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surfaces to increase the surface tension The i nvention concerns a process
for the production of surface coatings as well as the use of a surface
coating to increase the surface tension of objects. The coating of
surfaces of solid objects is a wdely used neans of specifically changing
the surface properties of objects. Here reference is only nmade to the
countl ess net hods of corrosion protection for every- day objects nade of
base netals or the painting of objects with the aimof changing their
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surface coatings as well as the use of a surface coating
to increase the surface tension of objects.

The coating of surfaces of solid objects is a widely
used means of specifically changing the surface
properties of objects. Here reference is only made to
the countless methods of corrosion protection for every-
day objects made of base metals or the painting of
objects with the aim of changing their optical
appearance.

Coating is usually understood as a manufacturing process
for applying a firmly adhering layer of a shapeless
material to a work piece or a supporting sheet. One can
in principle distinguish between four groups of coating
processes which each differ by the state of the coating
material before coating:

1. Coating from a gaseous or vaporous state such as
evaporation coating or metallizing;

2. Coating from a liquid, pulpy or paste-like state
such as painting, dispersion or hot-melt
coating;

3. Coating from an ionized state by electrolytic or
chemical depositing such as among others the
eloxal process or electrophoretic painting.

4. Coating from a solid i.e. granular or powder
state such as powder coating or coating by



4. -Coati-ng froma solid i.e. granular or powder state such as
powder coating or coating by -2-
sintering. Pl astics have turned out to be the production nmaterial of
choice for fields of application in which cheap single-use articles are
used especially in nedical diagnostics or environnental analysis. Since
plastics and in particul ar cheap, easy2to-process comodity plastics that
can be al nost shaped at will, are usually conposed of non-polar organic
pol ymers, nost of them cannot be wetted or only poorly wetted by pol ar
medi a such as water and, aqueous liquids, in particular biological sanples.
This property is uti FRBERTEBF: certain appl i cations especial ly where
adherence of the liquid to the plastic object is not desired such as for
di sposabl e pipette tips. On the other hand there are nunerous fields of
appl i cati ons Flastglcashaveobjiened out who clhe athvetgralducttipnwinaitepdiadr | i qui ds
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plrasti c surfammnot be wetted or only poorly wetted by polar media
such as water and aqueous liquids, in particular
biological samples. This property is utilized for
certain applications especially where adherence of the
liguid to the plastic object is not desired such as for
disposable pipette tips. On the other hand there are
numerous fields of applications for plastic objects in
which a wettability with polar liquids is desired such
as for example in the field of rapid diagnostics in
which plastics can serve as materials for taking up
biological sample liquids.

There is therefore no lack of different processes which
have the aim of hydrophilically modifying plastic
surfaces. Hydrophilic surfaces are characterized by a
high surface tension which have a value near to the
value of the surface tension of water (72 mN/m).
Examples of a hydrophilic modification of plastic
surfaces are corona plasma treatment, plasma chemical
vapour deposition (PACVD, e.g. Antec Co. Kelkheim), the
covalent binding of hydrophilic polymers with a
photoreactive capability onto a plastic surface
described for example in US 4,973,493 (Photo Link
Surface, BSI Corporation Co., Eden Prairie, Minnesota,
USA), the application of layers containing wetting
agents onto a plastic surface (for example Adhesive



described for exanple in US 4,973,493 (Photo Link Surface, BSI Corporation
Co., Eden Prairie, Mnnesota, USA), the application of |ayers containing
wetting agents onto a plastic surface (for exanple Adhesive

- 3- Research Co., den Rock, PA, USA) or coating of inorganic-organic
nanoconposi tes by neans of sol-gel technology on the surfaces to be
nmodi fied (for exanple INM Co. Saarbrudken). The processes nentioned

above whi ch each have advant ages and di sadvant ages have been able to
establish thenmsel ves for the hydrophilic nndification of plastic surfaces
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and disadvantages have been able to establlsh themselves

for the hydrophilic modification of plastic surfaces

whether of foils or formed pieces.

The corona plasma treatment leads to an increase in the
surface tension which continuously decreases after the
treatment over a short period of several days up to a
few weeks. Moreover the surface tensions that can be
achieved are relatively low.

Slightly higher surface tensions than those of the
corona plasma treatment can be achieved with the PACVD
technology. Although this method leads to surface
coatings that are more stable over time, a decrease of
the surface tension with time is still observed in this
case.

