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/ad
A-104, McDonnell Douglas F-15, McDonnell Douglas F-4G, Dassault/Dornier Alpha Jet, Embraer
EMB-314. Teaivonmepu. Mu-24, Mu-SAMTIHI, Bell OH-38 Kiowa, Bell AH-1 Cobra, Bell AH-1J
Super Cobra, McDonnell Douglas AH-64 Apache, Denel AH-2 Rooivalk, HAL LCH,
AugustaWestland AW129.

KulchynskyV.V,
ELECTRICAL SENSORS OF HUMIDITY BASED ON POLYMER FILMS
Bivlogical physics and medical informatics department
Higher state educational establishment of Ukraine
« Bukovinian State Medical University»

Information about condition of the environment is very important both for medical
equipment functioning, and human body. Among other physical parameters of the environment,
temperature and relative humidity values are most required [or the quality ol end productls in many
modern technological processes, e.g. in semiconductor industry, pharmaceutical processing, or
chemical gas purification.

The amount of water vapors in the environment can be represented by means of two
quantities: absolute humidity {mass of water in unit volume of gas mixture} and relative humidity
(ratio of water mass in gas mixture to water mass at dew point at given temperature). Generally,
humidity sensors are relative humidity sensors. Relative humidity (RH) value can be determined by
meansof measuring of physical parameter, which got tendency to change while surrounding amount
of water vapors changes.

The variation of electrical sensitive element parameters of the device areobject to measure.
Humidity sensors based on the variation in electrical properties with humidity can be classified into
two general categories, that is, the resistive-type and the capacitive-type. In point of view of general
operation mechanism RH sensors can be classified intoceramic. semiconductor, and polymer
humidity sensors.This report concern polymer based relative humidity sensors.

Organic polymers are macromoleculeswith repeatable structure of elemental monomer. The
functional groups, along with the basic structure ofthe polymer backbone, determine the chemical
and physical properties of the polymers. Contact with water molecules due to condensation of it at
surface of polymer changes the properties of polymer film.

Some of the RH sensors are based on porous polymerfilms thinner than millimeters and their
sensing principles following the film is filledwith micro-pores for water vapor condensation and
someof the measurable electric properties change due to thewater absorption.

Other RH sensors type change its dielectric constant value while interacting with
surrounding water vapors molecules. Change of dielectric constant of means changes of capacitance
of the device. So it can be detected by common measurement techniques.

However, using polvmer films as base for relative humidity sensor reveals some kinds of
practical problems. On the one side, hydrophilic polymer 1s required to adsorb water molecules to
form changes in conduction. On the other hand, measurement of high level of moisture causes
partial dissolving of polymer film in water, so other requirement is to modify polymer to insoluble
state by chemical reactions.

In order to avoid this contradiction cross-linking polymers are used. In this case. hydrophilic
polymer chains penetrate into hydrophobic polymer chains forming interpenctrating polymer
network. Hence, this chemical procedure decrease solubility of hydrophilic polymer at high water
content in gas mixture. Otherwise., presence of hydrophobic polymer (mostly dielectric) causes
change of measured quantity to impedance not only conductivity.

The capacitive-type humidity sensor arc made mostly of hydrophobic polymers. To avoid
forming clusters of absorbed water molecules in polymer it should have minimum of micro-voids or
cavities. In case of clusters formation one can observe appreciable hysteresis. Cross-linking of the
polymer chains increase possibility to depress the clustering of water, separating it in grid cells.
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Among high expensive conductive polymers, like PANI etc., low cost and common
available polymers polyvinyl alcohol (PVA) and polyvinyl pyrrolidone (PVP)} are promising base
tor RH sensors also.

Muknriok 0,10,
AHAJII3 BINIUBY TEPMOIIAPH HA PO3INOALT TEMIIEPATYPH
B HAT'PIBHHKY TEPMOIIEPETBOPIHOBAYA
Katheopa bioaoeiunol hizury ma MeduuHol IRopyMamiuxy
Bruuit depoicasruit Meouynuit 2axiad Yepainu
« Byrocuniceruil depicagniil Medu il Yiieepcumeny

Miaeuuienns eQeKTHBHOCTI BUHKOPHCTAHHS TeTMa B TepMonepeTropioBauax (TI1) € oquum 3
aKTValbHUX 3aBJaHb B 0OJACTI TepMOeNeKTpHKH, OcKinbKH TII mHUpoko 3acTOCOBYEOTBCS ¥
METPOJIOrIi 3MIHHHX CTPYMIB, MPA CTBOPSHHI MPUIAAIB 3AXMCTY CINCKTPUYHMX KUT B OOPTOBUX
CHCTEMAaX JITATBHUX anapaTiB Ta 1H.

