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BBEAEHUE

Bla>kHOCTb ABJIeTCS Ba>XHBIM IIapaMeTpoM
B CaMBIX PAa3HBIX 007aCTSIX HAayKH U TeXHUKHU.
JaT4MKHU BJIAXHOCTH HALIJIKU MKUPOKOe IMpHMe-
HeHHe B Pa3JIHUYHBIX 001acTax (celbCcKoe X03sH-
CTBO, MeIHUIIMHA, [IPOMBIIIJIIEHHOCTD) U IIpeJHA3Ha-
YeHBI [IJIS1 KOHTPOJISL OIITUMAJBHBIX YCIOBHH (xpa-
HeHMe CeJIbX03IIPOAYKIIMH 85-95%, >KUJIble [IOMelle-
HUsg 40-45 % U T.10.).

B HacTodIee BpeMs [/ U3MepPeHHsI OTHOCHUTe/Ib-
HOM BJIA>KHOCTU IIPHUMEHSeTCS HeCKOJIbKO TeXHOJIO0-
THI, UCIIOIB3YIOUMX CBOMCTBO PA3/IMUYHBIX CTPYKTY]P
HM3MeHSTh CBOM QU3HUeCcKHUe IapaMeTpHsl (EMKOCTH,
COIIPOTHBJIEHHUEe, IIPOBOJKMOCTD) B 3aBUCHUMOCTH
OT CTeIleHU HaChIIeHU s BOASTHBIM IIapoM. [l cylie-
CTBYIOIIMX JATUYUKOB BJIAKHOCTH MMEIOTCS TaKHe
HeIOCTaTKH, KaK JJIUTe/JIbHOe BpeMs BOCCTAaHOBJIe-
HUSI [I0BePXHOCTH I10C/Ie HeCKOJIBKHX LIUKJIOB a1cop6-
LM SI-eCOPOLIM ST MOJIEKYJT BOZbI, OTHOCHTEJIBHO MaJlas
YYBCTBUTEIBHOCTb.

J1s TI0/IyYeHH S IIPeBOCXOAHBIX Fa304yBCTBUTE/Ib-
HBIX CBOMCTB IOJIy4alOT MeTa/IJIOOKCHUHbIe HAaHOMa-
TepHaJIbl C BLICOKUM OTHOIIIeHHUEeM IO U II0BePX-
HOCTH K 06beMy, He06XOJUMBIM ISl JIyYILero siBJjie-
HUS aACcOpOLIMH/necopbLIMY AaHATU3UPYyeMOro rasa.

