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Description

[0001] The present disclosure relates to spacers for
Insulating Glazing Units (IGUs).

[0002] The process of manufacturing IGUs is well
known and established. The known IGUs may be formed
of at least two glass panes being connected with each
other via a spacer thus forming an interspace between
the panes. Specifically, the spacer may be connected to
each of the glass panes by at least one kind of sealant.
The spacer itself may be formed as a hollow profile pref-
erably made of a synthetic material and having a metallic
layer, which forms at least parts of the outer surface of
the spacer. The metallic layer may be a diffusion barrier
layer for reducing/avoiding diffusion through the spacer
and/or a reinforcement layer for reinforcing the spacer.
The spacer may have different shapes. For example, a
basically triangular / pyramidal shape or rectangular
shape is formed. The chamber formed by the hollow pro-
file may be filled with desiccant and is normally commu-
nicated to the interspace formed between the panes.
[0003] Accordingly, the glass panes of the IGU may be
connected and supported on each other via a path formed
by sealant-spacer-sealant. Often, a primary sealant and
a secondary sealant is used. The primary sealant may
be provided between the side surfaces of the spacer,
which face the glass panes, and the surfaces of the glass
panes and may be used forgas insulation. The secondary
sealant may be provided in the outside groove (facing
away from the interspace between the glass panes),
which is formed by the glass panes and the spacer, and
may be used for adhesive connection between glass
panes and the glass panes and the spacer. The primary
sealant may be used for the connection between side
walls of the spacer facing the glass panes, respectively,
while the secondary sealant may be present in the out-
side groove formed by the glass panes and the spacer.
[0004] For the mechanically stability of the IGU, it is
important that the adhesion properties of the sealants to
the spacer are good. As the sealants should adhere to
the metallic layer, which forms at least partly the surface
ofthe side walls (facing a glass pane, respectively) and/or
of the outer wall (opposite to the interspace between the
panes) of the spacer, in particular, the adhesion proper-
ties of the metallic layer are important.

[0005] Examples for the above described spacers are
described and disclosed in EP 1 017 923 B1, EP 1 529
920B1 and EP 1 797 271 B1.

[0006] Itisanobjectoftheinventionto provide aspacer
having enhanced adhesion properties allowing a good
permanent adhesion between the glass panes and the
spacer by the sealants.

[0007] This object is achieved by a spacer according
to claim 1. Further developments are given in the de-
pendent claims.

[0008] It has been found that the metallic layer made
of a stainless steel having an increased amount of oxides
and/or hydroxyl groups on its surface shows by far better
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adhesion to one or more sealants, in particular to the
secondary sealant, than a "normal" stainless steel. Such
an increased amount of oxides and/or hydroxyl groups
may be created, for example, by further oxidizing the
stainless steel material, for example, in a final annealing
step or by chemical treatment. Oxidizing stainless steel
materials in known in the art and oxidized stainless steel
materials are available on the market. In this respect, it
is noted that some of the stainless steel materials are
produced without a specific oxidizing step but have al-
ready a certain thicker oxide layer due to the manufac-
turing process. Indeed, in general, commercially availa-
ble stainless steel materials can be considered oxidized
materials due to the passivation process which creates
the hard, protective layer (mainly of Chrome oxides)
which makes the steel "stainless"

[0009] In the following, the term "oxide stainless
steel” refers to a stainless steel having an increased
amount of oxides and hydroxyl groups on its surface in
comparison to a "normal stainless steel". That is, the sur-
face is oxidized.

[0010] "Normalstainless steel" refers to a commercial-
ly available stainless steel produced with standard set-
tings.

[0011] In the same way, the term "oxide spacer" re-

fers to a spacer having an external barrier layer made of
"oxide stainless steel", such barrier being in contact with
sealant materials.

[0012] The term "adhesion properties", as it is used
here and in the following should be understood as the
characteristics/properties of a surface to allow an adhe-
sion/bonding of another material (here preferably seal-
ant) to the surface.

[0013] Normally the adhesion properties are measured
by so-called tension tests, in which the adhering force,
adhering durability (time until the material detaches) and
the type rupture, for example, are measured.

[0014] In one of these tests, two pieces of spacer are
joined by means of a mass of (secondary) sealant (typ-
ically Polysulphide, Polyurethane or Silicon) which ad-
heres to the respective outer stainless steel foils. A force
is applied to the two spacer pieces in such a way that the
two spacer pieces are moved away from each other. In
this way, the mass of secondary sealant is under stress.
The result is considered good if the force causing the
break of the sample is over 10 daN and the rupture is
cohesive, i.e. the fracture occurs in the mass of sealant.
[0015] This testis a tensile test as generally this term
is considered in the art, especially in the field of applied
mechanics, because an increasing force is applied to the
sample till rupture of the sample itself.

[0016] The reference European standard for IGUs
EN1279 proposes a different kind of test, called "tensile
test" in which the durability is measured. It is described
in Annex F of part 6 of EN1279. According to said stand-
ard, two length of spacer bar are placed in parallel 11.5
mm apart. The gap can be filled with (secondary) sealant
by using a non-adhering plate on the opposite side. A
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defined load is applied to the test specimen by hanging
weights on it. The result is considered to be good if the
specimen lasts at least 10min before rupture.

[0017] The presentinvention improves at least one of
these adhesion properties (e.g. the type of break, the
force and the time until break) with respect to both of the
above or other tests, for example.

[0018] The use of such oxide stainless steel for spac-
ers has the following advantages:

- improvement of adhesion to sealants; this implies
improved "reserve capacity" against pumping effects
due to climatic changes; therefore , the integrity of
IGUs is preserved for alonger time and consequently
lifetime of IGUs is extended;

- due to better adhesion to secondary sealants, the
mass of secondary sealant can be reduced; conse-
quently, heat transfer through the composite edge
of IGU is significantly reduced;

- lessamountof secondary sealantmeans lower thick-
ness of secondary sealant, which means that, ceteris
paribus, the spacer can be placed closer to the edges
of glass panes, therefore the path for heat is made
longer and the overall heat transfer is reduced (spac-
er depth in the window system is higher). It is also
possible to think keeping the heat transfer constant;
in this case, the height of the legs of the window
frame can be reduced of the same amount as the
reduction of thickness of secondary sealant so that,
consequently, the visible area through the glass of
the window is larger (such trend being greatly ap-
preciated by the market);

- because ofimproved adhesion, mechanical strength
and lateral resistance of IGU are at the same level
of current IGUs despite the use of less amount of
sealant;

- different steel grades have different adhesion prop-
erties (example 1.4016, 1.4301, 1.4310, 1.4372).
However, the use of anincreased amountof hydroxyl
groups / metal oxides is helpful for all steel grades;

- handling at customers is safer: indeed, impurities on
the surface of stainless steel barrier of spacer can
negatively affect bonding properties to secondary
sealants; with oxide stainless steels, an increased
"adhesion reserve" is available (thanks to increased
amount of hydroxyl groups / metal oxides on surface)
in case impurities lower the adhesion properties of
steel.

