Crystallization nuclei have to be present or 
created.

2. The lime- carbonic acid- balance has to be 
changed so that dissolved lime becomes solid.

Experience has shown that the introduction of ma-
gnetic or electric fields in the water can have such 
effects, even if with different success. In the fol-
lowing, only the effects of electric fields are exa-
mined, but from these the conditions under which 
magnetic fields can also be effective can be derived.

If we take a look at picture 4, we can see the two 
windings through which impulses are transmitted. A 
lot of producers call these windings “coils” because 
they look like coils, but electrically speaking they 
are not. So an “inductive” coupling is not possible 
and if it was inductance, the device would fail in 
the case of iron pipes, but it does not. The winding 
represents a part of a capacity, it is one capacitor 
surface, the other one is the water. This winding 
is a technological compromise, a metal foil placed 
around the pipe on the same length would have a 
slightly higher capacity, but would also have to 
be custom made for every pipe diameter. Normal 
loudspeaker cables instead are sold in metres and 
adapt to the different pipe diameters without any 
problems. 

Battery		       Insulator 

Picture 5: Charge separation
through influence

How can, with this arrangement, an electric field 
be caused in the water even through every pipe 
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material? This is the point where most doubts begin. 
With this arrangement, it comes to a physical effect 
widely spread in the electric everyday life but not 
well known: the influence. In picture 5 the principle 
of the process is shown on the basis of a capaci-
tor. When voltage is transmitted to the two capa-
citor plates, a charge displacement in the dielectric 
(insulator) is caused, which is the opposite of the 
charge of the plates. When the plates are dischar-
ged, the polarisation of the insulator also disappears 
as in the insulator electrons cannot move but only 
bound electrons are displaced. But if on the other 
hand e.g. two metal sheets laid on top of each other 
(electric conductor) are put into the electric field 
between the capacitor plates, the charge separation 
is the following: the surface of one metal sheet gets 
a negative charge (opposite of the positive capacitor 
plate) and the other one gets an equivalent negative 
charge. This phenomenon is called influence. If the 
two plates in the electrical field are separated, one of 
the plates shows a negative charge (surplus of elec-
trons) and the other one a positive charge (shortage 
of electrons).

A capacitor is impermeable for direct voltage but 
not for alternating voltage. This fact is used when 
it comes to introduce electric alternating fields in 
the pipes. Picture 6 is an instant photograph of this 
process. You can see that the pipe material does not 
have any influence on the capacitor effect in the ar-
rangement.

            metal pipe                   non metal pipe

If the winding wire is charged by a pole of a power
source, the same electric charge of the opposite sign 
is bound in the water pipe through influence (as the 
water comes from the earth). 

If it is a temporal periodic charge transfer, or, res-
pectively, a charge and discharge, a so called dis-
placement current is produced - like in a capacitor 
(apparently) influenced by alternating current - bet-

ween the insulated winding wire and the pipe wall 
(this can be calculated with the Maxwell equation).
This is the continuation of an alternating (+-+-+-…) 
or pulsating (0+0+0+0…or 0-0-0-…) conduction 
current which develops between the pipe (including 
the water) and the ground. This results on the one 
hand from an alternating or pulsating electric field 
orientated in the longitudinal direction of the pipe 
and on the other hand from a magnetic eddy field 
centrically wound around the pipe. Measurements 
have shown that an effective voltage of •‘3f1 volt 
is produced between the winding and the water and 
that there is a displacement current of‚ 3f 5•A.

Picture 7: Schematic representation of dissolved
and bound lime

At this point, some more attention has to be paid 
to the lime dissolved in the water. Picture 7 shows 
the connections. The dissolved lime – calcium hy-
drogen carbonate – dissociates in one double po-
sitively charged calcium ion and two negatively 
charged hydrogen carbonate ions. These ions are 
surrounded by a water cage. The water molecules 
settle around the calcium so that the oxygen points 
towards the calcium and the hydrogen towards the 
outside. Electrostatic powers hold these clusters 
together. The carbonate remnants are surrounded 
in the same way only that the oxygen atoms of the 
water molecules point to the outside. These clusters 
altogether show a positive or respectively negative 
charge. A schematic representation is given in pic-
ture 8, the clusters just have to be imagined as mi-
nute spheres. They have a diameter of 1 to 2 nano- 
meters (nm), assuming that about 100 to 200  
water molecules are involved. If the mass of  
these clusters is calculated, it results that the mass  
of the Ca- clusters as well as the mass of the 
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bicarbonate remnants is of 30x10^-22g up to 
60x10^-22g. These results are interesting for the 
water treatment.