METO/bl UCC/IEAOBAHUA

Ha cTeknsHHBIE MOAJIOXKK METOLOM TepPMOpe3u-
CTHBHOIO HCIIapeHM s B BaKyyMe Ha BAaKyyYMHOM yCTa-
HoBKe "YBP-3M" nipu gaBneHUH mnopsaka 102-1073 I[1a
OCAKIOAJIKChH IIJIEHKU MeaU, najee B ieud MHUMII-BM
06pa31ibl OTSKUTAIHCh B aTMoCchepe BO3AyXa IIPU TeM-
nepatype 250 °C B TeyeHue 20 MUH U IIPU TeMIIepa-
Type 400 °C. [Is1st APYyrok rpymsl 06pasioB AJ1s Oy~
YeHHS MeTaJIOKCHUJ YTIePOSHBIX CUCTEM Ha IO~
JIOKKH HAHOCHMJ/IMCh IVIEHKH MeIH U 3aTeM HOHHO-
[JIa3MeHHBIM CHHTE30M OCa’XJAa/lHCh IIJIeHKH
JTHHeNHOo-1lero4YeuHoro yriepozaa (JILY) [1] u tep-
MHYeCKH OKCHAMPOBAJIKCH B IIeYHU IIPU TeMIlepa-
Type 400 °C. CTpyKTypa raeHOK JIIIY COCTOUT M3 MHO-
>KeCTBa C10eB, Ka’kKJbIH U3 KOTOPBIX COCTOUT K3 LIeIIo-
YeK yIJIepOoAHBIX aTOMOB B spl-rubpuausanuu,
OPHEHTHUPOBAHHBIX HOPMAaJIbHO K IIOBEPXHOCTH CJIOS.
Lenoyky o6beMHEHbl CHJIaMHU Ban-mep-Baainbca
B reKCaroHa/bHYIO CTPYKTYPY C pacCTOSSHHUEM MEXKIY
HUMU 0K0JIO 5 A. Ilerouky H30rHyThIe, HA KOHIIAX
M3ruboB KOTOPBIX IPOUCXOAUT IIPHUCOeIUHEHHE aTO-
MOB BoJopona. Hajiuvue nea0oKaJlu30BaHHBIX 3JIeK-
TPOHOB, IPUHAJIe>KAlIUX Bcel Morekyie JIITY, obe-
Cre4yrBaeT MeTa/I/INYeCKyIo IPOBOAMMOCTDb BJOJIb
menouyky. OTCYTCTBHE CBA3H MEXKAY LielI0YKaMHU
JleylaeT IJIEHKY B [ePIIeHIHUKY/ISPHOM HallpaB/IeHHuH
OU3JIEKTPUKOM. DTO YHHKAJbHOE 3JIeKTpHYecKoe
CBOMCTBO IIJIEHKH ~ PeKOP/HAs aHHU30TPOII S 3/IeK-
TpodH3HUYIeCKHX CBOUCTB.

INTRODUCTION

Humidity is an important parameter in many dif-
ferent fields of science and technology. Humidity
sensors are widely used in various fields (agricul-
ture, medicine, industry) and are designed to con-
trol optimum conditions (storage of agricultural
products 85-95%, living quarters 40-45%, etc.).

Several technologies are currently used to mea-
sure relative humidity, using property of differ-
ent structures to change their physical parame-
ters (capacitance, resistance, conductivity) depend-
ing on degree of saturation with water vapour. For
existing moisture sensors, there are disadvantages
such as long surface recovery times after several
cycles of adsorption-desorption of water molecules
and relatively low sensitivity.

In order to achieve excellent gas sensing prop-
erties, metal oxide nanomaterials with a high
surface area to volume ratio, necessary for better
adsorption/desorption phenomena of the analysed
gas, are produced.

RESEARCH METHODS

Copper films were deposited on glass substrates by
thermoresistive evaporation in vacuum at UVR-3M
vacuum apparatus at pressure of 102-1073 Pa, then
the samples were annealed in MIMP-VM oven at
250 °C for 20 minutes and at 400 °C. For another
group of samples to produce metal oxide-carbon
systems, copper films were deposited on substrates
and then linear-chain carbon (LCC) films were
deposited by ion-plasma synthesis [1] and thermally
oxidized in an oven at 400 °C. The structure of LCC
films are the multiple layers, each consisting of
chains of spl-hybridized carbon atoms oriented nor-
mally to the layer surface. The chains are joined
by Van der Waals forces into a hexagonal struc-
ture with a spacing between them of about 5 A. The
chains are curved were hydrogen atoms attached
at the ends of the bends. The presence of delocal-
ised electrons belonging to the whole LCC molecule
ensures metallic conductivity along the chain. The
lack of bonding between the chains makes the film
a dielectric in perpendicular direction. This unique
electrical property of the film is its record-breaking
anisotropy of electro-physical properties.

The experimental samples were nickel oxide
films on K8 glass substrates, some of them were
coated with 1000 A thick line-chain carbon. The
NiO films were obtained in two stages. The first
stage was the production of nickel thin films. The
second stage was the nickel films heat treatment
(oxidation).

