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Executive Summary
In domestic water systems or recirculating heating systems, limescale (CaCO 3 + MgCO3)
precipitates preferentially on heat exchanger surfaces. In hard water areas, this can be
overcome or at least reduced by the use of water softeners, chemical inhibitors or physical
(including electrolytic and electronic) devices. The DWTA (Domestic Water Treatment
Association) have developed a Build-Cert approved glassware test for measuring the efficacy of
chemical inhibitors in reducing scaling of stainless steel heat exchangers. This test has been
modified to look at the effect of incorporating electronic scale reducers with non-chemically
treated natural hard water.
A schematic of the experimental test arrangement is shown below. Flanged glass cells of 1 litre
capacity together with polypropylene lids containing various ports were used. Fitted into the lids
were an air condenser and a 15mm diameter copper pipe. Stainless steel heater sheaths with a
400 grit finish were fitted over 150W cartridge heaters, the watt density on the surface of the
heater sheaths was 25W/cm2. The water was heated through the cartridge heater to 82°C +/1°C with the temperature controlled using a platinum resistance thermometer connected to a
temperature control box.
Natural mains hard water from Fareham was used with total hardness 300mg/L (as CaCO3), pH
7.1 and Alkalinity of 244mg/l. The water was poured slowly down the copper pipe until the water
level was around 5cm above the top of the treatment signal coils. During testing the water was
stirred using a magnetic stirrer rotated at approx. 200 rpm.
The test was carried out using two control cells, two cells for Scalewatcher and two cells for
Enigma products. Unfortunately one of the Control cells failed within the first few hours. All
cells were to run untreated for 4 days with daily replacement of the test water to enable a
degree of scale to form, which is known to encourage further scaling. There then followed a
further six days with the test units switched on, again changing the water daily.
Both devices demonstrated an inhibition for scaling. The following method was used to
measure the efficacy for preventing further scale build-up:
100 x (scale on control – mean scale on test unit / scale on control)
For the Enigma this was 71.7% and for Scalewatcher 94.9%. As the output of both these
devices is identical the apparent difference in performance would likely eventually be much
closer; ie if given a few more days for further scale to spall off due to the treatment.
The Rapid Scaling Test is considered a suitable test for
measuring the effectiveness of Electronic Water Conditioning
products in reducing hard water scaling. The results are
considered positive, especially when the following is taken into
consideration:
1. Water Temperature. Testing carried out at 82°C,
whereas domestic water is heated to only 60°C.
2. Heat Flux. Domestic immersion heaters have a heat
flux of <8 W/cm2, whereas the test heater has a much
higher heat flux of 25 W/cm2
3. The vast majority of hot water systems are heated by
non-electric means with further greatly reduced heat
flux.
All of these factors greatly increase the severity of the test,
however they also assist in achieving the requirement of having
a test that uses minimal amounts of water, energy and time, all
of which are expensive.

1. INTRODUCTION
Midland Corrosion Services were asked by ETC Ltd. to carry out a glassware test to
investigate the effectiveness of electronic scale reducing devices on the descaling of prescaled heater sheaths (heat exchangers).
2. TEST METHOD
The tests were carried out in 1 litre glass vessels (cells) with 15mm copper pipe attached
through the polypropylene lids, around which the signal coils from the electronic scale
reducing devices were wrapped. The devices tested were Enigma made by ETC and
Scalewatcher sold by Fast Systems. The experimental set-up is shown in Fig. 1.

