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(54) Protection of the water-side surfaces of heat exchangers used in boilers and gas fired water
heaters

(57)  In order to optimise the performance of boiler
exchangers, avoiding the precipitation of calcium and
magnesium carbonates, in addition to the fouling of the
circuits caused by residual working products or by other
foreign matters existing in the water network, while M’&“:.’!'E’.,,f&.‘.-." T
!<eep|ng drinkable the sanitary water produced accord- HEATING FLOW ~
ing to the WRC standards, IABER S.p.A. has developed
a treatment with particular fluorurated resins for the ex-
change surfaces. —— ﬂ =
Such resins adhere to metallic surfaces thus creat-
ing a few microns thick coating limiting the adhesion of
limestone and of the deposits existing in heating circuits.
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Description
1. State of Art

[0001] All heat exchangers producing hot water, are
subject to limestone precipitation of calcium and mag-
nesium carbonates and to fouling of the circuits due to
residual working products or other foreign matters
present in the water network.

[0002] Besides, in case water contains some particu-
lar additives (for instance glycoles), the migration of me-
tallic ions (Copper, Aluminium, Stainless Steel) may oc-
cur. The corrosion of metallic surfaces is always poten-
tially possible.

[0003] The precipitation of limestone is more signifi-
cant, the higher is the water limestone contents (hard-
ness of water), the higher is the water heating and the
longer is the time water remains at high temperature.
[0004] The fouling due to limestone and solid foreign
matters present in the network occurs in different types
of exchangers, such as:

e  Bi-thermic exchangers for the combined production
of hot water both for ambient heating and for sani-
tary (Fig. 1).

*  Primary exchangers for the production of hot water
for ambient heating only (Fig. 2).

e Plate-type exchangers for the production of
sanitary hot water (Fig. 3).

e  Storage vessels for the production and the stor-
age of sanitary hot water (Fig. 4).

* Additional storage systems for sanitary hot wa-
ter.

e Exchangers for water heaters.

[0005] The exchangers intended for the production of
sanitary hot water (plate-type, primary exchangers, ves-
sels, sanitary water tanks and bi-thermic exchangers)
shall keep drinkable the sanitary water produced ac-
cording to WRC standards.

[0006] The metals used for exchangers are, accord-
ing to the type:

Copper (Cu DHP, CU OF, SE CU)
Stainless Steel (AISI 316L, AlSI 304)
Aluminium

[0007] The water-diluted product has a viscosity com-
parable to water viscosity and is such as to fill all the
interstices of the exchangers.

[0008] The exchangers nowadays on sale need to be
frequently cleaned with specific acids to remove lime-
stone crusts and dirt deposits causing in the run of time
the obstruction of the passages and the thermal unbal-
ance of the exchangers.
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2. Description of the invention

[0009] In order to limit the above undesired effects, a
procedure has been developed to treat the exchange
surfaces with particular fluorurated resins. Such resins
are provided with functional groups that adhere to the
metallic surfaces to create a few microns thick coating
limiting the adhesion of limestone and of the deposits
present in heating circuits.

[0010] The peculiar features of the treatment, i.e. the
anti-adhesion of limestone on the coated surfaces, have
been checked both at IABER S.p.A. test laboratory
(Ann. 1) and at the laboratory of the resin Manufacturer
(Ann. 2), and through tests "on the field".

[0011] The performance of the thermal exchange and
the hydraulic characteristics of the exchangers are not
at all modified by the treatment.

[0012] The resin coating treatment is performed as
follows. (diagram)

[0013] The water-diluted product has a viscosity com-
parable to water viscosity and such as to fill all the in-
terstices of the exchangers.

3. Innovations introduced by the invention

[0014] The treatment of exchangers and vessels with
fluorurated resins allows to overcome one of the weak-
est points of exchangers i.e. a reduced performance in
the run of time due to the deposit of limestone and dirt
present in the network. Specifically, thanks to this treat-
ment, the circuits obstructions due to the effects of lime-
stone and of a variety of residual working products are
reduced and, therefore, the useful life of the same ex-
changers in compliance with specifications is extended.
[0015] Particularly, limestone keeps on precipitating
during the water heating but, when precipitated, it does
not adhere firmly to walls. On the contrary, it is eliminat-
ed by the same water stream. Similarly, thanks to the
anti-adhering characteristics of the treatment, foreign
matters in water (dirt and residual working products) do
not fix to the exchangers walls but they slide away to-
gether with the water stream.

[0016] Moreover, the surface protection from such
resins reduces the migration of metallic ions in water,
the corrosion of the same metals and assures a higher
water sanitation coming into contact with the water-side
surfaces.

