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‘pol ymer nmenbrane which can be used in el ectrochem cal sensors, especially
in electrochem cal biosensors, fmmmmﬂmﬂmm preparation of, in
particul ar, whol e bl ood sanpl es. are already in use in a

| arge nunber of diagnostic nethods, #t&pesxanple in the determ nation of

the concentration of various factors in body fluids such as blood. The aim
in this conhection T3 1o have 15-sensors-which-requoirre-no-ekaborate

processing of the (dy.08h-sarml £ hat @é@élé&%fé&hélﬁssa“ sinply by
applying the body fluid to a_test: strl ) ThIS entails a  specific

bi ochem cal reacti OHOFQH?nBOEJVQ‘@é’ m@ﬂ‘?ﬁa&@ fogpr BIARANEOL he enzymati c
conver si on -of-the- conponent - 20-t o-be-deternined,-whi.ch_then_brings about an
el ectron transfer between different el ectrodes (working and reference

el ectrodes), and this can be determned quantitatively. 25 The

di sadvaht agéhef onssterdf  timgetdwm elredeteshetbcad  ddiwsemsorintsbidat, on

appl i cati on,nfr & heopl 9pdatoihfe, porous polymer membrane which can
be wused in electrochemical sensors, especially in
electrochemical biosensors, for integrated preparation
of, in particular, whole blood samples.
10
Biosensors are already in use in a large number of
diagnostic methods, for example in the determination of
the concentration of wvarious factors in body fluids
such as blood. The aim in this connection is to have
15 sensors which require no elaborate processing of the
(blood) sample but provide a rapid result simply by
applying the body fluid to a test strip. This entails a
specific biochemical reaction taking place, such as,
for example, the enzymatic conversion of the component

20 to be determined, which then brings about an electron

transfer between different electrodes (working and
) reference electrodes), and this can be determined
quantitatively.

25 The disadvantage of most of the known electrochemical
biosensors is that, on application of the blood to the
region provided therefor on the test strip, the
biochemical reaction which takes place is influenced by
other constituents present in the blood, especially the

30 red blood corpuscles (erythrocytes). Thus, for example,
when the values of the hematocrit (= volume of the
erythrocytes as a proportion of the total amount of
blood in vol.wt.%) are high, the value measured for
glucose wusing conventional blood glucose sensors is

35 lower than the actual value. This adverse affect arises



regi on provided therefor on the test strip, the biochem cal reaction which
fakes place is influenced by other constituents present in the bl ood,
‘especially the 30 red bl ood corpuscles (erythrocytes). Thus, for exanple,
when the values of the hematocrit (= v?durre of the erythrocytes as a
proportion of the total anmpunt of blodd in vol.wt.% are high, the val ue
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el ectrode and reduce the neasured signal. 5 To solve this problem various

menbr anes wWht REEPES AR BRANEE &het Reaskrere SEGPéd - which is di sposed on

the electrodes, of the test strip in order to keep the erythrocytes away
US pat ent

fromthis layer have been prgposed. 10,Thus, for exanple,
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on of the nmenbrane_during production of the test strip neans an additional
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consists of a water-insoluble, hydrophobic polymer, of

a water-soluble hydrophilic polymer and of an

15 erythrocyte aggregating agent and is produced by
spraying onto the surface of the test strip.

One disadvantage of this membrane is that the membrane
pore diameter varies as a function of the spraying
20 distance and spray pressure. In addition, the spraying
on of the membrane during production of the test strip
means an additional operation which is different from
the production of the remainder of the test strip and
is therefore elaborate, which makes the production

25 process complicated and thus costly.

It is therefore an object of the present invention to
provide a paste for producing a porous membrane which
does not have the disadvantages mentioned since it can
30 Dbe applied during the biosensor production process by a
method which fits in with the remaining procedure and
is therefore cost-effective, and provides a membrane of

constant pore size.
35 This object is achieved by a paste for a porous polymer
membrane as claimed in claim 1. Advantageous

developments are evident from claims 2 to 18.

