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[MpoussoacTBo

-BblCOKOTEXHO/IOTMYHAA NOTOYHAA NPOM3BOACTBEHHAA INHMUA
-Pob60Tn3MpoBaHHbIE y4aCTKM COOPKMU

-ABTOMATM3MPOBAHHAA IMHUA NOLAYN KOMMNEKTYIOLLNX
-BbICOKOTOUHbIE CNEKTPOMETPbI

-CoBpeMeHHbIe y4aCTKN KAMMATUYECKUX M BUBOPALMOHHbIX -UCMbITAaHU

Ha npeanpuatunax Mpynnbl komnanuit 9PUC BHeapeHa Cuctema
MmeHeaXmeHTa Kadectsa no NOCT ISO 9001-2015.




-Yyactok OMC

-Kamepa conHevyHoM pagnaumnm
-Kamepa nbiaun

-Kamepa conaHoro TymaHa
-Kamepa Tenna n xonoaa
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e MexxayHapoaHOoe Hay4YyHoOe npu3HaHue

UHCTUTYT

B npouecce pa3paboTrkm ony6smkKoBaHbl Hay4yHble paboTbl COBMECTHO C BeAywyMMU MUPOBbIMMU
yueHbIMMU

Formation of a composite Pt—YSZ layer on the surface of YSZ ceramic material to improve
the performance of a potentiometric oxygen sensor

UDC: 544.635+661.8:[546.831.4+546.64]
D.I. Nikitin**, A.S. Yurkov? V.V. Smirnova’, V.A. Volkovich’, A.B. Ivanov’, N.V. Review article
Zhirenkina®, ML.R. Galiaskarova?, A.S. Kosykhl, L.P. Sandalov?, O.L. Rebrinl, LA.

Selivanov? Electrochemical potentiometric sensors based on YSZ solid electrolyte for the

*Ural Federal University, Yekaterinburg. Russia determination of Oz, COsx, H2: A brief overview

*ERIS LLC. Tchaikovsky. Russi Teb sle s . .
chatkovsky, Russia D.I. Nikitin'*, A.S. Yurkov?, R.R. Alimgulov', O.I Rebrin?, J. Han?
E-mail: nikitin.dmitry @urfu.ru
Ural Federal University, Yekaterinburg. Russia
Abstract. Relevance. The combustion of fossil fuels (accounting for about 85% of global energy) causes

serious environmental problems: greenhouse effect, acid rain, and atmospheric pollution with toxic ’ERIS LLC., Tchalkovsky. Russia

substances. Electrochemical gas sensors are essential for real-time monitoring of combustion products, 3 L. . . . X
where oxygen concentration serves as a key indicator of combustion efficiency. Traditional platinum Shanghai Jiao Tong University. Shanghai. China
coatings on electrodes of potentiometric sensors based on YSZ are prone to degradation under harsh i . )

operating conditions (high temperatures, gas flows, mechanical impacts), which reduces their reliability E-mail: nikitin.dmitry@urfu.ru

and service life. The development of methods for strong fixation of platinum catalyst 1s relevant for
improving the performance characteristics of sensors and addressing environmental issues. 4im. The aim
of the work was to form a composite Pt—YSZ layer on the surface of YSZ ceramic material to create a Abstract. The article discusses potentiometric electrochemical gas sensors based on a solid oxide
strong base and reliable fixation of the platinum coating, in order to improve the durability and stability of electrolyte made of zirconium dioxide stabilized with yttrium oxide, which are widely used in high-
the characteristics of the potentiometric oxygen sensor. Methods. A method was developed for applying a temperature industrial processes for monitoring exhaust and process gases. The advantages of

latinum precursor to pre-sintered YSZ ceramic (stabilized with 13 wt.% um oxide) fabricated by sli . . . e . . . R
}c)asting. Elatmn wg deposited from a soll(xtiou of hexahydroxo;l};:?;ic ) t)nouoethanola}:mnl: electrochemical gas sensors are described. such as high sensitivity. simplicity of design and the ability to

