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Annomayusn. JlaHHass cTaThsd TOCBALIEHA W3YyYEHUIO BIHSAHUS CpeAbl U METO/OB
JIUCTHEePrUpoOBaHUs HAaHOBOJOKOH okcuaa amomuHus AbOs. B pabore ucnonp3oBaiuch
YIABTPa3BYKOBOE JHUCIEprupoBanue, nobasneHue crabunmzaropoB ([TIAB) u Mexanumueckoe
JUCIIEPTUPOBAHUE C UCIOJIB30BAHUEM IIAPOBOM  MeENbHULBL. KOHUEHTpamus CyclneH3uid,
IIPUTOTOBJIEHHBIX HAa OCHOBE JUCTUJUIMPOBAHHOM BOAbI, cocTapisa 0,25 mac. %. B kauectse ITAB
MCIONIb30BAIM BOAHBIN pacTBOp LuTpara Hatpus ¢ koHeHTpanueit 0,2% (Na3CsHsO (Bogubiit p—p)
0,002M) u stunossiii ciupt (C2HsOH). Pe3ynbrarsl nokaszanu, 4To HAUMEHBIIWN pa3Mep 4acTHUI
HaOIrOaeTCsl B Cpeie 3TUIIOBOTO CIIHPTA.

Abstract. This article is devoted to the study of the influence of the medium and methods of
dispersing AlO; aluminum oxide nanofibers. Ultrasonic modeling, addition of stabilizers
(surfactants) and mechanical dispersion using a ball mill were used in the work. The concentration
of suspensions prepared on the basis of distilled water was 0.25 wt. %. An aqueous solution of
sodium citrate with a concentration of 0.2% (Na3Ce¢HsO (aqueous solution) 0.002M) and ethyl
alcohol (CoHsOH) was used as the surfactant. The results showed that the smallest particle size is
observed in the medium of ethyl alcohol.

Kniouesvie cnosa: nucneprupoBaHie, HAHOBOJIOKHA, OKCHUJT aTFOMUHUS.
Keywords: dispersing, nanofibers, aluminum oxide.

Beeoenue

B Tedenume mociemqHUX HECKONBKUX NECSATHICTHH HCIOIh30BAaHUE KEPAMHUKH B Pa3IHUHBIX
MH)KEHEPHBIX TNPUMEHEHUSX 3HAYUTENbHO Bo3pocio. IlpuMepamMu mnpuMeHEHUs CTPYKTypHbIE
KOMIIOHEHTBl B Ta30BBbIX TypOMHAaX, KOMIIOHEHTHI B KOCMHMUYECKUX almaparax, aBTOMOOWIbHBIE
JeTaal, Marepuanbl JUIs PEXYIIUX WHCTPYMEHTOB W T. 1. Kepamuka mpeamoyTuTenpHa B JTHUX
MPUMEHEHHUSX 10 CPAaBHEHUIO C APYTUMH MaTephallaMd, TO €CTh METajulaMH M TIOJHMEpaMH,
[IOTOMY YTO OHa 00JaJaeT HEKOTOPbIMHU BaXXHBIMHM CBOMCTBaMU. K HMM OTHOCSTCS OTJIMYHAs
CTOMKOCTB K BBICOKMM TeMIIepaTypam, 3Ha4UTeIbHas U3HOCOCTOMKOCTh U OTIIMYHAsE KOPPO3UOHHAS
croiikocTh. OIHAKO HEKOTOpbIe HEONArompHsITHBIE CBOMCTBa KEpAMHUYECKUX MAaTepHAIIOB
OTPaHUYMBAIOT UX IIUPOKOE NMPUMEHEHHE, K HUM OTHOCSTCS XPYIKOCTh, OTHOCHUTEIIEHO HH3Kas
TEIUIONPOBOHOCTb, HM3Kasl BA3KOCTb pa3pylIeHUs U TPOYHOCTb, HHM3Kas YCTOMYUBOCTH K
MoJ3y4yecTH, ycragoctu. Ho BIusHUE 3TUX HEONAroNpHUATHBIX CBOMCTB KEPAMUUYECKUX MaTepUaIOB
MOXXHO TPEOJI0JIETh C IMOMOIIBI0 U3MEHEHHS MUKPOCTPYKTYpbl. Cpenn pa3TudHbIX HCTIONb3YeMbIX
cTpareruii pa3padoTka KOMIO3HIIMOHHBIX KEPAMUYECKHX MaTe€pHajIoB, COYETAIONINX CBOWCTBA JBYX
i 6osiee MaTepualoB, ObljIa OCOOEHHO YCIIEITHOM.
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[IpenMymniecTBO KOMIO3WTHBIX MaTepHajioB 3aKIFOYaeTCS B TOM, YTO B MHUKPOCTPYKTYDE
BO3HUKAIOT OOIIMPHBIE B3aWMOJCHCTBUS, KOTJA OIMH KEpaMUYECKUW Marepuan no0aBiseTcs K
JIpyroMy Marepuany. DTO MPUBOAUT W3MEHEHHWIO KAaK TEIUIOBBIX, TaK U MEXaHHMYECKHX CBOHCTB
KOMIIO3HTA.