Edextupnicts TI1 cyTTeBO 3amekUTh BT PO3NOALTY TeMNIepaTypu B HOTO KOHCTPYKTHBHHX
eleMeHTaX. Ha maHuii uyac He posidganocs MUTAHHA Mpoe BIUIMB TEPMONAPH HA PO3MOILT
temneparypu B HarpiBuuky TIL Ileii BnnuB € 0coONMBO BANKIWBAM Yy BHIIAAKY IACHTHYHHUX 3d
TeOMETPUYHHM PO3MipaMi TEPMONAPH | HATPIBHUKA.

Brimue  TepMomapH  Ha  poO3MOOIN  TEMIIEpaTypH B HArpiBHHKY — BHMIpPIOBAIBHOTO
TepMONEpPeTROPIOBAYa  BH3HAYAETHCS 3 YMOBM  TeIJIOBore  OanaHCy, fAKa  BPaxoBYeE
TeIUIOLPOBLIHICTE, edexr Jlaoyis 1a Tei1oo0MiH 3 0TOUYIOMMM CEPENOBHILEM Ui HAIPIBHUKA.
OuiHKa BKIaIy PI3HUX MEXaHi3MiB TemnooOMIHY M[pPOBOJMTLCS HA OCHOBI  BpPaxyBaHHS
MAKCHMANBHOrO Mepenamy TeMIepaTypd [Id TaKUX MEXaHi3MIB  TETMOBHX  BTpaT  §K
TeIJIOMPORITHICTE 1 KOHREKTHRHUH TETIOOOMIH,

Jdns  AT.ax BpaXyBaHHs TeIUIOBHX BTpaT IUIAXOM TeIUIONPORIAHOCTI TePMOMNApH 1
HArPIBHUKA OMMCYE€THCABUPAZOM:

_ Ly o
82’393 1+RH /n-prv
R 7ubu
Jel/y—eneKTpHUYHA HANpyTa, TPUKIAIEHA 10 HATPIBHHUKAYn | Ym — KOS(IMIEHTH TENMNOTPOBIIHOCTI
HATPIBHUKA 1 TEPMONAPH BIMORIIHO, pul par— TIHTOMI OTIOPH HArpiBHWKA 1 TepMomnapu, Rui Rur—
AKTUBHI ONIOPH HArPiBHUKA 1 TEPMOIIAPH.

BpaxyBaHHS TeIUIOBUX BTpaT ULLIAXOM KOHBEKTHBHOTO TeIM0OOOMIHY 1 ATwar

XApaKTEPU3yCTLC BUPA3OM:
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;Com 1 Co— KOeDIICHTH TEIIO0OMIHY TepMOonapy | HarpiBHHKA 3 30BHIMIHIM CepeIoBHUITIEM /4 1 /n
— TIQIOBUHA JIOBXKHUHY HArpiBHUKA 1 TePMOTIAPH BITIOBITHO.

AHai3 OTPHMAHUX AHATITHYHHAX BUpasiB MoKa3ye, WO BPaxyBaHHA BTpaT Tellla BHACIIIOK
TEIUIONMPOBIIHOCTI TEPMONAPH NPU3BOAUTh A0 3MEHILIECHHSA MAKCUMANLHOT TEMICPATYPU B UECHTP
HarpieHuKa mpubmuzHo B 1,5 pazu. [IpoTe, OCHOBHOIO YACTHHOIO TEMNOBUX BTPAT € KOHBEKTHBHUI
TeMIOOOMIH TepMOMapH 3 OTOUYIOUMM cepeloBHLIeM. ToMy Ans MiABUIIEHHA e(eKTHBHOCTI
BHKOpUCTaHHA Tema B TII HeoOXimHO 3MeHIIYBATH TEILTOBL BTpaTH, 10 BUHHKAOTbL BHACIIIOK
KOHBEKTUBHOIO TEMI000MIHY, HANPHKIAA BaKyYMYBAHHSM a00 BUKOPHUCTAHHSM IHEPTHOIO rasy
JUTS 3aroBHEHHS pobodoro 06’ emy TIIL
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