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electrochemical biosensors, for integrated preparation

of, in particular, whole blood samples.

Biosensors are already in use in a large number of
diagnostic methods, for example in the determination of
the concentration of various factors in body fluids
such as blood. The aim in this connection is to have
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

to be determined, which then brings about an electron

transfer Dbetween different electrodes (working and
reference electrodes), &and this can be determined
guantitatively.

The disadvantage of most of the known electrochemical
biosensors is that, on eapplication 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
red blood corpuscles (erythrocytes). Thus, for example,
when the wvalues of the hematocrit (= volume of the
erythrocytes as a proportion of the total amount of
biood 1in vol.wt.%) &are high, the wvalue measured for
glucose wusing conventional Dblood glucose sensors 1is

lower than the actual value. This adverse affect arises
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35 |l ower than the actual value. This adverse affect arises 09SAPR'" - 2
fromthe fact that the erythrocytes influence, through adsorption onto the

reactive | ayer of the biosensor, the diffusion of glucose into the Iatt,e”gP
and to the electrode and reduce the neasured signal. 5 To sol ve I & 8PR 7205

probl em various nenbranes which are put, on top of the enzyne |ayer, which
is disposed on the electrodes, of the test strip in order to keep the

erythrocyt ess,anayc hEomglh %ﬂ@ye&h@a\&m @@@sggflé@nzeus,tﬂﬁuﬁanpl €,
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a function of the spraying 20 di stance and spray pressure. In addition, the
spraying on of the nepbrane roduction of the test stri means an
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remai nder ofort heobesif st}ﬁepeanra:qzmd sltheref aneg o aber ah&spm«m ofakes: t he
producti on 5.5 cE;Croc Ss cQ t§at eg d thus castl ref org an

obj ect of t e § p TN i nvent | gro?/ﬁijepa dfe({r Sf)odu%?%g eporous
menbr ane whiegty tldoesy ret  daxe fhemdIthactvaraw@geshamtbmecpsqapoeedt can 30 be
appl i ed during the biosensor production process by a nethod which fits in

with the remai ning procedure and is therefore cost-effective, and provides
a nmenbrane Ghusconstaant eperelsi.zeUS patent 5,658,444 describes an

erythrocyte exclusion membrane for a sensor, which
consists of a water-insoluble, hydrophobic polymer, of
a water-soluble hydrophilic polymer and of an
15 erythrocyte aggregating agent and 1is produced by

spraying onto the surface of the test strip.

One disadvantage of this membrane is that the membrane
pore diameter wvaries 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 be 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 i1is 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 1is expleined below by means of the



35 This object is achieved by a paste for a porous polyner nenbrane as
claimed in claim1l. Advantageous developnents are evident fromclains 2 to
18. The invention is explained bel ow by neans of the D ?-APR figures, where
Figure 1 shows diagrammatically the structure of a test strip ijB?quﬁ“
menbrane of the invention, 5 Figure 2 shows the rheol ogi cal charact erA Cs”
of the paste of the invention, Figure 3a shows an el ectron m crograph of a
pol ymer 10 Pengggge w&gpeinadequately devel oped pore structure, Figure 3b
shows an el ect? i

on ni'crograph of the polynmer nenbrane of the invention with
wel | devel oped pore structure, 15 Figure 4 shows the results of measurenent
wth two bi nsQrs, of -tzit'égrg i i i ey t he

i nvention, C§§ %??ng ggggﬁé(%é ueggﬁ%n%ﬁgfP%eﬁ%?o%%%pcﬁﬁbrea§§?§2%g }gures
5a to 5d showtthe whthi the perboemened ome conparison, of four bl ood gl ucose
sensors. gFigure 1 depicts the structure of a test strip with the 25 polymer
menbrane of the invention. An_el ectrode arrangenent 2 in the formof a
carbon | ayerFighteh 3 nshewgn the paRrePyogdIRt e B EHF S HSSTBEF 09 13, the
located on 3 poLYyEst eheSUpRRRt iR erial 1. An enzyme and nediator |ayer 4
is disposed on the region of the 30 electrode |ayer which is left free by
the insulation. In the case of a blood glucose sensor, this |ayer
conprises, fprgexani£L, shbesenzyneeWacose exicdasg a1 dfheangsh ajoer Fe3*.