[0019] One aspect of the present invention is a spacer
for IGUs having an external stainless steel barrier foil
which is in contact with secondary sealant, wherein the
stainless steel foil has an increased amount of hydroxyl
groups / metal oxides on its external surface in compar-
ison to a normal stainless steel. Preferably the spacer
according to this disclosure does not refer to seal mem-
bers used at the boundary of vacuum glass.

[0020] Another aspect of the present invention is the
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use of a special class of stainless steels - having in-
creased amount of hydroxyl groups / metal oxides on its
surface in comparison to a normal stainless steel - as
barrier foil for insulating spacers for IGUs.

[0021] Further features and usabilities follow from the
description of exemplary embodiments with considera-
tion of the figures. The figures show in:

FIG. 1 in a) and b) perspective cross-sectional views
of assembled insulating glass units with a
spacer profile, primary sealant and secondary
sealant arranged therebetween according to
a first and second embodiment,

shows a side view, partially cut away, of a
spacer frame bent from a spacer in the ideal
condition,

ina) and b) cross-sectional views of the spacer
profiles according to the first and the second
embodiment,

an enlarged cross-sectional partial view of a
spacer wall,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel A (1.4310)
according to a first sample,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel B (1.4310)
according to a second sample,

in a) to ¢) diagrams showing a comparison be-
tween elemental concentrations of A and B,
a table showing the elemental concentration
of A,

a table showing the elemental concentration
of B,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel C (1.4310)
according to a third sample,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel D (1.4301)
according to a fourth sample,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel E (1.4301)
according to a fifth sample,

in @) and b) diagrams showing the elemental
concentrations of a stainless steel F (1.4310)
according to a sixth sample,

in a) to f) diagrams showing a comparison be-
tween elemental concentrations of C to F,

a table showing the elemental concentration
of C,

a table showing the elemental concentration
of D,

a table showing the elemental concentration
of E,

a table showing the elemental concentration
of F, and

a diagram showing a comparison between the
elemental concentrations of oxygen of Ato F.

FIG. 2

FIG. 3

FIG. 4

FIG. 5

Fig. 6

Fig. 7
Fig. 8
Fig. 9

Fig. 10

Fig. 11

Fig. 12

Fig. 13

Fig. 14
Fig. 15
Fig. 16
Fig. 17
Fig. 18

Fig. 19
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[0022] Embodiments of the present teachings will be
described in greater detail below with references to the
figures. The same features/elements are marked with
the same reference numbers in all figures. For the pur-
pose of clarity, all reference numbers have not been in-
serted into all figures.

[0023] The 3-dimensional (X, Y, Z) reference system
shown in Fig. 1 is applicable to all figures and the de-
scription and the claims. The longitudinal direction cor-
responds to the direction Z, the traverse direction corre-
sponds to the direction X and the height direction corre-
sponds to the direction Y.

[0024] InFigs. 1 and 3, a so-called W-configuration of
the spacer is shown in each a) view and a so-called U-
configuration is shown in each b) view. A spacer accord-
ing to a first embodiment will now be described with ref-
erence to Figs. 3a) and 3b).

[0025] In Figs. 3a) and 3b), the spacer is shown in
cross-section perpendicular to a longitudinal direction,
i.e. along a slice in the X-Y plane, and extends with this
constant cross-section in the longitudinal direction. The
spacer profile comprises a height h1 in the height direc-
tion Y and a width b1 in the direction X. The spacer profile
1is comprised of a hollow profile body 10, which is formed
from a first material. The first material is preferably an
elastic-plastic deformable, poor heat conducting (insu-
lating) material.

[0026] Herein, the term "elastic-plastic deformable"
preferably means that elastic restoring forces are active
in the material after a bending process, as is typically the
case for synthetic materials for which only a part of the
bending takes place with a plastic, irreversible deforma-
tion. Further, the term "poor heat conducting" preferably
means that the heat conduction value [lambda] is less
than or equal to about 0.3 W/(mK).

[0027] The first width b1 is preferably between 4mm
and 40mm, more preferably, between 5mm and 30mm
and further more preferably between 7.5 and 25mm, as
for example, 14mm, 16mm or 20mm.

[0028] The first height h1 is preferably between 2mm
and 20mm, more preferably, between 3mm and 15 and
further more preferably between 4 and 10mm, as for ex-
ample, 5mm, 6mm or 7mm.

[0029] The first material is preferably a synthetic ma-
terial, more preferably a polyolefin and still more prefer-
ably polypropylene, polyethylene terephthalate, polya-
mide or polycarbonate. An example of such a polypro-
pyleneis Novolen(R) 1040K. The first material preferably
has an E-modulus of less than or equal to about 2200
N/mm2 and a heat conduction value [lambda] less than
or equal to about 0.3 W/(mK), preferably less than or
equal to about 0.2 W/(mK). The walls (side wall, inner
wall, outer wall) of the hollow profile body 10 may have
the same first thickness d1. The first thickness d1 is pref-
erably between 0.1mm and 5mm, more preferably be-
tween 0.2mm and 4mm, and further more preferably be-
tween 0.5mm and 1.2mm, for example, 0.7mm, 1mm or
1.1mm.
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[0030] The profile body 10 is firmly bonded (e.g., fusion
and/or adhesive bonded) with a one-piece metallic layer
30 forming a diffusion barrier. The metallic layer 30 is
formed from a metal material. The second material is
preferably a plastic deformable material. Herein, the term
"plastic deformable" preferably means that practically no
elastic restoring forces are active after the deformation.
This is typically the case, for example, when metals are
bent beyond their elastic limit (apparent yield limit).
[0031] Herein, the term "firmly bonded" preferably
means that the profile body 10 and the metallic layer 30
are durably connected with each other, e.g. by co-extru-
sion of the profile body with the diffusion barrier film,
and/or if necessary, by the application of an adhesive
material. Preferably, the cohesiveness of the connection
is sufficiently large that the materials are not separable
in the peel test according to DIN 53282.