OdeHb BaXHOW 3amadeid SBISCTCS pa3padOTKa METOIUK TOMOTCHHOTO pacHpeiIeiIcHUs
apMUPYIOIIUX HAHOBOJOKOH B HCXOJHYIO MATPHILY, BEIb HEPABHOMEPHOCTH paCHpEICIICHUS B
MaTpuile ¥ arJIOMEPHPOBAHHOCTh HAHOBOJIOKOH WPHBOAMT K JIOKAIBHBIM HEPABHOBECHBIM
W3MEHEHUSIM CTPYKTYPhI KOMITO3UIIHOHHOTO MaTepuaa, yMEHbIIAET IIOBEPXHOCTh B3aUMOJICHCTBUS
BOJIOKOH M Marpuibl. B pe3ynbrare armomeparbl HAaHOBOJOKOH MOTYT BBICTYIIaTh B KadeCTBE
CTPYKTYPHBIX 1e(DeKTOB Marepualia, 9To MPUBOIUT K HEOJHOPOIHOCTHU €0 CBOMCTB

Lenv dannoti pabomopl: OUEHUTH BIUSHUE CPEIbl U TUCIIEPTUPOBAaHUS Ha HAHOBOJIIOKHA AlbO3
METO/IaMH JIa3€PHOU TUPPaKIIUH.

3a0auu: W3y4UTh OCHOBHBIC METOJBI JUCIEPrHPOBaHUS HAHOBOJOKOH Al>O3; BBITIOJIHUTH
AKCIEPUMEHTHI M0 JAWCICPTUPOBAHUIO; OICHUTH BIHMSHHUS CpeIbl W JTUCIEPTUPOBAHUS Ha
HaHoBoJokHa Al>Os.

Mamepuan u memoowt ucciedosanus
OCHOBHBIM MaTEpHAJIOM JJII UCCIICAOBAHUS SBISICTCS HAHOBOJIOKHHCTBINM OKCHUJ ATFOMHHHS

ALO; (Fibrall, OCSiAl) nomyueHHBI METOIOM >KMIKO(PA3HOTO KATATUTHYECKOTO OKHCICHUS
AJTIOMUHHUS MOJIEKYJISIpHBIM KuciopogoM npu Ttemneparype 820 °C. CrpykTypa ucCIenyeMbIX
BOJIOKOH COOTBETCTBYeT opropomOuyeckor (6—daza). duamerp BONOKOH, MO pesynbratam [1OM
cocraBnsier ~20 HM, a ux MHa npesBblmaeT ~1 MkM. Omxur BojiokoH npu 1200 °C
COIPOBOXK1AETCs MOJIHBIM (ha30BbIM nepexofoM & B a—Al O3 (Pucynoxk 1).

Pucynoxk 1. U300paxeHnne HaHOBOJIOKOH okcuaa amomunaus AlxOs, moyuennoe metogom [1OM.