The invention is explained below by means of the



25 process conplicated and thus costly. It is therefore an object of the
priesent invention to provide a paste for producing a porous menbrane which
‘does not have the disadvantages nentioned since it can 30 be applied during
t he bi osensor production process by a nethod which fits in with the

remai ning procedure and is therefore cbst-effective, and provides a
‘menbrane of _,constant. pore size. 35 This object is achieved by a paste for
a porous poF&ﬁBFesneWBgﬁﬁe as claimed in claim1. Advantageous _

devel opments are evident fromclains 2 to 18. The invention is explai ned

bel ow by ne he, - fJ.qures. where Fiqure 1 shows diagrammtically

t he strﬁctu?gaggga&tEQPW%Séﬁ%gﬁﬂqm?%wﬁfggﬂgﬁé(f%ﬁu??ﬁf?ann?iBﬁ?tS Fi gure
2 shows t hesthépl wtbakhehaenbrenesvifcshef itlventgast,e of the i nventi on,
Figure % shows an el ectron mcrograph of a polynmer 10 nmenbrane with

i nadequat el y devel gped pore structure, Figure 3b shows an el ectron

nm crogr aph %%9%8 pol §eYs mBebreiroknoierl | Ahenpicorrwist osel ¢f debel oped
pore strucpssee 45 Ehauiavénshews the results of nmeasurenent with two

bi osensors, one of them being provided with a nmenbrane of the invention,
conparing as the values of the hematocrit increase, 20 Figures 5a to 5d
show the clFigeak [Bx f ehowisceawn eleiar SANcebgh-aph bbpod ghytomersensors.

Figure b deplef 3. h0e,thUSLYAELAh 811 e 8L R LLRAMIN L NG icture,

Figure 3b shows an electron micrograph of the polymer

membrane of the invention with well developed pore

structure,
15
Figure 4 shows the results of measurement with two
biosensors, one of them being provided with a membrane
of the invention, comparing as the values of the
hematocrit increase,
20
Figures 5a to 5d show the <clinical performance on
comparison of four blood glucose sensors.
Figure 1 depicts the structure of a test strip with the
25 polymer membrane of the invention. An electrode

arrangement 2 in the form of a carbon layer, which in
turn is partly covered by an insulation 3, is located
on a polyester support material 1. An enzyme and
mediator layer 4 is disposed on the region of the
30 electrode layer which is left free by the insulation.
In the case of a blood glucose sensor, this layer
comprises, for example, the enzyme glucose oxidase and
the mediator Fe®'. The polymer membrane 5 of the
invention 1is arranged above the enzyme and mediator
35 layer 4. The whole is covered by an adhesive layer 6

and a cover sheet 7.

In the mass production of biosensors, the screen
printing method is used for printing the various layers



25 pol ymer menbrane of the invention. An el ectrode arrangenent 2 in the

formof a carbon layer, which in turnis partly covered by an insulation
‘3, is located on a polyester support material 1. An enzyne and nedi ator
| ayer 4 is disposed on the region of th4e 30 el ectrode layer which is left
free by the insulation. |In the case of®a blood glucose sensor, this |ayer
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In addition, the

For it to be possible to apply the paste used to
15 produce the polymer membrane by screen printing, the
solvent(s) present therein for the polymer must have a
boiling point which is as high as possible (above
100°C) in order to avoid premature drying of the
material in the printing machine. In addition, the
20 paste comprises a nonsolvent for the polymer, which
acts as pore former and has a higher boiling point than

the solvent(s) used.

The paste must moreover have a suitable wviscosity
25 (30 000-50 000 cpi) in order to ensure uniform flow
through the screen during the printing. The viscosity
of the paste is preferably reduced on exposure to shear
forces, as depicted in the rheological characteristics
in Figure 2.
30
The polymer preferably used in the paste of the inven-
tion is cellulose acetate (50 kDa). It is preferably
present in a proportion of about 8% by weight in the
screen-printable paste. In addition, a further polymer
35 which may be present 1s <cellulose nitrate in a

proportion of up to 10% by weight.

Solvents which can be used for the polymer are, for
example, 1,4-dioxane (boiling point 102°QC) and/or



20 paste conprises a-nonsolvent for the polynmer, which acts as pore forner
and has a higher boiling point than the solvent(s) used. The paste nust
‘noreover have a suitable viscosity 25 (30 000-50 000 cpi) in order to
ensure uniformflow through the screenéguring the printing. The visc03|ty
of the paste is preferably reduced on posure to shear forces,
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t he 4- hydroxynet hyl pent anone by ethyl acetate or ethylene glycol _
di acetate. It has energed that |ong-chain alcohols with a boiling 10 point
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n-octanol, which has a boiling point of 196°C, and/or
2-methyl-2,4-pentanediol (MPD), which has a boiling
point of 197°cC.
15
The paste is somewhat more tolerant to evaporation of
dioxane on use of 2-metyl-2,4-pentanediol (MPD) as pore
former. Moreover the cellulose acetate remains in
solution longer, which extends the time during which
20 the paste remains in a printable state. This extended
"pot life” makes it possible to produce larger batches
of constant quality.