To carry out the first stage the method of thermal
deposition in vacuum was applied. "UVR-3M" and
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Puc.1. YmouHeHHas modeab yzaepodHol uenoyku JILLY ¢ ekato-
YeHuem amomos 8000p0da Ha uz2ubax uenoyku

Fig.1. Refined LCC carbon chain model with inclusion of hydrogen
atoms at chain bends

DKCIIepUMeHTaJbHBIMHU 06pa3laMu SBISIIUCH
OKCHUOHBIE IIJIPHKY HHKeIS Ha CTeKJISHHBIX I10[-
JO’KKax Mapku K8, 4acTp M3 KOTOPBIX ObIIa ITOKPHITA
JTMHEHNHO-L[eIIOYHBIM yIJepoJoM TONMKHOHU 1000 A.
ITonyyeHue IIJIEHOK NiO IIPOXOOHJIO B JBa dTala.
[IepBBIM 3TAIl - [TOJIyYeHHe TOHKHUX HUKeJIeBhIX IIjIe-
HOK. BTOpo¥ 3Tam - TepMudecKasi 06paboTka HUKesle-
BBIX IVIEHOK (OKCHIMPOBAaHUeE).

I71s ocymecTBIeHHS IepBOro 3Tama OB
NpUMeHeH MeTOJ TePMHUYECKOTo OCa’KAeHHS
B BaKyyMe. HCII0JIB30BaIUCh YCTAaHOBKU "YBP-3M"
u "Y.B.H.U.II.A." gns ocakJeHHUS B BaKyyMHOM
KaMepe IIpHU AaBieHHUH 1072-1073 IIa Ha IOLIOKKH
ObLIM HAHEeCeHBI TOHKHe IJIeHKY HUKels. Ha BTopom
3Talle A1 TepMoob6paboTKU HCIIONb30BaaCh I1€Yb
MHMII-BM.

PE3Y/IbTATbI U OBCY)XAEHUE

M3MmepeHHe COIPOTHUB/IEHHUS IIPOBOJUIOCH B 3aBU-
CHUMOCTH OT OTHOCHTeJIbHOH BaakHOCTH (RH%)
npu GUKCUPOBAHHON TeMIlepaType OKpYsKalollek
cpenpt 25 °C. Bce uccneoBaHHBIe 06pasLbl ATYHKOB
[O0Ka3a/Iu CHH>KeHHe 3HaUYeHU I CONIPOTUB/IeHHU S IPH
yBeJIMUeHHUU OTHOCUTEIbHOM BJIA>KHOCTH, YTO CBU-
JeTe/IbCTBYeT O TOM, YTO IIPOBOJUMOCTD IIPOHCXOIUT
I7IaBHBIM 006pa3oM Ha ITIOBEPXHOCTH 3€PeH U oIlpejie-
7sieTcsl afcopbUPOBAHHBIMH MOJIEKYJIaMU BOZBI [2].
Tax, B pabore [3] comporuBnenue CuO-NiO u3MeH -
JI0Ch TIOYTH Ha TPH MOPsiKa IIPH YBeTHUYeHHUH OTHO-
CUTe/bHOM BJIA’KHOCTH OT 5 10 90%. COlpoTHBIeHHe
M3MeHsIeTCsl B IOPUCTHIX OKCHJAX C yBeJIMYeHHUeM
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"U.V.N.I.P.A." units were used for vacuum deposi-
tion at a pressure of 1072 to 1073 Pa onto substrates
and thin films of nickel were deposited. In the sec-
ond stage, a MIMP-VM furnace was used for heat
treatment.

