wo 20107150029 A1 I 10K N

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

(19) World Intellectual Property Organization /g ]I ) 0M)F 00N 010 001000 1000 ORI O
International Bureau S,/ 0
sIMPIS 10) International Publicati
(43) International Publication Date \'{:/_?___/ (10) International Publication Number
29 December 2010 (29.12.2010) PCT WO 2010/150029 A1

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
C04B 41/84 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. .. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/GB2010/051064 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
28 June 2010 (28.06.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. ) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
0909110.8 26 June 2009 (26.06.2009) GB gl\l\/’[[ g\g) LEfil»raLsiS;nl\gVMI\’fAZZ» §$» Isgé IS<IE f/[Z]») TIi»JUTC}
(1) Applicant (for all designated States except US): STEEL- TM), Eurapean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
ITE INTERNATIONAL PLC [GB/GB]; Orme Street, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Stoke-on-Trent, staffordshire ST6 3RB (GB). LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(72) Taventor; and SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

(75) Inventor/Applicant (for US only): CLARKE, Dave [GB/ GW. ML, MR, NE, SN, TD, TG).
GB]; Orme Street, Stoke-on-Trent, staffordshire ST6 3RB  Published:
(GB).
a4 Agent.: GALLAFENT, Antony Xavier; Gallafents LLP, __ before the expiration of the time limit for amending the
27 Britton Street, London, Greater London ECIM 5UD claims and to be republished in the event of receipt of
(GB). amendments (Rule 48.2(h))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

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

(54) Title: SURFACE TREATMENT OF CERAMICS

(57) Abstract: A method of applying a silane-based surface coating to ceramic tableware is disclosed so as to improve the resis-
tance of the surface of ceramic tableware to physical and chemical damage. The method includes the following steps: (i) Hydrat-
ing the surface of the ceramic tableware being treated; (ii) Removing substantially all dust from the ceramic tableware being treat-
ed; (iii) Applying a silane-based surface coating solution to the ceramic tableware being treated; (iv) Allowing the silane-based
surface coating solution to cure on the ceramic tableware being treated; and (v) Heating the ceramic tableware being treated to a
temperature sutficient to remove uncured silane-based surface coating solution from the ceramic tableware being treated.



[1]

[2]

[3]

[4]

[5]

[6]

[7]

WO 2010/150029 PCT/GB2010/051064

Description
SURFACE TREATMENT OF CERAMICS

This invention relates to treating the finished surface of ceramics and in particular
ceramic tableware to improve its properties.

Ceramic tableware such as plates, bowls, mugs, cups, serving dishes and similar
articles are subjected in use or service to very demanding conditions of use which can
lead to damage. Such damage may include mechanical damage such as chipping,
cracking, breakage or scratching, and surface damage such as etching, discolouration,
staining and marking. Such surface damage can be caused by prolonged or regular
contact with highly alkaline detergent solutions, or highly staining substances. Such
damage is of particular concern in heavy use situations such as in the hotel and
catering industries, where there is very frequentheavy usage and repeated mechanised
aggressive cleaning of ceramic tableware.

It is well known that physical and chemical resistance of surfaces may be enhanced
by the use of appropriate surface coatings. For example the application and firing of a
ceramic glaze applied to a piece of earthenware, stoneware, or porcelain gives much
enhanced mechanical and surface characteristics relative to an unglazed piece of the
same material.

One type of coating that has been suggested for use in surface protection for a wide
range of hard surfaces is a silane-based coating. Such coatings are used in, for example
the coating of glass surfaces for the automotive industry and are commercially
available from a number of suppliers. A particularly preferred coating is available from
Nanofilm Technology under the name Ultraseal ABS5 .

The customary approach to using such coatings has been to apply a solution of the
coating material to the surface to be protected using manual or automatic dispensing,
spreading the material evenly over the surface by hand, desirably using an absorbent
lint-free cloth, curing the applied solution, and wiping off excess material. This process
can take 60 or more seconds for a single item of tableware, so is wholly uneconomic
when applied to the mass manufacture or treatment of glazed tableware for hotel or
catering use.