The pol¥ger]g§ £§QS %ig Eggdequately developed pore structure,

Figure 3b shows an electron micrograph of the polymer

membrane of the invention with well developed pore

structure,
15
Figure 4 shows the 1xresults of measurement with two
biosensors, one of them being provided with a membrane
of the invention, comparing as the wvalues 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 1is 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 Ilayer
comprises, for example, the enzyme glucose oxidase and
the mediator Fe®'. The polymer membrane 5 of the
invention 1s arranged above the enzyme and mediator
35 layer 4. The whole 1is covered by an adhesive layer 6

and a cover sheet 7.

In the mess production of Dbiosensors, the screen

printing method is used for printing the various lavers



invention is arranged above the enzyne and nediator 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 nethod is used for printing the various
|l ayers U? AP such as el ectrode, insulating and enzyme |ayers. Thd! fpk&geiit's
invention provides a nenbrane which can be applied with the same technique.
On the one hand, this has the advantage that the sane screen printing
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in Figure 2width the other methods such as spincoating, dipping or

spraying.

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 1is &as high as possible (above
100°C) in order to avoid premature drying of the
material 1in 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 viscosity
25 (30 000-50 000 cpi) in oxder to ensure uniform flow
through the screen during the printing. The wviscosity
of the paste is preferably reduced on exposure to shearx
forces, as depicted in the rheological characteristics
in Figure 2.
30
The polymer preferably used in the paste of the inven-
tion 1is cellulose acetate (50 kDa). It is preferably
present in a proportion of about 8% by weight 1in the
screen-printable paste. In addition, a further polymer
35 which may Dbe present is 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°C) and/or



The polyner 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 polyner

whi ch nmay be present is cellulose nitrate in a proportion of up o?lk)P/Rby”,;
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evapor ati on oaf etiyoxane enyase @fadet®tyl - 2, 4- pent anedi ol (MPD) as pore
former. Moreover the cellul ose acetate remains in sol ution | onger, which
extends the tine during which 20 the paste remains in a printable state.
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constant, quallt Jbe p for ner sho glge esent |f%r§n I‘tl(%ﬁ]] of 25

5-20% by wePgh pr ef erggl y 1233:1%0/5%y € Vi scosi df fi'els used
are, for exanMe@n printable membrane paste preference 15 glven to
n-octanol, which has a boiling point of 196°C, and/orx
2-methyl-2,4-pentanediol (MPD), which has a boiling
point of 197°C.
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 longexy, which extends the time during which
20 the paste remains in a printable state. This extended
“pot life” makes 1t possible to produce larger batches

of constant quality.

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

The viscosity modifiers used are, for example,
hydrophilic silica =xerogels or eguivalent “ fumed
silicas”, bentonite, clay, Natrosol or carbon Dblack.

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 Cebot organization),
such as Cab-0-Sil M5, Cab-0-5il1l H5, Cab-0-Sil LM50,

35 Cab-0-511 LM130, in a proportion of 4% by weight.

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

in the biosensor production process.

After application of a uniform layer of the printing
paste to a suitable substrate, the membrane i1s formed
during the drying process. There is formation of a
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 qgquickly
and the cellulose acetate polymer precipitates in the

remaining film of the pore former.

However, in connection with a biosensor, it is not
permissible to use Jjust a high temperature in the
drying process, because the enzvmes/proteins used are
denatured if the temperatures are too high. The best
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 Dbe selected

correspondingly.
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former 1@ used in the caste. 20 I|f the anounts of viscosity nodifier used
are too smljithout addition of a viscosity modifier there 1is

formation of an emulsion from the solvent and the pore
former, because the pore former i1s unakble 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 i1s 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 wvarious suitable viscosity modifiers have
different surface properties, the wviscosity modifier
can be selected depending on the reguired membrane or
the reguired Dbiosensor. For example, with high
mechanical stress, e.g. with long printing times or on

30 printing of wvery thin layers with & high sqgueegee
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 glucos€ sensor
because the basic current of the sensor is increased
thereby. On the other hand, this effect can be opti-
mized, and the plasme from cells be utilized directly

in the sensor for the electrochemical detection. One



(< 1% by weight), the resulting nenbrane has an only inadequately devel oped
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equipment as in the monitoring of blood glucose, making

the time-consuming use of capillary tubes and
centrifuge unnecessary.