Surfaces which are furnished with so-called photo link
surfaces or which have been coated with layers
containing wetting agents have a surface tension which
is stable over time. However, both variants do not lead
to optimally high surface tensions. An additional
fundamental disadvantage of coating with layers
containing wetting agents is that the wetting agents
accumulate in a liquid aqueous sample that is contacted
with the layer and can thus change it or make it
unusable,



is stabl’e over tinme. However, both variants do not lead to optinally high
surface tensions. An additional fundanmental disadvantage of coating with

| ayers containing wetting agents is that the wetting agents accunulate in a
| i qui d agueous sanple that is contacted with the layer and can thus change
it or make it unusable. -4 Coati ng of

I nor gani c- or gani ¢ nanoconposites by neats-of sol-gel technol ogy on the
surfaces to be nodified leads to increased surface tensions. However, a

di sadvantage is that the process itself is very conplicated and ti me-
consum ng whi does not appear to be suitable for nodif
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concerns a process for the production of a surface coating to increase the
surface tension of objects characterized in that a | ayer of at |east one
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W th water 'qugga%ah%ggon @ 88&65}15% art. In particular it was
intended to provide surface coatings with a high surface
tension that are stable over time to be used for example
for the hydrophilic modification of objects. Moreover it
should be possible to carry out the coating in a simple
and reliable manner in order to be suitable for the
modification of mass-produced articles.

The object is achieved by the subject matter of the
invention as characterized in the patent claims.

The invention concerns a process for the production of a
surface coating to increase the surface tension of
objects characterized in that a layer of at least one
element that can be oxidized with water or an alloy that
can be oxidized with water is deposited on an object and
this is at least superficially oxidized by the
subsequent action of boiling water or water vapour on
the deposited layer.

The invention additionally concerns the use of a surface
coating to increase the surface tension of objects
characterized in that the surface coating is obtained by
deposition of a layer of at least one element that can
be oxidized with water or an alloy that can be oxidized
with water and subsequent action of boiling water or



thi.s is™at |east superficially oxidized by the subsequent action of boiling
wat er or water vapour on the deposited | ayer. The invention additionally
concerns the use of a surface coating to increase the surface tension of
objects characterized in that the surface coating is obtained by deposition
of a layer of at |east one elenent that can be oxidized with water or an
alloy that can be oxidized with water and subsequent action of boiling

wat er or - 5- wat er vapour on the
deposited | ayer. Boi ling water or water vapour and particularly

preferably deioni zed water i referab used to treat the deposited
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surface coati

increase in the polarity and corresponds to an increased hydrophilicity of
t he observed surfaces. The hydrophilicity is the water affinity of a
surface. | n Boidiagnweteronrhydtephvapous varidgesrtdranlsatlgr - attracting

surfaces. Aq | : I{N L.n ' | Gal N | ood,
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spread wel | dhesdepositedcsyrfggenceatinges are characteri zed anong others
In that a boundary surface of a water drop forns an acute rimor contact
angle on them (cf. for exanple the statenents under the entry "Benetzung"

in the "CD Rane ide@aeel @xi kBa"' sMerstentdndion 2ultdd) M ast an obtuse
rimangle is formed At RRg BheRlaes BSRVESE-ENGIE «f % AnbAaul ace on
hydrophilicity of the observed surfaces. The
hydrophilicity is the water affinity of a surface. In
this connection hydrophilic surfaces are water-
attracting surfaces. Aqueous samples also including
biological samples like blood, urine, saliva, sweat and
samples derived therefrom such as plasma and serum
spread well on such surfaces. Such surfaces are
characterized among others in that a boundary surface of
a water drop forms an acute rim or contact angle on them
(cf. for example the statements under the entry
"Benetzung" in the "CD R&mpp Chemie Lexikon" version
1.0, 1995). In contrast an obtuse rim angle is formed at
the interface between a water drop and a surface on
hydrophobic i.e. water repellent surfaces.

The rim angle which is a result of the surface tensions
of the test liquid and of the surface to be examined is
a measure of the hydrophilicity of a surface. Water for
example has a surface tension of 72 mN/m. If the value
of the surface tension of the observed surface is much
below this value i.e. more than 20 mN/m, then the
wetting is poor and the resulting rim angle is obtuse.
Such a surface is referred to as hydrophobic. If the
surface tension approximates the value which is found
for water then the wetting is good and the rim angle is
acute. If, in contrast, the surface tension is the same



hydr ophobic i.e. water repellent surfaces. The rimangle which is a
result of the surface tensions of the test liquid and of the surface to be
exam ned is a neasure of the hydrophilicity of a surface. Water for exanple
has a surface tension of 72 nNm |f the value of the surface tension of
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t hat can be OXIdIZE wth water or an can be oxidized with water

on an object® %FFVSSJ%E?sr%%ﬁEF¢4nEPéﬁh§¥d%ﬁ@@ﬂ é4Cas objects to be coated
whose surface in the uncoated state has a | ower hydrophilicity than in the
coated state after treatnent. Exanples are plastic, netal, glass, ceramcs,
paper, fleecaccondihgatd the.imhantel drhechebjsmifaceanohtvrgasyjoshdpkee. g.

flat, three-gggggghoggL B§ &£$6§§king a layer of at least one
element that can be oxidized with water or an alloy that
can be oxidized with water on an object. All objects
come into consideration as objects to be coated whose
surface in the uncoated state has a lower hydrophilicity
than in the coated state after treatment. Examples are
plastic, metal, glass, ceramics, paper, fleece,
cardboard etc. where the objects can have any shape e.g.
flat, three-dimensional or porous.