We have now found that it is possible to apply a surface treatment to the finished
surface of glazed ceramic tableware on a mass production/treatment basis for the
purpose of enhancing the tableware's performance in use, including improved re-
sistance of the product to surface damage, and improved resistance of the surface to
marking and staining. A further advantage given by applying such a surface treatment
is that it results in an improved ease of cleaning.

According to the present invention there is provided a method of applying a silane-
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based surface coating to ceramic tableware which consists of the following steps:

1 Hydrating the surface of the ceramic tableware to be treated;

2 Removing substantially all dust from the ceramic tableware to be treated;

3 Applying a silane-based surface coating solution to the ceramic tableware to be
treated;

4 Allowing the silane-based surface coating solution to cure on the ceramic tableware
to be treated; and

5 Heating the ceramic tableware to be treated to a temperature sufficient to remove
uncured silane-based surface coating solution from the ceramic tableware to be treated.

With regard to steps 1 and 2, these may occur in either order.

With regard to step 1, hydration may, in a preferred embodiment of the method of the
present invention, be allowed to occur by leaving the ceramic tableware to be treated in
atmospheric conditions for at least 24 hours, and preferably 24 hours, after it has exited
the kiln. This allows atmospheric moisture to bond with the glaze surface of the
ceramic tableware to be treated. In an alternative preferred embodiment of the method
of the present invention, the ceramic tableware to be treated may be passed through a
humidifying chamber or other like volume of high humidity air. This again allows
moisture to bond with the glaze surface of the ceramic tableware to be treated. The
purpose of the humidifying step is that when an item of glazed ceramic tableware
leaves the kiln in which it has been fired, the glaze surface is extremely dry. Preferably
the hydration will take place at ambient temperatures, most preferably substantially in
the range of 18 -22 ° C.

With regard to step 2, any known dust removal means may be employed. A par-
ticularly preferred dust removal means is an air knife. This step is required because the
presence of a surface layer of dust and/or particles of dust will prevent the silane-based
surface coating solution from making uniform contact with the surface of the ceramic
tableware to be treated.

With regard to step 3, the silane-based surface coating solution is most preferably
applied to the ceramic tableware to be treated as a fine spray or mist. This application
is most preferably from one or more separate nozzles so as to ensure a complete and
even application of silane-based surface coating solution to the ceramic tableware to be
treated. It is most preferred that the silane-based surface coating solution is deposited
on the ceramic tableware to be treated at a rate of 0.02 to 0.04ml/dm? for a solution of
Ultraseal ABS This most preferably occurs in a spray booth or other enclosed area
(hereafter simply referred to as a spray booth). The spray booth can be provided with a
recirculation system for any coating solution that does not get deposited on the ceramic
tableware to be treated if so desired. Furthermore, the spray booth may be provided

with means to cause currents or turbulence in the atmosphere within the spray booth to
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assist in securing even deposition of the coating solution on the whole surface of the
ceramic tableware to be treated. The atmosphere within the spray booth is most
preferably wholly or substantially dry (that is with no humidity). Most preferably, the
atmosphere is substantially or wholly comprised of one or more inert gases. This is of
assistance because the silane-based surface coating cures by reacting with water
molecules. It is most preferred that the coating solution is stored in a pressurised
container, said container being pressurised with an inert gas. Alternatively, the coating
solution may be stored in other fashions as long as the coating solution is prevented
from reacting with water molecules.

The silane based surface coating solution is formulated to include a silane molecule
of the general formulation R,Si X.,) where, 'R' denotes an organic group and can
feature alkyl and aryl entities with or without bridging oxygens and reactive groups
(C=C, C=0, COOH, epoxy, amine etc.), X' is typically one of two species: 1) A halide
such as chloride ions or 2) An alkoxy group (OCH;, OCH,CHj etc); and 'n' denotes the
number of 'R' or 'X' groups present, where 'n' can never exceed 4 and is a whole
number dissolved or suspended in an organic solvent such that when the solution is
cured, the cured material comprises in the range of 12 to 16 wt % silicon-oxygen
entities and between 88 and 84 wt % organic material. Most preferably the silane based
surface treatment solution is so formulated that when cured the cured material is
composed of around 14 wt % silicon-oxygen entities and around 86 % organic
material. Most preferably the silane molecule is SiCl,.