Picture 8: State of lime dissolved in
water (schematic)

Coming back to the inducted electric alternating 
field, it is to say that that the periodically alternating 
field in the inside of the pipe influences the ions or 
dipolar molecules closed in water cages in the water 
in a way that they move from the one direction of 
the pipe to the other to the beat of the alternating 
field. The electric oscillation has lead to an oscil-
lation of matter which spreads axially. Physically, 
this is a mechanical (acoustic) longitudinal wave or 
shock wave. Areas with overpressure and negative 
pressure alternate. In atomic and molecular fields, 
this locally causes an adhering of the CO2. If the 
oscillation frequency is suitable, the water cages 
disintegrate and this also leads to a local decrease 
of the CO2 concentration. The lime- carbonic acid- 
balance is locally disturbed and at the same time the
dissolved lime ions that are freed from the water 
cage can meet and react with each other: a lime mo-
lecule has been produced which now serves as crys-
tallization nucleus.*) Other molecules are taken up 
by this nucleus and form a lime crystal in the water. 
This lime crystal is electronically neutral and does 
not react in tap water any more. Therefore, this lime 
crystal is not taken up by existing lime deposits on 
the pipe walls anymore.

To cause these processes, the electric alternating 
field has to contain frequencies that if possible 
lead to resonance oscillations of the water cages. 
Since all tap waters that correspond to the German 
drinking water decree are different regarding the 
quantity of dissolved minerals, the pH-value and 
the conductivity, the formation of the electric al-
ternating field is also influenced. Besides, there is 
the changing flow velocity. Devices that work with 

only one frequency can also successfully set off this 
cycle by chance, but most of the times they do not 
show any success.

A couple of technical data about the device exami-
ned here are known as well as positive experiences 
about the effect. Therefore, it makes sense to theo-
retically and (as far as possible) practically assess 
the effectiveness of the device by means of these 
information. 

The device is provided with two windings. Each 
winding receives impulses with a clock frequency 
of 10 Hz, 50 ms pulse duration, 50 ms rest and de-
energize. When one has the rest and de-energize, the 
other one receives the impulses. Each impulse has a 
frequency response of ca. 3 to 15 kHz, spread on 50 
ms. As there was no suitable measuring technique, 
the frequency response could not be measured. If 10 
oscillations are counted per kHz, the pulse duration 
is approximately reached. At this point it has to be 
particularly emphasized one more time that this is 
only an attempt to generally explain the effective-
ness. The complexity of the excited oscillations 
including the overlapping of different waveforms 
(overtones) cannot be taken into consideration.

The device is supposed to safely treat 5000 litres of 
water per hour. In the case of a half inch pipe this 
means the flow of a water column of 11,3mm/ms, in 
the case of a one inch pipe it would be 2,8mm/ms 
and in the case of a two inch pipe 0,7mm/ms. As the 
length of the effect of an electric alternating field 
is of •‘98500 mm (the producer indicates •‘981000 
mm), this means that this distance is just covered. 
Every ion water cage has enough time to fall apart. 

What about the reaction velocity of the chemical 
components? The Max-Born-Institute for nonline-
ar optics and transient spectroscopy in Berlin has 
examined the velocity of the formation of molecu-
les on the basis of water molecules with a special 
laser array. The result was a time between 10 and 
20 femto seconds (1 fs = 10^-15 second). This time 
is as inconceivably short as the universe is incon-
ceivably big. The distance light travels in 1 fs gi-
ves us an approximate idea of how short this time 
is: •‘3f0,3 •m. In the time light travels 6 mm, 1000 
molecules can be formed. Therefore, it is very pro-
bable that the molecule formation and the formation 
of nucleus crystals take place in the section treated. 
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5. Protective layers and incrustations 

At this point the formation of incrustations is only 
briefly mentioned for the processes in pipe bends. 
The flowing water accelerates in the pipe bends. 
The water flowing in the outer radius is faster than 
the water in the inner radius. According to the simp-
lified Bernoulli’s equation (2), the sum of the static 
and the dynamic pressure is constant:

Pdyn + Pstat = const.

