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Abstract. The aim of the study - the development of textile
screen printed sensor for enuresis alarm system, using different
concentrations of graphite in paste and various width of traces (3,
5, 7 mm).

The most optimal parameters of concentration (22%) and
width (7 mm) of traces, which were printed on sateen weave
cotton fabric, are found by measuring the resistivity and the
change of voltage in time during dropping the salty dilution.

The more graphite concentration and width, the less resistivity
is observed.
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I. INTRODUCTION

Wearable electronics tend to get smaller and take over
features of textile materials [17]. Smart textiles can be
obtained by integrating conductive fibres and yarns, e-yarns,
using conductive coatings (flexible encapsulated circuits) or
conductive pastes and inks [10].

It makes it reasonable to screen-print conductive traces,
circuits, antennas and sensors directly on textile substrates,
using textile pastes and inks loaded with different conductive
fillers [8, 10, 9]. The inks can contain: metals (gold, silver,
copper, aluminum powder, flakes, fibres or nanowires), carbon
(powder, nanotubes, nanofibres) and intrinsically conductive
polymers (polyaniline, polypyrrole) [1, 12].

Most commercial conductive pastes, inks and paints for
printed electronics are devised for printing/applying on plain
and rigid surface. The most popular are DuPont, Sun
Chemical®, Creative Materials, EPO-TEK®, PELCO®,
Acheson Chemical, Ecojoin, Caig Laboratories Inc., MG
Chemicals etc. [3, 5, 7, 15, 19, 20]. Despite non-textile
application, a research of applying some of these pastes was
carried out, evaluating the features of pastes/inks and their
interaction with different structures and surfaces of textile
materials [16, 14].

Carbon (C) is the main component of plants and life
creations, and it is also used in metallurgy, electrode
production, adsorbing, in chemical industry etc. In nature
carbon can be met as diamond (Fig. 1 a), graphite (Fig. 1 b)
and charcoal (Fig. 1 g). Carbon and its allotropes (different
molecular configurations) (Fig.1) tend to take stand of usage
in electronics increasingly [2].

Graphite has a layered structure, as bonds among carbon
atoms in a layer are tight, but bonds between layers are weak.
Thereby graphite is soft, because layers of atoms can slide
along each other. Graphite is nontransparent, dark grey and a
good conductor [4].

12

Fig. 1 The structures of allotropes of carbon: diamond (a), graphite (b),
lonsdaleite (c), buckminsterfullerene (C60) (d), fullerene (C540) (e), fullerene
(C70) (f), amorphous carbon (g), single-walled carbon nanotube (h),
grapheme (i) [2, 6]

Screen printed sensors made by depositing graphite-based
paste on textile material can be used for nocturnal enuresis
alarm systems as alternative of prototyped sensors made of
conductive yarns [13]. Both methods are replacing rigid
sensors and increasing the comfort of usage.

Such alarm systems can be used by individuals with
diagnosis of bed-wetting or nocturnal enuresis. Enuresis is
intermittent incontinence during sleep of mostly children after
the age of five, caused by different disturbances of physiology.
The bed-wetting alarm system awakens the child when bed-
wetting starts and he/she finishes voiding in the toilet [11].

The aim of the study is to develop a textile screen printed
sensor for the existing [13] enuresis alarm system, using
different concentrations of carbon in printing paste and
printing different thickness of traces.

II. METHODS

A. Screen printing

The screen printed technology was used for printing traces
for sensor [18]. Firstly, the pattern of 3 mm, 5 mm and 7 mm
thick and 100 mm long traces were created digitally. Using
emulsion, a picture of patterns and light, the patterns were
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transferred onto a screen (mesh), which was fixed into frame
(size A4).

Different quantities of graphite powder were mixed with
water based transparent textile printing paste (TPrint T2000),
producing various concentrations of carbon printing pastes
(Table). Using rubber squeegee and patterned screen 3 mm,
Smm and 7 mm wide traces were printed on sateen
(1232 g/m”) weave cotton fabric (Fig.2). For each
concentration and trace type 5 samples were printed. The
samples were dried and fixed for a minute at temperature of
120 ° C.