[0032] The profile body 10 comprises an inner wall 13
and an outer wall 14 separated in the height direction Y
and two side walls 11, 12 that are separated by in the
traverse direction X, and extend essentially in the height
direction Y. The side walls 11, 12 are connected via the
inner wall 13 and outer wall 14, so that a chamber 20 is
formed for accommodating desiccant. The chamber 20
is defined on its respective sides in cross-section by the
walls 11 to 14 of the profile body. The chamber 20 has
a height h2 in the height direction Y and a width b2 in the
traverse direction X.

[0033] The side walls 11, 12 are formed as attachment
bases for attachment to the inner sides of the window
panes 50, 52 (see Fig. 1). In other words, the spacer 10
is preferably adhered to the respective inner sides of the
glass panes 50, 52 via these attachment bases (see Fig.
1) by using an adhesive material (primary sealant) 61,
e.g., a butyl sealing compound based upon polyisobuty-
lene. The interspace 54 between the window panes is
thus defined by the two window panes 50, 52 and the
spacer 10. On the side of the spacer 10 facing away from
the interspace 54 between the window panes (in Fig. 1
in the height direction Y), a mechanically stabilizing seal-
ing material (secondary sealant) is introduced into the
remaining, empty space/groove between the inner sides
of the window panes in order to fill the empty
space/groove. The secondary sealant is, for example,
based upon polysulfide, polyurethane or silicon. This
sealant also protects the diffusion barrier layer from me-
chanical and/or other corrosive/degrading influences.
[0034] Theinnerwall 13is defined herein as the "inner"
wall, because it faces inward toward the interspace 54
between the glass panes 50, 52 in the assembled state
of the insulating glass unit 1 as shown in Fig. 1. The outer
wall 14, which is arranged in the height direction Y on
the opposite side of the chamber 20, faces away from
the interspace 54 between the glass panes 50, 52 in the
assembled state and therefore is defined herein as the
"outer" wall 14.

[0035] According to the W-configuration shown in Fig.
3a), the side walls 11, 12 each comprise a concave por-
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tion, when observed from outside of the chamber 20,
which concave portion forms the transition of the outer
wall 14 to the corresponding side wall 11, 12. As a result
of this design, the heat conduction path via the metallic
layer is elongated as compared to the U-configuration
shown in Fig. 3b), even though the W- and U-configura-
tions have the same height h1 and width b1. In exchange,
the volume of the chamber 20, with the same width b1
and height h1, is slightly reduced.

[0036] Openings 15 are formed in the inner wall 13,
independent of the choice of the material for the profile
body, so that the inner wall 11 is not formed to be diffu-
sion-proof. In addition or in the alternative, to achieve a
non-diffusion-proof design, it is also possible to select
the material for the entire profile body and/or the inner
wall, such that the material permits an equivalent diffu-
sion without the formation of the openings 15. However,
the formation of the openings 15 is preferable. In any
case, moisture exchange between the interspace be-
tween the glass panes and the desiccant in the chamber
20inthe assembled state is preferably ensured (see also
Fig. 1). The diffusion barrier is constituted by the metallic
layer 30 formed on the outer sides of the outer wall 14
and of the side walls 11, 12, which face away from the
chamber 20. The layer 30 extends along the side walls
in the height direction Y up to height h2 of the chamber
20. The metallic layer 30 comprises profiled elongation
portions 31, 32, each having a profile 31 a, 32a.

[0037] Herein, the term "profile" preferably means that
the elongation portion may not exclusively a linear elon-
gation of the diffusion barrier film 30, but instead that a
two-dimensional profile may be formed in the two-dimen-
sional view of the cross-section in the X-Y plane, which
profile is formed, for example, by one or more bends
and/or angles in the elongation portion 31, 32. It is noted
that the profiled elongation portions are optional.
[0038] On the other hand, for purely ornamental rea-
sons, the metallic layer preferably should not be visible
through the window panes of the assembled IGU. There-
fore, the metallic layer preferably should be covered at
the inner side by the material of the profile body.

[0039] Insummary, the elongation portion may prefer-
ably be close to the inner side. Therefore, the region of
the profile body (accommodation region), in which the
elongation portion is located (is accommodated), prefer-
ably may be clearly above the mid-line of the profile in
the height direction. In such case, the dimension (length)
of the accommodation region from the inner side of the
spacer profile in the Y-direction should not extend over
more than 40% of the height of the spacer profile. In other
words, the accommodation region 16, 17 comprises a
height h3 in the height direction and the height h3 should
be less than or equal to about 0.4 h1, preferably less than
or equal to about 0.3 h1, more preferably less than or
equal to about 0.2 h1 and still more preferably less than
or equal to about 0.1 h1. Moreover, it is advantageous if
the mass (weight) of the elongation portion comprises at
least about 10% of the mass (weight) of the remaining
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part of the diffusion barrier film, which is above the mid-
line of the spacer profile in the height direction, preferably
at least about 20%, more preferably at least about 50%
and still more preferably about 100%.

[0040] Furthermore, the metallic layer 30 additionally
also preferably acts as areinforcement element. The pre-
ferred first metallic material for the diffusion barrier layer
30 is stainless steel having a thermal conductivity value
of A < about 50 W/(m K), preferably < about 25 W/(m K),
and more preferably < about 15 W/(m K) and more than
5 W/(m K)

[0041] The metallic layer 30 has a second thickness
d2, which is between 0.5 mm and 0.001 mm, preferably
between 0.20 mm and 0.01 mm, more preferably be-
tween 0.10 mm and 0.01 mm, and still more preferably
between 0.09 mm and 0.04 mm, for example, 0.05 mm,
0.08 mm, or 0.09 mm.

[0042] The maximum thickness can be selected in ac-
cordance with the desired thermal conductivity value.
The thinner the film is, the better the "warm edge"-con-
ditions are fulfilled. In the embodiments shown in Fig. 3a)
and b), thicknesses in the range of 0.10 mm to 0.01 mm
are preferred.