15
Cab-0-8il1 LM 150 consists of smaller particles than H5,
which are therefore more stable and are not damaged by
the mechanical stress during the printing process. This
viscosity modifier 1s 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 sultable membrane. The difference should be about
30°C in this case, so that there is formation in the
drying process of a f£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.

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

of the cellulose esters of a membrane with an average
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the menbr ane (qon rd b £3p10 sbbefECRARLERHaARIdd 1 Vrdlchepenzyme | ayer

and prevents the enzyne being detached fromthe el ectrode 10 on application
of the bl ood sanple and then no | onger
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, 1n 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 1s 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. octanocl, MPD) 4is produced to ensure uniform
distribution c¢f 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) 1is then
mixed repidly with the previously produced solvent

until a uniform suspension results. Thils suspension is



bei ng available for the el ectrochem cal reaction. Figure 4 illustrates by
means of a series of neasure- nents the fact that at a constant gl ucose
concentration 15 the test strip provided with a nenbrane of the kngywvi¢mn
provides, in contrast to a test strip without nenbrane, constaht”r Jul't's as
the values of the hema- tocrit increase, whereas the response wth the test
strip wthout nenbrane decreases as théi%rythrocyte 20 concentration

i ncreases. Because oof the .increased dif- fusiaon barrier. between the_enzyne

| ayer and tﬁ@ggﬁgoécqééﬁ%F%,l?h% F 958ﬁ5508$@ﬁ¥qri%”%b%eﬁhgﬁeﬁﬁdﬁgéd in the
case of thersensas w thdrenhy anes Zpddepiavendi oadds theustviatediby neans
of the follow.ng. exanples. Production of the printing _paste..30 In

accor dance ngﬁ%ﬁﬁ%‘rgF?og'oféghiéﬂégﬁ%di5§1edt$hs'th ‘%Ilgﬁpﬁﬁhgganples,
a mxture oprtheisel venitd eig. rohyddoxypmethyhpenanone] ldi dxanefleandct he pore
former (e.qg. _octanol... MPD)..i s produced to ensure unif.orm dj.st.ribution of
the two SubSlEHE e Ui e Her? ot ap: 3581 FPENE  Se s (o Tg PVl VA) ar e
added and dissolved, if necessary with the aid of ultrasound. The nenbrane
pol yrner (ceFkgkggg gctate 50 kDa) is then mixed rapidly with the previously
produced solven until a uniform suspension results. This suspension is a ~
APR - 10 rolled for 48 hin a closed container until a clear gel results,
and it is pgggkpkg(gq:add the viscosity nodifier (e.g. Cab-OSil) to this.

The finished—;grrntrng paste is rolled for a further 24 h in order to 5
ensur e Ithi f RALEILSEE BRSteH Sf (Mhe3 Qi 88o5i ty nodifier.” -Badpl evefight

Solvent:

Ethylene glycol diacetate (b.p. 186°C) 65.5% by weight
15 Pore former:

n-Decanol (b.p. 231°C) 25.0% by weight

Viscosity modifier:

Cab-0-5il 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-Octancl (b.p. 196°C) 18.0% by weight

Viscosity modifiler:

Cab-0-8il1 M5 4.0% by weight



Pol ymer(s): 10 Cellul ose acetate (Mv 30 000) 7.5% by wei ght Sol vent:

Et hyl ene gl ycol diacetate (b.p. 186C) 65.5% by weight 15 Pore forner:

n- Decanol (b.p. 231C) 25.0% by wei ght Viscosity nodifier: Cab-O Si%glvggf% 0%.
by wei ght 20 Exanple 2 Polyner(s): Cellulose acetate (Mv 50 000) "3-0% By«
wei ght 25 Sol vents: 1, 4-Dioxane (b.p. 192C) 35.0% by weight Ethyl acetate
(b.p. 154C) 35.0% by weight 30 Pore former: n-Cctanol (b.p. 196C) 18. 0% by
wei ght Vi scasidyo@difier: Cab-OSil 115 4.0% by wei ght 08APR2 - 11 Exanple
3 Polyner(s): (%I | ul ose acetate (Mv 50 000) 5 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.