TABLE
CONCENTRATIONS OF GRAPHITE POWDER IN PASTES

Nr. | Concentration,% | 3mm | Smm | 7 mm
1 10 5 5 5
2. 14 5 5 5
3. 18 5 5 5
4 22 5 5 5
5 26 5 5 5

Total number of trace samples: 75

Fig. 2 Printed traces which are connected electrodes

B. Testing Reaction on Humidity

Testing the reaction on humidity salty dilution (0,2 moles of
salt per 1 litre of water) was used for urine imitation, because
its conductivity corresponds to the average conductivity of
urine [21]. Salt (NaCl) is an electrolyte, and when it is diluted
in water to form salt water, it becomes sodium ions (Na+) and
chlorine ions (Cl-), each of which is a particle that conducts
electricity [13]. To register the above mentioned reaction,
additionally, oscilloscope and program Pico Scope 6 were
used. The electrodes were connected to two parallel printed
traces through a simple signal amplifier, shown in Figure 3,

which increased sensitivity of the system. In this experimental
setup the electronic circuit was fed with 2V input voltage,
which was connected to an amplifying transistor through a
sensor with printed traces (connections SENS 1 and SENS2).
The reaction of the system was indicated in two ways — with
LED1 and with measuring connections (MEAS1 and
MEAS?2), which were connected to an oscilloscope, which
measured and registered the output voltage of the system. The
dilution was dropped between the traces and the increase of
voltage in time between two traces was registered. The traces
with width of 5 mm and 7 mm and all concentrations (Table 3)
of graphite powder were measured, because they have lower
resistance than 3 mm traces.

Fig. 3 Experimental set-up for sensor testing

III. RESULTS & DISCUSSION

A.  Resistance of Printed Traces

After the heat treatment, the resistivity of the acquired
samples of printings was measured. The observed tendency
shows that by increasing the concentration of graphite paste,
the electrical resistivity decreases. It happens till the
concentration of 22 %, because the resistance begins to rise at
the concentration of 26%. If the factors as printing mesh
dimensions and size of graphite flakes remain the same, the
resistivity will increase.

In previous pilot-experiments traces of the graphite paste of
50% and 60% concentration were printed on fabric. It was
observed that the paste is not absorbed into textile structure
and cracks appear in the printed traces, which cause more
resistance. This can be explained by excessive size of graphite
powder flakes for the chosen fabric and its structure. The
graphite powder stays on the surface of fabric, while the
textile paste is absorbed into fabric, so fabric acts like a filter.

The concentration of 10% and 14% of graphite pastes
shows that the width of traces affects electrical resistance —
thicker traces of 7 mm have lower resistance than traces of
Smm and 3mm (Fig. 4). But resistance becomes less different
with 18%, 22% and 26% concentration of graphite despite the
various widths of traces.
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observed, using definite printing stuff and materials. To avoid
cracks in printings, thereby improving conductivity, a
65 . -
N cohesive substance in the paste must be used.
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s\ — suitable ones for humidity sensor, because of their low
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Marianna Grecka, Aleksandrs Vali§evskis, Inese Parkova, Ausma Vilumsone. Sietspieduma tehnika drukats enurézes signalsistémas sensors

Tekstiliju apdruku ar elektribu vadoSiem celiniem, shémam, antenam un sensoriem iesp&jams izmantot ka alternativu elektribu vadoSiem tekstila pavedieniem.
Apdrukas pastas var saturét metaliskas, oglekla dalinas un elektribu vadosus polimé&rus.

Pétljuma merkis ir izstradat uz auduma drukatu enurézes signalsistémas sensoru ka aizvietotaju esoSajam, palielinot lietosanas &rtuma limeni. To var izmantot
individi, kuriem konstatéta nakts enuréze jeb nekontroléta urina noplide miega laika, parasti bérniem vecakiem par 5 gadiem, ko izraisa dazadi fiziologiski
trauc&jumi. Enurézes sensors reagé uz pirmajiem urina pilieniem un ar audio signalu pamodina bérnu, kuram ir jacelas un jadodas uz tualeti.

Sensora izstradei tika pielietota sietspieduma apdrukas tehnologija. Kokvilnas satina audums apdrukats ar dazada platuma joslam (3mm, 5 mm,7 mm),
izmantojot caurspidigu tekstila apdrukas, kurai dazadas koncentracijas piejaukts grafita pulveris.

Péc drukato joslu termofiksacijas, izmantojot multimetru, tika noteiktas to vidgjas pretestibas, izmantojot multimetru. Pieslédzot paralélas grafita joslas pie
elektrodiem un pilinot sals $kidumu, tika registréta So joslu reakcija uz mitrumu jeb sprieguma (V) izmainas, kas piefiksétas oscilografu un ilustrétas
datorprogramma Pico Scope 6.