[0043] An example for the metallic layer is a stainless
steel film 1.4016, 1.4301, 1.4310, or 1.4372 according
to DIN EN 1008812 having a thickness of 0.1 mm or 0.09
mm.

[0044] Asfaras the term "diffusion resistance", or rath-
er "diffusion resistant" (or (diffusion) impermeability, dif-
fusion proof etc.) are utilized with respect to the spacer
profile or materials forming the spacer profile, vapour dif-
fusion impermeability as well as also gas diffusion im-
permeability for the gases relevant herein (for example
nitrogen, oxygen, water, etc.) are meant to be encom-
passed within the meaning thereof. The utilized materials
are considered to be gas or vapour diffusion resistant or
rather impermeable, if not more than 1% of the gases in
the interspace 54 between the panes can leak out within
the period of one year. Furthermore, diffusion resistant
is also equated to a low permeability in the sense of that
the corresponding test norm EN1279 part 2 + 3 is fulfilled.
Thatmeans, the finished spacer profile orinsulating glass
unit (or insulating window unit) having such a spacer pro-
file should fulfil the test norm EN1279 part 2 + 3.

[0045] According to the first embodiment, the metallic
layer is made of a normal, commercially available stain-
less steel which is exposed to an oxidation treatment
process. As stated above, such a metallic layer will be
referred to as oxide stainless steel in the following. In
comparison thereto, stainless steel, which is not exposed
to an oxidation treatment process, will be referred to as
normal stainless steel.

[0046] Fig. 4 shows anenlarged cross-sectional partial
and simplified view of a wall (here the outer wall 14) of
the hollow profile 10 comprising the metallic layer 30. As
it can be further seen from Fig. 4 in a simplified manner,
the metallic layer 30 itself has different zones/layers 30a,
30b due to the following: in the oxidation treatment proc-
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ess, an oxide layer 30a is oxidized/created onto or on an
outer surface (facing away from the chamber 20) of a
basiclayer 30b of the stainless steel material up to certain
third thickness d3 from the outer surface of the basic
layer 30b. Accordingly, the chemical compositions of the
oxide layer 30a and the basic layer 30b differ from each
other although the same together are referred to as the
metallic layer 30.

[0047] Thechemical compositionwithin the oxide layer
30a changes with the distance from the external surface
30c. The external surface 30c is the surface of the me-
tallic layer 30, which faces away from the chamber 20.
The greatest changes take place near and/or on the sur-
face 30c. With an increase of the distance from the sur-
face 30c, the changes reduce more and more. Ina certain
third distance (depth) d3 from the surface 30c, basically
only the basic steel composition is present. As it will be
described later, some elemental concentrations change
with an asymptotic curve from the surface 30c or from
anywhere within the oxide layer 30a to the beginning of
the basic layer 30b.

[0048] For simplification, the third distance d3, and
therefore, the border between the zone called oxide layer
30a and the zone called basic layer 30b is determined in
the following as follows: at the third distance d3 from the
surface 30c, the elemental concentration of O (Oxygen)
is equal to 2at%. This means, the transition between ox-
ide layer 30a and the basic stainless steel layer 30b is
determined by the elemental content of oxygen meas-
ured with the below described method. In other words,
the oxide layer 30a is considered to be present in case
an elemental concentration of oxygenis equal to or above
2at% and the basic layer 30b is considered to be present
in case an elemental concentration of oxygen is below
2at%. In general, the stainless steel material has basi-
cally 0at% elemental concentration of oxygen. However,
due to the below described measurement method, an
elemental concentration below 2at% is considered to be
present in the basic layer.

[0049] Thus, the oxide layer has the third thickness d3,
which is, depending on the oxidation treatment process,
preferably between 10nm and 400nm, more preferably
between 30nm and 100nm, and further more preferably
between 70nm and 85nm, as, for example, 80nm, 84nm,
or 86nm.

[0050] The remaining basic layer has a fourth thick-
ness d4, which can be derived by the following formula:
d4 =d2-d3

[0051] The oxidation treatment process is, according
to the presentembodiment, performed in the last anneal-
ing step of stainless steel manufacturing process by
bringing the stainless steel sheets into contact with a spe-
cific atmosphere. For example, the atmosphere is com-
prised of Nitrogen and/or Hydrogen. Alternatively, the ox-
idation treatment process may be performed by a chem-
ical treatment.

[0052] In case of oxidation by exposing to a specific
atmosphere, the surface characteristics of the oxidized
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layer are due to the composition of said gas atmosphere.
In particular, the atmosphere is made less reducing, and
therefore more oxidizing, by increasing the amount of
Nitrogen. In this way, formation of hydroxyl groups / metal
oxides is made possible.

[0053] Figs. 5, 6 and 10 to 13 show diagrams of ele-
mental concentrations [at%] at different distances from
the surface of different stainless steel materials A to F
as samples. Fig. 8, 9 and 15 to 18 show corresponding
tables including the measurement values.

[0054] Figs. 6, 10, 12 and 13 refer to the samples B,
C, E and F for stainless steel materials which were ex-
posed to a special oxidation treatment process. Figs. 5
and 11 refer to the samples A and D for stainless steel
materials which were not exposed to a special oxidation
treatment process. However, the manufacturing process
of sample A leads also to the greater thickness of an
oxide layer than it is the case for normal stainless steels
suchthatsample A can also be considered as oxide stain-
less steel. Sample D is a sample for a normal stainless
steel being not exposed to any oxidation treatment.
[0055] Figs. 7, 14 and 19 show diagrams wherein the
elemental concentrations of the different samples A to F
can be compared.

[0056] The investigations (determination of elemental
concentrations) have been performed with a PHI 5500
ESCA spectrometer using monochromatic AlKa-radia-
tion. The spot size amounted to approx. 0.8 mm. ESCA
(Electron Spectroscopy for Chemical Analysis) provides
semiquantitative information (at%) about the surface el-
emental composition and chemical binding in the topmost
nm of a sample surface.

[0057] For the sputtering experiments a focused 3 keV
Ar ion beam scans a surface area of approx. 4.0 x 5.5
mm. During this process material was sputtered off and
the surface composition was determined alternately. The
sputtering ratio for the estimation of the sputter depth has
been determined to approx. 2.98 nm/min (corresponding
to a reference sample of tantalum pentoxide on tanta-
lum).

