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O0mas xapakrepucTuka padorbl

AKTYaJIbHOCTH TEMBI

@eppUThl MUPOKO MPUMEHSIOTCS B KA4ECTBE MAarHUTHBIX MAaTepUalioB U
SBIISIFOTCSL KITFOUEBBIM HJIEMEHTOM OOJBIIMHCTBA COBPEMEHHBIX PATUOTEXHUYECKHX,
AIIEKTPOHHBIX M BBIUMCIUTENBHBIX YCTPOMCTB, BKIIOYAs JIUTHEBBIE (DEPPUTHI,
Hamenmue mupokoe npuMmeHeHrne B CBU TexHuke, a Takke B KaueCTBE KaTo/IOB
JUTHUEBBIX OaTapeil.

CymiecTByeT HECKOJIBKO CIOCOOOB TMOydeHuss (EpPUTOBBIX MaTepHalioB,
HauOoJjiee pPacnIpoOCTPAHEHHBIM U3 KOTOPBIX SBIIAETCS METOJ KEepaMUYECKOM
TEXHOJIOTUH, OCHOBAHHBIA Ha TBEPAO(Pa3HOM B3aMMOICHCTBUU KOMITAKTUPOBAHHBIX
IIOPOLIKOB IIpU BBICOKOTEMIEpAaTypHOM HarpeBe. (OJHAakKO B CilIy4dae CHHTE3a
JUTHEBBIX (QEPPUTOB BO3MOXKHOCTH JAHHOTO METOJA OrPaHWYEHbl HHU3KOU
TEPMOCTA0MIIBHOCTBIO HEKOTOPBIX PEAareHTOB B MCXOAHOM CMECH U UX HENOJHOU
(deppuTuzaluell B pe3yabraTte HarpeBa J0 BbICOKUX Temmeparyp. [lo 3Toil mpuunHe
BO3pacTaeT BEPOATHOCTh MOSBICHUS MOOOYHBIX (DAa30BBIX BKIIOUEHUH M CHUKEHHE
XUMUYECKOM M CTPYKTYpHOM TOMOI€HHOCTH IIPOAYKTa, YTO B CBOIO OYEpPEIb
MPUBOJUT K VYBEIMYECHHIO BBbIXOJAa OpAaKOBAaHHOW MPOIYKIMH W CHHXKEHHUIO
BOCIIPOU3BOIMMOCTH CBOMCTB (DEPPUTOBBIX MATEPUATIOB OT MAPTUU K NAPTHH.

CraHpapTHble  METOAbI  pEeUmIeHUs 3THX OpoOJNeM  3aKIoYaroTcs B
WCIIOJIb30BAHUM  JOIMOJIHUTENBHBIX TEXHOJOTMYECKUX METOAOB, BKIIOYAIOLIUX
ornepaldd MHOTOKPAarHOrO MOMOJIa, OpUKETUPOBAHUS M MOCIEIYIOUIEro oOXura
PEaKUMOHHBIX cMeceld. Bmecre ¢ TeM Takue NOAXOABl KpalHE TPYAOEMKH,
DHEPro3aTpaTHbl W CJIOXKHBI B PEaIM3alMy 3a CYET MHOTOKPATHOIO YBEJIWYEHUS
IPOMEXYTOUHBIX onepanuii. Bro0aBok yBenuuMBAaeTCs BEPOATHOCTH MOSIBICHUS
npuMecei (3arpsi3HeHUI) B pEaKIIMOHHON CMECH.

VIMeHHO 10ATOMY B HacTOsLIEe BpeMsl BEAYTCs MOUCKHU 3(PPEKTUBHBIX METOIOB
U3TOTOBJICHUS! (PEPPUTOBBIX MATEPUATIOB W M3/AENUM, MO3BOJSIOIIME IOBBICUTH
CTENEHb TOMOIEHHM3allMM W AaKTUBHOCTh MCXOJHBIX PEarceHTOB B PEAKLIMOHHBIX
CMeCsIX, a TaKKe MHTEHCU(ULUPOBATh MPOLIECC NOTyUYEeHUs PEPPUTOB.

K wu3BecTHBIM MeTogaM, KOTOpbIE MO3BOJISIOT YBEIWYUTh TOMOT€HH3ALHUIO
PEaKIMOHHBIX CMECed MOXKHO OTHECTM METOJIbl COOCA@XKIEHUS COJeH WM
TUAPOKCUIIOB, PACHBUIMTEIBLHON CYIIKH, KPUOXMMHUYECKON KpHUCTAIUTM3AMU U JIp.
Opnnaxko, 3¢ ()EeKTUBHOCTh TaKUX MOAXOJOB OTPAHMUYMBAETCS CIIOXKHOCTHIO M MaJloi
MEPCIEKTUBHOCThIO NMPUMEHEHUSI MX JUIsl MPOMBIIUIEHHOTO MU (WJIM) TOHHAXHOTO
npous3BojcTBa. [loaToMy 5THM  BapuaHThl HCKIIOHAIOTCS U3 JaJIbHEHIero
PacCMOTPEHHSI.

OnauM u3  3GQGEKTUBHBIX METOIOB AaKTUBALMM HCXOJHBIX PEareHTOB
HETIOCPEJICTBEHHO JIO OIepaluy O0XKHUTa SBISICTCS METOJ] MEXaHHYECKOW 00paboTKU
ITOPOLIKOBBIX PEAr€HTOB B BBICOKOOIHEPIETUYECKUX IJIAHETAPHBIX MENbHUIAX. bpu1o
HEOJHOKPAaTHO  IIOKa3aHO, 4YTO JAaHHBIA METOJ  MO3BOJSIET  3HAYUTEIBHO



TOMOTEHU3UPOBATh U YCKOPUTH MpOTEKaHHE TBEPAO(hA3HBIX pPEAKUUNA CIOKHBIX
COCTaBOB, BKJIt04asi (heppUTHI.

B nocnennee Bpemsi B kauecTBe 3(D(PEKTUBHOTO BO3JACUCTBUSI Ha CBOWMCTBA U
CTPYKTYpPHOE€ COCTOSIHME IIMPOKOTO Kjlacca MOPOIIKOBBIX MaTEepHaIOB BCE OOJBIIYIO
MOMYJSIPHOCTh MPHOOPETAaET pPaJUAMOHHO-TEPMUUYECKUNA METO/A, CYTh KOTOPOTO
3aKJII0YAETCSl B HArpEBE MOPOIIKOBBIX MATEPHAIOB ITYYKOM BBICOKOIHEPIeTHUECKUX
ANeKTpoHOB. [lomydeHHble paHee Hay4dHbIE pE3ylbTaThl IOKAa3bIBAIOT KPaTHOE
YBEJIMYEHUE CKOPOCTU MPOTEKaHUS IIEJIOTO psaa TBEpAO(]a3HBIX pPEaKiHii, B TOM
YHCJIe U CHHTE3a, MPU Takoi oO0paboTke MatepuaioB. [Ipu 3ToM OBLTIO YCTaHOBJIEHO,
YTO NPHU HArpeBe MaTepHaIOB B IIyYKE 3JEKTPOHOB CYLIECTBEHHO YBEJINYMBAETCA
pEaKIMOHHAsT AaKTUBHOCTh TBEpPAO(]DA3HON CHCTEMBI, YTO JElaeT BO3MOXHBIM
CYLIECTBEHHO YMEHBIIWTH TEMIIEPAaTypy CHHTE3a M BpeMs H30TEPMHUYECKON
BBIJICP/KKH, IOBBICUTH TOMOT€HHOCTh KOHEYHOIO NPOAYKTA, a TaKXKe YIYyYIIHUTh
OCHOBHBIE 3JIEKTPOMAarHuTHbIE XapaKTEPUCTUKU (PEPPUTOB.

Ecte Bce OCHOBaHMS 1mojararb, 4YTO B  YCIOBUSAX  KOMIUIEKCHBIX
BBICOKOOHEPIeTUYECKUX BO3ACUCTBUN, BKIIOYAIOUIMX B Ce€O0 MpeABApUTEIBbHYIO
MEXAHUYECKYH0 aKTHUBALMID CMECH HCXOJHBIX PEAr€HTOB B BBICOKOIHEPIETUYECKHUX
IJIaHETAapHBIX MEJBHUIAX W MOCIEAYIOIIHA €€ HarpeB B HMMIYJIbCHOM ITy4YKe
BBICOKOHEPI€TUYECKUX 3JIEKTPOHOB, MOXKHO OXHUAATh 3HAUUTEIBLHOTO YBEJIWYEHUS
CKOpPOCTH TBepAO(a3HBIX B3aUMOJCHUCTBUI U, CIEAOBATECIbHO, 3(PHEKTUBHOCTU
MOJIy4eHUs] (EPPUTOB IO CPABHEHHUIO C «UHCTO» TEPMHUECKUM U 3JIEKTPOHHO-
MTyYKOBBIM PEKUMAMH HArpeBa.

CreneHnb pa3padOTAHHOCTH TEMBI

[Iporieccyl TBepmoda3HbIX B3aUMOACHCTBUN MpU TOIYYCHHH (HEPPUTOBBIX
MaTepuajioB B YCJIOBHUSX TPaJWLMOHHOIO TEPMUYECKOrO HarpeBa UM (hopMUpyemble
IpyU OSTOM CBOMCTBa (PeppUTOB AOCTATOUHO DIIyOOKO u3y4eHbl. llepcrekTuBsbl
MPUMEHEHHS MEXaHUYECKOW 00paObOTKU MOPOIIKOBBIX PEAr€HTOB C LEIbI0 YCKOPEHUs
(U3UKO-XUMUYECKUX TPOLIECCOB IMpPH TMOJY4eHUH (EPPUTOB, TaKXKe LIMPOKO
PaccMOTPEHBI POCCUICKUMU U 3apyOeKHBIMU YUEHBIMH.

N3Bectasl Tpynsl yuensix MAD CO PAH, UXTT u MC CO PAH, HUTY
«MHUCuCy», HA TI'Y 1o yCTaHOBJIEHUIO U UCCIEAOBAHUIO PAJAUALIMOHHBIX Y(P(HEKTOB
B HEOPraHMYECKHX MaTepuasiax, BKJIIOYas (eppuThl, B YCIOBUSIX PAJAUALUOHHO-
TEPMUYECKOTO HarpeBa. bosblioli o0beM paboT B 00JACTH MOSYyYEHHS JTUTHUEBBIX
(beppUTOB B YCIOBUAX PAaJUALUOHHO-TEPMUYECKOTO HarpeBa ObUT BBIIIOJIHEH B
ToMCKOM TMOJIUTEXHUYECKOM YHUBEpCUTETE. B OCHOBHOM 3TH UCCJEIOBaHUSA
MPOBOAWINCH [IJIsl YCTaHOBJIEHUS A(P(EKTUBHOCTH PaaUalMOHHO-TEPMUYECKOM
MHTEHCU(PHUKAIMKU TBEPI0(a30BbIX MPOIIECCOB CUHTE3a U CIIEKAaHUsS MO0 CPABHEHHUIO C
YUCTO TEPMUYECKOM 00paboTKON, W OblIa MOKa3aHa BbICOKas 3(PPEKTUBHOCTH
MCITOJIb30BAHUS ITyYKOB YCKOPEHHBIX 3JIEKTPOHOB C 3HEprusiMu Beimie 1 MsB s
3TUX MPOLIECCOB.