163C]2 56. 0%y webght) 10 Pore former: n-Cctanol (b.p. 196C) Viscosity
nodifier: Cab-O-SiT Wb

Cellulose acetate (Mw 50 000) 8.0% by weight
5

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:

Cab-0-8il1 ™5 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 1,4-Dioxane (b.p. 102°C) 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-Sil1 M5 3.7% by weight
Additives:
35 PVP/VA . 0.1% by weight

Figure 5 shows the c¢linical performance of Dblood
glucose sensors

a) without polymer membrene



15 12. 0% by wei ght 4.0% by wei ght Additives: PVP/VA 0.1% by wei ght Exanpl e
4 20 Polynmer(s) : Cellul ose acetate (Mv 50 000) 7.4% by wei ght Sol vents: 25
1, 4-Di oxane (b.p. 102C) 18.5% by wei ght 4-Hydroxynet hyl pent anon§ é/?\ﬁ{ +185C)
55. 6% by wei ght Pore fornmer: 2-Methyl-2,4-pentanediol 30 ViscoSi¢ e
nodifier: Cab-OSi|l M 14.8% by weight 3.7% by weight Additives: 35 PVP/VA
0.1% by weight Figure 5 shows the clinital -perfornmance of blood glucose
sensors a) w thout polyner nenbrane 1 2 b) with polymer nenbrane

(conposi ti om)of BExanplro2ymel) mainbhapel yremposriiriane ¢ ompaspieon) of Exanpl e
3) d) with poly ]Jggg@ ( st - : h
conparative C@I i n% i nvieglﬁlgaaﬁig}gfﬁg, h{ehggpg‘ SIIE;%%O ér%a%%?% l%\t §\)M' th the
vari ous typeb of weHsdpelweee mepRpaned (@omposhd ags i sExdmpeasel enent by
the reference nethod (YSI Mddel 2300 Stat Plus), and the percentage

devi ation was plotted against the values of 10 the hematocrit for the

i ndi vi du2l Mkah%a%%mE§¥a¢h§e 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 is achieved
through the separation of whole Dblood 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 comperative examples describe printing



result in the ideal case is a neasurenent line hori- zontal to the x axis.
The gradi ent of these neasurenent |ines, which is shown in Table 1,
provides information about the interference of the hematocrit wiit t?ﬁ ~ok®
sensor systemused. Table 1 Gradient of theGadient in % neasure tArRnest
Type 1 (no nenbrane)-0.8253100% Type 2 (nmenbrane from 0. 468156% Exanpl e 2)
Type 3 (nmenbrane from 0. 294635% Exanpl-e 13) -Type 4 (nmenbrane from0.02733. 3%
Exanpl e 4) The data unanbi guously reveal the superior performance 20 of the
sensor syst eRRALER tiRe "Brieferthay srehbrafesSLesmPEsiad i ST Exanpleegy . This
i mprovement igeachigved réhrough the separatiwon ofnwholigdl opdsand; pl,asma
directly in front of the el ectrode, because the Nernst diffusion |layer in
front of the™eféétfdde can no | onger 25 be extended into the region with
erythrocytes and therefore also can no | onger be influenced by different
values of th henat%crit. The _fol | om ng conparative exanpl es descri be
printing>0 ApRPParatiye FxapRd§  which there is no suitabl e accordance
between the pore fornmer, the solvents and the viscosity nodifier. 5

. : 5
sgrgﬁ{atlve ggfgggg(%)folyner(s). Cel l ul ose acetate (Mv 50 000) 8.0% by

Cellulose acetate (Mw 50 000) 8.0% by weight

10 Solvent:
Ethylene glycol diacetate (b.p. 186°C) 76.0% by weight

Pore former:

n-Octanol (b.p. 196°C) 12.0% by weight
15
Viscosity modifier:
Cab-0-5Si1 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:
% by weight