[0058] Results are shown in terms of sputter-time (see
"minute" on the x-axis). Itis possible to convert the graphs
in depth profiles by multiplying the values on the x-axis
by the above mentioned sputtering ratio of 2.98 nm/min.
This means, 1 min on the horizontal axis of the diagrams
corresponds to a distance 2.98nm from the outer surface
30c, wherein the surface 30cis present at 0 min (=surface
corresponds to the vertical axis).

[0059] It has been found that the adhesion properties
are improved if preferably

an elemental concentration of oxygen is continuously
above or equal to 30at% in a region between the outer
surface 30c of the metallic layer 30 and 3nm distance to
the outer surface 30c of the metallic layer 30a, and/or
an elemental concentration of oxygen is continuously
above or equal to 20at% in a region between the outer
surface 30c of the metallic layer 30 and 6nm distance to
the outer surface 30c of the metallic layer 30a, and/or
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an elemental concentration of oxygen is continuously
above or equal to 10at% in a region between the outer
surface 30c of the metallic layer 30 and 15nm distance
to the outer surface 30c of the metallic layer 30a, and/or
the oxide layer 30a extends at least between the surface
30c of the metallic layer 30 and preferably 15nm distance,
more preferably 25nm distance, and further more pref-
erably 30nm distance from the surface 30c of the metallic
layer 30 if the oxide layer 30a is considered to be present
in case an elemental concentration of oxygen is equal to
or above 2at% and the basic layer 30b is considered to
be present in case an elemental concentration of oxygen
is below 2at%.

[0060] Specifically the elemental concentrations of the
below described samples A, B, C, E and F have been
found to significantly increase the bonding characteris-
tics/properties versus the sample D.

[0061] The metallic material of sample A is a 1.4310
oxide stainless steel with a thickness d2 of 0.09 mm.
Sample A has a specific manufacturing process increas-
ing the oxide layer. The metallic material of sample B is
a 1.4310 oxide stainless steel with a thickness d2 of 0.09
mm.

[0062] The metallic material of sample C is a 1.4310
oxide stainless steel with a thickness of 0.09 mm. The
metallic material of sample D is a 1.4301 standard stain-
less steel with a thickness of 0.1 mm. The metallic ma-
terial of sample E is a 1.4310 oxide stainless steel with
a thickness of 0.09 mm. The metallic material of sample
F is a 1.4301 oxide stainless steel with a thickness of
0.09 mm.

[0063] With the above definition of the thickness d3 of
the oxide layer 30a, it can be seen, in particular from the
comparison diagram in Fig. 19 (but also from the dia-
gramsin Figs. 7a , and 14b and the corresponding meas-
urement tables) that an almost constant elemental con-
centration of Oxygen (O) and Iron (Fe) is observable for
sample A after a sputtering time of 10.5 minutes, for sam-
ple B after a sputtering time of 33 minutes, for sample C
after a sputtering time of 37 minutes, for sample D after
a sputtering time of 3.5 minutes, for sample E after a
sputtering time of 60 minutes and for sample F after a
sputtering time of 9.5 minutes.

[0064] This means, in terms of depth profiles, that in
sample A below a first thickness of 31 nm (10.5 min x
2.98 nm/min) the basic steel composition is detected or,
in other words, the superficial layer where hydroxyl
groups / metal oxides are present is as thick as 31 nm.
[0065] On the other hand, for the oxide stainless steel
according to sample B, the basic steel composition is
detected at a depth of 98 nm (33 min x 2.98 nm/min) or,
in other words, the oxide layer where hydroxyl groups /
metal oxides are present, is as thick as 98 nm.

[0066] Furthermore, for the oxide stainless steel ac-
cording to sample C, the basic steel composition is de-
tected at a depth of 110 nm (37 min x 2.98 nm/min) while
for the oxide stainless steel according to sample E, the
basic steel composition is detected at a depth of 178.8
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nm (60 min x 2.98 nm/min). In contrast, for the normal
stainless steel according to sample D, the basic steel
composition is detected at a depth of 10 nm (3.5 min x
2.98 nm/min). Furthermore, for the oxide stainless steel
according to sample F, the basic steel composition is
detected at a depth of 28 nm (9.5 min x 2.98 nm/min).
[0067] Accordingly, a significant difference (28nm vs.
10nm) in the third thickness d3 of the oxide layer is
present between normal stainless steels and oxide stain-
less steels. Such an increased thickness of the oxide
layer leads to improved adhesion properties, as stated
above.

[0068] Asitcan be seen from Figs. 19, 7a and 14b that
the above conditions which must be fulfilled for the im-
proved adhesion properties are fulfilled in case of sample
A, B, C, E and F but notfulfilled in case of same D. Sample
D does not have an elemental concentration of oxygen
being continuously higher than 20at% in the region be-
tween the surface of the oxide layer 30a and a depth of
6nm.

[0069] Furthermore, it can be seen, in particular, from
Figs. 19, 7a and 14a, that the oxide stainless steels ac-
cording to samples A, B, C, E and F which have the im-
proved adhesion properties, have within a sputter time
region of

preferably 2 min to 20 min an average decrease rate of
the elemental concentration of oxygen between
0.83at%/min and 2.47at%/min,

preferably 4 min to 6 min a basically linear decrease rate
of the elemental concentration of oxygen with an average
decrease rate higher than or equal to 0.9at%/min, pref-
erably between 0.9at%/min and 2.8at%/min.

[0070] Furthermore, preferably the oxide layer 30a in-
cludes a concentration of at least one metal oxide and/or
of hydroxyl groups which is at least 10% higher than in
the basic layer 30b, and/or which increases the surface
tension by at least 20% in comparison to the basic layer
30b.

[0071] Furthermore, sample B, C and E, as samples
with a furtherimproved characteristic, show an elemental
concentration of oxygen greater than 20at% in a time
region between 0 and 13min, whereas the same is above
10at% in a time region between 0 and 18min.

[0072] Comparing now both Cr profiles of sample A
and B, is it possible to see a higher concentration for
sample B. After 11 minutes of sputtering, a quite constant
concentration of Cr can be found for sample A. For ex-
ample sample B an analogous Cr concentration level is
achieved after a sputtering time of 18 minutes.