The pore former should be present in a proportion of
25 5-20% by weight, preferably 12-15% by weight.

The viscosity modifiers wused are, for example,
hydrophilic silica =xerogels or equivalent *fumed
silicas”, bentonite, clay, Natrosol or carbon black.

30 They should be added in a proportion of from 1 to 10%
by weight to the screen-printable paste. Preference is
given to hydrophilic Cab-0-Sils (proprietary name for
silica =xerogels marketed by the Cabot organization),
such as Cab-0-Sil M5, Cab-0-Sil H5, Cab-0-Sil LMSO0,

35 Cab-0-Sil LM130, in a proportion of 4% by weight.

It is also possible to add further additives such as
Tween 20, Triton X, Silvet 7600 or 7280, lauryl sulfate
(SDS), other detergents, and polyols such as glycerol,



di oxane on use of 2-netyl-2,4-pentanediol (MPD) as pore forner. Mbreover
the cellulose acetate remains in solution |Ionger, which extends the tine
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in the screen-printable paste. Mreover the addition of the additives
Bi ot er ge, Myeoeehytthneiaddie:,icﬁs,éof deker addidiicrs dtexydrdgdt hpbaye,

gel atin, éﬁﬂifeﬁggAQﬁep'uﬁ§A ”BdekQPéﬁve éh§y§f8§é§y115 ﬁkﬁglgte,

eryt hrocytes
gelatln, sucrose and/or biuret may improve the separa-

15 tion of erythrocytes and plasma.

It is additionally possible to add enzyme, for example
glucose oxidase, even to the cellulose acetate paste so
that printing of the enzyme layer can be dispensed with

20 in the biosensor production process.

After application of a uniform layer of the printing
paste to a suitable substrate, the membrane is formed
during the drying process. There is formation of a

25 porous layer and not of a continuous film, because the
solvents used have a lower boiling point than the pore
former; the solvents evaporate correspondingly quickly
and the cellulose acetate polymer precipitates in the
remaining film of the pore former.

30
However, 1in connection with a biosensor, it is not
permissible to use just a high temperature in the
drying process, because the enzymes/proteins used are
denatured if the temperatures are too high. The best

35 results were achieved in connection with a biosensor
for determining glucose in whole blood with a drying
temperature of about 70°C. The boiling points of the
solvents and pore formers used should be selected

correspondingly.



It is.additionally possible to add enzynme, for exanpl e gl ucose oxidase,
even to the cellulose acetate paste so that printing of the enzyne |ayer
‘can be dispensed with 20 in the biosensor production process. After
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and shape ofoth®t o e6fWahC rnflAEIRP  fAdh the solvent and the pore
former, because the pore former is unable on its own to

stabilize the polymer skeleton. The result is a white,

15 smooth and unstructured film with entrapped pore
former, which does not allow lateral liquid transport.

By comparison, a clear film is obtained when no pore

former is used in the paste.

20 If the amounts of viscosity modifier used are too small
(< 1% by weight), the resulting membrane has an only
inadequately developed pore structure, as shown in
Figure 3a.

25 Since the various suitable viscosity modifiers have
different surface properties, the viscosity modifier
can be selected depending on the required membrane or
the required Dbiosensor. For example, with high
mechanical stress, e.g. with long printing times or on

30 printing of very thin layers with a high squeegee
pressure, the Cab-0-Sil H5 is “crushed”. The surface
then shows microscopically sharp fracture edges which
may lead to lysis of the red blood cells.

35 This is an unwanted property for a blood glucose sensor
because the basic current of the sensor is increased
thereby. On the other hand, this effect can be opti-
mized, and the plasma from cells be utilized directly

in the sensor for the electrochemical detection. One



Wthouwt addition of a viscosity nodifier there is formation of an emul sion
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15

Cab-0-Sil1l LM 150 consists of smaller particles than HS5,

which are therefore more stable and are not damaged by

the mechanical stress during the printing process. This

viscosity modifier is therefore most suitable for

20 producing a membrane for blood glucose sensors.

In accordance with the above statement, the difference
in boiling points between solvent and pore former is,
besides the stabilization of the polymer skeleton by

25 the viscosity modifier, important for the formation of
a suitable membrane. The difference should be about
30°C in this case, so that there is formation in the
drying process of a film which comprises a sufficiently
high concentration of pore former in which the membrane

30 polymer can precipitate. If the boiling point differen-
ces are smaller the pore former starts to evaporate
before a critical ratio between solvent and pore former
is reached, which brings about the precipitation of the
membrane polymer.

