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Heat resistant separation fabric

Description

Technical Field

[1]

The invention relates to the field of heat resistant separation fabrics such
as can be used in the production of car glass. The heat resistant
separation fabrics of the invention comprise stainless steel fibers. Such
fabrics can be used to cover moulds, rings and transport rollers (e.g. in the
car glass industry) to avoid direct contact between the moulds, rings and

transport rollers and the hot glass panels or products.

Background Art

[2]

[3]

Heat resistant separation fabrics that comprise stainless steel fibers are
known (see e.g. in WO00/40792 and in WO2011/117048). Such fabrics
are e.g. used in the production of car glass (so called lites) to avoid direct
contact between tooling (moulds, rings, rollers) and the hot glass. The
fabrics can consist for 100% of stainless steel fibers (e.g. in
JP2001164442A2), or can be blends of stainless steel fibers with other
fibers (e.g. in WO99/47738A1), e.g. with glass fiber or with poly(p-
phenylene-2, 6-benzobisoxazole) fibers (see for the latter in
WOO00/61508A1). Fabrics comprising stainless steel fibers have the benefit
that they have a long life time and good temperature resistance.

It is a problem of the steel fiber comprising heat resistant separation
fabrics of the prior art that such fabrics need a running in time when used
for the first time. After mounting a new heat resistant separation fabric on
the mould, a first series of lites (car glass panels) made with it are not of

optimum quality and frequently need to be thrown away.

Disclosure of Invention

[4]

It is an objective of the invention to provide an improved heat resistant
separation fabric that comprises stainless steel fibers. It is a specific
objective of the invention to provide such fabrics that allow to improve the

quality (and especially the optical quality) of glass products (e.g. car glass
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[5]

[6]

[7]

[8]

[9]

products) when starting up production with heat resistant separation
fabrics covering tooling such as moulds, rollers or rings.

The first aspect of the invention is a heat resistant separation fabric
comprising stainless steel fibers. The stainless steel fibers are made out of
an alloy comprising more than 12% (and preferably more than 18%) by
weight of chromium. The stainless steel fibers comprise an oxide skin,
wherein the atomic percentage of Cr at 5 nm depth of the oxide skin
divided by the sum of the atomic percentages of Cr and Fe at 5 nm depth
of said oxide skin, and multiplied with 100 to express as a percentage, is
higher than 30%, preferably higher than 40%.

The atomic percentage of the elements Cr and Fe at a specified depth of
the oxide skin (meant is the depth from the surface of the oxide skin layer
of the stainless steel fibers) can be determined by means of XPS (X-ray
Photoelectron Spectroscopy), using sputtering to measure element
composition at different depths.

Surprisingly, the fabrics of the invention — even where the oxide skin is
covering the complete surface of the stainless steel fibers and where the
oxide skin is rather thick — are sufficiently flexible in that the fabrics can
even be draped easily on double curved moulds. When using the heat
resistant separation fabrics of the invention as covering of tooling (e.g.
moulds, rollers or rings) in car glass production, the quality of the car glass
at start-up with new coverings is improved to a large extent. This is
especially important when small series of car glass products have to be
made, as it can lead to frequent changes of tooling coverings. In such
cases, the lifetime of the tooling covering is of lesser importance; however,
it is beneficial that as from start-up of production with new covering, good

quality car glass products are produced.

In preferred embodiments, the stainless steel fibers are made out of an
austenitic stainless steel alloy.

Preferably the stainless steel fibers comprise more than 16 % by weight of
chromium, and preferably less than 28% by weight of chromium.
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[10]

[11]

[12]

[13]
[14]

[15]

[16]

Preferably, the alloy comprises more than 6% by weight of nickel, more
preferably more than 15% by weight of nickel. Preferably, the alloy
comprises less than 25 % by weight of nickel.

E.g. stainless steel fibers made out of an alloy of the 300 series of ASTM
A313 can be advantageously used for the invention. Preferred examples
of alloys for the invention are 316, 316L and 347 (according to ASTM
A313).