(HHPMEA, Pt content 17.97 wt.%), thickened with carboxymethyl cellulose (CMC) to control viscosity work in cHa aggressive conditions. The main focus is on potentiometric sensors for detecting oxygen.
and penetration depth. The morphology and distribution of the composite were studied using optical carbon oxides. and hydrogen. The article is a short literature review on the above-described topic. The
microscopy (Olympus GX71) and scanning electron microscopy on cross-sectional polished samples. historical development of sensors, their design features, and modern approaches to performance
Results. The developed method allows the formation of a composite Pt-YSZ layer with a penetration improvement, including the use of new materials and technologies, are discussed. In conclusion, the
depth of about 35 um. The conditions include pre-sintering of the cell at 1350 °C for 2 hours, thickening L R = . . R = . L .
of the HHPMEA solution with CMC, and stepwise heat treatment regimes. This ensures uniform significant potential of potentiometric sensors for further improvement and expansion of applications is
precursor penetration, good adhesion, and a strong base for subsequent application of platinum electrodes, highlighted. as well as priority tasks such as increasing selectivity and reducing operating temperature.

significantly improving the durability and stability of the potentiometric oxygen sensor under real

operating conditions. Keywords: electrochemistry. solid-state electrolytes. zirconium dioxide stabilized with yttrium

. . X . . . . ide. X i 2as s N i iC sensors; mis ial sensors.
Keywords: rare earth oxides, yttrium, zirconium, composite, solid electrolyte, platinum, sensor oxide, electrochemical £as sensors, poteﬂtlolnetflc sensors; mixed potelltlal Sensors
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Crocob dopm an= TR

O6macts

Haobperemze ormocmTez X OOTacTH D: H, 3 EMeEHO X
o: dopm an= mTRE,
COITAMI KEPAMHTECKINT FILEK. 1 P P
Vposess Texmnx
H: 6 Gopy oz merss. Hi marenT
RU 2796118 (000 «X 2023) crocod, it
TUTACTHXOBOH QOPMEI THTHEM TOX cocTaEa
3amERy c 0.7 2 cymxy npm 60°C =
Tezemze 12 gacos. H i CM330K, TTO YCIOEESeT
p H MOXET x 3ed Gopyzr
TlaresT RU 2285609 (OO0 HITO «Te 2006) cocod ¢
MeTanmErIecsoE  QopMEL B P T i pacTEop ¢
mnactedmzaropa (1-3%). Iocte saixepaza dopyy pasdmpasor. a reme cymmar mpz 40-50°C.
H hOpME: $3-33 OTCYTCTERE THOKOH MATPEIEL TT0
CHICEAET TOTHOCTE NeOMETPHH.
Tlares RU 2739740 (2020) = dopy m3 c
TOCTeTyomei 3ATHEEOM THIICA H CYIINOE OpH it ype. H:
amETemsHOe Bpevs cymmx (48 =acos) x it
Haud o: P cmocof mo maremry RU 2796118,
EOTOPEI!, OXNEaxD, Tpedyer CM330K,
H MomeT x # dopym. Cmocod
- I .

mpe huc dopyaz, TETBEM,
HMEIOT JOMYCEE, H CMAIOK B OTHCTEA
$OPM YESMITHEAOT EPEMA IIIA.
Te i dopwzr Kpome Toro,

# opymr, BpexMs y

ZOTTOBETHOCTE OCHACTIH.

Pa3paboTku 6bi2In 3anaTeHTOBaHbl

Cnocod TIATHHHPOBAHHA KepaMI9eCKHX fA9eeK 114 3. TeKTPOXHMHYeCKIX CeHCOpoB

H3o00pereHne OTHOCHTCA K 00JACTH MPOH3IBOACTBA 3TEKTPOXHMHIECKHX CEHCOPOB, a HMEHHO K
crocodaM HaHeCeHHA ILTATHHOBBIX IOKPHITHH Ha KepaMHYUeCKHe SUEHKH. HCIOTBIYeMBIE B
TBEPAOTEMBHEX 3TEKTPOXHMHIECKHX CEHCOpaX. TakHX Kak ceHcopsl DPHC OxcHIHpKOH.
TpeJHA3HATEHHBIE U1 AHATH3A Ta30B (kuctopoga, CO. NOx, CH4 u 1p.).