35
After the screen-printable paste with the composition
described previously has been printed, and the solvent
has evaporated, there is formation through deposition

of the cellulose esters of a membrane with an average



determ nation i s unnecessary in this case because the nediator reacts
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bri ngs abouprehenpeedip ta@hiyne Obetiey detdciaad pebynmethe 381Attebdkhe
screen-,pyi ntabl te.with the conmposition escri,b revi ously has been
orinted anéﬁt ﬁag)p;&gﬁ:\?g:&}@n h%és %} p é)toed,sqrﬁ%f% frads g&‘rﬁ% i % ﬂpéﬁﬁh

deposi ti on beinghaveaalbhleséorstbes edfect roehiendice lnirtda ciaricaner age pore si ze
of fromO0.1to 2 m it being possible to influence the pore size by the

amount of | ong-chain
Figure 4 illustrates by means of a series of measure-

ments the fact that at a constant glucose concentration
15 the test strip provided with a membrane of the inven-
tion provides, in contrast to a test strip without
membrane, constant results as the wvalues of the hema-
tocrit increase, whereas the response with the test
strip without membrane decreases as the erythrocyte
20 concentration increases. Because of the increased dif-
fusion barrier between the enzyme layer and the blood
sample, the response overall is somewhat reduced in the

case of the sensor with membrane.

25 The invention is illustrated by means of the following

examples.

Production of the printing paste:

30 In accordance with the ratios of amounts indicated in
the following examples, a mixture of the solvent (e.g.
hydroxymethylpenanone, dioxane) and the pore former
(e.g. octanol, MPD) is produced to ensure uniform
distribution of the two substances. In the next step,

35 all the additives (e.qg. PVP/VA) are added and
dissolved, if necessary with the aid of ultrasound. The
membrane polymer (cellulose actate 50 kDa) is then
mixed rapidly with the previously produced solvent

until a uniform suspension results. This suspension is



al cohol used. An electron mcrograph of the nmenbrane is shown in Figure
3b. Since erythrocytes have an average 5 size of 8 to 10 m the nenbrane
‘keeps them away from the enzyne |ayer, while the plasnma can pass through
unhindered. In addition, the menbrane ¢gntributes to the nmechani cal
stability of the enzyne |ayer and prevents the enzyne being detached from
the electro 0 pRlal ¢at:i.0 Hod, sanpl h ger

bei ng avaiIgg%éggogo?hgse?géfﬁg%ﬁ%%%%%iq%eacf%on. @?gﬁ€e£48??€gs%§gtes by
neans of a %8FPé§Sof ABAsuié- AEnt BOBRéPL&ct tPhapddt sheon¥igAeskMcose
concentratigBaibithe t@stgstrippppogided wid h anpenbrang of i heshaMen- tion
provides, in contrast to a.test strjp wthout nenbrane, constant results
as the val uBE*BF*PHePRENE- lFoEﬂ@%dufr"é’a?eﬁ%%s% he +esPBASE ®WPth the
test st¥i pembtheutiniEpbmade sdedbaasesn af the enwdasdeyt encdl fa@icentration
i ncreases. Because of the increased dif- fusion barrier between the enzyne
| ayer and the blood sanple, the response overall is sonmewhat reduced in
the case oExampleedsor with nenbrane. 25 The invention is illustrated by
means of the' follow ng exanples. Production of the printing paste: 30 In
accordance wth the ratios of anmounts indicated in the foll ow ng exanpl es,
a mxture oPoLt¥BeEAdBVént (e.g. hydroxymet hyl penanone, di oxane) and the
pore fargrercefgulosechasehieMMy B9 poOJuced to ensure synithOkBight
distribution of the two substances. In the next step, 35 all the additives
(e.g. PVP/VA) are added and dissolved, if necessary with the aid of

ul trasound. sdbheengenbr ane pol yner (cellul ose actate 50 kDa) is then m xed

rapidly with {he preyh oushy Rroduged SQlvent g cony g5 54 py weight

15 Pore former:
n-Decanol (b.p. 231°Q) 25.0% by weight

Viscosity modifier:

Cab-0-8il M5 2.0% by weight
20

Example 2

Polymer(s) :

Cellulose acetate (Mw 50 000) 8.0% by weight
25

Solvents:

1,4-Dioxane (b.p. 102°C) 35.0% by weight

Ethyl acetate (b.p. 154°(C) 35.0% by weight

30 Pore former:
n-Octanol (b.p. 196°C) 18.0% by weight

Viscosity modifier:
Cab-0-8il M5 4.0% by weight




until -a uni form suspension results. This suspension is - 10 rolled for 48
h in a closed container until a clear gel results, and it is possible to
‘add the viscosity nodifier (e.g. Cab-O-Sil) to this. The finished

printing paste is rolled for a further 4 hin order to 5 ensure uniform
distribution of the viscosity nodifier. Exanple 1 Polyner(s): 10 Cell ul ose
acetate (My30m99Q)37.5% by wei ght Solvent: Ethylene glycol diacetate
(b.p. 186C) 65.5% by weight 15 Pore former: n-Decanol (b.p. 231C) 25.0% by
wei ght Viscosity nodifier: Cab-OSil Mo 2.0% by wei ght 20 Exanple 2

Pol yner (s) : poGehtul ese acetate (Mv 50 000) 8.0% by wei ght 25 Sol vents:

1, 4- Di oxane 102C 35, 0% i Et hyl aceta b.p. 154 35. 0% by
wei ght 30 F%ﬁggl‘f%? ti‘i’:‘?ar‘%%6 %\ﬁ g.%i%c) 18. 0% b§5 \R/% &S(t ity
nodi fi el Cab-O Sil NB 4.0% by weight - 11 Exanple 3 Polyner(s):

Cel I ul ose aggigégtgpM/SO 000) 8.0% by weight 5

1,4-Dioxane (b.p. 102°C) 20.0% by weight
4-Hydroxymethylpentanone (b.p. 165°C) 56.0% by weight

10 Pore former:
n-Octanol (b.p. 196°C) 12.0% by weight

Viscosity modifier:

Cab-0-Sil M5 4.0% by weight

15
Additives:

PVP/VA 0.1% by weight
Example 4

20
Polymer(s) :

Cellulose acetate (Mw 50 000) 7.4% by weight
Solvents:

25 1l,4-Dioxane (b.p. 102°QC) 18.5% by weight
4-Hydroxymethylpentanone (b.p. 165°C) 55.6% by weight
Pore former:
2-Methyl-2, 4-pentanediol 14.8% by weight

30
Viscosity modifier:

Cab-0-S8il M5 3.7% by weight
Additives:
35 PVP/VA 0.1% by weight

Figure 5 shows the «clinical performance of blood
glucose sensors

a) without polymer membrane



Sol vents: * 1, 4-Di oxane (b.p. 102C) 20. 0% by wei ght

4-Hydr oxynet hyl pent anone (b.p. 165C) 56.0% by wei ght 10 Pore fornmer:
‘n-Cctanol (b.p. 196C) Viscosity nodifier: Cab-OSil M 15 12.0% by wei ght
4. 0% by weight Additives: PVP/VA 0.1% by wei ght Exanple 4 20 Pol yner(s):
Cel l ul ose acetate (Mv 50 000) 7.4% by %éi ght Sol vents: 25 1, 4-Di oxane

b.p. 102C). 18. 5% wei ght 4- r ox t hyl pent anone (b, p. 165 55. 6% by
f/vei ISht Por)eb or n’@tj)rPM EQk/g?‘ﬁﬁ Enfl_%g)}fﬁg%tngﬁgélpgﬁ%éoﬁ é’(,foé":l’%?'p#(?d%)i er:
Cab-O Si| M) 14. 8% bypekiyght Bermtrbypenwdicoghbohddiiny et Exadd/3JA 0. 1% by

I ght Fi 5 I i rfar f Dbl 0 sensors a
v, ot Fi 9use S abousobional LBk oRer (L IRIGS oD god, fluispsg sensors @
Exanpl e 2)

5 In the comparative clinical investigations, the results
of measurement with the various types of sensors were
compared with the results of measurement by the
reference method (YSI Model 2300 Stat Plus), and the
percentage deviation was plotted against the values of

10 the hematocrit for the individual blood samples. The
result in the ideal case is a measurement line hori-
zontal to the x axis. The gradient of these measurement
lines, which is shown in Table 1, provides information
about the interference of the hematocrit with the

15 sensor system used.

Table 1
Gradient of the Gradient in %
measurement lines

Type 1 (no membrane) -0.8253 100%

Type 2 (membrane from |-0.4681 56%

Example 2)

Type 3 (membrane from | -0.2946 35%

Example 3)

Type 4 (membrane from | -0.0273 3.3%

Example 4)

The data unambiguously reveal the superior performance
20 of the sensor system with the preferred membrane (com-
position of Example 4). This improvement i1is achieved
through the separation of whole blood and plasma
directly in front of the electrode, because the Nernst
diffusion layer in front of the electrode can no longer
25 be extended into the region with erythrocytes and
therefore also can no longer be influenced by different

values of the hematocrit.

