(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert N
o amisaton " > O O A
International Bureau = (10) International Publication Number
(43) International Publication Date ——’/ WO 2023/174460 A1

21 September 2023 (21.09.2023) WIPO I PCT

(51) International Patent Classification:
C23C 18/18 (2006.01) C23C 18/20 (2006.01)
CO3C 17/10 (2006.01) C23C 18/30 (2006.01)

(21) International Application Number:
PCT/CZ2022/050083

(22) International Filing Date:
30 August 2022 (30.08.2022)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
PV 2022-126 18 March 2022 (18.03.2022) (V4

(71) Applicant: EGO 93, S.R.O. [CZ/CZ]; Resselovo ndm. 76,
537 01 Chrudim (CZ).

(72) Inventor: MOLNAR, Martin; 23, 533 52 Raby (CZ).

(74) Agent: ARTPATENT, ADVOKATNI KANCELAR
S.R.0.; Dukelskych hrdinu 12, 170 00 Praha 7 (CZ).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY,MA, MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SC, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: AN ACTIVATING SOLUTION AND METHOD OF ITS PREPARATION

(57) Abstract: An activating solution, particularly an activating solution for improving the corrosion resistance of surfaces, particularly
for improving the corrosion resistance of mirrors, containing a solution of at least one platinum metal chloride, distilled water and
glycerine. The method of preparation of the activating solution, according to which a solution of at least one platinum metal chloride,
O distilled water and glycerine is mixed.

2023/1:74460 A1 I N0 00 000 YO 0 O



WO 2023/174460 PCT/CZ2022/050083

An activating solution and method of its preparation

Field of the Invention

The invention relates to an activating solution, particularly an activating solution for improving
the corrosion resistance of surfaces, particularly for improving the corrosion resistance of

mirrors.

Background Art of the Invention

Several types of activating solutions are currently known to improve the corrosion resistance
of surfaces. Activating solutions are also used to reduce the unevenness of a silver layer in
mirror manufacturing. Activating solutions are used between a sensitizing zone and a silvering
zone. After termination of the sensitization and rinsing off remaining sensitizing solution with
demineralized water, the activating solution is applied onto the glass. The activating solution
allows the creation of nucleation centres. After thoroughly rinsing off the remaining activating
solution with demineralized water, and collecting it in a separate waste sump, a metallizing
solution is applied onto the glass. This method of increasing the corrosion resistance of the
silver layer appears to be rather effective, however, considerably expensive due to price of the
activating solutions. Another disadvantage is the usage of additional metal in production and
the resulting need to separate and capture it from waste water.

The activating solution most commonly consists of an aqueous solution of palladium dichloride
in the acidic environment of hydrochloric acid. However, it can also consist of a number of
other metal chlorides (titanium, copper, rhodium, ruthenium). Their protective factor varies. A
mixture of ruthenium tetrachloride and palladium dichloride with a proportion of 20 to 50%
ruthenium tetrachloride is also used. The reason is significantly lower price of ruthenium
compared to palladium. These activating solutions are supplied in concentrated form,
containing 10 to 100 g/l of platinum metals. These are aqueous solutions with the presence of
hydrochloric acid, which ensures the stability of the concentrate. Prior to application, the
concentrate is significantly diluted with distilled water, which results in an increase of the pH of
the solution, causing a disproportionation reaction, thus deposition of part of the palladium on
the sensitized glass surface. One of the two molecules of palladium dichloride is thus reduced
and deposited as palladium metal, the other one is oxidized to palladium tetrachloride. In the
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case of ruthenium trichloride, this ratio is even less convenient. Four molecules of ruthenium
trichloride are disproportionated to one molecule of ruthenium metal and three molecules of
ruthenium tetrachloride. So, in theory, only 25% of ruthenium can be deposited on the glass
and 75% of ruthenium is drained into the waste water.

The above-described state of art makes it obvious that it has numerous disadvantaged,
especially the low efficiency of utilizing the activating metal content in the activating solution.
This also involves another disadvantage, namely the high content of activating metals in the
waste water, threatening the environment and increasing the carbon footprint of the mirrors

produced.

The object of the invention is a solution enabling a substantially higher yield of platinum metals
from the activating solution, while maintaining or improving the quality of the activation process.