VI3BeCTHBI COCOOR! HAHECEHHA [UIATHHE! HA KePAMHIECKHE HOCHTETH U 3TeKTPOXHMHIECKIX
cercopoB. Hanpmvep. B H300peTernH no 3azBke JP 0059123535A (TOKURIKI HONTEN CO

LTD, 1982) ommcar cmocod, BK IIHH  PacTBOP P IIATHHEl HIH ee

COEJHHEHHA B OPraHH9IeCKOM PpaCTBOPHTETE, HAHECEHHE CMECH Ha Kepamecmi HIH
METAUTHIECKHH HOCHTENE C NOCTEAYIOMHM HArpeBOM H MNPOKATHBAHHEM. HepoctatkoM
JaHHOTO CNOco0a ABIAETCA HH3KAA AQTe3Hd ILTATHHOBONO CIOA B ﬂly6lIBy HOCHTENIA, 9TO

CHIDKAET JTEKTp KHE H ) KHE XapaKTepHCTHKH CEHCOpa.

H3pecter cmoco® mo maresry RU 2269122 (CTAY. 2006). rae miaTHHAa HAHOCHTCA Ha

MHKY H3 CT "0 JHOKCHAA TyTeM XHMHYECKOI0 BOCCTAHOBICHHA

H3 BOJHOIO PacTBOPa XIOpHAA TeTpamvHHMIATHEE! (II) mpr 170-210°C. Cmocod BKTHOHaeT

peIBap 00padoTKy P H p H aKTHBHD HOHaMH Pd* 1
Sn*%). HemocTaTkoM ABIZETCA HC HOHOB CEHC TOPOB. phIE H
Ta30CeTeKTHBHOCTB CEHCOPA.

Taxxe H3BecTeH cmocod mo matesTy RU 2000649 (O6mmECcKoe HITIT «TexHOTOrHMD),
2006). OCHOBAHHBIH Ha MHPOTHTHIECKOM BOCCTAHOBICHHH ILTATHHBI H3 CIHDPTOBOrO PacTBOpa
ILTATHHOXTIOPHCTOBOJOPOIHOH KHCIOTH mpH 250-650°C. HemocTaTkoM ABIAETCA BBICOKHE
PacXol IUIATHER! H HEOOXOZHMOCTE MHOTOKDATHOTO HAHECEHHS [T JOCTHRKEHHA HY#HOH
TOIIHHEI CTTOA.

HanGomee OmH3KEM aHaToroM (IPOTOTHNOM) SBIETCA CHOCOO IO 3agBke JP
0059123535A, PBI, OJHAKO, He Obec
BHOPOYCTOHTHBOCTH IUIATHHOBOTO IIOKDHITHA. OCOOGHHO IPH HCHOTH30BAHHH B CEHCOPAX.

JOCTaTOYHOH AIre3HH, OpPOIHOCTH H

PabOTANOMEX B YCTOBHAX BBICOKHX TEMIEPATyp H MeXAaHHIeCKHX Harpy3ok. OpraEmdeckmi
PACTBOPHTENE H OTCYTCTBHE MNpPeJBAPHTENBHOH TepMHTIECKOH 00pabOTKH —HOCHTeN
OTPaHHYHBAIOT MPOHHKHOBEHHE ILTATHHE B CTPYKTYPY KEPAaMHKH, ITO CHHKACT J0ITOBETHOCTD
mokpeTHA. IIOKpeITHEe He BBUIEPAHBACT MEXAHHUECKHX HAIPY30K. HAmpHMep. B