When the silane based surface coating cures, the silane molecule undergoes hy-
drolysis when it reacts with water molecules to from a Si-OH group. In this process
those water molecules are incorporated into/on the surface of the tableware being
treated. The Si-OH groups then react with other Si-OH groups to form Si-O-Si bonds.
This is termed condensation. These other Si-OH groups may either be found in
separate molecules from the silane based surface coating or as part of the surface of the
glaze to which the silane based surface coating is applied.

With regard to step 4, it is most preferred that the time allowed for the curing of the
coating solution on the ceramic tableware (the cure time) is sufficient for the solution
to cure as a result of reaction with the water bonded with the glaze of the ceramic ware.
A preferred cure time has been found to be around 60 seconds. If an excessive cure
time is allowed, any excess coating solution on the ceramic tableware may be difficult
to remove subsequently.

With regard to step 5, the heating of the coated ceramic tableware that has been
treated most preferably occurs in a kiln. The coated ceramic tableware is most
preferably heated to a temperature in the range of 60 - 100 ° C. It is most preferred that

the coated ceramic tableware is kept at a temperature in this range for around 2
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minutes. This has the effect that any excess coating solution is removed by
evaporation.

Following treatment of the ceramic tableware to be treated according to steps 1 to 5,
the ceramic tableware may be further treated if that is desired, for example to remove
refractory pin marks from the reverse surfaces of the ceramic ware.

In an alternative embodiment of the present invention, the ceramic tableware to be
treated according to the present invention may be unglazed in which case its protective
surface following treatment according to the present invention will only be the silane-
based surface coating.

The present invention will be further described and explained by way of example
with reference to the accompanying drawings in which

Figure 1 shows a schematic illustration of the manufacture of a batch of ceramic
tableware according to an embodiment of the method of the present invention; and

Figure 2 shows the results of some comparative testing

With reference to Figure 1, a batch of ceramic tableware, for example plates, bowls,
cups or the like, is manufactured out of a suitable ceramic material, for example,
earthenware, stoneware or porcelain by a known process, glazed with a known glaze
suitable for such a material and fired in a kiln 2. When the firing is complete the batch
of ceramic tableware is removed from the kiln 2, loaded onto a processing trolley and
moved to a hydration station 4. The hydration station is open to the air or normal at-
mosphere which in the UK has an average relative humidity in the range of 50 to
100%. Optionally, the hydration station may be surrounded with open containers of
water, or other means of maintaining an average relative humidity of between 50 and
100%.

The resting of the batch of ceramic tableware at the hydration station allows water
molecules in the atmosphere to hydrate or interact with and bond to the surface of the
glaze on the batch of ceramic tableware. It has been found that a rest period of 24
hours at ambient temperature and a relative humidity of between 50 and 100% is
sufficient to result in a complete hydration of the surface of the glaze on the batch of
ceramic ware. This approach to hydrating the surface of the glaze on the batch of
ceramic tableware is particularly preferred because it requires the input of very low
amounts of energy.

The processing trolley is suitably adapted to carry a batch of ceramic tableware with
a minimal contact between the trolley and the batch of ceramic tableware.

It is possible to speed up the hydration of the surface of the glaze on the batch of
ceramic tableware by ensuring that the average relative humidity of the atmosphere at
the hydration station is close to 100%.

Once the surface of the glaze on the batch of ceramic tableware has been hydrated it
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is moved on the trolley through at least one sheet of laminar airflow generated by an
air knife 6. The airflow blows off any dust that has settled on the batch of ceramic
ware. The air knife or knives are so arranged that all of the surfaces of the batch of
ceramic tableware are subject to impact of the sheet(s) of laminar airflow created by
the or each air knife.

From the air knife(s) 6 the batch of ceramic tableware is moved to an enclosed spray
booth 8. Spray booth 8 is most preferably capable of being made gas tight once the
batch of ceramic tableware has been placed within it. Once the spray booth 8 has been
made gas tight, the atmosphere within the spray booth is replaced with an inert gas
such as nitrogen. A fine mist of Ultraseal ABS5 or other silane based coating solution is
introduced into the spray booth via a plurality of fine spray nozzles. The batch of
ceramic tableware remains in the spray booth for sufficient time to allow between 0.02
to 0.04 ml/dm? of solution to settle on all the surfaces of the batch of ceramic
tableware.