Ho, HecmoTpst Ha Bce 3T0, HAMU HE OOHApYKEHbI PaboTHI (32 MCKIIOUEHHUEM
HaIIMX) 1O H3YYEHHUIO MPOIECCOB CHHTE3a (EPPUTOBBIX MATEPUAIOB, B T.Y. H



JUTUEBBIX (EPPUTOB, MPU KOMIUIEKCHOM BBICOKOIHEPIEeTHUYECKOM BO3/IECUCTBUM,
BKJIIOYAIOIIEM MEXaHMYECKYI0 aKTHMBALMIO MCXOIHBIX PEAreHTOB M IMOCIEAYIOIIUN
OOUT B ITyYKE BHICOKOAHEPTETUYECKUX AIIEKTPOHOB.

Takum  oOpazom, B  Hacrosme paboTe  pacCMOTPEHO  BIMSHUE
MOCIIEA0BATEILHOTO BBICOKOIHEPTETUUECKOTO BO3JEHCTBUSI HA MPOLECC MOTYUYEHUS
JUTUEBBIX  (PEPPUTOB, KOTOPBHIC SIBISIIOTCS  BAXHBIMU  (YHKIIMOHATHHBIMH
MaTtepHaliaMy, B repByro ouepeab B CBY TexHuke.

O0BbeKThI HUCCICIOBAHUSA:

JIutuesbie (beppI/ITBI cocCTaBa LiFe5Og, Li0.4zn0.2F62.404, Li0.6F62.2Ti0_204

IIpeamert ncciienoBanus:

[Tponeccol (azo-cTpykTypooOpazoBaHusi U (U3MKO-XUMUYeckue 3h(EeKTh B
JUTUEBBIX (eppUTax MPU MEXAHUYECKOM aKTUBAIIMM CMECH HCXOJHBIX pPEareHTOB,
MIpU UX 00XKUTE B UMITYIILCHOM Iy4YKe BHICOKOOPHEPTETUYECKUX DJIEKTPOHOB, a TaK e
IIPU MTOCTIEA0BATEIIbHOM COYETAHUN YKA3aHHBIX ITPOLIECCOB.

Heab padoTsl

VYcraHoBieHue 3aKOHOMEPHOCTEH (HOPMHUPOBAaHUSI CTPYKTYpHO-(a30BOro H
MAarHUTHOTO COCTOSIHMSI JIUTHEBBIX U JIMTUK-3aMENICHHBIX (DEPPUTOB B YCIOBUSX
KOMIUIEKCHOTO  BBICOKODHEPTreTMUYECKOTO  BO3JCHCTBUSI,  OCHOBAaHHOTO  Ha
MOCJIEA0BAaTEILHOM UCMOJIb30BAHUM MEXAHUYECKOM aKTUBAIIMU UCXOIHBIX PEareHTOB
M HarpeBa B Iy4YKE YCKOPEHHBIX JJIEKTPOHOB, U pa3pabOTKa TEXHOJIOTUYECKHUX
PEXKUMOB TIOJIYYEHUsS] TOMOTEHHBIX IO (pa30BOMY COCTaBY JIMTHI-3aMEIICHHBIX
(beppuron
JIns MOCTHKEHHMST W BBIMOJHEHUSI TOCTABJICHHOW 1€ B paboTe peraiuch
CJIENYIOIINE 3aJAYM:

® YCTAaHOBIICHHE  3aKOHOMEpHOCTe  (OpPMHUpPOBAaHUS  CTPYKTYPHBIX U
PCaKIMOHHBIX CBOMCTB MCXOMHBIX MOpoiikoB coctaBa Li,COs-Fe,05, Li,CO5-ZnO-
Fe,O; u Lip,CO3-TiOy-Fe,O; mpu mexanmueckoit 00paOOTKe B IUIaHETAPHOM
MEJILHUIIE C SHEPTOHANPSHKEHHOCTHhIO §=60 1 pa3paboTka ONTUMAIBHBIX PEKUMOB H
yCIOBUM HTOM 00pabOTKM ISl peau3alliyd IPOILECCOB TMOJYYEHUS] JIUTUEBBIX
(beppuToB;

® lCCIIEIOBaHME MeXaHu3Ma TBepA0(ha3HOro B3aUMOACHCTBHS B TMOPOIIKOBBIX
CMECIX LizCOg'F9203, LigCOg'ZnO-Fezog 54 LizCOg-TiOz-FGgOg B 3aBUCHUMOCTH OT
YCJIOBHM MPEIBAPUTENHHOM 00pabOTKH;

e uccienoBanne (ha30BBIX MPEBPAIICHU MU MArHUTHOTO COCTOSIHUS JIUTHEBBIX
depputoB  coctaBa  LigsuZnFe25 0504 ® LigspinFers1sT1kOs  mpm
MOCJIEAOBATEIbHBIX ~ BBICOKOOHEPIeTUYECKUX  BO3JEHCTBUSIX B  IUIAHETapHOU
MEJIBHUIIE U B UMITYJIbCHOM ITyYKE 3JIEKTPOHOB C 3Hepruen 2.4 MnaB;

e pa3paboTKa ¥ ONTUMHU3AIMS TEXHOJIOTHYECKUX PEKUMOB MOTYUYCHUS JTUTHEBBIX
dbepputoB cocraBa LigsZNng,Fe 504 u LiggFe,»Tig,O4 ¢ HCIOIB30BAaHHEM METOHOB
BBICOKOOHEPIr€TUYECKUX BO3JACHUCTBUU B IUIAHETAPHOW MEJIBHUIE U B HWMITYJIbCHOM
IIy4YKe JIEKTPOHOB C 3Heprueit 2.4 MaB.



Hayuynast HoBU3HAa

e BoisiBIIeHO, 4YTO MEXaHWYECKas aKTHBAlMs B IUIAHETAPHON MENbHUIIE C
SHEpProHaNpsHKeHHOCThIO §=60 cmecert ucxomubix peareHToB Li,CO3-Fe,03, Li,CO3-
Zn0O-Fe,03 n Li,CO3-TiO,-Fe,03 npuBoauT K YBETUYCHHIO JTE(PEKTHOTO COCTOSHUS
MOPOIITKOB, a Tak)Ke K YMEHBIICHHIO pPa3MEepOB YacTHUI] M OJHOBPEMEHHOMY
00pa30BaHMIO W3 HUX IJIOTHBIX arjioOMepaToB C OOJIBIION MOBEPXHOCTHIO KOHTAKTa
MEXIy 4dYacTuiamMu peareHToB. JlaHHBIM d(h(EKT NOBBIIIAET PEaKIMOHHYIO
AKTUBHOCTH ()EPPUTOBBIX MOPOIIKOBBIX PEATCHTOB M CHIDKAET TEMIICPATYPy PEaKIIHH
cunte3a Ha 150-200 °C.

e [lokazaHo, 4TO MeXaHUYECKasl AaKTUBALIMS IPUBOJIUT K YBEIMUCHHUIO HACHIITHOM
IUIOTHOCTH CMECEH HCXOJIHBIX peareHToB, 4To oO0ecreunBaeT 3()PEKTUBHOCTD
mpoiiecca MoJgy4YeHUss TOMOTEHHBIX MO (a30BOMY cOCTaBy (EeppPUTOBBIX MOPOIIKOB
0€3 UCIOJIb30BaHUS TEXHOJOTHUYECKON OTICPAIMA KOMIIAaKTUPOBAHUS, UCIIOJIb3yEeMON
B TPAJAMIIMOHHON TEXHOJIOTHH MOTyICHUS (hePPHUTOB.

e VYCTaHOBJICHO, YTO MPOIIECC TIOMYUYCHUS JTUTHEBBIX (PEPPUTOB SBISICTCS IBYX-
CTQANMHBIM W JJII €r0 ONHCAaHUS W W3YYCHHs MOXKET OBITh HCIIOJIh30BaHA
mubdysnonnas monenb ['mHcTiuHra-bponmreitna. [Ipu nomyuenun deppuTtoB U3
MEXaHOAKTUBUPOBAHHOM CMECH HaOIIOAAeTCsl CHUKEHUE OHHEPruil aKTHUBAIUU
nporiecca TBepaodaszHoro B3aumoneicTBus ¢ (250-290) x/bx/mons g0 (60-70)
kJx/Mons u ¢ (364-397) x/lx/monb o (117-297) x/lx/Monb (B 3aBUCUMOCTH OT
coctaBa (eppUTOB) Ha TIEPBOM U BTOPOI CTAIUU, COOTBETCTBEHHO.

e BnepBoie ycraHoBiieH 3(ddexT uHTeHCHUUKAIMU Tmpolecca o0pa3oBaHMS
(beppHuTOB 3aIaHHOTO COCTaBa MPU KOMITJICKCHOM HCIIOJIB30BAHUH MPEABAPUTEIHBHON
MEXaHUYCCKON aKTUBAIIMHA UCXOHBIX PEAreHTOB M TOCICAYIOIIETO HAarpeBa B MyUYKe
AIIEKTPOHOB.

e [loka3zaHo, 4dYTO KOMIUICKCHOE  BBICOKOIHEPTETHUYECKOE  BO3JCHCTBUC
MEXaHUYECKON O00pabOTKOW U DJIEKTPOHHBIM ITYYKOM TOPOIIKOBBIX CMecen
MPUBOJUT K CHIDKEHUIO TEMIIEpaTypbl M BPEMEHHU IOJIY4YEHUsS TOMOTEHHBIX TIO
($a30BOMYy COCTaBY JUTHUU-IIMHKOBBIX W JIMTHH-TUTAHOBBIX (GepputoB. [lpu sTom
(beppHUTOBbIE TIOPOIIKKA XaPAKTEPU3YIOTCS BBICOKUMH 3HAYEHUSIMU  YACIbHOU
HaMarHUYCHHOCTH HACHIIICHMS.

TeopeTnyeckasi 3HAYUMOCTH PadOTHI

[TomydeHBI HOBBIC Hay4HBIC MPEACTABICHHS O MPOIECCaxX, MPOTCKAIOIINUX TPH
TBepA0(a3HOM CHHTE3E JINTUH-3aMEIICHHBIX (EPPUTOB B YCIOBHUSAX KOMILICKCHOTO
BBICOKODHEPTICTUYECKOTO BO3JCHCTBHS, BKJIIOYAIOIICM MEXaHUYECKYH0 aKTHUBAIIHIO
CMECH  HUCXOAHBIX  pPEareHTOB H  MOCJICHYIONMHA  OOKHT B IIydKe
BBICOKODHEPICTHYECKHUX 3JICKTPOHOB, B TOM YHCJIC O BIUSHUU TaKUX BO3JACHCTBUI Ha
($a3oBbIii  cOCTaB, (UBHKO-XMMHUYECKHE CBOWCTBA M TOMOT€HHOCTH JIMTHEBBIX

beppuToB.