35 Cab-0-811 Ts720 (hydrophobic) 4.0

Additives:
PVP/VA 0.1

oo

by weight



10 Sol vent:
forner: n- Cct anol

Et hyl ene gl ycol

8. 0% by wei ght Sol vents:
Viscosity nodifier: 35 Cab-O Sil

56. 0% by welCGMP2TE 0% by*WBP 4Rt 2 4. 0% by wei ght

14 Conparative Exanple 3 Polyner(s):
Polymer (s) :

(h.p. 196C) 15 Viscosity nodifier:
(hydrophilic) 12.0% by wei ght 4.0% by wei ght Additives:
wei ght Conparative Exanple 2 Pol yner(s):
1, 4-Di oxane (b.p. 102C) 20.0% by wei ght
4- Hydr oxynet hyl pent anone (b.p. 165C) 301 fore fornmer:

di acetate (b.p. 186C) 76.0% by wei ght Pore

Cab-O-Si| M
20 PVP/ VA 0. 1% by..
25 Cel lul ose acetate (MvS5@Ps00}::

n-Cctanol (b.p. 196C)
TS720 (hydrophobic) Additives: PVP /VA
0.1% by weight r OWAP2 -

Cel | ul ose acetate propionate

Cellulose acetate propilonate

5 (Mw 75 000)

Solvents:
(b.p. 10z°C)
4-Hydroxymethylpentanone

1, 4-Dioxane

10
Pore former:
(b.p.

n-Octanol 186°C)

Viscosity modifier:
15 Cab-0-Sil M5

Additives:
PVP/VA

20 In Comparative Example 1 there is no

(b.p.

(hydrophilic)

e ¢]
Q
oe
o
L<

welght

20.0% by weight
56.0% by weight

165°C)

12.0% by weight

4.0% by weight

<
[}
o0

by weight

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,

25 is used as pore former

by contrast, n-decanol

(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 wviscosity

modifier,

because of the use of hydrophobic Cab-0-5il

which is unable to react with the OH groups of the pore

former,
35 the polymer skeleton.

porous membrane.

No porous membrane is

-

either, where the

formed

solubility of the

and thus there is inadeguate stabilization of

This impedes the formation of a

in Comparative Example 3

polymer used



5 (Mv 75 000) 8.0% by wei ght Solvents: 1,4-D 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 forner:
n-Cctanol (b.p. 196C) viscosity nodifier: 15 Cab-O Sil M (hydrophil | c)
12.0% by wei ght 4.0% by weight Additives: PVP/VA 0.1% by wei ght 6 A
Conparative Exanple 1 there is no format %on of a porous nenbrane* because
the difference between the boiling points of the solvent (ethylene glycol

di acet at e) Qr rer,. (n-oct angl ) use n t printin s too
small. If, E(y ecll(c)ﬂn 1?%58%) E%e ecano]fjraglz)é1 Esgd as l|o{oree 8?%r§?§§édescri bed in
Exanpl e 1), t&o gorgus rrenbr ane is obtained after the drying process because
the boiling point between the solvent and the pore former is sufficiently

| arge. 30 In Conparative Exanple 2 there is only inadequate gel fornmation
bet ween the pore forner and the viscosity nodifier, because of the use of
hydr ophobi ¢ Cab-O- Sil which is unable to react wth the OH groups of the
pore former, and thus there is inadequate stabilization of 35 the polyner
skel eton. This inpedes the formation of a porous nmenbrane. No porous
menbrane is formed in Conparative Exanple 3 either, where the solubility of
t he pol yner used -15-



(cellul ose acetate propionate) in the pore former is too high. 0 (" APR'T
A9 - 26 Cdains 1. A screen-printable paste for producing a porous polyner
menbrane, conprising at | east one polynmer, 5 one or nore solvents ? (e ~ors
polymer with a boiling point of > 100C, one or nore nonsol vents g? e
formers) for the polyner with a higher 1§0|I|ng poi nt than the solvent(s)
and a hydro- philic viscosity nodifier. screen-printabl e paste as
claimed in claim1, characterized inciha%sthe difference of the boil- ing
poi nts of solvent and pore forner is st 30C. 15 3. A screen-printable
paste as claimed in claim1 or 2, characterized in that the paste conprises
cel l ul ose acetate as poI 0 reenzpri aste as ¢ arned in
claim 3, cﬁarac?Errfe Hﬁ%é% 91 %%e%iongﬂ ﬁ ﬁg - Oxane and/ or
4- hydroxynethylpenﬂanmﬂe meﬂboanethybmpaeeuaterﬂs keasEnbne2®daywkr
screen-printable paste,as glalmedoibepts! east ofe OLoSLALT ki, 4o
characterized int at t paste conprises a |l ong-chain-alcohol as pore
former. 30 6. A smriceimpriatabl @fpastBOGC cl apredd Mmetai meBso lotentact eri zed
in that the paste riS8SmePs pct agel g/obogyggghy& 23d- @pnt Q%thl as

m

pore fornmer. 35 A screen-printable paste as™ cl arne In clai
b0111ng' point than the solvent(s) and a hydro—

philic viscosity modifier.