Signal coils from devices

Stainless steel heater sheath

Fig. 1 Experimental Set-up

MCS Report 0829

1

Heater sheaths made of 316 stainless steel were fitted over a 150W heating element,
which was heated over the bottom 2cm. This gave a watt density of 25W/cm2 on the
surface of the heater sheaths. The test waters were heated to 82 +/-1°C by use of the
heating elements with the temperature controlled by use of a PRT and a temperature
controller. The water was stirred at approx. 200 rpm by use of a magnetic stirrer.
The test water was Fareham mains water, which is a hard water of TH = 300mg/L,
alkalinity of 244mg/L and pH of 7.1, as shown in the composition given in Appendix 1. The
test was carried out in 2 stages – a pre-scaling part with devices inactive and a descaling
part with devices active.
The pre-scaling part was carried out over 4 days with the water changed every 24 hours
(while the heaters were turned off). At the end of the 4 days, the heater sheaths were
removed and after drying naturally in air and storing for 24 hours in a desiccator, were
photographed and weighed to 0.1mg using an analytical balance. The rubber ‘o’ ring on
the heater sheaths were left in place so as not to risk disturbing any scale deposited on
the sheaths.
The descaling part of the test was carried out over 6 days with the devices active and with
the water changed every 24 hours. In this stage, the water was fed down the copper pipe
around which the signal coil was wrapped until both arms of the U were full. This to was
make sure that the fill water was exposed to electrical signal from the coils. The water
was then fed into the cell at the same rate as fresh water was being fed into the top of
the copper pipe. A transparent hose attached to the lid, enabled the final water level to
be just above the top signal coil. Hence around 1.1 litres of water was added to each cell
on each filling.
At the end of each 24 hour period, the heaters were turned off and the water poured
from the cell through the copper pipe and through a fine 250 BSS sieve. This was to catch
any scale which had spalled off the heater sheath. The sieve was backwashed into a
labelled beaker for each cell using demineralised water. The cells were then refilled with
Fareham water exactly as before. At the end of 6 days, the cells were dismantled and the
heater sheaths removed from the heaters and allowed to dry in air. After storing in a
desiccator for 24 hours they were photographed and weighed using an analytical balance
both with and without the rubber ‘o’ ring.
The heater sheaths were rinsed in 4M HCl until all the scale had dissolved and were then
rinsed in demin water and dried in warm air. They were then reweighed (without the ‘o’
ring) on the analytical balance. The weighings carried out enabled the amount of scale
deposited or removed from the heater sheath during the 6 day ‘descaling test’ as well as
the total amount of scale deposited on the heater sheaths at the end of the 10 day test.
It should be noted, however, that weights obtained with the ‘o’ rings in place would not
be as accurate as without the ‘o’ rings, as absorption of water in the ‘o’ ring could
influence the result.
The amount of detached scale from the heater sheaths during the descaling part of the
test was determined as follows. A small amount of acid was added to the labelled beakers
to dissolve any scale (backwashed from the sieve) and this was then rinsed with demin
water into the appropriate glass cell to dissolve any scale remaining in the bottom of the
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cell. The total acidic water containing any dissolved scale was made up to 1 litre using a
volumetric flask and after shaking a sample of this was sent away to a UKAS accredited
lab for analysis. Hence, if total hardness figure of say 30mg/L as CaCO3 was obtained from
the water analysis, this would mean than 30mg of scale in total had spalled from the
heater sheath in the 6 days. It should be noted, that no scale had become detached during
the 4 days pre-scaling part of the test.
A total of 6 test cells were set-up, 2 with the Enigma device, 2 with the Scalewatcher
device and 2 blanks (controls) with no coils around the copper pipes. Unfortunately, one
of the relays on the temperature controller blew during the test for one of the controls
and hence this test had to be aborted. Fig. 2 below shows the tests underway for 3 of the
cells - 2 cells with the Scalewatcher device and 1 cell with the Enigma device.

Fig. 2 Tests underway with active scale reducing devices
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3. FINDINGS
The appearance of the heater sheaths after the 4 days pre-scaling and further 6 day
‘descaling’ tests are shown below in Figs. 3 and 4.
The weights of the heater sheaths after 4 days and 10 days and after removal of the
scale is given in Appendix 2. This shows that there was more scale deposited during the
final 6 days with the control (blank test) 118mg than with either of the two devices, with
mean values of 33.6mg for Enigma and 6.0mg for Scalewatcher. The mean value for
Scalewatcher was low because in one test with the Scalewatcher device (cell 6) there
appeared to be some slight descaling by 50mg during this period. The result is
summarised in Table 1. From this result can be calculated:
Scalewatcher efficacy for preventing further scale build-up = 100 x (Control-Mean
Scalewatcher)/Control)
= 100 x (118.3 – 6.0)/118.3 = 94.9%.

Additional wt of scale
formed (mg)
16.9

ENIGMA

Mean

% Reduction

33.6 mg

71.6

6.0 mg

94.9

50.2
SCALEWATCHER

-50
61.9

CONTROL

Table 1

118.3

118.3mg

Amount of additional scale formed on prescaled heater sheaths
in final 6 days with devices active

Appendix 2 also shows the amount of scale spalled from the heater sheaths during the
second part of the test, as derived from the water analysis of dissolved scale.
A summary of the results for the total weight of scale deposited and spalled from heater
sheaths in the 10 day test is shown in table 2 below. At the end of the 10 day test, the
total amount of scale deposited on the heater sheaths was 84 mg for the Scalewatcher
Device; 106mg for the Enigma device and 148mg for the control. The mean total amount
of scale spalled off the heater sheath into the water and cell as determined by water
analysis was higher for the control at 75mg than either the Scalewatcher at 63mg or the
Enigma at 44mg. By taking the sum of the wt of scale formed on the heater sheath and
the wt of scale spalled, one obtains the total amount of limescale formed, as given in the
last column. This shows that the total scale formed was around 50% higher for the control
at 223mg than for either the Enigma at 150mg or the Scalewatcher at 147mg.
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Total wt of scale
on heater sheath
at end of test (mg)
ENIGMA
SCALEWATCHER
CONTROL