[0073] Further remarkable difference between the two
steel samples A and B can be noticed regarding Mn be-
cause sample B shows higher concentrations of this el-
ement in the oxide layer.

[0074] This general trend is not observable for Ni and
Si. In comparison with sample A, a smaller Ni concen-
tration level is observable for sample B within the first 12
minutes of sputtering. Sample A shows higher Si con-
centrations in the depth profile than sample B. These Si
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concentrations may be a result of residues of metal work-
ing fluids, for example.

[0075] Basically the same analysis of the elemental
concentrations can be done for the other samples and
elements.

[0076] Furthermore, it is noted that the hollow spacer
profile can have basically any shape and is not restricted
to the shapes shown in Figs. 1 and 3. Furthermore, the
material for the hollow profile body may also be a metallic
material, onto which the metallic layer is applied. Further-
more, the hollow profile body and the metallic layer may
be integrally formed of a metallic material whereas the
oxide layer is formed on its surface. This means, the
spacer may be formed only of stainless steel and is op-
tionally integrally formed. Furthermore, the spacer may
be formed of a U-shaped profile (=no hollow profile body)
of synthetic or metal material comprising a metallic layer
closing the U to an O (i.e. connecting the upper ends of
the legs of the U). In this case the metallic layer and/or
the metal material of the profile may be oxidized.
[0077] It is explicitly stated that all features disclosed
in the description and/or the claims are intended to be
disclosed separately and independently from each other
for the purpose of original disclosure as well as for the
purpose of restricting the claimed invention independent
of the composition of the features in the embodiments
and/or the claims. It is explicitly stated that all value rang-
es or indications of groups of entities disclose every pos-
sible intermediate value or intermediate entity for the pur-
pose of original disclosure as well as for the purpose of
restricting the claimed invention, in particular as limits of
value ranges.

Claims

1. A spacer for an insulating glass unit (1) with at least
two glass panes (50, 52), comprising
a metallic layer (30),
wherein
the metallic layer (30) has a basic layer (30b) and at
least one oxide layer (30a), and the basic layer (30b)
is made of stainless steel, and
the oxide layer (30a) is provided on the basic layer
by oxidation,
the oxide layer (30a) provides improved adhesion
properties in comparison to the basic layer (30b).

2. The spacer according to claim 1, wherein
an elemental concentration of oxygen is continuous-
ly above or equal to 20at% in a region between the
outer surface 30(c) of the metallic layer (30) and 6nm
distance to the outer surface (30c) of the metallic
layer (30).

3. The spacer according to claim 1 or 2, wherein
an elemental concentration of oxygen is continuous-
ly above or equal to 10at% in a region between the
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outer surface 30(c) of the metallic layer (30) and
15nm distance to the outer surface (30c) of the me-
tallic layer (30).

The spacer according to any one of claims 1 to 3,
wherein

the oxide layer (30a) extends at least between the
surface (30c) of the metallic layer (30) and 25nm
distance from the surface (30c) of the metallic layer
(30) if the oxide layer (30a) is considered to be
present in case an elemental concentration of oxy-
gen is equal to or above 2at% and the basic layer
(30b) is considered to be presentin case an elemen-
tal concentration of oxygen is below 2at%,

The spacer according to any one of claims 1 to 4,
further comprising

a hollow profile body (10) having an inner wall (13),
an outer wall (14) and side walls (11, 12) defining a
chamber (20), where the inner wall (13) is adapted
to face an interspace (54) formed between the glass
panes (50, 52) and the side walls (11, 12) are adapt-
ed to face the surface of the panes (50, 52) and the
outer wall (14) is adapted to face away from the inter-
space (54) in an assembled stated of the insulating
glass unit (1), and

the basic layer (30b) is provided on at least parts of
the outer wall (14) and/or of the side walls (11, 12)
on the outer side of the hollow profile body (10),
the oxide layer (30a) is provided on the outer side of
the basic layer (30b) and forms, at least partly, the
outer surface of the spacer,

the oxide layer (30a) is adapted to be in contact with
a sealant (61, 62) in an assembled insulating glass
unit (1).

The spacer according to any one of claims 1 to 5,
wherein

the oxide layer (30a) comprises hydroxyl groups and
metal oxides.

The spacer according to any one of claims 1 to 6,
wherein

in comparison to the stainless steel material of the
basic layer (30b), the oxide layer (30a) has a higher
content of at least one metal oxide other than Fe
oxide and/or a higher content of hydroxyl groups
and/or a higher surface tension.

The spacer according to claim 7, wherein

the oxide layer (30a) includes a concentration of at
least one metal oxide and/or of hydroxyl groups
which is at least 10% higher than in the basic layer
(30b), and/or which increases the surface tension by
at least 20% in comparison to the basic layer (30b).

The spacer according to any one of claims 1 to 8,
wherein
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the elemental concentration of oxygen between
12nm to 18 nmdistance from the surface (30c) within
the metallic layer (30) decreases basically linearly
with an average decrease rate being higher or equal
to 0.3at%/nm.

The spacer according to any one of claims 1 to 9,
wherein

the metallic layer (30) has a thickness of at least 1
pm.

Insulating glass unit (1) comprising

a spacer (10) according to one any one of claims 1
to 10,

at least two glass panes (50, 52),

a sealant (61, 62),

wherein

the spacer (10) is arranged between the glass panes
(50, 52) and connected thereto via the sealant (61,
62), respectively,

the sealant (61, 62) adheres to the oxide layer (30a)
of the spacer (10).
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Fig. 2

10



EP 3 009 589 A1

pe ,MJJ ﬁm,
m..w».%m\\\xb\\\ /\ (+ « Y
ol S

1"



30c

f‘\/

2% o\\\\ e

NN

1zuk

dl
)

d1




EP 3 009 589 A1

Sample A

Typ 1.4310 standard

90
. A E
: //"x—”' o e
< 70
s
= 60
2
E_d }/
3 50 \
[]
o
5
8 40
2 %\ N
[
g 30 ~\J
&
u

20

Sputtertime (min)

Elemental concentration (at%)

Sputtertime (min)