IIpakTHyeckasi 3HAYUMOCTH Pad0ThI

Pa3paboTanbl TEXHOJIOTHYECKHUE YCIOBUS TMONYYEHUS JIUTHUI-3aMEIICHHBIX
beppUTOB B YCIOBUSAX BBICOKOOPHEPIETUYECKUX BO3ACHCTBUM, BKIIOYAIOLIUX
MEXaHMUYECKYI0 aKTHBAIIUI0O CMECH MCXOJHBIX PEareHTOB W MOCIEAYIOMIHI OOXKUT B
MMIYJILCHOM IMYYKE BBICOKOAHEPTETHUUYECKUX OHIICKTPOHOB, a TaK K€ MPEIokKeHa
TEXHOJIOTUYECKAsi CXeMa UX IMOJIYUYEHHUs], IPU KOTOPOM TeMmrmeparypa 00Kura u Bpems
M30TEPMUYECKON BBIIEPKKU HHUKE IO CPABHEHUIO C TEPMUYECKUM PEXKUMOM
00paboTKH.

[IpakTryeckass 3HAYMMOCTh TMOATBEPXKAACTCS BBINOJHEHUEM  CIEAYIOIIUX
Hay4YHO-UCCIIE0BATEILCKUX PAOOT:

1. ITpoexkt No 14.B37.21.0435 «Pa3paboTka paaualiiOHHO-TEPMHUUYECKOTO
METOJIa TMOJIYYEHUsI HAHOCTPYKTYPHBIX (DEPPUTOBBIX MaTepUANIOB JIJIsi aBUAIMOHHOU
texuukn», OIII «HayuHble W HaydyHO-TIEHAarorMuyecKue KaJapbl WHHOBALMOHHOU
Poccun ma 2009-2013 roaer».

2. [TIpoext Ne 11.980.2017/TIY «Pa3paboTka Hay4yHbIX OCHOB H
TEXHOJIOTHYECKUX MPOIECCOB PaAHAIIMOHHO-TEPMUYECKOTO TBEPA0(PA3HOTO CHHTE3a
U ClieKaHus (PeppUTOBBIX MaTEpPUAIOBY, TOCYAAPCTBEHHOE 3aJaHie B chepe HayUHOM
NEATEIIBHOCTH.

MeTon0/10THsl JUCCEPTAIMOHHOTO UCCJIETOBAHUSA

OCHOBBIBASICh Ha 1I€JIM U 33J1a4axX paOOThl MO U3YYEHUIO MPOLIECCOB MOTYUYCHUS
JUTUNU-3aMEIICHHBIX ~ (DEPPUTOB MPU  KOMIUIEKCHOM  BBICOKOPHEPTreTUYECKOM
BO3JICUCTBUHU, ObLIa MIPUHATA METOAOJOTHS HCCIEIOBAHUMN, KOTOpas 3aKJII0YaeTCs B
pPa3BUTUM TUNOTE3bl 00 WHTEHCU(UKAIMU TBepAO(da3HbIX B3aUMOACHCTBUN B
(beppHUTOBBIX TMOPOIIKAX MPH HMCHOJB30BAaHUM MEXAaHWYECKOM AaKTHUBAIMU CMECH
UCXOJIHBIX PEarecHTOB M  TOCJIEAYIONIEro OOXKWTra B  HMITYJbCHOM  ITy4YKe
BBICOKOAHEPT€THUYECKHUX AIIEKTPOHOB.

[Ipu 3TOM IpeAnoaaragoCch, YT0 MEXaHUYECKOE U3METBUEHUE CMECH UCXOIHBIX
pearecHTOB B IUIAHETAPHOM MEJbHHIIE T[O3BOJIUT TMOJYYUTh TMOPOIIKH B
BBICOKOJMCTIEPCHOM COCTOSIHUM W BBICOKOM J€(EKTHOCTBIO, YTO YBEIMYHUT UX
AKTUBHOCTD MPU JATbHEUIIINX PEaAKITUSIX.

Taxoke mpeanosjaraaoch, 4To OBICTPBIM Pa30rpeB MaTepPUAIOB AIEKTPOHHBIM
MyYKOM JI0 OTHOCHUTEJIBHO HEBBICOKUX TEMIIEpaTyp, MEHBIIUX MO CPAaBHEHUIO C
TeMmreparypamy, TMPUMEHSEMBbIMH B KEPAaMHUUYECKOM TEXHOJOTHHM, TO3BOJUT
MHTEHCU(UIIMPOBATh TIporiecc TBepA0oGda3HbIX B3aUMOACHCTBUI B aKTUBHOM
MOPOIIIKE 3a CYET BKJIAJa JOMOJIHUTEILHOTO KOJUYECTBA PaguallMOHHBIX JTe(EeKTOB,
CO3/IaBaeMbIX TMPU PAJAUAIMOHHO-TEPMUYECKOM HarpeRe.

B  paGore  mpumeHsIHCH CIENYIOIINE  METOIbl  HUCCIEAOBAHUSA:
peHTreHo(a30BbI  aHANW3, METOJ  Jia3epHOW  audpakiuu, CKaHUPYIOIIas
AIIEKTPOHHAS MHKPOCKOMHUSA, METOJ, THAPOCTATUYECKOTO B3BELIMBAHUS, METO/bI
TEPMOTrPABUMETPUH u muddepeHImanTb,HO-CKaHUPYIOeH KaJIOPUMETPUH,
TEPMOMArHUTOMETPUYECKUIT METOJl, KUHETHYECKHIl aHaliu3 IPOILECCOB CHHTE3a
JTUTUR-3aMeIIEHHBIX (DepPUTOB.



Hay4ynble moJioxkeHusi, BIHOCUMbIE HA 3a1UTY

1. MexaHnyeckass akTUBalKs CMeCH MCcXoaHbiXx peareHToB LiCO3z-Fe,Og,
Li,CO3-Zn0O-Fe,03 u Li,CO3-TiO,-Fe,03 B mianerapHoii MenbHHIIE MpU (pakTope
sHeproHamnpsbkeHHoctd 60g B TedeHue 60 MUHYT NPUBOAUT K YBEIUYEHUIO HUX
PEaKIMOHHON aKTUBHOCTH, YTO TIPOSIBISIETCS B  CHIDKEHUW  TEMIIEPaTyphI
TBEepA0(a3HOTO B3aMMOJICHCTBHS MEKIY MOPOIIKOBBIMU peareHTamu Ha 150-200 °C.

2. Mexannueckas akTuBanus mopomkoBeix cmeceit Li,CO3-Fe,03, Li,CO3-
Zn0O-Fe,0;3 u  Li,CO3-TiOy-Fe,0; mnpuBomauT K yMeHbIIeHHIO B 3—4 pasa
KHHETHYECKUX TapaMeTPOB, XapaKTEPU3YIOMMX IPoIecC MOJydeHHus (PeppuToB, a
caM TIPOIIECC  YAOBIIETBOPUTEIBHO OMHUCHIBAaeTCS AUGEGY3UOHHON  MOJIETBIO
I'macTnuHra-bponmreinHa.

3. Harpes cmeceii pearentoB Li,CO3-ZnO-Fe,O; u Li,CO3-TiO,-Fe,0s,
IIPEABAPUTEIIBHO MEXAaHOAKTUBHPOBAHHBIX Ipu (=60 B TedyeHue 60 MUHYT,
MMITYJIbCHBIM JIEKTPOHHBIM IYYKOM C 3Heprueit 2.4 MaB, npuBoIuT K yBEIHMUYECHUIO
BbIX0oAa (eppuToBOii (ha3bl cOOTBETCTBEHHO LigsZNgoFe;504 u LigeFes»Tip,04 1o
CPaBHEHUIO C YHUCTO TEPMUYECKUM HArpeBOM CMECH U3 MCXOJHBIX WIIU
MEXaHOAKTUBUPOBAHHBIX PEAreHTOB, a TakKe [0 CPaBHEHHUIO C HArpeBOM B
AJIEKTPOHHOM IIy4YKE MCXOJHBIX PEAreHTOB, HE TMOJBEPraBIIMXCI MEXaHUYECKOU
00paboTke.

4, Pa3paGoTanHasi TexHOJOTMYecKass cxema O0O0ecleurnBaeT TMOJIyYCHHE
TOMOTEHHBIX IO (Pa30BOMY COCTaBYy JIMTHH-3aMEMICHHBIX (DEPPUTOB C BBICOKHMH
3HAYCHUSIMM HAMAarHMY€HHOCTH HACBIIIEHUS NpHu Temieparype HarpeBa 750 °C c
JUTUTENBHOCTBIO U30TEPMUYECKON BBIIEPKKU 60 MUHYT.

JIMYHBIA BKJIAJ aBTOpPa

PesynbraTel, mpuBeACHHBIC B paboTe, MOJYyYCHBI JIMYHO aBTOPOM HIIM TIPH €TO
HEMTOCPEICTBEHHOM YYacCTHU B COTPYJHHUYECTBE C KOJUICKTHBOM IPOOJIEMHOM
HAY4YHO-HUCCIIEOBATEIbCKOM  Jab0paTopu  DJIEKTPOHUKH,  JAUDIEKTPUKOB |
nonynpoBoaaukoB (ITHWJI 5/Iull) HammonanbHoro uccienoBarenbckoro ToMcKoro
MOJINTEXHUYECKOTO YHUBEPCUTETA. ABTOP JUYHO CcHOpMynHpoBai Meld U 3ajaud
paboThl, W3TOTOBISLI  OOpas3libl, IUIAHUPOBAI W  MPOBOAMJI  SKCIIEPUMEHTHI,
o0pabarbIBajl SKCIIEPUMEHTANILHBIE JIAHHBIE, TPOBOUI aHAJIN3 MOJIYYCHHBIX JTaHHBIX
U JIeJ1all BEIBOJIBI.

JIOCTOBEpHOCTh ~ TIOJYYCHHBIX  PE3yabTaroB olecreyuBajgach 3a  CUET
WCITOJIb30BAHUSI TIPOBEPCHHBIX BBIYMCIUTEIBHBIX W HW3MEPUTEIBHBIX METOJUK,
KOMIUIEKCA  COBPEMEHHBIX  TEXHMUYECKHMX  CPEACTB,  BBICTYIUICHUSIMH  Ha
MEXIYHAPOJIHBIX HAyYHBIX KOH(MEPEHIUAX M TMyOJUKAIMeH HAayYHBIX CTaTred B
pElEH3UPYEMBIX KypHaIax.

