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Pucynok 3 — Kunemorpamma mporecca HexernaTeIbHBIX
KosiebaHuii pabovero Topia CBaApHOr0 MUKPOMHCTPYMEHTA
(mo3. 1) Bo BpeMs cpabaThIBaHUs 3IEKTPOMAarHUTHOTO
MeXaHHU3Ma 32)KMMa MUKPOIPOBOJIOKH

VIIK 544.22+544.08

AHanu3 KuHeMorpammsl (puc. 3) MHO3BOJISET
OIpEJIeTINTh YPOBEHb Napa3suTHON MeXaHW4eCKOU
CBSI3M «MEXaHH3M 32)KMMa MHUKPOIIPOBOJIOKH — CBap-
HOM MUKPOUHCTPYMEHT» B KOHCTPYKLMU CBAPOYHOU
TOJIOBKH, BBI3BIBAIOIICH KoyieOaHMs pabodero topua
CBapHOTO MHUKPOMHCTPYMEHTA aMILIUTY0H mopsiika
~ 40 mkMm, >4 niepuooB vactoroii f~ 385 I'u.

B mpomecce R&D mnpenn3snoHHBIX YCTPOHCTB
¢ OOJIBIIMM KOJIMYECTBOM CTEIEHeH cBOOOIbI MeIo-
yell He ObIBaeT, HO HEBO3MOKHO BCE y4ecThb. AHaNN3
KHHEMOTpaMM, MOJO0OHBIX MPECTaBICHHBIM, TI03BO-
JISIET BBISIBUTH OIIMOKH pacu&ToB U JIOBECTH pa3pada-
THIBAEMYIO KOHCTPYKIIMIO JIO COBEPIICHCTBA.
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Panee Oblia m3yueHa 4yBCTBHTEIBHOCTH K Py
ra3oB BOCCTAHOBHUTEIBHOW U OKUCIUTENILHON IpUpo-
Iel ByX(asHoi okcuaHOoN kommo3uuuun WOs—1n;0s,
MOTYYEHHOH 30J1b-TelIb MeToZioM. OOHapyKeHa BhICO-
Kasl ra30Bas 4yBCTBUTEILHOCTS (S < 2x10° %) nanHoi
KOMIIO3MINH K THOKCH/TY a30Ta, YTO TI03BOJIMIIO M3T0-
TOBUTH CEJIEKTHBHBIE ra30Bble ceHCOphl NO2 ¢ HU3KUM
noporom ompeneneHus (1 ppm u MeHee), paboueii
temrepatypoit < 200 °C, HU3KO# IyBCTBUTEIEHOCTHIO
K ra3zaM-BoccraHoButelsM [ 1, 2]. B Hacrosmeit pabo-
TE TIPE/CTaBIEHBI PE3YyJIbTAThl HUCCIEIOBAHUS CTPYK-
TYPHBIX U MOP(OJIOTHYECKUX CBOHCTB KOMITO3UIINH.

MeTtoauka 3KkcnepuMenTa. MeToanka moiyye-
HUSl KOMIIO3UIMI TpUBEeHa B TIPEbIAYIIEH MyOn-
Karu [1].

Metog COM npuMeHSIN A U3Y4YeHHS CTPYK-
TypBhl TIOBEPXHOCTH MOJIHMKPUCTAIUIMYECKUX U IIE-
HOYHBIX 00pa31oB. O0pa3ubl U3y4aad IpH MOMOIIN
CKaHHPYIOLLEro 3JEKTPOHHOro Mukpockona LEO
1420. O1HOBpEMEHHO METOJIOM HYHEPrOJUCIIEPCHUOH-
HOHM peHTreHoBckor cnekrpockonuu (EDX-anamus)
OIpENEeNAIl COOTHOIIEHHE KOHIIEHTPalul aTOMOB
METaJUIOB B 00pasmax.

J1s oTeHKH pacrpeiesIeH s YaCTHII [0 pa3Mepam
HCIIOJIB30BAJICS OTHOCHUTEIBHBIM MeTo1 00cuéTa mpu
MOMOIIIM TTOCTPOCHHS TUCTOTPaMM, ITOKA3bIBAFOIINX
YacTOTy MOBTOPEHHS YacTHIl KaXIOro Kiacca B
pacuére Ha 1000 0OCUMTAHHBIX YACTHUI[ BCEX KJac-
COB B CyMME.