RESULTS AND DISCUSSION
Resistance measurements were carried out as a
function of relative humidity (RH %) at a fixed ambi-
ent temperature of 25 °C. All of the sensor samples
studied indicated decreasing of resistance values
with increasing relative humidity, indicating that
conductivity occurs mainly on the grains surface
and is determined by adsorbed water molecules [2].
Thus in [3] resistance of CuO-NiO changed by
almost three orders of magnitude with an increase
in relative humidity from 5% to 90%. Resistance
changes in porous oxides with increasing levels of
humidity due to adsorption and capillary conden-
sation of water. At low levels of humidity chemi-
sorption occurs leading to formation of two surface
hydroxyls with charge transfer occurring by a step-
wise mechanism [4]. At high levels of humidity,
water is physically adsorbed on top of the chemi-
sorbed layer (Fig.3, 4). When the initial water mole-
cules are adsorbed, each one is hydrogen-bonded to
two ionised hydroxyl groups OH and the dominant
charge carrier on the surface will be H;0*. When
more water vapour is adsorbed, the water mole-
cules cluster, forming a liquid-like multi-layer film
of hydrogen-containing water molecules, where
each water molecule is only separately bound to a
hydroxyl group. Since the dissociation of H;0* into
H,0 and H* is energetically advantageous, H* is the
dominant charge carrier under high humidity con-
ditions [5]. Given the model of carbon chain of LCC
with inclusion of hydrogen atoms H at the bends of
the chain (Fig.1), this would presumably give addi-
tional molecule adsorption centres and increase
sensitivity of NiO/LCC film structures to humidity.
The samples obtained were tested for their gas-
sensitive properties: in air atmosphere at varying
humidity, in ethanol vapour, ammonia and car-
bon monoxide. The observed increase of conductiv-
ity (and hence sensitivity) is due to a combination
of chemisorption, physical sorption and/or capil-
lary condensation of water when relative humid-
ity increases from 25 to 85 %. All of the tested sen-
sor samples indicated decreasing of resistance val-
ues with increasing relative humidity, it is shown
that conductivity occurred predominantly on the
grain surface, which was regulated by adsorbed
water molecules. The surface of most metal oxides
is coated with hydroxyl groups, and affects humid
atmosphere in such a way that water molecules are
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YPOBHS BIa>KHOCTH H3-32 aCOPOIIMU U KaIlKIISp-
HOM KOHJeHCAallMK BoAbl. [IpM HU3KUX YPOBHSIX
BJIASKHOCTH IIPOUCXOLUT XeMOCOpOLIKsI, IPUBOLS-
masi K 00pa30BaHUIO BYX [I0OBEPXHOCTHBIX IU/IPOK-
CHJIOB C IIePeHOCOM 3aps/id, IIPOUCXOASIINM C [IOMO-
IIbI0 CKauKooOpa3Horo MexaHU3Ma [4]. IIpu BBICO-
KHX YPOBHSIX BJIAKHOCTH Bona dusamcopbupyercs
cBepxy xeMmocopbupoBaHHoro cnos (puc.3, 4). Korma
acopOUPYIOTCSI UCXOLHBIE MOJIEKYIIBL BOJBI, KasKAasl
M3 HUX CBSI3aHA BOJOPOZOM C ABYMS MOHH3HPOBAH-
HBIMHU THIPOKCHIBHBIM rpynnamu OH™, ¥ JOMUHH-
PYIOLINM Ha II0BepXHOCTH HOCHTeleM 3apsiia bynet
H;0*. Korza a,z[cop61/1pyeTc,q elre 60JIbIIIe I1apOB BOJBI,
IIPOMCXOLUT KJIACTepU3al s MOJIEKYJ BOZbl, obpa-
3ys1 SKUAKOIIOLOOHYI0 MHOTOCJIOMHYIO IIJIEHKY BOZLO-
POLCOmEePsKAIIMX MOJIEKY/I BOLBI, Ille Kaskaasi MoJje-
KyJIa BOJBI TOJIBKO OT/E/IbHO CBSI3aHA C TUIPOKCHIIb-
HOI rpymnmnou. ITockonabky aucconuanus H;0* B H,0
Y H* sHepreTuudecKd BBITOJHA, JOMHUHUPYIOIIKUM
HOCHTeIeM 3aps/ia B YCIOBUSIX IIOBBIIIEHHOM BJIasK-
HOCTH sBAsieTcs H* [5]. Y4UThIBast MoZe/b yIIepos:-
HOM Ienouku JILIY ¢ BK/IIoueHHeM aTOMOB Bofopona H
Ha 13rubax Lerno4uku (pyc.l), 3To IpeAIIoNoKUTEIBHO
[IacT IOIIOJIHHUTE/IbHbIE LIeHTPBL aICOPOLIUYU MOJIEKYII
Y YBEJIUYHUT YyBCTBHUTEIbHOCTD IIJIEHOUHBIX CTPYKTYP
NiO/IIIY K BIasKHOCTH.