All 4 coating processes mentioned above can in principle
be used to deposit the layer i.e. coating from a gaseous
or vaporous state, from a liquid, pulp or paste-like
state, from an ionized state or from a solid state. The
coating is preferably carried out from a gaseous state.
A layer of an element or an alloy that can be oxidized
with water is particularly preferably applied to the
surface to be modified in a vacuum coater. This process
is for example used cost-effectively for large surfaces
for the packaging industry and electrical industry for
example with aluminium as the element that can be
oxidized with water.

The layers can be applied to the object to be coated as
a continuous layer covering the whole area but also in
the form of any two-dimensional patterns.



Al'l.. 4 coating processes nentioned above can in principle be used to deposit
the layer i.e. coating froma gaseous or vaporous state, froma |iquid,
pul p or paste-like state, froman ionized state or froma solid state. The
coating is preferably carried out froma gaseous state. A layer of an

el ement or an alloy that can be oxidized with water is particularly
preferably applied to the surface to-b& modified in a vacuum coater. This
process is for exanple used cost-effectively for |arge surfaces for the
packagi ng industry and el ectrical industry for exanple wi th al um nium as
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In this treatment the deposited layer of the element
that can be oxidized with water or the alloy that can be
oxidized with water is at least superficially oxidized.
In this process at least the surface of the deposited
layer of the element that can be oxidized with water or
the alloy that can be oxidized with water loses its
elemental properties. In the case of metals or alloys
thereof this means among others the loss of lustre and
conductivity. In this process the oxidation of the
surface goes beyond the layer that may be present as a
natural protective layer. Thin metallic layers are
oxidized during treatment with boiling water or water
vapour to such an extent that they completely lose their
metallic appearance and may become completely
transparent.

The treatment with boiling water or water vapour is
preferably carried out with pure water and preferably
with deionized water (for example aqua purificata
according to DAB). The surfaces obtained in this process
are not contaminated with chemicals which are found in
other oxidation processes in particular wet chemical
oxidation processes such as oxidation with oxidizing



the al oy that can be oxidized with water loses its elenental properties.
In the case of netals or alloys thereof this neans anong others the | oss of
| ustre and conductivity. In this process the oxidation of the surface goes
beyond the | ayer that may be present as a natural protective layer. Thin
metallic |ayers are oxidized during treatnment with boiling water or water
vapour to such an extent that they cenpletely lose their netallic
appearance and may becone conpl etely transparent. The treatnment with
boiling water or water vapour is preferably carried out with pure water and

preferably with deionized water (for exanple aquadfurificata according to
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process nore sinple and cost- effective. According to the invention it is
possi ble to use base elenments for the coating which can be oxidized by

boi | i ng wat eAcgorddingr teafdier inveetébenint s AosEiklaito WseChaskh, Fe, Co,
N, Zn, Ga, @3em55tsN?orCQhel%oa§@ngS@h§éﬁ f%ﬁﬁﬁgréﬁkdf%fd.§b’ Ti, Zr are
particularly preferred. Al 1s quite especially preferred. Base al | oys
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according tow,her, Mn, Fe, Co, Ni, Zn, Ga, Ge, Zr, Nb, ¢d, In, Sn,

Sb are preferred. A1, Si, Ti, 2Zr are particularly
preferred. Al is quite especially preferred.

Base alloys that can be oxidized by boiling water or
water vapour can also be used according to the
invention. These are preferably alloys which contain at
least two components from the following group of
elements comprising Al, Si, Ti, VvV, Cr, Mn, Fe, Co, Ni,
Zn, Ga, Ge, Zr, Nb, C¢d, In, Sn and Sb. An alloy of 99 %
by weight Al and 1 % by weight Si is for example
suitable.

Alloys are also suitable which contain at least one
component from the following first group of elements
comprising Al, si, Ti, Vv, Cr, Mn, Fe, Co, Ni, 2Zn, Ga,
Ge, 2r, Nb, €d, In, Sn and Sb which are alloyed with at
least one element from the following second group of
elements comprising Mg, Ca, Sr and Ba such as for
example an alloy of 95 % by weight Al and 5 % by weight
Mg. Alloys are particularly preferred which contain at
least one component from the following first group of
elements comprising Al, Si, Ti and Zr which are alloyed
with at least one element of the following second group
of elements comprising Mg, Ca, Sr and Ba. Alloys that
are composed of aluminium which is alloyed with at least
one element from the following group of elements



I nvention. These are preferably alloys which contain at |east two _
conponents fromthe follow ng group of elenents conprising A, Si, Ti, V,

C, M, Fe, Co, Ni, Zn, G, Ce, Zr, No, Cd, In, Sn and Sh. An aIon of 99 %
by meight Al and 1 @6by wei ght Si is for exanple sui t abl e. Al oys are

al so suitable which contain at | east one conponent fromthe follow ng first
group of elenents conprising Al, Si, Ti?2 ¥, O, M1, Fe, Co, Ni, Zn, G, GCe,
Zr, Nb, Cd, In, Sn and Sb which are alloyed with at | east one el enent from
the follow ng second group of elenents comprising My, Ca, Sr and Ba such as
for exanple an allo % by wei ght Ng Al'l oys are
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between 0.1 nm and 500 nm, particularly preferably
between 10 nm and 100 nm thick.