Merton [IOM npuMeHsd ISl U3Y4YeHHs pa3Me-
POB 1 MOP(OJIOTUH CTPYKTYPhI KOMIO3UIIMI HA MUK-
pockome Hitachi H-800 ¢ yckopsromum Hampsoke-
Huem 200 k3B. [IpenapupoBanue 00Opa3oB AJst npo-
CMOTpa B 3JIEKTPOHHOM MUKPOCKOIIE U PETUCTPALHH
3JIEKTPOHOTPaMM TIPOBOJMIIN MyTEM OT)KUTA TIPH He-
00XOIMMOM TeMIlepaType ¢ MOCIEAYIONM ANUCIIEp-
THpOBaHNEM YJbTPa3BYKOM B BojHOH cpexme. Cyc-
MIEH3MI0 HAHOCWIIN Ha TTOJIMBUHII(OPMAJIEBBIE OTIOP-
HBIE CETKH.

Crrextpsl DIIP 00pa3moB perucTpupoBaiiich Ha
cnekrpomerpe RadioPan SE/X-2543 ¢ pezonaTopom
Hio2 B X-amnama3zoHe mpu KOMHATHOM TeMIieparype.
YacroTa MOIYJISALUM MarHUTHOTO TOJISI COCTaBJIsIa
100 kI'u, ammuuryna — 0,1 mTin. Yacrora CBY uzny-
4yeHus B pezoHatope ~ 9,3 I'Tm koHTpoIMpOBaIack
4acTOTOMEPOM, MOJISIPU3YIOLEe MarHUTHOE Moje —
JIATYMKOM SIIEPHOTO MArHUTHOTO PE30HAHCA.

HK-cnexTpsl 3amMCBIBAIIM  HAa CHEKTPOMETpe
AVATAR 330 (Thermo Nicolet) B o61acT BosHO-
BBIX umcen (v) 400 — 700 cm ¢ TounocTBIO = 1 cM 7,
3amnuch NpOU3BOIMIN METOZOM AU PY3HNOHHOTO OT-
pakeHus: mpu momou mnpucrtaBkn Smart Diffuse
Reflectance.

O6pasnpl, BeicymeHHble Tipu 20 °C B TedeHue
24 4, yccnenoBalld P TIOMOIIM CHHXPOHHOTO Tep-
muaeckoro ananuzatopa Netzsch STA-449c¢ «Jupeter»
B TemneparypHoi oomactu 20 — 600 °C mpu ckopocTH
Harpesa 5°/MuH.
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Omnpenenenne yAenbHONW HOBEPXHOCTH BEJIH Me-
TOJOM HH3KOTEMIIEpAaTypHOH amcopOmum asora.
Merto OCHOBaH Ha M3MEPEHHMH KOJIMYECTBA aJICOP-
OMpOBaHHOTO a30Ta W3 BO3AyXa Ha ITOBEPXHOCTH
npoObl IpU  TeMIepaType J>KHUIKOro aszoTa Mo
W3MEHEHHWIO JaBJICHUS B cucreMe (yCTaHOBKa
Knsuxo-I'ypBuua).

OO0cy:xnenne pe3yJbTaroB. Panee Meronom
P®A OO0 TOKa3aHO YMEHBIICHHE pa3Mepa KpH-
craumtoB (OKP) B oOpasiax coBMecTHOH AByX(a3-
Ho# xoMmo3unuu WOs-1n,03 o cpaBHEHHIO C HH/IH-
BHUyallbHBIMH OKcugami [ 1, 3]. DTo siBJIeHHE MOXKET
OBITH CBSI3aHO C 00pa30BaHHEM B KOMILIEKCHBIX OK-
CHUJITHBIX CHCTEMaXx C Pa3IMYHBIMU CTPYKTypPaMH KpH-
CTAJUIOB C UCKQ)KCHHBIMU HEPOBHBIMH T'PAHIMH, YTO
TEPMOJJMHAMUYECKH 3aTPYTHSIIO X POCT.

Pucynok 1 — [I9M-u3o6paxenue oOpasua (OPOIIOK)
kommo3uruu WO3z-1n203 (50 % mac. In20s,
omkur 600 °C, 2 u

ITo nanabiM COM BBICYIIEHHBIN U OTOXCOKEHHBII
mpu 600 °C 30ms WO3—In,03 (pucyHok 5.5a) npen-
CTaBJsIeT cOOOM CMeCh HAHOPA3MEPHBIX YACTHI[ He-
mpaBUIbHON (opmer pazmepom 50+150 mMm. ITopo-
IIOK COCTOUT M3 JOCTaTOYHO OJHOPOJHBIX YACTHII,
YaCTUYHO arJIOMEPHPOBAaHHBIX. JloJs yacTuil ¢ pas-
Mepom mMeHee 250 HM coctaBmsieT 925,72 (B pacuete
Ha 1000 wactuu), MX IUIOTHOCTH = 25,21 MKM 2.
B npenenax ¢paxunu gactun 0 - 250 HM pa3nuYUMBbI
4acTUIBl HenpaBwibHOW (Qopmbl or 50 HM B 1ua-
Mmerpe. OTaenbHbIE KPYIHBIE YaCTHII, BEIMIMHON
10 2,0 MKM, TIpEACTaBIBIIOT COOO0 arioMepaTsl IIoc-
KHX JIaMeJiel (TIaCTHHOK).