Preferably the equivalent diameter of the stainless steel fibers is larger
than 4 pym, preferably larger than 6 pm.

Preferably, the equivalent diameter of the stainless steel fibers is smaller
than 25 pym, preferably smaller than 20 um, more preferably smaller than
15 um.

Examples of equivalent fiber diameters that can advantageously be used
are 6.5 um, 8 uym, 12 um and 22 ym.

With equivalent diameter is meant the diameter of a circle that has the
same surface area as the surface area of the cross section of a fiber,

which is not necessarily having a circular cross section.

Preferably, the stainless steel fibers are made via bundled drawing.
Preferably, the stainless steel fibers are of discrete length (e.g. fibers
obtained via stretch breaking of bundle drawn fiber bundles) and spun into
a yarn.

Preferably the heat resistant separation fabric comprises stainless steel

fibers in two-ply or three-ply yarns.

In a preferred embodiment, the stainless steel fibers have in the oxide skin
an atomic percentage of Cr divided by the sum of the atomic percentages
of Cr and Fe of the oxide skin, and multiplied with 100, higher than 30%,
preferably higher than 40%, from the surface till minimum at a depth of 25
nm (and preferably till minimum at a depth of 40 nm, and more preferably
till minimum at a depth of 60 nm) from the fiber surface. Heat resistant
separation fabrics according to such embodiments have even better start-
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[17]

[18]

[19]

[20]

up behavior when used as covering for tooling that comes in contact with

hot glass products.

In a preferred embodiment, the oxide skin covers the complete surface of
the stainless steel fibers. The complete coverage of the full surface of the
stainless steel fibers by the oxide skin reinforces the start-up benefits of

the heat resistant separation fabric.

In a preferred embodiment, the potential range of the current plateau of
the heat resistant separation material as measured in cyclic
potentiodynamic polarization is at least 0.18 V.

Cyclic potentiodynamic polarization is a test that can be performed to
evaluate whether or not the full surface of the stainless steel fibers of the
heat resistant fabric of the invention is covered by an oxide skin. The
preferred minimum value for the potential range of the current plateau is
an indication of full coverage of the stainless steel fibers by the oxide skin,
and contributing to improved beneficial start-up behaviour of the heat

resistant separation material.

Cyclic potentiodynamic polarization (CCP) is an electrochemical technique
that is a fairly simple routine technique in laboratories specialized in
electrochemistry. This technique is based on potentiodynamic anodic
measurements as described in the standards ASTM G5-94(2004) and
ASTM G61-86(2009). In the test, a voltage is applied between the sample,
used as working electrode, and an inert counter electrode (e.g. carbon,
gold or platinum electrode). The voltage is consecutively increased with a
constant increment resulting in a scan rate expressed in Volt per minute or
Volt per second. When the voltage is applied to the sample the current
between the sample and an inert counter electrode is recorded. The
potential is ramped at a continuous, often slow rate relative to a reference
electrode using an instrument called a potentiostat. Traditionally, the
potential is first increased at a constant rate (forward scan). The scan

direction is reversed at some chosen maximum current or voltage and
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[21]

progresses at the same rate in the backward or reverse direction. The
scan is terminated at another chosen voltage. During the test, the
electrical current is measured. A plot can be made of the relation between
the applied voltage and the logarithm of the electrical current that is
measured.

The voltage measurement is compared to the Standard Hydrogen
Electrode (SHE) as described in the IUPAC Compendium of Chemical
Terminology, 2nd ed. (the "Gold Book"), compiled by A. D. McNaught and
A. Wilkinson. Blackwell Scientific Publications, Oxford (1997). XML on-line
corrected version http://goldbook.iupac.org/S05917.html. For practical use
however a standardized lab reference electrode like a calomel (SCE) or
silver / silver chloride (Ag/AgCl) electrode may be used.