The surface coatings produced according to the invention
are homogeneous inorganic oxide layers which have a high
surface tension and high polarity, which are stable over
a long period and have a good adherence with concomitant
elasticity on the coated object.

The characterization of surfaces with high surface
tensions (high-energy surfaces) causes certain technical
measurement problems. In various measuring methods such
as contact angle measurement the interfacial effects of
the surface to be examined relative to test liquids are
used. Since it is hardly possible to produce test
liquids with surface tensions that are considerably
above the value for water (72 mN/m), there are certain
limits to being able to extrapolate above this value.
Kinetic effects also add to the problems. A liquid which
wets a surface, spreads over a short period typically
less than 1.5 s. However, spontaneous wetting is
important for the determination of the surface tension
with regard to capillary activity. In dynamic contact
angle methods one refers to the progressive angle of
wetting of a drop that is becoming continuously larger.
However, the dosing of the drop and measurement of the
drop with commercially available automated contact angle



The, surface coatings produced according to the invention are honbgeneous

I norgani ¢ oxi de | ayers which have a high surface tension and high polarity,
whi ch are stable over a | ong period and have a good adherence with
concomtant elasticity on the coated object. The characterization of
surfaces with high surface tensions (high-energy surfaces) causes certain
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too slow for the hydrophilic surface coatings presented here to be able to
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(herefore U7 HRD By shR: 350" eEbLcalal P ARISN BB CROREO7 10

of a test capiparaljel opposing foils which are kept at a defined
distance from one another by an exactly defined spacer
in the form of a double-sided adhesive tape which
determines the length, width and height dimensions of
the capillary. The opposing surfaces of the two foils
are provided with the coating to be tested. The
dimensions of the capillary are 0.1 mm height, 2 mm
width and 15 mm length where the length of the capillary
corresponds to the available transport path of the
liquid and the height of the capillary is that dimension
which causes the capillarity. The capillary has an
opening that serves to take up the test liquid with a
cross-sectional area of 0.1 mm x 2 mm which corresponds
to the base area of the cylindrical capillary. A vent
opening is provided at the opposite end of the capillary
which allows the displaced air in the capillary to
escape when the test liquid is sucked in. The test
liguid is preferably distilled water or aqua purificata
according to DAB but it is also possible to use other
test liquids depending on the field of application of
the surface coating such as blood or other body fluids.
The filling times for the test liquids are measured at
half (7.5 mm transport path) and complete filling (15 mm
transport path). Comparative results are described in
example 1,



The. cyl'indrical test capillary is conposed of two parallel opposing foils
whi ch are kept at a defined distance from one another by an exactly defined
spacer in the formof a doubl e-sided adhesive tape which determ nes the

| ength, width and hei ght di nmensions of the capillary. The opposing surfaces
of the two foils are provided with the coating to be tested. The di nensions
of the capillary are 0.1 nmheight, 2 F¥inwi dth and 15 mm | ength where the

|l ength of the capillary corresponds to the available transport path of the
liquid and the height of the capillary is that dinension which causes the

capillarity. The capillary has an opening,that serves to_take up the test
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described in exanple 1. . The surface cpatings are particularly
pref erably u&’ﬁ‘eac’c‘brté'l‘end:wstﬁ?éti ATEREFIAN;: n1BNERIR | el%s’tmgl]érrent s to
i ncrease the iy dimgdrtdart tthatTvhe avialiytdsal heest o bermdrso IaGey NS an
anal ytical test_ el enent qr..a test. strip _in which the e liquidis
transported f %an’i'e%l %%ﬁmﬁ‘gfa%cﬁ iwi%tc?’oﬁssfngpPgeé (a%tae? ?Tf?‘r%%ﬁ oR'Site in which
a detection stlementesthasigagnieooxiiézednplichapptéexar an silley thate
transport di rgef oD o {aidUE FPNGELe2'which has been treated by the
action of boiling water or water vapour. The materials
described above come into consideration as elements and
alloys.

Surfaces that have been made hydrophilic are especially
essential for capillary gap test elements. Capillary gap
test elements are test elements in which the sample
liguid is moved in a transport channel (capillary
channel, capillary gap) from a sample application site
to a distant sample detection site with the aid of
capillary forces in order to undergo a detection
reaction at this site.

The ability of a capillary to suck up a liquid depends
on the wettability of the channel surface with the
liguid. This means for agueous samples that a capillary
should be manufactured from a material whose surface
tension almost reaches 72 mN/m or exceeds this value.