Omonn w3 mpo0iem npu WCCIIEIOBAaHUM  HAaHOMaTepHaioB CUHTAETCSI ux
MIPEAPACTIONIOKEHHOCTh K KOAryisnuu. JlucreprupoBaHue SIBISIETCS METOIOM  TOJACPKaAHUS
JUCNIEPCHOCTH HAHOYACTHII.
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Jnst moBbIIeHUsT 3(PPEKTUBHOCTH MEXaHWYECKOE IUCIEPTUPOBAHUE MPOBOIAT B KHJIKOU
cpene. XKuakoctu (pactBopsl IIAB, 35eKTpoauTOB), CMaunBarOLUE TBEPIOE TEJIO, aICOPOUPYIOTCS
Ha HEM U CHIKAIOT MPOYHOCTH NPH MEXaHHYECKOW 00paboTKe. DTO Ha3bIBaeTCs aacopOLMOHHOE
MOHWKEHHE TIPOYHOCTH TBEPABIX TEJ.

OOmas cxema IIPOBECHUS SKCIIEPUMEHTA IIpe/IcTaBlIeHa Ha PucyHke 2.

V3-Bo3neHcTBHE

|

H,O Jlucr Na,C H,O (Bomusiii p-p) 0,002M C,H,OH
3MM oucep IMM oucep 3MM Oucep

Pucynok 2. O0mas cxema npoBeIeH!s IKCIIEPUMEHTA.

Ynvmpazeykosoe oucnepeuposanue
[IpumeHeHne ynbTpa3ByKa K HaHOMaTrepHajlaM MMeeT MHOXKecTBO 3(pdekroB. OqHuM U3 HUX

SBIISIETCSL TUCIIEPTUPOBAHNE MATEPUAJIOB B )KHUAKOCTSIX JJISl pa3pyLISHUs aryioOMeparoB YacTHIl. JTO
MPUBOJUT K YMEHBIIICHUIO YaCTHUI] U YBEIIMYCHHUIO OJTHOPOTHOCTH 10 pasmepy. JucneprupoBanue u
JieariioMepaIys ¢ MOMOIIBIO YIbTPa3ByKa SBISICTCS PE3YJIBTAaTOM YIIBTPa3BYKOBOW KaBuTanuu. CyTh
3aKJIFOYAeTCsl B OOpa30BaHWU W TIOCIICAYIONIEM 3aXJIOMBIBAHUH ITY3BIPHKOB B JKHIKOW cpene, B
pe3yibpraTe KOTOpPBIX 00pa3yloTcs yOapHbIE BOJHBI, 00€CIEUHMBAIOIINE BO3HUKHOBEHHE IMOTOKOB
JUCTIEPCHOM Cpebl, ABIKYIIUXCS cOo ckopocThio M0 1000 km/4u. Takxke mporecc U3MenbueHUs
CBsI3aH C COy/IapeHUe YacTHUIl Mex Iy cobou [1-2].

Jobasnenue cmabunuzamopos (I11AB)
CTaOWIBHOCTh SIBJISICTCS HAmOOJee BaXXHBIM CBOWCTBOM B KEPAMHUYECKOM KOJUIOHWJE U

CYCIIEH3UsX, U B CTAOWJIM3AIlMd OCHOBHYIO DPOJIb WIPAIOT POJIb CUJIBI B3aUMOJEHCTBUSI YaCTHII.
Yacrtulipl, JUCTIEpPrUPOBaHHBIE B JKUIKOW Cpele, MPOU3BOIBLHO OOBEAMHSAIOTCS BMecTe Onaromaps
aKTUBHBIM TIOBEPXHOCTHBIM cujaM. TakuM o00pa3oM, TOBEPXHOCTH YacTUIl JOJDKHBI OBITh
MOIU(UIIUPOBAHBI JJI CO3JaHUS OTTAJIKUBAIOIIUX TOTEHIIMAIOB, KOTOPhIE TMPOTHUBOIEHCTBYIOT
MOTEHITHAIaM MpUTsHKEHus [3].

[ToBepXHOCTHO—AKTUBHBIE BEIIECTBA KOHLEHTPUPYIOTCS HA MOBEPXHOCTHM HAHOYACTHI] U
BBI3BIBAIOT CHIDKEHHE TOBEPXHOCTHOTO HaTshkeHHs. AJcopOmnuonHbie cinou [IAB oGmamator
YOPYTOCThIO U MEXaHHUYECKON MTPOYHOCTHIO, IPEIOTBpAIIIasl CIIMITAHUE TUCIIEPCHBIX YaCTHII.