13




EP 3 009 589 A1

7}
o

fampfe B Typ 1.4310

fe:]
=1

~
[=3

&

D
<

Elemental concentration (at%)
- o
(=] <

I
NN

< ' s o8 s
- ! Sputtertime (min)
'I'l 5 60\

9

gl

. \\’"/ M, —e—inzp
e Si2p
s NiZp

[ —&—C1s

J\ S" \ ——Mo3d
5 /

'S

Elemental concentration (at%)

Sputtertime (min)

14




EP 3 009 589 A1

Comparison O\C \go.lm F(L AQ")U( B

Elemental concentration (at%)

P -
@

35

&
-

0
Sputtertime (min)

30

25

== Ni2p
—8—Ci2p
~ B 2

Elemental concentration (at%)

Sputtertime (min)

15




EP 3 009 589 A1

Elemental concentration {at%)

14

12

-
=]

@

N
"
=,

Comparison of ga hn F(L A and B

10 15 2
Sputtertime (min)

25

30

35

40

16




EP 3 009 589 A1

Typ 1.4310
Sample A Sputtertime Elemental concentration (at%)

[min] C 0] N Si Fe Cr Mn Ni Sn
0 26 | 522)] 16 | 1231 202 | 84 1.8 0.4 0.5
1 - 333 05 | 114 ] 419 | 101 ] 02 25 0.1
2 - 2321 02 | 103 ] 5642 | 8.0 02 3.0 -
3 - 19.9 - 7.8 | 59.1 | 10.8 - 23 -
4 0.1 | 16.2 - 70 | 625 ] 11.8 - 24 -
5 - 12.7 - 40 | 87.7 | 12.9 - 2.8 -
6 0.5 9.1 - 30 | 706 | 13.8 - 3.1 -
7 0.9 6.5 - 04 | 756 | 14.1 - 25 -
8 0.5 44 0.1 # 775 | 14.7 - 2.8 -
9 0.3 3.6 - - 786 | 14.9 - 26 -
10 0.4 24 - - 7811 148 - 43 -
11 0.6 1.7 - - 788 | 165 - 24 -
12 0.7 1.5 0.1 - 78.9 | 15.1 - 3.7 -
13 0.1 1.2 - - 793 | 157 - 3.7 -
14 0.2 1.2 - - 80.5 | 16.2 - 30 -
15 0.5 0.8 - - 80.0 | 156 - 32 -
16 0.7 0.8 - - 80.9 | 157 - 2.1 -
17 # 0.7 - - 81.1 ] 154 - 2.8 -
18 0.2 0.3 - - 81.0 | 15.6 - 3.0 -
19 0.8 0.3 - - 80.8 | 15.3 - | 28 -
20 0.9 0.6 - - 80.0 | 15.6 - 341 -
21 0.2 - - - 810 | 155 - 3.3 -
22 0.1 0.3 - - 804 | 153 - 3.8 -

- no deteclion possible

#  inwaces (< 0.05 ai%) deteclable

ESCA

17
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Tap 14310

Sample B Sputtertime Elemental concentration (at%)

[min) [ (o] Si Fe Cr Mn Mo Ni
0 38 | 533 | 57 39 | 263 7.1 - -
2 0.7 | 484 | 49 82 | 295 | 8.1 - 0.2
4 011438 43 | 143} 290 82 - 0.4
6 06 1 392] 28 | 215|276 | 7.6 - 0.6
8 # 351 28 | 300 ] 260 | 4.6 - 1.5
10 # 208 | 29 | 381 | 228 | 4.8 - 1.5
12 - 246 | 15 | 466 | 214 | 45 0.1 14
14 # 198 | 21 | 545 | 191 1.7 0.1 28
16 03 | 151 06 | 629 | 175 ] 06 0.1 29
18 # 1111 0.2 | 691 | 1568 | 0.2 0.1 3.4
20 0.4 7.7 04 | 73.1 | 15.6 - 6.1 2.7
22 0.7 5.6 - 76.1 | 145 - 0.1 3.0
24 0.4 4.1 - 77.5 | 14.6 - 0.1 3.3
26 0.2 33 - 784 | 14.6 - 0.1 35
28 0.3 28 - 789 | 145 - 0.2 3.4
30 0.9 2.2 - 78.1 | 14.8 - 0.2 3.8
32 0.7 2.2 - 785 | 14.6 - 0.2 4.0
34 0.7 1.7 - 79.5 § 143 - 0.1 36
36 0.6 1.5 - 78.7 | 14.5 - 0.2 4.4
38 0.7 1.6 - 79.6 | 15.0 - 0.1 29
40 04 1.2 - 79.1 | 155 - 0.2 3.7

- no detaction possible

+\ # intraces (< 0.05 at%) detactable
' S ‘
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Sputtertime Elemental concentration (at%)
Sample C
[min] C 0] Si Fe Cr Mn Ni Pb Cu
0 6.8 {4821} 65 | 323 | 14 3.3 - 0.5 1.0
1.4310 1 2.8 | 478 | 6.0 | 407 | 09 1.7 - 0.1 #
2 2.6 | 46.1 57 | 43.0 ] 1.3 1.3 - # -
3 15 | 453 | 47 | 453 | 2.0 1.2 - - -
4 07 {425 | 3.7 | 486 | 33 1.0 0.4 - -
4] 02 | 397) 14 | 512 | 56 1.3 0.6 - -
6 02 | 37.2 - 525 | 8.8 0.5 0.9 - -
7 - 348 - 526 | 116 03 0.6 - -
8 - 331 - 522 | 136 | 04 0.8 - -
9 04 | 31.0 - 520} 15.0 - 1.6 - -
10 0.2 | 285 - 53.1 | 16.0 - 2.2 - -
11 04 | 261 - 549 | 16.5 - 2.1 - -
12 - 238 - 57.3 | 16.2 - 2.7 - -
13 0.1 | 215 - 59.5 | 16.5 - 2.3 - -
15 - 17.2 - 63.1 | 166 - 3.1 - -
17 - 13.7 - 65.1 | 17.5 - 3.8 - -
19 - 11.6 - 68.8 | 16.6 - 3.2 - -
21 - 9.3 - 694 | 17.6 - 3.7 - -
23 - 7.6 - 720 | 176 - 3.0 - -
25 - 6.2 - 734 ] 175 - 2.9 - -
27 - 52 - 740 | 174 - 34 - -
29 - 4.2 - 75.0 1 18.1 - 2.7 - -
31 - 3.8 - 7591 174 - 3.0 - -
33 - 28 - 759 | 17.6 - 3.7 - -
35 - 23 - 77.0 | 17.5 - 3.2 - -
37 - 2.0 - 76.8 | 17.0 - 4.2 - -
39 - 1.7 - 779 | 174 - 3.0 - -
41 - 1.2 - 784 | 17.2 - 33 - -
43 - 0.9 - 78.7 | 17.2 - 3.3 - -
45 - 0.9 - 78.9 | 17.2 - 31 - -