The following comparative examples describe printing



c) with polynmer menbrane (conposition of Exanple 3) d) with polyner
menbrane (conposition of Exanple 4). 5 In the conparative clinical
‘investigations, the results of neasurenment with the various types of
sensors were conpared with the results_of neasurenent by the reference
met hod (YSI Model 2300 Stat Plus), and the per cent age devi ati on was

pl otted against the val.ue f. 10 the hematocrjt for the indiyidual blood
sanpl es. ThgaégﬁﬁﬂﬁﬁiWFﬁéh;ﬁnﬁﬁﬁ %%S%OiEuétﬁbigu?gﬁgﬁgapFﬁe%ﬁ5ﬂe§nzonta

to the x axihe Theng adfiermtenf thbese medsargrsentand i neke whiigkroisd tyhown in
Tabl e 1, pr@ghq%gérqfornation about the interference of the hematocrit
with the 15 sensor systemused. Table 1 Gradient of theGadient in %
measurenent |ines Type 1 (no nenbrane)-0.8253100% Type 2 (nmenbrane

from 0. 4681 e6%pRraHahvd Bxakl® 3 (nmenbrane from0.294635% Exanple 3) Type 4
(menbrane from0.02733. 3% Exanpl e 4) The data unanbi guously reveal the
superior performance 20 of the sensor systemw th the preferred nenbrane
(com posi ti opl9melxanml e 4). This inprovenent is achieved through the
separation qf [ e bl oo nd a irectly in fraopt_ of the el ectrode,
because thegﬁér st SdiFT ﬁ% n ‘%§Fi0&%ﬂr ont of the e} MU' TH Mo | onger
25 be extended into the region with erythrocytes and therefore also can no
| onger fhuepged by different values of the hematocrit. The fol |l ow ng

i
conparati ve s describe printing
Ethylene glycol diacetate (b.p. 186°C) 76.0% by weight

Pore former:

n-Octanol (b.p. 196°QC) 12.0% by weight
15
Viscosity modifier:
Cab-0-Sil M5 (hydrophilic) 4.0% by weight
Additives:
20 PVP/VA 0.1% by weight
Comparative Example 2
Polymer(s) :
25 Cellulose acetate (Mw 50 000) 8.0% by weight
Solvents:
1,4-Dioxane (b.p. 102°C) 20.0% by weight
4-Hydroxymethylpentanone (b.p. 165°C) 56.0% by weight
30
Pore former:
n-Octanol (b.p. 196°C) 12.0% by weight
Viscosity modifier:
35 Cab-0-8il TS720 (hydrophobic) 4.0% by weight

Additives:
PVP/VA 0.1% by weight



- 13 - pastes in which there is no suitable accordance between the pore
former, the solvents and the viscosity nodifier. 5Conparative Exanple 1

"Pol ymer (s): Cel lul ose acetate (Mv 50 000)8.0% by wei ght 10Sol vent: Et hyl ene
gl ycol diacetate (b.p. 186C)76. 0% by V\ﬁhght Pore former: n-Cctanol (b.p.
196C) 12. 0% by wei ght 15 Viscosity nodifier: Cab-O Sil M (hydrophilic)4.0%
by wei ght | §1 A0 . 1% by wei ght Conparative Exanple 2
PoIyner(s)?ggg%%¥§§Fg§eB¥ce ggb%(ww 50 000) 8. 0% by wei ght Sol vents:

1, 4-Di oxane (b.p. 102C) 20. 0% by wei ght 4-Hydr oxynet hyl pent anone (b. p.

165C) 56. 0% py1vRLght)30 Pore forner: n-Cctanol (b.p. 196C)12. 0% by wei ght

Vi scosity ——35Cab- O Si | TS720 (hydrophobi c) 4. 0% by wei ght
Addi tives: PIPLVROS®IRBRtRERgRECPIPNAtEar ati ve Exanpl e 3 Pol yner(s):
5 (Mw 75 000) 8.0% by weight
Solvents:
1,4-Dioxane (b.p. 102°C) 20.0% by weight
4-Hydroxymethylpentanone (b.p. 165°C) 56.0% by weight
10

Pore former:
n-Octanol (b.p. 196°C) 12.0% by weight

Viscosity modifier:

15 Cab-0-S8il M5 (hydrophilic) 4.0% by weight
Additives:
PVP/VA 0.1% by weight

20 In Comparative Example 1 there is no formation of a
porous membrane because the difference between the
boiling points of the solvent (ethylene glycol
diacetate) and pore former (n-octanol) used in the
printing paste is too small. If, by contrast, n-decanol

25 1s used as pore former (as described in Example 1), a

- porous membrane is obtained after the drying process
because the boiling point between the solvent and the

pore former is sufficiently large.