Disclosure of the Invention

The above-described disadvantages are largely eliminated and the object of the invention is
achieved by an activating solution, particularly an activating solution improving the corrosion
resistance of surfaces, particularly the corrosion resistance of mirrors, according to the present
invention, the subject matter of the invention is that it contains a solution of at least one
platinum metal chloride, distilled water and glycerine. The advantage of this invention is in
replacing the disproportionation reaction with an oxidation-reduction reaction. An organic
reducing agent — glycerine — is added to the acidic solution of platinum metal chloride. In
concentrated form, the acidity of this solution is sufficient and the solution is stable. Prior to
application, the solution is again strongly diluted with distilled water, reducing its acidity, thus
increasing its pH, which triggers an oxidation-reduction process. Glycerine is oxidized and
platinum metals are completely reduced. This can theoretically enable a 100% effective
deposition of platinum metals on the glass. Saving platinum metal brings both economic and
environmental savings, reduces the burden on waste water as well as the carbon footprint of

the mirrors produced.

In a preferred embodiment, the activating solution contains concentrated activating solution,
which contains 20 to 215 g of platinum metal salts, 20 to 202 g of glycerine and distilled water

in one litre.
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In another preferred embodiment, the activating solution contains concentrated activating
solution, which contains 13.8 to 138 g of ruthenium trichloride RuClsxHCI, 7.55 to 75.5 g of
palladium dichloride PdCl», 20 to 202 g of glycerine and distilled water in one litre. Replacing
a part of palladium with ruthenium increases the corrosion resistance of mirrors. The protective
action of a layer containing a mixture of palladium and ruthenium is higher than the protective
action of a layer of the same thickness containing only palladium. Given the current prices of
palladium and ruthenium, substituting ruthenium for the considerably more expensive

palladium is more beneficial.

In another preferred embodiment, the activating solution contains concentrated activating
solution, which contains 20 to 200 g of palladium dichloride PdCl», 20 to 200 g of glycerine and

distilled water in one litre.

In another preferred embodiment, the activating solution further contains 0.005 to 0.05 g of
hydrochloric acid HCI, which increases the solution’s stability, preventing unwanted metal
deposition in the piping and application nozzles. Platinum metal is only expelled on the glass

surfaces.

The improved activating solution contains concentrated activating solution and distilled water
in ration of 1:500 to 1:10,000. The advantage is that using the concentrate reduces storage
and transporting costs of the activating solution, because only the concentrate needs to be
transported and stored.

The above-described disadvantages are further largely eliminated and the object of the
invention is achieved by the preparation method of the activating solution, particularly the
preparation method of the activating solution above-mentioned, according to the invention, the
subject matter of the invention is that a solution of at least one platinum metal chloride, distilled

water and glycerine is mixed.

When the activating solution contains two platinum metal chlorides, more precisely ruthenium
trichloride RuClsxHCI and palladium dichloride PdCl,, it is advantageous to prepare a
concentrated activating solution by heating up glycerine to 30 °C first, then preparing a first
solution by mixing 20 to 202 g of glycerine, 13.8 to 138 g of ruthenium trichloride RuClsxHCI
and 20 to 200 ml of distilled water, for 1 litre of the resulting activating solution concentrate. At
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the same time a second solution is prepared by mixing 7.55 to 75.5 g of palladium dichloride
PdClz, 0.005 to 0.05 g HCI and 40 to 400 ml of distilled water, for 1 litre of the resulting
activating solution concentrate, further the first and the second solutions are mixed under
constant stirring and distilled water is added to obtain 1 litre of the resulting activating solution
concentrate, which is prior to application further diluted with distilled water in a ratio of 1:500
to 1:10,000.

When the activating solution contains only one platinum metal chloride, or more precisely if it
contains palladium dichloride PdCls, it is advantageous to prepare a concentrated activating
solution by heating up glycerine to 30 °C first, and then for 1 litre of the resulting activating
solution is mixed 20 to 200 g of glycerine, 20 to 200 g of palladium dichloride PdCl,, 20 to
400 ml of distilled water and 0.005 to 0.05 g of HCI, and then distilled water is added up to the
total volume of 1 litre of the resulting activating solution, which is prior to application diluted
with distilled water in a ratio of 1:500 to 1:10,000.

The advantage of the invention is a significant cost saving owing to the considerably higher
yield of the platinum metal. For 1 m? of mirrors, 0.0287 ml of conventional activation solution
concentrate is applied, corresponding to 2.064 mg of platinum metal per 1 m? of mirrors.
0.79 mg of platinum metal per 1 m? of mirrors is deposited on the glass and 1.274 mg of
platinum metal is drained into waste water. The deposition efficiency on glass is therefore
slightly over 38%. Theoretically, the yield of disproportionation reaction could achieve 50%
with palladium dichloride, however, at the above dosage it practically only reaches 38%. The
advantage of using the activating solution according to the invention is that 0.024 ml of the
concentrate is used to produce 1 m? of mirrors, thus 0.956 mg of platinum metals per 1 m?.
0.91 mg of metal is deposited on the glass per 1 m? and 0.046 mg of platinum metals flow into
waste water. Utilizing the reducing properties of glycerine can theoretically allow to deposit
100% of metal on the glass. Practically, the above-mentioned example shows that it is possible
to deposit 95.18% of the platinum metals applied by spraying onto sensitized glass. Although
the waste water is treated according to the current state of the art, and some of the platinum
metals are recovered, the use of the activating solution according to the invention still
significantly reduces the cost of producing mirrors. Another advantage is a large increase in
the quality of mirrors, as the conventional method captures only 0.79 mg of platinum metals
per 1 m2. Using the new formulation, 0.91 mg of platinum metal per 1 m? is captured. This
increase contributes significantly to a higher quality of mirrors. Another advantage is the
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aforementioned reduction of wasting platinum metals into waste water, thus reducing waste