108.9
103.1
68.0
100.1
147.5

MEAN

106
84.1
147.5

Total scale
spalled (mg)*
60.6
26.8
73.5
51.7
75.3

MEAN

43.7
62.6
75.3

Total Scale Formed
(mg)**
169.5
129.9
141.5
151.8
222.8

MEAN Total Scale
Formed (mg)**
149.7
146.7
222.8

Table 2 Amount of Scale formed on heater sheaths after test and spalled off heater
sheaths and total scale formed
4. DISCUSSION
From these images, all the heater sheaths exhibit significant scale deposition
predominantly around the central part (where heating is most intense) after both stages
of the test. It is difficult from these images to say with any certainty that there is any
difference in scaling or descaling between the tests with and without the Enigma and
Scalewatcher devices.
Nevertheless, the amounts of scale deposited on heater sheaths in the final 6 days with
active devices and at the end of the 10 day test do appear to be significantly less with the
antiscaling devices than without. The additional scaling on the pre-scaled heater sheaths
was reduced by 72% for the Enigma device and by 95% for the Scalewatcher. The total
scale deposited over 10 days was reduced 28% for Enigma and by up to 76% for the
Scalewatcher. There was virtually no difference between the Enigma and Scalewatcher
devices in the total of the scale produced on the heater sheath and of that spalled off into
the water but this was around 50% lower than with the blank test (223mg cf 150mg and
147mg). However, It is not possible to determine the statistical significance of these
results, since only one control test was completed.
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Cell
no

DEVICE

1

Enigma

2

Blank – test
aborted

3

Blank

4

Enigma

5

Scalewatcher

6

Scalewatcher

Appearance of SS Heater Sheath

FIG. 3 AFTER 4 DAYS SCALING IN FARHAM WATER (WITH DEVICES OFF)
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Cell
no

DEVICE

1

Enigma

2

Blank – test
aborted

3

Blank

4

Enigma

5

Scalewatcher

6

Scalewatcher

Appearance of SS Heater Sheath

FIG 4 AFTER FURTHER 6 DAYS ‘SCALING/DESCALING’
(WITH DEVICES ON)
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5. CONCLUSIONS
The effect of electronic scale reducing devices on the descaling of pre-scaled heater
sheaths has been measured using Fareham mains water in glassware. The findings show
that any differences in the amount of scale deposited on the heater sheaths after the
tests with and without active Enigma and Scalewatcher devices was difficult to assess
from the appearance of the sheaths alone.
However, the amount of scale deposited on prescaled heater sheaths was reduced by
72% by use of the Engima device and the total scale deposited on the heater sheaths after
the 10 day test was reduced by 28%. For the Scalewatcher device, the corresponding
reductions were 95% and 76%. In addition, the total amount of scale produced on the
heater sheaths and spalled off into the water after 10 days was reduced by use of both
devices by around 50%. Based on the limited number of tests carried out, it is not possible
to determine the statistical significance of the results.

Signed..........................

Date...............................2 October 2017

MCS Report 0829

8

Appendix 1 Composition of Farham Mains Water
Received Date: 14.07.17
Date Completed: 17.07.17
Report Number: 6221
Sample 1:

Original Test
Water

Qualitative Analysis
Colour
Turbidity NTU’s
pH
Conductivity / mS
Refractive Index / % Sugar
Debris

Water white
0.26
7.1
558
0
n/d

Quantitative Chemical Analysis
Total Hardness as CaCO3
M-alkalinity as CaCO3

mg/L
299.5
244

Boron as B

0.0

Chloride as Cl
Sulphur, Total as SO4
Nitrite as NO2

38.4
14.3
0.0

Nitrate as NO3

29.8

Phosphorous, Total as P

0.7

Molybdenum as Mo

0.0

Silicon as Si
Sodium as Na
Potassium as K
Magnesium Total as Mg
Calcium Total as Ca

0.9
12.0
1.8
2.3
116.0

Iron, Total, as Fe
Copper, Total, as Cu
Zinc, Total, as Zn
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Appendix 2 Weights of heater sheaths

Cell No

Device

1
2
3
4
5
6

Enigma
Control
Control
Enigma
Scalewatcher
Scalewatcher

End of 4 days
with devices off

End of further 6
days with devices
on

Wt. of heater
sheath (with
'o'ring) (g)

Wt. of heater
sheath (with
'o'ring) (g)

Amount of
additional
scale (mg)

37.9311

37.9480

16.9

38.1987
37.6807
37.5805
38.5284

38.3170
37.7309
37.5305
38.5903

118.3
50.2
-50.0
61.9

Total scale spalled
(mg)*

Total Scale
Formed (mg)**

60.6

169.5

75.3
26.8
73.5
51.7

222.8
129.9
141.5
151.8

Cell No

Device

Total Hardness of
water containing
spalled-off scale
(mg/L)

1
2
3
4
5
6

Enigma
Control
Control
Enigma
Scalewatcher
Scalewatcher

60.6
Test aborted
75.3
26.8
73.5
51.7

Before Cleaning

After Cleaning

Wt. of heater
sheath (without
'o'ring) (g)

Wt. of heater
sheath (without
'o'ring) (g)

Total wt of scale on
heater sheath at end
of test (mg)

37.6363

108.9

37.9223
37.4296
37.2037
38.2841

147.5
103.1
68.0
100.1

37.7452
TEST ABORTED
38.0698
37.5327
37.2717
38.3842

* Total weight of scale spalled off heater sheaths during 6 days test with devices on
** Total weight of scale formed on heater sheaths and spalled off during 10 day test
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