Lucnepeuposanue c ucnonb3o6anuem waposot MeibHUYbl
JlucnieprupoBaHye MPOUCXOANUT 3a CUET BO3/AECUCTBUS BHEIIHEH MeXxaHW4eckoil pabothl. J{is

noBbIIEHUS 3()(HEKTUBHOCTU IHCIEPTUPOBAHUE MPOBOAAT B KHUIKOW cpene. B manHom mertone
HCIIOJIB3YIO Pa3iIMYHbIe MEIISIIKE TeJIa pasHbIX pa3MepoB. [JaHHBIIM METO UMEET KaK IUIFOCHI, TaK U
MuHychl. K 1umrocaM MOXXKHO OTHECTH OTCYTCTBHE XMMMYECKHX J100aBOK. MHUHycamu SIBISIOTCS
JUIUTEIBHOCTh NEPEMELITNBAHUS, BO3SMOKHOCTh U3MEHEHHS CTPYKTYpPbI HICXOAHOT0 Marepuana [2, 4].
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Bce pesynbrarbl ObUTM MOMY4YEeHBI C MOMOINBIO JIA3€PHOTO aHaIU3aTopa pa3MepoB YaCTHUIL
SALD-7101.

Pe3ynomamot u oocyscoenue

[TepBpIM 3TarioM MPOBEACHUS SKCIIEPUMEHTA MO AWCICPTHPOBAHHUIO OBLJIO TPHUTOTOBICHUE
CYCIIEH3U HAHOBOJIOKOH OKcHaa amroMuHus AlOs.

B pabGorte roroBuiam pacTBOp Ha OCHOBE IUCTWUITMPOBAHHOW Boabl. B kauectBe IIAB
MCIIOJIb30BAIM BOJIHBIN pacTBop nutpara Hatpus ¢ koHieHtpanueit 0,2% (NazCsHsO (Bonusiii p—p)
0,002M) wu ostunoseii cnupt (C2HsOH). HaBecky HaHOBOJIOKOH B3BELIMBAIM C IOMOIIbIO
aHaymtuyeckux BecoB (Acculab ALC-210D4, Germany, norpemHocts + 0,0001 1) u no6apnsiiu B
roToBeli pactBop. KonuenTpanus cycnensuit cocrasisina 0,25 mac. %

[Tocne mpuroToBneHusl CycrieH3ui, Havajcs 3Tall AUCIIEPTUPOBAHUS, KOTOPBIN 3aKItovalcs B
VABTPA3BYKOBOM BO3JIEHCTBUU. [ 0TOBBIE 00pa3iibl ObLIH MOMEIIEHBI B YABTPA3BYKOBYIO BaHHY Ha 30
MUHYT. Pa3Mepsl wactun mnocine Y3—QucHeprupoBaHMs, IOJIYYEHHBIE METOAOM JIa3epHOMU
mudpakiys, npeacrapieHsl B Tabnume 1.

Tabmuua 1.
PA3MEPBI BOJIOKOH ITOCJIE Y3-JUCITEPTUIPOBAHUA

Uzmepenns H>0 nucr. NasCsHsO (BomubIit p—p) 0,002M
<D>, MKkm 9,259 19,739
CTa. OTKII., MKM 0,384 0,387
D10, MKM 2,614 5,681
Dso, MkM 10,264 23,519
Dgo, MKkM 26,861 54,184

Pa3mep cTpYKTypHBIX 3J€MEHTOB, OMPEACICHHBI METOIOM JIa3epHO AU(PAKINK, BOJIOKOH
nocie y3—BoszaeucTBus B TedeHun 30 MHH. B Boae cocrtaBisger 9,25 mkm, torga kak B HoO+
Na3;CsHs0 pasmep pasen 19,7 mxm.

KoncTpykTuBHO BasikoBasi jlabopaTopHas MENbHHUIIA MPEACTABISIET CO00M paMy, CBapeHHYIO
U3 CTalbHOTO MPOGWIsi, Ha KOTOPOH YCTAHOBJIEHBI JBAa MOKPBITHIX CHEIHAIBHON TEPMOCTONKOM
pEe3uHON Baia.