For the tests performed in the framework of the invention the standards
ASTM G5-94(2004) and ASTM G61-86(2009) are followed. For the test
the electrolyte in which the electrodes are immersed contains 5% by
weight of NaCl in a 40/60 by volume of water / ethanol mixture. Ethanol is
used in the electrolyte in order to assure complete wetting of the sample
material, as incomplete wetting of the material would result in an
erroneous measurement of the voltage. The pH of the electrolyte is
adjusted to 2 using HCI. As reference electrode Ag/AgCl (0.22 V versus
Standard Hydrogen Electrode (SHE)) is used. The scan rate used in the
tests is 5 mV/s. Potential values are compared to the Standard Hydrogen
Electrode (SHE) electrode.

The potential range of the current plateau is the range of the potential in
the first part of the potential versus the logarithm of the current that shows
a linear relationship (as defined between the two points of inflection)
between the potential and the logarithm of het current. The current plateau
is described as “passive region” in fig. 4, in ASTM G3-89 (2010)). The
range of the potential of the current plateau for fabrics of the invention is
illustrated in figure 2 of this patent application (indicated with F in figure 2)
and is measured between the two points of inflection.

The breakdown potential is the potential at the end of the current plateau,
where the potential versus the logarithm of the current shows a point of
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[22]

[23]

[24]

[25]

inflection. The breakdown potential is illustrated in figure 2 (indicated with
H).

In a preferred embodiment, the breakdown potential of the heat resistant
separation material as measured in cyclic potentiodynamic polarization is
higher than 0.55 V, preferably higher than 0.60 V, compared to the
Standard Hydrogen Electrode (SHE) electrode. The preferred minimum
values for the breakdown potential are an indication of full coverage of the
stainless steel fibers by the oxide skin, and contributing to improved

beneficial start-up behaviour of the heat resistant separation material.

In a preferred embodiment of the invention, the heat resistant separation
fabric consists out of stainless steel fibers.

In an embodiment of the invention, the heat resistant separation fabric
comprises more than one fiber type, e.g. stainless steel fibers and glass
fibers or poly(p-phenylene-2, 6-benzobisoxazole) fibers (PBO fibers). The
blend can be made as an intimate blend and spinning yarns out of the
blended fibers, or yarns out of one fiber type can be combined via plying,
or different yarn types can be combined when producing the fabric, e.g. via
knitting, weaving or braiding.

The treatment of the stainless steel fibers to create the oxide skin can be
performed on stainless steel fibers as such, or on spun yarns comprising
or consisting out of stainless steel fibers, or on fabrics.

When the fabric comprises fibers that are not stainless steel fibers,
preferably the stainless steel fibers are treated to create the oxide skin
layer in a form in which only stainless steel fibers (and no other fibers) are
present, e.g. in fiber form or in the form of yarns consisting out of stainless
steel fibers.

The heat resistant separation material of the invention can e.g. be a
knitted fabric, a woven fabric, a braided fabric or a felt. A feltis a

nonwoven fabric comprising stainless steel fibers.
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[26]

[27]

[28]

[29]

A specific embodiment of the invention is a heat resistant separation fabric
that is a sleeve, e.g. a tubular sleeve, e.g. a knitted sleeve, e.g. a circular
knitted sleeve, e.g. a braided sleeve. Such sleeves can e.g. be used as
covering for rollers transporting glass panels and lites in car glass
manufacturing. It has surprisingly been observed that the sleeves
according to the invention were solving — additionally to the improved
quality of glass panels at start up - the slippage problem that occurred on
prior art sleeves. The glass panels are transported on the rollers that are
driven. Subsequent rollers have a higher speed and are thus accelerating
the car glass panels. With prior art sleeves, it was observed that slippage
could occur between the rollers and the car glass panel, resulting in
incorrect transport of the glass panel. The sleeves according to the
invention showed to solve this problem as substantially no slippage occurs
between the roller and the car glass.

A specific embodiment of the invention is a heat resistant separation fabric
according to the invention that is a press mould covering or a quench ring

covering.