In the water that flows faster, the dynamic pres-
sure increases and the static pressure decreases. 
This means that CO2 escapes from the inner radi-
us towards the outer radius and the lime- carbonic 
acid- balance is disturbed. Lime is set free, looks 
for a crystallization point and finds this point on 
the walls of the inner radius. Little by little, a layer 
of lime epitaxially grows in which other minerals 
also deposit. On this irregular surface turbulences 
develop, the same happens in pipe branches because 
of pressure fluctuations, so that in both cases lime 
deposits develop. As water, and therefore also the 
CO2, evaporates in faucets and shower heads, also 
here lime deposits develop. On heated surfaces the 
CO2 is also removed from the closer surrounding 
area, so that theses surfaces are also favourite crys-
tallization points for the lime. For two reasons, the 
presence of lime in drinking water is important and 
therefore a minimal amount that corresponds to a 
water hardness of 8,4°d is stipulated by the German 
drinking water decree. Firstly, the drinking water 
provides a big part of calcium the body needs and 
secondly, the bicarbonate remnants of the dissolved 
lime reacts with the metal of the pipe and so forms a 
metal carbonate protective layer. This is especially 
important in the case of copper pipes (see below). 
Picture 9 shows a detail of such a protection layer. 
You can see how the crystals grow on the metal sur-
face. Such bundles of crystals cover the surface and 
protect the pipe against corrosion.

Picture 10 shows this even better. It is an electron 
microscopic picture of an artificially produced 
phosphate protective layer against corrosion. Phos-
phates crystallize in a similar crystal system as car-
bonates. In time, this desirable quality of lime beco-
mes a disadvantage as more and more lime deposits 
grow in these protective layers since they are ideal 
crystallization points. Slowly, a pipe clogs 

Picture 9	 Picture 10	 Picture 11
Lime protective	 phosphate	 Lime dust
layer	 protective layer	 deposits

up, starting in the pipe bends and branches. As in-
dicated above, from here theincrustations grow into 
the straight sections of the pipe. This process takes 
places as long as there is dissolved lime in the wa-
ter. But most of the lime transported in the water 
is washed out of the pipe without depositing. After 
all, with a water consumption of 100 m³ per year 
and a water hardness of 28°d, about 45 kg of lime 
are transported through the pipes. If the lime has 
been transformed into crystals in the water as de-
scribed above, the lime is washed out of the pipe 
with the water in form of a fine submicroscopic 
crystal, a crystallization on the walls of the pipes 
is not possible anymore. The lime crystals deposit 
irregularly, as shown in picture 11. This condition 
stays the same also in warm water. Applications 
have shown that further dissolved minerals depo-
sit on the nuclei build of the lime crystals and sink 
to the bottom of e.g. water boilers in form of dust 
without growing on the heating bars. This way, 2 
kg of lime dust deposits could be removed from a 
150 litre water boiler after a year of operation, the 
heating bars were absolutely scale free. User report 
that the heat exchangers for the hot-water supply in 
the case of district heating also stay lime free on the
secondary side. Since the installation of the exa-
mined device four years ago, no cleaning has been 
necessary. The lime has been made harmless but 
has not been removed and is still physiologically 
present. Another consequence of this is that water 
drops that dry on surfaces leave lime dust which 
can be removed with a humid cloth. But if it is left 
in a humid surrounding for a while, it can locally 
dissolve under the influence of the CO2 in the air 
and if it dries again, a crystallization on the surface 
is possible: This incrustation can only be removed 
with a decalcifier.

But these devices are also supposed to remove exis-
ting deposits and to prevent rust or corrosion. Is this 
possible? And if it is possible, how does it work?

Physical water treatment - this is how it works!
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6. Removal of deposits and protection
against corrosion 

First of all, some information about the removal of 
lime deposits: If we take a closer look at the equa-
tion (1) we can see that the chemical reaction can 
not only take place from the left to right side (lime 
segregation) but also from the right to the left (lime 
dissolution). Here again, the lime- carbonic acid- 
balance plays a crucial role. If there is a surplus of 
carbonic acid, lime is dissolved. With each dissol-
ved lime molecule crystallized in the water one car-
bonic acid molecule is produced. This carbonic acid 
gradually attacks and dissolves the lime deposits on 
the pipe walls and so removes the lime. Depending 
on the level of the incrustations in the pipe (water 
hardness, working life), this process can take bet-
ween half a year and two years. During this time, 
light lime deposits outside the water develop again. 
When this process is finished, no more incrustations 
develop. The lime is removed, but the carbonate 
protective layer is maintained.