Anpobanusi pe3yJibTaToB padoThl

OCHOBHBIC PE3YIbTATHI, SKCIICPUMEHTAJIBHBIX UCCACIOBAHUNA TTPEICTABICHHBIX
B paboTe, OBLIIM OMYOJIIMKOBAHBI B POCCUMCKUX U MEXKTyHAPOIHBIX HAYYHBIX BBICOKO-
PEUTUHTOBBIX KypHaIaX, TOJIOKEHBI M OOCYKIEHBI Ha CICAYIOIINX MEXTYHAPOIHBIX
Hay4dHBIX KoH(pepeHnusax: MexmyHapoaHas KOH(MEPEHIUs CTYAEHTOB U MOJIOJBIX



yueHbIX «llepcriekTuBbl pazButus GyHaamMeHTanbHbIX Hayk» (Tomck, 2014-2015); X
HIKOIa-KOH(MEpeHIMsl MOJOJbIX Yy4eHbIX «Panuannonno-repmuyeckue 3hGEKTsl U
npoliecchl B Heoprannueckux marepuanax» (Cesacrononb, 2015); 4as xoHdepeHuus
HEeHTpaJbHOW M BocTouHOM EBpombsl mo Tepmuueckomy ananuzy (Kuiuzes,
Mongosa, 2017); 12ii eBponelicKHil CUMIIO3UYM IO TEPMHUYECKOMY aHaIU3y U
kanopumetpuu (T. bpamos, Pymbraus, 2018); XXIII MexnyHapoaHast kKoH(bepeHIHs
«HoBoe B MaruetusmMe u MarHuTHbIX MaTepuaiax (Mocksa, 2018).

Pabora sBnsieTCs 4YacTbIO HAyYHBIX HCCIEJOBAHUN MPOOIEMHON Hay4yHO-
HCCJIEIOBATEIbCKOM 1a00paTOpHH ANEKTPOHUKH JAUAICKTPUKOB U MOIYIPOBOTHUKOB
TOMCKOrO MOJIMTEXHUYECKOTO yHUBEpcUTeTa. Pe3ynbTaTel IHMcCepTaMOHHOTO
UCCIIeIOBaHUsl Tepefanbl W BHenpeHbl B padory mnpennpusitus OO0 «HBII
«QUTEX», a Ttak e B ydeOHOM rmporecce TOMCKOTO MOJIUTEXHUYECKOTO
YHUBEPCHUTETA.

Iyoaukanun

[To teme nuccepraunoHHOM pabOTHl OMyOIMKOBaHO 29 paboT, U3 HUX 5
nyOnuKanui B KypHajax, pekomeHaoBaHHbIX BAK, 13 nmyOnukanuii B *KypHamax,
BXOASAMIMX B 0a3bl gJaHHBIX Scopus U Web of Science, 10 nmyGnukanuii B cOOpHHKaX
TPYZIOB KOH(GEepeHUH, | CBUIETENHCTBO HA PErUCTPALIMIO TPOrpaMmbl Juist DBM.

CTpyKkTypa u 00beM AuccepTalnu

Juccepranus nsnoxkeHa Ha 170 cTp. MAIIMHOIIUCHOTO TEKCTAa U COCTOUT U3
pa3aenoB: BBEACHUS, aHAIN3a UCTOYHUKOB JINTEPATYPhl, METOJNYECKOMN IIaBbl, ABYX
MPAaKTUYECKUX TIJaB, B KOTOPBIX M3JOXKEHBl  PE3yJbTaTbl OPUTMHAJIBHBIX
uccienoBanuid. Jluccepramusi 3aBepliaeTcsi OCHOBHBIMM BBIBOAAMHM IO padoTe.
Conepxut 94 pucynka, 17 tabnui, 3 npunoxkenus. CHCOK JUTEPATypPbl COCTOUT U3
131 HaumeHOBaHUIA.

Conepxanune padoTbl

Bo BBeneHnMH aHO 0OOCHOBAaHHE aKTyaJlbHOCTH TE€MBbI, OINpeAesieHa 1eNlb U
3a/1a4M  WCCIIEOBAHUs, TPE/ICTABICHbl OCHOBHBIE IIOJIOKEHUSI, BBIHOCHUMBIE Ha
3aIuTy, 000CHOBAaHBI HAyYHAs HOBU3HA U MPAKTUYECKAasi 3HAUUMOCTh PaOOTHI.

B mnepBoii m1aBe mNpeaCTaBiICH aHAJIUTHYECKUHA 0030p O CBOWCTBAX U
CTPYKType (GEeppHUTOB, aKTyaldbHBIX CIIOCO0AX MOJYYEHHUsS] TAaKHMX MarepuajioB, O
KHMHETUYECKUX 3aKOHOMEPHOCTSIX IIpolecca TBEpA0(pa3HOrOo B3aUMOJEUCTBUS B
MOPOIIKOBBIX cMecsX. Takke pacCMOTPEHbl METOAbl (PU3UYECKOTO BO3JIEHUCTBHS HA
mpoIecchl TBepAO(a3HOro B3aUMOJACHCTBUS: METOJ — MEXaHWYECKOW aKTHBAIWU,
OCHOBAaHHBI HA MEXaHWYECKOM 00pabOTKe MOPOLIKOBBIX CMECEd B IIAPOBBIX
MEJbHUIAX MJIAHETAPHOTO TUIIA; METOJl — PAJAUAMOHHO-TEPMUYECKOTO BO3/ICHCTBHUS
Ha TOPOILKOBBIE CHCTEMBI, 3aKIIFOYAIOLIErOCS B HArpPEBE MOPOLIKOBBIX MarepuajoB B
ITy4YKE BBICOKOIHEPTETUUECKUX IIEKTPOHOB.

Bo BTOpoii raBe mpencraBineHa wHpopMaIua 00 0ObEKTaX HCCIECIOBAHUS,
OKCIIEPUMEHTATLHOM U aHaJUTHYECKOM OOOpYJIOBaHMHM, a TaKKe METOIMKaX
uccienoBaHusa. B kadecTBe HCXOAHBIX PEAreHTOB Ui MOATOTOBKH IMOPOIIKOBBIX
cMecel ObLTM McIoyib3oBaHbl: okcua xenesa (Fe,O;) mapku YJIA, kapOoHar nutus
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(L1,CO;), monookcua muHKa (ZnO) u awokcun tutana (Ti0,) mapku XY.
CoOoTHOILIEHUE WCXOAHBIX PEAreHTOB B TMOPOIIKOBBIX CMECSAX PaCCUUTHIBAIUCH
COMJIACHO CJIETYIOIINM YPaBHEHUSIM:

L1,CO3+Fe;05+ZnO—Lig 51 Fe2 5.0 5:Zn,04+CO, T

Li,CO3+Fe;03+TiOr—Lig 5014x0F€25.1.5¢T1x04+CO,1T (Xzn, 1i = 0; 0.2).

Mexannueckass — aktuBanusi (MA)  UCXOOHBIX  TMOPOIIKOBBIX — CMecei

IPOBOAMIIACH HA MIApOBOM MenbHMIlE IIaHeTapHoro tuna AI'O-2C mpu ¢akrope
sHeproHanpspkeHHOCTH 60g (2200 0o6/mMuH). CTakaHBl W IIapbl AHAMETPOM 6 MM
M3rOTOBJIEHBI U3 HEp)KaBeroulell ctaiu. Mcnoib3yeMoe COOTHOIIEHHE MacChl IIApOB
U 3arpyaemoro nopomxka 1:10.

@a30BbIi  COCTaB  IIOPOILIKOBBIX ~ CMECEM  HCCIENOBAICA  METOAOM
pentreHogazoBoro  aHanmuza (PDA) na gudpaxtomerpe ARL  X°TRA.
Nnentudukanus a3 nmpoBoaWIach C MCHOIb30BAHUEM MOPOIIKOBOM 0a3bl TaHHBIX
PDF-4 MexayHapoaHoro 1ieHTpa audpakiuonHbix qaHabix (ICDD).

AHanmu3 MHUKPOCTPYKTYPBI BBITIONHSJICS METOJIOM CKaHUPYIOIIEH AJIEKTPOHHOMN
mukpockonuu (COM) na mukpockone Hitachi TM-3000; cpennuii pazmep 4acTHil
OILICHUBAJICSI METOAOM Ja3epHoil nudpakiuu Ha ananuzarope Shimadzu SALD-7101.

TepmorpaBumerpuueckue (TI)) u  muddepeHnnanbHO-KaIOPUMETPUUYECKHE
(ACK) wusmepeHHsi BBINOTHSIMCh HAa CHHXPOHHOM TEPMHUYECKOM aHAM3aTope
Netzsch STA 449 C Jupiter. HccrnemoBanust TNPOBOAMIMCH Ha BO3AyXe C
MPUMEHEHUEM KOPYHIOBBIX THINEH. [[nsg ompeneneHnss MarHWTHBIX a3 B
UCCIIEYyeMbIX 00pasnax (TepMOMArHUTOMETPUYECKHUN KOHTPOJIb) HA U3MEPHUTEIBHOM
A4elike Mpuoopa 3aKperuisyid MOCTOSHHBbIE MAarHUThI, KOTOPbIE CO37aBajd BOIU3H
o0pa3lloB MarHWTHOE ToJie BeIUYMHOM ~5 3. CKOpPOCTh HarpeBa COCTaBIsUIA
(5+50)°C/mun. JInsg aHamM3a TEpPMHUYECKHMX JAHHBIX HCIOIB30BAJIH IIPOrPAMMHOE
obecrnieuenue Proteus Analysis, s pacueTa KWHETHUECKMX mapameTpoB Netzsch
Thermokinetics. B pabote Obl1M MOTy4YeHbl KOHTPOJIBHBIE 00pa3Ilbl 10 CTAHIAPTHOM
KepaMu4eckoil TexHosoruu (temmneparypa cuateza 1000 °C, Bpemst BbIIEpKKU 12 )
JUISI CpaBHUTEJIBHOTO aHaliM3a C HccieayeMbiMu obpasiamu. Ha pucynke 1
MPENICTABICHBI PE3yJIbTaThl TEPMUYECKOTO aHaJIM3a JUIsl KOHTPOJIbHBIX 00pasioB. B
OTCYTCTBME MarHMUTHOTO TIOJIsl BECOBBIX M3MeHeHMI Ha TI' kpuBoi He HAOIIOIATIOCH,
COOTBETCTBEHHO TaK € OTCyTcTBOBajd nmukKk Ha kpusou TI. Ilpm usmepeHun B
MarHuTHOM Tosie Ha KpuBoM TI' MpOMCXOAMT CKavyoK Beca, OOYCIOBICHHBIM
nepexoaoM (pepputa U3 MarHUTHOTO B NapaMarHUTHOE COCTOSIHUE U MPEeKpalleHHeM
€ro B3aMMOJICHCTBHUS C BHEIIHMM MAarHUTHBIM TojieM (MarHuTo(a30BBIH IEpexon).
3HaueHus Temneparypbl Kiopu s KOHTPOJBHBIX OOpa3LOB, MOJYYEHHBIE TIO
MOJIOKEHUIO TMHKa JepUBAaTUBHOW TepMorpaBumerpuueckor kpuoit (UATT),
cornacyrorcs ¢ qureparypubiMu 1anHbIMUA. Kpome toro JICK kpuBas mijist TuTHEBOTO
(deppuTa MOKa3bIBAECT IHAOTEPMUUECCKUN MUK, CBA3aHHBIA ¢ o.—>[3 mepexoaoM B ¢aze
LiFesOg mpu temmneparype ~760 °C.
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Pucynok 1 — I'paduku 3aBucumocteit TI/ATI/JICK myist KOHTpONBHBIX 00pa3ioB

PaccMoTpeHbl BONpPOCHI OpraHU3alli W MPOBEACHHS HAKCIEPUMEHTOB IO
MOJIyYeHHUIO (PEPPUTOB IMYTEM HArpeBa MYYKOM AJIEKTPOHOB Ha yckoputene MIIY-6
HAD CO PAH (r. HoBocubupck). DHeprusi 3JeKTpoHOB cocTaBisuia 2.4 M»aB, Tok
Iy4ka B umiyibce 320 MA, JacTtoTa cie0BaHus UMITYJIbCOB U3MEHSIIACh B MPEeIax
13-19 T'u. Jnsa usmepenus temmepaTypbl oOpaslia UCIONb30Bajiach TepMmomnapa S-
Tuna (MIATUHOPOAMA — IUIaTHMHA) C 3a3€MJICHHBIM craeM. Takas KOHCTPYKIIUS
TEPMOIIApbl IO3BOJSUIA CHU3WTHh HABOAKH OT 3JIEKTPOMArHUTHOIO W3JIyYEHHS,
COMYTCTBYIOLIETO B3aMMOJEHCTBHUIO MOTOKA 3JIEKTPOHOB C BEILIECTBOM.