P PyAEHHEIX CHCTeMax (map KOT/Tsl). OTCYTCTBHE ONTHMH3HPOBAHHBIX YCTOBHI
CIIEKAHHA CHIDKAET IPOBOIHMOCTE H CETeKTHBHOCTh MOKDBITHA.
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L—T [ab0paTopHble UCTbITaHA. KHITT» u1s paspaGoTKi TpeGyeMBIX TeXHHYECKHX petlicHiit.
8 8 MoaroToska u cornacosatne 0 - 000 @PHC KHID» OCYWECTBHT KOMILIEKC MEpONPHATHI 10 paspaGoTKe HOBBIX WK
5 NPOrpaMMBbl UCNbITaHMiA 70paGOTKe MMEIOINXCA TEXHHHECKUX PeIICHHii LIS COIIANMS, CEPTHOUKALLH, TOTYHCHUH
5 NpoMbILUEHHOro 0Bpasl, Beibop «CHBYP» MHBIX HCOGXOHMBIX PaspeUIHTCABHEIX ZIOKYMCHTOB.
MeCTa MenbITaHWi 000 «3PYUCy - B e peamoau meronnero Cormanesix 000 GPHC KTl negeuer, 8 TIAO
9 - «CHUBYP  Xommuur» mpuHUMAcT
(npunaiexamero 000 «PUC KHIT» Ha npase coanenHocm), W oGwsyeren BosspaTHTS
6 s W3rotosnieH1e NpoMbILLNEHHOro CERETE ero 3 000 «IPHC KHIT» mocno o
— o6pasua - OMMTHHC TPOMMIUICHHb HOMBITANAA MPOBOIATCA 1A MPOBCPKH, OUCHKH W aHamisa
I ero W
B ii ii [TAO «CHBYP Xonmry,
7 MPOMBILLNEHHBIE MCMBITaHMA 000 «CHBYP» a Tawxe pacovorperns TTAO «CHBYP Xo1utHr» BOSMOKHOCTH NPHOGDETCHUA TaKoro
7 oGopynosans y 000 «IPHC KHIT» b Gyaymem.
- Hacrosmee Cornaueiue He oGasbisact npeanpusris [AO «CHBYP Xonuimy K nokynke
BHeceHue nameHeHwii B OnucaHm
L | g leceHu1e nsmeHel 8 Onucanune 000 «3PUCH < kit
Tvna CU MOJKET POHCXOHT Ha KOHKYPCHOIi OCHOBE C YIETOM NPOBE/ICHHBIX OBITHO-POMBIILICHHBIX
MCmBTamM.
9 MNpopa6oTka LeHOBOI KHUMM 000 «CUBYP» 1
o 000
ol
10 y «CUBYP»




[JocTtuxkeHne TexHonornyeckoro cysepeHurteta Poccum.
[JopoKHaa KapTa pa3sutua HanpasneHna ACYTN n KUM pgo 2030 ropa

MWHUCTEPCTBO

MHHUCTEPCTBO IPOMBIILICHHOCTH

U TOPTOBIH MUHHCTEPCTBO SHEPreTHKH
Poceuticxoli Dezepary Poccniicoii Deneparn TIyGmisoe akiHoHepHOe 3 H E P rET“ K“ Pm
obmecrso «I'azmpoM HeTb»
/ Tlepesiit 3avecTnTens Munnctpa m D AU
Poceuit SHEpreT) it 5 VMMH3HEPIO CUV

MPABUTEJILCTBO POCCHIICKOI ®EJEPALIUA

PACIHIOPAXEHHWE
“Jloponolt kaprsa” pasmiria manpanen
yop nponeccan npuGop” 2030 roma ot 11 Hosadpa 2024 r. Ne 3211-p MuHnpomTopr
1. Cornamente, X Ty T pTs" 8 poc c mn
" MOCKBA
b Pemenne o6 yraepseaenn *sopoon aprs”
b. n . “aopoxcoN Kapr” I B.H
1. lpuuate  npepioxkenne Muunpomtopra Poccun 0 noanucanuu
T R R Cornamenns o namepennsx mesxay Ipasutensersom Poccuiickoii dexepatin
u oy oGuwectom "I"asnpom HedTh" B LENAX PA3BUTHS
& g poaramo g R . “Tasnpos ers” " ABTOMaTH3HP ie y TEXHONOTHUECKHM
3 peansaio P i M MPOLIECCOM M KOHTPOJIbHO-H3MEPHTENbHbIE TPHOOPEI" (Mpuaraercs).
| 2. llpenocrasute  3amecturemo  Ilpeacenarens  Ilpasurenscrsa