30 In Comparative Example 2 there is only inadequate gel
formation between the pore former and the viscosity
modifier, because of the use of hydrophobic Cab-0-Sil
which is unable to react with the OH groups of the pore
former, and thus there is inadequate stabilization of

35 the polymer skeleton. This impedes the formation of a

porous membrane.

No porous membrane is formed in Comparative Example 3

either, where the solubility of the polymer used




Cel l ul-ose acetate propionate 5 (Mwv 75 000) 8.0% by wei ght Sol vents:

1,4-Di oxane (b.p. 102C) 20.0% by wei ght 4-Hydroxynet hyl pent anone (b. p.
1165C) 56.0% by weight 10 Pore fornmer: n-Cctanol (b.p. 196C) Viscosity

modi fier: 15 Cab-O-Sil M (hydrophilic)s12. 0% by wei ght 4.0% by wei ght

Addi tives: PVP/VA 0.1% by weight 20 I n Conparative Exanple 1 there is no
formation ofca11p068us JEiYENe PepadsatEhe ﬂﬁfft?lreenﬁgrgetf"c‘ﬂ?ﬂéxl heg boiling
poi nts of the solvent (ethylene glycol diacetate) and pore fornmer
(n-octanol ) *8SeBiPR-the printing paste is too small. If, by contrast,
n-decanol 25 is used as pore fornmer (as described in Exanple 1) , a porous
menbrane i s obtained after the drying process because the boiling point
bet ween the solvent and the pore former is sufficiently large. 30 In
Conparative Exanple 2 there is only inadequate gel formation between the
pore former and the viscosity nodifier, because of the use of hydrophobic
Cab-O-Sil which is unable to react with the OH groups of the pore forner,
and thus there is inadequate stabilization of 35 the polynmer skeleton. This
i npedes the formation of a porous nmenbrane. No porous nenbrane is forned
in Conparative Exanple 3 either, where the solubility of the polynmer used



- 15 (cellul ose acetate propionate) in the pore fornmer is too high. - 16
Clains 1. A screen-printable paste for producing a porous pol yner
‘menbrane, conprising at |east one polynmer, 5 one or nore solvents for the
polymer with a boiling point of > 1000C, one or nore nonsolvents (pore
formers) for the polynmer with a higher boiling poi nt than the sol vent(s)
and a hydro- philic viscosity nodifi 2. screen-printabl e paste as
claimed in claim1l1, characterized |§i%#é§ t he dlfference of the boil- ing
poi nts of solvent and pore fornmer is at |east 300C. 15 3. A

screen-prini abl ea pagt s S Al fmsh d N pelsdidn Eopr p&dﬁﬁzactaerbéﬁeulsn t hat
the paste conprises cellul ose acetate as poly A screen-printable

paste as clalnedp?%y@?élW?@braﬁﬁaré@F@F¥ﬁ%?qr?quﬁa§%e°%%sP@ ¥ORPri ses

1, 4- di - soxane andﬁer érhyldds@éyn@bmyéﬁegt aﬂ@ﬂe end/ OpoEHﬂﬁif ﬁ@ehata as

sol vent. 25 5. een r|n :f ¢§° @s claimed 1n g one of
clains 1 to 4, %?%r ?é& pSEFeQﬁnﬁﬁﬁ%egoﬁs? BG§2ERai n

al cohol as pore poreerfoﬁmeﬁs)A §oreenhpr|pbabmerpawiehasaclhighdrin cl ai m

5~ characteri Ze{;’oii‘hﬁgat 3% pei:%tafn CoHmr | $8Pvetle P§F 20q 229 Rl gro-

2-met hyl - 2, 4- pent ane pore
philic v1sc031ty modlfler

10
2. A screen-printable paste as claimed in claim 1,
characterized in that the difference of the boil-
ing points of solvent and pore former is at least
30°cC.

15

3. A screen-printable paste as claimed in claim 1 or
2, characterized 1in that the paste comprises
cellulose acetate as polymer.

20 4. A screen-printable paste as claimed in claim 3,
characterized in that the paste comprises 1,4-di-
oxane and/or 4-hydroxymethylpentanone and/or ethyl
acetate as solvent.