[TonydeHHBle HAMH 00pas3iibl OBIIN HCCIeIOBAHBI
Ha ra3o4yBCTBHTeJIbHBIE CBOMCTBA: B aTMOCepe BO3-
IyXa IIPU M3MeHSOLIeHcs BIasKHOCTH, B ITIapax 3Ta-
HOJIa, aMMHaKa U yrapHoro rasa. Habnrogaemoe yBe-
JIUYeHHe IPOBOSUMOCTH (M, CIeL0BaTeIbHO, YyB-
CTBUTEJIBHOCTH) BO3HHKAeT b1arogaps coueTaHUIO
xeMocopbuuu, Gusnveckor copoIIUYU H/UIK KaIlUI-
JISTPHON KOH/IeHCALIMH BOJBI IIPH YBeJIUYeHHUH OTHO-
CHUTeJBbHOM BJIAXKHOCTHU C 25 1o 85%. Bce uccienye-
Mble 00pa3Ibl JATYHUKOB II0KA3a/IH CHUKeHHe 3Hade-
HHUH COIIPOTHUBJIEHUS IIPH YBeIHYeHUH OTHOCUTEIb-
HOM BJIQKHOCTH BO3/1yXa, IIOKA3aHO, YTO IIPOBOJH-
MOCTb IIPOMCXOJH/Ia IPeHMYIeCTBEHHO Ha [10BepX-
HOCTH 3epHa, KOTOpas peryJlnupoBaaack afcopbupo-
BAHHBIMH MOJIEKYJaMHU BOABI. [I0BEPXHOCTH 60/b-
IIMHCTBA OKCU0B MeTaJIJIOB IIOKPBITA THJPOKCHIIB-
HBIMH TPYIIIIAMH U BO3JI€UCTBYET C BIASKHOK aTMOC-
deport TakuM 06pa3oM, UTO C TOMOIIBIO BOJOPOAHOM
CBSI3H Ha HeH Jlajiee ajCOPOHPYIOTCS MOJIEKYIIBL BOABL
(puc.2).

Ha puc.3 mpencTaBiieHa YyBCTBUTENBHOCTD U JHA-
rpaMMa H3MeHeHHS 3JIeKTPOCOIIPOTUB/IEHHUS Ille-
HOYHBIX CTPYKTYP NiO 1 NiO/JILlY OT OTHOCHUTeIbHOM
BJIa>KHOCTH.

YyBCTBUTENIBHOCTD S=(R,-Ry/R,)-100% s obpasua
NiO (t-0 400 °C) Ha MaJibIX YPOBHSX BJIa’KHO-
CTH He3HAUHWTeJNbHO BbllIe (pHc.4), ueM y obpasma
Ni+JILTY (-0 400 °C ), mpu 60/IBIIKNX BIASKHOCTSIX 1yB-
cTBUTeNBbHOCTD Ni+JIIY (T-0 400 °C) 3HAUMTEIbHO
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Fig.2. Chemisorption and physical adsorption in water vapour
deposition
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Puc.3. Juazpamma 3a8ucumocmu conpomusAeHuUs 0m 8Aax-
Hocmu 945 06pasuos: Ni (m-o0 400 °C) u Ni+J1LlY(m-0 400 °C)
Fig.3. Diagram of resistance vs humidity for samples:
Ni (t-0 400 °C) u Ni+LCC (t-0 400 °C)
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Fig.4. Dependence of sensitivity on humidity
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cmpykmypul das Ni (m-o0 400 °C)

Fig.5. Operating cycle at 80% humidity for Ni film structure (t-o
400°C)

6onbire. COOTBETCTBEHHO OTKIUK k=R /R, 1151 06pas-
oB 6e3 JIIIY nns YPOBHS OTHOCHTEJIBHOH BJIa’KHO-
ctu 40...85 RH% coctaBua 1,9...12,2; gnsa o6pa3u0B
cJIIY -1,6...54.