Of course the lime crystal in the water is also expo-
sed to this influence. But the crystal produced in the 
water has been able develop in an almost weight-
less state and therefore a crystal structure forms that 
shows only a few lattice defects such as vacancies, 
interstitial atoms, substitution atoms and molecu-
les, displacement and stacking faults. Therefore, 
this crystal offers less targets than the incrustation 
presenting these errors and therefore also a bigger 
surface and with that a higher inner energy. This is 
why this incrustation is attacked more, often with 
a selective dissolution, what leads to the eruption 
of coarser lime particles which can accumulate in 
the aerators.

Now the equation (1) represents a balanced stati-
onary state. But in nature fixed equilibria do not 
exist, only flowing equilibria. At the melting point 
of water e.g. ice and water exist at the same time, 
therefore balanced. This means that statistically in 
one time unit the same amount of  water molecules 
changes from the liquid to the solid state as water 
molecules melt from the ice. 
The equilibrium is flowing. The lime segregation as 
well as the lime dissolution described in the equati-
on (1) are also subject to this static process, if there 
is no intervention from the outside. The processes in 
the section treated will not catch all present mole-

cules. Even if in smaller amounts, there will still be 
dissolved lime in the pipe which can also segregate 
but then be dissolved again. But since the physical 
water treatment intervenes in favour of the dissolu-
tion of the lime and the removal of the deposits, new 
incrustations do not form. Statistically, it is possible 
that during these processes surfaces that are not yet 
covered with metal carbonate crystals (see pictures 
9 and 10) now form such crystals and so make the 
corrosion protection layer thicker.

The described mechanism of the formation of a pro-
tective layer is not the only effect preventing corro-
sion. Since there is already a protective layer, nor-
mally no corrosion should occur, but as experiences 
show corrosion does occur, in galvanized iron pipes 
as well as in copper pipes. 

What is the reason?

       Cathode              Anode                Cathode

Picture 12: Ventilation element

In technology there is a corrosion process called 
ventilation element. Picture 12 describes this 
process. Iron is an electric conductor, water is an 
electrolyte. When a water drop lies on the iron, an 
electrolytic element has been formed, the only thing 
missing is the electric voltage. At the edge of the 
water drop the oxygen contact towards the metal 
surface is stronger, the centre of the drop is less ven-
tilated. Thus a potential difference between these 
two areas develops, the edge of the water drop beco-
mes a cathode (surplus of electrons) and the centre 
of the drop an anode (shortage of electrons). Being 
an electrolyte, the water now enables the closed 
electrical circuit between anode and cathode. At the 
anode, positively charged ions of the prevailing me-
tal dissolve, react with the water and deposit as rust, 
while the electrons take the way through the metal 
to the cathode. In principle, the process is the 
same in the case of copper.
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                                                      Metal pipe

  Anode                       Cathode

Picture 12a: Corrosion through lime deposits
with different thickness 

In principle, the same process takes places in our 
pipes, the only difference lies in the reasons for the 
different oxygen contacts to metallic surfaces. Pic-
ture 12a schematically represents this constellation. 
As long as the water is not physically treated, lime 
favours to deposit, as described above. Between 
the areas with strong lime deposits and the lime 
free areas, this causes that the more or less strong 
oxygen contact in the water effects the surfaces 
with a different concentration. This way, they same 
process as in the ventilation element is caused. As 
it is generally known, most of the times corrosion 
occurs in pipe bends, branches and Tpieces which 
show thick deposits. If these deposits are removed 
leaving only the protective layer, the oxygen con-
tact is the same everywhere and an electric potential 
cannot develop anymore. This process is especially 
important for copper pipes, as with a high oxygen 
content and pH values lower than 6,5, copper is es-
pecially corrosion endangered and specially tends 
to pitting corrosion. In these cases a thick protec-
tive layer is especially important, also because of 
the impurity of the copper (supplier of cheap pro-
ducts) that favours the formation of local elements. 
Thus, more and more copper comes into the water 
and this is unfavourable for the health. According 
to the recommendations of the Federal Ministry of 
health, babies should not drink tap water in these 
cases. Water suppliers call copper the “lead of the 
20th century”.