C yBenuueHueM temieparypsl orxura 1o 800 °C
pa3Mep YacTHIl BO3pacTal, HAOJIIOAAN0Ch yBeJHUe-
HHE cpemgHero pasmepa yacTtull. OTXKHT TNOpOIIKa
nanHoi kommosuinu npu 800 °C compoBoxaancs
HavyasoM GopmupoBanus assr Inz(WO,)s.

VY aenpHas OBEPXHOCTH 00Pa3IOB, COAEPIKAIINX
5 u 25% wmac. InpOs cymiecTBEHHO NpeEBbIIIaIa
YAEIbHYI0 HOBEPXHOCTh UCXOIHBIX OKCUIOB, a B CIIy-
gae 50 u 75 % mac. In2O3 Obi1a conocraBuMa ¢ HUMHU.
s o6pasua, conepxamero 5 % mac. In,Oz 3naue-
HHE yJENBHOM TIOBEPXHOCTH T0CTHTANO 45,5 M2/T.

Martepuansl ¢ pa3IHYHbIM KOJIHMYECTBEHHBIM OT-
HOIIEHHEM OKCHJIOB BOJIb()paMa M MHAMS 00JalaroT
pa3IMYHBIMU TMOBEPXHOCTHBIMHU CBoiicTBamMu. [laH-
Hble IK-CIeKTpOCKONMY NO3BOJISIOT PEAIIOJIONKUTD
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0oJiee BBICOKYIO aCOPOLIMOHHYIO CIIOCOOHOCTh KOM-
nozun WO3-1N;03 1o cpaBHEHUIO C MCXOIHBIMH
OKCHJaMH 32 CUET COXPaHEHHs BHICOKOH KOHIIEHTpA-
nun noBepxHOCTHEIX OH-rpymm (Oosee BBICOKOM
Wi pasHoit In203).

Habmogaemoe mpm cpaBHeHHH KpuBbIX [ITT
u ATA, otaOoCcsmuxcs kK WO u In203, 1 KpuBBIX, OT-
Hocsamuxca Kk xoMmosurmu WOs—In,0O3 cmemenne
ITUKOB, OTPAXAIOMINX IPOLECCHl Pa3IOKEHUS THI-
POKCHJIOB, B CTOPOHY 00Jiee HU3KUX TEMIIEpaTyp MO-
JKET YKa3blBaTb Ha YBEJMYEHHE JUCIEPCHOCTH H
CTPYKTYpHOU Ne(eKTHOCTH Marepuaia W (WIH) Ha
n3MeHeHHe MOP(OJIOrUH U IOBEPXHOCTHOTO COCTOSI-
HUSI YaCTHL OKCHJIOB B COBMECTHOW KOMIIO3UIIHH.

[pumenerne metoma DIIP mo3Bommio oOHapy-
KUTb B 00paznax WO3z—In,O3 BRICOKYIO KOHIIEHTpa-
M0 ITIapaMarHUTHBIX Oe(EeKTOB pa3IMYHOM IIpH-
POJBI, OTCYTCTBYIOIINX, HJIA NPEICTABICHHBIX B 00-
pa3nax WHOMBUIYAIBHBIX OKCHIOB B HE3HAYHTEIb-

HoOW koHieHtpauuu (g=4,2998, g = 2,0011,
g =2,0495), KoTOpBIC BO3MOYKHO CBS3BIBATH C HOHU3-
POBaHHBIMHU KHCJOPOJHBIMU BaKaHCHSIMH, aacopOu-
POBAaHHBIMHU Ha IMOBEPXHOCTH YaCTUI[AMH KHCIIOPOAa
(O"), COXXHBIMH MarHUTOYNOPSIOUYCHHBIMU CTPYK-
Typamu). TakuM o0pa3om, UCCIEIOBaHUE METOIOM
OIIP moaTBepkIaeT BBIBOJBI O CTPYKTYPHOM pasy-
MOpsIIOYeHNH 1 (OPMUPOBaHUM OOJIE CIIOKHOW Jie-
(eKTHOH CTPYKTYpHl B 00pa3lax KOMIIO3UIHH MO
cpaBHeHHIO ¢ WO3 1 InO3. 3HaunTenpHOE yBETHYE-
HHUE KOHLICHTPAIMX apaMarHUTHBIX Je()eKTOB B 00-
pasmax COBMECTHBIX KOMIIO3UIINH SBJISCTCS OJTHOH U3
HETIOCPEICTBEHHBIX NPHYMH YBEIHMUCHUS UX Ta30a-
copOIMOHHON akKTHBHOCTH [3].
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Pucynok 2 — O630pHsiii ciektp DIIP o6pasia WO3-1n20s,
omxkur 600 °C, 2 u