- no detection possible

-
+.- , S # in traces (< 0.05 at%) detectable
{ 3

26
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s D Sputtertime Elemental concentration (at%)
ample
) [min] c O Si Fe Cr Mn Ni S

0] 13.5 | 402 | 09 | 336 | 63 4.5 0.2 0.8

14301 1 - 183 ) 08 | 55.2 | 198 | 05 44 1.0
2 0.4 3.8 - 771 | 13.9 - 5.0 -
3 1.0 2.3 - 759 ] 165 - 4.3 -
4 0.6 1.6 - 765 | 17.7 - 37 -
5 0.5 1.3 - 755 | 18.5 - 4.2 -
6 0.5 0.9 - 776 | 17.2 - 39 -
7 0.2 0.8 - 77.0 | 17.8 - 42 -
8 05 0.8 - 76.9 | 17.8 - 4.0 -
9 0.3 0.3 - 76.7 | 18.2 - 4.5 -
10 - 0.3 - 77.7 | 18.3 - 3.7 -
11 0.2 0.5 - 775 | 17.5 - 4.4 -
12 - 0.3 - 772 | 181 - 45 -
13 0.3 0.2 - 772 | 17.7 - 45 -
14 - - - 77.8 | 175 - 47 -
15 - - - 779 | 184 - 3.7 -
16 - - . 779 | 181 - 4.0 -
17 - # - 784 | 17.5 - 4.0 -
18 - 0.1 - 774 | 183 - 4.3 -
19 - - - 78.9 | 17.9 - 3.2 -

- no detection possible

# intraces (< 0.05 at%) detectable
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I

- Sputtertime Elemental concentration (at%)
Sample L

[min] C (o] Si Fe Cr Mn Ni
0 234 1 423 ] 143 | 1186 5.6 2.8 -
14301 1 4.7 41.7 6.1 19.5 | 19.0 8.0 0.9
2 3.3 30.6 2.5 32.0 | 206 8.6 2.4
3 27 26.3 2.1 347 | 22.2 9.2 2.8
4 17 25.3 1.6 365 | 236 9.2 2.1
5 12 24.3 0.5 369 { 257 9.3 2.1
6 1.4 23.4 0.6 37.0 | 258 9.5 2.3
7 1.2 22.6 0.1 388 | 264 8.4 27
8 16 21.9 - 385 | 263 9.7 2.1
9 1.3 221 - 401 | 26.6 7.4 25
10 0.1 21.8 - 421 | 21.0 6.4 2.6
12 04 20.7 - 432 | 264 6.3 29
14 0.2 19.0 - 448 | 26.5 7.0 25
16 0.2 17.8 - 470 | 255 6.6 2.8
18 - 16.6 - 49.7 | 24.1 6.2 3.4
20 0.2 15.6 - 528 | 23.9 3.8 3.8
22 - 13.6 - 55.1 ] 23.8 3.2 4.2
24 - 12.8 - 57.3 | 23.1 3.8 3.0
26 - 11.6 - 59.0 | 22.8 2.6 4.0
28 - 10.4 - 62.3 | 227 1.6 3.0
30 - 2.8 - 625 | 22.3 1.3 4.0
34 - 7.3 - 66.1 | 21.9 0.7 4.0
38 - 6.3 - 68.0 | 21.3 04 4.0
42 - 5.2 - 69.7 | 205 0.1 4.5
46 - 4.2 - 710 | 203 - 4.5
50 - 3.4 - 724 | 203 - 4.0
54 - 27 - 72.6 | 19.8 - 5.0
58 - 22 - 73.2 | 19.7 - 5.0
62 - 1.8 - 742 | 19.5 - 4.5
66 - 1.5 - 749 | 19.6 - 4.1
70 - 1.1 - 749 | 19.2 - 4.8
74 - 0.8 - 755 | 19.4 - 4.4
78 - 0.6 - 75.1 18.2 - 5.1
80 - 0.5 - 75.3 | 19.3 - 4.9

- no detection possible
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Sputtertime Elemental concentration (at%)
Sample F
[min] C O Si Fe Cr Mn Ni
0 109 | 477 | 6.8 | 338 | 0.1 0.7 -
1.4310 1 03 | 478 )| 50 | 454 | 05 1.0 -
2 04 | 446 | 38 | 487 | 11 14 -
3 03 | 404 | 27 | 5613 | 35 1.5 0.4
4 0.3 | 36.3 1.4 | 517 | 82 1.6 0.5
5 # 336 09 | 469 | 170 ] 1.1 0.5
6 0.6 | 308 1.2 1405 | 246 | 04 2.0
7 03 | 217 ] 08 | 468 | 258 - 4.5
8 0.5 8.6 - 65.7 | 19.5 - 5.8
9 0.1 25 - 750 | 17.2 - 53
10 - 0.8 - 786 | 16.4 - 4.3
11 - 04 - 78,7 | 17.2 - 3.6
12 0.1 0.3 - 789 | 17.0 - 3.8
13 0.2 0.3 - 784 | 17.2 - 3.9
14 0.3 0.3 - 782 | 17.1 - 4.2
15 - 04 - 783 | 17.5 - 3.0
16 0.3 0.3 - 784 | 17.2 - 3.9
113 18 1.0 0.2 - 78.1 | 17.2 - 35
20 - - - 789 | 17.5 - 3.6
22 0.3 # - 779 | 17.7 - 4.1
24 0.2 0.1 - 779 | 176 - 4.2
26 - 0.2 - 784 | 18.0 - 3.5
28 04 0.3 - 774 | 176 - 4.3
30 # 0.2 - 77.5 | 18.6 - 3.8

- no dstection possible
# in traces (< 0.05 at%) detectable

’-{3.3. €
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