4. Patent Right Claims

[0017] The protection we claim with patent shall cover
the application procedure of fluorurated products with
low viscosity on the metallic surfaces made of Copper
(CU DHP, CU OF, SE CU), Aluminium and Stainless
Steel (AISI 316L, AISI 304) of the heat exchangers and
vessels used for the production of sanitary hot water and
ambient heating in storage or instantaneous gas-fired
wall boilers and in water heaters.
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[0018] The effect of the treatment is:

1. to limit the limestone deposit;

2. to limit the deposit of residual working products;
3. to keep unaltered the sanitation characteristics
of the produced sanitary water

4. to keep unaltered the thermal exchange charac-
teristics. 5.

5. Laboratory tests carried out by IABER S.p.A.

[0019] Limestone tests have been carried out on
treated vessels boiling the same quantity of water on a
camp stove:

1. VESSEL No. 1: Heat-treated Copper without
special treatments

2. VESSEL No. 2: Green Teflon SR43F coated
Copper

3. VESSEL No. 3 : Ausimont Silane coated Copper

REMARKS:

[0020] Limestone deposits occurin Vessels No. 1 and
No. 2, which do not detach from the walls.

[0021] In Vessel No. 3 the limestone patina does not
deposit on the walls and with the addition of fresh water
the limestone solution dissolves.

6. Laboratory tests carried out on account of IABER S.
p.A.

[0022] The coating with functional perfluorpolyetheric
products has been laid on some copper plates, in com-
pliance with ordinary procedures.

[0023] The product has been applied by dip-coating
with the following treatment formulas:

1. 1-Phosphate
2. 5-Phosphate
3. 1-Silane
4. 5-Silane

[0024] Copper test specimen has been plunged into
the compounds for 10 minutes before heat-treatment:

e Heating at T = 80°C for 7 minutes
e Heating at T = 65°C for 40 minutes
e Heating at T = 160°C for 12 minutes

[0025] Subsequent to the preparation of the speci-
men, some measurements of static and dynamic con-
tact angle versus water, hexadecane, dodecane, de-
cane and octane were carried out. Only the results rel-
evant to the measurement of the static contact angle
versus water carried out before limestone deposition, af-
ter deposition and after washing under cold tap water
are herein reported.
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Contact angle measurements for treated/untreated
copper specimen, before limestone deposition (table 1)

Contact angle measurements for treated/untreated
copper specimen, after limestone deposition:

[0026] A calcium bicarbonate solution has been pre-
pared. This is more soluble in water than the calcium
carbonate (limestone) that tends to form and deposit at
temperatures higher than 50°C. The treated/untreated
specimen have been plunged into these boiling solu-
tions for 3 hours. At the end of this time, the limestone
deposit on all specimen was recorded; on specimen
treated with Silane, however, the amount of the deposit
was the lowest (also on phosphate a certain effect was
noted). Here below the measurements of static contact
angle versus water after limestone deposition under the
described conditions are recorded.(table 2)

Contact angle measurements for treated/untreated
copper specimen, after washing under tap flowing
water:

[0027] Test specimen have been washed under a
stream of cold tap-water for few seconds; after this time
specimen have been stove-dried for 15 minutes and
then the static contact angle versus water was meas-
ured again ( table 3)

[0028] The best treatment proved to be that with si-
lanes (5-Silane specimen) showing:

* lower limestone deposit

* greater easiness in removing limestone

e lower copper oxidation

Claims

1. Low viscosity resins are used.

2. It is suitable both for metallic surfaces made from
Copper (CU DHP, CU OF, SE CU) and for Alumini-
um and Stainless Steel (AlSI

316L, AISI 304).

3. Itcan be applied to heat exchangers, to vessels, to
storage tanks used for heating in wall or base gas-
fired boilers and to water heaters.

4. It limits the limestone deposit.

5. It limits the deposit of residual working products.

6. It keeps the characteristics of the sanitary water
produced unaltered.

7. Itkeeps the characteristics of the thermal exchange
unaltered
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8. It prevents the migration of metallic ions.
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Samples Angle of Angle of static
contact contact vs water

for white

1 phosfate 113°

5 phosfate 115°
80°

1silane 110°

5 silane 110°

TAB 1
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Samples Angle of Angle of static
contact contact vs water

for white

1 phosfate 60°

5 phosfate 90°
40°

1silane 80°

5 silane 92°

tab. 2

1
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Samples Angle of Angle of static
contact contact vs water

for white

1 phosfate 109°

5 phosfate 110°
56°

1silane 110°

5 silane 110°

tab.3
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