Sufficiently hydrophilic materials for the construction
of a capillary which rapidly sucks up agqueous samples are
for example glass, metal or ceramics. However, these



Is i.nportant that the analytical test elenent has at | east one surface

whi ch is conposed of at |east one elenent that can be oxidized with water
or an alloy that can be oxidized with water which has been treated by the
action of boiling water or water vapour. The materials described above cone
I nto consideration as elenents and all oys. Surfaces that have been nade
hydrophilic are especially essential 132 capillary gap test el enents.
Capillary gap test elenents are test elenents in which the sanple liquidis
noved in a transport channel (capillary channel, capillary gap) froma
sanpl e applicatjon,site to a distant sanple detection site with,the aid of
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only possible - if at all - to construct slowly sucking
capillaries. Capillaries made of hydrophobic plastics
such as for example polystyrene (PS), polypropylene (PP)
or polyethylene (PE) essentially do not suck agqueous
samples. Consequently it is necessary to endow the
plastics used as a construction material for test
elements with capillary active channels with hydrophilic
properties i.e. to hydrophilize them.

Therefore in analytical test elements with capillary
gaps at least one, but preferably two and especially
preferably two opposing surfaces which form the inner
surface of the channel capable of capillary liquid
transport are preferably hydrophilized. If more than one
surface is hydrophilized then the surfaces can either be
made hydrophilic using the same or different methods.
Hydrophilization is particularly necessary when the
materials that form the capillary active channel are
themselves hydrophobic or only very slightly hydrophilic
because they are for example composed of nonpolar
plastics. Nonpolar plastics such as for example
polystyrene (PS), polyethylene (PE), polyethylene
terephthalate (PET) or polyvinyl chloride (PVC) are
advantageous as carrier materials because they do not
absorb the liquids to be examined and thus the sample
volume can be effectively utilized by the detection
reaction. The hydrophilization of the surface of the



surface tension of 45 nNm Even wth the, in a relative sense, nost

hydr ophilic plastics such as pol ynet hyl net hacryl ate (PMVRA) or pol yam de
(PA) it is only possible - if at all - to construct slowy sucking
capillaries. Capillaries nade of hydrophobic plastics such as for exanple
pol ystyrene (PS), pol ypropylene (PP) or polyethylene (PE) essentially do
not suck aqueous sanples. Consequenttyl3t-is necessary to endow t he

pl astics used as a construction material for test elenents with capillary
active channels with hydrophilic properties i.e. to hydrophilize them
Therefore in analytical test _ele ts with capill s at | east one, but
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foils or metal-coated plastics for the construction of
the test carriers which also have to be oxidized to
achieve the desired hydrophilicity. In this case metal
layer thicknesses of 1 to 500 nm are adequate. The metal
layer is subsequently oxidized to form the oxidized form
whereby according to the invention oxidation in the
presence of water vapour or by boiling in water have
proven to be especially suitable methods. The oxide
layers formed in this manner are between 0.1 and 500 nm,
preferably between 10 and 100 nm thick depending on the
method. Larger layer thicknesses of the metal layer as
well as of the oxide layer can in principle be realised
in practice but do not exhibit any additional
advantageous effects.

Further applications according to the invention of
surface coatings are

- making polymer foils, fabrics, fleeces or three-
dimensional formed pieces hydrophilic and detergent-
free to improve their adhesive properties for paint,
adhesive or plastic coats,



el ement where the detection takes place. The hydrophilization is quite
especially preferably achieved by using thin layers of oxidized al um nium
These | ayers are either applied directly to the desired conponents of the
test el enent for exanple by vacuum coating the work pieces with netallic
al um ni um and subsequently oxidizing the netal, or by using netal foils or
met al - coated plastics for the construct4on of the test carriers which al so
have to be oxidized to achieve the desired hydrophilicity. In this case
metal |ayer thicknesses of 1 to 500 nmare adequate The netal | ayer is

subsequent |y oxidized tao formthe oxi.diz ereby rdl to the

i nventi on oxidati 9%?? ﬁPEQéﬁg oft P Rz?ﬁr i%%gheﬁw qﬁ in wat er
have proven to be:.resma:h:aﬂdl;arsmot'ahhe Eﬁ’sbnﬁsloﬂ'h@f maﬂmdmeerlsyforned in
this manner are n 5 pref ny en 10 and 100 nm

t hi ck dependi ng g%'¥$§% #%é?qgla%%ggnkg Bg % %?he?gg "the metal |ayer
as well as of theankikhdies,enusdeicnagidacipfefore e:eaamlsaed:hem practice but
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according to the invention of surface Coatings are - naking polyne
foils, fabrics, fyuckase densielis assgeiakedonbih 1an Wﬁﬁ%ﬁ,%slrhydrophl lic

and detergent- thd rReLdr8 tyoode Bairaadhesi ve properties for paint,
adhesive or plastic coats, - 14 -

adsor ptive binding of polar nol ecul es or materials in particular for the
adsor pti on Of-bicgégﬁé:liéﬁ of surface patterns such as cross-pieces
for the transport of polar liquids, for a defined
boundary between polar and nonpolar areas in which
case these patterns can be produced by the structure
of the deposited material itself or subsequently by
selectively covering certain areas of the deposited
material layer with for example wax when it is

treated with boiling water or water vapour.