BbIBoABI. YBeIMYEHUE YYBCTBUTEIBHOCTH U
CHIDKEHHE paboueil TemmepaTypbl MPOUCXOIUT 3a
CYET CTPYKTYPHOTO pa3ynopsiJOUYCHUs] U CHUIKEHHS
pa3MepoB KPUCTAIUIUTOB B KOMITO3UIIMSIX 110 CpaBHE-
HUIO C UICXOJAHBIMU OKCHIAMH U YBEIUYECHUS YIEib-
HOH MOBEPXHOCTH. 3aTPyAHUTENBHO ONPEAETUTH KO-
JINYECTBEHHO BKJaJ KaXJOr0 U3 PacCMOTPEHHBIX
(axTOopoB (0COOCHHOCTH MUKPOCTPYKTYPHI, pa3iH-
4yhe B YACTBHOW TMOBEPXHOCTH, NE(EKTHOCTh KpH-
CTaJUIOB, HANTMYKE MOBepXHOCTHRIX OH-rpym) B Be-
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JMYMHY CEHCOPHOT'O OTKJIMKA, OJJHAKO B JINTEpAType
UMeeTCsl TPEIIOJIOKEHnE O OoJsiee 3HAYUTEIBHOU
post  1e(EeKTHOCTH KPUCTAJUIOB M COCTOSHHS I10-
BEPXHOCTH (Ham4re noBepxHocTHRIX OH-Tpymm) mo
CpPaBHEHUIO C IPYTUMH (aKTOPaMH.
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Y,03:Eu®* phosphor exhibits red emissions and
possesses excellent chemical stability. It is the only
existing red phosphor used in three band-fluorescent
lamps. Y2Os:Eu®* has attracted great interest for use
as red phosphor in fluorescent lamps, high-resolution
projection TVs, protection devices and low voltage
displays, being a component of cathode ray tube,
plasma display panels and field emission displays [1,
2]. High refractive index (>1.9), large band gap (5.8
eV), physical and chemical stability of pure or doped
Y03 provide its potential application in optoelectron-
ics. The morphology and the particle size affect the
emission intensity of phosphor. In general, the
luminous efficiency of phosphor reduces with
decreasing particle size until the quantum size effect
does not occur.

Various synthesis methods of the phosphor are
studied in order to obtain nanocrystalline materials.
Reducing the particle size of the phosphor will ex-
pand fields of its application. For instance, nanocrys-
talline phosphors are suitable for high definition tele-
vision (HDTV) where conventional bulk phosphor
cannot be used [1].

Experimental. In this paper, the structural and
morphological properties of samples prepared by the
sol-gel and the ultrasonic methods were compared. In
the first case, an aqueous solution of ammonia (9.24
M) was added dropwise to an aqueous solution of yt-
trium and europium nitrates (0.45 M). The process
was carried out under continuously magnetic stirring.
The resulting sol was decanted, then dried in air at
150 °C. The xerogel was calcinated for 2 h at various
temperatures (400, 600, 800 °C). In case of the ultra-
sonic synthesis method, the mixture of reagents was
exposed to ultrasound treatment with a frequency of
29 kHz.

Thermal behavior of the xerogels was evaluated
by simultaneous thermal gravimetric analysis DTA-
TG (NETZSCH STA 449 F3 Jupiter) from 20 to

600 °C in nitrogen with heating rate of 10 °C/min. X-
ray powder diffraction (XRD) analysis was carried
out with DRON-3 X-ray diffractometer with CuKa;
radiation (oo = 1.5405 °A). The reference data were
used from the PDF2 database. The average crystallite
size (D) was determined from the diffraction peak
broadening using the Scherrer formula D = KA/Bcos6,
where D is the average particle size in (hm), K is the
Scherrer constant (0.89), A is the wavelength of X-ray
source, B is the full width at half-maximum and 0 is
the Bragg’s angle. The experimental XRD data were
processed with HighScorePlus software. Fourier-
transform infrared (FTIR) spectra were recorded on
Avatar 330 FTIR spectrometer equipped with Smart
Diffuse Reflectance system at room temperature us-
ing KBr pellet method.

Electron microscopy study was performed by
means of the scanning electron microscope Leo-1420
Carl Zeiss.

Results and discussion. Intensive luminescence
in the red region of the spectrum under UV excitation
(270 nm) was acquired after xerogel calcination at
~550 °C (2 h) and higher.
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Fig. 1 — XRD spectrum of the sample (powder) of the
composition Y203-Eu203 (4 % wt. Eu203, annealing
600 °C, 2 h). prepared by the sonochemical method
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