Poccuiickoii  ®enepaumn  Hosaky A.B. npaBo mnoanucanus, H3MeHEHHs
- - ! M paCTOpXKEHWs YKA3aHHOrO B MNyHKTE | HACTOALErO PacropAkKeHHs
MHOronoTo4YHbIN npomMmbIilWNIEHHbIN aHAa/NN3aToOP Cornamens ot wwmenn Tpasurenscrna Poceniickoii pasp
BHOCHTB B NIPHJIAraeMblii MPOEKT U3MEHEHUS, HE MMEIOUIHE NPUHUMITHATLHOIO
xapakTepa.
3. Onpenenutb:
Koop/muHalHOHHBI  COBET 110  MMNOPTO3aMelleHnio  HedTerasoBoro
00Opy/IOBaHHA ~ OPraHOM, — OCYWICCTBASMIOUMAM  KOOPAMHALMIO  Pa3BUTHA

"ABTOMaTH y TEXHOJIOTHYECKHM

MPOLECCOM H KOHTPOIbHO-H3MEPHTENbHbIE NPUGOPHI";
i Munnpomropr Pocenu ds OpraHom TEJILHO BJIaCcTH, 3P”
. OTBETCTBCHHBIM 33 Pa3BHTHE " ABTOMaTH

y p M KOHTPOJIbHO-H3MEPHTEIbHbIE

npuGops";

"JIOPOXKHYIO KapTy" pasBHTHA p " ABTOMATH3HP

i TEXHC M KOHTPOJBHO-

S G 77 p
{ d u3Meputenbhbie  npuGope" Ha nepuox a0 2030 ropa, yTBepikaaemyio
' 81 Musnnpomtoprom Poccun coBmectHo ¢ Mumdnepro Poccun u myGnuunbiM
rr— ¢4
=N :
4 akumonepubiM  obmectsom  "Tasnpom  HedTh",  OCHOBHBIM  MEXaHH3MOM
. : peannsauun Cornaiienus, ykasaHHoro B nyHKTe | HACTOALIEro pacnopsKeHus. v

npeuceua'ren b I'lpasu're.vlbm Ba

Poccuiickoit denepaunn M.Mumycrin




CtaunoHapHble razoaHannsaTopobl

Ha npumMepe Advant




& IPHC

YHMKaNbHbIN pe3yabTtaTt 2025
(MopaepHu3aumna ceHcopa)

Kontpons MNAK )

(/5] 1 NaOH, Y

HNO,

MopaynbHas KOHCTPYKUNA

flerkas 3ameHa
KOMINNEKTYIOUMX

MepeuyHan nosepka
no ueneeoMy KOMMNOHEeHTY

Bapbisosawmra Exd [ia)

3amena cewcopa
6e3 OTKNIOYEHHUA NUTAHKUA

B pexume peansHoro

NpaduK peakuvu cexHcopa Ha napbl H,;S0,
Wamepenue St N
BpeMeH#u S ——— -
Pab6ora Mpaduk peakuuu cexcopa Ha napbl NaOH

8 AMPPY3IMOHHOM pexxume

OTCyTCTBUE PACXOAHBIX
Marepuanos B nepuos

pabortbl ceHcopa _— \



TunoBble NpUMeHeHUsa rasoaHanausaropa Advant

Bnoku po3nposaHua
peareHTOB

U, reac

MeTtannyprusa CKnaabl XpaHeHusn
XMMMUYUYECKUX peareHToB



€& IPHC

'pynna komnaHmm «9PUC»

O6beguHAA nyyline peLieHus,
co3A4aeM HOBble BO3MOXKHOCTHU

617761, Poccus, MepmcKun Kpai,
r. YalikoBcKkui, yn. NMpombiwneHHasn, 8/25

Ten.: +7 34241 6 55 11

eriskip.com