25 5. A screen-printable paste as claimed in at least
one of claims 1 to 4, characterized in that the
paste comprises a long-chain alcohol as pore
former.

30 6. A screen-printable paste as claimed in claim 5,
characterized in that the paste comprises
n-octanol and/or 2-methyl-2,4-pentanediol as pore
former.

35 7. A screen-printable paste as claimed in claim 6,

characterized in that n-octanol and/or 2-methyl-
2,4-pentanediol is present 1in a proportion of
5-20% by weight.



35 7. \A screen-printable paste as clainmed in claim6, characterized in

t hat n-octanol and/or 2-nethyl- 2,4-pentanediol is present in a proportion
‘of 5-20% by weight. - 17 8. A screen-printable paste as clained in at

| east one of the preceding clains, ch r7act erized in that the paste
conpri ses hydrophilic silica xerogel as’ viscosity nodifier. 5 9. A

screen-prinkabl e p _ i Ln_¢laim har acterized i that the
silica xerogél ié a%%]g%%?lﬁ%%ﬁ%@%%%p&%ﬁ%&n %? 1C-C]1603%19b%/ el g%ﬁ ) rifss 0. A
screen-print abl eopgstod dhe|rbenefling atlabmsst cbharaotetrheegr évedihag cl ai ns,

characterized in at : i $i : i V] oli.done/
vinyl acetate cosglgyﬁeﬁg%vgl /A l%%/ I&?aggkbéil%%rgip%%i%gﬁég%évs)s. 15 11.

A screen-print abVéSpRStEYadoifii®&d in claim 10, characterized in that the
PVP/VA @@ PVP is present in a proportion of 0.1% by weight. 20 12. A
screen-pri néabl e paste as clained in at |east one, of _the prcgcedi ng cl ai ns,

p d
characteri z8d i n®t hat* StRePPARERPLAdIRGTl BF cOpiTeEds The CoP nfe
enzynes. 25 13. Ahaebhkaerfiardpr dduci tifaa scheen-giriidabl cepagtt, ily

produci ng a m xt o] r | vent: (;8), f0r... a pol.ymer and one or
nor e nonsol vent (é?gf'%%taq%p%l ?%ﬁ@%fgﬁr"él P)Ofl‘ r%er])d,(% W r‘r’{é)%i%ﬁ/gt'l n the polyner
until a uniform suspension results,

10 10. A screen-printable paste as claimed in at least
one of the preceding claims, characterized in that
the paste additionally comprises vinylpyrolidone/
vinyl acetate copolymer (PVP/VA) and/or polyvinyl-
pyrolidone (PVP).

15

11. A screen-printable paste as claimed in claim 10,
characterized in that the PVP/VA or PVP is present
in a proportion of 0.1% by weight.

20 12. A screen-printable paste as claimed in at least
one of the preceding claims, characterized in that
the paste additionally comprises one or more

enzymes.

25 13. A method for producing a screen-printable paste,
by
producing a mixture of one or more solvent(s) for
a polymer and one or more nonsolvent(s) for a
polymer (pore former),

30 mixing in the polymer until a uniform suspension
results,
rolling the suspension until a clear gel results,
adding a hydrophilic viscosity modifier, and
rolling the mixture until the viscosity modifier

35 is uniformly distributed.

14. The use of the paste as claimed in at least one of
claims 1 to 12 for producing a porous polymer

membrane.




rolling the suspension until a clear gel results, adding a hydrophilic
viscosity nodifier, and rolling the mxture until the viscosity nodifier
‘35 is uniformy distributed. 14. The use of the paste as clainmed in at

| east one of clains 1 to 12 for producing a porous polynmer nmenbrane. - 18
15. The use as clained in claim14, whiBe the pol ymer nenbrane is

i ntroduced i to giggens?; test trip.15.16 The .use a claiged in claim
15, charactetized Tn "th& thiet BITLendof 1PdTddS) g e r ChRaRBMYHGT t he

bl ood gl ucose conempraaei ons lintTloclursd asimdai ned hhosénasor 15test
characterized ing.lf,that the biosensor is designed for determning the

val ue of the hematocrit. 18. A porous pol yner nenbrane produced fromthe
screen-printable paste as clained in at | east one 15 of clains 1 to 12.

5 16. The use as claimed in claim 15, characterized in
that the biosensor is designed for measuring the

blood glucose concentration.

17. The use as claimed in claim 15, characterized in
10 that the biosensor is designed for determining the
value of the hematocrit.

18. A porous polymer membrane produced from the
screen-printable paste as claimed in at least one
15 of claims 1 to 12.