water treatment costs and introducing a positive environmental effect.

Preferred embodiments of the Invention

Example 1

One litre of activating solution concentrate contains 13.8 g of ruthenium trichloride RuClzxHCI,
7.55 g of palladium dichloride PdCl», 20 g of glycerine and 0.005 g of HCI in a solution with
distilled water.

The resulting activating solution contains 1 portion of concentrated activating solution to 500
portions of distilled water.

According to the preparation method for 1 litre of concentrate of the above-mentioned
activating solution, the activating solution concentrate is prepared first by heating up glycerine
to 30 °C, then the first solution is prepared to form 1 litre of the resulting activating solution
concentrate by mixing 20 g of glycerine, 13.8 g of ruthenium trichloride RuClsxHCI and 20 ml
of distilled water. The mixture is stirred until the crystalline ruthenium trichloride is dissolved.
At the same time, a second solution is prepared by mixing 7.55 g of palladium dichloride PdCls,
40 ml of distilled water and 0.005 g of HCI to prepare 1 litre of the resulting activating solution
concentrate. The solution is again stirred until the salt is dissolved completely. The resulting
activating solution concentrate is obtained by mixing the first and the second solution under
constant stirring and then adding distilled water to the total volume of 1 litre.

The application solution is prepared by diluting the activating solution concentrate with distilled
water in a ratio of 1:500 just before the application.

Such prepared activating solution is applied onto sensitized and rinsed glass panel surface
prior to applying the silver layer.
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Example 2

One litre of activating solution concentrate contains 138 g of ruthenium trichloride RuClsxHCI,
75.5 g of palladium dichloride FPdClz, 202 g of glycerine and 0.05 g of HCI in a solution with
distilled water.

The resulting activating solution contains 1 portion of concentrated activating solution to 10,000
portions of distilled water.

According to the preparation method for 1 litre of concentrate of the above-mentioned
activating solution, the activating solution concentrate is prepared first by heating up glycerine
to 30 °C, then the first solution is prepared to form 1 litre of the resulting activating solution
concentrate by mixing 202 g of glycerine, 138 g of ruthenium trichloride RuClsxHCI and 200 ml
of distilled water. The mixture is stirred until the crystalline ruthenium trichloride is dissolved.
At the same time, a second solution is prepared by mixing 75.5 g of palladium dichloride PdCls,
400 ml of distilled water and 0.05 g of HCI to prepare 1 litre of the resulting activating solution
concentrate. The solution is again stirred until the salt is dissolved completely. The resulting
activating solution concentrate is obtained by mixing the first and the second solution under
constant stirring and then adding distilled water to the total volume of 1 litre.

The application solution is prepared by diluting the activating solution concentrate with distilled
water in a ratio of 1:10,000 just before the application.

Such prepared activating solution is applied onto sensitized and rinsed glass panel surface
prior to applying the silver layer.

Example 3
One litre of activating solution concentrate contains 58 g of ruthenium trichloride RuClsxHCI,
35 g of palladium dichloride PdCl», 100 g of glycerine and 0.01 g of HCI in a solution with

distilled water.

The resulting activating solution contains 1 portion of concentrated activating solution to 2,500
portions of distilled water.
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According to the preparation method for 1 litre of concentrate of the above-mentioned
activating solution, the activating solution concentrate is prepared first by heating up glycerine
to 30 °C, then the first solution is prepared to form 1 litre of the resulting activating solution
concentrate by mixing 100 g of glycerine, 58 g of ruthenium trichloride RuClsxHCI and 100 ml
of distilled water. The mixture is stirred until the crystalline ruthenium trichloride is dissolved.
At the same time, a second solution is prepared by mixing 35 g of palladium dichloride PdCis,
400 ml of distilled water and 0.01 g of HCI to prepare 1 litre of the resulting activating solution
concentrate. The solution is again stirred until the salt is dissolved completely. The resulting
activating solution concentrate is obtained by mixing the first and the second solution under
constant stirring and then adding distilled water to the total volume of 1 litre.