Hccnenys paboure nUKIBL (pUC.5, 6) monydeH-
HBIX 06pa31oB I1pu 80% BIASKHOCTH MBI ITIOJIYUHIIH,
YTO BpeMs OTKJIMKA Yy obpasua Ni (1-0 400 °C) cocTas-
nsieT 6 €, 4TO IIPeBOCXOAUT IOKa3aHHe obpasua
Ni+JIIY (-0 400 °C) Ha 3 C. PaccMmaTpuBasi BpeMs BOC-
cTaHOBJIeHHS, obpaser Ni+JILY (-0 400 °C) moKa-
3aJ1 IBYKpaTHOe IIPeBOCXOACTBO Haj obpa3snom Ni
(-0 400 °C), 3HaueHUA 35 c U 63 C COOTBETCTBEHHO
(tabm.2). 9TO TOBOPUT O TOM, UTO JTHHEMNHO-1IeII0-
YeuHBIH YIJIepOoJ MaJlo BIHseT Ha BpeMs OTKJIHKA.
HMeeT 6osbIIoe 3HaUeHe Ha BpeMsI BOCCTAHOBJIEHH ST

Puc.6. Pabouull yuka npu 80% saa>kHocmu 041 NAeHOUYHOU
cmpykmypbl das Ni+JILY (m-o0 400 °C)

Fig.6. Operating cycle at 80% humidity for film structure for
Ni+LCC (t-0 400 °C)

further adsorbed on it by means of hydrogen bond-
ing (Fig.2).

Figure 3 presents sensitivity and diagram of the
change in electrical resistance of NiO and NiO/LCC
film structures as a function of relative humidity.

Sensitivity S=(R;~Ry/R;)'100% for NiO sample (t-o
400 °C) at low humidity levels is slightly higher
(Fig.4) than that of Ni+LCC sample (t-0 400 °C ), at
higher humidity levels sensitivity of Ni+LCC (t-o
400 °C) is significantly greater. Correspondingly, the
response k=R;/R, for the non-LCC samples for a rela-
tive humidity level of 40...85 RH % was 1.9...12.2; for
the samples with LCC it was 1.6...54.

Study of operating cycles (Fig.5, 6) of the sam-
ples obtained at 80% humidity, were obtained the

Tabauua 1. Vi3MeHeHUe conpomusAeHus om 8AakHocmu d4s 06pasuos: Ni (m-o0 400 °C) u Ni+ /1LY (m-0 400 °C)
Table1. Change in resistance as a function of humidity for the samples: Ni (t-0 400 °C) u Ni+LCC (t-0 400 °C)

40 45

BnaxHoctb, %RH
Humidity, %RH

50

55 60 65 70 80

ConpoTtusneHue R, MOM 548 288
Ni (-0 400 °C)
Resistance R, MOhm

Ni (t-0 400 °C)

219

178 154 122 89 45

Conpotusnexnue R, MOm 1620 1040
Ni+JILLY (t-0 400 °C)
Resistance R, MOhm

Ni+LCC (t-0 400 °C)

632

294 181 104 66 30
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HAHOMATEPUANDI

TUHENHO-I[e[I0YEYHOTO yIlIepoga, UMEIIIero
BaKaHTHbIE MeCTa AJist afcopbiuu u gecopbuuu
roHOB OH™ (aToMBbI BOZOPO/A HA H3rubax yIIepomgHbIX
Leroyex).