TpeTbsi r1aBa NOCBsIIEHAa YCTAaHOBJICHUIO 3aKOHOMEPHOCTEH (hOpMHUpPOBaHUs
CTPYKTYPHBIX U PEAKIIMOHHBIX CBOMCTB MCXOMHBIX MOpomkoB coctaBa Li,COs-Fe,0;,
Li,CO;-ZnO-Fe,O; m Li,COs-TiO,-Fe,O; mpu ux MexaHW4YecKord o0paboTke B
MJIaHETAPHOW MENBbHUIE U pa3pabOTKE ONTUMAJBHBIX PEKMMOB M YCIOBHUM JaHHOU
00pabOTKH J1J1s1 peann3aluy MPoLEeCCOB NOTYyYEHUs TMTUEBBIX (peppuToB. Bpemsa MA
BapbupoBasIOch OT 0 10 120 MUHYT.

Ha pucyHke 2 npencTaBiieHbl pEHTTEHOBCKUE TU(PPAKTOrpaMMBbI AJI1 HCXOAHBIX
(puc. 2a) 1 MEXaHOAKTUBUPOBAHHBIX B TeueHHe 5 (puc. 20) u 60 munHyT (puc. 2B)
CMECEeU UCXOHBIX PEAreHTOB.
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Pucynok 2 — Jludpakrorpammsl cmecu 10 (a) u mocnue (6, B) MA B Teuenue 5 (6) u 60 (B) MuH.
Peduekcsl kommoHeHToB: (*) — Fey0s; (1) - LioCOs; (#) — wmmnens; () — ZnO; (+) —TiO, (pyTn)
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B tabnuue 1 npuBeneHsl noisydeHHbIE ¢ ToMoulbl0 PMA nmaHHBIX mapamerp
pemeTku, pazmep odmactu korepeHTHoro paccesans (OKP), u BenuurHa BHYTPEHHHX
yapyrux MukpoHanpsikeHuit (Ad/d)-nias UCXOMHBIX M MEXaHOAKTUBUPOBAaHHBIX B
teueHue 60 MuHyT 00Opa3IoB.

Cocras Bpemss MA, | da3a IlapameTpsl
MMH Tapamerps! peutetki, A | okp, am | Ad/d-10°

Li,CO;-Fe,0; Li;,CO5 a=5.036;b=13.75 78 0.6
0 Fe,O; | a=8.368; b=4.979; c=6.198 86 0.3
v-Fe; 03 a=b=c=8.352 17 1.5
60 Fe,03 a=5.038;b=13.765 17 2.4
v-Fe,03 a=b=c=8.346 15 2.8
Li,CO;-Fe,0;- Fe,0; a=b=5.036; c=13.756 72 0.8
ZnO 0 ZnO a=b=3.251; ¢=5.207 79 0.2
v-Fe,03 a=b=c=8.352 17 1.5

Fe,05 a=5.051; b=13.783 20 3
60 Zn0O a= b=3.350; ¢=5.307 9 6.8
Fe;04 a= b= c=8.388 22 2.3
Li,CO;-Fe,0;- Fe 03 a=b=5.035; c=13.753 84 0.9
TiO, 0 TiO, a=b=4.594; c=2.959 74 0.4
v-Fe,0; a=b=c=8.351 11 1.5
Fe,03 a=5.036; b=13.757 21 3.6
60 Zn0O a=b=4.593; ¢=3.009 22 2.4

Fe;0q4 a= b= c=8.322 28 4

Ta6J'II/II_Ia 1- I[aHHBIe peHTl"eHO(I)aISOBOl"O daHaJIn3a IMOPOHIKOBBIX cMmecei pCarcHToB

[TokazaHo, 4TO ISl MEXaHOAKTUBUPOBAHHBIX CMECEl HaOIIOMACTCsl YIIUPEHUE
MHTEHCUBHOCTEM TMHMKOB BCJIEACTBUE YMEHBIIECHUS Pa3MEpOB KPUCTALUIUTOB H
VBEJIMYCHHUS  BEJIMYMHBI MHUKpoaepopMmanuii B  pe3yjbTareé MEXaHWYECKOTO
u3MmenpueHud. OTcyTcTBue Ha audpakrorpaMMax IMHUKOB KapOoHaTa JWTHS IS
MEXaHOAKTUBUPOBAaHHON B TeueHHE 60 MUHYT CMECH CBSI3aHO, BO3MOXHO, C €ro
MEePEXOJIOM B YIBTPAAUCIEPCHOE COCTOSHUE M K MPEUMYIIECTBEHHON amopdHOoCTH
¢dassr Li,CO;. Tak xxe metogom bpynayspa-Ommera-Temnepa (bOT) 6puto mokazano
YBETHUCHHE BEIMYHHBI YICIBHOM MOBepXHOCTH ¢ 8.33 MY/r no 24.83 M’/r mpm
yBeJInueHreM BpeMeHu MA, 4To 00yClIOBIEHO yBeJIWYEeHUEM Ae(DEKTHOCTH YaCTHI] U
YMEHBIIICHUEM UX pa3mepa.

YcraHoBiI€eHO, 4TO B mpouecce MA HMCXOIHOW CMECH PEareéHTOB B TEYEHHE S
MHUHYT OCHOBHOM (pa30BBIM COCTAB OCTA€TCS HEU3MEHHBIM, KaK I YHCTOTO
autueBoro ¢eppura, Tak u ana Li-Zn u Li-Ti ¢peppuroB. OgHako npu yBeITU4eHUH
Bpemenn MA no 60 mMunyt, conepxkanue o-Fe,Os; yMeHbIIaeTCsl NpU HEU3MEHHOM
conepxkannu ZnO unn TiO, ansa nutuit-3aMmenieHHbIX GeppuToB. Tak ke oOHAPYKEHO
oOpa3oBaHWE 3HAYUTEIHHOTO KOJIMYECTBA IIMUHENBHOW (ha3bl, KOHIICHTPAIIHS
koTopoit cocrarisieT 19.3 % u 2.1 % s Li,CO3-Fe,03-ZnO u Li,CO;-Fe,05-TiO,
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CUCTEM, COOTBETCTBEHHO. [laHHas (daza mpeAnonoxkuTenbHO NpuHAMIEKUT Fe;0,,
oOpa3zoBaHue KOTOPOM MPOUCXOAUT BO BpeMs MexaHOakTUBauu o-Fe,0;.

MuUKpoCTpyKTYpHBI aHaln3 (EppUTOBBIX TMOPOLIKOB JO M TOCIE UX
MEXAHUYECKOM aKTUBAaLMK MOKAa3aJl, 4TO 00paslbl, XapaKTEPU3YIOIINECS OCHOBHBIM
coZiepaHUEM IO Macce OKcuja kene3a (6onee 85 Bec.% A Bcex COCTaBOB),
coZiepXaT KakK OTJEJIbHbIE YaCTHUIbl, TAK U HUX aroMepaThl MPOU3BOJIBHOU (POPMBI

(pucyHOK 2).
Li,CO,-Fe,0,-Zn0

Pucynok 3 — Mukpodotorpadun yactuil mopomkoB a0 u nocie MA B Teuenue 60 MUHYT

Ha wn3o0OpakeHHsIX 171 MCXONHBIX CMecel HaOII0NaroTCsl KpYMHbIE YaCTULIbI
L1,CO;, HECMOTps Ha UX OTHOCUTEIBLHO Majioe cojiepkanue B oomieit cmecu. Ilocne
npoBeneHus MA dvacTuilbl KapOOHAaTa JTUTUS HE HAONIONAIOTCS, YTO YKa3bIBaeT Ha
OYEHb MAaJIyI0 JTUCHEPCHOCTh JAaHHBIX YacTUI. Tak e MOXHO YBUACTH Ooisee
IUIOTHYIO CTPYKTYpy arioMeparoB s MA cMecH 1O CpaBHEHHIO C HMCXOAHOU
CMECHIO.

Ha pucyHke 3 npecraBieHbl pe3yJIbTaThl aHAIN3a IUCIIEPCHOCTH OPOIIKOBOMI
cmecu Li,CO3-Fe,0;3-ZnO metonom nazepHoit mudpakiuu. McxogHas mopomkoBas
CMeCh HMMeeT OMMOJAJIbHOE pacIpeleleHUe YacTUI[ [0 pa3MepaM C MIUPOKUM
pPa3MbIThIM TUKOM B Auana3oHe 0.1-5 MkM u 6ojee oCTphIM MUKOM B Juana3zoHe 5-50
MKM. J[JI1 MEeXaHOAKTUBHUPOBAHHBIX CMECEl peareHTOB HaOMIOAAEeTCsl yBEJIMYECHHE
KpYIMHOAUCHEPCHBIX YacTull B quana3zoHe 50-100 MM, 4TO CBSI3aHO ¢ 00pa30BaHUEM
arroMeparoB B pe3yJibTaTe MeXaHU4YecKoi akTuBanuu. [lonydeHHble 3aKOHOMEPHOCTH
MO3BOJISIIOT  cliefarh BBIBOJ 00 YMEHBIIEHUH pPa3MEpoB YacTHl] (HEeppUTOBBIX
MOPOIIKOB B TMPOIECCE MEXaHUYECKOT0 M3MENBUEHUsI U OJHOBPEMEHHOW UX
arioMepanuu.
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Pucynok 4 — PacnipenesieHus: 4acTuIl IO pa3Mepam Jyisl TOPOIIKOBBIX CMECEH 10 ¥ TTOCIe
MEXaHUYECKOM aKTUBAIlUU