The invention is elucidated by the following example.

Example 1
Comparison of the filling times of a test capillary

A cylindrical test capillary was constructed from two
parallel opposing foils which are kept at a defined
distance from one another by an exactly defined spacer
in the form of a double-sided adhesive tape which
determines the length, width and height dimensions of
the capillary. The opposing surfaces of the two foils
were provided with the coating to be tested. The foils
that were used were polyester foils (Melinex®ﬁ ICI)



act.ive ‘ol ecul es such as proteins, enzynes, ant i bodi es, nucleic acids
(cf for exanple Chem Pharm Bull. 41, (1993) 1055) since the increased
surface tension is associated with an increase in the polarity of the
surface, production of surface patterns such as cross-pieces for
the transport of polar liquids, for a defined boundary between pol ar and
nonpol ar areas in which case these }atterns can be produced by the
structure of the deposited material itself or subsequently by

sel ectively covering certain areas of the deposited material |ayer with
for exanple wax when it is, reated with bojling water or water vapour.
The inventiog%ﬂéggWﬁgﬁd§?§&°3§&¥h%°$£ﬁ+ i3y S, Exanple 1
Conparison of the filling times of a test capillary A cylindrical test
capillary was constructed fromtwo parallel opposing foils which are kept
at a defi ned 1di)stFaide wiricin vae anaté@rwigh phateradatideflynedqudppedr in the

formof a doublehgq?qﬁyqqq%skﬁﬁgﬁgpg p@éfﬁ determ nes the length, width and
e cap ry. The

hei ght di nensi ons o opposi ng surfaces of the two foils
were provided with the coating to be tested. The foils that were used were

pol yester foils (Melinex, 1C) . - 15 -
2.) Folil which was subjected to a corona plasma

treatment (Antec)

3.) Foil on which a layer containing a wetting agent was
applied (A.R.)

4.) Foil on which inorganic-organic nanocomposites were
coated by means of sol-gel technology (INM)

5.) Foil on which aluminium oxide was vapour deposited
but which was not subsequently treated with boiling
water or water vapour (Alu-0x).

6.) Foil on which firstly a layer of aluminium of 30 nm
thickness was vapour deposited which was
subsequently completely oxidized for 45 s with water
vapour (Alu-0x/H,0).

The dimensions of the capillary are 0.1 mm height, 2 mm
width and 15 mm length where the length corresponds to
the transport path of the liquid and the height is that
dimension which causes the capillarity. The capillary
has an opening that serves to take up the test liquid
with a cross-sectional area of 0.1 mm x 2 mm which
corresponds to the base area of the cylindrical
capillary. A vent opening is provided at the opposite



whi ch were variously nodified as foll ows. 1.) Foil which was coated with
phot oreacti vel y equi pped hydr ophilic polynmers (BSI) 2.) Foil which
was subjected to a corona plasna treatment (Antec) 3.) Foil on which
a layer containing a wetting agent was applied (A R) 4.) Foil on
whi ch i norgani c-organi c nanoconposites were coated by neans of sol-ge
technol ogy (I NM 5.) Foil on whi ch-allénni um oxi de was vapour deposited
but which was not subsequently treated with boiling wat er or water
vapour (Al u-x). 6.) Foil on which firstly a layer of alum niumof 30 nm
thi ckness was vapour deposited which was subsequently conpletely
oxi di zed for @Bdsofii thevwaapillary peth quqysoshﬁ[gﬂﬁpé?¢ed FHE ¥ nensi ons

of the capillgh¥ 8apiP1drfmBeesbipe ZHER WHE Retstd 11quitn hgnghbkulere the
| ength corresponds to the trans or?

th path of the 1], Lq and the height is

that di mensi oRfnhFBR E&G5ed1ENE c%$§|%%uqqihcaﬁﬁede%§ﬂ|P&ayWﬁ €Tan openi ng
that serves taguakpuvpribatheatcobrding vd tIDAR atidoSsr thet othal aasa of 0.1
nm x 2 mm which_corres ngs to the b area of t i lcal capillary.
A'veni openi ngePERLPEIPedcater NETRE DT A o antdcBhslddht!

haematocrit 44 %). The filling times for the test

ligquids were measured at half (7.5 mm transport path)

and complete filling (15 mm transport path). The

capillary was kept vertical during filling so that the

test liquid had to cover the filling path of 15 mm

against the force of gravity. The comparative results

are shown in Table 1.