OnuH 13 BaJIKOB SIBIISIETCS MPUBOIHBIM, OH JKECTKO 3aKpEIIeH Ha paMe MEJIbHUIIBI U CBSI3aH C
JIBUTATEJIEM TIOCPEICTBOM KJIWHOBUIHOTO peMHsA. BrTopoii Bamok CcBOOOAHO Bpamiaercs B
MOJIIMITHUKOBBIX onopax. [IpuBoj BpalieHus Bajika OCyIIECTBISETCS ANEKTPUUECKUM JIBUTATEIEM.

Pa3mep BOJIOKOH B CIUPTOBOM CYCHEH3UU HE YAAIOCH MOJIYYUTh M0 TEXHUYECKUM IMPUUUHAM.

JlanpHeillee OUCHEPTHPOBAHUE CYCIIEH3WH MPOBOAWIOCH C HCHOJBb30BAaHHE IIAPOBOMU
MenbHUIb! (Tabnuna 2).

OO6paboTka 00pa3lioB Ha IIapOBOM MENbHHIIE MPOU3BOAWIACH B TedeHue 15 yacoB. B
KauecTBE MEIIOIUX Tell ObLIM BHIOpaHBI MIAPUKH U3 OKcHAa IupkoHHs ZrOz quamerpoM 3 MM, a
Takke oucep u3 okcunaa upkoHus ZrOz. MaccoBoe cOOTHOIIEHUE CyclieH3us—Mensmue Tena 1:1.
[Tomumo mucneprupoBanusi BojiokoH AlOs3, Takke ObUIO 3aadeil HE JOMYCTUTh HU3METBYCHHS
HCXOTHOM MOP(HOJIIOTUH BOJOKOH, MTO3TOMY CKOPOCTh BpaIlleHUsI MEIBHUIIBI OblJIa MUHUMAaIbHA, S50
00/MUH.
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Tabmuma 2.
PA3MEP BOJIOKOH B 3ABUCUMOCTHU OT CPEJIbI U VCJIOBUA JUCIIEPTIPOBAHI S

Hsmepenus Mean V, mxu  Std Dev, mxm Dy mrm Dy, MM Do MM MQZZZLZW
H20 ducm. 12,823 0,386 3,598 14,599 35,917 Bucep ZrO-
NazCeHsO
(600Hw1IL p—p) 31,124 0,335 9,655 36,361 72,972
0,002M
C2HsOH 5,881 0,839 0,116 12,092 30,178
H20 oucm. 14,951 0,42 3,803 17,443 45,899 [apsr 3 MM
Na3C5H5O ZFOZ
(600Hub1il p—p) 33,488 0,314 12,463 38,305 74,532
0,002M
C2HsOH 7,17 0,406 1,96 7,949 23,195

Boi6o0bi

W3 pe3ynbraToB, MOMYyYEHHBIX METOIOM JIa3epHOU AU(PPAKIINH, BUTHBI 3aBUCUMOCTH:

1. npumenenue Oucepa ZrO> crnocoOcTByeT Oosee 3(h(HEeKTUBHOMY IUCIEPTUPOBAHUIO B
HE3aBHCUMOCTH OT AMCIIEPCUOHHOM Cpeibl;

2. HaMMEHBIINHM pa3Mep YacTull HaOIIOJaeTcsl Mocie JUCIEPrUpOBaHUs B Cpelle 3TUIIOBOTO
cnupta (5,9 MKM), B ITUCTHJZTMPOBAHHOM Bojie — 12,8 MKM;

3. HauOoNbIINI pa3Mep YacTUIl HAOIIOAETCs IPH UCIIONIb30BAHUU B KAU€CTBE CPE/Ibl BOIHOTO
pacTBopa uurpara Harpus ¢ koHueHTpamued 0,2%. OObsicCHEeHHE 3TOMYy CIeAyeT HCKaTh B
MOP(}OIOrHUecKUX U CTPYKTYPHBIX 0COOEHHOCTAX 00bEKTa UCCIIEI0BaHMUS.
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