The dealt facts show that the effectiveness of the 
physical water treatment has not only been pro-
ven by users but that there are also theoretical and 
practical physical-chemical proofs. But a precondi-
tion is that the device offered more or less fulfils 

the described parameters. In general, the electronic-
technological demand is pretty high, so that most of 
the times cheap devices cannot fulfil the demands.

The mode of action of these devices shows that the 
usual test procedures to determine the effectiveness, 
especially short tests have to fail and provide false 
results. A new testing procedure has to be developed 
which can also provide a quantitative proof of the 
theoretic connections described here.

I would like to thank Prof. Dr. H. Ungenannt, Ma-
geburg, for the support during the interpretation of 
the electric processes, Mr. K. Matthies, Dipl.-Ing., 
Berlin, for the help concerning the measurement 
technology, Prof. Dr. W. Morgner, Eichenbarleben, 
for the critical discussions of the present work and 
the engineering firm for physical water treatment 
Helmut Siegmund, Königs- Wusterhausen, for the 
provision of the device. 

Information about the device and the producer can 
be sought over the author or the engineering firm 
Siegmund, Herdstr. 7, 15711 Königs Wusterhausen.
Pictures: 

• Pictures 1 and 2: W. Kleber, Einführung in die
  Kristallographie, Verlag Technik Berlin, 1956
• Picture 4: Information script from Christiani
  Wassertechnik GmbH
• Picture 9 and 11: Information script from
  Christiani Wassertechnik GmbH
• Picture 10: Information script from the BM
  Wmotorcycle factory Berlin
• Picture 12: W. Schatt (editor), Einführung in die
  Werkstoffwissenschaft, VEB Deutsche Verlag für
  Grundstoffindustrie, Leipzig, 1981

*) Coral animals build their coral sticks on the same 
basis. In their feet area, they have plant cells that 
contain chlorophyll. This produces organic material 
(carbohydrates) from water and CO2 by the means 
of sunlight. Thus, the lime- carbonic acid- balance 
is also disturbed (reduction of the Co2) and this 
leads to a secretion of lime forming the coral sticks. 
This is a reason why corals only exist in sun floo-
ded shallow water, as only here there is enough sun 
energy for the photosynthesis process.
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LFU - Laboratory for environmental analysis Ltd.
(Research of environmental damage)
Germany
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TÜV Nord Certificate
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CE Certificate
Germany

   CE Declaration of Conformity

Issuer’s name and address: Christiani Wassertechnik GmbH 
     Köpenicker Str. 154 
     10997 berlin 
     Germany 

Product:    Water conditioning appliance 

Type designation:  Vulcan 
 3000/ 5000/ S10/ S25/ S100/ S250/ S500 

The designated product is in conformity with the European Directive: 

89/336/EEC 
including amendments 

„Council Directive of May 1989 on the approximation of the laws of the Member States 
relating to electromagnetic compatibility“. 

Full compliance with the standards listed below proves the conformity of the designated product 
with the essential protection requirements of the above-mentioned EC Directive. 

DIN EN  55014-2 (VDE 0875 Teil 14-2): 2002-08; EN 55014-2:1997 + A1:2001 
Requirements of category II 
DIN EN 55014-1 (VDE 0875 Teil 14-1); 2003-09; EN 55014-1:2000 + A1:2001 + A2:2002 
DIN EN 61000-3-2 (VDE 0838 Teil 2): 2001-12; EN 61000-3-2:2000 
DIN EN 61000-3-3 (VDE 0838 Teil 3): 2002-05; EN 61000-3-3:1995 + Corr.:1997 +A1:2001 

The VDE Testing and Certification institute (EU identification No. 0366), Merianstr. 28, 63069 
Offenbach, has tested and certified the product granting the VDE Approval for the mark(s) as 
displayed.  

Certificate No.   94050 
File Reference  1898800-4521-0001 / 75684 FG43 / FU 

berlin, 18. July 2011    ________________________________ 
(Place, Date)     (Legally binding signature of the issuer) 
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Christiani Wassertechnik GmbH (CWT)
Köpenicker Str. 154
10997 Berlin
Germany EN 11/2012

Client List

phone: 	 +49 (0)30 - 23 60 77 8-0
fax: 	 +49 (0)30 - 23 60 77 8-10
email: 	 info@cwt-international.com
web:	 www.cwt-international.com