TABLE 1

Coating Filling time for blood [s] Filling time
after 7.5 mm after 15 mm for water [s]

after 15 mm

BSI 0.5-0.6 2.1-2.7 0.6-0.9

Antec 1.4-2.3 4.7-8.4 4.0-7.0

A.R. 0.4-0.5 1.8-2.1 0.4-0.5

INM 1.0-3.0

Alu-0x - 1.2 -

Alu-0x/H,0 0.2-0.3 0.7 < 0.2

The coating according to the invention (Alu-0x/H,0) is
the one which wets most actively among all tested
layers. The coating according to the invention (Alu-
0x/H,0) produced by the action of water vapour after
coating the metal has a considerably improved



- 16 - -+ end of the capillary which allows the displaced air in the
capillary to escape when the test liquid is sucked in. The test |iquid was
in one case distilled water, aqua purificata according to DAB and in the

ot her case human bl ood (contai ning EDTA as an anti coagul ant, haematocrit 44

% . The filling tinmes for the test liquids were neasured at half (7.5 mm
transport path) and conplete filling- (5 mmtransport path). The capillary
was kept vertical during filling so that the test liquid had to cover the
filling path of 15 m*nagai nst the force of gravity. The conparative results
are showninhTaab ];A LE 1 goating |II|rbgt|rrefor bl ood [ s]
Filling time®Y Fophilicity serparedstaR sy ace o AMy-0x) dhafamas | s]

after 15 mm déffited directly wifh5aQufiinium oxide ut was not 0.6-0.9 Antec
1.4-2.3 b8, -7.0.A 0.4-0.5, ., 1.8-2.1
0. 4-0.5 | NM oxAidlz%dA' by th? a%‘t'ﬂo; gf win_:%r_' NaPONL ;. &e pro%uctlon

1.2 processpjagcortiingr tpOthe inveltor. ik relatlve(ly7 51mp1e, <
0.2 The cQa! iYdd RnE¥91g LR1hhgngn ( one

whi ch wets nopst actively anong IlFl fgreﬂgt %%éﬁééoéebr sﬁ! Aoéétl n&ssaccg:rhdl ng to
the inventioigh @nrémezty)enﬁrl@a&cwabyremmmmmt wetear bimsour after
coating the netal has a considerably inproved



- 17 - .. hydrophilicity conpared to a surface (Alu-Ox) that was coated
directly with alum nium oxi de but was not oxidized by the action of water

vapour. The production process according to the invéﬁTf0ﬁ~¥S~LﬁL§£LX§Ly

'@js with hig

sinple, can be controlled well and | eads to stable cqa
surface tensions that remain constant over tine. ﬂ ”

Cl ai nms 1. Process for the produeti8n-of a surface L"!l”m””",

i ncrease surface tension of objects, wherein a | ayer of at” | éast one

el enent that can be oxidized with water or an alloy that can be
oxidized with water is deposited on an object and this is at | east
superficially oxidized by the subsequent , action of boiling water or

wat er vapour on the deposited | ay&t@imS)  process as claimed in claim
1, wherein the surface coating is obtained by deposition of a |ayer of
at | east one el enent that can be oxidized with water

1. Process for the production of a surface coating to
increase surface tension of objects, wherein a
layer of at least one element that can be oxidized
with water or an alloy that can be oxidized with
water is deposited on an object and this is at
least superficially oxidized by the subsequent
action of boiling water or water vapour on the
deposited layer.

2. Process as claimed in claim 1, wherein the surface
coating is obtained by deposition of a layer of at
least one element that can be oxidized with water
or an alloy that can be oxidized with water and
subsequent action of superheated water vapour.

3. Use of a surface coating to increase the surface
tension of objects, wherein the surface coating is
obtained by deposition of a layer of at least one
element that can be oxidized with water or an alloy
that can be oxidized with water and subsequent
action of boiling water or water vapour on the
deposited layer.

4. Use of a surface coating as claimed in claim 3,
wherein the surface coating is obtained by
deposition of a layer of at least one element that
can be oxidized with water or an alloy that can be
oxidized with water and subsequent action of

superheated water vapour. R
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or .an alloy that can be oxidized wth water and subsequent action of
super heat ed wat er vapour. 3. Use of a surface coq’,ngfpe*rﬁ’Fease t he
surface t ensi on of objects, wherein the surfacé coatin obt ai ned
by deposition of a layer of at |east one el ene \ME\ R‘\ di zed
with water or an all oy t hat can be oxidized w m‘m " subsequent
action of boiling water or water vapou¥? on the deposi ted | ayer. 4.
Use of a surface coating as clainmed in claim 3, wherein the surface
coating is obtained by deposition of a layer of at |east one el enent

t hat can be oxidized with water or, an alloy that .can_be oxi di zed

with water afd subS&q@&ne SBFEBReoFoating g Henkmed & SladBpduPr

-19- 5. Use ofg aw&b&b&ﬁetﬁéaéléﬂeﬁﬁ T4 adefeivdd) fHon the or 4,
wherein the elene%t derived fr followi ng group of elenents:

1S Q
A, Si, Ti, OWERY BLOUR; °9Eﬁfe Rt 2r, Nb, Cd, In, Sn, Sb.
6. USe of a surfade Gﬂatmng s Clkai¥megd F@,c¢aurﬂfi Zn, GaheGeLnZthe elenent
is derived fromt f Qld o, group of elenents: A, Si, Ti, Zr
7. Use of a surfacé codtlnd as cFalned in claimbé, wherein the el enent
Is Al.
6. Use of a surface coating as claimed in claim 5,
wherein the element is derived from the following
group of elements:

7. Use of a surface coating as claimed in claim 6,
wherein the element is Al.

8. Use of a surface coating as claimed in claims 3 or
4, wherein the alloy contains at least two
components from the following group of elements:
Al, si, Ti, vV, Cr, Mn, Fe, Co, Ni, Zn, Ga, Ge, Zr,
Nb, ¢4, In, Sn, Sb.

9. Use of a surface coating as claimed in claim 3 or
4, wherein the alloy contains at least one
component from the following first group of
elements:

Al, 8i, Ti, Vv, Cr, Mn, Fe, Co, Ni, Zn, Ga, Ge, 2r,
Nb, cd, In, Sn, Sb,

which are alloyed with at least one element from
the following second group of elements:

Mg, Ca, Sr, Ba.

10. Use of a surface coating as claimed in claim 9,
wherein the alloy contains at least one component

from the following first group Of/fifffzfii,,//,,,
Al, si, Ti, zr,

Rep} jaced
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8. ,.Use.of a surface coating as clained in clains 3 or 4, wherein the

all oy contains at |east two conponent s fronlthQ,LQLLemrﬂg’group of
el enent s: Al, Si, Ti, V, G, M, Fe, Co—fNr’”Zn b,
Cd, In, Sn, Sbh. 9. Use of a surface coati ng ‘m\a" aim3 or
4, wherein the alloy contains at |east one t he
followng first group of el emermt 20 - AI V Cr, M, Fe, Co,
Ni, Zn, G, Ce, Zr, Nb, Cd, In, Sn, Sb, mhlch are aIoned with at
| east one el enment from the foll owi ng second group of elenerts o

, Ca, Sr, Ba. urface c ating as cl.aine n clalim
&Eerein the all oy¥ é&ﬁpaﬂﬁsai§°¥§§§Yl e elemPPgnFFHE BfI owi ng
first group of elénéhbw1ng secdhd gﬁouﬁﬁqfiélements-
- 20 - ? |§aalggyegamnth at | east one elenment fromthe
f ol | owi ng second gréup of “el enent s: My, Ca, Sr, Ba. 11. Use of a
surface coating as clained in claim10, mhereln the alloy is conposed
of Al which is allogyed with at |east one elenent fromthe fol I ow ng
group of el edént sUse ofN§1sE§§ag§10q§§1ng as claimed in claim 10,

wherein the alloy is composed of Al which is
alloyed with at least one element from the
following group of elements:

Mg, Ca, Sr, Ba.

12. Use of a surface coating as claimed in one of the
claims 3 to 11, wherein the deposited layer has a
thickness between 1 nm and 500 nm.

13. Use of a surface coating as claimed in one of the
claims 3 to 11, wherein the superficial oxide layer
has a thickness between 0.1 nm and 500 nm.

14. Use of a surface coating as claimed in claim 13,
wherein the superficial oxide layer has a thickness
between 10 nm and 100 nm.

15. Analytical test element in which the sample liquid
is transported from a sample application site to a
determination site, where a detection site lies
upstream of the sample application site in the
transport direction, wherein the analytical test
element has at least one surface which is composed
of at least one element that can be oxidized with
water or an alloy that can be oxidized with water
which has been treated by the action of boiling
water or water vapour.

R
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12.. Use. of a surface coating as clainmed in one of the claims 3 to 11,
wherein the deposited |ayer has a t hi ckness between 1 nm and 500 nm
13. Use of a surface coating as clainmed in one of the claims 3 to 11,
wherein the superficial oxide |ayer has a thickness between 0.1 nm and
500 nm 14. Use of a surface coating as clained in claim 13, wherein
the superficial oxide |ayer has a thickééss between 10 nm and 100 nm
15. Analytical test elenment in which the sanple liquid is transported
froma sanple application site to a determ nation site, where a
detection site lies upstream of the sanple application site in the
transport direction, wherein the anahéthal t est el enent has at | east
one surface which is conposed of ARBYFRGEt one el enent that can be
oxidized with water or an alloy that can be oxidized with water

whi ch has been treated by the action of boiling wat er or water vapour.
The invention concerns a process for the production of a

surface coating as well as the use of surface coatings
to increase the surface tension of objects, which is
characterized in that the surface coating is obtained by
depositing a layer of at least one element that can be
oxidized with water or an alloy that can be oxidized
with water and subsequent action of boiling water or
water vapour on the deposited layer.