A second aspect of the invention is a method for the production of a heat
resistant separation fabric as in the first aspect of the invention, comprising
the treatment of stainless steel fibers made out of an alloy comprising
more than 12 % by weight of chromium (and preferably more than 18% by
weight of chromium), in fiber, yarn or fabric form, in an acid, in order to
build an oxide skin on said stainless steel fibers, wherein in the oxide skin
the atomic percentage of Cr at 5 nm depth of said oxide skin divided by
the sum of the atomic percentages of Cr and Fe at 5 nm depth of said
oxide skin, and multiplied with 100 to express the result as a percentage,
is higher than 30%, preferably higher than 40%. The stainless steel fibers
are e.g. made out of an alloy of the 300 series of ASTM A313.

Preferably, a heat resistant separation material comprising stainless steel
fibers, or a yarn comprising stainless steel fibers or the stainless steel
fibers themselves are treated in nitric acid, preferably at a temperature of
at least 50 °C.
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[30]

[31]

[32]

[33]

An acid comprising nitric acid can be used in the method. Preferably, when
nitric acid is used, the concentration of nitric acid in the treatment is at
least 20 % by volume, more preferably at least 30 % by volume, and
preferably less than 50% by volume in water.

Preferably, the treatment in acid is performed during a period of at least 1
hour, more preferably during a period of at least 1.5 hours, more
preferably at least 2 hours, even more preferably at least 2 hours and
preferably below 4 hours.

The method of the second aspect of the invention can be performed on
stainless steel fibers, or on yarns comprising or consisting out of stainless
steel fibers, or on fabrics comprising or consisting out of stainless steel
fibers.

A third aspect of the invention is the use of a heat resistant separation
fabric of the first aspect of the invention as covering of tooling that comes
in contact with hot glass products in glass products manufacturing, in order
to improve the quality of the glass products when starting glass products
manufacturing with new covering. Such products could be car glass
products or hollow glass products (e.g. bottles).

Brief Description of Figures in the Drawings

[34]

Figure 1 shows the percentage Cr/ (Cr + Fe) over the depth from the
surface of the stainless steel fibers for an example of the invention.
Figure 2 shows a CPP curve of an example of the invention.

Mode(s) for Carrying Out the Invention

[35]

[36]

A first example of a heat resistant separation material according to the
invention is a weft knitted mould covering fabric consisting out of stainless
steel fibers of diameter 12 uym out of stainless steel alloy 316L, spun into
yarns of Nm 11/2. The fabric has a specific weight of 950 g/m?.

A second example of a heat resistant separation material according to the

invention is a circular weft knitted tubular sleeve of diameter 60 mm (in
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[37]

[38]

[39]

unstretched state) consisting out of stainless steel fibers of diameter 12
KMm out of stainless steel alloy 347, spun into yarns of Nm 11/2. The sleeve
has a specific weight of 136 g/m?.

The fabrics according to the invention were treated in an aqueous solution
of 30 % by volume of nitric acid during a time period of one hour at a
temperature of 50°C. Afterwards, the fabric was neutralized, rinsed and
dried.

Figure 1 shows the percentage of atomic Cr over the sum of the atomic
percentages of Cr and Fe over the depth from the surface of the stainless
steel fibers for an example of the invention (curve A). The test results have
been obtained using XPS. In horizontal axis (X) the depth in nanometer
from the stainless steel fiber surface (which obviously coincides with the
surface of the oxide layer) is shown. The Y-axis shows the atomic
percentage of Cr divided by the sum of the atomic percentages of Cr and
Fe, and multiplied with 100, to express the result as a percentage. Curve A
shows the result as a function of the depth from the surface of the
stainless steel fiber. In the sample tested and shown in figure 1, at the
surface of the stainless steel fiber (which is also the surface of the oxide
skin on the stainless steel fiber) the atomic percentage of Cris 14.5%,
while the atomic percentage of Fe is 10.9%, resulting in Cr/(Cr + Fe)*100
of 57.08%.