The application solution is prepared by diluting the activating solution concentrate with distilled
water in a ratio of 1:2,500 just before the application.

Such prepared activating solution is applied onto sensitized and rinsed glass panel surface
prior to applying the silver layer.

Example 4

One litre of activating solution concentrate contains 75 g of palladium dichloride PdCis, 100 g
of glycerine and 0.005 g of HCl in a solution with distilled water.

The resulting activating solution contains 1 portion of concentrated activating solution to 2,500
portions of distilled water.

According to the preparation method for 1 litre of concentrate of the above-mentioned
activating solution, the activating solution concentrate is prepared first by heating up glycerine
to 30 °C, then the solution is prepared to form 1 litre of the resulting activating solution
concentrate by mixing 100 g of glycerine and 75 g of palladium dichloride PdCl,, 100 ml of
distilled water and 0.005 g of HCI. The solution is stirred until the palladium dichloride is
dissolved completely and then then adding distilled water to the total volume of 1 litre.

The application solution is prepared by diluting the activating solution concentrate with distilled
water in a ratio of 1:2,500 just before the application.
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Alternatively, concentrates of activating solution can be prepared using 20 to 200 g of
palladium dichloride PdCIz, 20 to 200 g of glycerine and distilled water in one litre of the final

activating solution concentrate.

Such prepared activating solution is applied onto sensitized and rinsed glass panel surface
prior to applying the silver layer.

Industrial Applicability

The activating solution according to this invention can be used for improving the corrosion
resistance of the applied surfaces, especially to improve the corrosion resistance of mirrors.
The activating solution is mostly applied on sensitized and rinsed glass surface before the
actual silvering. This solution can also be applied onto sensitized plastic surface before
applying the silver layer by means of reducing agents.
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CLAIMS

An activating solution, particularly the activating solution for improving the corrosion
resistance of surfaces, particularly for improving the corrosion resistance of mirrors,
characterized in that it contains a solution of at least one platinum metal chloride, distilled
water and glycerine.

The activating solution according to claim 1, characterized in that it contains an activating
solution concentrate, containing in one litre 20 to 215 g of platinum metal salts, 20 to 202 g
of glycerine and distilled water.

The activating solution according to any of claims 1 to 2, characterized in that it contains
an activating solution concentrate, which in one litre of the solution contains 13.8 to 138 g
of ruthenium trichloride RuClsxHCI, 7.55 to 75.5 g of palladium dichloride PdClz, 20 to
202 g of glycerine and distilled water.

The activating solution according to any of claims 1 to 2, characterized in that it contains
an activating solution concentrate, which in one litre of the solution contains 20 to 200 g
of palladium dichloride PdCiz, 20 to 200 g of glycerine and distilled water.

The activating solution according to any of claims 3 to 4, characterized in that it further
contains 0.005 to 0.05 g of HCI.

The activating solution according to any of claims 2 to 5, characterized in that it contains
an activating solution concentrate and distilled water in a ratio of 1:500 to 1:10,000.

The method of preparation of the activating solution, especially the method of preparation
of the activating solution according to any of claims 1 to 6, characterized in that a solution
of at least one platinum metal chloride, distilled water and glycerine is mixed.

The method of preparation of the activating solution according to claim 7, characterized
in that firstly an activating solution concentrate is prepared by heating up glycerine to
30 °C, then a first solution is made by mixing 20 to 202 g of glycerine, 13.8 to 138 g of
ruthenium trichloride RuClsxHCI and 20 to 200 ml of distilled water per litre of the resulting
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activating solution concentrate, while at the same time a second solution is prepared by
mixing 7.55to 75.5 g of palladium dichloride PdCiz, 0.005 to 0.05 g of HCl and 40 to 400 ml
of distilled water per litre of resulting activating solution concentrate, and then the first and
the second solutions are mixed under constant stirring and distilled water is added to
obtain 1 litre of resulting activating solution concentrate, which is prior to application diluted
with distilled water in a ratio of 1:500 to 1:10,000.

The method of preparation of the activating solution, according to claim 7, characterized
in that the activating solution concentrate is first prepared by heating up glycerine to 30°C,
and then 20 to 200 g of glycerine, 20 to 200 g of palladium dichloride PdCis, 20 to 400 ml
of distilled water and 0.005 to 0.05 g of HCI are mixed to obtain 1 litre of the resulting
activating solution concentrate, after that distilled water is added up to the volume of 1 litre
for the resulting activating solution concentrate, which is prior to application diluted with
distilled water in a ratio of 1:500 to 1:10,000.
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