B pabGore Ha mpumepe MaHHBIX MO CHUHXPOHHOMY TEPMHUYECKOMY aHaJIU3y
MOKa3aHO BIMAHHME BpemMeHu MA Ha mpoiiecc TBepAO(]A30BBIX B3aUMOACUCTBUI B
uccienyembix cucrtemax. Ha pucynke 5 mpuBenensl kpuBble TI/ATI/ACK nns
MCXOIHOM (PUCYHOK 5, oOpazen; A) U MEXaHOAKTUBHUPOBAHHON B TEUCHUE 5 MUHYT
(pucynok 5, obpasenr b) u 60 munyT (prucyHok 5, oopazen B) cmecu Li,CO3-Fe,0s3-
ZnO. TT kpuBbIe MOKA3BIBAIOT YMECHBIIICHHE Beca BO BCeX oOpasiax. DTUM BECOBBIM
M3MEHEHUSIM COOTBETCTBYIOT dHIoTepmudeckue Nk Ha Kpubbix JICK, kotopsie
xopoiio koppenupyror ¢ 3aBucumoctsmu JTI. Jlns oOpasuoB A motepsi Beca
HaunHaeTcs ¢ remneparypsl ~500 °C. Bua KpuBBIX yKa3bIBa€T Ha JBYXCTYIIEHYATHIN
MpOIIECC TPOTEKAaHUS PEAKIMU: TEPBbIM CBS3aH C B3aMMOCHCTBHEM KapOoHara
JIUTHUSL U OKCHJIA JKeJle3a, BTOPOH ¢ pasliokeHHeM KapOoHaTa JUTHS MPU TeMIIepaType
~720 °C ¢ pacuetnbM BoigienaeHueM CO,. [lns o6pasnoB b u B nponecc notepu Beca
HAauUMHAETCSl NpPU 3HAYUTEIBHO Ooynee HHU3KOM Temmneparype. Cyas MO BEITUYHHE
momaau nuka JJCK s o6pasuno B, HamMHOTrO MeHbIe yeM aiis 00pas3ioB A u b,
OCHOBHasi 4acTh peakiuu (a3zooOpa3oBanus (Qeppura MpoTEKaeT K Hadaly
sHgorepmbl. [lo nmanHbiM  macc-criektpomerpun  (MC)  ycTaHOBIEHO, 4YTO
HaOonaeMoe 0osblliee U3MEHEHUE Beca B TAKUX 00pasiiax MpH UX HArpeBe CBA3AHO
C BBIXOZOM ajacopOupoBanHbix obOpasioMm CO, m H,O Bo Bpemsi MexaHWYECKOM
aKTUBAIUU.
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Pucynok 5 — TI'/ATT/ACK u kpuBbie MC ns cmecu pearentoB Fe,03-Li,CO3-ZnO

[TonoOHBIN pe3yabTarT ObUT MOMYYEH W JUISL JPYTUX HCCIEAYEMBIX B paldoTe
coctaBoB. Takum o0Opazom, MA cmecu peareHTOB B IUIAaHETapHOW MENbHULIE
NPUBOAUT K YBEIMYEHUIO HMX PEAKIMOHHOW AKTUBHOCTH, YTO TMPOSBIAECTCS B
CHIDKEHUM TEeMIIepaTypbl TBEPIO0(a3HOTO B3aMMOJCUCTBUS MEXKIY IMOPOIIKOBHIMU
pearentamu Ha 150-200 °C.
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Ha pucynke 6 nmpencraBlieH  TEPMOMAarHUTOMETPUYECKUN  aHAJIN3,
BBITIOJTHEHHBIN Ha 3Tare OXJIAKIEHUs 00pa3IoB B MEYM TEPMHUUYECKOTO aHaJIu3aTopa
cpazy mocie HarpeBa (cMm. pucyHok 5). JATI kpuBas i HCXOIHOHW CMecH
MOKAa3bIBAET PA3MBITBIN CIOXKHBIN MUK, U3 KOTOPOTO BUAHO 00Opa30BaHKUE HECKOJIBKUX
MarHuTHBIX (a3, Brmouas ¢aszy smrueBoro ¢eppura (T.=630 °C) u nuTHH-
3aMeleHHble ga3pl ¢ Oonee Hu3kuMH Temmneparypamu Kropu. Ha TI' kpuBbIx Bcex
OCTaJIbHBIX 00pPa3I0B HAOIIOAAIOTCS BECOBBIE CKAUKHU B 00y1acTu Temiepartypsl Kropu
JTUTUR-TIMHKOBOTO (epputa ¢ xumudecko (opmymoit Lig4Fe;47Zng,04. Tlpuuem,
BoicoTa muka J[TI' yBenuumBaeTcs ¢ yBEIWYEHUEM BPEMEHH MPEIBAPUTEIBLHOU
MEXaHWYEeCKOW aKTUBAIMM O0pa3loB, YTO TOBOPUT O OosblieM 0Opa3oBaHUU
KOHEYHOU (pa3bl IUTUN-IIMHKOBOTO (pepprTa B 3TUX 00pa3liax BO BpeMs UX HarpeBa.

" 0 MuH -
T /% JUTT A%/MuB)  TT /% 5 MUH JUTT A%/ Mun) T /% 15 MUH JUIT /(%/Mun)

102 o | _ -
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Pucynok 6 — TepMmoMaruuToMeTpu4eckuii aHain3 oopas31oB Ha OCHOBE (peppuToBoil cmecu Fe,Os-
L1,CO3-ZnO, npenBapuTebHO aKTUBUPOBAHHOW MTPH Pa3IMuYHOM BpEMEHU

Takum o00pa3om, ycTaHOBIEHO, 4T0 MA cMecH 3HAYUTEIbHO MOBBILIAET
CKOPOCTh 00pa30BaHUsl JIUTUH-3aMEIIEHHOTO LHUHKOM (eppuTa. AHaIOTUYHBIN
pe3yabpTar OblI MOJIYYEH U JUIsl IPYTUX UCCIEAYyEMbIX B padoTe (eppUTOB.

W3mepenus HaChITHOM IUIOTHOCTH NOPOUIKOB, IPEACTABICHHBIE HA PUCYHKE 7,
I0OKa3ajJy, 4TO NPH YBEIWYEHHH BPEMEHM MEXAHUYECKOM AaKTHUBALMU IUIOTHOCTH
nopomika yeennuubaercsa. OgHako, npu BpeMeHu MA cBbiie 60 MUHYT HachbIHAs
IJIOTHOCTH MPAKTUYECKU HE U3MEHSIETCA. TepMUUeCKnd aHaIn3 MOPOIIKOBOW CMECH,
CBOOOJTHO 3aCHITAHHOW B THUTeIb, M CMeCH, KommakTupoBaHHou mpu 200 MIla,
[I0Ka3ajJl CXOKeE IIOBEICHUE pEaklus B3aUMOACHCTBHUS MEXIy pEarcHTamu.
TepmomMarHuToMeTpHUECKUI aHAIM3 TakuX OOpa3loB MOATBEPIMI OTCYTCTBHE

s dexTa KOMIIAKTHPOBAHUS Ha CKOPOCTh MOJIyYEHUS beppuToB.
4 -
T /% JTT A%/ mun)
[1.2] [1.2]
@ 3] 100 634°C ] 635°C ¢
] 99 J‘l| 6
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94| T B 2
1 \ ’ ’ . 93— R -4
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Bas, MPE Pucynok 8 — Kpussie TI/ATT ans mopomka

PI/ICYHOK 7 —3aBHCUMOCTb HACBHIITHOM IIOTHOCTH (CHJ’IOH_IHSJI J'II/IHI/IH) u [pecc-IIOPOIIKa
CMECH OT BPEMEHH MEXaHUYECKOM aKTHBaILIUU (HYHKTI/IpHaﬂ JIUHUSA
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B Hactosmiell IaBe MyTeM KHHETHYCCKOTO aHalM3a CHHTE3a JINTHUCBBIX U
JWTHAN-3aMCIICHHBIX ~ (PEPPUTOB  PACCMATPUBAIOTCS  KUHETHYCCKUE  MOJICIH,
OIMCHIBAIONIME KUHETHKY IpOIecca CHUHTE3a HCCIeAyeMbIX (GeppuToB. i 3TOro
OBUIM TPOBEJCHBI TEPMOTPABUMETPHUUCCKHUE U3MEPEHHS ¢ HECKOJILKUMHU CKOPOCTSIMHU
Harpesa 2.5; 5; 10 u 20°C/mun (pucyHOK 9).

OCHOBOI KHHETHYECKOTO aHaN3a SIBJISETCS CIEAyIolIee YpaBHCHHE:

de/dt =A - exp (——) f(e a), (1)
rae t — Bpems, I — temneparypa, £, — 3Heprus aktuBauuu, €=(1-o) — KOHIEHTpaLus
HCXOAHOTO BELIECTBA, 0L — CTEIEHb IPEBPAILCHUS.

Ha mepBoM »Tamne nmpoBoauiIach MOZENb-HE3aBUCHMAsl OLIEHKA KMHETHYECKUX
napaMmeTpoB MeronoM dpuamana. Mcxonsd U3 noilyd4eHHBIX JaHHBIX, CACIaH BBIBOJ O
IBYX-CTaJMITHOM MOBEJICHUN peakiuuu cuHre3a. [lapamerpel AppeHnyca, HallJICHHbIE
3 aHamu3za PpuamaHa, B JAIBHEWIIEM HCIHOJIB30BAINCH B KAa4eCTBE BXOIHBIX
3HAQYEHUM Ui TpoueAypbl MoaenupoBaHuss TI' KpPUBBIX € IOMOIIBIO MOZECIH
HEJIMHEWHOH perpeccun. MaTemMaTuieckyro 00paboTKy IpOU3BOAMIN IO HECKOJIBKUM
KMHETUYECKUM MozeisM: Moaenb SHaepa, ABpaama-EpodeeBa, Iuncmiuzra-
bponmrerina u ap. Hawnmywmee mopenupoBaHHWE sl MCXOIHOW CMECH IOKa3av
pe3yapTarbl MpPU HUCHOJB30BAHMM Ha TEpBOM 3Tane AudPy3MOHHON MOJENIH IO
Sunepy, Ha BropoM 1o mozenu I mactimHara-bponmrerina. OgHako, peakys CHHTE3a
JUTUEBBIX (DEPPUTOB U3 MEXAHWYECKH AKTUBUPOBAHHBIX PEAr€HTOB MPEICTABISET
co00l JBYXCTYIIEHYAThIN MPOIECC, XOPOLIO OMUCHIBAEMbIN U (HY3MOHHON MOJEIBIO

I'macTnuHra-bpoHITeiiHa Ha BCEX CTaausIX.
Macca, % Macca, %
99
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97
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97

5= 19.9°C/MuH =85 19.9°C/MuH

222 10.0°C/MuH 96 3 === 10.0°C/MuH
96 3 ..o 5.0°C/mm N “oo 5.0°C/maH
95 §|=+= 25°C/mmi| A 1B 2»C Senby, 95 § vvr 25°C/HMmu| A1 »B-2»C = .
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400 500 600 700 150 250 350 450

TemnepaTtypa, °C Temnepartypa, °C
PucyHok 9 — Pe3ynbrarsl MOAETUPOBAHUS JIJIs1 HCXOHOM cMecH (a) U JUIsi MEXaHOAKTUBUPOBHHOMN
cMmecu (0) cocraBa Fe;03-Li,CO3-ZnO. CUMBOIIBI — SKCTIEPUMEHTAIBHBIC TOUKU, TUHUU —
pacueTHbIe KpUBBIE