Figure 2 shows a cyclic potentiodynamic polarization (CPP) curve for an
example of heat resistant separation fabric according to the invention. The
vertical axis V indicates the potential (in Volt) relative to an SHE-electrode
(Standard Hydrogen Electrode). The horizontal axis log (A) indicates the
logarithm of the measured electrical current in Ampere. E represents the
measured CPP curve of the sample. F is the potential range of the current
plateau (measured from inflection point to inflection point), and H is the
breakdown potential. In the example shown (figure 2) the potential range
of the current plateau is 0.19 V and the breakdown potential is 0.56 V.
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[40]

[41]

10

Another example of the invention, made with a treatment time of two hours
in the acid solution, showed a potential range of the current plateau of
0.20 V and a breakdown potential of 0.61 V.

Trials in car glass production with the exemplary sleeves as roller covering
have shown an important improvement of quality of the car glass (lites)
produced when starting up with new sleeves. With prior art sleeves, quality
of the first lites was not good, lites had to be thrown away frequently
because of markings and/or imprints in the lites or because of an
unwanted contamination of the lites. The contamination sometimes
appeared as a haze on the glass in which the imprint of the tool covering
fabric could be distinguished. The contamination could sometimes be
removed by means of brushing or polishing, however, this is an extra step
that requires extra labour and cost. The sleeves according to the invention
did not show the contamination on the lites and provided improved quality
of lites at start-up.

Furthermore, the slippage problem between covered rollers and glass
panels that was observed with prior art sleeves did not occur when using

sleeves according to the invention as roller covering.
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Claims

1.

Heat resistant separation fabric comprising stainless steel fibers,

- wherein said stainless steel fibers are made out of an alloy comprising more
than 12 % by weight of chromium;

- wherein said stainless steel fibers comprise an oxide skin;

characterised in that the atomic percentage of Cr at 5 nm depth of said oxide

skin divided by the sum of the atomic percentages of Cr and Fe at 5 nm depth
of said oxide skin, and multiplied with 100, is higher than 30%.

Heat resistant separation fabric as in claim 1, wherein in said oxide skin the
atomic percentage of Cr divided by the sum of the atomic percentages of Cr
and Fe, and multiplied with 100, is higher than 30% from the surface till

minimum at a depth of 25 nm.

Heat resistant separation fabric as in claims 1 or 2, wherein said oxide skin
covers the complete surface of said stainless steel fibers.

Heat resistant separation fabric as in any of the preceding claims, wherein the
potential range of the current plateau as measured in cyclic potentiodynamic
polarization is at least 0.18V.

Heat resistant separation fabric as in any of the preceding claims, wherein the
breakdown potential as measured in cyclic potentiodynamic polarization is,
compared to the Standard Hydrogen Electrode, higher than 0.55 V.

Heat resistant separation fabric as in any of the preceding claims, wherein said

heat resistant separation fabric consists out of stainless steel fibers.

Heat resistant separation fabric as in any of the preceding claims, wherein the
heat resistant separation fabric is a sleeve.

Heat resistant separation fabric as in claims 1 - 6, wherein the heat resistant

separation fabric is a press mould covering or a quench ring covering.
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9. Method for the production of a heat resistant separation fabric as in any of the
preceding claims, comprising the treatment of stainless steel fibers made out of
an alloy comprising more than 12% by weight of chromium, in fiber, yarn or
fabric form, in an acid, in order to build an oxide skin on said stainless steel
fibers, wherein in the oxide skin the atomic percentage of Cr at 5 nm depth of
said oxide skin divided by the sum of the atomic percentages of Cr and Fe at 5
nm depth of said oxide skin, and multiplied with 100, is higher than 30%.

10.Method as in claim 9, wherein the stainless steel fibers are made out of an
alloy of the 300 series of ASTM A313.

11.Method as in claims 9 or 10, wherein said acid is comprising nitric acid.

12.Use of a heat resistant separation material as in claims 1 — 8, as covering of
tooling that comes in contact with hot glass products in glass products
production, in order to improve the quality of the glass products when starting

glass products production with new covering.
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