BbIBOAbI

Bce mccenyeMble CEHCOPBL OTHOCUTEIbHOM BJIasK-
HOCTH I10Ka3a/Id CHU>XKeHHe 3Ha4ueHHUM CONIPOTHB-
JTeHHUS NPHU yBeJHMYeHHH OTHOCHUTEJBHOM BJIaXK-
HOCTH cpensl. [Ioka3aHO, YTO IPOBOAHMOCTD IIPO-
KCXOAHJIa IIPEMMYIeCTBeHHO Ha MOBEPXHOCTH
3epHa, KOTopas peryJaupoBajach afcopbupoBaH-
HBIMH MOJIeKYyJaMHU BOJbl. [IoBepXHOCTb 60JIb-
IIHMHCTBA OKCHUJIOB METAJIJIOB IIOKPBITA THAPOK-
CHU/JBHBIMHU IPYNIIaMH IPH BO3JEHCTBUH BJaX-
HOM aTMocdepbl TAKUM 00pa3oM, UTO C IIOMOILBIO
BOZOPOJHOI CBSI3U Jajee afcopbUpyOTCsl MoJle-
KyJIbl BoAbl. [IprMeHeHHMe IIJIeHOK JIIY B KOMIIO-
3UTe yJIy4dllaeT CeHCOPHbIe XapaKTePUCTHUKH IIjIe-
HOK NiO. BpeMsi OTK/IMKA X BOCCTAHOBJI€HHU S COCTA-
BHUJIO /ISl YyBCTBUTeIbHBIX ITeHOK NiO/JILY 10
U 35 C COOTBETCTBEHHO.

NHOOPMALIUA O PELLEH3NPOBAHMNK

Pepmakuus 61arofapuT aHOHKMMHOIO pelleH3eHTa
(pelieH3eHTOB) 3a X BK/IaJ, B peLleH3MPOBaHUe 3TOK
paboThl, a TakXKe 3a pa3MellleHHe CTaTell Ha CanlTe
SKypHaJIa U Ilepefady Ux B 3JIeKTPOHHOM BHU e B HOB
eLIBRARY.RU.

Jekaapauus o KoH$AUKMe uHMepecos. A8mopsl 30840
06 omcymcmauu KOHQAUKIMOB UHMepecos UAU AUMHBLX 0MHOuLe-
HUL, Komopble Mo2Au bbl nosAULMb HA pabomy, npedcrmasAeHHyto
6 daHHoll cmarmoe.
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Tabauua 2. Bpemsi omKAUKa U 80CCMAH0BAEHUS 06pa3sL08
Table 2. Response and recovery times of the samples

Bpemsit, c
Timet,s

BoccTtaHoBNEeHMeE
Recovery

OTKAUK
Response

Ni+/1LY (T-0 400 °C)

Ni+LCC (t-0 400 °C) 10 35

Ni (T-0 400 °C)
Ni (t-0 400 °C)

response time of Ni sample (t-0 400 °C) is 6 s, which
exceeds the experimental results of Ni+LCC sam-
ple (t-0 400 °C) by 3 s. Considering recovery time,
the Ni+LCU sample (t-o 400 °C) showed a two-fold
superiority over the Ni sample (t-0 400 °C), values
of 35 seconds and 63 seconds respectively (Table 2).
This suggests that linear-chain carbon has little
effect on the response time and is very important
for recovery time LCC has vacancies for adsorption
and desorption of OH" ions (hydrogen atoms on the
bends of the carbon chains).

CONCLUSIONS

All the relative humidity sensors studied present
decreasing of resistance values with increasing rel-
ative humidity of the medium. It was shown, that
conductivity occurred predominantly on the grain
surface, which was regulated by adsorbed water
molecules. The surface of most metal oxides was
covered with hydroxyl groups when exposed to the
humid atmosphere in such a way that hydrogen
bonding further adsorbed the water molecules. The
use of LCC films in the composite improves the sen-
sory characteristics of NiO films. The response and
recovery times for the sensitive NiO/LCC films were
10 and 35 seconds, respectively.
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