Ta6J11/1ua 2— I[aHHLIC M0 KUHCTUYCCKOMY aHAJIN3Y JJISI BCEX COCTABOB

Ne | Kunernueckuii OnrumanabHOE 3HAaYCHUE NTapaMeTpa
napameTp F6203-Li2C03 F6203-Li2CO3-ZnO LizCO3-TiOz-FCzO3

HCX MA HCX MA HCX MA

0 lg(Al/c']) 11.8 1.4 14.27 3.5 12.5 2.11

1 Ei, xJ[>x/mMomb 251.3 65.6 291.98 70.3 258.1 61.44

2 lg(Az/c']) 16.45 17.5 18.1 5.1 17.5 13.7

3 E,, xJI>x/mMoib 364.1 297.23 397.34 117.5 380.2 247.7

4 a 0.75 0.15 0.48 0.4 0.3 0.2
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Pe3ynerarel aHanu3a HeMMHEHOM perpeccuu s Li-Zn geppura mpuBeaeHb
Ha pucynke 9. IlomoOHbie KpuBbIE OBLUIM TMOJYYEHBI [JII BCEX COCTABOB,
MOJIEJTUPOBAHUE KOTOPBIX MO3BOJIMIIO MONTYYUTh KHHETHUECKUE TTapaMeTphl Mpolecca
cuHTe3a GeppuToB (Tabnuia 2). BuaHO, 4TO MPOUCXOIUT 3HAYUTEIHHOE YMEHBIIICHHE
SHEPTUU aKTUBAIMU mporiecca cuaTe3a ¢ (250-290) k/x/moms 10 (60-70) kJ[k/Momb
(B 3aBUCHMOCTH OT COCTaBa (peppUTOB) Ha mepBoM 3Tare u ¢ (364-397) kJ>/Monb 10
(117-297) xJlx/mMonp Ha  BTOPOM  DdTame B Cllydae  HCIIOJIh30BaHUS
MEXaHOAKTHBUPOBAHHBIX MOPOIIKOBBIX CMECEH.

B  yerBepTOoii IaBe  MPEACTAaBICHBl  PE3YAbTaThl  HMCCIECAOBAHUS
dazoobpazoBanus u cBorcTB Li-Zn u Li-Ti ¢geppuToB, MONy4eHHBIX B YCIOBHSX
KOMILJIEKCHBIX BBICOKOAHEPT€TUYECKHUX BO3/ICHCTBUI, BKJIFOYAIOIIIUX
npenBapuTenbHyro MA cmeceld peareHTOB M IOCIEAYIOIIMN HarpeB B IIy4dKe
anektpoHoB (PT cunre3). [ns omnpeaeneHuss paavaluMoOHHBIX 3PQPEKTOB ObUIH
IPOBEJCHBl HCCIEN0BaHUS 00pa3oBaHUs (EeppUTOB MPH OOBIYHON TEpPMHUUYECKOU
oOpaborke (T cuHTE3) U3 MpeaBapUTEIBbHO MEXAHWYECKU aKTHBHUPOBAHHBIX
PEaKIMOHHBIX CMECEN.

Ha mnpumepe npannpix no P®A ycranosiaeno (puc. 10 a), uro mocie
TepMUuecKoro ooxkura B JabopatopHoit meuu mpu 600 °C, mis Bcex 00pasiioB
HaOJIIOJAeTCsl MPUCYTCTBHE 3HAYUTENILHOIO KOJUYECTBA HEMPOPEarupOBaBILETO
okcupa kenesa. Ilpm wm3orepmuueckor BblepkKE ( MHUHYT HHTEHCUBHOCTH
HIIUHEIBHOU (Pa3bl MOYTH CPABHUMBI C MTHTEHCUBHOCTSIMU OKCUIAHOM (pa3bl.
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Pucynox 10 — Iudpaxrorpammer cmecu Li,CO3-ZnO-Fe, O3 mocie n30TepMHIecKoro 00Kura mpu
600 °C (a) u 750 °C (6). MapkupoBanHusie peduiekchl: (*) — Fe,O3
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[Ipu Oonee NIUTENIHHOM BpeMEHU OOpabOTKM WHTEHCHUBHOCTH IIMHUHEIBHOM
¢da3sl Bo3zpacTaeT B 3-4 paza. [Ipu HarpeBe B Myyke YCKOPEHHBIX DJIEKTPOHOB YKe
py HEOOJBIIIOM BpEMEHU 00KHUra MHTEHCUBHOCTH HIMUHEIBHOU (ha3bl BO MHOTO pa3
MPEBBINIAET UHTEHCUBHOCTU OKCUAHON (pa3bl.

[Tocne oGxkura mpu 750 °C (puc. 10 0) HaOmromaeTcs TakoW e XapakTep
M3MEHCHUHN Ha TudpakTorpaMMax, HO CKOPOCTh JAHHBIX M3MEHEHUN TOpa3o BHIIIIE.
B yactHoctu, mpu PT oGxure Ha nudpaktorpaMmax yxe MOTHOCTBIO OTCYTCTBYIOT
OTpaXeHUsI OT OKCHUAHBIX (pa3. [Ipm 3TOM HMHTEHCHMBHOCTH NINMUHENBHBIX (a3
3HAYUTENBHO BhINIE, 4eM npu T oOxkwure. CrieioBaTenbHO, YKE 0OBIYHOE CpaBHCHHE
nudpakTorpaMM IMOKa3bIBaeT 00jiee BHICOKYIO CTETEHBb (DeppuTOOOpa30BaHUS TMOCHE
00XHUTa B MyYKE YCKOPEHHBIX 3JEKTPOHOB. CXOXKMI pe3ynsrar ObUl MOJYyYeH W IS
Li-Ti dpeppura.

Ha pucynke 11 mnpencrtaBieHbl KHHETHYECKUE 3aBUCHMOCTU CTEIIEHU
MpEBpAILEHUs o UICXOHOTO okcuaa Fe,O3; B MOPOIIKOBBIX CMECSX.

[Li,00,Z00-Fe0) IToka3aHo, YTO OCHOBHOM Pacxo/l
' pEareHTOB MPOUCXOAUT HA HAYAIbHOU
(tosx=10 MuUHYT) cTaguu oOXura, B TOM
YyuCcae Ha CTaAuu HEU30TEPMHUUYECKOIO
pasorpeBa. MIMeHHO Ha 3TOM cTaguu
CUJIbHEE  BCero  OOHapyXUBaeTCs
BIIUSIHME OOXKUTa B MYYKE YCKOPEHHBIX
AIIEKTPOHOB Ha CKOPOCTh
dazooOpazoBaHus KOHEYHOTO
npoaykra. Opnako, npu 750 °C
CKOpPOCTb pacxola pEareHToB IpHU
toei>10 MUHYT CTAHOBUTCSI CPABHUMOHM,

Fe,0, T=750C

D S

Fe, O, T=600°C
27 MA+PT
I S —

MA+T

MA+PT
.

MA+T
08 0.9
0,8

0,6
5 s 07

04 0.6

02 0.5

0.4

0,04

30 40 50 60

t, MHHYT

30 40 50 60 0 10 20

. MEHYT

20

Li,C05-Fe,05- TiO,
Fe,0, T=600 -C

MA_PT Fe,0, T=750°C

06 MA T

10
08
061 [

g

041
.

02

30 40

1, MHHYT

0 10 20

50 60

0,0
0

10 20 30 40 50 60

t, MHHYT

Pucynok 11 — 3aBucumocts creneHu

HO Kak Oy/eT Moka3aHo HUXKE CKOPOCTh
o0pa3zoBaHus KOHEYHOH (ha3bl IPU ITOM
HE OJIMHAKOBA.

npu pazHoi temneparype cuntesa 600 u 750 °C u Bpemenu cunre3a 60 MUHYT.
Lig 4Fep 4Zng 204 T=750°C
4-

npespatieHus Fe,O3 npu pa3nuuHbIx

pexumMax

Ha pucynke 12 npencrasnenst 3apucumoct AT nist 06pasios, MoIy4eHHBIX
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[Tokazano, yto mocine PT oGxkura (6e3 mpenaputenbHoi MA) 00pa3iibi
XapaKTepU3yIOTCA HAJIUYMEeM OJMHOYHOTO MukKa rnpu temmneparype ~ 630 °C (puc. 12
KpUBbIE 3), YTO CBUJETEIBCTBYET O 3HAYUTEIILHOM OOpPa30BaHUM IMPOMEKYTOUHOM
¢a3bl muTHeBoro gpeppura LiFesOs.

[Ipumenenue mnpouenypsl MA cMecell MCXOIHBIX PEareHTOB 3HAYUTEIBHO
YCKOPSIET MONyYeHUE JINTUN-ITTHKOBOTO U JIUTUH-TUTAHOBIO (heppuTOB, KaK B T, Tak
u B PT pexume, uro HamsinHo aemMoHctpupytoT JATIT kpuBble aiid Takux o0pas3Los,
MOJIOKEHHE MHKA KOTOPBIX OJM3Ko K Temneparypam Kiopu nanneix ¢hepputos (puc.12
u puc.l). Ognako Ooniee HHM3Kas HHTEHCUBHOCTh M PAa3MBITOCTh JAHHOTO IIHKAa,
MOJyYEHHOTO I TEPMUYECKH CHHTE3MPOBAHHBIX  OOpas3loB, TOBOPUT O
HErOMOTE€HHOCTH (Da30BOro cocrama, T.€. O MPUCYTCTBUM HaOOpa MPOMEKYTOUHBIX
(da3 MUTUH-UUHKOBOTO Ligs(xZnsFe; 50504 mnm muruii-tutanoBoro Lip sFes s.
15x 110,04 deppura ¢ paznuuHbiMu TemiepaTypamu Kropu.

HNurencuBnocts JTIT muka o0pasiioB, cuHTe3upoBaHHBIX Ipu PT Harpese
(o6paszubt MA PT) yBenuuuBaercs B 4 paza npu temieparype 600 °C u B 2 pasa npu
750 °C nns Li-Zn deppurta u B 5 pa3 jis Li-Ti deppura npu remneparype 750 °C.
Takum oOpa3zom, cpaBHuBasi wuHTeHCUBHOCTH JITI' mnHKOB MOXHO BBISIBUTH
cuHepreTuyeckuii 3pdekr mnomydeHuss koHedHou ¢(asel Li-Zn ¢epputa m Li-Ti
(deppuTa B YCIOBUAX COBMECTHOIO HCIIOJIb30BAHUS MEXAHUYECKOW aKTHBALMU U
HarpeBa B Iy4ke 3EeKTpoHOB. C yBennueHueMm temmeparypel odxura ao 750 °C,
JaHHBIM UK HMEET y3KOE paclpelereHHe, YTO TOBOPUT O MOJMyYeHHH (eppura
ofHO(a3Horo coctaBa. Takum o0pa3zoM, MOXKHO CIENATh BBIBOJ O Hamuuue >pdexra
uHTeHcu(pukanuu oOpa3zoBanusa Li-Zn u Li-Ti deppuToB B yCI0BUSAX KOMILJIEKCHOTO
BBICOKOHEPI€TUYECKOTO BO3/IEUCTBUS.