10
2. A screen-printable paste as claimed in c¢laim 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 thet n-octanol and/or 2-methyl-
2,4-pentanediol 1s present 1n a&a proportion of

5-20% by weight.



characterized in that n-octanol and/or 2-nethyl- 2,4-pentanediol is present
in a proportion of 5-20%by weight. - 17 0 ? APR h 8. A screen-printable
paste as clainmed in at |least one of the preceding clains, characterized in
that the paste conprises hydrophilic silica xerogel as viscosity) g@apR 155
9. A screen-printable paste as claimed iA’claim8, characterized in that
the silica xerogel _is present in a proportion of 1-10% by weight. 10 10. A
screen-print abl e pAstLERETEIRS IRPPHE afA5dsst 2Sorfel DFM¢the pr et ediifd<d ai s,
char ?ct erized in that oth%\r}%?\qff@aﬁdi/ﬁd O@Jaéllirys,co:apékgeselyiigyébpwﬂp(ﬂgaiogg/ "
vinyl acetate copo] ymer and/ or yvinyl.- pyrrolidone . :
A screen-print abl e{%ﬁspé‘g&f FHIPeESF A Egglirﬁlp%é?ilcch%]r%%‘f%r?(‘?éagiex t4rat t he
PVP/ VA or PVP is pvéeseasitiynmadpifaear.ti on of 0.1% by weight. 20 12. A
screen- pri5nt abl e paste as clainmed in at |least one of the preceding clains,
characterized in that the paste additionally conprises one or nore

enzynes. 25 13. A hetdwckdorppiodaicl ag e sy ees- peilatabbe pastad,ainby,
producing a rm xt ur g, gf 108E- 0 (0N & ;50! ¥ERL (S)ALOr o 0L yMRE -8R 0ng Or more
nonsol vent(s) for a polyner fpore ormer), 30 mxing in the polynmer until a
uni f or m suspensi onPreesnkt 30 poPKicRg rthens ¢fpdnsin nti¢iehel ear gel
results, adding a hydrophilic viscosity nodifier, and

10 10. A screen-printable paste as claimed in at least
one of the preceding claims, characterized in that
the paste additionally comprises vinylpyrrolidone/
vinyl acetate copolymer (PVP/VA) and/or polyvinyl-
pyrrolidone (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,
wherein said solvent(s) have a boiling point of >
100°C and said nonsolvent (s) have a higher boiling

point than said solvent (s).



rolling the mxture until the viscosity nodifier 35 is uniformy

di stributed, wherein said solvent(s) have a boiling point of > 100C and
sai d nonsol vent (s) have a higher boiling point than said solventéz%.ﬂo 0 ..
APR - 18 14. The use of the paste as clainmed in at |east one of AR P17
to 12 for producing a porous polymer nekbrane. 5 15. The use as clained in
claim 14, where the polyner nenbrane is introduced into a biosensor test
strip. 16. THel usellae ebai AEdthna ekaitm B, cliamad eri z2d {eestooprhabit he

bi osensor is desi gned; fiorimeasuring dhe Blood iglgcase coneent patiany 17.
The use as clained in claim15, characterized in~ that the biosenSor is

desi gned for deterM™Phgyg ehe 15 value of the hematocrit. 18. A porous

pol ymer menbrane produced fromthe screen-printable paste as clainmed in at
| east One5 Onfglahﬁﬁelugg %%'c(éimed in claim 14, where the polymer

mempbrane 1s introduced 1into a biosensor test

strip.
16. The use as claimed in claim 15, characterized in
10 that the biosensor 1is designed for measuring the

blood glucose concentration.

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

15 value of the hematocrit.

18. A porous polymer membrane produced from the
screen-printable paste as claimed in at least one
of claims 1 to 12.
20