Once a suitable amount of solution has settled on all the surfaces of the batch of
ceramic tableware, the batch of ceramic tableware is moved to a second kiln 10. The
batch of ceramic tableware is moved at such a speed that between completion of its
time in the spray booth 8 and it entering kiln 10 there is a period of about 60 seconds.
Once inside kiln 10 the batch of ceramic tableware is heated to a temperature in the
range of 60 to 100°C. The batch of ceramic tableware is kept at that temperature for
around 2 minutes. The heating of the batch of ceramic tableware is has the effect of
evaporating any excess solution off the ceramic ware.

Once processing of the batch of ceramic tableware in kiln 10 is complete the batch of
ceramic tableware is moved to a cooling and packing station 12 where the batch of
ceramic tableware is removed from the trolley and packed ready for transportation to a
warehouse or a customer.

With reference to Figure 2, a test of the abrasion resistance of three samples of
ceramic items, a first tile called STD in Figure 2, and first and second samples both of
which had been treated according to the method of the present invention called
IMPROVED 1 and IMPROVED 2 in Figure 2. In the test, each test piece was cut from
the centre region of a plate; a 10cm x 10cm tile is used for the test. The initial gloss of
the sample is measured using standard techniques. Each test piece is then abraded for
1000 revolutions using a mixture of de-ionised water and alumina pellets; a PEI tile
abrasion rig is used to conduct the abrasion. After abrading, the gloss is re-measured;
the final result is expressed as a percentage of the initial value. As may be seen, the
IMPROVED 1 and IMPROVED 2 samples had a much higher resistance to abrasion
than the STD sample.
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Claims

1. A method of applying a silane-based surface coating to ceramic tableware
characterised in that it includes the following steps:

(1) Hydrating the surface of the ceramic tableware being treated;

(i1) Removing substantially all dust from the ceramic tableware being treated;
(ii1) Applying a silane-based surface coating solution to the ceramic tableware
being treated;

(iv) Allowing the silane-based surface coating solution to cure on the ceramic
tableware being treated; and

(v) Heating the ceramic tableware being treated to a temperature sufficient to
remove uncured silane-based surface coating solution from the ceramic
tableware being treated.

2. A method according to Claim 1 in which steps (i) and (ii) may occur in either
order.

3. A method according to claim 1 or 2 in which in the hydration of step (i) is
caused by leaving the ceramic tableware being treated in atmospheric conditions
for at least 24 hours.

4. A method according to claim 1 or 2 in which the hydration of step (i) is caused
by the ceramic tableware being treated being exposed to a highly humid at-
mosphere.

5. A method according to any preceding claim in which step (ii) is achieved by
use of one or more air knifes.

6. A method according to any preceding claim in which the silane-based surface
coating solution of step (iii) is applied to the ceramic tableware being treated as a
fine spray or mist.

7. A method according to claim 6 in which the silane-based surface coating
solution is deposited on the ceramic tableware being treated at a rate of 0.02 to
0.04ml/dm? for a solution of SiCl, in an organic solvent in a quantity such that
when the surface coating solution is cured, silicon-oxygen entities are present at
a range of between 14 and 16 wt % of the cured surface coating.

8. A method according to any preceding claim in which step (iii) occurs in an at-
mosphere substantially or wholly comprised of one or more inert gases.

9. A method according to any preceding claim in which the time allowed for the
curing of the coating solution on the ceramic tableware in step (iv) is between 50
and 70 seconds.

10. A method according to any preceding claim in which the time allowed for the

curing of the coating solution on the ceramic tableware in step (iv) is 60 seconds.
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11. A method according to any preceding claim in which temperature in step (v)
is in the range of 60 - 100 ° C.

12. A method according to claim 11 in which the coated ceramic tableware is
kept in the temperature range of 60 - 100 ° C for around 2 minutes.

13. An item of ceramic tableware to which a silane based surface coating has
been applied according to the method of any of claims 1 to 12.

14. An item of ceramic tableware obtained or obtainable as a result of treatment
of an item of glazed ceramic tableware by a method according to any of claims 1
to 12.

15. A method of manufacture of an item of ceramic tableware comprising the
steps of

a) forming a body of material into an item of predetermined shape;

b) firing and glazing the shaped item;

¢) treating the item according to the method of any of claims 1 to 12.
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