Ha pucynke 13 npencraBiieHbl 3aBUCHMOCTH YIEJIbHOM HAMArHWYEHHOCTH Gy
Li-Zn un Li-Ti ¢epputroB OT BpeMEHHM CHHTE3a. YCTAHOBJIEHO, 4YTO 0OOpa3libl,
CUHTE3UpOBaHHbIE NMpU T 0OXKHUre U3 MCXOJHBIX CMECEH, XapaKTepU3yITCS HU3KOU
HAaMarHM4eHHOCTbIO, KOTOpas pacTeT Kak C YBEJIMYEHUEM TEMIIEparypbl, Tak H
BpeMeHu cuHTe3a. PT HarpeB Takux oOpa3lioB CYIIECTBEHHO YBEJIMYMBAET
HaMarHM4eHHOCTh CUCTEMBbI BCJEJICTBHE, KaK ObUIO MOKa3aHO BbILIE, 0O0pa30BaHUS
YUCTOTO JIMTUEBOTO (heppuTa.
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Pucynok 13 — Kunernueckue 3aBUCUMOCTH Y/IeTbHON HAMarHUYEHHOCTH (ePPUTOB

TepMuyeckuii CHHTE3 U3 MEXaHUYECKU aKTUBUPOBAHHBIX PEATCHTOB MPUBOIUT
K e1le OOJBIIIeMY YBETUUYCHHUIO 3HAYCHUH Gy (DeppUTOBON CMecH 3a cueT 00pa3oBaHUS
JTUTUNA-3aMEeIeHHBIX (a3 ¢ OoJbIlIe HaMarHMYEHHOCTBHIO MO CpaBHEHUIO C (pazoi
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LiFesOg. HamaramyeHHOCTh 00pa3lioB, CHUHTE3UPOBAHHBIX MPU KOMILJIEKCHOM
BBICOKODHEPTETUYECKOM BO3ACHCTBHH, BKIIFOUaronieM MA ncXOaHbIX peareHToB U PT
00U, CYIIIECTBEHHO MPEBBINIAET HAMATHUYEHHOCTh OCTAIBHBIX 00Pa31IoB.

[lo pesynpraram  TpPOBENEHHBIX  HCCleNOBaHUN  Obula  pa3paboTaHa
TEXHOJIOTHYECKAsi CXeMa IMOJTYUYEHHUSI JIUTUEBBIX (DEPPUTOB B YCIOBUSIX KOMILIEKCHBIX
BBICOKODHEPTETUYECKUX  BO3JCKUCTBUM, BKIOHaOUX MA CMECH HMCXOOHBIX
pEareHTOB U MOCIEAYIOUA HarpeB B UMITYJIbCHOM ITyYKE BBICOKOIHEPIeTHUYECKUX
AJIEKTPOHOB. J[aHHAasi cxema npuBeieHa Ha pucyHke 14. B tabnuie 3 npencraBieHsbl
TEeMITepaTypPHO-BPEMEHHBIC PEKUMBI JJIS TIOJTYUEHUS JINTUEBBIX (DEPPUTOB 33JaHHOTO
COCTaBa IPH Pa3INYHBIX BUJAX 00PaOOTKH.

Tabnuua 3 — TemnepaTypHO-BpEMEHHBIE PEKUMBI

|I'I0,D,FOTOEIKE noMELquMﬂH
TMOJIYYCHH A JIMTUCBBIX (1)eppI/ITOB 3a1aHHOT'0 COCTaBa

NOArOTOBUTENbHEIE
1 060pyAOBaHNg

paboTbl

| cywkapearentos k=  nogroToska ucxogHbix
IBSBELIJVIEBHV.IE peareHTos| pe?:eHTOB L10.4Fe2.4zn0.204 L10.6Fe2.2T10.204
MEXaHWIECKanA akTiBaLns _ _
CwmeLmsatne i CMECH UCXOAHLIX PEAreHTOB ‘ MA MA
NpOcenBatne peareTos 3HeproHanpsxeHHocTe g60 Tepanecm/li/i CUHTE3
1=60 MUHYT
I o
onpeaeneHue thasoBoro TeMHepaTypa> C 950 800 1000 850
cocTaea (KOHTponk) BperI q 12* 4 12* 4
1 )
o6paboTka B MMNYNLCHOM
NYUYKE YCKOPEHHbIX 3NEKTPOHOB HarpeB B YK€ 3JICKTPOHOB
E=2.4 MoB 1260 iyt Temmneparypa, °C 850 750 900 750
onpegenexie thasoBoro
cocTasa (KOHTpOnb) BperI, q 4x* 1 4** 1
Pucynok 14 — Bnok cxema  [lpumeuanue:

*BKIJIFOUCHHUE OTICPAIIMH ITOMOJIa U TIEpEMEIIMBaHUS Yepe3
KaXple 2 yaca 00KUra-+KoOMIaKTUPOBAHUE
** BKITFOUEHUE ONepaIllii KOMIIAKTUPOBAHUS

TEXHOJIOTUU JIUTUEBBIX (PeppUTOB

OcHOBHBIE BBIBOABI

1. VYcraHoBieHbl 3aKOHOMEPHOCTH  (OPMHUPOBAHUA  CTPYKTYPHBIX H
PEaKIMOHHBIX CBOMCTB HUCXOJHBIX mopomikoB coctaBa Li,COs-Fe 03, Li,CO;-ZnO-
Fe,O; u Li,COs5-TiO,-Fe,O; npu MA. Ilokazano, uto mnpeaBaputenbHas MA
HCXOIHBIX PEarcHTOB MPHUBOIUT K YMEHBIICHUIO WX Pa3MEpOB KPHUCTAUITUTOB W
YBEIUYCHUS BETWIMHBI MUKpoaedopmaruii. Tak ke yCTaHOBJICHO, YTO TPOUCXOIUT
HE TOJBKO YMEHBIIEHHWE pPa3MEpPOB YaCTUIl MCXOJIHBIX pEareHTOoB, HO U
OJTHOBPEMEHHOE O00pa30BaHUE arjoMepaToB IUIOTHOM TEKCTYphbl, COCTOSIIHE U3
M3MEJIBUEHHBIX peareHToB. JlaHHbli A()(PEKT MpUBOAUT K YBEIWYCHUIO HACHITHOM
MJIOTHOCTHU TIOPOIIIKOB M, KaK CIEACTBUE, K OTCYTCTBHUIO 3¢ deKTa MpeaBapuTeIbHOTO
KOMITAaKTUPOBAHMSI CMECH Ha THIPABIMYECKOM IIpecce.

2. C moMoIipi0 peHTreHo(a30Boro U TEPMHUUCCKOTO aHAJIM30B IMOKA3aHO, YTO
MPOIIECC CUHTE3a JUTHEBBIX (EPPUTOB HE3ABUCUMO OT pexknuma MA mpoxXoauT uepes
oOpazoBaHrWe TPOMEKYTOUHBIX INMUHENBHBIX (a3. MA yckopser mpolecc
1 y3nOHHOTO B3aUMOACUCTBUS (a3 MEXITy cO00M HHTEHCU(UIIUPYS MPOIIECC
MOJTyYEHUs] KOHEYHOTO TIPOJTyKTa CUHTE3A.
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3. IlpeanonoxeHo, 4YTO B pe3yJbTare IUIACTUYECKON aegopmanuu TBEPIbIX
YaCcTHI] NPU IIAPOBOM M3MEJIBUEHUU MOPOIIKOB B TJIAHETAPHON MEJIbHUIIE TOUCUHBIC
KOHTAKThl MPEeOOPa30BBIBAIOTCS B KOHTAKTHI BAOJIbL MOBEPXHOCTHU, TAKUM 0OOpPa30M,
CTAHOBUTCS BO3MOXKHBIM 00pa30BaHHE TPOWHBIX KOHTAKTOB. JTO MPUBOJIUT K
YMEHBUIEHUIO KOJIMYECTBA MPOMEKYTOUHBIX CTaAUl M YCKOPEHHIO Ipolecca
MOCJEYIOLIEro CUHTE3a U OTHOPOJHOCTH KOHEYHOTO MPOAYKTA.

4. TlokazaHo, YTO peakmus CUHTE3a JIUTHEBBIX (DEPPUTOB W3 MOPOIIKOBBIX
cMmecen LizCO3'FCzO3, LizCO3'ZHO'FCzO3 )51 LizCOg'TiOz'Fezo3 NpCaACTaBIIACT
co00i MHOTOCTAIUIHBIA JABYXCTYNEHYATHI TPOIECC, XOPOIIO OMUCHIBAEMBIN
auddy3rnonHoi Monenbto ['mHcTnuHra-bponmTeitna Ha Bcex cramusix. [Ipu stom
MPOUCXOUT 3HAUMUTEIHLHOE YMEHBIIICHHE YHEPrUM aKTHUBALIMM MPOIEcca CHHTE3a C
(250-290) x/Ix/momb 1o (60-70) kJI>k/Monb (B 3aBUCHUMOCTH OT cocTaBa (heppHUTOB)
Ha nepBoM dtarne u ¢ (364-397) kJx/mons 1o (117-297) x/x/Monb Ha BTOpOM 3Tare
B CIIy4ae UCIOJIb30BaHUS MEXAHOAKTUBHUPOBAHHBIX MTOPOILIKOBBIX CMECE.

5. YcranosieH ¢ 3¢dekT uHTEeHCU(DUKAIMH Tpoiiecca 00pa3oBaHus GpeppuToB
coctaBa Lipsg-nZnFers 0508 m  LigsqigFers s, 11,04 Tpu  KOMIUIEKCHOM
WCIIOIb30BAHUU TPEIBAPUTEIBHONM MA HCXOIHBIX pPEAreHTOB U MOCIEAYIOIIErO
HarpeBa B Iy4Ke 3JeKTPOHOB. OOpasiipl, MOIYYEHHBIE TAKUM CIIOCOOOM MOKa3aju
OCHOBHO€ HaJIM4YME€ JIMTUK-UMHKOBON JHOO JUTHUH-TUTAHOBOW (PEPPOIINUHENH C
temneparypamu Kropu, Omuskumu k dazam Lig4Fe; 4Zng,0, i LiggFe;,Tip,0,,
COOTBETCTBEHHO. Tak e 00pa3iibl XapaKTepHU3yIOTCsl 00JIee BHICOKUMHU 3HAYEHUSIMU
HAMAarHUYEHHOCTHU HACBHIIIEHUSI IO CPaBHEHHMIO C OoOpasliaMu, MOJTYYEHHBIMU MPU
ApYyTUX pexkuMax o0pabOTKH.

6. Pa3paGoTaHHBI TEXHOJOTUYECKUN PEXKUM OOECIEUUBACT TMOIyYCHUE
TOMOTEHHBIX 10 (Da30BOMY COCTaBY JIMTUN-3aMEIICHHBIX (DEPPUTOB MPHU TEMITEpaType
cunre3a 750 °C ¢ qIUTEeNbHOCThIO U30TEPMUYECKON BBIIEPKKH 60 MUHYT.
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