Elektribu vadosas apdrukas kvalitati ietekméjosie faktori ir: pastas viskozitate, grafita koncentracija un dalinu lielums, drukas sieta $tinu izmérs, apdruk@jamas
tekstilijas struktiira un absorbcijas sp&jas. Jo lielaka grafita koncentracija pasta, jo mazaka ir drukato celinu pretestiba. Lai izvairitos no drukas slana plaisasanas,
ieteicama saistvielas pievienoSana pastai. Sensoram atbilsto§aka drukas pasta ir ar 22 % grafita koncentraciju, jo tai ir zema pretestiba un laba vadamiba.

Mapuanna I'penxa, Aiexcanap Bamnmesckuc, Muece Ilapkosa, Aycma Bustiomcone. Tpadgapernast meyaTs 151 CeHCOPa CUTHAJIBHOM CHCTEMBI
3Hype3a

HaHneceHue 3JEKTPONPOBOSIINX II0JOC, CXEM, aHTEHH M JAaTYMKOB METOJOM Ie4aTH II0 TEKCTWIIO MOXET OBITh HCIOJIB30BAHO KaK albTCPHATUBA
3JIEKTPOIPOBOHBIM HUTAM. [TacThl fU1st eYaTH MOTYT COJEPKATh YaCTHI[bI METAJLIOB, YIJI€po/ia 1 TOKOIPOBOASIINE MOITHMEDHI.

Llenbio MccIeOBaHUS SBISETCS pa3pabOTKa HACYaTaHHOTO HA TKAHM CEHCOpPAa CUTHAIBHOM CHCTEMBI SHype3d, B3aMEH CYLIECTBYIONIMX AaTYHKOB U Ooiee
yA0OHOTO B UCIIONB30BaHHUU. J[aTUNK MOXKET OBITH HCIIOIB30BaH HHAUBUIAMY C JHATHO30M HOYHOU dHype3 (HEKOHTPOINPYEMOE BEIIEICHHE MOYH BO BPeMs CHa)
y ZleTei B BO3pacTe cTapiie 5 JIeT, BBI3BAaHHBIH Pa3InIHBIMU (PU3HOJIOrHIeCKHMMH paccTpoiictBamu. CeHcop pearupyer Ha NepBble Kallld MOYH M cpabaThiBaeT
ay/IMO-CUrHAJI B Ka4ecTBe Oy IMIbHUKA.

Jns pazpaboTky maTdnKa ObLIa HCIIONB30BaHA TEXHOJOTHsS TpadapeTHOH medaTH. Mcmonb3ys MOIyHpo3padHylo HacTy IS MeYaTH Ha TeKCTUIILHOU OCHOBE,
KoTOpasi ObUIa CMEIIaHa ¢ Pa3IMYHBIMU KOHIIEHTPALUSIMH rpadUTHOTO ITOPOIIKA, HA XJIONKOBOM aTiiace ObLIN HalleyaTaHbl IIOJOCH PA3IMIHON MIMPUHEL (3 MM,
5 MM, 7 MM).

IMocne Tepmuyeckoi ukcaruy rpadUTHBIX MOJOC, C MOMOIIBI0 MYJIBTHMETPA OBLIO OMNpPEAETICHO MX CPEeJHEe COHPOTHBICHHE. [IOAKIIOYUB 3IEKTPOABI K
NapaJUIeNIBHBIM T10JI0CAM U Karasi COJIEBOI PacTBOP MEXIy IOJIOC, OblIa 3aperiMCTPHpOBaHA PEaKIMs Ha BIAXXKHOCTb, TO €CTh, M3MeHeHus HanpspkeHus (V),
KOTOpOe 3a(hHKCHPOBAaHO ocLmLIorpadoM u nporpamMmmoii Pico Scope 6.

Ha ka4ecTBO TOKOHPOBOJIAIICH MEeYaTH BIHAIOT Takue (AaKTOPBI KaK BA3KOCTH I1ACThl, KOHLIEHTpAUu rpaduTa U pasMepa 4acTHll, pa3Mep sS4YCHKH Me4aTHOit
CEeTKH, CTPYKTypa M aOCOpOLMOHHAS CIIOCOOHOCTh TKaHM. YeM BhINIe KOHIEHTpanus rpadura, TeM HIDKE COINPOTHBIICHHE HalledaTaHHOW NOpOXKH. UTOOBI
H30eKaTh PACTPECKUBAHMS CIIOS II€UaTH, PEKOMEHI0BAaHO N00AaBUTH B IIACTy BsDKyIIee BemecTBo. Hamboee moaxoasias KOHIEHTpaus rpadUTHOTO IIOPOIIKa
siBseTcst 22 %, U3-3a €ro HU3KOTO COMPOTHUBIIECHUS U XOPOILIEH IPOBOAUMOCTH.
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